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Abstract
The buildings industry is the largest energy and resource consuming, and waste
and global greenhouse gas (GHG) generating sector of the industry and has long been
criticised as slow-moving, unsystematic, and inefficient. The inflated ecological footprint
of the building sector has made its sustainable development an elusive challenge. To
promptly commission a substantial change in building design and delivery performance,
there is a significant drive worldwide for digitalisation, green buildings, and integrated
stakeholder management.
This PhD research investigated the capability of three such tools, namely
BREEAM, BIM, and Soft Landings, to improve the building, as well as the associated
design and delivery processes. Two case-study projects, which were designed and built
on Heriot-Watt University campus using these tools, were closely examined throughout
their design, construction, and two-years of occupancy using an investigative multimethod approach. Soft Landings is a framework that aims to enhance briefing, handover,
and in-use performance through systematic participation of all stakeholders.
The extent to which the tools were used during the projects, and the experience of
project stakeholders, were investigated over semi-structured interviews. The financial,
temporal, and staff resources; binding drivers such as tangible project brief and regulatory
requirement; as well as early appointments and engagement of the stakeholders,
particularly the end-user client were discovered to be the most influential factors in
effective adoption of the tools. The interviews assisted with understanding the extent of
influence of the tools and the challenges in their full and effective adoption. Furthermore,
to assess the success in delivery of satisfactory, fit-for-purpose buildings, building users
were surveyed using the Building Use Studies (BUS) method. The survey results were
supplemented with seasonal commissioning, Soft Landings, and other relevant project
documents, which confirmed the importance of planned handover, detailed
commissioning, and rigorous aftercare.
Finally, the life cycle environmental footprints of the buildings were quantified
following two LCA approaches, as per the CEN/TC 350 standards and PEF method. The
significant share of the end-of-life (EoL) stage signified the importance of mandatory
reporting of these impacts for more accurate LCA assessment and more widespread
adoption of circular economy concepts in the building industry. Nevertheless, design for
circularity or waste recovery at building EoL is not adequately covered by BREEAM,
BIM, or Soft Landings. The results reconfirmed the large influence of operational energy
use upon many environmental impacts over the building lifetime, even in a BREEAM
i

Excellent building. Climate Change and Resource use, energy carriers / fossils were the
most relevant environmental impact by contributing to half of the total normalised and
weighted emissions.
Overall, the scope of BREEAM, BIM and Soft Landings were not found
comprehensive and empowering enough to improve all the life cycle stages, reducing life
cycle impacts and operational energy use, and deliver a fit-for-purpose building. Yet, each
tool offered several benefits in these two case-studies. BREEAM, BIM and Soft Landings
enriched the design development by way of advanced consultation with final-users and
enhanced coordination between the design team, client, and project contractors. The first
case-study, the Oriam sports complex, was a successful example of Soft Landings
implementation that offered a great level of transparency, improved handover and finetuning experience to the facility management, and return on investment through
continuous reduction of operational energy. The users of the case-study that implemented
Soft Landings reported high satisfaction with the space. Ultimately, no direct correlation
was identified between BREEAM, BIM, or Soft Landings and reduced life cycle
environmental impact of the buildings.
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| Introduction
1.1

Research Background, Hypothesis and significance
The built environment was accountable for over 202Mt of the UK carbon

emissions in 2014, 20-22% of which was embodied carbon (UKGBC 2017a). As per the
‘Nationally Determined Contribution’ plan for climate actions in line with the Paris
Agreement, the UK has pledged to reduce its Greenhouse Gas (GHG) emissions by at
least 68% by 2030, compared to 1990 levels, and to 113MtCO2e by 2025 and 45MtCO2e
by 2050 (UKGBC 2017a). Considering that only 37MtCO2e is estimated to have been
reduced from 2004 to 2014, a 2.4-fold increase in carbon emission reductions is required
in the built environment to meet the 2025 obligations. Future projections show that the
amount and share of embodied carbon emissions in the total impacts of the built
environment is growing due to the ambitious retrofit targets and development of new
infrastructure, domestic and non-domestic buildings. Giesekam et al. concluded that even
in an optimistic scenario, current practices (based on 2001 to 2012 LCA data and the
sector total from the MRIO time series) will not be enough to meet the 2025 GHG national
targets. (Giesekam, Barrett, and Taylor 2018). Hence, considerable improvements in
building design and delivery procedures including used tools, e.g. material
manufacturing, and construction procedures is required.
The burdens of construction and buildings are not restricted to carbon impacts.
Over one-third of global energy and resources are used by the building and construction
sector, which also generate about 40 percent of the solid waste worldwide (UNEP 2011;
IEA 2013). In 2014, construction, demolition and excavation generated 210Mt of waste,
equivalent to 59% of total UK waste (UKGBC 2017c; DEFRA 2018). Clearly, aside from
the environmental and health damage, these issues also have economic implications. The
challenge is, therefore, to urgently reverse this course and drastically cut the resources
used and wasted (UKGBC 2018). The UKGBC Circular Economy Research Survey in
2017 concluded that in order to address these issues more mainstream adoption of the
challenging commitment of circular economy is required including: setting and adopting
science-based targets; aiming for net-zero or net-positive development; measure and
reduce embodied carbon; aim for zero waste; and measure and track health and wellbeing
of occupants (UKGBC 2018).
‘Science-based targets’ refer to (corporate) GHG emission reduction targets
aligned with the level of sector decarbonization required to keep global temperature
increase below 2°C compared to pre-industrial temperatures (Krabbe et al. 2015). Net1

positive (or net-zero) development would give back more (or an equal amount) to nature
or society than it removes over its life cycle. These notions were developed in response
to the perceived inadequacy of the concept of ‘sustainable’ development, which aims to
ensure equity between current and future generations in the capability of satisfying their
needs, through preservation of nature and Earth’s resources. For example, a net-zero
energy building produces as much renewable energy on or off site as its annual energy
consumption. This example only focused on the operational energy phase and ignores the
embodied impacts of the building, which is common among ‘net-zero’ buildings.
Considering a life cycle approach is more difficult and depends on the carbon intensity
of the electricity grid (Cole 2015). Moreover, these discourses should consider beyond
energy and carbon balance, i.e. include material, waste, and water management as well.
There have been many efforts to improve the building design, construction,
delivery and in-use procedures and performance during the past few decades, such as
developing and adopting supporting tools. Building Research Establishment
Environmental Assessment Method (BREEAM) is the UK’s first and extensively used
building sustainability rating system, which has a multi-criterion, credit-based approach
(Wang, Toppinen, and Juslin 2014). BREEAM is supported by the UK Government,
whereby various regulatory and government organisations may require BREEAM
certification (or equivalent), including health and higher education, sectors, and local
planning authorities (Willmott Dixon 2010; BRE Group 2019).
Building Information Model (BIM) and Soft Landings are UK Governmentsupported building industry process initiatives, which although still in their infancy, are
expected to have the potential to drive the industry’s growth of skills and standards, and
to enhance cooperation and building data communication. Since April 2016, all publicly
procured construction projects in the UK are contractually required to use BIM in project
design and delivery (Cabinet Office 2011). BIM is a digital representation of the building
which integrates accurate project data and evolves along with the actual building
throughout design, construction, and operation (Kjartansdottir et al. 2017).
Government Soft Landings (GSL) and Soft Landings framework are used to
deliver continuity throughout the design process and ensure smooth handover and
optimised operational performance through stakeholder engagement, systematic
monitoring, and Post-Occupancy Evaluation (POE) (Love et al. 2015; BSRIA 2014b;
BIM-Task-Group 2013; BSRIA 2014a). ‘Government Soft Landings’ (GSL) is a policy
document for all centrally-funded projects as part of the public sector adopting BIM
(BIM-Task-Group 2013; BSRIA 2014a). While , the Soft Landings Framework is a joint
2

initiative between BSRIA (BSRIA 2020) and the Usable Buildings Trust (The-UsableBuildings-Trust 2019). Soft Landings Framework has been incorporated into the Royal
Institute of British Architects (RIBA) Plan of Work, which “organises the process of
briefing, designing, constructing and operating building projects into stages and details
the tasks and outputs required at each stage”. (RIBA 2013).
BREEAM, BIM, and Soft Landings have shown success in different example
buildings and have attracted industry attention and the UK Government support (Motawa
and Carter 2013; Tuohy and Murphy 2015). Therefore, the research described in this
thesis aimed to test the following hypothesis: are BREEAM, BIM, and Soft Landings
comprehensive and empowering enough to help a non-domestic building project walk the
tight-rope of efficiently designing and delivering a sustainable, fit-for-purpose, low
impact building?
Given the broad perspective and overarching scope of this research extended and
in-depth study of real case building projects was required. To understand the role and
influence of BREEAM, BIM, and Soft Landings to help a non-domestic building project
efficiently design and deliver a sustainable, fit-for-purpose, low impact building, detailed
information and close involvement was needed. Thus, pragmatic, mixed-method
approach was identified as the suitable research methodology to investigate the research
hypothesis, through a combination of qualitative, including observations in site visits, and
interviews, and quantitative, including POE questionnaire surveys and LCA, research
methods.
In the past five years, two buildings were designed and delivered employing these
tools at the Heriot-Watt University campus in Edinburgh, Scotland. These are the
National Performance Centre for Sports, known as Oriam, and the Lyell Centre which is
the Centre for Earth and Marine Technology. This resulted in a timely opportunity to
investigate the research hypothesis in these two building projects.
The work described in this thesis can be considered as ‘state-of-the-art’ research
given that there has been little study of the efficiency and adequacy of these tools in
building design and construction from a holistic lifecycle, multi-stakeholder perspective.
Life Cycle Assessment (LCA) is an effective quantification method that provides the
scientific foundation for informed policymaking based on the circular economy principles
and commitments. LCA calculates the environmental impacts of a product or process
from the acquisition of raw materials through to manufacturing, distribution, use and Endof-Life (EoL) (Churcher 2013).

3

Thus, this research’s findings will support better policy development for
realisation of longstanding industry targets in different industry areas including the
circular economy; low-carbon, sustainable construction; and government support of the
empowering tools.
1.2

Research Objectives
This thesis investigates the adequacy and capability of BREEAM, BIM, and Soft

Landings tools in helping non-domestic projects design and deliver a sustainable, fit-forpurpose, low impact building. Thus, the benefits and shortcomings of the tools were
explored in two intertwined discourses: practice procedures improvement and the quality
of the delivered buildings. The first aspect is assessed from the perspective of different
project stakeholders, i.e. designers, builders, and owners. The second aspect of this
evaluation explores two quality indicators: 1) satisfaction of and suitability for the final
users; and 2) minimising life cycle environmental impacts. End-user perception was
assessed in detail, enquiring about thermal, visual, acoustical, and air quality satisfaction
and space design suitability. Similarly, life cycle environmental impacts were chosen
because it is a comprehensive assessment method that incorporates important quality
indicators such as operational energy consumption, material use, and waste management.
Due to the timeframe of the projects; project data availability restrictions; access
restrictions to the buildings and construction site; and research resource limitations, other
quality metrics that were initially considered were not appropriate for inclusion in the
study due to lack of availability of data. These include, but are not limited to, hourly submetered in-use energy and water monitoring and comparison with design projections;
proximity sensor measurements including air quality, temperature, light, etc; leave days
pre and post move to the new offices (as a measure of space influence on productivity);
and cost-savings as a result of tools adoption.
Hence, the core objectives of this study were:
1. To investigate the role of BREEAM, BIM, and Soft Landings in improving
the building design and delivery procedure and to better understand the
benefits, and challenges, associated with their adoption, from the perspective
of different project stakeholders. Moreover, this investigation aims to
recognise the drivers for successful implementation of the tools, gaps in the
scope of the tools, and the type of projects that can benefit more from the
tools.
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2. To evaluate the satisfaction of the final building users and the success of
BREEAM, BIM, and Soft Landings in delivering a comfortable, productive,
and fit-for-purpose building. This evaluation focuses on the perspective of the
space-users, who are the final stakeholders of buildings, for whom buildings
are designed and built. Indeed, sustainability in space, particularly in an office,
where health and productivity factors need to be high, is as much defined by
people’s perception as it is with space-build, energy and materials used.
3. To assess the success of BREEAM, BIM, and Soft Landings in reducing the
lifetime environmental impacts of the case-study buildings using two LCA
approaches with different outlooks to life cycle modelling and to gain better
insights regarding the hotspots 1 for these building types. As part of the LCA
0F

assessment, this work aims to compare the actual operational energy use with
the design modelling predictions.
1.3

Research Approach
Oriam and the Lyell building were meticulously monitored throughout their

design, construction, and first two-years of occupancy. The case-study buildings were
selected based on their environmental sustainability credentials (BREEAM, BIM, and
Soft Landings), location (both in Edinburgh, Scotland), type (non-domestic and newbuild), and availability of their project data, team members, and users to this research.
Detailed information and close involvement were needed to evaluate the buildings’
performance in terms of life cycle environmental impacts, in-use energy consumption,
and occupant satisfaction, besides evaluating the influence of BREEAM, BIM, and Soft
Landings on the results, which made the Oriam and Lyell cases timely opportunities.
The research methodology was designed by an in-depth literature review. A
pragmatic multi-method approach was designed according to the objectives defined.
Whereby both qualitative and quantitative methods were used relatively independently,
and their results were combined during the interpretation stage. Methods used include
literature review; review of case-studies’ design, construction, and handover documents;
interviews; surveys; observations (walk through and site visits); and LCA.
In the first discourse, the role of BREEAM, BIM, and Soft Landings in
improvement of the design, construction, handover, and operation was inquired from the
project stakeholders using a series of one-to-one semi-structured interviews following a

1

Hotspots are defined as the most relevant impact categories, life cycle stages, processes and elementary
flows (EC 2017a).
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mix of positivist and interpretivist epistemology. Semi-structured interviews were
designed based on constructivism ontology that explored the alternate perspectives of
social actors (stakeholders) upon the research context. Accordingly, the viewpoints and
experiences of project architects, structural and services designers, quantity surveyors,
project managers, project clients, contractors, and facility managers were explored in the
case-studies and in general.
Understanding the extent of use of the tools and the causal factors was essential
to be able to judge and credit the success of BREEAM, BIM, and Soft Landings in
realisation of projects’ sustainability objectives. The results were compared with project
targets as described in their briefs and specifications, and other case-studies reported
within the literature.
The operational quality of the delivered buildings and achievement of
satisfactory, fit-for-purpose buildings were assessed firstly from the perspective of the
building users and facility management by means of POE surveys using the Building Use
Studies (BUS) method (The Usable Buildings Trust 2017). The results of the surveys
were then combined with observations during site-visits and Soft Landings walk-arounds;
interviews of the facility managers and other project stakeholders; and information
extracted from revisions of projects documentation including testing and seasonal
commissioning reports, and minutes of aftercare meetings. Given that there are
circumstances whereby the results of POE fails to accurately reflect the performance of
the building (Schacter 1999; Thatcher and Milner 2016; Deuble and de Dear 2014),
mixed-method research was adopted for context evaluation and impartial interpretation
of the POE findings.
The environmental implications of the Lyell and Oriam buildings were quantified
using two LCA methods: CEN/TC 350 and PEF. LCA is an environmental management
tool that quantifies the environmental impacts of a product (or a process) from raw
materials acquisition until the final disposal or recovery. This whole life approach is
necessary to identify the overall best-combined solutions for reducing emissions
including the consideration of the effect of shifting impacts from one phase or process to
another. This study aims to reveal the methodological challenges for performing an LCA
at the building level following the two methods and to weigh the success of BIM,
BREEAM, and Soft Landings in delivering low impact buildings. The results of the study
will be shared publicly and used in comparative assertions to study the influence of the
two LCA approaches on the life cycle environmental impacts and hotspots of the
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buildings at the level of the building elements, environmental categories and life cycle
modules.
1.4

Thesis Outline
This thesis is divided into seven chapters, including this introduction, and three

appendices.
Chapter 2 introduces the BREEAM, BIM, and Soft Landings tools and reviews
literature discussing the use of tools in similar case-study projects. It covers sections about
the extent of use of the tools and the barriers for full and effective adoption, as well as
their influence and synergies in enhancing cooperation and coordination among team
parties; implementing a better design and delivery process; and delivering low
environmental impact and fit-for-purpose buildings. It introduces the current standards,
methods, and guidelines, as well as available databases and tools. It also reviews the LCA
studies following the CEN and PEF approaches.
Chapter 3 discusses the methodology used to assess the Oriam and Lyell
buildings performance during design, construction, handover, and the first year of
operation from the perspective of design and delivery team members and the final space
users. It describes the methods used to interviews the project stakeholders, POE of the
final users, and LCA of the Lyell and Oriam buildings.
Chapter 4 introduces the case-study buildings including their material
construction, systems, design inspirations in terms of BREEAM, BIM, and Soft Landings
targets.
Chapter 5 presents the results of the analysis of the two case-study buildings,
describing the results of the semi-structure interviews, POE surveys, monitored
operational energy use, and LCA.
Chapter 6 provides a detailed discussion of the results obtained in this work and
the study limitations. It discusses the extent of use of BREEAM, BIM, and Soft Landings
and their efficiency in different life cycle stages of these case-study buildings and
explores their success in delivering a sustainable, low-impact, fit-for-purpose building.
Finally, Chapter 7 discloses the main conclusions and recommendations for
future research.
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| Literature Review
Globally, the construction industry has one of the highest shares of consumption
of materials and energy resources and generation of waste and emissions, while
contributing much less to the global economy (Hampson, Kraatz, and Sanchez 2014;
Dimoudi and Zoras 2016). The industry is attempting to tackle these issues by introducing
inventive tools along with stricter regulations and voluntary environmental schemes
(Bruce-Hyrkäs, Pasanen, and Castro 2018). The 2025 vision of the UK construction
sector is 33% lower costs and 50% lower GHG emissions against the 1990 baseline (HM
Government 2013). To achieve this aim, the construction industry has felt the urge to
employ futuristic, comprehensive, actively applicable tools that assist with prompt
improvement of the building design and delivery and production of high-performance
buildings. Integration of such tools can provide a holistic perspective and timely
approach, which are central to designing and delivering sustainable buildings with low
environmental impacts.
This chapter introduces some of the most common such tools, including LEED,
BREEAM, NABERS, BIM, and Soft Landings. It discusses their role in practice in the
construction industry, including their benefits, shortcomings, and the barriers hindering
their effective use. Particularly, case-studies that utilized these tools were of interest to
assess the extent of use and success in implementation in other studies through empirical
observation.
Although the number of empirical studies reviewing the potential of BREEAM,
BIM, and Soft Landings in designing and developing sustainable buildings from not only
the technical perspective but also the social aspects including the interaction of the project
stakeholders with the tools has been limited, a few success stories have been publicised
(Lowe, Chiu, and Oreszczyn 2018). How these tools, particularly BIM will shape the
future of the construction industry is among the promising anticipations of practitioners.
New tools and technologies require changes in organizational and procedural building
processes that entails unknown risk levels and costs, which is why the industry shows
resistance to adoption of new tools. The main barriers for sustainable building design and
delivery have been summarised as lack of the following drivers: business case and
financial affordability; client demand and awareness; proven tools and methods;
underpinning knowledge and common language; labelling and measurement standard and
inappropriate building regulations as steering mechanisms; and long-term planning policy
(Häkkinen and Belloni 2011; Pitt et al. 2009). Therefore, to promote sustainable building
further investigation into the implementation of these tools in case-studies is encouraged
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to understand the context of tasks, roles, and processes involved at different building life
cycle stages and reveal potential drivers, synergies, and gaps, as well as challenges and
benefits to help elucidate potent directions.
2.1

BREEAM and Other Building Sustainability Assessment Methods (BSAM)
In the construction sector, benchmarking and building sustainability assessment

methods (BSAM) vary from single criteria, e.g. operational energy use evaluation, to
multicriteria assessment. BSAMs are largely used to evaluate and compare building
sustainability performance and have played a major role in promoting sustainable design
and construction (Thomson and El-Haram 2019). Hastings and Wall (Hastings and Wall
2007) introduced three BSAM categories: Cumulative Energy Demand (CED), which
deals with operational energy use; Life Cycle Assessment (LCA) that quantifies the
environmental impacts over a building’s life cycle from manufacturing and transportation
to deconstruction and EoL; and finally, Total Quality Assessment (TQA) system that uses
a more comprehensive approach to sustainability by also considering social and economic
impacts (Berardi 2012). (LCA is introduced in section Error! Reference source not
found. of this chapter.) TQA is a multi-criterion, point-based method, where project team
members cooperate to abide by the requirements of credits targeted. The overall
evaluation is a summation of all the credits achieved (Berardi 2012). Examples of CED
are NABERS Energy (BRE 2021; NABERS 2019) and Passivhaus (or Passive house)
(Passivhaus Trust 2021; iPHA 2021) and examples of TQA are LEED (USGBC 2021),
WELL (International WELL Building Institute 2021), and BREEAM.
NABERS assesses the building performance in-use and issues a certificate which
should be renewed annually. Energy, water, indoor environmental quality, and waste
treatment are the four criteria that can be assessed independently in NABERS. NABERS
energy requires months of actual metered and invoiced energy use to rate a building based
on GHG-equivalent emissions per m2 and peer buildings’ performance. While Passivhaus
certification is based on compliance with Passivhaus standard requirements regarding
space heating and cooling demand, primary energy demand, airtightness, and thermal
imaging. A Passivhaus certification can only be achieved if the energy used for heating
or cooling is less than 15 kWh/m²/yr, primary energy use is less than 120 kWh/m²/yr, and
airtightness measured by pressure test is below 0.6 [h-1 at 50 Pa]. Although Passivhaus
concept was developed to build ultra-low energy houses, the concept has been broadened
and adopted in various building usage types to date (iPHA 2021; Passive House Database
2021; LEB 2021). Through requiring actual in-use evidence of energy consumption, these
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CED tools have shown wide success in reducing the energy performance gap. Energy
performance gap is defined as the difference between measured energy use with
compliance and performance projection modelling (Dronkelaar et al. 2016). Although
considering the rising energy costs, a low operational energy building is more affordable
over the long term, these CED tools do not evaluate other environmental, social, and
economic sustainability criteria. Thus, they are regarded as comprehensive sustainability
tools.
BREEAM was the first TQA BSAM, initiated in 1990 and focused on the building
design stage. TQA methods such as BREEAM distribute the sustainability issues into
various categories and credits, to allow architects, engineers, developers, and contractors
to follow a multidimensional approach (ECO Brooklyn 2012; Aspinall et al. 2012). Each
category includes several credits with mostly prescriptive requirements and a few
projected performance calculations. BREEAM categories comprise management; health
and wellbeing; energy; transport; water; materials; waste; land use and ecology; pollution;
and innovation (BRE Global Ltd 2011). Appendix A presents the list of categories and
credits of the 2011 BREEAM Technical Manual. Apart from a few mandatory credits,
the project team tailors their sustainability approach by choosing among the available
credits. The scoring approach is aggregation of pre-weighted credits into a single index
of predicted performance. Most of the subsequent TQA BSAMs followed the same
approach, whereby they focus on design stage solely, assume that a list of design features
can project the actual performance, and allow trade-off of performance under different
categories (Lowe, Chiu, and Oreszczyn 2018).
BREEAM argues that this approach allows projects to plan and incorporate
multifaceted sustainable solutions flexibly from the early design stage (BRE Global Ltd
2014). In reality however, projects choose the credits with the least cost and intervention
to the proposed designs. One reason could be the rigidness and inflexibility of the scheme,
which like other prescriptive, spreadsheet-based assessment schemes, does not contribute
to decision making and stifles thinking outside-the-box and innovative designs (Häkkinen
and Belloni 2011; Meacham et al. 2005). Prescriptive BREEAM rating that represents a
particular view of best practice restricts and discourages projects to explore their own
design solutions and ambitions. Two problems emerge from such rigid, one size fits all
approaches: firstly, reduced uptake due to the perception that the design solutions
represent poor value for client and developer; secondly, box ticking culture and adverse
consequences on building performance due to fitting inappropriate solutions for the
context of the building (Haroglu 2013; Thomson and El-Haram 2019). Moreover, the
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TQA methods including BREEAM require a considerable amount of time and costs to
collect all the necessary evidence. Rogmans and Ghunaim argue that multi-criteria
sustainability ratings are bureaucratic, time consuming, and costly practices that do not
promote sustainability, drain resources, and subject developers to box ticking exercises
(Rogmans and Ghunaim 2016).
Instead of promoting innovation, most auditing BSAMs like BREEAM are
reinforcing a box ticking culture focused on compliance with regulations and marginal
incremental improvements; after all, it is easier to evaluate than design out the undesirable
performance outcomes (Edwards and Naboli 2013; Rees 2009). Thomson and El-Haram
quoted the BRE stating that “it is only when BREEAM is viewed as a stand-alone tool to
audit compliance the box ticking culture emerges resulting in incremental improvement
above compliance” (Thomson and El-Haram 2019). This shows that the BRE is aware of
the industry’s feedback regarding the adverse outcomes of BREEAM certification in
projects; however, the BRE does not acknowledge any responsibility towards it and
charges the users of the tool. The question is why the industry would view BREEAM as
a compliance, stand-alone tool and how BREEAM is contributing to the spread of such
opinion.
Serrano-baena et al. examined the influence of BREEAM on the design of seven
case study hotels (3 Excellent and 4 Very Good design stage certified), with a mix of
project ambition, planning requirement, and client and team involvement. The main
changes identified were: cyclist facilities, bin stores, improved acoustics through
windows and partition wall upgrade, low flow water fixtures, bird and bat boxes, and in
one example installing green roof and renewable technologies (Serrano-baena, Triviñotarradas, and Ruiz-d 2020). Apart from one of the hotels that claims 87% CO2 reduction,
no significant energy improvement was reported as an implication of BREEAM on the
design of these hotels. The minimal improvement to the building as the result of
BREEAM in Very Good and Excellent rated buildings shows that there is a need for
closer attention to the BREEAM as a tool and its usability.
Following criticisms of BREEAM as stand-alone compliance tool, the BRE has
shown commitment to transition to a ‘framework’ approach that supports project
stakeholders at key points during the project development to contextualize sustainable
solutions around the project conditions. One example of this is the BREEAM accredited
professional’s role. Sustainability professionals, including consultants, assessors, and
champions, act as the source of sustainability expertise and improve sustainability literacy
amongst project stakeholders to supplement knowledge gaps and guide decisions (Addis
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2016; Stibbe and Luna 2009). Experiential learning through the support of and
collaboration with sustainability educated professionals e.g., BREEAM consultants,
strongly amplifies the knowledge flow and engagement culture. The more engaged the
stakeholders the higher the level of their knowledge transformation and improvement
culture. Stakeholder empowerment can overcome stagnation in BREEAM uptake as
empowered stakeholders will be aspired to engage in more projects as BREEAM
advocates, henceforward BREEAM becomes more established (Thomson and El-Haram
2019). A framework around which engagement can take place is how BSAMs will not
fail in promoting innovation and delivering change in the industry.
Most academic enquiry about BREEAM has been focusing on the technical
aspects such as comparison of BREEAM indicators with LEED and other BSAM,
limitations of the current BSAM, or performance of BSAM-certified buildings (Bernardi
et al. 2017; Zhao et al. 2019; Zuo and Zhao 2014; Shi et al. 2016), while in-depth
empirical studies exploring how the users apply these tools in practice and their role in
improving the design and delivery process and promoting innovative, sustainable
buildings are limited (Lowe, Chiu, and Oreszczyn 2018; Thomson and El-Haram 2019;
Oliver and Pearl 2018). The project context and stakeholders cannot be detached from
tools hence additional in-depth empirical studies are needed to understand the sociotechnical aspects of BSAMs.
2.1.1

Materials and Embodied Impact
Most of the BREEAM credits are designed to improve the quality of biophysical

environment and some aim to produce healthy indoor environment and improve occupant
wellness (Gabe and Christensen 2019). BREEAM fails to capture social welfare and
economic growth aspects of sustainability or to effectively improve communication and
data-management among the various stakeholders throughout the whole building lifespan
(ECO Brooklyn 2012; Aspinall et al. 2012). Some of these aspects are not included due
to unaffordability, lack of representative units, or feasible measurement approaches. An
example is the building structure, which has a significant share in the building embodied
energy and impacts (Alwan and Jones 2014), yet it was not part of the BREEAM
assessment until BREEAM 2018 New Construction, owing to the lack of reliable and
user-friendly computational methods and tools (Alwan and Jones 2014; BRE Global Ltd
2014, 2018b).
The BREEAM technical manual states that the Materials section aims to raise
awareness about green building materials that assist with emission reduction, higher asset
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value, lower operating costs, and improved worker productivity due to the healthier
indoor environment (BRE Global Ltd 2018b, 2014). Yet, the Material 01, 02, and 04
credits, which assess the embodied environmental impact of the building materials using
the LCA method, are another example of weak assessment approach in BREEAM. Until
BREEAM 2018, these credits were assessed using the BRE Green Guide to Specification
(GGtS) following an elemental approach (BRE Ltd 1996). The BRE GGtS is a database
of 1,500 building element material layers and their associated life cycle environmental
impacts over 60-years lifetime, using CO2 as the reference substance (Mundy 2015). The
GGtS database is presented in a catalogue format, whereby the closest element description
to the design proposal is used to determine the relevant embodied carbon and Green Guide
rating. This database covers manufacturing and installation, refurbishment and
maintenance, and final disposal of the materials only. Transportation of material
(upstream) and waste (downstream) and site activities during construction and
deconstruction are excluded (Mirzaie and Menzies 2016).
Limitations of the GGtS database resulted in its development being discontinued
in 2009 as part of the industry transition to whole building LCA approaches. Under
BREEAM 2011 and 2014, the BRE encouraged whole building LCA, through allocating
two ‘Exemplary Performance’ points, for adopting a whole building approach (BRE
Global Ltd 2014). Although in the 2018 version, use of building LCA tools is encouraged,
no maximum environmental impact is demanded; and the number of credits achieved
depends on the number of design options included in the options appraisal. Additionally,
only Cradle to Gate or Product stage is required for reporting, while transportation to site,
construction, use stage, and EoL stages are optional.
For LEED assessments, undertaking LCA of the building structure and enclosure
and showing that at least 10% environmental impact has been reduced over a baseline
building awards three points for new buildings (USGBC 2019). Unlike BREEAM, LEED
requires more than just the embodied carbon (Global Warming Potential) to be assessed,
at least two more environmental impact categories need to be evaluated out of depletion
of the stratospheric ozone layer; acidification of land and water sources; eutrophication;
formation

of

tropospheric

ozone;

and

depletion

of

non-renewable

energy

resources. LEED requires the data to be compliant with the ISO 14040-44:2006 standards
(USGBC 2019).
Materials credits in BREEAM and LEED are only concerned with embodied
impacts, responsible sourcing, waste management, and durability measures. They do not
consider safety issues, such as fire performance, or building EoL and disassembly.
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Among the assessed materials, Material 04 credit evaluates the insulations used in the
building and allows insulation foams that contain potent GHG, such as n-pentane to boost
thermal properties. Pentane is used as a blowing agent to create foam insulations such as
polystyrene. Such insulations are highly flammable and their EoL treatment is limited to
landfilling and incineration with 100% release of the blowing agent to the atmosphere
(Biswas et al. 2016).
BREEAM 2011 for non-domestic new construction, which was used in the Oriam
and Lyell case-studies, did not have any credits that recognized the principles of a circular
economy at the EoL (BRE Global Ltd 2011). BREEAM 2014 introduced a 1-point credit,
in the waste category, called ‘functional adaptability’ that encouraged the design team to
study maintenance and repair actions needed for a change in operational requirements in
the building due to extension or usage conversion over its lifespan and incorporate these
into the design. Examples of ‘functional adaptability’ measures are modular interior
design, accessibility and capacity for expansion of the mechanical and electrical
networks, and potential for building extension, horizontally and/or vertically (BRE
Global Ltd 2014). This credit was then promoted to 2-points and renamed as ‘design for
disassembly and adaptability’ under BREEAM 2018. 1 point is awarded if by the concept
design stage ‘function adaptation’ study was undertaken, considering:
•

The feasibility of alternative building functions and tenancies with the
existing structural design of the building.

•

The degree of convertibility and expandability of the building interiors and
external shell.

•

The accessibility of mechanical and electrical networks and plant for
replacement without affecting the structure.

•

The adaptability of the ventilation strategy to different occupancy or
climatic scenarios.

•

The potential for major refurbishment, including replacing the façade.

•

Ease of disassembly or renovation of (parts of) the building at the end of
life instead of demolishing.

BREEAM 2018 also provides examples of measures and design approaches that
improve future disassembly. The second point of this credit is achieved if by the technical
design stage these measures are incorporated into the design and are documented in a
report for communication to the future building users (BRE Global Ltd 2018b).
The BREEAM team seems to have recognized the importance of circular
economy principles in construction. However, waste has the least category weighting in
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BREEAM score calculation and credits that require such amount of time from the design
team without outweighing other less time intensive credits are more likely not to be
chosen by the design team and included in the BREEAM strategy. Moreover, after the
technical design there is no more assurance in BREEAM that guarantees the
implementation of these measures.
2.1.2

Energy and Performance Gap
The building design and actual performance gap is most evident and documented

regarding energy. BREEAM as the most-used sustainability certification scheme in the
UK uses the Building Regulation UK Part L (BRUKL) compliance modelled Energy
Performance Certificate (EPC) data to award Energy 01 credit: ‘Reduction of CO2
emissions’. Under Energy 01 credit, BREEAM aims to encourage projects to minimize
their energy demand, primary energy consumption and carbon dioxide (CO2) emissions.
For this credit, the ‘Energy Performance Ratio (EPR)’ metric is calculated based on
annual heating and cooling energy demand (in MJ/m2/year), primary energy consumption
(in kWh/m2/year), and CO2 emissions (in kgCO2/m2/year) results of the SBEM. The BRE
explanation for the use of this triple metric is to ensure reduction of energy use and avoid
encouraging high energy consumption that is offsetted through low or zero carbon, on or
offsite energy solutions (BRE Global Ltd 2018a). BREEAM ‘Pass’, ‘Good’, and ‘Very
Good’ buildings do not need to show any improvement in operational energy use
compared against the relevant national building regulations. The top BREEAM ratings
are ‘Excellent’ and ‘Outstanding’ that require minimum 0.4 and 0.6 EPR, respectively
(BRE Global Ltd 2018b). Accordingly, the top BREEAM-rated buildings can have minor
operational energy use improvement compared to a conventional building in practice
(Dronkelaar et al. 2016; Menezes et al. 2012; The Carbon Trust 2011; Burman, Mumovic,
and Kimpian 2014).
To calculate EPRNC, first, the proportion of building performance over notional
performance is calculated for the three parameters. Then each of these percentages are
translated into an EPR using a distribution curve of a representative sample of actual
building stock of different types that went through BREEAM assessment. Lastly, these
EPRs are multiplied by a weighting and summed up. This translated EPR is defined by
the considered building stock in that country, whereby the average improvement for best
practice determines how much more improvement is required. The BRE argues that “the
translator approach helps to improve the comparability between different parts of the UK
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by reflecting the fact that the different building regulation baselines differ” (BRE Global
Ltd 2018a).
Looking at the translator graph for Scotland (BRE Global Ltd 2018a), it can be
seen that:
•

Less than 20% improvement in energy demand and primary energy
consumption and 25% reduction in CO2 emissions are sufficient to
achieve 0.36 EPR that awards 25% of BREEAM Energy 01 credits and
sufficient to pass the minimum standard requirement for an ‘Excellent’
BREEAM certification. (In BREEAM 2018, the 25% threshold for CO 2
emissions is also reduced to less than 20% and the EPR threshold is
increased to 0.4).

•

Less than 30% improvement in energy demand and primary energy
consumption and 40% reduction in CO2 emissions are sufficient to
achieve 0.6 EPR that awards 60% of BREEAM Energy 01 credits and
sufficient to pass the minimum standard requirement for an ‘Outstanding’
BREEAM certification. (In BREEAM 2018, the 40% threshold for CO 2
emissions is also reduced to 30%.)

•

30% improvement in energy demand and primary energy consumption
and 100% reduction in CO2 emissions are needed to achieve 0.9 EPR that
awards the maximum number of BREEAM Energy 01 credits.

From a deep-emissions cutting perspective, such as zero or net positive
development, labels such as ‘Outstanding’ or ‘Excellent’ seems misleading. If an
Excellent and Outstanding label requires a total BREEAM score of 70% and 85%, it is
imperative to require the same level of energy saving compared to reference buildings to
award these labels and not only 20% to 40% energy and carbon emission improvement.
Of course, this is not limited to the energy credit but all other criteria including
environmental impact of construction products, indoor air quality, water consumption,
etc.
One prime building example of this false labelling is the highest BREEAM rated
building to date, BREEAM 2019 Award winner, the Bloomberg’s London Headquarters
with a design stage 98.5% score and final stage 90.1% score. According to the
Bloomberg’s press release, ‘Bloomberg London’ only delivers a 35% saving in energy
consumption and associated CO₂ emissions compared to a typical office building (Press |
Bloomberg L.P. 2017). Another example is the refitted building known as ‘One
Embankment Place’ in London, which achieved the highest BREEAM rating recorded
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worldwide until 2014 with a 96.31% score and ‘Outstanding’ label, but is only projected
to achieve a 40% reduction in carbon emission when compared with a same sized
regulations compliant building (Beavis 2014; BRE Ltd 2014). Even these low percentages
of projected energy improvement could not materialize in reality and a BREEAM
Excellent building can end up with an F rated DEC (Pearson 2018). This issue is not
limited to the BREEAM scheme only, in fact post-occupancy assessments have suggested
that Green labelled buildings are more average in-use than the design-stage ratings
indicate (Gabe and Christensen 2019).
Energy benchmarking is arguably the most important metric used to evaluate the
energy performance of a building based on a selected sample known as reference
buildings. Robust benchmarking systems are critical to achieve energy and carbon
emission reduction targets through revised policies and interventions. For a fair
comparison, the dominant factors should be considered for normalizing building energy
use, including building usage type, floor area, climatic conditions, number of floors, age
(vintage), occupancy and HVAC and equipment schedules. In most cases only the usage
type, floor area and outdoor temperature are considered in the benchmarking process (Lai
and Lu 2019; Chung 2011).
The annual building energy consumption is modelled during the building design
stages and documented in different formats such are the BRUKL report and EPC, which
are needed to obtain building permits before construction. The BRUKL report and EPC
show the predicted regulated energy consumption and notional savings modelled using
the Simplified Building Energy Model (SBEM) (for non-domestic) and Standard
Assessment Procedure (SAP) (for domestic) according to Chartered Institute of Building
Services Engineers (CIBSE) TM54 (CIBSE 2013). SBEM and SAP have been developed
in response to the requirements of the European Union (EU) Energy Performance of
Buildings Directive (EPBD). EPBD requires an EPC rating for commercial, public, and
residential buildings (Ministry of Housing Communities & LocalGovernment 2015; De
Wilde 2014). EPC report rates the building performance against the average performance
for a building of this type according to the annual CO2 emissions per conditioned square
meter and is valid for 10 years. If the building energy model is developed using an
approved dynamic thermal simulation software, the results can be used to generate the
EPC reports.
The measured building energy performance can also be assessed to achieve the
Display Energy Certificate (DEC) audit label. The DEC rating, also known as Operational
rating, is required for public buildings larger than 250 [m2] and is optional for other
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buildings. DEC validity period is 1 or 10 years for buildings above 1000 [m2] and between
250 and 1000 [m2] total useful floor area, respectively (Department for Communities and
Local Government 2015). DEC rating compares the metered electrical and fossil fuel
energy use over a year with the CIBSE TM46 reference performance benchmark, and for
comparability and labelling converts energy to equivalent CO2 emissions per total usable
floor area. Total usable floor area is the same as gross internal area in commercial
property surveying, which is the total area of enclosed spaces measured from internal
boundary of external walls (Department for Communities and Local Government 2008).
The CIBSE TM46 reference performance benchmark is adjusted based on local climate
heating degree days and building occupancy period over the year measured (CIBSE
2008). Yet, there are concerns regarding the robustness of the benchmark in DEC
certificates as it is based on outdated data and does not capture the current pattern of
energy use in the public building stock (Gabe and Christensen 2019; Hong et al. 2013).
Given that the 2008 CIBSE DEC benchmarks are not up-to-date, in an initiative, CIBSE
created the ‘Energy Benchmarking Tool’, which is a platform that aims to gradually
replace the CIBSE Guide F benchmarks. This platform is using the 25th and 50th
percentiles of a DEC sample to suggest more up to date energy benchmarking in the UK
(CIBSE 2020). However, the sample size and building types are currently limited on this
database.
In-depth empirical benchmarking studies that report measured energy use and
associated carbon emissions of buildings in larger numbers that enable comparative
evaluations with peer buildings have been limited. Khoshbakht et al. reported benchmarks
for different types of buildings in higher education campuses in Australia using recorded
data from 80 buildings. Buildings used for research activities had the highest benchmark
energy use intensity (EUI) value at 216 kWh/m2/year and buildings used for academic
offices had the lowest benchmark value at 137 kWh/m2/year. When considering
disciplines, science buildings had the highest benchmark EUI value at 164 kWh/m2/year
(Khoshbakht, Gou, and Dupre 2018).
Both EPC and DEC certificates rate buildings on an ‘A’ (very efficient) to ‘G’
(inefficient) scale and have similar labelling aesthetics. Several studies have shown that
the design stage EPC and in-use DEC audits have very little correlations to be comparable
(Palmer, Terry, and Armitage 2016) and do not use the same benchmarking approach,
building area for normalization, or score threshold for A to G ratings (see Figure 2-1).
EPC is generated for the conditioned areas and DEC is (commonly) normalized over gross
internal area, which can cover some unconditioned areas (neither heated, cooled nor
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ventilated). EPC only includes regulated energy use in the buildings and does not provide
hourly predictions, which cannot be compared to or correlated with the measured energy
data and DEC. The regulated building energy use includes domestic hot water, air
conditioning (heating or cooling), mechanical ventilation, lighting, and auxiliary energy
used in pumps, control, and automation. Whereas the metered energy includes all
regulated and non-regulated energy use recorded by the main electricity and gas meters.
Non-regulated energy consumption includes plug-in appliances and equipment such as
computers, washing machines, vacuum cleaners, cooking, and refrigeration. Figure 2-1
suggests that between 50% to 67% increase in energy consumption score in actual use
versus design prediction is considered acceptable due to the added unregulated energy
consumption to achieve the same rating in EPC and DEC audits. Hence, it is wrong to
associate the EPC numbers with the actual building energy use and DEC numbers.
The EPC calculation is designed for comparative benchmarking and establishing
compliance with regulations, thus assumes standardised operating conditions and
excludes several energy end-uses, e.g. lifts, small power, external lighting. While if the
intention is to calculate projected operational energy performance to help with reducing
energy performance gap, design stage modelling should represent all energy end-uses and
realistic operating patterns, similar to the recommended approach by the CIBSE TM54
(CIBSE 2013). The EPC rating is decided based on the simulated annual CO2 emissions
per conditioned square meter and the EPC indicative target is also building specific and
is generated through the same SBEM simulation. While unlike the EPC approach, the
DEC or Operational rating, is based on the ratio of the equivalent CO 2 emissions of the
building (from annual measured electrical and fossil fuel energy use) to the CIBSE TM46
reference performance benchmark for that building category. Hence the yardstick for
different buildings of the same use type is the same unless the DEC energy assessor sees
the need to use composite building category benchmark due to mixed activities in the
space. Moreover, the DEC benchmarks are adjusted based on the local climate heating
degree days and annual occupancy hours. Accordingly, the DEC benchmark calculation
is largely open to the individual interpretation and can benefit from a more systematic
and uniform calculation approach.

Figure 2-1: The rating score thresholds for EPC and DEC ratings (Department for Communities and
Local Government 2008)
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In a report in 2011, the Carbon Trust concluded that “You should be very cautious
about assuming that the output of modelling aimed at demonstrating compliance with
regulations will indicate actual performance”. The Carbon Trust advises avoiding the use
of these compliance energy modelling estimates for predicting the in-use performance of
the building (The Carbon Trust 2011). Hence, EPC modelling and ratings do not capture
the real performance of buildings and DEC ratings are not mandatory and are therefore
rarely produced. This leaves the building industry in need of either change of regulation
to mandate DECs and improve its benchmarking approach or require EPC to be generated
based on dynamic thermal simulation which is better suited for understanding,
comparing, and improving the energy and environmental performance of buildings.
BREEAM’s approach in energy use assessment is not contributing to close
building energy performance gap. De Wilde selected a sample of buildings from UK nondomestic Energy Performance Register (MHCLG 2021) that had achieved both EPC and
DEC certificates and discovered that only 2 out of the 13 sample BREEAM Excellent and
Outstanding buildings have achieved the same rating, which were not a high EPC and
DEC ratings, i.e. C and D. He considers that “the lack of alignment is quite stark” and
lowers the confidence in energy-efficiency and green labels. In De Wilde’s sample there
is also a passive house education building that projected an A+ rated EPC and achieved
a B rated DEC, which shows that setting the performance-based targets high and failing
to achieve them would still place a project at a better energy performance than most high
BREEAM rated buildings.
Energy performance gap is created due to inaccurate design stage building energy
simulation, alterations in the design prior or during construction, construction faults,
incomplete commissioning, and incorrect use behaviour (Palmer, Terry, and Armitage
2016; Cohen and Bordass 2015; Rajat Gupta and Gregg 2016; R Gupta, Kapsali, and
Gregg 2017).
Weak construction site management results in improper insulation fitting,
incorrect services installation, and poor details construction (Zero Carbon Hub 2014).
BREEAM ‘Management 01: Sustainable Procurement’ allocates 1 point for
thermographic survey after construction is completed. Although taking thermographic
images of completed buildings can assist with detecting problems with construction
details, it might be too late to address any major insulation or infiltration issues detected.
Energy performance gap increases when the installed systems and controls are
found too complex to commission and run, and detailed manuals and guidance documents
are not made available to assist users to operate the systems correctly (Way and Bordass
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2005). BREEAM certification considers credits to encourage preparing a building
operation user guide for space users and non-technical building managers (Management
04 credit: ‘Commissioning and Handover’), and to provide after care support to the
occupiers and continued commissioning and POE over a minimum 12-month period.
However, in many projects user guides contain outdated, unrelated, and basic information
that does not help with understanding and controlling the building equipment (Palmer,
Terry, and Armitage 2016).
Moreover, as discussed earlier, BREEAM awards the energy use credits based on
simplified modelling, i.e. SBEM, and written confirmation of build as per design and by
not holding projects accountable through metered energy reporting, it fails to overcome
the underlying causes of energy performance gap. In one case-study it was discovered
that these BREEAM credits were awarded based on a note promising compliance while
none of the occupants were made aware of the guide. Prior to handover, training sessions
were held for the users and maintenance teams about the building systems, but these were
not documented for future reference (Pritchard and Kelly 2017).
Green Building labelling is often linked with higher property value, while the
empirical research has revealed a systematic disconnect between in-use performance and
design objectives (Gabe and Christensen 2019). BREEAM is criticised for not holding
projects accountable by certification based on actual in-use evidence instead of predicted
performance (Aspinall et al. 2012; Tuohy and Murphy 2015). BREEAM assesses and
certifies the sustainability of new-build and major refurbishment projects at two stages:
‘Design’ and ‘Post-Construction’. BREEAM’s two-stage certification only covers design
aspects and requires evidence showing the implementation of those commitments during
the construction stage.
The interim design stage assessment is based on the Scheme or Detailed Design
evidence and commitments for future actions, which is equivalent to the RIBA stage 3
(2013 Plan of Work). Whereas post-construction stage certificate is based on ‘as-built’
information or confirmation of ‘constructed as per design’, following practical
completion of construction works at RIBA stage 5 (BRE Global Ltd 2014). Zero Carbon
Hub considers ‘tick-box’ culture as one of the contributors to the gap between design and
as-built performance. For instance, the As-Built SAP information gets confirmed as
unchanged from the Design Stage SAP, without detailed checks to flag deviations from
the design (Zero Carbon Hub 2014). This is the same culture that threatens the postconstruction stage of BREEAM, which is based on as-built information or confirmation
of developers regarding built as per the original design.
21

BREEAM does not effectively cover the handover, post-occupancy issues, and
EoL phases of a building’s lifespan. In 2014, Zero Carbon Hub advised that future
standards should be linked to actual performance in order to close the performance gap
(Zero Carbon Hub 2014). For instance, the Australian ‘NABERS’ and American ‘Living
Building Challenge’ sustainability rating schemes, which are based on actual annual
energy use, have shown more successful results in reducing performance gaps compared
to BREEAM and LEED (Tuohy and Murphy 2015).
In sum, none of the existing BSAM, from CED to TQA, are fully comprehensive
to include all aspects of sustainability. These methods can at least target the most pressing
issues, such as reducing energy and comfort performance gap, through evaluating and
awarding buildings based on actual performance. Integrated certification procedure
through all phases of building design, construction, handover, operation, and EoL aligns
incentives between the different stakeholders of a building, including owners, designers,
builders, and occupants. An integrated life-cycle sustainability building scheme can
contribute to decision making and project evolution as opposed to a stand-alone tool that
merely audits the designed performance.
2.1.3

Fit-for-purpose and Occupant Satisfaction
While minimised energy consumption and energy security are important factors

in future-proofing buildings, benefits related to building and building users are claimed
to outweigh energy cost savings considerably (WGBC 2013). 29% of all non-domestic
stock in the UK is commercial offices, where employee overheads significantly surpass
the energy and maintenance costs (CABE 2005). Typically, about 90% of company
expenditure is on staff salaries and benefits, compared with approximately 1% energy use
costs (WGBC 2014). This shows the high financial benefits of the increase in productivity
of the building users and the importance of sympathetic operation of buildings and
reliable evaluation of occupants’ satisfaction, health, and wellbeing.
Domestic or commercial buildings are built to satisfy the needs of their occupants
and users. It is essential to evaluate buildings performance from their perspective during
the first years of operation to ensure their needs are incorporated effectively in the
building. POE surveys help to understand the opinion and satisfaction of space users
regarding the building’s actual performance.
With the industry embracing the concept of continuous improvement, designers
and contractors are more interested in extended aftercare and building performance inuse. There are many project-specific, as well as long-term industry benefits including
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improved building performance, reduced building running cost, improved user comfort
and productivity, feedback to designers, and improved industry knowledge base (Olivia
and Christopher 2015; Preiser 1995).
The knowledge gained through studying buildings performance during operation
is valuable for informing future design and guiding public expenditure policy,
regulations, codes, and incentive programs. In addition to the technical performance
metrics including utility use, the quality of experience of building users is a crucial metric.
Systematic performance evaluation throughout an asset’s lifespan is essential to
effectively and efficiently design and deliver buildings that meet the needs of all future
stakeholders, or in other words are ‘future-proofed’ (Love et al. 2015).
Traditionally building performance evaluation (BPE) was only performed for
investigation of serious malfunctions or research aims in a pilot or exemplary building.
With the advancement in monitoring techniques and technologies e.g. lower cost sensors
and meters, BPE has become more commonplace; however, most BPE techniques are still
considered costly, time-consuming, and intrusive to the daily functions of the space users
(Olivia and Christopher 2015). Buildings are complex dynamic open systems, and the
addition of human factors dramatically adds to this complexity. Building conditions such
as temperature, air quality, lighting, moisture, noise, chemical compounds, location,
history, use, procurement, ownership, and management impact the comfort, health, and
productivity of users and thus have a dominant influence on their opinion about the
building design and in-use performance (S. Y. Lee and Brand 2005; Deuble and de Dear
2014). Surely, it is not financially possible to monitor and control all these factors. Peopleoriented POE surveys with some open questions can be used as complements to
monitoring techniques to identify and resolve the shortcomings that could impair
occupant experience, optimum building operation, and energy saving.
A thorough review of the UK low-energy housing studies has shown that in-depth
qualitative and people-oriented research can be used to investigate the space as
experienced. Phenomenological and in-depth qualitative research studies can be used to
reveal richer insight and narratives about the complex relationship between user and space
than quantitative surveys (Ambrose, Goodchild, and O’flaherty 2017). Yet, most studies
make use of large POE datasets, where there is less chance of interpreting results in
individual building context. The qualitative understanding of the context and the user
response is required for meaningful data interpretation (Ambrose, Goodchild, and
O’flaherty 2017).
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Attribution of POE results to actual building performance or sustainability aspects
is a difficult task (Byrd and Onyeizu Rasheed 2016), which requires extensive time and
dedication. This is one of the reasons that phenomenological and in-depth qualitative POE
has not received as much attention. Commonly data triangulation with physical
measurements, in-person site visits, and interviews are required to verify the findings and
understand the context within which POE responses should be interpreted. For example,
the mood of the respondents when completing the survey, their general temperament, and
organisational status, timing of the survey, and recent substantial events related to the
organisation (Bluyssen et al. 2011) can all influence the satisfaction of the space users
and the POE results. Deule and de Dear suggest occupants may “use POE as a vehicle
for complaint about general workplace issues, unrelated to their building”. In their study,
instrumental measurements of the indoor conditions, along with thermal comfort studies
showed that the space users exaggerated in their POE responses (Deuble and de Dear
2014). Thus, understanding the context of the building is fundamental to interpreting the
POE results.
Table 2-1 presents the common indicative questionnaire surveys applicable to
commercial buildings. Questionnaires enable collecting large number of detailed
information (Blyth, Gilby, and Barlex 2006).
Table 2-1: Commercial Building POE Questionnaire Survey Designs

Commercial Building POE

Developed

Use Physical

Surveys

in

Measurements

CBE Survey (CBE 2021)

US

Yes

Yes

1000

BUS Occupant Survey (The

UK

No

Yes

Over 850

European

Yes

No

69

UK

No

No

100

US

Yes

No

100

UK

No

Yes

100

Benchmarking

Buildings
Surveyed

Usable Buildings Trust 2017)
HOPE (Health Optimization
Protocol for Energy-efficient
Buildings) (Bluyssen, Aries,
and van Dommelen 2011)
DQI (Design Quality
Indicator) (Prasad 2004)
BASE (Building Assessment
Survey and Evaluation) (US
EPA 2019)
OLS (Overall Liking Score)
(Levermore 1994)
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Preiser (Preiser 1995) argues that since buildings, users, and POE contexts vary
considerably, benchmarking and comparing results is not always meaningful and using
standardised benchmarking methods do not always serve the purpose in practice. On the
contrary, Bordass and Leaman (Bordass and Leaman 2005a) strongly support
benchmarking. Depending on the objective of the POE, comparing results against
benchmarks assists with rating the building performance in different issues and
identifying opportunities to improve occupant experience and reduce operational energy
costs. CBE (CBE 2021) and BUS (The Usable Buildings Trust 2017) surveys with 1000
and 850 benchmarked buildings worldwide, respectively, are the most used occupant
survey designs that offer building performance benchmarking (Dykes and Baird 2013).
The BUS survey is a two-page A4-size standard questionnaire that was developed
as a quick but thorough analysis tool for the PROBE project (BIM-Task-Group 2013). It
collects space-users feedback regarding the ambient environment, health, and
productivity. It produces robust and practical results; thus, is one of the most common
measures used in the UK, Australia, and Asia (Thatcher and Milner 2016). The method
is an integral part of Soft Landings, BEES building assessment method (New Zealand),
and NABERS (the sustainability building assessment methods in New Zealand and
Australia) (Leaman 2014).
The description of comfort is encapsulated into four respective factors: thermal,
respiratory, visual, and acoustic (Hawkes 2008; Bluyssen 2009). This is why there has
been such a prevalent focus on thermal comfort and air quality, natural and artificial
lighting, noise, and controls (Clements-Croome 2015; Wyon 2004; Lan, Wargocki, and
Lian 2010; Haans 2014; Seddigh et al. 2015; Lamb and Kwok 2016; S. Y. Lee and Brand
2005). The aforesaid factors of comfort are assessed in the BUS questionnaire survey.
For

evaluation

of

productivity,

self-reported

perceived-productivity

through

questionnaires is the primary method of assessment (Haynes 2008; Feige et al. 2013),
which is the method used in the BUS questionnaire and in this study.
The limitation of self-reported comfort and productivity factors is that it is likely
that people do not distinguish and assess the factors independently or do not recall the
conditions precisely due to memory bias (Schacter 1999; Thatcher and Milner 2016). For
this reason, the Building Use Trust suggest that the method can be complemented, if
necessary, with interviews, focus groups, revisits, or physical measurement. These
corresponding data are required, along with occupant satisfaction surveys, to cover an
extended span of time and understand the full context and background. In this study
however, as mentioned earlier, physical measurement of spaces was not possible.
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Furthermore, the aim of this study is to perform a people-oriented POE to understand the
user perceptions and satisfaction and the contextual details rather than accurately measure
space conditions and evaluate each factor and individual responses. As Ambrose et al.
highlighted, technical monitoring and quantitative survey methods have long dominated
the building energy research (Ambrose, Goodchild, and O’flaherty 2017); thus,
complementing with in-depth, qualitative assessments is essential to gain more
comprehensive insights in the domain.
Open-plan office layouts are increasingly the preferred method of office design
by building managers and sustainability certification schemes. Open-plan layouts can
potentially offer space, cost, and energy saving, and improved flexibility and access of
daylight. Moreover, open-plan layouts are expected to encourage and ease
communication and collaboration among staff. However, on the contrary, many studies
have reported negative traits including reduced perceived productivity for cognitive work,
harmful effects on staff health and wellbeing, increased disturbance due to unwanted
interruptions and noise, along with diminished privacy (Richardson et al. 2017; Y. S. Lee
2010; Feige et al. 2013; Kim and De Dear 2013; Kaarlela-Tuomaala et al. 2009; SmithJackson and Klein 2008). These issues of shared-space have been studied in various
research across the natural, medical and social sciences, proving the multifaceted,
interdisciplinary roots of the issue (Pautasso and Van Der Werf 2017; Richardson et al.
2017). Thus, it is important to ensure shared offices are designed to maximise
productivity, health, and wellbeing of the employee, in addition to energy and comfort
aspects. Recognising the effectiveness of office design and layout is crucial for policyplanning, design, delivery, and management.
Morrison and Macky studied the impact of office type on co-worker friendship,
supervisor support, and staff social demands such as distractions, uncooperative
behaviours, and distrust. Shared spaces including open-plan offices have shown
significantly higher social demands, while co-worker friendship was best experienced in
office sharing with one or two others (Morrison and Macky 2017). Similar results were
reported by Kaarlela-Tuomaala et al. in an intervention study whereby they surveyed 31
workers in private offices before and after relocation to shared-offices with more than 20
persons. They argued against open-plan offices for professional workers by noting
increased distractions and doubled self-rated loss of work performance (KaarlelaTuomaala et al. 2009). In another study, significantly higher numbers of short-term
sickness absences were reported in open-plan offices compared to other office designs
(Danielsson et al. 2014).
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Kim and de Dear investigated the privacy-communication trade-off by reviewing
the occupant survey database from the Center for the Built Environment (CBE) and
discovered that the benefits of enriched interactions were smaller than the amplified noise
level and reduced occupant privacy. They concluded that satisfaction with acoustics,
privacy and proxemics aspects, known as Indoor Environmental Quality (IEQ), directly
correlates with the workplace enclosure; and occupants report better IEQ in enclosed
private spaces (Kim and De Dear 2013). In two other case-study buildings, it was
discovered that the face-to-face interactions decreased by 70% and digital communication
via emails and messages increased after moving to open-plan offices (Bernstein and
Turban 2018).
Many studies have looked at occupation density (net internal floor area per capita)
and office layouts (Kim and De Dear 2013). Though, limited attention has been given to
the influence of the number of occupants in open-plan offices on user satisfaction and
comfort. In one example, it was discovered that the number of office workstations in
space has a considerable relationship with the reports of mucosal irritation symptoms
amongst office staff and the so called Sick Building Syndrome (Skov, Valbjørn, and
DISG 1987). The Sick Building Syndrome is manifested in a large number of occupant
complaints about illness including headache, irritation of the eyes or throat, lethargy,
inability to concentrate, nausea, etc (Shafaghat et al. 2015). Brill et al. compared the
amount of reported distraction induced by other people's conversations in open-plan
(65%) with single (29%) and double (52%) occupancy and learned that the number
increases with the number of people in the space (Brill, Weidemann, and The BOSTI
Associates 2001).
POE is an embedded part of aftercare in frameworks such as Soft Landings
(BSRIA 2014a) and is a requirement for credits such as Management 04: ‘Stakeholder
Participation’ credit in BREEAM, which aim to optimise handover and operational
performance through stakeholder engagement and systematic monitoring (BRE Global
Ltd 2014). BREEAM does not include any specific requirements concerning the office
type, such as open-plan versus cellular offices. The BREEAM technical manual includes
Health and Wellbeing category that aim to improve occupants experience and
satisfaction. This category includes credits aimed at improving the different aspects of
comfort:
•

visual: glare control, view out, daylighting, and lighting control.

•

indoor air quality: minimising air pollution, specifying CO2 sensors,
providing natural ventilation.
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•

thermal comfort: thermal comfort modelling and control.

•

acoustics: improved acoustic performance.

Moreover, BREEAM contains credits that target improving the well-being of the
occupier through improvement of safety and security, site selection with good public
transport linkage, proximity to essential amenities, and cyclist facilities that encourage
more active life-style.
Graham et al. reviewed the results gathered over 20 years from 90,000
respondents from 900 buildings recorded in the CBE occupant survey database. They
reported the typical occupant satisfaction rates that can be used as benchmark values for
indoor environmental quality parameters. Graham et al. concluded that buildings are most
successful in satisfying the users’s expectations regarding ease of interaction, lighting,
and cleanliness with 75%, 74%, and 71% satisfaction rate, respectively. In contrast, it
seems building stakeholders need to focus more on improving sound privacy,
temperature, noise level, and visual privacy, as the users reported the highest levels of
dissatisfaction in these criteria, in turn, 54%, 39%, 34%, and 31% (Graham, Parkinson,
and Schiavon 2021).
Non-environmental factors can have an influential role on occupant satisfaction
with the building, workspace, and parameters of indoor environmental quality. A study
of 21,477 CBE POE responses from 79 non-LEED and 65 LEED-rated buildings
concluded that LEED certification does not significantly influence occupant satisfaction,
independently of non-environmental factors 2 (Altomonte and Schiavon 2013, 2014). This
is in contrast with some former studies of the same database that reported better
satisfaction with thermal comfort and air quality in green buildings (Abbaszadeh et al.
2006). Altomonte and Schiavon discovered that the positive value of LEED certification
from the point of view of occupant satisfaction may tend to decrease with time, whereby
higher satisfaction is reported in buildings occupied for less than a year (Altomonte and
Schiavon 2013, 2014).
Limited case-studies are available in peer-reviewed literature but from the sample
there is not direct correlation between BREEAM rating and occupant satisfaction.
Altomonte concluded that BREEAM certification does not have an effect on the user
satisfaction with the building and workspace (Altomonte, Saadouni, and Schiavon 2016;
Altomonte, Saadouni, et al. 2017). Khoshbakht et al. did not identify any significant

2

Factors unrelated to environmental quality including buildings and workspaces features (office type,
size, layout, workspace distance from window), personal characteristics (gender, age), and work-related
variables (type of work or working hours).
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difference in occupant satisfaction between green and non-green buildings (Khoshbakht
et al. 2018). These results are unlike the earlier Baird et al. surveys of 31 sustainable
buildings and 109 conventional buildings that determined much better operational and
satisfaction performance in sustainable buildings. Moreover, little to no difference was
identified in personal control and noise levels and only minor improvements in thermal
conditions in sustainable buildings (Baird, Leaman, and Thompson 2012). These results
are not only limited to the BREEAM certification; Licina and Yildirim observed the same
results in WELL-certified office buildings (Licina and Yildirim 2021).
The two ‘Very Good’ BREEAM buildings called ASDA supermarket and
Bessemer Grange Primary School in the Innovate UK BPE study reported very good
occupant satisfaction from POE results (Palmer, Terry, and Armitage 2016). Similarly,
the POE results of the George Davies Centre at University of Leicester agreed with its
BREEAM Excellent rating (PBCToday 2019). Nonetheless, the Sainsbury Laboratory at
University of Cambridge, which is another BREEAM Excellent rated building, did not
succeed in satisfying majority of its users. Large dissatisfaction with temperatures and
control over heating, cooling or ventilation was reported (Forman et al. 2017). Or the two
BREEAM Excellent buildings called Urban Sciences at Newcastle University and Land
Rover/Ben Ainslie Racing headquarters in Portsmouth only received good POE results
(Ponterosso, Gaterell, and Williams 2018; Pearson 2018). Overall, it can be concluded
that the level of user satisfaction does not scale with the level of BREEAM certification.
Likewise, Licina and Yildirim observed that observed that the level of WELL certification
did not match with the POE results (Licina and Yildirim 2021).
2.2

Building Information Modelling (BIM)
When the term BIM is used in a conversation, it can often refer to different things.

The term BIM can refer to an activity (meaning Building Information Modelling) or an
object (Building Information Model). BIM (as an object) is also named ‘Digital Twin’,
which is the digital representation of the building that includes both the elements and the
dynamics of how the building operates throughout its life cycle. BIM as an activity is the
process of integrating project data and technology to create a digital representation of a
project (BIM as an object), which is evolved in parallel with the real project timeline
throughout design, construction, and operation (Kjartansdottir et al. 2017).
BIM was introduced to the UK construction industry gradually. BIM Level 0
involves unmanaged Computer-Aided Design (CAD). BIM Level 1 requires a shared data
environment to manage CAD in two-dimensional or three-dimensional format, whereby
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work by each team member is created and maintained separately, like the traditional
practice of design drawing and communication.
All publicly procured construction projects in England and Northern Ireland since
April 2016 and Scotland since April 2017 are required to be ‘BIM Level 2 compliant’.
The 2011 Government Construction Strategy mandate (Cabinet Office 2011) is not a
legislation, instead is a contractual condition needed for working with the central
government, which is the UK’s largest client (NBS 2018a). This decision was the main
drive behind the industry’s growth of skills, standards, and tools related to BIM. In 2014
Government Construction Summit, BIM was praised as a major contributor to the £804m
savings in 2013-14 construction costs (Richard McPartland 2017).
The primary indication of BIM Level 2 is the use of a three-dimensional Common
Data Environment (CDE), where each discipline creates and manages its own model
(Eadie, Odeyinka, et al. 2013). Team member’s three-dimensional models are set up in
the same format, which are then brought together for analysis, coordination, and
amalgamation to form what is known as a ‘federated model’. The UK definitions, data
structures and formats are contained in PAS 1192:2007, the publicly available
specification that sets out how information should be managed on BIM projects (Building
Design 2017).
According to ‘Built Environment 2050’, UK construction technology will
develop to BIM Level 3 and beyond towards 2050. BIM Level 3, regarded as integratedBIM or iBIM, is about the fully open process and data integration in a single BIM model
held on a collaborative server. iBIM will employ concurrent engineering processes
(Eadie, Odeyinka, et al. 2013). BIM Level 3 is planned to support assessment and
management of the thermal properties, costs, operational applications, and lifecycle
characteristics (Arayici et al. 2018).
BIM allows the project teams to create the buildings in a virtual environment and
complete the full design prior to construction. Therefore, the potential clashes can be
detected upfront with a clear trail of the work done. This reduces the overall risk to all
parties and the prevalent disputes within the construction industry (Gardiner 2013; Eadie,
Odeyinka, et al. 2013). Equally, BIM provides a better decision-making basis for project
managers in comparison with the traditional practice, which helps with delivering
successful projects (Fazli et al. 2014).
In many cases, the contract drawings and specifications are not updated to show
the ‘as-built’ information. Combined laser scanning technologies with multi-disciplinary
BIM models are currently being tested to automatically relate meta-data to the design
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stage BIM files and create as-built BIM models to address this common issue (Huber et
al. 2011). It is acknowledged that the owners of as-built evidence would remain the same,
such as the property operational managers, who would need to procure and maintain the
files during the building operation. The uncertainties in the legal liabilities need to be
resolved and the obligations in supporting integrity of shared information among parties
need to be clarified in the contracts. The contracts should clarify the responsibilities,
mandate the contributors to review the BIM files, and hold the contributors liable for any
issues through punitive measures. Therefore, a systemic legal support is essential for
realisation of the BIM promises (Mulcahy and Chen 2014; Alfred 2011).
In construction projects, the client or the owner are the main drivers of BIM
adoption. The low bid price is a decisive award criterion for projects. Unprepared market
and lack of demand for BIM-use limits the competition for offering BIM services by
increasing the project costs (Porwal and Hewage 2013).
The National Building Specification (NBS) international BIM report for 2016
predicted that by 2021, BIM will be adopted by over 80% of design professionals in all
countries (NBS 2016b). In 2013, a survey of 92 BIM users reported the highest financial
positive impact of BIM-use to be due to collaborative aspects (Eadie, Browne, et al.
2013). Indeed, the 2018 National BIM Survey results showed that “a clear majority think
that BIM will help reduce both construction costs and the time it takes to go from
inception to completion.” While only 46% agree that BIM will help the UK government
to achieve 50% reduction in GHG emissions in the built environment. 64% of BIM users
share models outside of their organisations and 57% across disciplines internally. The
majority of respondents think that the Government is not enforcing the mandate and only
half of the BIM-users utilise a model for the whole project (NBS 2018a).
NBS surveys from 2015 to 2018 also enquired about people’s perspective towards
benefits of and barriers to using BIM. The results are presented in Figure 2-1 and Figure
2-2. Figure 2-1 shows that majority of BIM users or non-users already experienced the
change that BIM requires in the general practice and agree that it increases coordination
of construction documents and improves visualisation. More BIM users agreed with the
positive influence of BIM adoption on cost efficiency and speed of delivery than nonuser. Also, BIM-users reported almost double client and contractor demand for BIM use.
Eadie et al. reported the highest gain from BIM adoption to be for the clients and
the facility managers. Therefore, it is expected that they will be the main drivers of BIMuse (Eadie, Browne, et al. 2013). The pressure of client and contractor request is also
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noticeable in Figure 2-1, as less than 40% of non-users and more than 60% of users stated
that the clients and contractors insist on using BIM (NBS 2018a).
Adopting BIM requires
changes in our workflow,
practices or procedures
Adopting BIM increases
coordination of
construction documents
Clients will increasingly
insist on us using BIM

Contractors will
increasingly insist
on us using BIM
Adopting BIM brings
cost efficiencies

Adopting BIM increases
speed of delivery

Agree Non-user 2015
Agree Non-user 2016
Agree Non-user 2017

Adopting BIM increases
our profitability

Agree Non-user 2018
Agree Non-user 2019
Agree User 2015

Adopting BIM makes it
easier for us to work
internationally

Agree User 2016

Agree User 2017
Agree User 2018

Adopting BIM enables us
to work in new sectors
and types of projects

Agree User 2019

BIM improves
visualisation

Adopting BIM has made
/would make traditional
specifications redundant
within our organization

0%

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 2-2 National BIM Survey results from 2015 to 2019 revealing the perspective of BIM users
and non-users towards BIM benefits (NBS 2015, 2016a, 2017, 2018a, 2019)
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The main barriers to BIM adoption by non-users have surprisingly not changed
over the past four years (Figure 2-2). In the order of importance, these barriers are: lack
of in-house expertise; client demand; training; budget; time to get up to speed; and project
relevance (NBS 2015, 2016a, 2017, 2018a). Eadie et al. also ranked the main barrier in
BIM-use in the construction industry to be the lack of expertise in the project team and
organisations. They suggest that it is not affordable for all stakeholders to invest in
training and purchasing BIM software (Eadie, Browne, et al. 2013).

Lack of in-house expertise

No client demand

Lack of training

Cost

2015
No time to get up to speed

2017
BIM is not relevant to
the projects we work on

2018

Lack of standardised tools
and protocols

2019

The projects we work on are
too small
No established contractual
framework for working
with BIM
Lack of collaboration

0%

10%

20%

30%

40%

50%

60%

70%

80%

Figure 2-3 National BIM Survey results from 2015, 2017, 2018, and 2019 revealing the perspective of
non-users regarding the main barriers to using BIM (NBS 2015, 2016a, 2017, 2018a, 2019)

Before the mandate, many public sector clients anticipated shortfalls in industry’s
capacity to varying degrees. The lack of experience of the supply chain has left
uncertainty about the extent and the success criteria of implementation of BIM on projects
(Cousins and Knutt 2016). Similarly, the 2016 national BIM report suggests that there is
some uncertainty about the reliability of the information collated in BIM models (NBS
2016a). Indeed 70% of 2018 National BIM Survey participants believe that BIM is not
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sufficiently standardised yet: “The definition and basic requirements of Level 2 are not
well known enough.” (NBS 2018a).
NBS advises that the project team, involving all parties, should agree at the
planning stage about the information that will be added to the model, the schedule, the
file formats, and then plan accordingly (Winstanley and Fraser 2013). BIM can be
adopted at any stage of project lifetime and in all cases will have financial and temporal
implications that should be considered in the project budget and schedule (US GSA
2015). BIM is an integrated part of project design and construction and influences the
processes within the project organisation (Howard and Björk 2008). The success criteria
for BIM has not been adequately developed to judge projects achievements compared to
traditional practice and unveil the full BIM potential (Cousins 2016). KPIs currently being
used in industry for measuring BIM’s success are the cost (overall); the cost of changes;
program duration (time aspects); requests for information (RFI); change orders; person’s
hours worked (Eadie, Browne, et al. 2013).
Bryde et al. reviewed 35 construction projects to assess the reported benefits of
BIM use and concluded that cost reduction and time-saving are the most commonly
reported benefits followed by better communication and coordination (Bryde, Broquetas,
and Volm 2013). RFI submitted by the contractor usually cause delays and occasionally
require re-design, both of which result in project cost overrun. Availability of all project
information on CDE in BIM allows the project actors to interrogate the information,
which can reduce the number of RFIs drastically and result in time and cost savings
(Barlish and Sullivan 2012; Eadie, Odeyinka, et al. 2013). A complete costing analysis
can largely stimulate low-carbon construction (Wong et al. 2015). BIM tools that enable
performing multi-disciplinary analysis on building’s Digital Twin improve the design
process by eliminating errors and enabling more comprehensive assessments (Azhar et
al. 2011).
LCA is used as a quantification tool to measure and improve the environmental
impacts of buildings throughout their lifetime. It contributes to achieving better
sustainable building certification rating (such as BREEAM and LEED) and obtaining an
Environmental Product Declaration (EPD) label. Currently, building LCA is mainly
driven by BSAMs, as there are no EU level legislative requirements. BIM is expected to
assist with effective and automated integration of LCA into the building design progress
(Bruce-Hyrkäs, Pasanen, and Castro 2018; Röck et al. 2018). The significance of BIM to
the industry is in its CDE that will facilitate real-time stakeholder collaboration and result
in considerable time and cost savings in design, operational energy modelling, and LCA
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(Antón and Díaz 2014). Since the building materials and products will be modelled in
BIM, integration of materials’ environmental impacts and producing LCA results is
expected to be abridged (Motawa and Carter 2013). Accordingly, LCA can inform
decision-making, whereby alternative designs can be compared as BIM matures (Antón
and Díaz 2014).
Integration of LCA, cost, and operational performance data with BIM tools is
essential for performance projections to become an integrated part of the design decisionmaking process. Currently, these exercises are performed using stand-alone tools,
whereby design development variations are incorporated in the LCA or energy models
through a manual, time-intensive exercise, retrospectively (De Wilde 2014; Ariyaratne
and Moncaster 2014). BIM level 3 could play a pivotal role in broadening the scope of
building assessments through enabling swift and accurate building performance and cost
estimations for any design alteration, along with, effective communication and transfer
of project information i.e. the design and construction knowledge to the facility managers
(Eadie, Browne, et al. 2013; Mirzaie and Menzies 2016).
However, despite many attempts, integration of LCA databases in BIM tools and
automatic import of BIM files to building performance assessment tools, e.g. LCA or
energy modelling, is still in an experimental stage (Wimmer et al. 2014; Choi et al. 2016;
Senave and Boeykens 2015; Gerrish et al. 2017). Such integration can be performed using
two approaches: 1) direct coupling in a proprietary BIM software, also known as oneplatform-BIM solutions; 2) exporting of BIM file in gbXML or IFC, an open data
exchange formats, and then importing to other software packages (Andriamamonjy,
Saelens, and Klein 2018). The first approach is more useful for performance evaluation
as a decision-making tool for design comparison and completely abolishing stand-alone
exercises, while the second approach offers better interoperability by not using any
specific BIM software.
Currently, different BIM software uses an exclusive set of conventions, data
formats, and APIs. Interoperability involves portability of these key aspects as per Data
Transfer Protocols and Standards and should consider different levels of transferability,
including Technical interoperability, which deals with exchanging data; Semantic
interoperability, which ensures meaningful information is exchanged; and Organisational
interoperability that is needed for multi-organisational business processes. Existing data
standards only cover technical interoperability and do not guarantee semantic or
organisational portability (Afsari, Eastman, and Shelden 2017). To increase the chance
of fully resolving the interoperability issues and seamless performance assessment
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workflow from BIM data, the building model should be developed according to standard
approaches and errors and inaccuracies should be checked and resolved (Robert et al.
2014; Olsson et al. 2018).
The noise generated by the BIM movement has unfortunately had a tendency to
obscure a properly informed understanding of what technology can do, creating
unrealistic expectations for many facility/asset owners and operators, as well as countless
practitioners. BIM is regarded as a disruptive innovation with major hesitation because it
has failed to bring about structural change within the construction sector. Too many
vested interests, particularly institutions, will see to that. Nonetheless, redefining of roles
and responsibilities are anticipated, as tasks and their associated risks are being reallocated within the delivery team. From a facility management perspective, it should
improve the exchange of data and information within the team concerning matters of
operability as well as exchange between the team and those in facility management.
There is a significant body of knowledge conjecturing the potential of BIM for
construction projects and their management (Bryde, Broquetas, and Volm 2013; Tuohy
and Murphy 2015; Volk, Stengel, and Schultmann 2014; S. Zhang et al. 2013; Habibi
2017; Jung, Häkkinen, and Rekola 2018; Arayici et al. 2018; Fazli et al. 2014; Mosey et
al. 2016). Dongdaemun Design Plaza in South Korea is a showcase portraying the
potential benefits of BIM level 2 to a project and at the same time the challenges of full
BIM implementation. The project’s main contractor appointed BIM consultants to train
ten of their staff to model the entire project, including the building structure, façade, and
mechanical, electrical, and piping systems. Bi-weekly BIM meetings were held with each
discipline to improve design coordination. However, due to security issues the main
contractor refrained from using a CDE. The BIM model was utilised for construction
activities sequencing and planning, designing and manufacturing complex façade and
building megastructure, and optimising the design geometry and constructability in
response to changing client requirements and altering costs (BIM+ 2016).
It is not only in the Dongdaemun Design Plaza that intellectual property and cyber
security issues hindered a full use of BIM CDE. Information sharing through CDE
increases the risks of unauthorised access, copyright infringement, unclear responsibility
and liability, uncertain data authorship and ownership, etc. To address this increasingly
important concern of stakeholders, BIM protocols and standards covering legal issues
and specific provisions concerning data security to manage information and enable open
data platform, which can be used as amendments to the usual contractual agreements
(NBS 2018a; Ghaffarianhoseini et al. 2017).
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Given the strong link between BIM and the contract models, integrated project
delivery is required to enable BIM and make design decisions earlier in the project
timeline (US GSA 2015; Mosey et al. 2016). Since BIM intends to entrench a more
integrated working approach, the procurement route also needs to enable early BIM
contributions from the contractor and specialist subcontractors. A procurement model is
chosen primarily based on transferring design and construction risks away from the client.
Thus, contracts need to consider measures to benefit from BIM without additional
liability in appointments of consultants and contractors. One of these measures is to
include Level of Details (LOD) and timetable of deadlines supporting the agreed
commitments. BIM Execution Plans and Information and Delivery Plans are necessary to
include these agreements in pre- and post- contract award (Mosey et al. 2016).
A well-structured Employer’s Information Requirement (EIR) for BIM was tested
in a case-study that showed its importance to ensure the information required by project
client and facility management for optimisation of running costs and utility-use over
building whole life is available (Ashworth, Tucker, and Druhmann 2018).
BIM files can also be used as evidence required for building certifications such as
BREEAM and LEED. Azhar et al. reviewed the potential of BIM for LEED sustainable
building certification in a case-study building and advised that documentation supporting
17 credits and 2 prerequisites may be gathered using a BIM-based sustainability
assessment software (Azhar et al. 2011). An example tool was developed by Ilhan and
Yaman as a proof of concept that relevant information for BREEAM certification can be
processed, assist with sustainability decision making in the early design, and
automatically produce BREEAM documentation (Ilhan and Yaman 2016).
Even though BIM is recommended as the catalyst to future-proofing buildings
(Love et al. 2015), the results of the 2017 Construction Manager BIM survey revealed
stagnation in implementation since the mandate for adoption in publicly funded projects
in 2016. This survey concludes that clients are not certain what to specify and how BIM
should be applied per contract or procurement type; thus, clients see BIM as an additional
expense with no benefits (Chevin 2017). Hence, until BIM matures to its full utility, the
construction industry requires compensating tools that assist with future-proofing
buildings within its current industry capacity and structure and boost the transition to the
digitalised industry (Mirzaie and Menzies 2017).
Like all other new technologies, the advantages of BIM are expressed in idealistic
visions, called BIM ‘utopias’ (Miettinen and Paavola 2014). These future-oriented
promises and visions are great; however, their truth needs to be established in real
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buildings. Most benefits of BIM are based on modelling estimations and survey data,
rather than empirical evidence. Yet, it is acknowledged that it is these BIM utopias that
have resulted in a fast pace change in the UK construction industry over the past decade
(Richard McPartland 2017).
Tuohy and Murphy argued that BIM is focused on supporting the existing industry
approach which is based on predicted rather than actual performance and has failed to
close the existing performance gap. They suggest this shortcoming can be resolved
through refocusing BIM by creating accountability for actual building performance;
adopting a modular design and construction process; and including testing, monitoring,
and control mapping with rigorous feedbacks and feedforwards to transfer knowledge
across projects (Tuohy and Murphy 2015).
Moreover, BREEAM 2018 lists BIM (or BIM files) among the acceptable
evidence of compliance with credits requirements and recommends contractors to use
BIM to reduce the waste produced on the construction site (BRE Global Ltd 2018b). By
way of designing using a federated BIM (merging the structural, architectural, and
building services models in three-dimension), it is reasonable to expect reduced number
of errors and rework on-site and enhanced efficiency that can reduce construction time,
risk, cost, and possibly waste.
According to the ‘UK Industry Performance Report’ in 2018, the first three years
of BIM adoption have only shown a slight, yet constant reduction in construction waste
(Figure 2-4). Yet, the attribution of this reduction to BIM use is unclear, for example it
can be related to the type of projects completed in recent years. In one research study,
Won et al. demonstrated that BIM-based design validation prevented 4.3–15.2% of
construction and demolition waste on two construction project sites in South Korea (Won,
Cheng, and Lee 2016). Hence, further empirical research is required to confirm the role
of BIM in reduction of construction and demolition waste.
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Figure 2-4: The ‘UK Industry Performance Report’ yearly comparison of median waste removed
from the construction site based on the BRE Smartwaste data. The constant 2016 values are
deflated current values by the ‘All Construction Output Price Index’ for the first years KPI to
arrive at constant values.

2.3

Soft Landings
More than often, buildings do not meet the ambition of designers or the

expectations of occupants. Post Occupancy Review of Building Engineering (PROBE)
project was a UK government-funded BPE study, which concluded that the fault was
firstly in the design and construction procedures that are not focused on operational
outcomes, and secondly, in the end-user expectations that are often inadequately
considered at the briefing stage (Cohen et al. 2001). Hence, the ‘Soft Landings’ concept
was emerged, which is a process that aims to:
1. Engage the end users and ‘Soft Landings Champion’ from the early stages of
project design.
2. Involve the design and construction team in building performance review
beyond completion, through extended aftercare up to three years.
3. Collect the feedback of end users through POE and share with the design and
construction team.
With the aim of integrated feedback, feed-forward of lessons learned for
continuous learning and improvement, referred to as maintaining the ‘golden thread’, in
2004, the first draft of the Soft Landings framework was developed in the UK (Way
2005). The Soft Landings Framework is a joint initiative between BSRIA (BSRIA 2020)
and the Usable Buildings Trust (The-Usable-Buildings-Trust 2019). The framework was
published in 2009 and updated according the RIBA 2013 work stages in 2014 (BSRIA
2014a).
Soft Landings framework runs alongside the procurement process as per the
program designed by the Soft Landings Champion. Figure 2-5 shows the activities and
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team effort considered in the Soft Landings framework in different stages of the project
design and delivery duration, which are described below (BSRIA 2014b).
1. Inception and briefing: Soft Landings tool helps with setting realistic design
targets and assigning responsibilities for ongoing reviews of design intent.
2. Design and construction: The framework improve collaboration and
knowledge of the inevitable design changes and target review outcomes
through design review meetings.
3. Pre-handover: Soft Landings expands the handover period to deliver the
design and construction data to the facility managers and building occupants
in smooth, planned intervals, which also manages the expectations.
4. Initial aftercare finetuning: During the moving and settling in period, Soft
Landings ensures there are representatives on site, who can collect and
respond to occupier queries and concerns and record building issues.
5. Extended aftercare: Soft Landings reviews and fine-tunes the building
performance by periodic monitoring and independent POE in the first three
years after handover.

Figure 2-5: Diagrammatic representation of Soft Landings activities (BSRIA 2014b)

‘Government Soft Landings’ (GSL), driven by the UK Government Construction
Board, evolved during 2011-12 (BIM-Task-Group 2013). GSL is a policy document for
all centrally-funded projects as part of the public sector adopting BIM (BIM-Task-Group
2013; BSRIA 2014a). Both GSL and BSRIA Soft Landings frameworks target reducing
performance gap through POE in an extended period and contract commitment beyond
the typical defect liability period and closer integration of the design, construction, and
operating parties involved (BIM-Task-Group 2013). In addition, both frameworks use
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structured familiarisation workshops for handover; and walkthrough, surveys, and
interviews for in-use feedback collection to identify performance gap and teething issues
(Pottage and Jeffrey 2016). Yet, GSL is more prescriptive regarding incremental checks
for BIM adoption against the project targets and provides a mechanism to monitor costs.
GSL starts at RIBA stage 0 or 1, whereas the Soft Landings Framework initiates targets
at stage 2 (BSRIA 2014a).
Coordination among the design and construction team and all the significant
project stakeholders is among the main pillars of Soft Landings to achieve the design
objectives more effectively (Li et al. 2011). Therefore, by closing the loop of design
feedback, Soft Landings is speculated to empower design and operation of better
buildings, and shrink the commonly reported design versus operation performance gap
(Menezes et al. 2012; Love et al. 2015). Soft Landings is a procedure framework by which
more realistic targets can be set and in theory met through better coordination, and
continued monitoring. However, Soft Landings does not set any specific goals or targets
that can be evaluated. The framework is flexible and user-driven, which is good on one
hand as it accommodates the fluid nature of building design, but on the other hand, it
inhibits comparison of its implementation in projects.
Soft Landings does not include monitoring during construction and the extent of
influence of project size, construction type, or contractual approach on this issue, is
unclear. BSRIA suggests that even though buildings’ design failures do not surface as
dramatically as those of an aircraft, reports show that they still crash in use as their energy
consumptions turn out to be at least double of design predictions (Bunn 2011). As
described in section 2.1.2, for the past decade there have been many attempts at reducing
this performance gap through more stringent Building Regulations and more advanced
and accurate energy modelling. Subsequently, BSRIA (Bunn 2011) suggests that it is time
to focus more on the process rather than the product and fine-tune the building systems
and walk the occupants through how building is designed to function at its maximum
efficiency.
The main downside of innovative energy-efficient technologies is the difficulty
in proper commissioning that leads to unreliability in operation, complications in
management, and costly maintenance. ‘Pitstopping’ is the reality-checking processes of
Soft Landings, whereby in a series of familiarisation workshops for project teams the
operational outcome of building systems is evaluated. Installation, commissioning,
usability, manageability, maintainability of systems is discussed with the facility
managers and users (Way 2005; BSRIA 2014b; Bunn 2011). Facility Managers operate
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and maintain the building and have central role to play during the building design and
construction, yet still facility managers are commonly not engaged early enough in the
process. The Soft Landings framework has made the case for their early involvement, yet
Soft Landings is often wrongly considered as a commissioning and handover tool, which
impedes its gains (Young 2019).
Menezes et al. monitored the occupancy patterns via half-hourly walkthrough and
measured the lighting, small power, catering equipment electricity consumption of a casestudy building and used this data to improve the accuracy of predicted electricity use
(Menezes et al. 2012). They concluded that more accurate occupancy and behaviour
patterns assumptions in building energy models are one of the main benefits of the POE
process. Besides, it inevitably results in better communication and feedback to the design
team from the building constructors and occupiers (Menezes et al. 2012). During the first
three years of occupation, the Soft Landings framework enquires about user experiences
and possible faults to fine-tune the building.
Considering that project capital budget highly influences the ability of a project
to perform POE (BSRIA 2014a), Soft Landings may increase the chance of performing
POE by allocating the relevant budget at early stages. Low budgeted projects can tend to
focus on building to the current regulations at the minimum capital cost possible (Gul and
Menzies 2012). Empirical data shows that the main barrier to studying the building
performance in-use has been liability issues and financial incentive conflicts for
investment beneficiaries of POE. These barriers are largely overcome by the industry
interest in the lessons-learned and the consequential cost savings, besides, revised
contractual agreements and procurement methods (Olivia and Christopher 2015).
Moreover, technological advancement of smart monitoring systems, such as
sensors, sub-meters, and building management systems (BMS) has made monitoring and
evaluating procedures more affordable for most project sizes. Yet, Soft Landings cannot
change the reality of project budget and not all projects can afford the associated costs of
extended aftercare. Although Figure 2-5 shows ‘cost-neutral or cost-savings’ for Soft
Landings processes before practical completion, in practice the man-hours for review
meetings and familiarization workshops pre-handover are costed to the project. That said
these costs are reasonable considering the cost of unsatisfied space users and high energy
utility bills from a low performing building. Moreover, the Soft Landings activities and
processes are not fundamentally different from the usual practice of design teams and
project consultants (Smith 2017).
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Some believe that Soft Landings is suitable and affordable for any building size
or complexity and only the scale and frequency of activities may vary. While others argue
that it is difficult to justify employing Soft Landings Champions on small projects and
other members of the team could play this role instead (Smith 2017).
By way of engaging the end-users in the design process from early stages, Soft
Landings has the potential to improve the designs as per the user needs and result in better
user satisfaction. Through enhanced communication among the design, delivery, and
operation management parties, Soft Landings hopes to avoid poor designs. Finally, by
fine-tune the building systems and walking the occupants through how their building
functions, Soft Landings can help buildings perform their best. Yet, there are not
sufficient peer-reviewed empirical evidence that can confirm Soft Landings process
achieve the mentioned goals in practice i.e., limit wrong design decisions, protect
sustainability features from cost-saving exercises, escape building to lower or reduced
specification during construction, guarantee complete commissioning and prompt finetuning after building occupation.
Bordass, Leaman, and Way performed a thorough review of the benefits of Soft
Landings focusing on closing the building design and delivery loop by monitoring
buildings and collecting the feedback of occupiers and informing the stakeholders of the
results (Bordass and Leaman 2005a; Way and Bordass 2005; Bordass and Leaman
2005b). They argue that Soft Landings has four advantages over the common
procurement systems: one, greater clarity of duties at key stages; two, increased parties
involvement prior and post occupation; three, availability of Soft Landings team
including the contractors and Soft Landings Champion on site during the moving and
settling in period; and four, regular BPE for a period of three years (Way and Bordass
2005). However, there have been very few case-studies of Soft Landings implementation,
particularly studies that concentrate on the interaction of the design team with the
construction.
In a case-study considered by Gana et al. no Soft Landings Champion was
assigned for the project and the project manager, sustainability and facility manager inturn attended to the duties of this role, yet they concluded that designating an individual
to the role would make the process “easier”. The design team concurred that Soft
Landings involved additional staff and more work that extended the design process. They
also discuss the advantages of consulting with the final users and facility management at
the design stage. The clients’ representative stated that they were informed on the project
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progress through email and several meetings which included the sub-contractors (Gana,
Giridharan, and Watkins 2018).
Pritchard and Kelly reviewed the energy performance gap in a case-study building
that achieved BREEAM Excellent and was designed using the Soft Landings Cambridge
Work Plan. They observed the implementation of these tools during design, delivery and
first years of operation, interviewed the building project management staff, as well as
building occupants and operators, and reviewed project documentation including
specification requirements, meeting minutes, and energy performance reports. The
voluntary Cambridge Work Plan, which has similar characteristics as the BSRIA Soft
Landings and GSL frameworks, was implemented in this project for one-year posthandover. Over the first 4.5 years, the sum of submeters reported 15% higher electricity
consumption compared to the main meter, which was considered as the more reliable
recording. The study concludes that the building consumed 140% of the design energy
prediction; thus, BREEAM Excellent and Cambridge Work Plan were not adequate to
meet the energy performance expectations. They instead advocated the tools that focus
on either performance in-use (such as the Living Building Challenge) or realistic energy
predictions (such as the CIBSE TM54) (Pritchard and Kelly 2017). In another example,
Soft Landings framework and its associated regular reality-checking helped the London
Fire Brigade’s Dockhead station achieve BREEAM Outstanding rating. This fire station
building achieved A-rated EPC and B-rated DEC. Although B-rated DEC is an
impressive in-use energy rating, the results agree with Pritchard and Kelly’s findings
(Smith 2017; MHCLG 2021).
The George Davies Centre at the University of Leicester is a large, medical
research and education building that was built in compliance with the Passivhaus standard
and Soft Landings framework (13450.83 m2, Treated Floor Area according to PHPP 9863
m2). The building targeted an A-rated EPC and a year after the handover, it achieved an
A-rated DEC, which was then followed by B-rated DEC (with scores better than 29 and
61.3 kWh/m2 annual energy consumption). As discussed in section 2.1, unlike,
BREEAM, Passivhaus standard includes quality assurance exercises during the design
and build stages that helps projects achieve the targeted performance in-use. This centre
has several complex systems including ground to air heat exchanger with 1.6km
subterranean pipes, 10 customized air handling units to capture the rising heat in building
atria, automated external blinds, 140 solar panels with 30,000 kWh output capacity,
district heating powered by combined heat and power (CHP) engines. As part of Soft
Landings process, the energy usage of the George Davies Centre was actively monitored;
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corrective actions were taken to improve building’s controls and equipment operation;
workshops were conducted for space users; and their feedback was reviewed during
handover period (PBCToday 2019; Passive House Database 2016).
The project contractor commented that “Achieving Passivhaus standard is not
easy, and it requires absolute buy-in from the customer, but the benefits of adopting it are
significant. For example, the industry standard for air tightness is 5m 3/hr/m2, but
Passivhaus requires five times less than that.” About Soft Landings, he stated that
“Through the three-year Soft Landings process, we have been able to really understand
how to use the building as efficiently as possible. Part of this has involved working closely
with the building’s users to educate them about how the building functions so that the
building can perform to its optimum levels. Without this education, the performance gap
and payback period grow”. The Soft Landings process not only helped the users
understand their building but also assisted the contractors with understanding the logic
behind the Passivhaus measures (PBCToday 2019). Both Soft Landings and Passivhaus
involve substantial quality assurance processes during the design and build stages.
Accordingly, it can be argued that the combination of Passivhaus and Soft Landings has
resulted in achieving the design targets in terms of building function and energy efficiency
and assuring the desired quality.
Georgiadou et al. argue that Soft Landings and BREEAM are a promising
combination of lifecycle-oriented tools to future-proof buildings (Georgiadou, Hacking,
and Guthrie 2012). Successful planning and implementation of BREEAM and Soft
Landings into a project can be performed following the lifecycle plan of work presented
by Mirzaie and Menzies (Mirzaie and Menzies 2017), which offers an action plan as per
the RIBA Plan of Work 2013 and the UK Government Digital Plan of Work (BIM-TaskGroup 2013; HUNT 2016; RIBA 2013). Table 2-2 presents the BREEAM credits that are
aligned with the Soft Landings Framework, along with their contribution to the total score
for a new, fully-fitted BREEAM 2014 construction project. These credits contribute
7.66% to the overall BREEAM score and can have significant impact on reducing the
performance gap through energy monitoring, user engagement, or occupant satisfaction
(BRE Global Ltd 2014; Mirzaie and Menzies 2017; BSRIA 2014a).
BREEAM encourages consultation with the end-users and the relevant third-party
stakeholders prior to completion of the Concept stage (RIBA stage 2) (BRE Global Ltd
2014). Similarly, Soft landings Framework requires the following members to be
appointed from the outset: (1) a sustainability champion such as a BREEAM consultant
and a Soft Landings champion to supervise the appropriate strategies (BSRIA 2014a); (2)
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construction team to involve them in review meetings to provide feedback on build
concerns (Zero Carbon Hub 2014); (3) facility managers or their advisors to assist with
ensuring that the design specifications are aligned with final users’ needs and
requirements (BSRIA 2014a; Mirzaie and Menzies 2017). Performing POE one year after
initial occupation scores 1 point for the project and delivering an enhanced, quarterly POE
over the first three years of occupation qualifies for one exemplary-level point (given that
the POE findings are disseminated) (BRE Global Ltd 2014). The recent BREEAM 2018
recommends implementing the principles of Soft Landings framework within the project
to prepare the evidence required to demonstrate compliance with stakeholder consultation
criteria under Management 01: ‘Project brief and design’ credit.
Table 2-2: BREEAM credits recommended by and are in line with the Soft Landings Framework
(BRE Global Ltd 2014; Mirzaie and Menzies 2017; BSRIA 2014a)

01 Project Brief and Design

Management

04 Commissioning and
Handover

2

Commissioning and testing schedule and
responsibilities

1

Commissioning building services

1

Commissioning building fabric

1
1

Y

Z
UE

EM

UE
OS

Seasonal Commissioning over a minimum 12month period

1

POE one year after initial occupation and to
disseminate the findings

1

Quarterly enhanced-POE over the first 3 years of
occupation

+1

1%

2

Major energy consuming systems

1

High energy load and tenancy areas

1

0.48%

Aftercare Support to the occupiers

02 Energy Monitoring
(Sub-metering)

X

Stakeholder consultation: project delivery and
relevant third parties.

Handover (Building User Guide/Training
schedules)

05 Aftercare

Energy

Credit Summary

0.57%

BREEAM Credit and Category

EM
UE
OS

EM

1

X: Points achieved by abiding by the requirements of the credit
Y: Section weighting (each point’s contribution to the total score) for a new, fully fitted BREEAM
2014 project
3
Z: Reducing performance gap by: EM=Energy Monitoring; UE=User Engagement; OS=Occupant
Satisfaction
2

Gupta et al. performed a detailed performance evaluation of two civic buildings
to compare their performance and identify contributing issues to performance gap. They
performed thermal imaging, POE Survey, measured the indoor environmental conditions
and sub-metered energy use. They concluded that both buildings had similar issues
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including poor commissioning, calibration, ‘as-built’ information documentation, and
handover and guidance, which resulted in difficulties and disuse of new technologies such
as heat pumps, solar thermal systems, and biomass boilers. However, only the community
centre management team succeeded in overcoming these issues via continued
engagement with energy managers, inquiry into the building function, and extended POE.
The library building’s actual energy use was measured double the design predictions and
the DEC rating of the building dropped to D rating compared to the A rated EPC (R
Gupta, Kapsali, and Gregg 2017).
Most countries, including the UK, do not mandate POE through policy or
legislation. Although there has been continuous government-sponsored BPE programs in
the UK, only a small fraction of building projects implemented such initiatives and BPE
initiatives have never been systematically executed (Higgins 2017; Stevenson 2019).
Gough argues “GSL could be viewed as the backbone of BIM, as it forms a clear
framework for the collaborative and stakeholder engagement part that BIM keeps saying
it will deliver. If GSL had been pushed as hard as BIM, or dare I say implemented prior
to BIM, then it could have facilitated collaborative working and key stakeholder
engagement at all stages of the process. GSL should have been a prerequisite of the
mandate so that all could have had their house in order and working in a collaborative
fashion.” Yet, the UK government’s own mandated GSL initiative appears to be fading
out, with little evidence of any results (Gough 2016).
2.4
2.4.1

LCA of Non-domestic Buildings
Introduction to LCA Standards and Guidelines
This section reviews the most used standards and guidelines and compares the

current methodologies and regulations in order to provide a brief background to these
efforts and highlight their lasting contribution and the best strategies for a more
harmonised environmental performance assessment of buildings.
The Society of Environmental Toxicology and Chemistry (SETAC) defines LCA
as an ‘objective’ method of assessment of the environmental impacts associated with a
product, process or activity (Consoli et al. 1993). The leading standards for
Environmental Management and LCA of products are the ISO 14040-44 family, which
were first developed more than twenty years ago. Their second, and the most recent
edition, was developed in 2006 (ISO 2006a, 2006b). The ISO standards concentrate on
the process and principles of performing an LCA. ISO sets out a four-phase LCA
framework that is followed on all succeeding studies, comprising: Goal and Scope
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Definition; Inventory Analysis; Life Cycle Impact Assessment (LCIA); and Life Cycle
Interpretation. The relation of these phases is shown in Figure 2-3. The double arrows
mean that the four phases are iterative. Consistent with the data available for building an
Inventory for the item under assessment, as well as availability of the databases required
for Impact Assessment, the Goal and Scope and Interpretation of the results should be
revised (ISO 2006a, 2006b).

Figure 2-6: ISO LCA standard framework (ISO 2006a, 2006b)

Products with similar characteristics are grouped and assessed following a
specific common guideline introduced by ISO 14025, known as Product Category Rules
(PCR). PCR assists with developing neutral and credible quantitative environmental
information (Hunsager, Bach, and Breuer 2014). PCR contains instructions about data
collection processes, conversion of this data to pre-set indicators, and the format for
presentation of this information. The LCA results based on relevant PCR and standards
are reported as Type III EPD, commonly known as EPD. EPD provides quantified,
independently verified, and internationally recognised environmental data over the life
cycle of products or services.
An EPD report is a credible and clear source that offers a standard framework to
manufacturers for assessing the environmental impact of their products and to buyers for
making direct product comparisons. EPD is a transparent, disclosure tool that states the
classified and characterised environmental repercussions of the products and usually does
not normalise the results or rank products to indicate any environmental excellence. By
this way, EPD increases the positive market feedbacks (Minkov et al. 2015). The
International EPD System was the first global EPD programme with a great number of
PCR developed for several products and a wide range of categories and the most
commonly implemented program in Europe (Ibáñez-Forés et al. 2016).
The Plethora of national assessment schemes across Europe was deemed as a
technical barrier to trade within the European Union as a single market (Anderson and
Thornback 2012). Accordingly, the European Committee for Standardisation (CEN)
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published the CEN/TC 350 suite of standards to offer integrated multi-criteria
overarching calculation methods for understanding the environmental quality of
buildings, civil infrastructure, and construction products and services. The CEN/TC 350
suite of standards aim to encourage transparency in communication of the environmental
impacts and to overcome the barriers in construction sector trades. These standards follow
the ISO 14025 and ISO 14040-44 standards.
BS EN 15643-2:2011 3 sets out the framework for the evaluation of environmental
1F

performance of buildings, which was then used for the development of BS EN
15804:2012 and BS EN 15978:2011. The CEN/TC 350 work is followed in parallel in
every European Union Member State, including the UK by the British Standards
Institution (BSI) Committee (Anderson and Thornback 2012), hence the BS EN acronym.
BS EN 15804:2012 is the reference standard advising on the core rules developing
LCA studies for the product category of construction products and services. BS EN
15804-compliant LCA study results are documented in the form of an ISO-compliant
EPD. AFNOR Group, the CEN Technical Secretariat, describes the aim of BS EN
15804:2012 standard as “providing a structure to ensure that all EPDs of construction
products, construction services and construction processes are derived, verified, and
presented in a harmonised way” (AFNOR Normalisation 2017). BS EN 15978 standard
advises on the calculation methodologies to evaluate the environmental impacts of a
building including approaches for aggregation of EPDs and other LCA results (CEN
2011).
For simplicity and harmonisation, the BS EN 15804 standard covers all common
issues horizontally, meaning that it issues the same core rules for all products and
services, regardless of technical and functional performance (Anand and Amor 2017).
This can lead to difficulties when comparing the environmental impact of products
because horizontal rules allow for great flexibility in scope and system boundary
definition and calculation methodology. PCRs do not provide division specific deviations
in the rules and are not sufficiently prescriptive. Accordingly, it can be argued that the
CEN/TC 350 suite of standards, similar to the ISO 14040-44 standards, did not succeed
in harmonizing the plethora of different national assessment schemes across Europe.
ISO 21930:2017 and ISO 21931-1:2010 were developed following the same
principles as BS EN 15804 and BS EN 15978, respectively, towards sectorial
3

“Each standard is preceded by an acronym that indicates which part of the world has adopted the
document: BS British Standard; EN European Norm; ISO International Standards Organisation” (NBS
2018b).
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specifications intended for the building and civil engineering works on an international
level. These standards assist the global trend of urbanisation to grow in an
environmentally friendly manner by offering core rules for EPDs of construction products
and services. Figure 2-7 offers a graphical guide to the current LCA standards and
guidelines.

Figure 2-7: Guide to the current LCA tools and specifications (Adopted and revised from Figure 2 of
Supporting Guidance of ‘Embodied Carbon: Developing a Client Brief’ published by the UKGBC
(UKGBC 2017b))

In 2013, the EC began the pilot phase of the Environmental Footprints project,
which operates on an LCA basis while introducing a more harmonised measurement and
communication approach to halt the proliferation of environmental claims existing in the
market (labels, certification schemes) and enable comparisons and benchmarking. The
EC states that this approach assists companies to produce a single assessment result that
is valid in all Member State markets. This is while currently every country has a different
scheme, for instance, BP X30-323 is used in France, or PAS 2050 or WRI GHG Protocol
applies in the UK. It is not easy for consumers to comprehend and use the stream of
incomparable environmental information. 48% of consumers do not find product labels
clear (EC 2017b).
The Product Environmental Footprint (PEF) and Organisation Environmental
Footprint (OEF) methods are multi-criteria quantification of the environmental
performance of a product or an organisation throughout its life cycle. In the development
of the PEF and OEF methods, existing methodological standards and guidance documents
were considered including the ISO 14040-44, ISO 14025, PAS 2050, BP X30,
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WRI/WBCSD GHG protocol, Sustainability Consortium, Ecological Footprint, ILCD
Handbook.
The PEF method takes the full life cycle, from Cradle to Grave, into account.
Through Product Environmental Footprint Category Rules (PEFCRs), this method
intends to establish more consistent, robust and reproducible studies. Unlike PCRs,
PEFCRs define one calculation method for each decision point or offer additional detailed
instruction for computing and reporting life cycle environmental impacts of products with
similar characteristics. This way PEFCRs branch out the rules for product types (known
as vertical ruling). PEF was designed specifically with the communication of results in
mind, both for business to business (B2B) and business to consumers (B2C) (Minkov et
al. 2015; EC 2017b).
April 2018 marked the end of the 3-years pilot phase that tested the
implementation of the methods under real market conditions. 22 pilot PEFCRs and 2 pilot
Organisation Environmental Footprint Sectoral Rules (OEFSRs) were developed. These
category rules reduce calculation cost through recognising the hotspots. In PEF, hotspots
are referred as ‘the most relevant’ environmental impact categories and life cycle
activities.
The CEN/TC 350 suite of standards are being amended so that they align with the
PEF method. The EN 15804+A2, released in 2019, use the same impact assessment
method (environmental indicators and characteristic factors) as PEF (EC 2018). (The
CEN/TC 350 standard and PEF guide are compared in the next section.)
The number of EPDs issued annually for construction products has exponentially
increased over the past decade (Ibáñez-Forés et al. 2016). Hunsager et al. identified 27
European EPD programs and 556 PCR documents published by May 2013, all based on
ISO 14025 and EN 15804 with different methodologies at decision points (Hunsager,
Bach, and Breuer 2014). ECO-Platform began by European construction EPD programs
in 2013 aimed to harmonize data requirement, and geographic scope based on EN 15804.
These EPDs report the environmental impacts for each life cycle stage (known as
modules), without weighting or normalisation and usually do not include the fourth step
of LCA, which is Interpretation. This means that the current EPDs usually do not describe
the hotspots, limitations, or recommendations. Understanding and interpreting
characterised LCA results is not an easy task for non-experts, which hinders effective
communication with consumers (Mirzaie 2016). For these reasons, the current EPDs are
incomparable and cannot be used as a basis for product selection. Years after the use of
ISO and CEN/TC 350 standards and the numerous EPDs produced in the construction
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sector, integrating EPDs in streamlined building LCA and building design process is still
a challenge (Minkov et al. 2015). PEF considers the different structures of various
programs and harmonises them by integrating the repetitive and incompatible PCRs under
one PEFCR (EC 2013; Ingwersen and Stevenson 2012).
The proliferation of EPD schemes and overlapping PCRs have created trade
barriers on the market and has limited the chance of benchmarking and comparability due
to the diversity in various EPDs’ requirements and doubts about validity and legitimacy
of the presented environmental information (Hunsager, Bach, and Breuer 2014). For
EPDs to become an integrated part of building LCA and evaluation of building
performance during the design process, EPD and PCRs programs need to become
consistent and harmonised (Minkov et al. 2015), which should be considered in the
amendments of the CEN/TC 350 standards.
Climate change caused by anthropogenic activity is one of the most urgent global
challenges of this era that affects human and natural systems and threatens the resource
availability and human wellbeing (IPCC 2012). In response, initiatives are being
developed to mitigate GHG concentrations in the Earth’s atmosphere, as well as to
facilitate adaptation to climate change. Accordingly, standards such as ISO 14067(ISO
2018), EN 15942, GHG Protocol, and PAS 2050, were developed to specify guidelines
for measuring and reporting only the carbon footprint of products (Error! Reference
source not found.). PAS 2050:2011 (Publicly Available Specification) is the UK carbon
footprint standard (UKGBC 2017b). However, single-issue standards do not provide the
overarching insight that a full LCA is equipped to offer. Therefore, the PEF method and
CEN/TC 350 standards LCA approaches can be considered as the most comprehensive
methods that should be used for environmental LCA of buildings.
2.4.1.1

The Objectives of PEF and CEN/TC 350 Methods
Both the PEF and CEN methods follow the LCA approach of multi-criteria

quantification of the environmental performance of products or services throughout their
life cycle and comply with the ISO 14040-44 standards. Mutually they have a two-phase
structure: first to predetermine product category rules and parameters (known as PCR in
CEN and PEFCR in PEF) and second to declare the life cycle environmental impacts in
an EPD format according to the relevant PCR or PEFCR (Hunsager, Bach, and Breuer
2014).
The main objective of CEN standards was to ease and encourage transparent
reporting. Therefore, CEN standards are not prescriptive and offer flexibility in
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calculation and assumptions, such as defining system boundaries, selecting allocation
methods, and choosing data sources. Although this generic approach and variety of
methodological choices streamlines the calculation procedures, it reduces consistency and
reproducibility of the results (Lasvaux et al. 2014). In contrast the main objective of the
PEF method was harmonisation, robustness, reproducibility and comparability through
the development of strict PEFCRs and identifying single method or detailed guidance at
every decision point (Passer et al. 2015).
Nevertheless, in the current PEFCR for construction products that include paints,
piping, PV, and metal sheets, the defined life cycle stages have multiple differences
including the number of life cycle stages. For instance, paints have 15 and metal sheets
have only 4 life cycle stages. This incompatibility exacerbates the challenge of
aggregation of EPD data (based on these PEFCRs) at a building level (VITO, KU Leuven,
and TU Graz 2018). It is crucial for all the products to follow the modularity approach in
reporting and consider the life cycle modules introduced in the CEN standards (Error!
Reference source not found.), so that the impact of different products can be compared
and aggregated at a higher level, i.e., the building level. If the impact of a life cycle
module is very high and requires further breakdown to more phases that should be
possible as long as these phases can be summed up into one EN 15804 module. And if
the impacts of a life cycle module are negligible for a product category, that module can
be considered as zero.
2.4.1.2

The Structure of PEF and CEN/TC 350 Methods
CEN divides the life cycle modules to different stages, shown in Figure 2-8. These

include:
•

Product stage: supply and transport of raw materials and manufacturing of
construction materials and products, considering all upstream processes of the
manufacturing stage such as packaging and energy provision. An assessment that
only includes Product stage (A1 to A3 modules) is called Cradle to Gate.

•

Construction process stage: construction site activities including transport of all
materials to and waste from the construction site and the installation of
construction products in the building, covers A4 and A5 modules.

•

Use stage: use, maintenance, repair, replacement of the building-integrated
construction products and refurbishment activities, in addition to operational
energy and water use, covers B1 to B7 modules. Where, B1 to B5 modules are
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related to the building fabric and components and B6 and B7 are related to the
operation of the building as a whole.
•

End-of-life (EoL) stage: de-construction, dismantling, transport to EoL, waste
processing and disposal, covers C1 to C4 modules.

•

Benefits and loads beyond the system boundary: as an additional optional module,
benefits and loads beyond the system boundaries from reuse, recovery or
recycling are summed up in module D.

Figure 2-8: Recognised Life Cycle Modules by CEN/TC 350 standards (CEN 2013, 2011)

CEN allows communicating the impacts at the Product Stage as one total sum. As
shown in Figure 2-8, until the 2019 amendment of the EN15804 standard, only the
Product Stage, was mandatory to be reported and communication of all the other modules
is optional (CEN 2013). According to the latest amendment of this standard (CEN 2019),
in addition to A1 to A3 modules, C1 to C4 modules, and module D shall be declared,
unless they meet the exemption criteria. If the product does not contain biogenic carbon
or is not identifiable at the EoL, as a result of a transformation process or physical
integration with another product, then these modules can be disregarded. The RICS
Professional Statement for whole life carbon assessment for the built environment in the
UK requires, as a minimum, the Product stage (A1 to A3 modules), Construction Process
stage (A4 and A5 modules), Replacement stage (B4 module) for façade, and Operational
energy use (B6 module) to be reported (RICS 2017).
CEN introduced the ‘polluter pays principle’ and ‘modularity principle’, which
prohibit the transfer of burdens or benefits, respectively, between product systems and
life cycle modules of one product system. The ‘modularity principle’ defines product life
cycle stages (Figure 2-8) and requires environmental impacts to be accounted in the life
54

cycle module when they appear. For instance, the impacts of waste generated during
construction, such as by cutting the product to size or breakage, must be reported in the
construction stage. The PEF method adopts the modularity principle.
The ‘polluter pays principle’ states that “processes of waste processing shall be
assigned to the product system that generates the waste until the end-of-waste state is
reached” (CEN 2013). As per CEN, the system boundary of a study is until the end-ofwaste state is reached. End-of-waste state means the material is no longer considered as
waste. The BRE PCR defines the end-of-waste state as “when all of the following criteria
are met: 1) the waste, is used for a specific purpose; 2) there is an existing market or
demand for it; 3) its use is legal and will not result in overall adverse effect” (BRE Group
2018a).
CEN argues that due to the inherent future uncertainty of the processes and
associated benefits and loads beyond the system boundary, these may be reported
separately as additional environmental information in module D (RICS 2017).
Accordingly, the burdens and benefits of any processing required for replacing primary
material or fuel input (in another product system) are beyond the system boundary and
reporting them is optional (within the informative module D). Even though, CEN and
RICS guide argue that in this way, Module D encourages design for reuse and recycling
and future resource efficiency and can be used as a metric for circularity (RICS 2017;
CEN 2011), CEN standards are largely criticised to only encourage the use of recycled
materials, but do not strongly boost designing for recyclability (except by the optional
module D).
Module D expresses the reuse, recovery and recycling potentials as net impacts
and benefits, meaning that the impacts and benefits due to recycling, recovery or reuse
during the production stage are deducted from those at EoL in order to avoid double
counting (CEN 2013). The BRE PCR clarifies this step of calculation with several
supportive examples (BRE Group 2018a).
The flexibility of the CEN approach in reporting by only mandating Cradle to
Gate or Product stage and not including the use and EoL stage, not only excludes a large
part of environmental burdens of products and buildings, but also impedes identifying
reuse, recycling, and recovery opportunities and their associated benefits. Benefits and
loads beyond the system boundary (module D) play a vital role in realizing the circular
economy and ‘cradle to cradle’ vision. The large quantities of materials used in building
structure and façade significantly contribute towards the total environmental impacts of
buildings (Davies et al. 2018). Therefore, it is critical to include EoL modules and module
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D within the LCA study scope and be able to identify the reuse, recycling, and recovery
opportunities among the significant quantities of materials and number of processes
involved in a building.
The PEF method has a different approach in EoL reporting. PEF defines the
system boundary as “until the product is returned to nature as a waste or enters another
product’s life cycle”. The system boundary systematically includes all life cycle stages
and reports recycled content and reuse, recycling and energy recovery potential at EoL,
using the Circular Footprint Formula (CFF) (EC 2013). Moreover, in PEF, Module D
does not exist as benefit and burden are reported together when they occur at A1, A2, C2
and C3/C4 modules. CFF was developed after a 50-50 test-phase, whereby the consumer
and producer of the salvaged materials split the associated benefits and burdens.
Currently, CFF allocates burdens and credits between consumer and producer reflecting
market realities and both aspects of recycling: recycled content and recyclability at EoL
(EC 2017a, 2013). This difference in EoL reporting causes a disparity in LCA results
calculated by the CEN and PEF approaches that demands further investigation.
When faced with insufficient data or data gaps, CEN/TC 350, EN 15804 and EN
15978, (CEN 2011, 2013) (and ISO) standards include cut-off criteria, which is a certain
threshold below which primary data for assessment of an inflow or an outflow is not
collected. To ensure accounting for the precise value of missing or partly accounted input
flows, first the inventory of materials and energy flows are completed. Only when the
amount of the missing data is calculated or estimated, the identified data gaps can be
either filled in with proxy data (as per the PEF method) or adjusted proportionally to
100% to balance the deficit (as per the CEN standards), based on mass, energy, or
economic value (according to the required or recommended approach). Proxy data is the
closest generic or extrapolated data. PEF argues that to avoid hiding data no cut-off is
allowed, unless PEFCR advises differently for specific category of products. For
example, the PEFCR for Thermal Insulation allows a 95% cut-off, based on material or
energy flow or environmental significance, if clearly documented. The CEN standards
allow the overall neglected input flows per module to be a maximum of 5% of mass and
energy usage, and less than 1% of energy flow or mass of that unit process and contribute
to less than 10% of each impact category. These have to be accurately explained (EC
2013).
International Building PCR requires including a minimum of 99% of the total
inflows to the core module in the Life Cycle Inventory (LCI) data (EPD International
2018). The BRE PCR advises that “where there are insufficient inputs to account for all
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outputs, the input inventories should be adjusted proportionally to 100% to balance this
deficit” (BRE Group 2018a). For assessing the whole life carbon of the UK projects, the
RICS guide selected economic characteristic (cost), over physical characteristics (mass
or volume), to determine the cut-off threshold. (Mass or area of the elements can be used
if cost data is unavailable.) Similar to the BRE PCR, the RICS requires the subtotal carbon
budget of each category to be adjusted proportionally to 100% (RICS 2017).
For handling products’ multifunctionality and co-product allocation, both PEF
and CEN methods recommend a similar approach, yet a specific ratio is provided in EN
15804 to define the borderline between physical and economic allocation (CEN 2013; EC
2017a). Allocation is a rare scenario in building level LCA. One of these cases is if there
are flows leaving the product system at the product stage (A1-A3) when reaching their
end-of-waste state. Another example is when part of an existing structure or building
components are reused. However, there are no clear guides about these in either PEF
method or CEN standards.
The environmental impact categories considered in the PEF method (EC 2017a)
used to differ from the ones considered in the CML method in the EN 15804+A1 standard
(CEN 2013) and used the CEN studies. In the recent revision EN 15804+A2 (CEN 2019),
CEN method adopted the same categories as the PEF method. These are listed in Table
2-3 along with their calculation model, robustness of the method, and unit of reporting.
The EN 15804:2012+A1:2013 standard uses 7 environmental impact categories, namely:
global warming potential (GWP), ozone depletion potential (ODP), photochemical ozone
formation, HH (POFP), acidification potential of terrestrial (soil) and freshwater (AP),
Eutrophication (EP), Resource use, energy carriers / fossils (RD-E&F), and Resource use,
mineral and metals / non-fossil (RD-MM). These 7 indicators remain as the core
environmental indicators in the second amendment of EN 15804 standard, with EP
dividing into 3 categories (Eutrophication – terrestrial (TEP), Eutrophication – freshwater
(FEP) and Eutrophication – marine (MEP)), Water scarcity / Resource use – water (WRD)
added, and their method and unit of assessment is aligned with the EF method (CEN
2019). The remaining categories listed in Table 2-3 can be reported as additional
environmental indicators, including Ionising radiation potential-human health, HH (IRP),
Respiratory inorganics / Particulate matter (PMFP), Human toxicity, non-cancer (HTPnc), Human toxicity, cancer (HTP-c), Ecotoxicity freshwater (aquatic) (FETP), Land use
(LU) (Mirzaie, Thuring, and Allacker 2020). Human toxicity indicators express the
estimated increase in morbidity and PMFP calculate the disease incidence due to kg of
PM2.5 emitted.
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Table 2-3: Environmental impact categories used in the PEF method (EC 2017a) and the CEN standards (CEN
2019, 2013) (Mirzaie, Thuring, and Allacker 2020)

Environmental Impact
categories
Climate change (GWP)
**
Ozone depletion potential
(ODP) **
Ionising radiation
potential-human health,
HH (IRP) ***
Photochemical ozone
formation, HH (POFP) **
Respiratory inorganics /
Particulate matter (PMFP)
***
Human toxicity, noncancer (HTP-nc) ***
Human toxicity, cancer
(HTP-c) ***
Ecotoxicity freshwater
(aquatic) (FETP) ***
Acidification potential of
terrestrial (soil) and
freshwater (AP) **
Eutrophication –
terrestrial (TEP) **
Eutrophication –
freshwater (FEP) **
Eutrophication – marine
(MEP) **

EF method (PEF studies)
CML method (CEN studies)
Unit
Model
R* Unit
Model
IPCC/CML v 4.1
kgCO2eq
IPCC
I kgCO2eq
2012
kgCFCkgCFC-11eq
WMO
I
CML v4.1 2012
11eq

Land use (LU) ***

Pt

kBq U235eq

Human
health effect

II –

kgNMVOCeq

LOTOSEUROS

II

Disease
incidence

UNEP PM
method

I –

–

–

–

USEtox
III –
(Rosenbaum)

–

–

–

kg SO2eq

CML v4.1 2012

mol Neq

kg
(PO4)3eq

CML v4.1 2012

kg Peq

–

–

–

–

III –

–

CTUh

CTUe
mol H+ eq

Accumulated
II
exceedance

EUTREND
kg Neq
Soil quality
index
LANCA
UNEP
AWARE

kg ethene
eq.

–
CML v4.1 2012

II

Water scarcity / Resource
m3 depriv.
III –
–
use – water (WRD) **
Resource use, energy
MJ, net
carriers / fossils (RDMJ
calorific
CML v4.1 2012
E&F) **
value
CML2002
III
Resource use, mineral and
kg
metals / non-fossil (RDkgSbeq
antimony CML v4.1 2012
MM) **
(Sb)eq
Climate change-fossil**
kgCO2eq
Climate changekgCO2eq
biogenic**
IPCC
I Only reported collectively
Climate change-land use
kgCO2eq
and transform**
* Robustness of the method: from highest indicated by I to lowest indicated by III
** Part of the core environmental indicators in the second amendment of EN 15804 standard
with the same unit as the EF method
*** Can be reported as additional environmental indicators in the second amendment of EN
15804 standard with the same unit as the EF method
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As Table 2-3 presents, not all the calculation methods have acquired the same
level of robustness. Thus, the PEFCR guidance document (EC 2017a) states that the three
toxicity indicators, i.e. FETP, HTP-c, and HTP-nc, shall be included in the characterised
results and excluded from hot-spot analysis and benchmarking (or communicated
separately as ‘other impact results’). This decision is temporarily in place and were
planned to be reconsidered at the end of the PEF transition phase in 2020 (EC 2017a).
2.4.2

Construction Industry LCA Databases and Tools
LCA of buildings provides a holistic approach to compare various building

designs and positively influence the environmental impacts of buildings’ development.
However, performing a detailed LCA for a complicated product, such as a building with
extended lifetime, can turn into a costly and time-consuming practice with numerous
challenges in data collection, scenario, and methodological assumptions. As a result,
choosing the right LCA software or tool requires an investigation. Commercial LCA tools
are developed to simplify the exercise for mainstream assessment purposes. These tools
must at least abide by the ISO 14040-44 family of standards, as an internationally
accepted LCA framework, and the CEN/TC 350, if they aim to report the results in an
EU EPD format. This section offers a brief review of the available LCA tools and
databases in the market and compares their benefits and relevance. Table 2-4 presents the
tools used for buildings and construction products LCA and groups them based on their
databases and assessment approaches: component catalogues (or specifications),
spreadsheet-based, generic (or complete), and CAD-integrated LCA tools.
Table 2-4: Tools that can be used for LCA of Buildings (and Construction Products) (Inspired by
Hollberg and Ruth categorisation (Hollberg and Ruth 2016))
Component Catalogues

Spreadsheet-based

Generic, in depth

CAD Integrated

BRE Green Guide

BEES
EcoSoft
eLCA
BREEAM SimplifiedBuilding LCA

OpenLCA

eToolLCD

SimaPro

One Click LCA

Gabi (thinkstep)

IES

BEES
eTOOL
BRE Envest

Tally

eLCA
EcoSoft
Athena Impact Estimator
Separate input of operational energy
Integrated operational energy calculation

LCA has been used in the building industry to assess the environmental impact of
building materials and elements for more than two decades. It has only been in the recent
years that whole building LCA is strongly encouraged and valued for instance by the
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building certification bodies such as BREEAM and LEED. The LCA tools are
recommended to be used at early design stages, mostly benefiting from generic data, to
assess and quantify the magnitude of environmental impacts and choose material and
products with better environmental performance for the same function. The most holistic
approach for building LCA is when all environmental impact indicators and life cycle
stages are assessed; however currently, many tools only include embodied energy and
carbon impacts rather than considering all the environmental indicators and most EPD
studies are limited to cradle to gate with options, as defined in Figure 2-8.
The CEN standards LCA method is a process-based approach (A. M. Moncaster
et al. 2018), which is also known as the bottom-up approach because it defines a system
boundary and then considers the collection of products and processes that constitute the
total impacts of a functional unit, such as a building. The process-based LCA is a specific,
yet time-intensive practice that due to the finite system boundary and the omission of
indirectly induced impacts (contributions of subsequent or higher-level upstream
processes outside of this boundary) suffers from a degree of inevitable systematic
truncation error (Lenzen and Treloar 2002; X. Zhang, Zheng, and Wang 2019).
Accordingly, input-output and hybrid LCA methods have been developed. Input-output
(or top-down) method is a macro, country level approach that quantifies the
environmental impacts for a whole industry supply-chain, such as the construction
industry, using the sectoral monetary transaction matrices, also known as World inputoutput tables (Seo et al. 2016); hence, has a wider system boundary and results in higher
LCA results than the process-based studies (Alice M. Moncaster et al. 2019; Röck et al.
2020).
LCA databases are designed following two approaches, which can be divided into
process data and input-output data. Input-output databases are developed by mapping the
economic output and environmental impact per sector in a matrix, including all sectors of
an economy and the financial flows. Advantages of this approach are consistent
(economic) allocations and all-inclusive data with no system boundaries, yet they are
bound to geographical boundaries. If there are data gaps a hybrid (combination) of these
data libraries can be used. Since aggregation of all products produced by a sector, results
in significant distortions, Input-output libraries are not used as much as Process data in
specific product LCA studies (Martínez-Rocamora, Solís-Guzmán, and Marrero 2016;
Takano et al. 2014) such as case-studies of individual buildings. Moreover, the inputoutput LCA databases are limited to energy and carbon impact and do not include a
comprehensive list of environmental indicators. Furthermore, the input-output approach
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does not provide detailed information in the emission estimation to identify opportunities
for avoiding environmental impacts and is more suited for macro-level, higher rank
assessments, for example reference building types, whereby specific data are of lesser
importance.
Examples of capital goods are office equipment, machinery used in production,
buildings and transportation vehicles and infrastructure. EN 15804 does not specify any
requirement regarding capital goods, while EN 15978 disregards these during the
construction stage (A4-A5 modules) (CEN 2011, 2013, 2019). The UK Product Carbon
Footprint (PAS 2050) and Buildings PCR of EPD International exclude capital goods
from the system boundary, while the EF method considers the capital goods and their
infrastructure with linear depreciation based on their expected service life, if proven
relevant (EC 2013; EPD International 2018; Durão et al. 2020). Studies following these
process-based LCA approaches usually exclude or cut-off capital goods while they can
have significant effect on the LCA results (Frischknecht et al. 2007). Frischknecht et al.
suggest that combining datasets with and without capital goods is possible when their
share on total results is modest (Frischknecht et al. 2007). Such gaps in process-based
datasets can be surpassed by combining them with input-output datasets (Reap et al.
2008).
Another decisive factor in choosing the right LCA tool is the scope and sector of
the study as most commercial LCA tools specialise in a specific sector. For example, Gabi
and SimaPro are more suitable for car and food industry, respectively. Equally important
is the goal of an LCA study; for instance, in this study, databases with detailed, accessible
input materials and processes as well as products and emission outputs were essential to
implement the two PEF and CEN/TC 350 LCA methods that have underlying
methodological differences, and it was essential to have the possibility of revising the
databases as per these standards requirements. However, these generic LCA tools are not
recommended for commercial LCA study of buildings and tools specifically designed for
the construction sector that have CAD-integrated databases and features such as
OneClickLCA or eToolLCD.
One of the reasons that LCA studies were not as widespread in the building
industry in previous decades, was the lack of comprehensive, geographically-relevant
databases that are needed to translate life cycle inventories to impacts. In the UK
Hammond and Jones addressed this shortcoming to some extent by developing the openaccessed Inventory of embodied Carbon and Energy (ICE) database. ICE is mostly based
on Cradle to Gate scope (equivalent to the Product stage, A1 to A3, of CEN/TC 350 as
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shown in Figure 2-5) for 200 building materials, following the UK DEFRA GHG CRG
and PAS 2050 methodology (Hammond and Jones 2008). The updated ICE database was
released in 2019 (Circular Ecology 2018). The ICE database is limited to several
materials: brick, cement, concrete, glass, timber, plastics, metals, minerals, and stone, and
very few products including carpet, PVs, roads, and windows. Therefore, although widely
used, this database is only suitable for measurements of embodied carbon and energy of
building shell and core from Cradle to Gate.
LCA databases are developed by:
1. Public organisations, such as national or specific sectors database projects,
e.g. the U.S. National Renewable Energy Laboratory’s LCI database
(National Renewable Energy Laboratory 2012); European Life Cycle
Database (ELCD) (Joint Research Centre (JRC) 2018)
2. Commercial organisations or institutions, e.g. the UK BRE Green Guide
database (BRE Ltd 1996); (Swiss) ecoinvent database (ecoinvent 2020),
Swedish Spine database (Chalmers University of Technology 2002).
3. Industrial institutes, for instance PlasticsEurope Association of Plastics
Manufacturers (PlasticsEurope 2019); International Aluminium Institute
(IAI) (IAI 2015); International Iron and Steel Institute (International Iron
and Steel Institute (IISI) 2010).
4. Academic studies (usually published for specific product or industry)
The Ecoinvent database is an extensive, high quality European LCI and LCIA
database that includes numerous products’ process data (ecoinvent 2020). Ecoinvent and
GaBi are respectively the most complete and transparent databases for construction
products (Martínez-Rocamora, Solís-Guzmán, and Marrero 2016). Joint Research Centre
(JRC) of EC developed the ELCD open database in 2006 that comprised LCI data for
materials, transport, energy carriers, and waste management. Since June 2018 this
database has been discontinued and the data providers create and maintain their nodes
and share their data through the Life Cycle Data Network. ELCD databases can be
downloaded and imported to LCA software packages (EC 2020). UK government GHG
emission conversion factor database (GOV.UK 2017) provides a comprehensive list of
GHG emission conversion factors in an Excel format.
Building LCA tools assess either the building materials, products and elements to
assist with green procurement or the whole building (Mirzaie and Menzies 2016). One
example of the former type is the catalogue format BRE Green Guide to Specification
(commonly referred to as the BRE Green Guide), which is a useful tool for familiarising
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designers with the ecological consequences of their decisions regarding material
composition of building elements and has been used in professional practice since its
development in 1996. The environmental rankings are from A+, as the best (or least)
environmental impact, down to E as the worst environmental impact. The considered
building elements are architectural elements only (roofs; ground floors; upper floors;
external walls; internal walls and partitions; windows; insulation; floor finishes; and
landscaping). The structural and building services systems are not included. Moreover,
the BRE Green Guide database is generic, limited (about 1500 specification), and static;
thus the BRE has discontinued its use for the benefit of whole building LCA adoption
(BRE Ltd 1996; Ortiz, Castells, and Sonnemann 2009; Mirzaie and Menzies 2016). The
BRE has used the Green Guide database to develop the spreadsheet-based ‘BREEAM
Simplified Building LCA’ tool, which can be used for 2018 assessments (BRE Global
Ltd 2018b).
The power of an LCA software depends on its databases. For a detailed and
complete LCA that requires intensive data analysis comprehensive tools such as Simapro
and OpenLCA with an up-to-date, accurate, generic, and relevant database are
suitable/recommended. SimaPro software package is a widely used LCA tool especially
for products that incorporates diverse database choices and modelling flexibility
(SimaPro UK Ltd 2015; ecoinvent 2020). Therefore, the whole building model can be
developed in SimaPro with a high level of details in compliance with different
methodologies.
Most LCA studies are performed at later stages of design or even retrospectively
after the great details required for an LCA study are determined; however, at this stage
there is little or no chance for improving the building design and performance (Nolan and
Doyle-Kent 2018). One reason of this late assessment is the stand-alone LCA tools that
require manual LCI design and data input for assessment and design scenario comparison.
Apart from incorporating the design development variations in the LCA model, another
main issue of stand-alone LCA tools are the expansion and update of databases
(Ariyaratne and Moncaster 2014), which also demands manual revision and integration
of LCA model. CAD-based LCA tools include a three-dimensional representation of the
building, which has shown promising results to overcome some of the issues of standalone tools by making material quantity and volume calculation for building LCI more
streamlined. Moreover, some BIM software packages have made efforts in incorporating
life cycle databases to assign to building materials within the software application. Even
using the existing databases, BIM has the potential to improve the integration of LCA
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studies to the design process since due to government mandate more architectural,
structural, and other design teams are using this tool for design and coordination, even
from early stages. Therefore, BIM-based LCA can simplify and partially automate the
building LCA practice, which is otherwise a costly and time-consuming exercise.
Moreover, when talking about a future-oriented vision of BIM, we can foresee
development of more comprehensive and easier to use databases that can enable early
stage LCA exercise for design scenario comparison using default materials and processes.
Currently, despite the progresses of digital construction including BIM
technologies and development of LCA tools and databases particular to the construction
industry, these are not an integrated part of project design and delivery and the choice of
construction materials is decided based on the building use type, aesthetic, design, and
financial budget (Mirzaie and Menzies 2016). Even though an effective adoption of BIMintegrated LCA tools is nonetheless a challenge, such efforts are encouraged for wider
adoption of LCA as a whole-life performance metric in the industry. BIM level 3 has the
potential to fulfil the ideas of swift and accurate cost and environmental impacts
evaluation of design alterations, which plays a crucial role in broadening the assessment
scope and integrating a full LCA as part of the design process (Eadie, Browne, et al. 2013;
Mirzaie and Menzies 2016; Nolan and Doyle-Kent 2018).
Accordingly, the BRE developed IMPACT, which is an LCA and Life Cycle
Costing (LCC) database and specification that can be incorporated into software
packages. IES-VE, eTool, and OneClickLCA users can attribute environmental and cost
information from the IMPACT database to drawn or scheduled items in the building
model. OneClickLCA is compliant with the ISO 14040 and EN 15978 standard and has
the option of importing the building geometry from a CAD or BIM software in IFC format
and importing product specific EPDs (Bionova Ltd 2018). Only the results of tools that
have incorporated the IMPACT database are recognised by BREEAM towards achieving
the exemplary performance points under Material 1 credit (in addition to the seven points
of the credit) for UK New Construction 2018 assessments (BRE Global Ltd 2018b).
Version 5 of IMPACT was released in March 2018 contains approximately 350 datasets
that are compliant with EN 15804 and have been modelled in SimaPro, using BRE Global
EN 15804 PCR (BRE Group 2018a), ecoinvent v3.2 (ecoinvent 2020) and Trade
Association and representative manufacturers’ primary data where applicable (BRE
Group 2018b). Nevertheless, IMPACT database is still considered limited as currently it
does not include building services components. The BRE states that this limitation is due
to a lack of robust and complete data regarding the building services (BRE Group 2018b).
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2.4.3

Review of Building LCA Studies since CEN/TC 350 2011
This review reflects on building LCA and embodied impact studies since 2010,

which followed the modularity principle of the CEN/TC 350 standards. It aims to
compare building LCA methods and results including system boundaries and scenarios
to determine highlight hotspots, challenges and discrepancies in measurement
approaches, and research gaps and opportunities for future studies.
Almost all review studies to date have reported high heterogeneity to the
flexibility and variability in methodologies, assumptions, and results (Pomponi and
Moncaster 2016, 2017; Anand and Amor 2017; M. Dixit 2017; Mirabella et al. 2018;
Dossche, Boel, and De Corte 2017). Besides, the inaccuracy of environmental impacts
databases (including energy and carbon data) further hinders achievement of reliable,
comparable, and complete assessments (M. K. Dixit et al. 2010; Pomponi, Moncaster,
and De Wolf 2018). Therefore, achieving harmonisation remains a focal point of LCA
community’s efforts.
ICE database (Hammond and Jones 2008) is used in many studies, which covers
the Product stage impacts. In recent years due to improved LCA databases and tools, the
tendency towards considering the whole lifespan of building has increased (Mirzaie and
Menzies 2016). However, a systematic review of the scientific LCA studies in 2016
showed that 90% of studies only consider 60% of life cycle stages, including the
manufacturing stage. Moreover, it revealed that less than 45% and 30%, respectively,
include the construction and EoL stages, and most studies tend to ignore the use stage
emissions generated by repair, replacement, and refurbishment (Pomponi and Moncaster
2016).
Davies et al. studied the embodied GWP of the main structural elements of a
seven-floor building over a 60-year service life, comparing different material options
(Davies et al. 2018). Primary structural elements, unlike interior architectural and
building services components, usually require little repair, maintenance, or replacement
and their service life dictates building lifetime. Due to the large quantities of materials
used in these elements their EoL and waste recovery has a significant share in their total
environmental impacts. Therefore, it is crucial to consider the EoL modules and module
D within the LCA study scope (Davies et al. 2018) and to improve the structural frame’s
durability to reduce embodied impacts (Pomponi and Moncaster 2016).
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Substituting materials and products with lower embodied impacts is the most
recommended and used approach for reduction of the embodied impacts in buildings (A.
M. Moncaster et al. 2018; Pomponi and Moncaster 2016). Nevertheless, comparison of
material choices for design scenario is undermined by the LCA community due to the
considerable variations in datasets. Different choices regarding database, system
boundary and replacement scenarios of building materials has great impact on LCA
results considering the whole building lifetime. For example, concrete commonly has a
high share in the total GWP but also high uncertainties in its database calculations
(Häfliger et al. 2017). Alignment of LCA standards and methodologies plays a critical
role in developing consistent databases, PCRs (or PEFCRs) and EPDs that enable
comparing material choices (Davies et al. 2018).
The life cycle embodied impact excludes the impacts arising from operational
energy use, module B6, and operational water use, module B7. Life cycle embodied
impacts is categorised into initial, recurring, and decommissioning impacts. Initial
embodied impacts report the impacts during product and construction process stages, as
defined in Figure 2-8. Recurring embodied impacts relate to the use stage, excluding
module B6 and B7 and including the building materials used for repair, maintenance, and
replacements over the building useful life. The building EoL and recovery processes
beyond the defined system boundary (module D) is reported as decommissioning
embodied impacts (Ruochen and Abdol Chini 2017).
Most embodied carbon studies of buildings in the UK focus on Domestic
buildings, exclude building services, interior, and sub-structural elements, and only
include the upstream embodied carbon, covering material acquisition, transport, and
construction (Mirzaie and Menzies 2016; Nawari, Itani, and Gonzalez 2011). Few LCA
studies consider a full and accurate list of input materials and components (A. M.
Moncaster et al. 2018). It is more common for the building structure to be assessed when
the LCA is conducted at the building level, rather than building elements and materials
only (Eleftheriadis, Mumovic, and Greening 2017).
Although the definition of building elements differ among studies, upper-floors,
building frame, roof, and external walls are commonly reported as the most carbon
intensive elements (Victoria and Perera 2018). The share of embodied carbon emissions
of building structure can increase from 14-22% in low-rise to 48-68% in high-rise
buildings (Sansom and Pope 2012). Due to the large material quantity used in the slabs
and beams of the building structure, these elements have the highest share of embodied
impacts. In high rises, however, the share of vertical components such as shear walls,
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columns, and braces are as much important (Davies et al. 2018; Sharma et al. 2011).
Monahan et al. (Monahan and Powell 2011) discovered that off-site modular insulated
timber frame house has 34% less embodied carbon compared to the conventional on-site
construction in a typical house.
Gomes et al. studied the lifecycle energy and carbon emissions of a building
located in the colder climates of Brazil using SimaPro software, the CML 2001 v.2.05
LCIA method, ecoinvent v2.2, and considering 50 years and all lifecycle modules except
B7, C3, C4 and D at EoL. The building was designed to achieve a high rating under 2009
LEED New Construction and Brazilian PROCEL certification schemes (Gomes et al.
2018). Building frame, partitions, façade had the highest share of GHG in order. Adding
enough PV to the design to neutralize the operational emissions raised the share of PV
impacts above building façade. In terms of life cycle stages, Use stage followed by
Product stage were identified as the main hot-spots (Gomes et al. 2018).
The choice of construction material also significantly influences the amount of
embodied impact of a building. Asif et al. (Asif, Muneer, and Kelley 2007) performed a
detailed LCA of the most significant construction material, reporting that due the large
quantities of concrete used, it contributes to 65% of the total embodied energy and more
than 99% of the total carbon emissions. In another example, Gustavsson et al. calculated
the life cycle primary energy use and carbon emission of a high-rise wood-framed
residential building and concluded that choosing to build with biomass from a sustainably
sourced forest can greatly reduce the embodied impacts of the building. They conclude
that both material and energy supply should be considered in the scope of the study when
evaluating the primary energy and climatic impacts of buildings (Gustavsson, Joelsson,
and Sathre 2010). The Enterprise Centre at the University of East Anglia is another prime
example of using bio-renewable and low embodied impact materials for construction
instead of the conventional steel and concrete structure. The architects state that “analysis
concluded high material mass to be effective for controlled heat gains, however not at the
expense of life cycle impacts, in response we have opted for a low carbon, high mass
solution”, which in this case is timber frame with lime render and thatch cladding
(Architype 2017).
The results of a building LCA can be reported in an EPD format. A few examples
include the Villa Vera building in Spain that was performed in accordance with ISO
14025 and was approved in February 2017 with 3 years validity. Building EPDs are
performed based on PCR 2014:02 buildings (Saint Gobain Ibérica SL 2017; Folkhem
Produktion AB 2015).
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The 3-years pilot phase of PEF, which examined the applicability of the method
using real market conditions, was completed in a conference held in Brussels on 23-25
April 2018 (EC 2018). One of the pilot phase projects was PEF4Buildings that was
commissioned by the EC to test the applicability of the PEF method at a building level
on two new offices (Spirinckx et al. 2019; VITO, KU Leuven, and TU Graz 2018). Thus,
the study does not focus on the LCA numerical results but rather the methodological
challenges of applying the PEF method at a building level. The lack of PEF compliant
datasets that allow the application of the CFF formula was identified as the main
challenge for PEF LCA studies and more PEF compliant datasets commissioned by the
EC was recommended as a solution. Furthermore, lack of transparent guidelines for
modelling the use phase and national scenarios for modelling materials, products, and
building elements were identified as hindering issues when building the LCI. Spirinckx
et al. conclude that the BIM files “proved to be an important source with added value”
for LCI data gathering.
Overall, the development of standards is a positive effort, especially in a complex
domain such as building and construction. Yet due to the diversity, flexibility, and
broadness of LCA guidelines and standards, the LCA studies are still unique and
fragmented; thus, the findings should be compared thoughtfully and should contribute to
the development of a consistent global approach and comprehensive databases (Pomponi
and Moncaster 2016; Mirabella et al. 2018; Dossche, Boel, and De Corte 2017). Building
LCA studies have different methodological assumptions, calculation accuracy, scope,
system boundaries, and semi-transparent results (Mirzaie and Menzies 2016). As
described in section 2.5.1, the complexity of building LCA has resulted in gradual
development and proliferation of standards and guidelines with generic methodologies
and not sufficiently restrictive rules, which do not produce repeatable and comparable
results (Mirzaie 2016).
Thus far, benchmarking and setting targets have been a challenge in the industry.
Lack of well-defined benchmarks for buildings hinders comparison of new proposals for
environmental performance improvement (Dossche, Boel, and De Corte 2017). Giesekam
et al. offered a framework to assist with translating sector, national, and international
targets to project targets independent of external factors such as grid electricity
decarbonisation rate (Giesekam, Barrett, and Taylor 2018).
Due to the level of complexity of assessing the environmental impacts of
buildings throughout their lifetime and lack of prescriptive standards and comprehensive
databases, the outcomes of the relevant efforts do not effectively contribute to a
68

comparable, useful body of knowledge. Yet given the significance of LCA in the
management of environmental impacts and as it increasingly is used in construction
practise, accurate, comprehensive, and cost-effective tools and databases become ever
more important.
Studying the life cycle impact of a building involves many challenges. The
relation among different building life cycle stages is dynamic and complex. Scenarios for
building lifetime is uncertain due to the long use phase and rapid industry and technology
improvement. Moreover, lack of reliable and comprehensive databases makes modelling
all building life cycles, particularly EoL, challenging (Cabeza et al. 2014). Yet, the aim
is to achieve a reliable assessment approach that can enable comparability, harmonisation,
and benchmarking in LCA and enable realising the circular economy objectives.
Therefore, more incentives should be provided to encourage more complete building
LCA studies and bridge the current knowledge gap.
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| Methodology
This chapter presents the research assumptions, methods, and tools used. This
research aimed to investigate the accuracy and extent of applicability of the following
hypothesis in practice: are BREEAM, BIM, and Soft Landings comprehensive and
empowering enough to help a non-domestic building project walk the tight-rope of
efficiently designing and delivering a sustainable, fit-for-purpose, low environmental
impact building?
Limited in-depth studies are available that test the effectiveness and adequacy of
the tools not only from a technical perspective but also from the socio-technical viewpoint
in practice (Lowe, Chiu, and Oreszczyn 2018). Different stakeholders use these tools
throughout the building lifecycle. It is not sufficient to only account for the human actors
as an uncertainty factor, instead project stakeholders should be considered as full
participants in the complex processes of project design, construction, and operation. Only
empirical case-studies allow examination of the tools from a multi-stakeholder and
lifecycle perspective during building design, construction, delivery, and operation.
Case-study evaluation provides contextual focus that can reveal the potential
synergies, benefits, and limitations of the tools in practice for delivering sustainable
buildings and improving the current industry procedures. Detailed information and
meticulous involvement were needed for comprehensive and in-depth assessment of the
buildings’ performances, besides the extent of use and influence of BREEAM, BIM, and
Soft Landings on the results. Thus, this work evaluates the hypothesis at different life
cycle stages and from viewpoints of various stakeholders of two non-domestic case-study
projects, known as the Lyell and Oriam buildings.
The following factors were considered in choosing the case-studies: firstly,
inclusion of all the tools in the initial scope of projects’ agenda; secondly, project type to
be non-domestic and new-build; thirdly, accessibility in terms of projects’ location, data,
and stakeholders; and lastly, project timeline to be able to assess the buildings during
design, construction, handover, and operation. These were essential to the project core
objectives and to facilitate close involvement and assessment throughout the projects’
design, build, delivery, and use. The Lyell and Oriam buildings satisfied all these criteria
and were at the end of their design, entering construction stage and were due for
completion in time to allow monitoring of buildings performance in-use. This made these
two buildings timely opportunities to evaluate the main hypothesis.
The research method was developed following an initial literature review of
academic publications and white papers, projects site-visits, and revision of the available
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documents of the Lyell and Oriam buildings. Diverse, complementary data sources and
methods were used to neutralise the inherent bias in individual data sources (data
triangulation) and to gain a complete understanding of the design and delivery processes
and in-use performance of the buildings. Given the breadth of the research scope, it was
essential to follow a pragmatic, ‘Mixed-Method’ approach, where qualitative (such as
visual and discursive) and quantitative (such as surveys and LCA) research methods were
used (Ambrose, Goodchild, and O’flaherty 2017; Niglas 2000; Bryman 2003; Bryman
and Bell 2011; Creswell and Plano Clark 2011). Although these methods have different
philosophical underpinning, their grouping allowed complementing different viewpoints
and bracketing the results of alternative methods to assess the performance of the casestudies while also judging and crediting the contribution of BREEAM, BIM, and Soft
Landings. No single method could seize the breadth and depth that the mixed-method
research approach captures (Mertens 2010).
Each research method has its primary role. Positivist methodologies offer time
and cost-effective solution for capturing the opinion of a large number of users and
establishing trends, which work well with limited budgets and short timescales. These
include technical and statistical building-oriented assessments such as EPC and
questionnaires. Discursive and interpretative qualitative data collection methods such as
interviews, visual approaches, and diaries, can remedy and complement the partial and
disjointed results of a closed questionnaire survey or a one-off technical assessment when
used as a supplementary method and can offer a deeper level of understanding of the
relationship between user and space (Ambrose, Goodchild, and O’flaherty 2017).
Mixed-method research design is a time-consuming research approach, but it is
more suited for understanding complex research problems than either quantitative or
qualitative approaches alone (Creswell and Plano Clark 2011). A well designed mixedmethod approach verifies results by combining and comparing the findings of objective
measurements and subjective opinions from different perspectives. Where possible, it
aims to take a holistic approach by studying the relationship between the physical
environment, temporal context, and individual attitudes and opinions.
The methods used for data collection are shown in Error! Reference source not
found. in a flowchart along the timeline of the projects. Some of the methods were
performed concurrently and some had a sequential order, for instance, POE surveys were
performed after the interviews, when the building were occupied, and before the LCA.
The adopted mixed-method research is known as ‘Convergent Parallel Design’ (Creswell
and Plano Clark 2011), whereby the data collection and analysis of some methods were
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performed independently and then the results were combined at the interpretation stage,
such as the data collected during meetings, site visits, interviews, and POE surveys. Data
collected through the different methods were equally prioritised during the concluding
interpretation stage. All the findings were ultimately combined for the overall
interpretation to answer the research questions and draw the final conclusions.

Figure 3-1: Research Methodology Design

Other research methods were considered but not used in this work, including
focus group, workshops, and physical measurements of indoor conditions. Focus group
research is a common method in POE, and can be used as an adjunct to questionnaire
surveys to further investigate the key issues in the buildings. Similarly, workshops can be
used to explore and identify issues and possible solutions to problems by using group
experience (rather than only discussing known topics). Both methods demand significant
interaction with the space users but that interaction was not authorised by one of the
project’s facility operators. Due to the sensitivity and confidentiality of topics discussed
with the design and delivery team representatives, individual interviews were identified
as the right data collection method. Therefore, focus groups and workshops were not used
in this study.
Different indoor conditions can be recorded in the building using sensors,
including temperature, humidity, carbon oxide, indoor pollutants, occupancy, lighting,
ventilation rate, sound levels, etc. These location and time specific data can be used to
verify the user survey responses (Horr et al. 2016). In these case-studies, interference and
disturbance in the workspaces would be inevitable, hence physical measurements during
the occupants move-in period over the first year was not authorized by the facilities
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operators. Therefore, site-visits and walk-arounds, with prior authorization, were used as
alternative methods to observe the space conditions.
3.1

Project Documentation Review
Design and construction documentation of the projects, including design progress

reports, Seasonal Commissioning reports, Oriam Soft Landings reports, architectural,
structural, and building services drawings and specifications, owner requirements, and
minutes of aftercare meetings (for Oriam), space-user quarterly meetings (for Lyell North
building), BREEAM evidence, and utility meter readings were reviewed to find the
relevant information for different parts of the study including operational energy analysis
and LCA and determining the planned scope and actual extend of use of BREEAM, BIM,
and Soft Landings. Both Lyell and Oriam targeted the last point of the BREEAM
Management credit 04, known as ‘Stakeholder Participation’, which requires an
independent third-party POE within one year after occupation to gain building
performance feedback and information dissemination. It was planned for the BUS survey
results to be compared with these quantitative seasonal occupant satisfaction surveys,
which were planned to be performed as part of the BREEAM requirement. However, the
seasonal occupant satisfaction surveys were not completed in time to enable such
comparison.
Soft Landings framework was initially considered in the scope of work for both
projects. However, only in Oriam, the framework was followed over the project timeline.
Aftercare and regular fine-tuning activities in Oriam were carried out under the
administration of the Soft Landings Champion during the first year of building operation
and then were continued for another year by representatives of the project contractors and
client. Monitoring these activities along with POE and BPE assisted with appraising the
success of Soft Landings framework in consulting and reflecting the building-users’
needs, identifying the ongoing problems, and improving the final product performance.
The results of the building energy use projection were reported in the EPCs. The
actual electricity, gas, and water use were recorded monthly from the utility meters. In
the Lyell building, the on-site generated electricity and heat were also recorded at a
monthly interval by the facility managers. More details about the case-studies and their
target and actual scope of use of BREEAM, BIM, and Soft Landings and their energy use
are presented in Chapter 4.
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3.2

Semi-Structured Interview
Interviews with individuals were performed to collect specific, detailed

information and develop a deep understanding of research problems. Interviews with
individuals were chosen over focus group studies as due to sensitivity of information the
content of discussions had to remain anonymous and confidential. The stakeholders of
the Oriam and Lyell projects, who were involved in the design, construction and operation
of the buildings, were interviewed to investigate their familiarity, perception, and
experience with BREEAM, BIM, and Soft Landings and the extent of use of the tools in
the projects. It was anticipated that the different stakeholders would have varied
knowledge and perception of the tools (Geoghean 2016) and not have used the tools
equally. Therefore, the interviews had to be flexible to relate to the experience of the
interviewees in general and in the Lyell or Oriam projects in specific. Thus, a semistructured approach was chosen to pick up issues that may not have been initially
considered and gather detailed insights about the specific research questions. Moreover,
due to the sensitivity of the information and the stage of the projects, the construction
phase, many parties were hesitant to meet or, if so, to share information freely. Therefore,
an informal, one-to-one semi-structured interview method was chosen to confirm
anonymity and confidentiality, and to encourage more confident participation.
The interview questions were designed following an initial literature review of
academic publication and white papers, projects site-visits, revision of case-studies’
documentation and two pilot interviews with academicians with construction industry
expertise. Based on these reviews, an interview guide-sheet was developed that is
presented in Appendix B. This guide-sheet served three purposes. Firstly, it clarified the
agenda of questions and issues ensuring that a similar list of questions and topics were
covered. It also allowed the discussion to develop and identify issues not already
established or not applicable to the scope of work of the interviewee. If the newly raised
issues were targeting the research questions and objectives, an investigative approach was
adopted to disclose more information. Plus, if a topic was identified as irrelevant to the
interviewee, they were skipped. For instance, Soft Landings was omitted from the scope
of the Lyell project at a late stage and therefore the building facility manager was not
familiar with the tool; thus, the questions related to Soft Landings were skipped in that
interview. Secondly, it created a smooth dialogue flow without gaps to make the most of
the limited meeting time and allowed the respondents to freely converse their perspectives
with minimum interviewer’s interruption. Lastly, it enabled the interviewer to return to
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topics that were not answered sufficiently to ask them again in a new form when the
interviewee’s trust was more established by time.
The interview sessions were opened by a brief introduction to the research project
objectives and agreement regarding confidentiality and anonymity of the information
discussed. The interviewees were asked about their role in the project and stages of
involvement, and their personal characteristics that could influence individual
perspectives, such as their age and former experience in the industry. Next, an open
question regarding their impression of the project was asked to get a grasp of their opinion
about the case-study without bias from the interviewer.
Following the introductory section, a detailed discussion on BIM, BREEAM, and
Soft Landings was performed using the list of questions provided in Appendix B as the
guide-sheet. As evaluated in the literature review section, different advantages and
challenges are claimed for BREEAM, BIM, and Soft Landings. There have been very few
peer-reviewed case-studies that investigate the level of interaction of the design, delivery,
and use parties in development of files related to BREEAM, BIM, and Soft Landings.
Therefore, the interviewees were asked about the benefits of the tools in the case-studies
and in general, and were encouraged to discuss the challenges and barriers they faced in
use of the tools. Questions were asked about coordination among the parties, frequency
of review meetings, involvement post project completion, engagement with facility
managers and space users, how they had used the tools and what their experience was to
find trends and patterns through comparative method. These interviews explored how
individuals involved explained their perspective about the tools and experience in the
projects to identify the challenges in effective adoption and the drivers (motives and
reasons) for keen implementation of the tools. The interviewer sought to understand the
respondent's point of view, appreciating alternate perspectives, rather than making
generalisations about their behaviour.
Contracts should include measures such as LOD and timetable of deadlines to
enable and integrate BIM into the project delivery (US GSA 2015; Mosey et al. 2016). In
one recent study Ashworth et al. illustrated that employer’s information requirement is a
key BIM document that assists with bringing stakeholders together in early planning
stages and informing them about the client information needs (Ashworth, Tucker, and
Druhmann 2018). Therefore, the interviewees were asked whether they had any
contractual requirement regarding the use of the tools, and how they were informed about
the client requirements and deliverables regarding each tool.
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BREEAM has been around for more than two decades. Controversial results are
reported about the adequacy of BREEAM for closing the energy performance gap and
improving communication and data-management among stakeholders (ECO Brooklyn
2012; Aspinall et al. 2012; Pritchard and Kelly 2017). Moreover, sustainability rating
schemes based on actual in-use evidence have shown more successful results in reducing
performance gaps compared to BREEAM and LEED (Tuohy and Murphy 2015).
Therefore, the first BREEAM-related question asked about the interviewee’s general
thoughts about the tool and the last questions asked focused on alternative tools and
approaches to driving sustainability in the building projects and how BREEAM can
change to improve.
Buildings frequently do not meet end-user expectations or the ambition of the
designers whilst in operation (BIM-Task-Group 2013; Geoghean 2016). Soft Landings
framework aims to address this issue through stakeholder engagement, systematic
monitoring, and POE (Li et al. 2011; Geoghean 2016). Since, Soft Landings is a relatively
new tool, it was expected that some interviewees would not distinguish its associated
processes and may have followed some of its procedures under other names. Therefore,
questions on Soft Landings framework were focused on its processes such as building
interactions with occupants and end-user considerations, requirements for aftercare
support and beyond practical completion, and Soft Landings workshops.
Finally, some questions were asked in retrospective about lessons-learned and
recommendations for new adopters of the tools and specific areas and stages in the project
progress that may need more attention.
The project stakeholders were identified through the building design and
construction evidence i.e., drawings and reports. The best points of contact were enquired
from the project estates teams, whom were then contacted through emails and asked for
a meeting. The emails confirmed the topic, start and duration time, and confidentiality of
the interviews. Several rounds of appointment queries were extended until a
representative of all the stakeholder groups were interviewed including the client side,
the design, construction, and operation parties, the BREEAM assessor and the Soft
Landings champion.
In total fourteen interviews were carried out with various stakeholders including
the architects, quantity surveyors, senior project managers, project clients, contractors
(site managers), chief executives and facilities managers, BREEAM assessors of both
projects, the structural and building services designers, and the Soft Landings champion
of the Oriam facilities. It was not possible to reach the projects’ BREEAM consultants
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and Lyell’s structural and building services designers. Of the 18 stakeholders initially
contacted, 14 agreed to attend an interview, which represent a 78% positive response rate.
The interviewee profiles are presented in more details in the results chapter.
The interviews were audio recorded, transcribed, and thoroughly analysed using
NVIVO based on thematic coding (QSR International Pty Ltd 2019). Each theme
generated from the coding of the interview transcripts was further studied using mixedmethod approach. Inductive approach was used that aims to discover theories and explain
patterns and procedures (Quantitative approach) and understand each step of the process
and deduce reasonings (Qualitative approach) from the data. Thus, this investigation
tested some of the hypothesis regarding the use of tools and their benefits to confirm their
validity in the two case studies of Oriam and Lyell and proposed new theories. Even
though this style of interview proved to be time-consuming, it resulted in a collection of
practical, detailed, and subtle information.
3.3

Observations (Walk-arounds and Site visits)
Since physical measurements were not authorised in these case-studies,

alternative methods such as site-visits and walk-arounds were used to observe the space
conditions. Pre-authorized visits of the facilities, along with the building facility
managers including the Soft Landings walk-around sessions and site visits were arranged
for both project s during building operating hours to observe the typical working
conditions of the office spaces and sports facilities. Several of Oriam aftercare team
meetings were attended for first-hand observation and recording of the progress of design
targets delivery and building performance teething issues. These first-hand observations
of the space conditions assisted with a better understanding of how the spaces were
functioning that complemented and clarified the findings of the POE surveys and
interviews.
3.4

Post-Occupancy Evaluation (POE) Surveys
To understand the operational quality and suitability of the delivered buildings,

satisfaction of the final users, and validate and neutralise bias in responses, this work used
mixed-methods,

exemplified

by

data

and

methodological

triangulation

and

complementary approaches (Leaman 2014; The Usable Buildings Trust 2017). Peopleoriented POE surveys with some open questions were combined with in-depth qualitative
and quantitative methods including observations during site-visits, Soft Landings walkarounds, reviewing aftercare meeting minutes, BREEAM and Soft Landings evidence,
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commissioning documentation, and face-to-face interviews of project stakeholders
including facility managers and project managers.
A standard survey with benchmarking capability was needed to establish and
benchmark the ‘in-use’ performance of the buildings and record users’ perspectives
anonymously. The BUS survey was chosen as it offers the most robust benchmarking of
the levels of occupant satisfaction by comparing the results against the most recent 50
non-domestic buildings in the country that have used this survey and reported the results
systematically to the Usable Buildings Trust (regardless of the building use type, size, or
climatic conditions) (The Usable Buildings Trust 2017). There is also a Transient User
version of the BUS questionnaire, covering the same type of questions but in less detail,
which was needed for the users of the Oriam sport facilities. Other key advantages of the
BUS questionnaire are that it requires short responses, can be completed with or without
supervision, does not require physical measurement, allows the respondents to comment
and explain their views and the causes of their satisfactory or discontent ratings, and
assesses a thorough list of variables including thermal comfort, ventilation, lighting,
personal control, noise, design, and image. For these reasons, the BUS survey was
employed for a people-oriented, investigative assessment of the overall performance of
the Oriam and Lyell buildings.
Printed copies of the ©BUS Methodology 2017 surveys were handed in person to
Oriam employees and Lyell South wing and the survey questions were asked verbally
from Oriam’s transient users to achieve higher response rates. Following the request of
the management team of Lyell North wing, that interaction with the users was not
authorised, an online version of the same questionnaire was made accessible to the
employees.
The Building Use Trust advises that people have a harder time distinguishing
more than two seasons and recalling comfort conditions; therefore, the BUS questionnaire
only enquires about the hot days of summer and cold days of winter. In a country which
is dominated by a temperate climate, assessing only the hottest days of summer and the
coldest days of winter would mean that thermal comfort during the most common
conditions is not assessed, which is one of the limitations of the BUS method. However,
it can be argued that if building systems can condition the indoor air to achieve comfort
during extreme weather conditions, then these systems are most likely capable of
providing thermal comfort for the temperatures and humidity within that range.
Hence, complementary data was collected to reduce the inherent bias in one data
source (data triangulation), where possible, through observations during site-visits and
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Soft Landings walk-arounds, reviewing the minutes of aftercare meeting among project
design and delivery team and meetings with end-users (in the case of the Lyell building),
BREEAM and Soft Landings handover and after-care evidence such as the
commissioning documentation, and interviews with the facility managers and project
managers. The investigative mixed-method research approach was adopted to identify
significant factors which may have shaped the view of space-users and influenced their
responses in the POE surveys.
Survey Data Analysis
Survey data collected using the paper questionnaires were typed into the BUS preformatted spreadsheet files in Microsoft Excel. Typing data added quality control, where
the answers were checked, misspellings were rectified, and abbreviations were expanded.
Data curation and analysis of both online and paper surveys of the Lyell and
Oriam buildings were carried out by firstly the Usable Buildings Trust and secondly the
author. The Usable Buildings Trust automatically generates PDF reports that present the
survey results at the building level. The author analysed the responses by grouping them
based on pattern of use of the respondents, such as the extent of use (full time staff vs.
transient users), and place of work (the most used space i.e. offices, gym areas, café and
kitchen). The user groups considered are tabulated in Table 5-1 and explained below. The
separate analysis of the user groups was performed to investigate and recognize the
potential reasons for the scores achieved.
Since the North and South wings of the Lyell building operate independently and
have different full-time users, design, control, and occupation pattern, they were analysed
as two separate buildings, named as the ‘Lyell North’ and ‘Lyell South’ buildings (Figure
4-10). Similarly, as shown in Figure 4-3, the new Oriam facilities comprise two sections,
known as the North and South buildings, which are connected with a long corridor along
the separating 3G pitch. The full time employees (FTE) of the Oriam North building are
Oriam staff working at the main reception, Oriam office, kitchen bistro, fitness suite, and
indoor courts. The south building users are the employees of two resident institutions,
who mainly use their offices, meeting rooms, and the high-performance sports facilities
of the South wing.
The primary function of Oriam as a sports centre is to provide sporting and
training facility to its various customers, including gym users and athletes, hereafter
referred to as transient users or visitors. Higher numbers of part-time staff or transient
users such as the Oriam visitors are known to affect the scores favourably (Leaman 2014).
This is because the less time people spend in a building, the more likely it is that they
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notice or get influenced by the issues. For this matter, the transient users of Oriam are
assessed using a shorter questionnaire, and the results are presented separately as the third
user group of the Oriam facilities. Since there is no benchmark data available specifically
to transient users, the same full-time user benchmark values were used to gauge the
visitor’s responses.
Visitors who participated in the survey mostly used the fitness suite and the
adjacent sports halls in the North building, while the staffs primarily use the office spaces.
Thus, questions such as lighting, noise, thermal comfort, air quality, which are spacerelated concern different building areas. There are also variables that evaluate the building
as a whole, such as the opinion on the building design and image to visitors.
There are seven open-plan office spaces with different numbers of occupancy in
the two buildings. To highlight the influence of occupancy patterns and numbers and the
most significant causes of discomfort or discontent in each specific space more in-depth
analysis of the BUS survey results was carried out considering further groupings of
participants based on workplaces.
The Radar (Spider) chart graphs show how Oriam and Lyell compare with each
other and the benchmark dataset. The BUS slider graphs do not offer an easy to interpret
graphical presentation of the large number of aspects assessed in the BUS survey,
particularly for analysis at the office level; hence, spider charts were used instead to
present the results succinctly. Moreover, the 1 to 7 scale of the BUS survey was altered
to -3 to +3 scale (similar to the Fanger’s model), and left-handed scales were reversed to
ease the understanding and interpretation of the presented data in a more comparable way,
using right-handed scale where possible. Examples of BUS left-handed scale questions,
which were reversed for presentation in the spider charts, are glare from artificial or
natural light, assessed from ‘none’ to ‘too much’ and air freshness from ‘fresh’ to ‘stuffy’.
Thus, the survey responses are presented on a seven-point right-handed scale,
ranging from ‘very dissatisfied’ (coded as -3) through ‘neutral’ (coded as 0) to ‘very
satisfied’ (coded +3), whereby negative scores and points between the centre of the spider
chart and yellow benchmark lines are undesirable. Exceptions are artificial and natural
lighting (-3 too little to +3 too much) and temperature (-3 hot to +3 cold), humidity (-3
dry to +3 humid) and air movement (-3 still to +3 draughty), where neutral values (closer
to zero) are desired. These scales are known as centred, meaning that the best value is in
the middle, for example a space is desired to be neither dry, nor humid.
The two yellow lines in each graph show the benchmark range and the dots show
the scores of each user group. Thus, a higher score than the benchmark means better
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performance than the peer buildings. The BUS survey’s benchmark is defined by the most
recent 50 non-domestic buildings in the UK that have used this survey and reported the
results to the Usable Buildings Trust (regardless of the building use type, size, or climatic
conditions) (The Usable Buildings Trust 2017). Therefore, if the upper and lower limits
of the benchmark (the two yellow lines) are close together, such as perceived productivity
and health, shows that survey responders in those 50 peer buildings assessed that aspect
similarly and there was less building performance variation in that criteria.
3.5

Life Cycle Environmental Assessment
When it comes to assessing the environmental impacts of the construction

projects, a holistic approach is essential as the impacts are extensive and multilateral. In
this study the latest and most recognized LCA approaches in Europe, namely the PEF
method (EC 2017a) and CEN/TC 350 standards (CEN 2013, 2011) were used. The
commitment of the EC to global consistency and their mandate to align the PEF method
and the CEN standards (EC 2018) shows the importance of the two methods. The 2019
amendment of EN 15804 in (CEN 2019) has largely aligned with the PEF method, e.g. it
requires reporting of all life cycle stages except construction and use stages. Nevertheless,
as described in section Error! Reference source not found. of the Literature Review
chapter, the PEF method and CEN standards have a number of distinct requirements and
approaches, one of which is the modelling of the EoL impacts and associated allocation
factors. Therefore, Building LCA outcomes according to each approach would vary.
Calculating the results as per the two methods is deemed valuable for sensitivity analysis
purposes and to gain insight into the implications of the distinctions of the two LCA
approaches and the changes in the CEN standards. Section Error! Reference source not
found. introduced the two methods. This section describes the assumptions, tools, and
datasets considered for the LCA of the two case-study buildings: Oriam and Lyell centres.
The main documents that were considered and compared in this work were EN
15804:2012+A1:2013 (CEN 2013) and EN 15978:2011 (CEN 2011) standards; in
addition to, the PEFCR v6.3 guidance, which was released in December 2017 (EC 2017a).
In some cases, for further clarification to the CEN standards, the first edition of ‘Whole
life carbon assessment for the built environment’ the RICS professional statement (RICS
2017), the second revision of the BRE Global PCR for Type III EPD of construction
products to EN 15804 (BRE Group 2018a), and the second version of PCR for buildings
published by the International EPD® System (EPD International 2018) were reviewed.
Moreover, the PEFCR v6.3 guide was cross-examined with the PEF guide (EC 2013), the
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PEF4Building report (VITO, KU Leuven, and TU Graz 2018) and the available
construction products’ PEFCR (or final drafts), which were metals sheets, decorative
paints, thermal insulations, and water pipes (Thinkstep AG 2016; Technical Secretariat
Decorative Paints 2018; Technical Secretariat of the PEF thermal insulation pilot 2016;
Technical Secretariat PEF pilot on piping systems 2016). The PEF4Buildings project was
frequently referred as an example within the procedure since it was the first application
case of the PEF method at a building level. The PEF4Buildings study was commissioned
by the EC to test the applicability of the PEF method and related guidance documents to
two newly office buildings.
The PEF method is more stringent than CEN standard approach; therefore, the
PEF method has been followed in most aspects, including defining the scope and system
boundary, functional unit, and data quality, with limited number of exceptions that are
specified. The predominant exception is the application of the Circular Footprint Formula
(CFF) formula and LCIA method in PEF, which are described in section Error!
Reference source not found. and Error! Reference source not found., respectively.
Microsoft Excel as a spreadsheet software and SimaPro (PhD licence, 2017
release, version 8.5.2.0) were utilised. SimaPro was chosen because it offers access to
broad and adjustable databases, such as the Swiss Ecoinvent data (SimaPro UK Ltd 2015;
ecoinvent 2020) and allows modelling at different levels of details. SimaPro is linked to
LCA databases of the environmental impact of materials and processes. The following
databases were used in this study, in the order of preference: Ecoinvent version 3.3,
allocation, cut-off by classification; Ecoinvent system processes; ELCD; Industry data
2.0. The EF-compliant datasets commissioned by the EC or other datasets were not
available to model the LCI in line with both PEF and CEN requirements at the time.
Therefore, the generic Ecoinvent database based on the recycled content approach which
is compliant with the EN 15804:2012+A1:2013 standard (ecoinvent, 2020) was used to
implement the CFF formula as is explained in section Error! Reference source not
found..
3.5.1

Goal and Scope
This retrospective, as-built LCA study aims to evaluate the whole life

environmental impacts of two newly built commercial buildings in Scotland and to clarify
the share of different life cycle modules, building elements, and life cycle indicators. For
this purpose, it used the LCA approaches of the well-known PEF method (EC 2017a) and
the CEN/TC 350 standards, namely EN 15978 and EN 15804 (CEN 2013, 2011), to
82

calculate the sensitivity of the building LCA results to different calculation methods and
assumptions.
The results of the study will be shared publicly and are intended to be used in
comparative assertions regarding the influence of the PEF and CEN LCA approaches on
the life cycle environmental impacts and hotspots of the buildings. These results support
better policy development for realisation of circular economy goals, as well as
benchmarking and comparability targets. Moreover, the LCA results will indicate an
example of the potential of BIM, BREEAM, and Soft Landings in producing building
with lower environmental impact in the Lyell and Oriam case-studies.
According to the PEFCR guidance, Functional Unit describes the functions of the
product qualitatively and quantitatively according to four aspects (EC 2017a). The
Functional Unit of both buildings is defined in Table 3-1. The Reference Study Period
(RSP) was defined based on the structural design life, which was 60 years according to
the structural drawings. Moreover EN15978 (section 7.3), and the Royal Institution of
Chartered Surveyors (RICS) guide (P.14) outline a 60 years RSP and non-domestic
projects under BREEAM 2014 NC-Mat 01 life cycle impact and LEED v4 consider 60
years for the building lifetime (CEN 2011; RICS 2017; BRE Global Ltd 2014; USGBC
2019).
Table 3-1: Functional Unit statements of Lyell and Oriam buildings according to the four aspects
defined by the PEFCR guidance (EC 2017a)

Functional
unit

Lyell

Oriam

Function:
(What?)

Educational building
facilitating desk-based and
laboratory research activities
Error! Reference source not
found.(Error! Reference
source not found.)

The national performance centre for
sports in Scotland, leisure building
facilitating sport activities (Error!
Reference source not found.)

The extent of
the function:
(How much?)

Two separately functioned
open-plan office spaces with
some common areas, meeting
rooms and laboratories,
excluding the surroundings and
existing parts

Two discrete adjoining buildings to cater
for elite athletes and the public for
coaching and medicine of different
sports, excluding the surroundings and
existing parts. Building connect with a
corridor along a large outdoor pitch, and
connect to the old Oriam building.

The expected
level of quality:
(How well?)

High energy performance and
thermal comfort; relevant
technical and functional
requirements; 2011 New
Construction BREEAM
Excellent Building (Error!
Reference source not found.)

High energy performance and thermal
comfort; relevant technical and
functional requirements; 2011 New
Construction BREEAM Good Building;
Inspirational sporting facility for the
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local community and sports clubs
(section Error! Reference source not
found.)

The duration:
(How long?)

Reference Study Period (RSP): 60 years

This study was carried out considering all life cycle stages, as presented in Error!
Reference source not found., except module B1-Use and B5-Refurbishment. According
to the CEN standard and RICS guideline, until the CEN/TC 351 standards on
measurement of release of dangerous substances from construction products are not
published, the LCA studies do not need to give information about module B1 (CEN 2013,
2011; RICS 2017). Thus, modules B1 was disregarded. Yet, it is acknowledged that there
are impacts associated to off-gas substances released from the building insulating
materials with blowing agents and refrigerants leakage from the building services
equipment, and there is potential carbon absorption where concrete is exposed. B5 was
not included as no refurbishment scenarios were anticipated. Metered electricity, gas, and
water use of the Lyell and Oriam buildings was used to model the operational energy and
water use of the case-study buildings. For consistency, the other life cycle stages were
also modelled using as-built and actual construction information (instead of earlier design
stage information), where possible. Moreover, modules C3 and C4 are reported jointly as
C3/C4.
The object of assessment in this work is the building, with its foundation and
without the external works. Reference Flow is the total amount of materials and energy
needed for the buildings to perform their function during the RSP of 60 years. To ensure
consistency of the system boundary with the goal of the study and provide a holistic
perspective of the projects, this LCA accounts for all building-integrated products and
processes, which were used over the building life cycle. These include the technical
system, fixtures, and fittings that were fixed to the building, which are essential for its
performance. Other appliances and furniture such as office electronics, kitchen
appliances, tables, desks, chairs, movable meeting pods were excluded as per the EN
15978 and the RICS recommendation (CEN 2011; RICS 2017).
Building elements named in Table 3-2 were included as per the RICS professional
standard and guidance (RICS 2017). Table 3-3 lists the excluded elements, which are
considered a data gap, and clarifies the reasoning for their exclusion.
Table 3-2: Materials and building elements considered in the LCA system boundary

Element Group

Building Elements and Components

Substructure

Foundation including excavations, basement retaining walls, lowest floor
slab (Slab on earth)

Superstructure

Structural frame including primary and roof beams, columns, tie beams
and edge beams
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Upper floors, including balconies (in-situ concrete floor slabs)
Roof (liquid plastics system on tapered insulation)
Stairs and ramps
External
envelope

External walls: steel-frame and fair-faced brickwork cladding, and curtain
walling
Windows and metal external doors
Interior walls: partitioning (metal-framed plasterboard), plywood, concrete
block, internal glazed walls

Interiors

Internal finishes: floorings, ceilings (metal framed plasterboard), walls
(paint and plasterboard)
Timber doors with glazing

Building services

Mechanical, electrical, and plumbing elements: heating equipment (CHP
engines and condensing boilers), ventilation and air-conditioning
equipment (chillers and fan coils), photovoltaic solar system, sanitary,
lighting, lift, safety, security, communication installations

Table 3-3: Materials and processes excluded from the LCA system boundary

Excluded Building Elements

Reasoning for Exclusion

Existing building and elements restoration

Only the newly constructed parts are
assessed for consistency and comparability

Demolition of any existing structures.

Assuming work commenced from flat site
as per the RICS guide

Removal or treatment of any Hazardous
material

No data was reported by the design team or
the contractors

Facilitating works including temporary and
preliminaries and specialist groundworks

Due to lack of data and negligible share of
facilitating works

Hard and soft landscaping e.g. parking lot

Boundary only includes the building and
not the surroundings for consistency and
comparability

Fittings, furnishings, and equipment (FF&E)
including movable partitions, cooking and
catering items, IT equipment, paper, furniture.

For consistency and compliance with EN
15978 required scope of assessment.

External Work within the building’s site
Commuter transport
Capital goods and their infrastructure

Due to lack of specific data

Packaging materials

Due to lack of specific data

3.5.2

Life Cycle Inventory (LCI)
This section describes the methods used to develop the LCI of the Lyell and Oriam

buildings, which can be applied to any other construction project. SimaPro follows a
bottom-up approach for modelling, which means that the complete LCI and detailed
breakdown was needed beforehand. Hence in the first step, the data sources for extraction
85

of the necessary information on building elements, building materials, scenarios, use
phase were identified, as described in section Error! Reference source not found.. To
follow the modularity principle, data was compiled for each life cycle module. Scenarios
for modelling each life cycle module of the building were developed based on available
project data, national guidelines, and respective PCRs and PEFCRs. Commonly, project
specific primary data for all the materials and processes at every life cycle module of the
building is not available and occasional use of default guideline scenarios is inevitable.
For example, the RICS advises that in the UK, scenarios can be determined from
professional guidance documents (such as CIBSE Guide M, RICS NRM 3, and BCIS Life
expectancy of building components), international standards (such as ISO 15868-5:2008),
manufacturers’ documentation, and where available, project maintenance strategy
reports, O&M manuals, and life cycle cost reports

(RICS 2017; Energy-Efficient

Building European Initiative 2012). Developing the building LCI and LCA model is a
complex and prolonged task, and it is important to document all the assumptions and
references. Therefore, a full account of scenarios, methods and references is reported in
Appendix C: Assumptions for Modelling Life Cycle Inventory.
The Bill of Materials (BOM) of the building elements, sub-elements, and
materials was developed in a spreadsheet format (in Excel) following a hierarchical
decomposition of the buildings, in line with the tree-like building element classification
system introduced in ISO 12006-2 (Trigaux et al. 2017; ISO 2015) (Error!

Reference source not found.). The building (level 0) is subdivided to elements
(level 1, as defined in Table 3-2), and elements decomposed into sub-elements (level 2)
based on a functional approach (Error!

Reference source not found.).

Different building materials, composites, or processes (level 3) create these sub-elements.
Each of the levels is connected via a ratio, representing the quantity of the sub-level.
element classification method and the tree-like structure. The element classification
system is needed to identify the most relevant impact categories, life cycle stages and
building elements. This approach enhances the robustness of the study by simplifying the
treatment of the magnitude of materials and elements involves in the building and keeping
an accurate account of the material inputs, processes, and applicable assumptions at each
life cycle module.
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Figure 3-2: Adapted framework for hierarchical de-composition (classification) of buildings
according to ISO 12006-2 (Trigaux et al. 2017; ISO 2015).

Categorisation of project inventory is a crucial step as it involves an early decision
that would limit how the building impacts will be dividable at the end of the study. For
example, it is important to decide what extent of breakdown is needed for the study of the
structural elements such as the building frame or whether the impacts per space or use
type (such as laboratories or communal spaces) is of interest. The RICS guide requires
substructure and superstructure (frame, upper floors, roof, and stairs) to be reported for
whole life carbon assessment as a minimum requirement (RICS 2017). For this study, the
RICS guide’s recommendation was followed and it was decided that breakdown of the
environmental impacts per space use type was not in line with the project objectives.
The LCI built in Excel was then used to input the building data to SimaPro
software and create the LCA model for Oriam and Lyell.
3.5.2.1

Data Sources
To develop the project’s BOM, specifications and quantities of building elements,

sub-elements and materials were required. The complexity of performing an LCA at a
building level replicates on the sources of data available to build the LCI. Detailed project
documentation was collected including the BIM files; architectural, structural, and
building services drawings and specifications; project progress reports; minutes of
meetings; price schedules; energy analysis models; and BREEAM and Soft Landings
documentation such as Life Cycle Cost reports. In both projects, limited construction
stage information, such as the projects material delivery, waste handling and energy use,
was available. Only the information reported for BREEAM was available including
construction site energy and water consumption and Site Waste Management Plan.
These documents were reviewed rigorously to extract the data required to develop
a flow diagram of processes, materials, components involved in each life cycle module
that was within the scope of LCA study. These include upstream (extraction,
transportation, production, and construction), use (repair, maintenance, replacement), and
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downstream (deconstruction, transportation, and disposal) energy and mass flows in
terms of input and output quantities and emissions.
The RICS guideline (RICS 2017) suggests using the following sources in order
of preference: materials delivery records, BIM files, BOM or cost plan, estimations from
consultants’ drawings. These priorities are subject to availability and currency at the time
of assessment. Accordingly, quantities were taken off the BIM files, where available and
then checked and completed by architectural, structural, and building services drawings.
Both projects followed price schedules rather than BOM.
There were several information sources that contained similar or supplementary
data. For example, for the Lyell building, separate structural foundation, architectural,
and building services BIM files were available (Error! Reference source not found.).
Some elements such as the retaining walls were present in both foundation and
architectural models. Therefore, to avoid double counting, all the elements and materials
were vigilantly cross-checked with the drawings. The superstructure and building frame
BIM files were not available. Moreover, the Lyell BIM files included limited attributes
of the elements, meaning that information about the characteristics of some materials or
sub-elements was not defined and some elements such as insulations and finishes were
not included in the BIM files. The missing data was extracted from manufacturer
datasheet and as-built drawings and specifications.

Figure 3-3: The graphical representation of the foundation, architectural, and building services
models of the Lyell building (from left to right)

In the case of Oriam, only structural BIM model (Error! Reference source not
found.) was available, hence the architectural and building services information was
extracted from other project documentation including drawings, specifications, and
manufacturer datasheets.
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Figure 3-4: The graphical representation of the structural model of the Oriam building; The left
picture shows the bird-eye view of the existing and new structures and the right picture shows the
East elevation

3.5.2.2

Databases
PEF Guide requires the use of specific (or primary) data for foreground processes,

which refers to the processes under direct operational control of the producer. In
buildings, all products are procured from elsewhere; therefore, the PEF4Buildings project
interpretation is adopted that assumed the use of specific data (even though not yet
available) would not be mandatory for assessments at the building level (VITO, KU
Leuven, and TU Graz 2018).
At the time of the study, there were (and still are) no databases that comply with
the PEF method, facilitate applying the CFF formula and allow modelling as per both the
PEF and CEN requirements. The generic ecoinvent 3.3 database was therefore adapted
and used. The ecoinvent allocation, cut-off by classification database is suitable for this
study because of its underlying philosophy, which is based on the Recycled Content, or
Cut-off, approach, and is fully compliant with the EN 15804:2012+A1:2013 standard
(CEN 2013) and is adaptable to the PEF guide (EC 2017a).
In ecoinvent, A1 to A3 modules are reported jointly as Product stage, which needs
to be split to differentiate between modules and implement the CFF formula in A1 and
A2 modules. Therefore, following the example of PEF4Buildings project that was
conducted under the approval of the PEF commissioner (VITO, KU Leuven, and TU Graz
2018), the ecoinvent datapoints were split from the material input (virgin and recycled
content) to build a module-based database compliant with the PEF and CEN approaches.
The CEN standards describe the modelling principles without offering a
calculation formula (CEN 2011, 2013). Hence, the CFF formula from the PEFCR
Guidance Document v6.3 (EC 2017a) was rearranged as per the CEN modelling
principles, presented in Table 3-4, to evaluate and compare the life cycle environmental
impacts of the Lyell and Oriam buildings using both LCA methods.
Table 3-4: CFF formula from PEFCR Guidance Document (EC 2017a) and proposed formula for
CEN CEN EN15804 / EN15978 standards

Module

PEF – CFF formula

CEN/TC 350 – Suggested Formula
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A1

A2

(1-R1) 𝗑 EV + (1-A) 𝗑 R1 𝗑 EV 𝗑 𝑄𝑆,in/𝑄𝑃

(1-R1) 𝗑 EV

+ R1 𝗑 Erecycled – (1-A) R1 𝗑 Erecycled

+ R1 𝗑 Erecycled

(1-R1) 𝗑 Efreight 𝗑 Distv 𝗑 URv + (1-A) 𝗑 R1

(1-R1) 𝗑 Efreight 𝗑 Distv 𝗑 URv

𝗑 𝑄𝑆,in/𝑄𝑃 𝗑 Efreight 𝗑 Distv 𝗑 URv
+ R1 𝗑 Efreight 𝗑 Distrecycled 𝗑 URrecycled– (1-A)
𝗑 R1 𝗑 Efreight 𝗑 Distrecycled 𝗑 URrecycled
C2

+ R1 𝗑 Efreight 𝗑 Distrecycled 𝗑 URrecycled

+ (1-A) 𝗑 R2 𝗑 Efreight 𝗑 DistrecyclingEoL𝗑

+ R2 𝗑 Efreight 𝗑 DistrecyclingEoL𝗑 URrecyclingEoL

URrecyclingEoL

+ R3 𝗑 Efreight 𝗑 DistER 𝗑 URER

+ (1-B) 𝗑 R3 𝗑 Efreight 𝗑 DistER 𝗑 URER

+ (1-R2-R3) 𝗑 Efreight 𝗑 DistD 𝗑 URD

+ (1-R2-R3) 𝗑 Efreight 𝗑 DistD 𝗑 URD
– (1-A) 𝗑 R2 𝗑 𝑄𝑆,out/𝑄𝑃 𝗑 Efreight 𝗑 Distv 𝗑
URv
C3-C4

+ (1-A) R2 𝗑 ErecyclingEoL

C3 = + R2 𝗑 ErecyclingEoL

– (1-A) R2 𝗑 E*V, out 𝗑 𝑄𝑆,out/𝑄𝑃
+ (1-R2-R3) 𝗑 ED
+ (1-B) R3 𝗑 EER

if efficiency>60%

C4 = + R3 𝗑 EER

if efficiency<60%

+ (1-R2-R3) 𝗑 ED

– R3 𝗑 (LHV 𝗑 XER,elec 𝗑 ESE,elec + LHV 𝗑
XER, heat 𝗑 ESE,heat)
D

+ R3 𝗑 EER

Not Applicable – Reflected in the
relevant module ↑

Before product has reached the ‘end-ofwaste’ state
– R1 𝗑 (Erecycled– EV 𝗑
𝑄𝑆,in/𝑄𝑃)

+ R1 𝗑

𝑄𝑆,in/𝑄𝑃 𝗑 Efreight 𝗑 Distv 𝗑 URv – R1 𝗑 Efreight 𝗑
Distrecycled 𝗑 URrecycled– R2 𝗑 𝑄𝑆,out/𝑄𝑃 𝗑 Efreight 𝗑
Distv 𝗑 URv
+ R2 𝗑 (ErecyclingEoL–E*V, out 𝗑 𝑄𝑆,out/𝑄𝑃)
– R3 𝗑 (LHV 𝗑 XER,elec 𝗑 ESE,elec + LHV 𝗑 XER, heat
𝗑 ESE,heat)
After product has reached the ‘end-ofwaste’ state
Parameters are defined in line with the PEFCR Guidance Document:
A = allocation factor of
burdens and credits
between supplier and
user of recycled
materials
B = allocation factor of
energy recovery
processes
R1 = proportion of
material in input to

Efreight = emissions
and consumedresources arising
from a unit (e.g.
1kg.km) of freight
transport

Ev = emissions and consumed-resources
arising from acquisition and processing of
virgin material

Dist = Distance

E*v = emissions and consumed-resources
arising from acquisition and preprocessing of virgin material assumed to

Erecycled = emissions and consumedresources arising from recycling of
recycled (reused) material

UR = Utilisation
Ratio
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production that has
been recycled from a
previous system

Qp = quality of
primary or virgin
material

R2 and R3 =
proportions of material
in product that,
respectively, will be
recycled (or reused) in
another system and will
be used for energy
recovery at EoL

Qs,in = quality of
ingoing secondary
materials at the point
of substitution

M = amount of material
flow
Q = quality of material
flow

be substituted by recyclable materials at
EoL

Qs,out = quality of
outgoing secondary
material at the point
of substitution

Erecycling,EoL, EER, and ED = emissions and
consumed-resources arising from,
recycling process, energy recovery
process, and disposal of waste material
(without energy recovery) at EoL,
respectively
ESE,heat and ESE,elec = emissions and
consumed-resources that would have
arisen from the specific substituted energy
source, heat and electricity, respectively

LHV = Lower
Heating Value of
material used for
energy recovery

‘XER,heat’ and ‘XER,elec’ = efficiency of
energy recovery process for heat and
electricity

In Table 3-4, ‘A’ is the “allocation factor of burdens and credits between supplier
and user of recycled materials” (EC 2017a). For waste types with low market demand,
e.g. timber products, A has a high value, e.g. 0.8, to promote more use of the material as
recycled-content. On the other hand, for waste types with high market demand, e.g.
metals, A has a low value, e.g. 0.2, to focus on designing for recyclability and reward the
supplier. When there is a relative equilibrium between offer and demand or the market
has not been studied yet, a default 50-50 value is considered. Similarly, ‘B’ is the
“allocation factor of energy recovery processes” (EC 2017a). It currently is assumed as
1 for all waste types. All the other parameters are defined in Table 3-4.
In rare cases, where ecoinvent did not include a data-point, the ELCD v3.2,
ecoinvent system processes, and Industry data 2.0 datasets were used. Industry data 2.0
dataset, which was used to model plastics such as PMMA, was collected by industry
associations, such as Plastics Europe. Efforts were made to use the latest versions of the
reference database. For instance, Electricity mix of United Kingdom from ELCD
database was used as the closest representative where the operation takes place. The
ecoinvent database for recycling at the EoL is limited. For example, all recycling
processes under ‘Waste Treatment’ are empty; therefore, recycling at EoL datasets was
developed as per Table 3-5, following the example of the PEF4Buildings project (VITO,
KU Leuven, and TU Graz 2018).
Table 3-5: Modelling approach for recycling at the EoL (Erecycling,EoL)

Name

Amount per kg

Unit

INPUT
Handling in sorting
plant

1/density of
m3
specific material
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Dataset used for modelling
Excavation, hydraulic digger {RER}|
processing | Alloc Rec, S

Electricity for
mechanical sorting
Diesel burned in the
sorting machine
Infrastructure sorting
plant
OUTPUT
Emission in sorting
plant

3.5.3

0.0022

MJ

0.602

MJ

1.00E-10

piece

0.00792

MJ

Electricity mix, AC, consumption
mix, at consumer, < 1kV GB S
Diesel, burned in building machine
{GLO}| processing | Alloc Rec, S
Sorting facility, for construction waste
{CH}| sorting facility construction,
for construction waste | Alloc Rec, S
Heat, waste Ecoinvent elementary
flow

Life Cycle Impact Assessment (LCIA) and Interpretation
As described in section Error! Reference source not found., the EN 15804

standard is aligning its LCIA approach with the EF method, considering ten core and six
additional environmental impact categories. To be able to compare the results of both
methods, the EF LCIA approach, the same environmental indicators and characterisation
factors were used. The considered environmental indicators are listed in Table 2-3. The
environmental impacts of Lyell and Oriam case-study buildings were assessed using the
EF Method v1.07, and results are evaluated at the level of the characterised values, as
well as normalised and weighted values. EC-JRC Global normalisation factors in 2010
for EF 2017 method per person and weighting set of PEFCR Guidance v6.3 with toxicity
categories, presented in Table 3-6, were used (EC 2017a; Sala et al. 2017). Long-term
emissions (occurring beyond 100 years) were excluded as per PEFCR guidance (EC
2017a).
The characterised LCIA results were calculated at the building level revealing the
share of different life cycle stages; the life cycle stage level, where the contribution of
building elements and materials was studied; and the element level, indicating the
contribution of each material. The characterised LCIA results were exported to
spreadsheet files for normalisation, weighting and hotspot analysis. The hotspots were
identified following the rules of the PEFCR Guidance document v6.3 (EC 2017a). The
hotspots are the most relevant environmental indicators, life cycle stages, building
elements and construction materials. Due to the presence of negative and positive values
in the results, the summation would cancel out some of the outcomes; therefore, to avoid
any distorted perception of the total results, the PEF Guidance requires the absolute
normalized and weighted results to be used for identifying the hotspots.
The most relevant impacts in each grouping must cumulatively contribute to at
least 80% of the total environmental impacts. If the contribution of the use phase is more
than 50%, the analysis was repeated excluding that hotspot to identify the other relevant
groups. First, the most relevant environmental indicators are identified, and then for each
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one of the most relevant indicators, the most relevant life cycle stages, building elements,
and construction materials (as processes at different levels of detail) are determined. The
results are evaluated and interpreted with and without the toxicity indicators, i.e. FETP,
HTP-c, and HTP-nc, as required by the EF method (EC 2017a) (see section Error!
Reference source not found. for more details) to distinguish the influence of inclusion
of these environmental categories.
Table 3-6: Environmental indicators, normalization and weighting factors as per PEFCR guide
(Sala et al. 2017; EC 2017a)

Environmental Indicator
Climate change
Ozone depletion potential
Ionising radiation-human health, HH
Photochemical ozone formation, HH
Respiratory inorganics / Particulate matter
Human toxicity, non-cancer
Human toxicity, cancer
Acidification potential of terrestrial (soil) &
freshwater
Eutrophication – freshwater
Eutrophication – marine
Eutrophication – terrestrial
Ecotoxicity freshwater (aquatic)
Land use
Water scarcity / Resource use – water
Resource use, energy carriers / fossils
Resource use, mineral and metals / non-fossil

GWP
ODP
IRP
POFP
PMFP
HTP-nc
HTP-c
AP
FEP
MEP
TEP
FETP
LU
WRD
RD-E&F
RD-MM
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Normalization
8.40E+03
2.34E-02
4.22E+03
4.06E+01
7.18E-04
4.75E-04
3.85E-05

Weighting
0.2106
0.0631
0.0501
0.0478
0.0896
0.0184
0.0213

5.55E+01

0.062

7.34E-01
2.83E+01
1.77E+02
1.18E+04
1.40E+06
1.15E+04
6.53E+04
6.36E-02

0.028
0.0296
0.0371
0.0192
0.0794
0.0851
0.0832
0.0755

| Case-Study Projects Overview
This chapter introduces the case-study projects. Figure 4-1 shows Oriam and the
Lyell buildings during construction against their initial architectural impressions. Both
projects are housed on Heriot-Watt Campus in Edinburgh, Scotland. Table 4-1 lists their
size and use type, procurement method, and BREEAM, BIM, and Soft Landings goal and
achievement.

Figure 4-1: The architectural models and pictures of the case-study buildings during final stages of
construction in Jan 2016: Oriam (the top row) and the Lyell Centre (the bottom row)
Table 4-1: Description of the case-study buildings and use of BREEAM, BIM, and Soft Landings

Oriam

Lyell

Building Use Type

Leisure Building (Sport Facility):
gym, games hall, café, 3G pitch,
offices

Educational Building: open
plan offices and laboratories

Procurement
method

Design and Build

Design and Build

Project Budget

£33m

£15m

GIA [m2]

7610 (+ 8600 3G pitch)

5571

Conditioned Area
[m2]
(based on EPC)

81.9% conditioned area: 6226

96.1% conditioned area: 5355

North Building:
4123

South Building:
2103

Building Lifespan

60 years

BREEAM

2011 New Construction,
Other Buildings
Concept stage target: Very Good
Achieved: Good

2011 New Construction,
Education
Concept stage target:
Excellent
Achieved: Excellent

BIM

BIM Level 1 - 2

BIM Level 1 - 2

Soft Landings

Complete implementation

Only initial familiarisation
workshop
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4.1

The Oriam Sports Centre
Oriam is the National Performance Centre for Sport for Scotland, located in

Riccarton, Edinburgh. Oriam was developed through innovative design to function as one
building by merging with existing facilities built in the 1970s and 1990s. There is a listed,
rectangular-plan, red-brick wall on-site, built in earlier 19th century, that is courteously
incorporated into the design (Figure 4-2). The new facilities occupy two discrete
adjoining buildings to cater for elite athletes and the general public for sports coaching
and sports medicine for a wide range of sports including football, rugby, volleyball,
squash, netball, handball, athletics, badminton and basketball. These two buildings are
housed on the two lengths of a large outdoor 3G pitch that is used for football and rugby,
as shown in Figure 4-3 and Figure 4-4, and are connected with a long corridor along the
width of the pitch.
The North building comprises a reception area, main corridor, office, changing
rooms, indoor games hall (nine-court sports hall), fitness suite (gym), café and kitchen
bistro. The South building includes physiology laboratory and hydrotherapy facility,
high-performance strength and conditioning facilities, two open plan offices for
governing bodies, meeting rooms, and changing areas (Figure 4-2). Oriam’s total area is
16 thousand square meters approximately, with 6225 square meters of heated area. Oriam
was built in less than two years and started operation in August 2016. The procurement
method was a two-stage Design and Build.

Figure 4-2: Oriam facilities shown in pictures from top right to bottom right: 3G Pitch and roof,
nine-court sports hall, main corridor and listed wall in the North building, meeting room in the south
building, and arched roof and glazed façade.
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7m

The Oriam North Building

The Oriam South Building

7m

Figure 4-3: The Ground floor architectural layout of the two operational sections of the Oriam
facilities, known as the North and South buildings, which are connected with a long corridor along
the 3G pitch.
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7m

The Oriam North Building

The Oriam South Building

7m

Figure 4-4: The First floor architectural layout of the two operational sections of the Oriam facilities, known
as the North and South buildings, which are connected with a long corridor along the 3G pitch.
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7m

Figure 4-5: The architectural section drawing of the Oriam facilities (facing Southeast). The 3G pitch football
hall’s roof behind the 2-leveled North building provides a sense of scale.

4.1.1

Oriam Client Brief Performance Objectives
“Oriam project is intended to be an inspirational, excellent sporting facility for

the local community and sports clubs and in fact for the whole country.”
The Design Brief for National Performance Centre for Sports Scotland
The overall aim of the project as per the client brief was to create an inspirational
national facility for athletes, coaches and support staff, students and the public whilst
minimising operational and energy costs. The Soft Landings process was followed in all
stages of the project to ensure the appropriate design, to help the occupiers have a better
understanding of their building and the facility managers can operate its systems, and
lastly, to achieve the best possible building performance, including energy efficiency and
occupant satisfaction.
The key aspects of the client brief concerning the building services and
environmental design were:
•

A low energy design and consumption in operation to be achieved

•

A high-quality sporting environment to be provided for the elite athletes

•

Good quality daylight and acoustics to be provided in all activity spaces

•

Ventilation and lighting to be controlled to suit variable occupancy and
activities.

•

Integration with campus systems to be included.

•

Thorough engagement with the operators and FM team throughout the
process.

•

Separate supplies and plant equipment to both buildings for added resilience.
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4.1.2

Oriam Internal Environmental Conditions Design Parameters
Oriam’s Concept Design (Stage C) report defines the parameters used for

designing the heating, cooling, mechanical and natural ventilation systems to allow
internal set points within the limits that are suited for the relevant activity and occupant
preference. These parameters are presented in Error! Reference source not found.. For
naturally ventilated spaces, where ‘Nat. Vent’ is indicated for the Maximum Summer
Design Temperature, the space was designed to meet the peak summertime temperatures
recommended by CIBSE to deliver a reasonable level of comfort.
Table 4-2: Oriam’s heating, cooling and ventilation systems and artificial light levels design
parameters
Room Type

Max Winter
Design
Temperature

Max Summer
Design
Temperature

Occupancy Ventilation
Rate

Artificial
Light Levels
(lux)

Sports Hall – sport

18oC

Nat. Vent.

36

30 l/s/person

750 - 1500

Sports Hall – event

21oC

Nat. Vent.

1000

10 l/s/person

300

Indoor 3G pitch

Unheated

Nat. Vent.

N/A

uncontrolled

250-500

Changing rooms

24oC

Uncontrolled

N/A

6-10 ach/hour 150

Fitness suite

19oC

21oC

100

30 l/s/person

500

Strength & Conditioning 19oC

21oC

20

30 l/s/person

500

Physiotherapy

22oC

24oC

14

10 l/s/person

300

Café

23oC

Nat. Vent.

100

10 l/s/person

300

Kitchen

18oC

Uncontrolled

N/A

40 ach/hour

500

Offices

22oC

Nat. Vent.

1 per 10m2 12 l/s/person

300

Circulation

21oC

Nat. Vent.

N/A

uncontrolled

150

Hydrotherapy Pool

35oC

35oC

N/A

10 l/s/m2

300

4.1.3

Oriam Construction
The building foundation comprises piles and caps and some ground beams around

the floor. The pile type is rotary bored cast in-situ. The superstructure is constructed in
steel framing with cast in-situ concrete floor slabs and some precast concrete staircases
and spectator seating area for the 3G pitch. External walls are built up in mostly doubleglazed curtain walling, insulated metal stud partition with wall-board, and blockwork.
Internal walls are mostly made of plasterboard on metal framing; painted blockwork; and
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glazed partition, with timber doors. Ceilings are a mixture of metal framed with
plasterboard and lay in grid ceilings.
The 3G pitch roof is a specific PVC fabric with steel structure, shown in Figures
4-5 and Figure 4-6. The project Concept Design report states the importance of Oriam
building possessing a memorable character, as the National Performance Centre.
Therefore, several researches shaped the final design of the roof over the football and
sports halls. Oriam like most of the full-sized indoor pitches such as Man United, St
Georges, and Aberdeen Sports Village, has arched primary and secondary structure.
Various roof coverings examples were considered: ETFE (at Tottenham Hotspur), PVC
coated polyester fabric (St Georges Park) and PVC fabric (Sunderland). A lightweight
PVC fabric that allows natural light, while providing a particularly attractive roof form
was selected for Oriam. Specialised consultants carried out optimisation analysis to
balance between daylight, ventilation and summer overheating in the 3G pitch and the
five-courts sports hall by changing the roof transparency and the ventilation openings.
Instead of a traditional indoor sports hall with no daylight, this project introduces natural
daylight to all spaces and sports halls to save energy and create a more pleasant
environment.

Figure 4-6: Oriam 3G Pitch and roof (left), and the listed wall along the main corridor in the North
building (right)

4.1.4

Oriam Systems
This part describes Oriam’s mechanical and electrical systems, which are also

included in quantification of environmental impacts of the building, along with Oriam
materials construction.
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Heating:
Heating is provided by three modular wall-hung gas-fired boilers in each building,
as shown in Figure 4-6. The gas boilers have 120 kW output each (at 80/60 flow/return)
and are configured in a 2 duty/assist and 1 standby arrangement to provide increased
resilience. The gas boilers heat a low-temperature hot water (LTHW) network that is fed
through the radiators and network of pipes underneath the flooring to provide underfloor
heating that is controlled through the BMS. The underfloor heating network covers the
games hall, changing rooms, reception, and main corridor in the north wing and corridors
of the south wing. Stairwells and common areas such as toilets are heated with radiators
and local control. Two over door air curtains are installed at the two ends of the main
corridor in the north building (shown in Figure 4-6.
Air Source Heat pumps provide heating and cooling via fan coils and Air
Handling Units (AHUs) to the fitness suite, strength and conditioning gym, café and
offices in both buildings. These spaces have local control override that can be used to
change the temperature setpoint for space.

Figure 4-7: Oriam Gas Boilers in Plant room (left picture) and Air Curtain (right picture)

Ventilation:
A mixture of natural provides ventilation (for the sports hall, circulation, etc.) and
mechanical ventilation with heat recovery (for fitness suites, café, offices, changing
rooms). The mechanical ventilation and cooling are provided by the heat pumps via fan
coils and Air Handling Units (AHUs) and enters the spaces through grilles in the ceiling.
Even though the 3G pitch is an outdoor space, it has a roof cover, and thus there are
provisions of natural ventilation on the long sides of the pitch through fixed horizontal
openings that are carefully located to minimise draughts.
There are also openings installed on the roof of the sports hall and main corridor
that open if the indoor temperature or CO2 level goes above a threshold and there is no
precipitation outside to provide natural ventilation (Figure 4-7). Actuators linked to the
BMS controls these roof vents. Office spaces and the meeting rooms in the south wing
have windows that can be opened to provide natural ventilation.
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Figure 4-8: Roof Vents in the court hall and main corridor in the North building operate with CO2
and temperature as well as rain sensors.

Cold Water:
Two water supplies from the existing mains enter the south and north buildings
through the isolation valves, feeding the storage tanks inside the plantrooms on the roof.
The stored potable water is then distributed to all areas via a cold-water booster unit.
Domestic Hot Water Services:
The gas boilers and buffer vessels also provide domestic hot water. The boosted
cold-water system feeds the hot water generation plants.
Lifts:
Oriam has two passenger lifts, one located in each building.
Lighting:
In Oriam, daylight has been maximised through large areas of glazing and
rooflights throughout the building. A combination of metal halide (3G pitch and external),
LED (general lighting and external), and fluorescent (sports hall and general lighting)
fittings provide the artificial energy efficient lighting. Internal lighting is controlled by
occupancy and daylight sensors. The office spaces have a lighting control override panel
allowing the users to adjust the lighting level of the space or to switch off completely.
There is also a lighting control panel by reception allowing override in all spaces to suit
the sporting activity. The luminaires and controls of external areas including the 3G pitch
are not included within the scope of this study.
LV Power and Distribution:
From the Main Switchboards, the electrical supply is distributed by a number of
PVC sheathed AWA single-core XLPE-insulated copper cables to supply various panel
boards, distribution boards and mechanical plant. LV distribution submains within the
building are LSZH sheathed SWA multicore XLPE-insulated copper. Small power
distribution comprises strategically located 13A sockets.
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4.2

The Lyell Centre
The Lyell Centre for Earth and Marine Technology (Figure 4-1) was completed

in February 2016. This project also adopted the Design and Build form of contract. Lyell
is 5,571 square meters. As Figure 4-8 to Figure 4-11 show, the building has an L-shape
structure and consists of two wings (North and South) that are operated independently
and share a common core comprising reception, meeting rooms, and rest areas and a few
facilities such as the bicycle storage and changing rooms in the basement. The building
layout was designed to the most efficient model determined by the fire escape and natural
ventilation limits.
Figure 4-8 to Figure 4-11 shows the architectural floor layouts of the Lyell
building. The North wing includes three levels of open-plan offices that were fully
occupied since building construction completion. A tall staircase connects the three levels
to allow for natural cross-flow ventilation (Figure 4-12). The South wing floors have
different layouts and function independently, accommodating laboratories, technical
functions, an aquarium, and open plan, shared and semi-cellular workspaces. The internal
construction work in this wing continued for almost a year and during this time only the
ground and second floors were scarcely occupied.

Figure 4-9: Lyell building facade and different internal spaces shown in pictures from top left to
bottom left: lecture room, brick and glazed façade, tall staircase connecting floors in the North wing,
south façade, open-plan office in the North wing, lounge area.
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The Lyell North Building

7.75
m

The Lyell South Building

7.2m

Figure 4-10: The ground floor architectural layout of the two independent wings of the Lyell building,
known as the North and South buildings, which share facilities on a common core.
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Section view
Figure 4-13
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m

Section view
Figure 4-14

7.2m

Figure 4-11: The First floor architectural layout of the two independent wings of the Lyell building,
known as the North and South buildings, which share facilities on a common core.

Section view
Figure 4-13
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m

Section view
Figure 4-14

7.2m

Figure 4-12: The Second floor architectural layout of the two independent wings of the Lyell
building, known as the North and South buildings, which share facilities on a common core.
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Section view
Figure 4-13
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m

Section view
Figure 4-14

7.2m

Figure 4-13: The lower ground floor architectural layout of the Lyell building, housing the bicycle
storage, changing rooms, and plant room.

Figure 4-14: The architectural section drawing of the Lyell North building, facing Northwest,
showing the 3 level open-plan offices connected with an internal staircase.
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Figure 4-15: The architectural section drawing of the Lyell South building, facing Northeast,
showing the 3 level open-plan offices and the lower ground floor.

4.2.1

Lyell Client Brief Performance Objectives
The Lyell project team were inspired to design a signature architecture that is

complementary to existing campus development and instigates collaboration and research
integration. The project was anticipated to comprise a new building to house both the
British Geological Survey (BGS) Edinburgh staff and their support facilities, along with
equivalent HWU accommodation. The shared building was inspired to maximise
opportunities for collaborative education, research and commercial activities between
BGS and HWU at the intersection of geoscience, life science, computing, mathematics
and engineering. Accordingly, the main project objectives were:
•

Maximise possible synergies and collaboration between BGS and HWU.

•

Deliver the project within the agreed budget and timescales.

•

Provide a fit-for-purpose accommodation for the BGS and HWU staff.

•

Provide a sustainable solution that achieves a BREEAM ʻExcellentʼ rating.

•

To have an ʻAʼ rated EPC and subsequent DEC.

•

To have a 60-year life.

•

To be sufficiently versatile and readily adaptable for a variety of office-based
uses over its lifespan.
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4.2.2

•

New accommodation to meet government space efficiency standards.

•

Provide an appropriate allocation plan for BGS archive and collections.

Lyell Construction
The Lyell building is four storeys, three above ground and one lower ground

containing an aquarium; CT rooms; heating plant room; bike and locker stores; shower
and changing areas; lobby and stair. The ground floor comprises of the reception area;
stairs; toilets; tea room; open plan offices; meeting rooms and laboratories. The first and
second floors have similar layouts, covering laboratories, meeting rooms, and open plan
offices.
The building sits on ground beam foundations with some retaining structures
required around the lower ground floor. The Lyell Centre superstructure is constructed in
steel framing with traditional, cast in-situ concrete floor slabs. The main frame includes
primary and roof beams, columns, tie beams and edge beams. External walls are built up
in SFS and clad in fair-faced brickwork. Windows are generally a curtain walling system.
The roof is a liquid plastics system on tapered insulation to give falls to the gutters and a
1100mm high parapet all round. Internal walls are generally plasterboard on metal
framing with timber doors. Ceilings are a mixture of metal framed with plasterboard and
lay in grid ceilings.
4.2.3

Lyell Systems
Lyell’s mechanical and electrical systems are defined in this section. These

systems are included within the scope of project LCA.
Heating and Cooling:
The building is served by a combination of three gas-fired mini-CHP engines and
five modular wall-hung condensing boilers (Figure 4-13). Each mini-CHP engine has 30
kW electric and 60 kW thermal outputs. The condensing boilers have 120 kW output each
(at 80˚C input flow and 60 ˚C return) and are configured in a 4 duty/assist and 1 standby
arrangement to provide increased resilience. A Low-Temperature Hot Water (LTHW)
System supplies the heat to the Building via low loss flow/return headers, to local pump
circuits. Other systems associated with the LTHW comprise packaged pressurisation units
and a water treatment system.
This hot water is provided to the underfloor heating system in the north wing;
radiators in the common stairwell and the south wing; and air curtains at the reception
entrance. Apart from the underfloor heating that is controlled through the BMS, the rest
of the systems have local controls.
108

The two 200kW Chillers on the roof provide chilled water for space cooling, via
fan coils only to the south wing’s first and ground floors, operating at a constant
temperature with variable volume depending on conditions. Fan coil cassettes are
installed throughout the mechanically cooled areas.

Figure 4-16: Condensing Boilers (left picture) and Mini-CHP Engines in plant room (right picture)

Ventilation:
Extensive, advanced methods of ventilation are used within the building for
different reasons including the occupant’s fresh air need and odour dilution, as well as
comfort conditioning. The Lyell building benefits from abundant natural ventilation via
operable windows and windcatchers. Windcatchers operate a night-time cooling regime,
besides drawing in fresh air when the internal temperatures or CO 2 levels exceed agreed
safety limits and are monitored and set by the BMS. The mechanical ventilation systems
used in the building include extract fans, Air Handling Units (AHU), and night purge
ventilation. AHUs also provide first stage comfort cooling through an adiabatic heat
exchanger.
Cold Water:
The potable water supply enters through the main building isolation valve and
terminates in the tank room to serve the storage tank. The water storage is split into two
equally sized tanks. Cold water booster set distributes the cold water around the building
to appliances.
Domestic Hot Water Services:
Domestic hot water is generated using plate heat exchangers and buffer vessels.
The boosted cold-water system feeds the hot water generation plant.
Lifts:
The Lyell building has three passenger lifts, located in the core and the two ends
of each wing, serving the three floors of the building.
Lighting:
The lighting system consists of a range of luminaries with different controls
including manual switching, dimming, and local control. Open-plan offices lighting is
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controlled by a manual switch, as well as presence detection and daylight sensors.
Corridors, toilets, and changing rooms are controlled by presence detection.
Photovoltaic Panels (PV):
As shown in Figure 4-14, 32 x 250W Solar Photovoltaics panels (PV) absorb and
convert sunlight into electricity. A solar inverter converts the electric current from DC to
AC, the amount of which can be read on the Generation Meter. It then passes through an
Isolator and into the main consumer unit which connects to the Utility Meter. Other
components include mounting and cabling. This should generate an annual expected yield
of 6,983kW. The array is located on the roof of the North Wing.

Figure 4-17: Solar Panels on the roof of the North wing

LV Power and Distribution
The Main Electrical supply originates from the External HV Transformer that is
not part of the scope of this study. From the Main Switchboard, Steel Wire Armoured
(SWA) XPLE cables are distributed strategically around the building to supply various
panel-boards, distribution boards and mechanical plant.
Small power distribution comprises many 13A sockets, installed for all types of
electrical appliances, and Perimeter Dado Trunking. The Dado Trunking are installed
throughout the office areas to allow scope for changes to office spaces.
The Structured Cabling System is a fully integrated cabling system that provides
connectivity for the fixed data network, Wi-Fi System, telephone system, BMS, and
security systems (CCTV, Intruder Alarm, Systems & Accessible Toilet).
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| Results
This chapter presents the results of the evaluations of the case-study projects and
the influence of BREEAM, BIM, and Soft Landings on them. Firstly, it describes the
extent of use and benefits of the tools and their role during the design, construction,
handover, and operation of the Lyell and Oriam buildings. Next, it describes the findings
about the limitations in applicability of the tools to different project and building types.
This chapter proceeds with describing the drivers for successful projects that the
BREEAM, BIM, and Soft Landings tools fail to address. The next two sections of the
chapter present the results of building performance assessment from the perspective of
occupiers, and life cycle environmental impacts, respectively.
5.1

The Results of Semi-Structured Interviews and Project Documentation
Review
Eighteen stakeholders who were involved in the design, construction, and

operation of the Lyell and Oriam case-studies were contacted for semi-structured
informal interviews. With 78% positive response rate, fourteen interviews were carried
out in summer of 2016. Out of the 14 interviewees 5 were female and 9 were male. The
interviewees included the architects, structural, mechanical, and electrical designers,
quantity surveyors, senior project managers, project clients, contractors (site managers),
chief executive and facilities managers, BREEAM assessors, and Soft Landings
champions of the Oriam and Lyell buildings. Respectively, 6, 3, and 5 people had 10
years or less, 11 to 20 years, and more than 20 years of work experience. This section
presents the data collected via these interviews along with reviews of case-study projects’
documents.
To assess how comprehensive and empowering the tools are for efficiently
designing and delivering buildings, the responses are reported in three sections. Firstly,
the extent of use of the tools and their role during the design, construction, handover, and
operation of the case-study buildings are presented. Secondly, the extent of applicability
of the tools to different project types is questioned. Lastly, the results concerning how
empowering the tools are and the real-world driving factors for project’s success in using
the tools are presented.
5.1.1

Extent of Use of the Tools: Gaps in Project Life Cycle Stages
The BREEAM, BIM, And Soft Landings tools were not consistently used

throughout the projects’ duration. The period of time and level that the tools were used in
the design and delivery process of the Oriam and Lyell case-studies was identified
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through the review of project documents and interviewee responses. Figure 5-1 shows the
stages of Oriam and Lyell design and delivery process that BREEAM, BIM, and Soft
Landings tools were used based on the structure of the RIBA Plan of Work (RIBA 2013),
which was followed in the projects.
Oriam’s first BREEAM ‘Pre-assessment’ was carried out at the early concept
design stage, while Lyell’s BREEAM consultants were appointed at the very start since
it was a requirement from one of the end-user clients. BREEAM scope is largely focused
on the design and construction stages and very few credits are assessed at the handover
and use stages (see Figure 5-1). Both Oriam and Lyell specified BIM level 2 without
listing obligations. BIM was used by the design teams; however, construction was as per
the drawings and specifications and not the BIM files. BIM model was later updated for
the Lyell building according to the as-built information and was provided to the facility
managers (hence the dashed orange line in Figure 5-1). The Soft Landings Champion was
involved in the Oriam project from project brief. In the Lyell project, Soft Landings was
cut out of the project scope although it was initially pursued, and a workshop was carried
out by the contractors after appointment.

Figure 5-1: The extent of use of BREEAM, BIM, and Soft Landings throughout the design and
delivery lifespan of the Lyell and Oriam projects as per the RIBA Plan of Work (RIBA 2013)

5.1.1.1

BREEAM
The conditions of the Oriam project funding award at the Preparation and Brief

stage (RIBA stage 1) did not require any specific BREEAM rating. In the project
BREEAM ‘Pre-assessment’, at the early concept design stage, Oriam achieved 60.7%,
which offered a safe margin for a BREEAM ‘Very Good’ rating. Following the project
team’s recommendation, Sport Scotland who was acting on behalf of the Government
agreed to target the BREEAM ‘Very Good’ rating, which was then incorporated in the
employer’s requirement document for the contractor. However, with the first in-depth
assessment at the concept design stage (RIBA stage 2), the score dropped by 2% and as
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the design developed, the targeted score dropped below the 55% threshold of the
BREEAM ‘Very Good’ rating. Oriam achieved the BREEAM ‘Good’ certification both
at the design and post-construction stages, with 49.8% and 47.6% scores, respectively,
under the BREEAM 2011 New-Construction for fully-fitted, other building type (see
Figure 5-2). One interviewee confirmed that “the (BREEAM) rating is ‘Good’, but the
client agreed to that and was quite clear at the value engineering process that they are
willing to reduce the rating as it was not a funding requirement”.
In the case of the Lyell building, BREEAM Excellent was part of the end-user
client requirements at the appointment, at the very start. The Lyell building achieved an
‘Excellent’ rating, with 73.3% and 70% respectively, at design and post-construction
stage under BREEAM 2011 New-Construction for Education building type. Figure 5-2
and Figure 5-3 show the Oriam and Lyell projects’ BREEAM certificates and their
achieved scores in each BREEAM environmental categories. Appendix A lists the credits
that the projects targeted and achieved at design and post-construction stages.
Apart from the delayed completion of BREEAM evidence collection at the ‘PostConstruction’ stage, according to the interviewees, the BREEAM certification did not
face other hurdles in the Lyell project. One interviewee stated: “BREEAM came in at the
right stage. The only problem was that the contractor was under pressure and the design
parties did not provide the required information as quickly as they should have at the last
stages. But apart from that, BREEAM went well.” Even though the contractor was under
time and cost pressure during construction of the Lyell building, the BREEAM Excellent
rating, which was a contractual requirement, was not reduced and the associated
sustainable features were protected from elimination.
Oriam initially targeted eight points of the Energy 01: ‘Reduction of Emissions’
credit at the Developed Design (Stage 3 – RIBA Plan of Work 2013), which reduced to
zero points at the Technical Design (RIBA stage 4). This was following the elimination
of ground-sourced heat pump from the project scope and an updated energy modelling
exercise that suggested no points can be achieved. To compensate for this score-drop at
Stage 4, the project targeted additional points to keep the targeted score above 55%, the
‘Very Good’ rating threshold: ‘Waste-01: Construction Waste Management’, ‘Material03: Responsible Sourcing of Materials’, and ‘Innovation for Management-01: Sustainable
Procurement’ through committing to aftercare and monitoring of water and energy up to
3 years.
Some of the interviewees defended the low BREEAM rating of the Oriam project
by elaborating the potential reasons which resulted in low score and argued that
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BREEAM is not suited for sport and leisure facilities: “We were never going to achieve
an Excellent rating because of the nature of the building, plus the stage we were agreeing
to seek a BREEAM rating was too late of a date. But it became evident that even ‘Very
Good’ was not achievable just because of what the building is, large, heated and naturally
ventilated spaces.” According to another interviewee: “What we are trying to do is to
design the building as efficiently and ecofriendly as we can for the business. Sports
facilities do not necessarily run very environmentally friendly, as you have these big
spaces with lighting and cooling requirements and equipment. Sports halls must have a
certain type of flooring and air handling units to hold the space at a certain temperature
like 18 degrees, so people do not overheat. That is not energy efficient but has to be like
that.” It is correct that sport facilities and other leisure buildings have higher energy
demand; however, BREEAM credits are awarded based on benchmarking against similar
building use types. Thus, not achieving any BREEAM energy use improvement credit
cannot be justified by the building use type. Section 5.3 presents the findings about the
operational energy use of the Oriam and Lyell buildings in more details.

Figure 5-2: BREEAM certificates and scores of the Oriam centre at the design stage (top) and postconstruction stage (bottom)

114

Figure 5-3: Lyell final BREEAM certificate and scores details at the post-construction stage 4

Interviewees suggested that BREEAM Good had limited benefit to the Oriam
project. One interviewee stated: “I do not think BREEAM massively influenced the
project. A lot of the principles that we adopted such as high airtightness, highly insulated
external walls, natural ventilation, and a lot of the products and materials that we
were using were sort of off-the-shelf, standard products that we use anyway, as kind of
our office policy. So, BREEAM did not have a major impact in that sense.” The Oriam
designers named few BREEAM benefits for the project. “There are certain credits like
leak detection and shut-off water supplies in the toilets with occupancy sensor which are
implemented and there are some other credits that the project would get anyway like by
specifying low flow sanitary ware or metering.” Another Oriam team member added: “If
the target was BREEAM Excellent, it could have had a lot more influence on the design.”
Indeed, in the Lyell building, which achieved BREEAM Excellent rating, a
BREEAM Accredited Professional (BREEAM AP) was involved from early design stage
until construction completion (RIBA stage 1 to 6). The BREEAM AP met regularly with
all team members involved in decision making of the Lyell project to set the BREEAM
performance target, clarify responsibilities, and monitor project progress.
Given that the Lyell project targeted and achieved all the BREEAM management
credits related to the construction, handover, and aftercare and stakeholder participation,
the project could have benefited from the synergies of Soft Landings and BREEAM. The
building was planned to be commissioned based on the CIBSE commissioning codes and
BSRIA guides for basic, special, and seasonal (12-months) commissioning. Additionally,
the Lyell building targeted an ‘Exemplary Performance’ BREEAM credit for carrying out
quarterly POE, as well as energy and water monitoring for three years (Management 01:
‘Sustainable Procurement’ credit). Additionally, the project was awarded the
4

The design stage BREEAM certificate was not available for the Lyell building.
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Management 04: ‘Stakeholder Participation’ credit, which requires the client, building
occupier, design team and contractor to be involved from the Concept Design stage. In
fact, the opinion of the Lyell end-user stakeholders was surveyed at the early concept
stage to inform the design and their feedback was regularly collected post occupation.
However, there is little evidence that these feedbacks had informed the building design.
Both Lyell and Oriam buildings achieved the Energy 02: ‘Energy Monitoring’
credit for specifying submetering. Specifying a submetering strategy is needed to analyse
how major energy consuming equipment and areas are working; thus, it is another
synergy example between BREEAM and Soft Landings that Lyell building could have
benefited from. One Oriam team member referred to the submetering strategy and stated
that: “in a way, they are not in place because of BREEAM, but so we can get proper
monitoring”.
The extra costs associated with a BREEAM certification was a default
assumption for most interviewees. These comments explain: “At the design stage when
you hear that there is BREEAM Excellent, you know that the mechanical and electrical
price is going to be a lot higher and there is going to be a cost premium to achieve it.”
One Lyell project team member suggested: “Although a premium cost is often associated
to BREEAM projects, the Lyell building was a different case, as it achieved BREEAM
(Excellent) through quite passive measures, such as natural ventilation and free cooling
through windcatchers”. In fact, the Lyell building does have various modes of ventilation,
which were originally part of the design and later awarded the project with several
BREEAM points (under Energy 01 and 04 credits). However, it also achieved many of
the design stage feasibility analysis and equipment procurement type of credits such as
energy efficient elevators, laboratory, and equipment (Energy 06, 07, and 08) and
responsible sourcing of materials (Man 03 and 04). The Lyell building has PV and CHP
systems that could be considered as BREEAM-prompted features. Although it can be
argued that such systems and equipment are not uncommon in other non-BREEAM
projects and are off-the-shelf solutions, they cost additional compared to the less energyefficient and unsustainable counterparts and are protected by BREEAM target from
elimination due to cost-saving exercises.
The premium cost of BREEAM is not only about the equipment purchased for the
building, but also the significant administrative efforts required to prepare numerous
documents as evidence for the BREEAM certification audit. These comments elaborate:
“At the time when you are gathering information, it always feels like a nightmare as it
takes a lot of time. I remember the time we were discussing in the office the additional
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resources it takes up to pull a BREEAM project together. I think it was about two weeks’
worth of work. It is quite a lot of work for us to do that.” “There was a couple of
contractor’s staff who had no idea about BREEAM. When they realised how much admin
work was involved, they were shocked and did not appreciate that there was so much
work necessary.” It would be a lot easier if the administration process can be reduced and
the existing project documentation can be used for BREEAM audit process. It is hoped
that BIM can offer solutions to this issue. In BIM level 1 and 2, the BREEAM assessors
can gain access to relevant existing project evidence shared on the CDE, instead of
requesting the project documentation from different stakeholders that demands extensive
communication. BIM level 3 files can be used to automate the validation of compliance
with some of the BREEAM credit requirements, particularly during the design stage and
as-built information. Yet, the main challenge remains BIM interoperability, legal, and
liability issues that needs to be resolved.
Opinions about BREEAM were a mix of positive and negative comments, not
only between the participants but also within the comments of the same individuals. For
instance: “It sometimes feels sort of a box ticking exercise. It does have its benefits
though. It makes you think about things that would not necessarily have brought up.
Things like cycle-store that are not really set out as mandatory in the building
regulations.” It was acknowledged that it offers a holistic, overarching perspective that
ensures different aspects of sustainability are discussed: “Many people associate
sustainability with only energy and only focus on energy, whereas BREEAM makes the
project look at everything including good daylighting and ecology, so some benefit more
from it.” While appreciating the holistic perspective of BREEAM, the most common
theme of complaint against BREEAM sustainability assessment scheme was induced by
the long-standing presence of BREEAM that has created a set of expectations for
BREEAM certified projects.
For example, several of the interviewees stated that BREEAM is “not as effective
as it used to be.” A BREEAM building is expected to have an exemplary performance
compared to a building built to the current regulations. If a BREEAM certificate does not
imply a better than normal practice performance, the extra time, fees, and efforts would
not be appreciated. One interview participant stated: “Maybe ten years ago it was harder
to get BREEAM as there was a larger gap between BREEAM and building regulations.
It seems like the building regulations are caught up now. Recently many clients are not
looking into using BREEAM as much. Maybe they have stopped seeing the
benefits from it, while before it was seen as quite positive to have a BREEAM certificate
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in your office. I see people talk more about BREEAM Outstanding projects, while Good
and Very Good seem like a standard thing. So, maybe for it to really work you just have
to aim for the highest level.”
BREEAM was also negatively criticised for being too “general”, “rigid”, and
“convoluted.” Accordingly, some participants preferred preparing and following bespoke
sustainability metrics tailored to building characteristics and project sustainability agenda
and believed that this approach empowers more pioneering projects rather than the
general schemes such as BREEAM. “Some projects are well suited to BREEAM, but for
some projects, it can feel as though it is regulations for the sake of regulation. If you
create your sustainability targets, there might be other aspects that you would be looking
at rather than the generic BREEAM ones that are a good starting point and a good
overview but sometimes they are not reasonably specific. You might lose out on a lot of
BREEAM credits just because of the nature of the building; for example, there might be
no way for a project to get any ecology credits. So, even though it could be a really
sustainable building, this would be a disadvantage for a project.”
One interviewee expanded: “I think BREEAM waste quite a lot of money. It hires
a consultant that designs the building based on energy use and at a certain point of time
but does not have any consideration for the building lifetime's maintenance and cost and
I think that is serious fraud. BREEAM is getting so complicated these days, that it seems
just adrift from what it originally intended to do. I think we should be looking at
alternatives.” Another interviewee recommended more straightforward and transparent
approaches to drive sustainability in refurbishment projects, for example using life-cycle
costs: “There are clearer, more transparent, and more relevant ways to drive
environmental aspects of the project, than BREEAM. I suppose when everything comes
down to money, the environmental aspects can be driven by the life-cycle cost of the
equipment installed.”
Some interviewees criticised the BREEAM approach in rewarding projects at the
design stage, based on commitments for future actions. For example, “At the design stage,
several credits are easy to get because it only involves a clause to put in the contract or
specification documents saying that the contractor shall do this. At the design stage, it is
easy to award those credits like ‘Responsible Construction Practices’ credit. But when it
comes to the actual construction, for whatever reason the contractor might not be able to
achieve the three credits at that point and it just seems a bit easy at the design stage to
only rely on those kinds of credits just to get you above the desired threshold. You are
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almost betting on credits that are in the future for someone else to be responsible for and
when they come along, try and cannot get the credits.”
For example, air permeability rate of the Lyell building was measured as 6.15
[m3/(h.m2) at 50 Pa], which was more than the typical value (5 [m3/(h.m2) at 50 Pa]) and
twice the designed airtightness target. Accordingly, four energy credits were lost. The
total Lyell score at the post-construction stage decreased to the threshold of the Excellent
rating (70.06%). One interviewee stated that: “the BREEAM needed quarterly postoccupancy evaluation questionnaires in the second year that have never been done.” In
the Oriam project, the design stage evidence was submitted to the BRE for certification
in June 2016, a couple of months before project construction completion, when the score
was 49.8%. The post-construction stage evidence was submitted to the BRE for
certification only 2 months after, in August 2016, while the score had dropped 2.2%.
Oriam lost the Material 04: ‘Insulation’ credit at the post-construction stage because the
underfloor insulation used did not have a low embodied impact and a green guide rating.
This shows that BREEAM approach in awarding projects based on commitments at the
design stage and ‘constructed-design’ at the post-construction stage does not necessarily
lead to the realisation of them in buildings. Alternative approaches that reward actual
existence of a functional sustainable feature through quality assurance and measurement
processes can reduce the chance of unsubstantiated promises.
In both Oriam and Lyell projects, mainly due to extended time frames, preassessments and assessments were performed by different individuals and, in the case of
Oriam, different consultancy practices. The BREEAM assessors at earlier stages (also
known as BREEAM Consultant) advised the projects to set their desired sustainability
targets, approach, and BREEAM rating and incorporate the selected credits and required
features into the projects’ design and plan. The BREEAM assessors, who performed the
projects’ BREEAM assessment and collected evidence to submit to the BRE for
certification were interviewed, stated that their role had been more of an auditor rather
than an influencer because of their late appointment. This remark suggested that the level
of authority over the project sustainability targets is reduced as the project design
progresses. Since the early stage BREEAM consultants were not available for interviews,
the extent of their influence on projects design was established from responses of other
team members and BREEAM reports from the early design stage.
Unlike the common perception, the interviewees did not perceive this change of
individuals was an issue that resulted in inconsistent advice over the entirety of a project
and hence suffered the projects score, but the change of consultancy practice in the case
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of Oriam was brought up in almost all interviews as a negative factor that may have had
influence on Oriam’s sustainability targets. This strongly expressed perception was
verified by looking at BREEAM assessment documents. As Error! Reference source
not found. displays, BREEAM score drop in Oriam was gradual, and it continued with
the cost-saving exercises at the Tender and Construction stages. The BREEAM assessors
of the Oriam centre changed at stage 4, and the project did not have an assessor for some
time during construction. BREEAM score drop during this transition was minimal. The
last assessment of the former BREEAM assessors on the project dates to the last quarter
of 2014 when Oriam was at the end of the RIBA stage 4 and scored 56.37%. Even though
the first assessment of the new BREEAM consultants was 10 months after, in August
2015, the score drop was only 1.26%.
Although the change of BREEAM assessors in Oriam did not significantly impact
the BREEAM score and final rating and there was no examples or evidence that suggested
that the change in BREEAM assessors, as individuals or consultancy practices, resulted
in inconsistency in advice given to the projects, the change of BREEAM assessors added
to the challenge of BREEAM evidence collection. The late design stage appointment of
the new consultants was explicitly mentioned as a hurdle to the level of authority over
defining the projects sustainability targets, which reduced the role of BREEAM assessor
to an auditor rather than an advisor. The late appointment meant that the BREEAM
assessor would only ensure compliance with the targeted BREEAM credits based on
early-stage advice of the initial BREEAM assessors.
The second BREEAM assessor of Oriam named two reasons why the project team
disengaged with BREEAM, which resulted in decelerated responsiveness in the evidence
collection process. These were firstly, the late involvement of the assessor, which was
after the project construction had started; and secondly, the project target being set at only
a ‘Good’ rating: “I thought since they are only targeting ‘Good’ rating it would be easy,
but actually it was harder to get information from people than if they were going for an
Excellent rating. Because then it was not on their mind, people thought they do not need
to try too hard.”

120

Targeted BREEAM Score
60.70%

BREEAM Assessor
Changed

60.70%

Design Certificate
Post-Construction
Certificate

58.40%
56.37%
55.11%

55% 'Very Good' rating threshold
49.89%

47.68%
Developed Design

Nov.2013

Apr.2014

Oct.2014

Construction

Oct.2014

Aug.2015

Jun.2016

Aug.2016

Figure 5-4: Oriam BREEAM Scores along the project timeline

Building design for circularity is one of the requirements for developing a circular
and sustainable economy. BREEAM 2011 that followed in the Oriam and Lyell buildings
does not include any credits considering building EoL, but it has several Material and
Waste credits encouraging recycling, use of recycled aggregate for construction, and
procurement of durable products with lower environmental impacts including reused and
recycled materials (Material 01, 02, 04, and 05 and Waste 01 to 03 credits of BREEAM
2011 technical manual) (BRE Global Ltd 2011). Interviewees were asked if they consider
EoL and material reuse during the design and whether BREEAM assists with this. Project
stakeholders stated that environmental concerns, circular economy concepts, and project
EoL is not among the priorities during the design and delivery process. Yet, some of these
objectives are “flagged up” through BREEAM credits. For example, one interviewee
remarked: “BREEAM makes sure people think about it and it is on their conscious radar
to create an environment that is low energy and use materials that are efficiently sourced
and can be recycled effectively at the end life of the building”. However, all stakeholders
stated that EoL is never considered or prioritised given the time and cost pressures of
projects.
5.1.1.2

BIM
Oriam project contract and design brief documents specified BIM level 2 without

including detailed obligations. The design information included drawings, schedules, and
specifications that, together with the BIM file, formed the complete set of information.
The ‘Employer Requirements’ document stated that “All subsequent design drawings for
the electrical and mechanical services will be generated by the Contractor in a threedimension environment. The Contractor’s drawings will be issued as numbered, twodimensional, pdf drawings along with the supporting three-dimensional model.” At the
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construction stage however the Oriam management team decided not to request a BIM
model from the project contractors because BIM was not a condition of the project
funding award.
Similarly, the Lyell project was intended to be delivered at the BIM Level 2
maturity. Although the maturity model does not explicitly define the range of deliverables
at different BIM levels, it could be argued that the project was delivered at a stage between
BIM level 1 and 2. The architectural, structural, electrical, and mechanical aspects of the
building were designed and coordinated three-dimensionally. For instance, the floor
layouts shown in Figure 5-5 are extracted from the architectural BIM files of the Lyell
building. Like the Oriam building, BIM was not updated and used during the construction
stage due to time and cost pressures. After the Tender contract was awarded, BIM was
integrated into the contract as one of the deliverables at the handover. Ultimately, all the
as-built drawings were issued in the traditional way, but the final BIM files were
developed by the contractor’s BIM consultant and were issued to the end-user client a
year after handover for facility management and maintenance purposes during the
building operation. In Figure 5-1, a dashed line is used at the ‘In-Use’ stage, to reflect
that the BIM files were delivered for facility management with a delay and their quality
was not verified.

Figure 5-5: Lyell Architectural BIM showing all the floor plans

The three-dimensional building model was developed during the design and
helped the coordination and discussion process between consultants. BIM was “useful for
coordination, specifically with structural and architectural design.” Because of BIM,
some of the building services of Oriam were designed three-dimensionally. “The three122

dimensional modelling was good because it did most of the clash detection. So, you would
not have mechanical pipes running through your steel beam.” “There were very few
clashes between services and fabric in Oriam and I suspect that is down to implications
of BIM.” Of all mechanical and electrical services, at the design stage, only the
mechanical ventilation systems of the Oriam building were modelled in a BIM software.
During the design development stage, BIM was an integral part of the Lyell
project. The architectural, structural, mechanical, and electrical models were combined
for better coordination and visualisation, and to produce drawings. Lyell is a highly
serviced building with various modes of ventilation (as described in section 4.2.3).
Through monthly BIM meetings, project managers, architects, and representatives from
building end-users reviewed the drawings and BIM files for better coordination of
technical aspects and ensuring that the end-users are satisfied with the design. One
interviewee stated: “The biggest challenge was the number of ductwork concerns that we
had to coordinate, and it ended up being everywhere. That was pretty tricky given the
limited design timescale.”
Since most areas in Oriam were bespoke and there was minimal repetition, all the
areas needed to be modelled. Hence, BIM did not save much time during the design, yet
it helped with design changes and coordination. The project architects elaborated: “Where
BIM became very helpful in Oriam was when we reduced the door height for cost saving.
We changed that family once, and that changed it throughout the project. If we were to
do that before two-dimensionally, we had to hand-input that into the schedule. You can
save a lot of time like that.” Another benefit of BIM was related to its striking curved roof
and atypical structure: “It would be easy in BIM to determine the area of some elements
in the model. Especially for a project like Oriam with lots of forms, it is rather difficult to
quantify sometimes just with two-dimensional drawings.” Figure 3-4 shows the curved
roof and unique structure of the new Oriam building in BIM, which was incorporated into
the existing structures on site.
Both Oriam and Lyell contractors were not required to use or update BIM during
construction. At the construction stage a BIM level 2 was deemed too expensive to
implement from the very start, therefore due to the lack of sufficient financial budget BIM
was not a contract requirement for the Lyell building. The contractor advised that their
appointed BIM consultant had compiled the BIM files from the design team parties and
informed the contractors of any issues and required revisions. One interviewee stated that
“BIM was late so the contractors could not use it properly.” The contractors did not
update the BIM files to reflect the as-built information during the construction phase.
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Due to the cost premium associated with BIM, the contractors choose to use BIM
based on the complexity of the building. One participant offered an example: “if it is a
critical project such as an operation room you do not have the luxury of fixing at later
stages anymore.” The project contractor added: “BIM comes with a premium cost because
as soon as we have got a contract awarded, we start having managers and engineers cost
to the job. So, there is a cost to the project for just having people there and not just the
BIM process. To spend the time upfront to do BIM would have made the project too
expensive.”
BIM was not used during the construction by the Oriam contractors. The design
drawings were issued in the traditional format as PDFs. “If BIM was an integrated Level
2 model, then the contractor had a responsibility, rather than just providing as-built
drawings, there would have been a consultant employed to update the model, so it
reflected what has been built on-site, but that does not exist.”
The Oriam’s contractor stated that they did not face any challenging
complications that made them “feel BIM was essential” and “value for money to spend
the time upfront to do BIM”. They believed that “in a more traditional job like this, most
of the problems can be resolved with practical knowledge”. Indeed, the project was
handed over on schedule with minimal built issues. Yet, one example of construction
mistake was named: “around the 3G pitch, there is an offset between purlins (horizontal
beams) or there are additional steel members that should not be there, but nothing
major.” The reason for this mistake was that because of the time frame and the timeslot
set for the project within the factory, the steel fabricator had to start the production by a
specific date. Therefore, there was not enough time to re-coordinate the design and
integrate all the post-value engineering stage comments. Since the subcontractors did not
use a BIM software package, the fabrication drawings were checked against design
drawings manually, instead of digital three-dimensional clash detection through BIM.
Given the momentum of talks around BIM due to the UK Government mandate
for publicly funded projects, most interviewees were acquainted with BIM and its
potential benefits. The end-user client had the impression that BIM was “a tool for the
designers” as they had not seen the building model during construction. One of the
interviewee’s comments regarding the benefit of BIM and the reasons for its limited use
was: “BIM definitely helped the coordination process, but because the model was
constantly getting updated during the large value engineering process, it was too timeconsuming to be used anymore. Because we were not only cross-referencing the model
but also a whole series of drawings, so we were working on lots of different things. I think
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the effectiveness of using BIM is when everybody is using it and has a responsibility to
update it.”
The current benefits were regarded to be limited to specific stakeholders of the
project and exclude the client and end-users. “There are benefits for the contractors and
consultants, but the clients could find it difficult to come up with tangible evidence to
understand what is in BIM for them and what are they paying for. I think if BIM is
implemented fully, it will be advantageous to the client and end-users, but we are not
there yet.”
The participants were hopeful and confident regarding the future of BIM. In
addition to costs, the main challenges in full BIM implementation were its newness and
the lack of digital advancement, which with time could improve. “Although BIM is
expensive, the more you get used to it, the more benefits you can get out of it. I think it is
a worthwhile practice.” Another comment added: “As we get better in it and have office
templates and systems that streamline the process, we become more efficient. At the early
stages when we are learning the software and this new way of generating drawings and
documents, it probably would take longer, but ultimately the efficiency is there.” One of
the interviewees commented on the BIM software that was used in both projects: “It is a
relatively new piece of software for the industry. It has been around for a little while, but
it is only in the last few years that it is being used more widely. So, there is a learning
curve that everyone needs to get used to.”
Another stage that is not sufficiently addressed in the tools is building EoL. One
of the main prerequisites of sustainable development is circularity; therefore, the
interviewees were asked if they consider the end of life of the building such as demolition
and material reuse at any point during the design and whether BIM helps in any way. All
interviewees unanimously stated that this objective is never considered or prioritised
given the time and cost pressures of projects. One response was: “It is difficult to design
around that when there are lots of other pressures in terms of costs and timescale. So, it
is not really high on the agenda. I would not say BIM has any impact on it. I think
BREEAM sort of flags it up as a credit. I do not know if we use any particular tool as
such, we sort of intuitively in the office try to be mindful of those kinds of things.”
5.1.1.3

Soft Landings
The ‘Employer Requirements’ document for Soft Landings of the Oriam project

states: “There will be 24 month ‘Aftercare’ period following the occupation of the
building. During this period, key members of the design and construction team will be
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expected to remain involved to support the building users and to optimise the performance
of the building, including energy efficiency. For this project, the focus of Soft Landings is
to achieve a building with 1) well-planned management and maintenance; 2) comfortable
internal environment for each specific activity; 3) optimised energy consumption for each
activity; and 4) well-designed control interfaces, which are as intuitive as possible.”
The Soft Landings Champion team were involved in the Oriam project from the
early design stage (since 2013) until the end of the one-year defects liability period. The
second year of Soft Landings was intended to be led by the Oriam facility managers and
contractors, which was beyond the timeline of this study. The representatives of all endusers were involved from the project brief and first bid submission through building
operation and use. There were Soft Landings workshops and presentations with all the
parties early on.
During the handover period, Soft Landings workshops and presentations with all
the Oriam parties were arranged. Following the Soft Landings framework, regular
aftercare meetings and walk-arounds were diligently attended. During the first month,
weekly meetings were arranged, and during the next two months, monthly meetings were
set. For these meetings, the team returned to site to discuss the issues and answer
questions regarding the building operation. During these regular site visits, the building
fabric and systems were observed, and the energy consumption was monitored. There
were lots of issues that were recognised in these first months, which were gradually
resolved, and the building performance was improved. More training workshops were
arranged, which gave a chance to the Oriam staff to get familiar with the building. Then,
there were quarterly performance reports from both contractors and Soft Landings
champion for the first year, summarising the achievements and recommendations.
The Lyell project initially aimed to implement the Soft Landings framework. The
contractors started with a workshop about Soft Landings and the plans for the project.
Yet, Soft Landings was not implemented according to this plan. The impression of most
of the interviewed team members was that the project’s design stage went well, but not
the construction stage. Based on the interviews, it was determined that the Lyell project
fell behind the already condensed construction schedule. The project lost about 4 to 5
weeks of the 12months construction program at the start with changing the foundation
design, which meant they were nearly 10% behind the program at the start. The contractor
did not have enough cash flow to compensate with an increase in the number of staff. Soft
Landings was left off the project at late stages of construction as it was not implemented,
and the project manager believed that it was too late to start it. The project commissioning,
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handover and aftercare were performed with long delays, which caused inconvenience to
the space occupiers and building managers. A few examples of these issues were the
malfunction of the ventilation, heating, cooling, controls, and metering systems, and lowquality O&M manuals during the first year and a half.
The design stage Soft Landings workshops and presentations assisted Oriam
designers to communicate the building design to the client team and get inputs from
representatives of the maintenance team; operation team; and the sports organisations,
that later occupied the buildings, focusing on specific sporting requirements in different
sessions. One interviewee named the mechanical and electrical systems and their control
as an example of this and stated: “A lot of the Soft Landings’ work is about involving the
client in the design to make sure the building will turn out how they want, and they can
use.” The end-user clients of Oriam were aware of the space layouts size, and equipment
requirements through surveys of, and consultation with users of comparable facilities,
years of experience of running similar facilities, and relevant regulations and design
guidelines, and were able to incorporate that into the brief. The end-user clients of Oriam
were engaged in the process, which some of the interviewees believed as one of the
reasons that Soft Landings was implemented successfully.
When asked if these benefits were due to Soft Landings or the specific setting of
the project, the response was: “Some of that is done commonly, but it depends on the client
and how involved they are. For example, in other projects, the maintenance team are only
appointed after the job is complete, so it is not possible for the designers to listen to them
and get any feedback. In the case of Oriam, the maintenance and client team were
available, and Soft Landings gave a structure to that by setting up meetings. It formalises
the process and makes that link easier to keep going.”
The fine-tuning procedure and monthly meetings went smoothly as per the Soft
Landings framework. During the scheduled Soft Landings walk-arounds and meetings,
major malfunctions that resulted in higher energy consumption were identified and
resolved in a timely fashion. One example of these fine-tunings were the high lighting
levels in the fitness suite, which could have created discomfort and eye-strain to the users,
higher energy consumption and building operation costs. Another example was the
corridor roof vents that were not opening as the temperature rose, which meant that their
controls required recommissioning to operate with indoor temperature as well as CO 2
levels.
At the post-Tender stage, Soft Landings assisted the contractors of Oriam to start
the process off by understanding the items that are important to the client and arrange
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workshops associated with those key elements and follow up meetings throughout
construction. The benefit of early workshops was not only to discuss the design but also
as one of the interviewees stated: “It has been quite good because then you build up quite
good relationships and you get more productive.” Moreover, setting plans for meetings
and training workshops at earlier stages assisted with timing the project schedules better.
The Oriam contractor stated that: “Soft Landings has been very good. Not so much
for the contractor as it takes lots of time, but it helps ensure that you do not have anything
that would come at the end as a surprise. Soft Landings helps reduce that risk gradually
because you have tried to discuss it early. That is the key advantage.” Given the design
and build procurement route of the project reducing the risks was a key advantage. The
Soft Landings meetings improved the transparency of the construction process. The
project contractors shared their progress with the client and design team in design reviews
and ran all the technical submittals and their proposals through for comments. This gave
the opportunity to the client and their representatives to comment on all the activities that
otherwise were not disclosed due to the type of project procurement route.
The Soft Landings Champion stated that “a lot of the Soft Landings work is
around the handover period, including a lot of training before handover and aftercare
support.” Another interviewee added: “With the normal project the contractors almost
walk away after completion. They return for a number of years for correcting the defects,
but the beauty of Soft Landings is that the contractors are here for two years to fine-tune
the controls and do seasonal commissioning.”
It was a common experience among the interviewees that any delays in the project
compress the commissioning period. “We have this grand notion that we will have this
perfect process, where everything will finish on time, we will get training on the building,
and all will be fine. But at the end, it gets so compressed and pressured, with the added
pressure of getting ready to operate the building, at the same time as the contractors are
demanding more time to hand everything over.” In the case of Oriam, there was
adequate time before the completion date for all the commissioning and Soft Landings
work to complete. According to one member of the Oriam team “because this project is
going well and there is plenty of time and commissioning and testing are going on, it is
good to do Soft Landings as well. It allows everybody to get a familiarisation of the
facilities.”
Attendance of the involved parties in the relevant meetings and workshops was
found as one of the challenges in successful implementation of Soft Landings in the
Oriam project. The project completion date was postponed for a few months. “The delays
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in project completion meant that they had to postpone the training until everything was
in place. It is hard to set an exact time. Also, at this time of the year (end of summer) a
lot of people are off on holiday.”
In the case of Soft Landings, a few interviewees stated that they had had similar
prior experiences under different names. However, Soft Landings is a new concept, and
some of the interview participants acknowledged that they did not fully understand it at
the beginning, thus doubted its benefits. “It would have been more useful to just
understand Soft Landings a bit better and to understand how to approach that. There
were aspects that could have been added to the scope. Soft Landings is very much
mechanical engineering led.” Oriam operational team stated that: “I was questioning its
value up until recently. As we got closer to the end of construction and were briefed that
we will have weekly meetings the first month and then we will have people coming in
every month after that, then i realised yeah that is quite useful. It is really comforting to
know we have got that level of support. It can be really valuable operationally to have
people coming in and checking if we were running the building efficiently and we can ask
every question.”
Similarly, most of the comments about Soft Landings were positive. Here the key
benefits that were named are listed:
•

“I think we still have a lot to learn in terms of design action plans and design
strategies. This is where Soft Landings procedure helps to learn from
experience and process, which is very important.”

•

“The client seems to be quite happy with it. A lot of the work is to make sure
the client is involved in the design, to make sure the building will turn out how
they want and can use.” “I think just more occupancy engagement that will
mean everything hopefully will be set up as they wanted.”

•

“You see that clients normally live with these problems and just get on with it
and might end up running the building inefficiently.” “It will help with the
systems being set up and operated better due to the workshops.”

•

“I have implemented Soft Landings in several other projects informally
before, and it has been hugely beneficial for the occupancy and postoccupancy of the building. The ultimate benefit is down the line, in energy
savings and efficiencies. But in terms of occupying the building and smoothing
that process out and making it easy for the end-users, I think it has been
excellent.”
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•

“It is a really good and worthwhile service because until a building is in use,
you never really know how it is going to perform. You could have had a good
idea, but you need to see how many people are in the space, what the hours of
occupation are, what equipment they bring in, what the heat loads are, to then
adjust the set-points.”

•

“There is still a little bit of disconnect between services and their integration
in the project. There is a performance requirement or specification that was
developed by a mechanical and electrical consultant directly appointed by the
client. That specification forms a part of the employer's requirements. When
the detailed design produced by a mechanical and electrical subcontractor
should meet those performance requirements. Then these are handed over to
the client body, who want the building in a different way. So, there are three
different stages and there is a disconnect. Every time that each party takes it
on, the translation of the information may be manipulated slightly. Which is
why the brief, the experience of the client side, and getting the right advice
from consultants are critical; and Soft Landings is there to help that process.”

Although most interviewees stated positive comments about Soft Landings, there
were some doubts about the length of the aftercare period, i.e., second and third years.
They argued that the main benefits of Soft Landings procedure are already delivered in
the first year. “I think a lot of people are coming to the conclusion that there are very
little benefits during the second and third years of Soft Landings process. If the project is
designed, installed, and commissioned correctly that is the key. Many major projects end
up with a very tight commissioning period like two weeks instead of two months. Now
contractors are trying to ring-fence that.”
One of the interview participants that had several prior Soft Landings experiences
stated: “I think the main benefit would be seen during the first year of occupancy, when
teams go back in, tweak settings to make them work, dig down the energy consumption,
and compare to benchmarks to see if there are any areas that are consuming more than
they should and investigate why. So, if everything is set up in the first year, then they (the
end-users) can take over after that.”
Furthermore, although synergies between Soft Landings and BREEAM can be
regarded as a positive overlap that rewards projects for adopting better practice, some
clients consider this as a shortcoming of Soft Landings (or vice versa). “Because the
initial consultation with the end-users, commissioning, seasonal commissioning, POE,
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are all covered under BREEAM; therefore, Soft Landings is not offering additional value
to the project.”
5.1.2

Comprehensiveness of the Tools: Projects that Benefit More from the Tools
All interviewees were asked whether there are specific types of buildings or

circumstances under which projects can benefit more from the tools. This section
discusses their responses, which are also presented in Table 5-1.
One interviewee stated: “BREEAM and Soft Landings definitely help public
clients, who build and have to manage the building for years. It is in their interest that
the building is as sustainable as possible with low whole life cost. Whereas, the
commercial clients, who want to build and then sell the building, want the paperwork but
are not too bothered about how it has been reached. If it is not clear who is going to
manage the building, how the building will perform does not matter.”
Sustainability metrics and targets bespoke to the specificity of a project was
believed to enable more ambitious and pioneering project agenda. “If the project is
already very committed and ambitious maybe the BREEAM is not that good because they
will be doing the stuff anyway.” “A project might lose a lot of BREEAM credits just
because of the nature of the building, which would be a disadvantage. For example, there
might be no way to get any ecology credits. Even though it could be a really sustainable
building, but it was not able to implement some of the BREEAM requirements.” However,
BREEAM is considered as a good starting point that provides a holistic overview and is
well suited to some projects that do not seek targets beyond regulations. In projects with
tight cost constraints, BREEAM target can protects some of the sustainable features in
the building from getting cut out as they are required for BREEAM.
Interviewees unanimously stated that all projects can benefit from BIM. Projects
architects stated that they use BIM on most of their projects, including new-build,
refurbishment, historic buildings. “BIM has its benefits, which may change from project
to project, but we are finding it useful on most projects across.” Building service
designers also argued that all projects could benefit from BIM because “every single
building can be poorly coordinated. BIM is a method of identifying clashes earlier in the
design stages and improving coordination between disciplines and the contractor.”
A couple of interviewees mentioned refurbishment and small projects as
exceptions, where BIM is of less value to the client. “Unless a very accurate survey of
the building is performed, it is not possible to model an existing building exactly and
know about the location of different elements. Even if locations are estimated based on
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survey points, people may assume the model is 100% accurate that could cause problems
as the measurements taken from the BIM model could be wrong.”
Moreover, it was highlighted that BIM is most efficient in projects that include
repetition in their design, “like housing where there is lots of the same flat types.” By
creating a family of building elements or building areas, BIM assists with time-saving
during the design process. One of the interviewees added: “With family, you can put the
details once, such as the specification references or guidelines or any other notes, and
then repeat. You are not relying on an individual to update every single element. Because
you are changing in one and that automatically gets updated on everything, but when it
is a bespoke project, I do not think you save that much time I think it can be helpful to the
coordination process, but ultimately the time invested in doing things it takes almost a
little bit longer to set up everything.”
“At the end of the day you want to build a good building; if the building is not
right for the users, then it is not a good building.” This sentence clarifies why Soft
Landings can benefit all projects. Soft Landings ensures that: “the building is finely tuned
to run as it was designed, so it can help with comfort and energy costs on all projects.”
Monitoring the energy use since the handover and throughout the Soft Landings period
can assist in continuous savings in energy and running costs, through reconfiguring
lighting and HVAC controls and setpoints, “which would save the client money
throughout the building lifetime and could more than make up for the consultancy fees.”
That said, technically complex projects or projects with substantial or unusual
systems, large user groups and numbers, such as healthcare or education buildings, or
building with transient users or visitors were believed to benefit more from Soft Landings.
A technical assessment at the outset was suggested as a way to evaluate the benefits of
Soft Landings to a project and to drive the benefits upfront, at earlier stages.
Soft Landings would assist the design and delivery team to understand how the
users of the facilities manage different parts of the project. This initial and regular
dialogue would help with handover, familiarisation, and demonstration of systems to the
users. In such cases that the number of users is vast to arrange familiarisation workshops,
recordings of these training can benefit the space users throughout the building lifetime.
If the users do not know how to use complex systems, they may decide not to use them
at all or may use them inefficiently. For instance, if “they are not trained on how to use
the biomass boilers, they quite often just turn it off and use the backup boiler.”
The first impression of buildings with transient users and visitors is a lot more
critical than full-time users who move to a new building. For example, in the case of
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Oriam, the project client stated: “Soft Landings was entirely our decision because it was
essential that we minimise post-handover hiccups. We have got a business that has to be
sustainable. We want the customers' first impression to be as good as possible, as well as
the impression of the building staff. We do not want them to come into a building that is
not functioning properly either initially or over the first few months or a couple of years
of the life of the project. That was why we decided to go for Soft Landings process.”
The reasons that may confine the benefits of Soft Landings are twofold: if the
end-user is not engaged or not interested to be involved; or if the project timescale is too
condensed to accommodate the Soft Landings’ meetings, workshops, or walk-arounds.
According to the interview participants, some clients prefer not to be involved at all. “For
Soft Landings to happen, there needs to be adequate time for all the commissioning
works. However, when contracts are right up to the handover and it is not even clear if
the project will make the completion day, then Soft Landings does not help at all.”
Table 5-1: Decisive criteria for projects that can benefit more from BREEAM, BIM, and Soft
Landings according to the interviewees

Tool

Projects that benefit more

Projects that benefit less

BREEAM

•

Public projects, whereby owners build
and manage the building for years
Projects that do not seek targets
beyond regulations
Projects with tight cost constraints as it
helps protect the sustainable features

•

Projects that include repetition in their
design
Project delivery via the threedimensional BIM files instead of
traditional drawings

•
•

Refurbishment projects
Small projects

Public projects, whereby owners build
and manage the building for years
Technically complex projects or
projects with substantial or unusual
systems
Projects with large user groups and
numbers, such as healthcare or
education buildings
Building with transient users or
visitors, where first impression matters
more

•

Commercial projects,
whereby owners build and
then sell
Projects that their end-user is
not engaged or not interested
in being involved
Project with condensed
timescale unable to
accommodate the Soft
Landings’ meetings,
workshops, or walk-arounds

•
•

BIM

•
•

Soft
Landings

•
•

•

•
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•
•

•

•

Commercial clients, whereby
owners build and then sell
Committed and ambitious
projects
Unique buildings that lose a
lot of BREEAM credits
because of their nature

5.1.3

Efficacy of the Tools: Drivers for Project Success
The Oriam and Lyell case-studies revealed that many factors contribute to

successful project design and delivery that are beyond the tools. In other words,
BREEAM, BIM, and Soft Landings do not have overriding power over these success
criteria. This section discusses the elements that were mentioned or deduced from the
interviews as drivers for successful projects, in terms of implementation of BREEAM,
BIM and Soft Landings tools and delivering a sustainable and fit-for-purpose building.
5.1.3.1

Cost and Time Budget
Time and cost budget were named as the most essential and interrelated factors to

the delivery of an excellent quality project. A short timeline does not allow the design
team and cost consultants to accurately plan out realistic initial cost estimates and time
schedule, which would mean that many value engineering would be needed during design
development. One interviewee explained: “You have got to be realistic about delivering
a project within a certain time-frame and budget but there is often a disconnect between
what the aspirations of the brief are, and the costs associated with it and what is
achievable within the time. A client's aspiration might be higher than what the budget
allows for. Sometimes you get clients who want everything but do not have the money to
support that. I think that is where the clashes happen. Likewise, when you have a
compressed timescale, you do not have the time to fully think through and things perhaps
get missed, and that is where issues arise.”
If the initial cost and time budget are not set realistically, even when the financial
budget remains the same through a project, other aspects such as time schedule or project
aspirations need to be sacrificed. One interviewee named BREEAM rating target as an
example of this: “Basically it comes down to money. I know projects that strived to get
BREEAM Excellent and got to about 68%, but just to get that other 2-3% was too costly
that would not get any payback. So, the BREEAM target was reduced.”
It was suggested that the initial cost and time schedule of the Oriam project was
not realistic: “The government decided the program initially. We had to go back and
request an extension to the program because it was just impossible to meet that initial
program and provide a facility that was going to be suitable and fit-for-purpose. But even
then, it was still exceptionally tight.” Another interviewee suggested that cost and time
restrictions limited Oriam to targeting only a BREEAM ‘Good’ rating: “In the case of
Oriam, the main factor has been primarily cost and program. Those two things have
really pushed BREEAM back. From my perspective, BREEAM seemed more like a box
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ticking exercise rather than being critical in terms of specification. The rating is ‘Good’,
but the client agreed to that and was quite clear at the value engineering process that
they are willing to reduce the rating as it was not a funding requirement.” The Oriam
project had major cost-saving exercises. Even though the BREEAM Very Good rating
target was written as part of the employer requirements, it had to be altered to
accommodate the cost-savings that the project needed.
5.1.3.2

Skilled Human Capital
This comment stresses the importance of people over tools: “My view is that there

is no point in having these tools to pay the money to get the certificate and have even no
idea what it gets to the project. The main thing is to get companies up to that standard.”
The individuals working on a project need to have the required training. One of the
interview participants highlighted the skills gap between what is declared by the head
office of the companies when writing proposal and project bids and the knowledge of the
staff working on the resulting projects. “There is this break down between the head-office
may writing down in the contract, because they want to get the work, while their staff onsite are not trained properly for that.” This interviewee stated that the project manager
and the contract need to ensure the project can monitor this and asks for the staff to be
trained accordingly. One interviewees’ response, when asked about the reasons that
Oriam stayed on the schedule, was: “I would say it is a combination of good design and
pretty good contractors.” Another interviewee emphasised the importance of familiarity
of contractors with BREEAM: “It is useful if the contractor has someone in-house, who
understands BREEAM. There was a couple of staff who have not had much involvement
(before).”
The extent of familiarity of project team members with the tools was varied. The
majority were familiar with BREEAM through previous project experiences, while Lyell
or Oriam was their first BIM or Soft Landings experience. One interviewee confirmed
that: “BREEAM is the easy one because it has been on the go for several years, so it is
pretty efficient. There are dedicated BREEAM consultants, the documents are well
prepared, and everyone knows what they must do.” As explained in this comment, years
of market presence has streamlined the BREEAM process by clarifying the roles and
processes involved.
The Lyell project team was ready for BREEAM Excellent. The architects, project
managers, structural and service engineers all had done many BREEAM projects, which
equipped them to deliver a BREEAM Excellent project. Similarly, the Oriam team
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members were familiar and experienced with BREEAM. Conversely, only a few
members of Oriam and Lyell team had previous BIM and Soft Landings experience. It
was acknowledged that BIM and Soft Landings were new tools that “with time and
experience, their use would become more beneficial and less costly. For instance, by
having procedures and templates in place that help the setting up process”. Moreover,
beyond using BIM software packages, the project managers and maintenance managers
should be aware of the fundamentals of BIM to be able to develop their own BIM protocol
and relevant documentation including BIM Execution Plans and Information and
Delivery Plans.
5.1.3.3

Evolved Project Brief and Detailed Contractual Requirement
To fulfil the client’s objectives, such as a BREEAM target or BIM and Soft

Landings implementation, without requiring their active involvement to monitor the
progress, relevant binding documents with detailed requirements about the deliverables,
intended sustainability goals, and use of the tools at different stages of project lifetime
are essential. The tools can only get as strong as their specification of implementation.
This comment from one of the interviewees affirms the importance of detailed contract
requirement: “Unless you have the contractor having signed up to come back and make
the changes required, it would be difficult to get those changes made”. The contract
requirements determine how rigorously BREEAM, BIM, and Soft Landings targets and
plans will be implemented. For instance, in Lyell, BREEAM Excellent and for Oriam
detailed Soft Landings plans were part of the contract at the appointment. Without
concrete terms, project stakeholders tend to revert to their usual practice.
In the absence of detailed contractual requirements, the case-studies revealed the
increased weight of the role of the project owners or their representative as project
managers, their engagement with, awareness of and confidence in the value of the tools
and subsequent persistence in the implementation of them. After all, the clients choose
when and to what extent the project should use the tools. In the Oriam project, the initial
BREEAM Very Good target was not a project priority or a funding obligation. Thus, as
the design stage progressed, due to the limited financial budget, the client decided to drop
the target to BREEAM Good rating.
The contractual requirement regarding the use of BIM software, deliverables at
different data drops, and detailed obligations should be agreed to improve integration and
BIM use. In the case of Oriam, within the project contracts and design brief, BIM level 2
was required with no particularly detailed obligations. “Not communicating the client
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needs was the biggest barrier to the implementation of BIM.” Soft Landings was more
detailed in requirement and better scoped, which was due to the involvement of the Soft
Landings Champion from the early stage before the appointment of the contractor.
Having a tangible project brief and regulatory requirements assists with preparing
binding requirements and allocating sufficient resources, that could secure a proper use
of tools for delivering the sustainability goals. Often over time as the project progresses
features get cut out of projects. Developing a more evolved project brief can reduce this
chance. After these two case-study projects, the Heriot-Watt estates declared that they
have developed more evolved brief, so the design and delivery team can get more aware
of the university aspirations in terms of low carbon design features, formally and
explicitly. Detailed Employer’s Requirement documents should communicate the exact
deliverables with regards to tools such as BIM to the design team and the contractor. This
is particularly important for Design and Build contracts, whereby the contractor is the
responsible party to resolve the project’s performance issues. A clear and detailed list of
deliverables with contractual requirement would assist with evaluation of the delivered
work and holding responsible parties accountable for any performance deficit.
Similarly, based on the Lyell building project’s experience, the team concluded
that the design must be developed as much as possible before going to Tender because
this would result in more accurate Tender price bids and better control of the project
output.
5.1.3.4

Involvement of the End-User Client
End-user involvement is particularly essential for benefiting from the Soft

Landings framework throughout the design, construction, and handover. In the case of
Oriam, because of the limited time for the development of the initial scheme, face to face
meetings were arranged to discuss the design instead of consultants developing a detailed
written brief. As the project client described, this worked to the advantage of the project:
“Involvement of the building end-users contributed to the development of the brief far
better than any consulting could do or we could have done as a client. Getting them
involved until the detailed design was absolutely critical to the project and worked really
well. There was only little need for changes later on.”
Involvement of the end-user client should not be limited to facility managers and
representatives of the occupiers should also be involved in the design and build process,
where possible, to ensure that the design meets their needs and. At times, facility
management’s feedbacks to the design team were not aligned or a true reflection of the
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building occupants’ preferences. In some instances, the facilities management were not
aware of the entirety of the issues and needs of the users, or due to lack of immediate
financial benefits these needs were not prioritised. One of the Lyell survey respondents
stated that: “There is little evidence that feedback on consultations and outcome of
discussions with the staff during the design of the building was taken into any account.”
5.1.3.5

Early Appointment and Engagement of Project Design and Delivery Team
Project design and delivery team shall be appointed and get actively involved as

early as possible in the process. The success of BREEAM, BIM and Soft Landings is
when all the involved stakeholders are engaged. In the case of BIM, architects have been
designing using three-dimensional CAD for years and therefore have been quicker in
integrating BIM into their routine working practice. BIM is based on developing a digital
twin of the building using a three-dimensional CAD-based software package. However,
as one of the interviewees stated: “we tend to see that the project goes till a certain stage
and then it reverts back to the traditional methods of communication.” Another
participant added: “I can see why government bodies are really pushing for BIM and Soft
Landings, as they assist with coordination in order to address performance gap, so their
impact on performance is positive. But both need refinement in terms of making sure that
all the parties are involved at the right stages and there is a cost allowance attributed to
them.”
One of the interviewees elaborates: “Normally the design team who are involved
in the project and then are novated to the contractor, all sign up to use a BIM software
and agree on what version they are going to use to ensure compatibility. But none of the
second contractors is restricted to using a BIM software, while it is very important to
integrate their drawings with ours. I think making sure not just the main design team but
also all sub-contractors are using the same version of BIM tool is essential to be able to
integrate easier.”
Familiarisation of the space users as part of the Soft Landings process demands a
positive and attentive attitude to succeed. Attendance of the involved parties in the
relevant meetings and workshops, as well as continued training after handover and
recording of information, requires team commitment. These comments explain further:
“Oriam was a very good project to work on. Everybody had the same interests.”; “I think
it is a matter of changing the mindset, which would just come with time. If we collectively
had bought into the procedure more, it would have been more beneficial.”; “In theory,
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Soft Landings is good. It comes down to individual practice and whether that person is
receptive to the information presented.”
5.1.3.6

Early Appointment of BREEAM Assessors and Soft Landings Champion
The BREEAM consultant and Soft Landings Champion shall be appointed as

early as possible in the process. As described in section Error! Reference source not
found., the BREEAM consultant and assessor play different roles. BREEAM consultant,
who gets involved in earlier design stages, guides the projects to adopt sustainable
measures, while BREEAM assessor audits the project and collect evidence to submit to
the BRE for certification. If consultation is not performed or is done at later stages, it can
have minimal benefit to the project. If the BREEAM consultant and assessor get involved
early enough, credits that are time-based can be achieved, which for example were lost in
the Oriam project. Examples are the credits related to the existing site, ecology credits,
and the transport plans. One of the BREEAM consultants described their best practice:
“As soon as we are on-board and the contractors start on site, we meet with them. This
way, we try to minimise the risk of the contractor or their members moving on to another
project and stop being responsive.”
Similarly, one of the main reasons for the success of Soft Landings in the Oriam
project was the early appointment and continuous involvement of the Soft Landings
Champion, who assisted with the development of detailed and well-scoped project brief
and Employer’s Requirement document.
The Lyell project had a BREEAM AP from RIBA stage 1 to 6, who met with the
design team and had input into the design to ensure compliance with the BREEAM
requirements. This involvement awarded the project four management points under
Management 01: ‘Sustainable Procurement’ credit. Oriam did not achieve any of these
points due to the late appointment of BREEAM consultants.
5.2

POE and End-User Satisfaction Assessment
This section presents how the users of Oriam and Lyell buildings assessed the

performance of the buildings and whether they thought of them as a Good and an
Excellent building, respectively, as their BREEAM ratings suggest.
5.2.1

BUS Survey Participants
Table 5-2 summarises number of BUS survey responses (or participants), as well

as the space occupation rate and survey participation rates in the user groups in the casestudy buildings. While the North wing of the Lyell building was fully occupied since
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building handover, the South wing went under major internal fit-out construction work
during the first year of building occupation. This meant that the Lyell South wing had
less than 20 users when the survey was performed, who worked on the ground and second
floors.
Table 5-2. Details of the user groups and the BUS survey participants in the Lyell and Oriam casestudy buildings at the building and office level

Analysis at the building level
Participants %Participated
*89%
19

User groups
Oriam North Building, FTE
Oriam South Building, FTE
Oriam, Visitors
Lyell North Wing, FTE
Lyell South Wing, FTE

8
35
48
11

38%
56%
38%
55%

%Occupied **
100%
62%
NA
90%
14%

Analysis at the Office level
User groups

Floor, Room Type Participants %Participated
*50%
GF, Reception
3

Reception
Kitchen
F1, Kitchen/Cafe 6
67%
Bistro ON1
Office
GF, Open-plan
8
89%
Oriam
Office OS1
F1, Open-plan
3
38%
South
Office OS2
F1, Open-plan
5
56%
Office LN-GF GF, Open-plan
19
44%
Lyell North Office LN-F1 F1, Open-plan
11
22%
Office LN-F2 F2, Open-plan
10
22%
Office
LS-s
F2,
Semi-cellular
3
50%
Lyell South
Office LS-o F2, Open-plan
6
55%
*Participation / Occupancy; ** Occupancy (at the time of the survey) / Seats
Oriam
North

%Occupied **
100%
100%
100%
62%
64%
77%
96%
83%
67%
14%

Table 5-3 presents the demographics of the survey participants and their
workstation location within the office layout. Lyell North users are the only participants
with the majority having worked in the building for more than a year. Most of Lyell North
and Oriam South responders are above 30 years old, while most of Oriam visitors are
younger than 30 years old. A balanced ratio of male and female have filled in the surveys,
except Lyell South where 73% of participants are female. 88% of survey participants
from Oriam South users sit by the window, whereas this ratio in Oriam North and Lyell
North is only 36% and 30%, respectively. Because the Lyell North staff filled in the
surveys online, it was not possible to record the floor level that eight respondents work
on. Thus, their responses are not included in the office-based analysis presented in this
section.
Table 5-3: The demographics of BUS survey participants, including full time employees (FTE) and
visitors, in Oriam and Lyell buildings

Oriam
Demographic

North FTE South FTE
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Lyell
Visitors

North FTE

South FTE

Under 30 years old
30 years old or above

53%
47%

13%
87%

Male
Female

42%
58%

38%
62%

Workstation

North FTE South FTE

76%
21%
11
58%
42%

4%
96%

55%
45%

50%
50%

27%
73%

Visitors

North FTE

South FTE

By the window
Away from the window

26%
74%

88%
12%

NA

30%
70%

55%
45%

Less than a year in building
More than a year in building

100%
0%

100%
0%

NA

13%
88%

100%
0%

Changed desk in the last year
Stayed at the same desk

100%
0%

100%
0%

NA

19%
81%

100%
0%

5.2.2

POE Survey Results
The results of the POE survey of Oriam and Lyell users are presented in the

following Error! Reference source not found. to Error! Reference source not found.
sections. Analysis of the BUS survey results are performed at the building level based on
the division groups defined in section 5.2.1 and Table 5-2. To trace the causing roots of
high or low user evaluation, further breakdown and groupings were performed based on
workplaces/offices, as shown in Table 5-2. These include three open-plan offices, one
reception, one kitchen bistro in Oriam; as well as, four open-plan offices, and semicellular offices. The three semi-cellular offices on the second floor of Lyell South wing
are partially-enclosed, single-occupancy spaces, which are grouped to be reported jointly.
Given the difference among these offices in open-plan layouts, occupancy patterns and
numbers, the influence of these variables on the results are investigated.
5.2.2.1

Results for Comfort, Productivity and Wellbeing
The Oriam and Lyell staff were asked about their perceived health, productivity,

personal safety, and overall comfort. In addition, they were asked whether the facilities
meet their needs in general and for their specific work, as well as for their opinion about
the building design, image to visitors, and space use efficiency. Their responses are
presented in Figure 5-6 and Figure 5-7.
All the users perceive themselves more comfortable, healthier, and more
productive when in the building, apart from the users of the Lyell North building, who
also remarked that the building does not meet their general needs. Inclusively, Oriam
occupants gave outstandingly good ratings for their overall comfort, the building design,
and fulfilment of their needs. Their comments explain some of the reasons: “Office space
is light and spacious”; “The building looks great. The sports facilities are of a very high
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standard.” Almost all the users of both buildings are happy with the overall design, except
the Lyell North wing and particularly the users on the ground floor.
In Oriam building interestingly, the North and South sides received similar ratings
for the building design, image to visitors, needs, safety, and overall comfort. As expected,
for most of the variables Oriam visitors evaluated the building performance better than
the Oriam’s office staff. Most comments of Oriam transient users about the building
design were positive, for instance: “I like that the building is very spacious, airy, and easy
to navigate.”; “I like that corridors have kept the looks consistent.”; “The football pitch
is amazing.”; “The building is modern, clean, minimal.”; “The ambience inspires physical
activity”; “Always feel energised when entering the building, even if not feeling very well
when coming.”
For almost all the variables, Oriam ratings are better than the benchmark (except
the space use efficiency in Oriam North). Although transient users’ opinion about space
use efficiency was not asked, many users feedback was concerning the layout of the
fitness suite. Gym users preferred a bigger space including more machines and weights,
and larger stretching area.
In the Lyell North wing, the productivity ratings are 10 to 15% lower than the
benchmark, Oriam offices, and Lyell South wing. Moreover, the overall comfort
improves from the ground floor to the first and second floor.
In Lyell South wing, employees using single occupancy, glass cubicles (Office
LS-s) located in the middle of the same floor level as the open-plan desk users (Office
LS-o) reported better perceptions of health, productivity, and personal safety, while their
ratings for overall comfort and all building design-related aspects is lower.
One Lyell North building user commented: “It is very difficult not to be distracted
by the comings and goings of a very busy office, this is far from ideal when sat in the
middle trying to conduct complex scientific work”. In addition to noise, thermal conditions
and air quality were among the commonly reported issues in these case-study buildings,
impacting comfort and productivity of employees.
Even though the Lyell North building is a highly serviced office with underfloor
heating, natural ventilation windcatchers, and night-time cooling regime, it failed to
provide satisfactory levels of overall comfort and health perceptions on the ground and
first floor. A recurrent comment from the employees working on these levels was: “I am
frequently uncomfortably hot, and the air is dry and stuffy. Ventilation is ineffective.” or
“The air is very hot, dry and stuffy, which is not very pleasant in a working environment
and does lead to slight headache feeling and lethargy.”
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Figure 5-6: Oriam and Lyell building user ratings regarding comfort and design aspects (-3 Unsatisfactory; +3
Satisfactory)
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Figure 5-7: Breakdown of Oriam and Lyell user ratings based on workspace regarding comfort and building
design aspects (-3 Unsatisfactory; +3 Satisfactory)
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5.2.2.2

Thermal Comfort and Air Quality Results
Figure 5-8 to Figure 5-11 show how survey participants think of air conditioning

and ventilation in Oriam and Lyell on hot and cold days, and how satisfied they are with
the level of control provided to them. The thermal comfort variables evaluated are overall
thermal comfort, temperature, and air stability during the day. The air quality variables
considered are air freshness, draughtiness, odour, and humidity; followed by the overall
satisfaction.
Thermal comfort in winter and summer is achieved in all the buildings, except
Lyell North building in winter, where employees seem to find the temperatures slightly
hot. Oriam full-time users found the temperatures in a typical cold day slightly cold.
Transient users were asked about their thermal comfort and air movement
satisfaction in general (instead of differentiating between hot days and cold days), and
since the survey was performed after experiencing the winter season, the results are
compared with the full-time user responses for winter conditions. Overall fitness suite
users feel comfortable with the temperature; however, they would prefer slightly colder
temperatures and higher ventilation rates. Since the survey questions were asked in
person, it was observed that the users closer to the fitness suite entrance, working with
low-intensity machines such as elliptical find the temperature and air quality more
comfortable than the ones using the weights and other equipment at the end of the room,
closer to the external glazing. This area of the room receives a higher solar heat gain.
Weightlifting is a high-intensity activity meaning that these users have a high metabolic
rate and body heat dissipation; thus, weightlifting area requires cooler temperatures and
higher ventilation rates to avoid over-heating.
Additionally, the Soft Landings walk-around sessions following the BUS surveys
revealed that the ventilation systems in the fitness suites had a few issues with the BMS
override in the days prior to the survey. The space user’s feedback was discussed in the
next Soft Landings meeting; thus, the ventilation rates have been revisited and revised
since. Another reactive remedial measure was the rearrangement of the floor layout at the
fitness suite. Therefore, after a year of operation, the fitness suite layout was changed,
which according to Oriam facility managers, has resulted in better utility to its users.
Oriam’s air quality was within or better than the benchmark range, except that it
was perceived as slightly dry, and on hot days, still. Similarly, Lyell users found air too
still on hot days. In the Lyell North building however the overall satisfaction with air
quality was below the benchmark and it was perceived as dry, still, and not fresh.
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Figure 5-10 and Figure 5-11 represent how the temperature, air quality, and air
movement in each room is perceived in winter and summer seasons. Acceptable overall
thermal comfort ratings were achieved in all the spaces in winter, except at Oriam
reception, and the ground and first floors of Lyell North. Oriam Reception staff
experience unstable cold air and draughts, which decreases their thermal comfort. On
winter days, in addition to the reception, occupants of shared offices in Oriam and Lyell
South felt cold. While Lyell North users on the second and first floor found the room
temperature hot throughout the year.
In Oriam, all the offices seem to have satisfactory ventilation regimes on hot days
and fresh air throughout the year. They can benefit from more air movement on hot days.
In the Oriam North shared-office, air is perceived smelly on hot days and slightly dry on
cold days. Overall air quality in this office seems slightly poor on cold days. Some of the
speculations regarding the reason were an overpopulation of the space since the office
was fully occupied, low ventilation rate, or absence of external windows that may result
in exaggerated perceptions.
In Lyell North, unlike the South side, overall satisfaction with the air quality is
low and worse on the ground and first floor compared to the second floor. The occupants
of the Lyell North building found the air dry, slightly still, and not fresh both in summer
and winter. Thus, on the ground and first floor higher ventilation rates, humidity, and air
freshness were desired. Lyell South staff found the room air quality satisfactory. Given
the existence of windcatchers and operable windows in Lyell North building, these results
were unexpected, yet also confirmed by the subsequent seasonal commissioning
questionnaires, presented in Table 5-4 and described in section 5.2.3.2.
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Figure 5-8: Opinions regarding room temperature, overall thermal comfort, and level of control over cooling
and heating systems in the space in winter (cold days) and summer (hot days) in Lyell and Oriam buildings (-3
Unsatisfactory; +3 Satisfactory)
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Figure 5-9. Perceptions of air quality and movement in winter (cold days) and summer (hot days), as well as the
level of control over ventilation in Lyell and Oriam buildings (-3 Unsatisfactory; +3 Satisfactory)
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Figure 5-10: Opinions regarding room temperature, overall thermal comfort, and level of control over cooling
and heating systems in each workspace in winter (cold days) and summer (hot days) in Lyell and Oriam
buildings (-3 Unsatisfactory; +3 Satisfactory)
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Figure 5-11: Perceptions of air quality and movement in winter (cold days) and summer (hot days), as well as
the level of control over ventilation in at different workspaces in Lyell and Oriam buildings (-3 Unsatisfactory;
+3 Satisfactory)
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5.2.2.3

Results for lighting and noise
One of the main benefits and issues of open-plan offices, respectively, are argued

to be the abundance of natural light and increased noise levels (Braat-Eggen et al. 2017;
Kim and De Dear 2013). Figure 5-12 and Figure 5-15 show the responses concerning
these two factors. The overall satisfaction with lighting in both buildings seems to be
within or above the benchmark range. For example, one respondent commented: “bright
workstations with lots of natural light”. Oriam South building users slightly experience
glare from artificial light. Lyell North building employees are unsatisfied with the level
of lighting control provided to them.
In the BUS questionnaire, sources of noise are assessed on a seven-point scale,
from “too little” (coded as 1) to “too much” (coded as 7), with a centred scale, which
means that neither too much nor too little noise is desirable. For this work, source of noise
rating was mapped to -3 for “excessive” to +3 for “None”, which is a right-handed scale.
This means that only excessive noise is considered as a disturbance and undesirable.
Mulville et al. identified noise as the most critical ambient environmental factor
impacting occupant perceived comfort and productivity in an open-plan commercial
office (Mulville, Callaghan, and Isaac 2016). This study revealed similar results. Noise
satisfaction levels were reported slightly below the benchmark values in the Lyell
building and higher noise-control measures were desired. Unwanted interruptions and
noise from other people including the colleagues appear to be the concern. The seasonal
commissioning questionnaire’s results agree with the BUS survey findings and show that
30 to 50 percent of the users were not satisfied with the air quality and 40 percent with
the space temperature.
The noise levels in all the spaces were investigated considering the frequency of
unwanted interruptions and various sources of sound pollution including noise from
colleagues, other people, other sources inside, and outside. The results are illustrated in
Figure 5-13 and Figure 5-15. In Oriam, all staff gave satisfactory ratings with regards to
the noise levels experienced in the space, except one of the offices in the South building
that reported lower satisfaction levels due to unwanted interruptions. The minor issues
reported in the Kitchen Bistro and Reception can be partly justified by the nature of the
type of the activity performed at these spaces and their higher interaction with the
transient users of the facilities.
Unsatisfactory levels of noise from other colleagues and frequent unwanted
interruptions were reported on the ground and first floor of Lyell North wing, which
resulted in lower overall satisfaction and more desire for control measures over the noise
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levels. As expected, single occupancy cubicle staff in Lyell South building reported much
less unwanted interruptions, yet higher level of noise from other colleagues within the
building. Since both users are on the same floor level, this difference could be related to
higher expectations for a private office.
Full timer users evaluated the quality of natural and artificial lighting, as well as
the level of glare in their normal work area. The results are depicted in Figure 5-12 and
Figure 5-14. Overall users in all the spaces are satisfied with lighting. In Oriam, Office
ON1 and Kitchen Bistro seem to suffer from having too much artificial light. In Oriam,
it is only Office ON1 that demanded more control over lighting. This usually can be
rectified by using dedicated study/desk lamps. However, this office is windowless, and
the main complaint of the employees seems to be due to the lack of natural light.
Similarly, Lyell building users were satisfied with the lighting system in the space, yet a
higher level of control over lighting was desired, and a little bit of glare was reported on
the second floor of Lyell North wing (from both artificial and natural sources).
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Figure 5-12. Occupants satisfaction with the amount of natural and artificial lighting and the resulting glare,
level of lighting control, and overall satisfaction with the lighting regime (-3 Unsatisfactory; +3 Satisfactory).
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Figure 5-13. Overall satisfaction of Oriam and Lyell building users with the noise levels and controls (-3
Unsatisfactory; +3 Satisfactory), as well as their description of the sources of noise (-3 Excessive; +3 None).
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Figure 5-14: Opinion of Oriam and Lyell employees about the amount of natural and artificial light and the
resulting glare, their level of control over lighting, and their overall satisfaction with the lighting regime (-3
Unsatisfactory; +3 Satisfactory).
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Figure 5-15: Overall satisfaction of Oriam and Lyell building users with the noise levels and controls (-3
Unsatisfactory; +3 Satisfactory), as well as their description of the sources of noise (-3 Excessive; +3 None).
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5.2.2.4

Results for Office Equipment and Facility Management Aspects
Although space cleaning, office equipment such as furniture quality, desk and

storage space, and meeting rooms availability are related to the facilities fit-out and
management, rather than the building (as defined by the scope of this study), they also
influence users’ perceptions and comfort in the space. Thus, it is interesting to include
them in the contextual evaluation of findings. The survey responses of Oriam and Lyell
full-time users are shown in Figure 5-16 and Figure 5-17. For instance, Lyell North wing
achieved satisfactory ratings for Desk Space (unlike South wing), which in this case has
not been a determining factor resulting in acceptable productivity or overall comfort
evaluations. One user noted that “The lack of storage near pitches and halls is an issue.”
Another comment was that: “The building can be very impractical, e.g. there are no
changing facilities for teams using the indoor pitch, close to the entrance.”
One of the shared offices in Oriam South reported complaints regarding lack of
sufficient storage space near pitches and halls. All the full-time staff in Oriam were
pleased with the availability of meeting rooms and cleaning in the space, but not satisfied
with the desk space provided to them. In Lyell North, all the staff were satisfied with their
desk space, furniture quality, cleaning, but prefer more meeting rooms and storage space.
In Lyell South even though furniture quality, storage space, meeting room availability
was highly rated, the desk space was reported inadequate.
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Figure 5-16. Oriam and Lyell users’ opinion regarding the office equipment and facilities (-3 Unsatisfactory; +3
Satisfactory)
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Figure 5-17: Oriam and Lyell users’ opinion regarding the office equipment and facilities (-3 Unsatisfactory;
+3 Satisfactory)
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5.2.3

Complementing Context Evaluation Results
Section 5.2.2 presented the POE results, and this section will analyse the survey

outcomes within the context identified through the in-depth, supplementing study of the
projects documentation and other research methods. It is important to validate the POE
results, as the space-users can use the POE opportunity for echoing and in time
exaggerating about their complaints unrelated to the building performance (Deuble and
de Dear 2014). For instance, the move process, particularly relocation from private to
open-plan offices, can bias the responses (Thatcher and Milner, 2016; Kaarlela-Tuomaala
et al., 2009). This is acknowledged by the authors for the Lyell North employees, as the
moving chaos and historical bias (comparison of the new office with the old one) can
adversely influence their feedback, which was also suggested by the facility and project
managers of the building. Thus, this section aims to explore the reasons for the POE
results, and where possible, validate the reported issues.
There is a wide range of influential factors to consider in a context evaluation
study. It is essential to evaluate and complement POE findings with objective
measurements and context observation before inferring the actual building performance.
Reviewing the participant’s comments; site visits and walk-arounds; and enquiring about
the project background and the viewpoint of project and facility managers assist with
putting the POE results into context. Unfortunately, in these case-studies, it was not
possible to monitor the office indoor conditions such as temperature or air quality to
validate the results. Therefore, the conditions of the Lyell and Oriam buildings were
verified through information collected during site visits, seasonal survey and
commissioning documents of the Lyell building, and interviews with the facility
managers who work in the same building daily, the project manager, and other project
stakeholders.
5.2.3.1

Oriam
In Oriam, the most critical space that repeatedly showed poorer performance than

the benchmark, is the reception area. Where strong draughts and varying temperature was
reported on cold days. The staff working in this area were not satisfied with their level of
control over cooling, heating, ventilation, and noise. According to the mechanical and
electrical system designers, it is a challenging task to design a comfortable reception
space, where the focus is on visitors arriving at the facilities, particularly without
revolving doors. At the time when the survey was performed, the main entrance doors
were faulty. They would open and get stuck or both doors would open simultaneously.
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The issue was rectified so that only one leg of the entrance doors opens (unless the
wheelchair-use button is pressed). Consequently, in the following site visits and in-person
discussions with staff working at the reception, the issue of cold draughts was found to
be considerably reduced.
The shared offices in Oriam South are only naturally ventilated. And if the users
do not open the windows, these spaces can reach high CO 2 levels. Users of one of these
offices reported the air as dry and still throughout the year. The rooms that are equipped
with Damper Switch, can leave the setting on auto to allow the BMS to automatically
open the damper in case the CO2 level rises. At the time of the surveys, it was not clear
whether the users of these spaces were aware of these settings and how to operate the
thermostats. This confusing situation was raised by one staff who stated that a few months
after moving in, they had asked for instruction on thermostat control and yet did not
receive a timely response.
Comments from the Office OS2 staff uncovered that the noise issue was from the
lower strength and conditioning suite and their music. The glass section of the wall that
overlooks to the suite from the office seemed to allow noise to penetrate to the space. This
made Office OS2 the only space in Oriam that has not satisfied its users with regards to
noise. The first measure considered was to create a cage to acoustically insulate the
circumference of the speakers and move the sound waves away in another direction other
than the office above.
Set goals of Soft Landings for Oriam project were to create “a comfortable
internal environment for each specific activity and well-designed control interfaces which
are as intuitive as possible.” Achievement of these objectives from the perspective of
building users is put to the test by means of the BUS occupant satisfaction survey.
Looking at the ratings and comments related to the user controls, it seems this aim has
been achieved to a great extent yet having differing thermostats in different rooms has
confused the facility managers and users during the first few months of building
occupation. Following the survey results, it was recommended to the facility managers to
inform all the office space users of how to regulate their controls.
The facility manager of Oriam was involved throughout the project design and
delivery, who was aware of the needs of sports facility users through years of experience
and assisted with developing the project brief. The layout and equipment of the gym was
decided based on surveys of and consultations with the gym users. The sports
organisations that were using the football, basketball, handball, netball, were consulted
and had inputs to the size of the hall.
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The scope of the survey for seasonal commissioning was limited. It only included
basic comfort examination of the full-time staff users and not the sport facility’s visitors,
who are the main users that the building was designed and built for. The questions ask
was limited to the ones shown in Table 5-4. The results of these surveys were not shared
with the authors, thus not included in this work.
5.2.3.2

Lyell
In the case of the Lyell building, based on the interview results (presented in

section Error! Reference source not found.) and projects’ design and construction
documentation, it was discovered that the users of the North wing used to work in cellular
offices closer to the city centre since the 1970s. Many of the staff lived nearby there.
Thus, the users were not happy with moving their office to the new location, which is in
the outskirt of the city, and to open-plan offices. It is acknowledged that this can skew the
POE results to show poorer building performance and is one the main limitation of selfreported qualitative assessments that are not supported by objective measurements or
verified by complementing research approaches. Since physical measurement of the
space environment was not possible, complementing evidence was used to better
understand the performance of the building during the first year of occupancy from the
perspective of the users.
The commissioning documents show that the testing and commissioning of all the
mechanical and electrical systems were completed successfully before handover, yet the
facility managers confirmed the heating, cooling, and ventilation issues in the Lyell North
building during the first year of operation as well as the reluctance of the space users to
move to open-plan offices at the new location. Consultation was performed with the
future space users and regular feedback was collected from the users during POE
meetings and seasonal commissioning, which revealed the expectations and
shortcomings, but apart from minor changes, these feedbacks were largely ignored
without giving explanation to the space users about the reasons. In the case of building
finetuning issues, the progress was so slow that adversely affected the users and frustrated
them. These comments from the interviewees confirms the viewpoint of the Lyell North
occupiers about the relocation to the new building:
•

“The staff did not get the option of how the building is going to be. They
were told it would be 3 levels and open-plan. They were given the layout
of the space and some sheets showing the furniture and meeting rooms,
shared spaces, and the office. Many staff had their own cellular offices
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most of their life and it was quite daunting to change to an open-plan.
There is a mix of reactions. Some people like working in an open plan.”
•

“Most of them were not keen to move in at all and quite a few people have
left. There were reports of the floor being too hot or the air being too
stuffy, while it is not the case. Certainly, in the last 9months there have
been issues with the windcatchers and underfloor heating failing but you
get that in a new building. Many people were against the move, so they do
not want to be in this location and already have a bad attitude. This means
you are not going to get an accurate post-occupancy evaluation.”

•

“It is a nice and bright building, especially on the first and second floors.
But there have been so many issues with the mechanical installations and
the heating controls and ventilation and that has caused issues for our
staff and many complaints. We moved in here in February 2016. It is
certainly has got better but there are some issues that are taking a long
time to resolve, mostly the mechanical issues. If these had been
commissioned correctly from day one, I am sure things would have been
a lot smoother.”

The results of the first two seasonal commissioning questionnaires from the
winter and spring season are presented in Table 5-4. The same comments were written in
both surveys, which were three months apart, and the general dissatisfaction with space
temperature seems to remain the same. In May fewer responders (33%) reported poor
ventilation quality compared to the survey in February (55%), which shows improvement
in user satisfaction with the air quality. Building users find the air stuffy, hot, and dry and
required higher air flow; even though the building has operable windows, so that people
can benefit from fresh air. The respondents stated that the windows do not stay open.
Lighting levels seem good; however, the daylight sensors seem to not function correctly
as the lights were reported to remain on even on bright sunny days. These findings support
the BUS surveys’ results. The issue of windows was raised with the building facility
managers and window restrictors were added.
In a survey of open-plan study spaces, the most disturbing noise problem was
discovered to be speech (Braat-Eggen et al. 2017). Similarly, these case-studies revealed
people within the space as the primary source of noise. One of the employees stated that:
“I tend to work from home when I need high concentration, uninterrupted by noise, or
privacy to make calls and meetings. I now make fewer phone calls due to causing noise
and being overheard and never do videoconferences at my desk.” The facilities manager
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of the Lyell North building confirmed that people are found whispering and are fully
aware of their conversations on the phone disturbing other colleagues. In many cases, the
staff reported using meeting rooms for their telephone conversations or a tendency to take
phone-calls outside. Additional small assembly rooms were added in response to
employee requests for additional meeting rooms.
In the case of the Lyell South wing, it was observed that single-occupancy semicircular office users reported a lower level of control compared to the users of the openplan workstations on the same floor. This could be due to either higher presumptive
assumptions for a cellular office or not having operable windows as the cubicles are in
the middle of the floor plans.
Table 5-4: Lyell North building seasonal commissioning questionnaire results

Date

5/2/18

Date 14/5/18

Number of
responses

GF: 13, F1: 14, F2: 9 - Total: 36

GF: 7, F1: 5, F2: 9 - Total: 21

Good
Space Temperature
Lighting Levels
Ventilation
Hot Water
Comments
Space Temperature

Lighting Levels
Ventilation
Hot Water

5.3

6
21
7
20

Adequat
e
14
11
9
14

Poor

Good

16
4
20
2

1
11
2
11

Adequat
e
10
9
12
9

Poor
10
1
7
1

Too hot in open plan offices – all
Too hot in open-plan offices, all
levels.
levels.
Wall stats do not seem to work
Wall stats do not seem to work
Always too cold in Francis
meeting room, under floor heating
does not work
Generally, very good but never switches off, even on very bright
sunny days
Not enough air flow in building, too hot and stuffy, feels very dry
Windows don’t stay open, close in breeze
Kitchen taps too hot
Top floor boiling water tap – flow is too slow

Operational Energy Consumption and Energy Performance Gap
Table 5-5 presents the energy use of Oriam and Lyell buildings based on the as-

built EPC simulation results and the values measured by the utility meters after more than
a year of operation and fine-tuning process. The utility meters recorded the electricity,
gas, and water use of both buildings. In the Lyell building, the generated electricity and
heat of the PV and CHP systems were also recorded monthly. In Table 5-5, the metered
energy consumption and the associated CO2 emissions are divided by both the building
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conditioned area, to offer a comparable number with design EPC calculations, and gross
internal area, to follow the guideline for DEC calculation. The ‘typical practice’
benchmarks are from:
•

The EPC documents of the Lyell and Oriam projects.

•

CIBSE Guide F for comparison of actual energy use per treated floor area
(CIBSE 2016).

As the design of the Oriam building progressed, the EPC rating of the North
building improved from ‘D+’ to ‘C’. Nevertheless, the actual energy consumption of the
Oriam North Building was 57% poorer than the worst version of EPC design predictions5.
Even though the Oriam South building achieved ‘E’ EPC rating, the worst among the
three EPC ratings, in effect those projections were the most accurate ones, because the
Oriam South building consumed 2% less energy compared to the predictions. In contrast
with design predictions, based on the utility meter readings, the two sides of the Oriam
building had similar gas and electricity consumption per square meter area. The total
energy consumption and CO2 emissions of Oriam were about 1.3 times of its design stage
EPC predictions, which sums up to 390 MWh, £46,773 per year (assuming 12 Pence per
kWh), and 95.6 tonnes of CO2 emissions per year.
The Lyell project aimed to achieve an ‘A’-rated EPC and managed to secure a
‘B’-rated EPC. It integrates 32 x 250W PV panels, three gas-fired mini-CHP engines, and
advanced natural ventilation regimes including night cooling using operable windows and
windcatchers. The Lyell building achieved 13 and 10 points at the design and postconstruction stages, respectively. The BRUKL reports, based on the as-built design
modelled building operational energy, were used to calculate the number of credits
achieved. These reports projected that the Lyell building primary energy consumption,
heating and cooling energy demand, and CO2-equivalent emissions were respectively 19%,
6%, and 25% better than the indicative targets. Indicative target is calculated based on the
minimum energy performance requirement by the building regulations. Following the
BRE’s calculation formula (see section 2.1 for the details of the BREEAM approach), the
associated EPR of the Lyell building is more than 0.6, thus 10 points were awarded at the
post-construction stage.
The actual energy use of the Lyell project was more than three times of the design
stage EPC projections, considering regulated energy consumption and equipment load.
The total energy consumption and CO2 emissions of the Lyell building were in turn about
5

The actual metered energy use is compared with the sum of the EPC prediction of energy consumption
and equipment load.
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1.7 and 2.2 times of its design stage EPC predictions. The Lyell building surpassed its
EPC predictions by 491 MWh, which annually costs the project £58,926 more than its
design valuations (assuming 12 Pence per kWh) and emits 121.6 tonnes of CO2 emissions
more per year.
No DEC was produced for any of the buildings by a qualified energy assessor;
therefore, the DEC calculations presented in this work are based on the general CIBSE
TM46 benchmarks for ‘Offices, air conditioned’ and ‘Sports and recreation, fitness
centre’ building categories (CIBSE 2008). B rating DECs were calculated for the Lyell,
Oriam North, and Oriam South buildings as they all showed around 60 to 65%
improvement in CO2 emissions over a typical building.
According to the CIBSE guideline for DEC calculation, the CIBSE TM46
reference performance benchmark should be adjusted based on the local climate heating
degree days and building occupancy period over the year measured (CIBSE 2008). Yet,
using the closest weather station, which is Edinburgh airport heating degree days in 2018
were 371.5 more than the standardised 2021degree days. This would increase the
benchmark values and would result in better performance for the buildings.
Table 5-5: Details of projects' energy use and carbon emissions

Oriam

As-built (EPC
simulation results)

Actual metered energy use (DEC calculation)

Source

Typical
Typical
North
South
Building Practice Building Practice

Energy
consumption*
[kWh/m²/yr]
CO2 emissions**
[kgCO2/m2/yr]
On-site Energy
Production
[kWh/m2/yr]
DEC Electricity
[kWh/m2/yr]
DEC Fuel & Heat
[kWh/m2/yr]
DEC score &
rating
CO2 emissions
improvement
Energy
consumption
[kWh/m²/yr]
CO2 emissions
[kgCO2/m2/yr]
Primary energy
[kWh/m2/yr]

269.7
221
75.8
62

283.6
232
157.3

-

79.9
65.4

Lyell

Typical
Practice

221.7
214
157.3

-

42.6
41
PV Elec. 1.2
CHP Elec. 10.8
CHP Heat 21.8

120
-

107

152

113

152

9

226

114

598

119

598

205

178

39
B

42
B

34
B

61%

58%

66%

141

198

239

272.5

72

75.3

38.5

41

66

72

18.3

24.5

208

220

335.5

382.5

103

136
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On-site Energy
Production
[kWh/m2/yr]
Equipment Load
[kWh/m²/yr]
EPC rating

-

-

-

-

PV Elec. 1.3
CHP Elec.9.15

-

30.9

30.9

51

51

58

58

C

E

B

CO2 emissions
6%
8%
25%
improvement
* Utility meter readings from the first half of year (23.January.2018 to 23.July.2018),
doubled and then divided by the Conditioned Area from Table 4-1.
The first energy consumption number is normalized over building conditioned area to offer
a comparable number with design EPC calculations and the second number is normalized
over gross internal area as per the DEC calculation guide (Department for Communities
and Local Government 2008).
** Assuming the UK Carbon Emission Factors as 0.384 [kg CO2-eq/kWh] for Electricity
(considering transport losses) and 0.184 [kg CO2-eq/kWh] for Gas, based on the UK
Government Carbon Conversion Factors in 2018 (GOV.UK 2018).
The first CO2 emission is normalized over building conditioned area to offer a comparable
number with design EPC calculations and the second number is normalized over gross
internal area as per the DEC calculation guide (Department for Communities and Local
Government 2008).

The submetering data was not available in the case-studies at the time of the
assessment due to lengthy commissioning of the submeters and the BMS system. Even
after more than a year of continuous commissioning of the Oriam building the manual
readings of the submeters were different from the values shown on the BMS. The Oriam
Soft Landings Champion explained that the BMS readings can drift away from the manual
submeter readings due to missing the submeter pulses, which is what happened in the
Oriam building. The BREEAM ‘Energy Monitoring’ credit requires project to install
accessible energy sub-meters with a pulsed output that can be connected to the BMS for
energy monitoring (BRE Global Ltd 2011), but it is not concerned about their correct
operation and recording.
In the Lyell building, on-site energy generation with CHP and PVs resulted in
increased fossil fuel demand and reduced grid-electricity use. Hence, the total gridelectricity use was negligible, while the gas consumption was 4.5 times of the design
predictions and 1.7 times of the Oriam building (per square meter). In the Oriam North
building, on the other hand, the grid-electricity consumption is 1.7 times of the EPC
projections. The external lighting including the large outdoor 3G pitch is also included in
the measured electricity use, which according to the DEC guide ‘Sports flood lighting’ is
one of the allowed separable energy uses from the total energy consumption. However,
without submetering and further breakdown of the energy use it was not possible to
pinpoint the exact reasons for the energy performance gap or slippage.
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Collecting reliable metered data was a challenging task in both projects. As shown
in Figure 5-18 and Figure 5-19, gas and electricity meter readings were received from the
facility managers and analysed. Since these meter readings were manually performed by
different staff members, the values read were not consistent. In some months such as
December 2017 no meter reading was carried out. No grid electricity meter reading was
available for the Lyell building before January 2018. The facility managers advised that
the electricity and heat meter and submeters were faulty and were subjected to several
commissioning sessions; ultimately, they were changed at the end of 2017. Therefore, as
described in Table 5-5, the metered energy data was calculated based on measurements
for the first six month of 2018, to use the most recent data and achieve better accuracy
and comparability.

Figure 5-18: Monthly gas consumption for heating and hot water use in Oriam and Lyell buildings

Figure 5-19: Monthly electricity consumption in Oriam and Lyell buildings

5.4

Life Cycle Assessment Results
This section presents the LCIA results of the Lyell and Oriam buildings. In all the

charts and graphs, results that are calculated following the methodological rules of the
CEN EN 15804/15978 standards and the PEF guideline method are denoted as ‘CEN’
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and ‘PEF’, respectively. The C3 and C4 modules are reported jointly for both CEN and
PEF results, indicated as C3-C4. This section identifies the environmental hotspots,
known as the most relevant environmental indicators, life cycle modules, and building
elements and materials.
5.4.1

Life Cycle Impact Assessment (LCIA) and Interpretation
Figure 5-20 and Figure 5-21 illustrate the contribution of each life cycle module

to the characterised total environmental impact of the buildings, contrasting the PEF
against CEN results for every environmental indicator. The abbreviation of
environmental indicators that is presented in Table 2-3 (and Table 3-6) is used in the
figures. For characterising the results when only one method is used, burdens and benefits
are summed up separately. The bigger number becomes the ‘denominator’, that
determines the percentage contribution of each life cycle module in total impacts. For
comparing the two modelling approaches of CEN and PEF, the highest of the two
methods for each impact category is considered as the denominator and is set to 100%.
In the characterised results shown in Figure 5-20 and Figure 5-21, the avoided
impacts (known as benefits), which are presented with negative numbers (below the
horizontal axis), and induced impacts (above the horizontal axis) are higher for all
environmental issues (except FEP) in the CEN method. This is because according to the
CEN standard all avoided impacts are considered beyond the study boundary and are
reported collectively in module D, while the PEF method reports the beneficial
contribution of avoided impacts at each life cycle module where they occur as net impacts,
i.e., burdens minus benefits. In other words, the total burdens and benefits are higher in
CEN because all benefits are reported at once in module D. Module D includes all benefits
from modules: A1 (materials acquisition), A2 (transport for manufacturing), A5
(construction loss), B3 (repair), B4 (replacement), C2 (transport of waste), and C3-C4
(waste processing & disposal).
The characterised results of both methods reveal that the use phase (even for a
BREEAM Excellent building) is dominating most environmental issues. For both
buildings the most important life cycle stages for most of the impact categories are the
operational energy during the use phase (module B6) and the materials acquisition
(module A1). Environmental benefits of waste recovery for recycling, reuse, or
incineration are evident at the EoL of the buildings. Initial material acquisition (module
A1) and materials for replacement of building components (module B4) have the highest
shares in HTP-c, HTP-nc, FEP, WRD, LU, and RD-MM.
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Figure 5-20: The characterised life cycle impacts of the Oriam building as per the PEF and CEN
methods

Figure 5-21: The characterised life cycle impacts of the Lyell building as per the PEF and CEN
methods

As presented in Table 5-6, Oriam with 6226 [m2] conditioned area, over its
lifetime, emits 23160 [tCO2eq] or 3720 [kgCO2eq/m2] as per the PEF method and 21546
[tCO2eq] or 3461 [kgCO2eq/m2] as per the CEN standards. Oriam’s module D shows that
the building can reduce its total GWP by 18%, equal to 5848 [tCO2eq], through recycling
and recovery. After normalising and weighting these results, the total impacts of Oriam
is 2748 and 2700 points, calculated using the PEF and CEN methods respectively.
Without the voluntary module D, CEN would have reported 3012 points.
In sum, Lyell with 5355 [m2] conditioned area emits 18905 [tCO2eq] or 3530
[kgCO2eq/m2] as per the PEF method, over its 60 years lifecycle. If CEN standard is
followed, Lyell’s GWP is 18142 [tCO2eq] or 3388 [kgCO2eq/m2], while it has 2093
[tCO2eq] potential benefits beyond its system boundary (module D) that is included in
the calculations above to enable comparison of the PEF and CEN methods at a building
level. After normalising and weighting these results, Lyell’s total impacts equates 943
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and 915 points, calculated based on the PEF and CEN methods, respectively. If the
module D was not considered CEN would have reported 1039 points.
Therefore, in the Oriam and Lyell buildings, in turn, the CEN and PEF methods
showed: 1.8% and 3.1% discrepancy in the total impacts and 7.5% to 4.2% discrepancy
in GWP. The PEF EoL modelling of the impacts, namely the CFF formula and the ‘A’
and ‘B’ allocation factors that acknowledge the market conditions, result in this
discrepancy between the PEF and CEN results. If Module D was not considered in the
CEN approach these discrepancies would have increased considerably: 8.8% and 9.2%
discrepancy in the total impacts and 15.5% to 6.6% discrepancy in GWP.
Table 5-6: Characterised GWP and total life cycle impacts of the Lyell and Oriam buildings
calculated following the PEF and CEN methods

Lyell
PEF

Unit
[tCO2eq], with Module D
Carbon
Emissions
(GWP) *

18,905

[tCO2eq], without Module D

CEN
18,142

PEF
23,160

20,235

[kgCO2eq/m2], with Module D

3,530

[kgCO2eq/m2], without Module D
[Points], with Module D
Total
Impacts **

Oriam

3,388

[Points], without Module D

915

3,720

0.176

[Points/m2], without Module D

0.171
0.194

3,461
4,400

2,748

1,039

[Points/m2], with Module D

21,546
27,394

3,779
943

CEN

2,700
3,012

0.441

0.434
0.484

* Characterised impacts
** Total normalised and weighted impacts (without toxicity indicators)

5.4.1.1

The most relevant impact categories
Figure 5-22 and Figure 5-23 show the normalized and weighted results for the

Oriam and Lyell buildings, respectively, considering the weighting and noramlisation
factors presented in Table 3-6. The EC-JRC Global normalisation and PEFCR Guidance
v6.3 weighting factors were used (EC 2017a; Sala et al. 2017). Normalized and weighted
results are not popular among the LCA practitioners due to concerns about masking or
weighting down important impacts such as climate change impacts among other
environmental indicators. That said, although climate change impacts require urgent
attention, this should not stop accurate measurement of other environmental impacts such
as Acidification or Eutrophication, which contribute to the biodiversity mass extinction
that is imminently approaching. In general, PEF’s approach to address this concern is to
encourage assessing impacts at the Characterisation level and using normalisation and
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weighting results for hotspot analysis considering every most relevant environmental
indicator separately.
The most relevant impact categories for Oriam and Lyell building are shown in
Table 5-7 and Table 5-8, following the PEF and CEN methods, considering absolute
values of benefits and burdens, and excluding and including toxicity indicators. The
PEFCR guide requires the toxicity indicators to be excluded from hotspot analysis and
benchmarking, or reported separately as ‘other impact results’ (EC 2017a). GWP is the
highest environmental impact for both Lyell and Oriam buildings, which is partially due
to the high operational energy use (module B6) and partially because of the high
weighting factor of the GWP indicator. The weighting factor GWP is 21%, which is more
than twice the weighting factor of the second highest weighting factor among the
indicators.
Since the difference in modelling approach of CEN and PEF does not influence
module B6 the environmental indicators that module B6 is the dominant contributor show
similar results in both LCA approaches, and only the order of their importance slightly
differs. Operational energy use is the main contributor to the most dominant weighted
environmental impacts. Accordingly, the PEF and CEN methods report similar share of
total impacts for the most relevant environmental indicators (without toxicity credits).
When the toxicity issues were not included in the analysis (as it is required by the PEF
guide), the most relevant indicator were identified as:
•

GWP, RD-E&F, PMFP, AP, and POFP for the Oriam building.

•

GWP, PMFP, AP, POFP, and RD-MM for the Lyell building.

RD-E&F is the second most concerning environmental impact indicator for the
Oriam building (which cannot be offset with recycling or recovery at the end of life). In
Lyell, GWP, and in Oriam, GWP and RD-E&F combined contribute to almost 50% of
total weighted impacts. As Table 5-7 and Table 5-8 present the difference between the
share of some of the indicators is less than 0.5% at the 80% threshold. If a minimum
difference of for example 1% between hotspots is considered, as an additional rule, then
both methods reveal the same most relevant environmental indicators in these case
studies.
Other significant burden of the buildings is HTP-c, that shows both high burdens
and benefits that cancel each other out when summed up as weighted results. Materials
used for building construction and replacement are the main contributors to HTP-c issue
and recovery and recycling can significantly compensate for these impacts. The PEF and
CEN results have a different order of relevance of environmental impacts when taking all
172

the 16 environmental indicators into account. Following the PEF method, GWP; RDE&F; HTP-c; PMFP; AP; and HTP-nc were respectively the most relevant environmental
categories of Oriam. While following the CEN standard, HTP-c indicator shows a higher
share of impact (27.2% compared to 18.7% in PEF). Apart from HTP-c, CEN and PEF
report only slightly different contribution to the total environmental impacts among the
other indicators.
If all the 16 environmental indicators were included, GWP, HTP-c, HTP-nc,
PMFP, AP, and POFP were revealed as the most relevant environmental impact
categories in Lyell using the PEF method. While calculating using the CEN approach,
RD-MM replaces POFP in the list of hotspots. Since HTP-c indicator has a considerable
contribution, particularly if calculated using the CEN approach, this indicator is also
studied further among the relevant environmental indicators.
Considering the high influence of operational energy use on the results, Table 5-7
and Table 5-8 also present the most relevant environmental indicators excluding module
B6 and B7 and toxicity indicators. In other words, freshwater eutrophication and land use
are also among the most relevant environmental indicators when evaluating the embodied
impacts of the Lyell and Oriam buildings. For Oriam, GWP; PMFP; AP; RD-MM; POFP;
FEP; LU and for Lyell, GWP; PMFP; RD-MM; AP; LU; POFP; FEP are the most relevant
environmental indicators.

Figure 5-22: The normalized and weighted life cycle impacts of the Oriam building as per the PEF
and CEN methods
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Figure 5-23: The normalized and weighted life cycle impacts of the Lyell building as per the PEF
and CEN methods
Table 5-7: Oriam building hotspots, identifying the most relevant impact categories

Oriam Building, without toxicity categories
PEF Method

CEN Standards

Environmental
indicator

Environmental
indicator

Contribution

Cumulative

GWP
24.57%
24.57%
RD-E&F
23.19%
47.76%
PMFP
15.04%
62.80%
AP
13.11%
75.91%
POFP
6.07%
81.98%
RD-MM
3.22%
87.21%
TEP
3.20%
88.41%
Oriam Building, with toxicity categories
PEF Method

GWP
RD-E&F
PMFP
AP
POFP
RD-MM
TEP

Environmental
indicator

Environmental
indicator

Contribution

Cumulative

Contribution

Cumulative

25.07%
22.66%
14.72%
13.46%
5.81%
3.60%
3.13%

25.07%
47.73%
62.45%
75.91%
81.72%
85.32%
88.45%

Contribution

Cumulative

CEN Standards

GWP
18.86%
18.86% HTP-c
27.18%
27.18%
RD-E&F
17.79%
36.65% GWP
15.82%
43.00%
HTP-c
16.30%
52.95% RD-E&F
14.29%
57.29%
PMFP
11.53%
64.48% PMFP
9.29%
66.58%
AP
10.06%
74.54% AP
8.49%
75.07%
HTP-nc
5.57%
80.11% HTP-nc
8.05%
83.12%
POFP
4.66%
84.77% POFP
3.66%
86.78%
Embodied Impacts of the Oriam Building (excluding module B6 and B7), without toxicity
indicators
PEF Method
CEN Standards
Environmental
indicator
GWP
PMFP
AP
RD-MM
POFP

Contribution

Cumulative

36.72%
17.23%
9.05%
8.78%
7.13%

36.72%
53.95%
63.00%
71.79%
78.91%
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Environmental
indicator
GWP
PMFP
AP
RD-MM
POFP

Contribution

Cumulative

36.83%
16.18%
10.39%
9.22%
6.29%

36.83%
53.01%
63.40%
72.62%
78.91%

FEP

5.27%
5.07%

LU

84.18%
89.25%

LU
FEP

4.79%
4.60%

83.71%
88.31%

Table 5-8: Lyell building hotspots, identifying the most relevant impact categories

Lyell Building, without toxicity categories
PEF Method

CEN Standards

Environmental
indicator

Environmental
indicator

Contribution

Cumulative

GWP
48.78%
48.78%
PMFP
12.34%
61.12%
AP
10.88%
72.01%
POFP
5.24%
77.24%
RD-MM
5.05%
82.25%
RD-E&F
4.96%
87.21%
Lyell Building, with toxicity categories
PEF Method

GWP
PMFP
AP
RD-MM
POFP
RD-E&F

Environmental
indicator

Environmental
indicator

Contribution

Cumulative

Contribution

Cumulative

48.13%
12.10%
11.23%
5.62%
5.12%
5.05%

48.13%
60.23%
71.46%
77.08%
82.19%
87.24%

Contribution

Cumulative

CEN Standards

GWP
36.51%
36.51% GWP
30.89%
30.89%
HTP-c
17.60%
54.12% HTP-c
26.37%
57.26%
PMFP
9.24%
63.35% PMFP
7.76%
65.02%
AP
8.15%
71.50% HTP-nc
7.40%
72.42%
HTP-nc
5.67%
77.17% AP
7.21%
79.63%
POFP
3.92%
81.09% RD-MM
3.60%
83.23%
RD-MM
3.75%
84.84% POFP
3.28%
86.51%
RD-E&F
3.71%
88.55% RD-E&F
3.24%
89.75%
Embodied Impacts of the Lyell Building (excluding module B6 and B7), without toxicity
indicators
PEF Method
CEN Standards
Environmental
indicator

GWP
PMFP
RD-MM
AP
LU
POFP
FEP

5.4.1.2

Contribution

Cumulative

32.24%
17.08%
10.91%
8.49%
6.87%
6.35%
6.25%

32.24%
49.32%
60.23%
68.72%
75.59%
81.94%
88.19%

Environmental
indicator

GWP
PMFP
RD-MM
AP
LU
POFP
FEP

Contribution

Cumulative

33.09%
15.92%
11.39%
9.56%
6.11%
5.94%
5.18%

33.09%
49.01%
60.40%
69.96%
76.07%
82.01%
87.19%

The most relevant life cycle modules
The most relevant life cycle modules for the Oriam and Lyell buildings were

identified for every most relevant environmental indicator, as per Table 5-9 and Table
5-10.

The life cycle stages that are acknowledged as hotspot are: B6 operational energy,

A1 materials acquisition, B4 replacement, C3-C4 waste processing & disposal, A3
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manufacturing, A2 manufacturing transport, using the PEF method. In CEN method
module D replaces C3-C4. As part of the ‘other impact results’ for the relevant indicators
calculated using the PEF method, B7 operational water use, by 6.2% contribution to the
HTP-nc indicator is added to the list of most relevant life cycle modules. For the Oriam
building, operational water use, becomes relevant in AP and HTP-c indicators, when
calculated using the PEF method, and in HTP-nc indicator, when calculated using both
PEF and CEN.
Therefore, the product stage (A1, A2, and A3 modules); B4 replacement, B6
operational energy use, and B7 operational water use modules from use stage; and C3C4 or D modules at the EoL are acknowledged as the most relevant life cycle stages of
the Lyell and Oriam building. Although the share of A2 and A3 modules are much less
than module A1, all these modules are among the relevant life cycle stages in both
buildings. The A1, A2, and A3 modules constitute product stage and are commonly
reported as cradle to gate EPDs. Other than these, the B4 module that reports the impact
of building components replacements over the building’s long lifetime is also identified
as a relevant life cycle module. The share of this module is like the initial material
acquisition reported in module A1 and in times even higher. The presence of modules D
and C3-C4 in CEN and PEF results, respectively, highlights the importance of EoL
treatment in buildings, what CEN names as re-use, recycling, and recovery potential and
the need for more widespread adoption of circular economy concepts in the building and
construction industry.
The B6 operational energy use module dwarfs the other life cycle modules with
about 70% share against the other stages that have 10% or less contribution to the GWP
of the Lyell building, which is the most relevant environmental indicator. The B6 is the
most relevant environmental module in the other relevant environmental indicators except
RD-MM, HTP-c, and HTP-nc (see Table 5-10). Following both LCA approaches, the
share of operational energy use is more than 95% in the Oriam building’s RD-E&F.
Although in this case, following the PEFCR guide, the relevance of the other life cycle
modules that constitute the remaining 5% is reported excluding B6 module, their
contributions are insignificant to this environmental indicator (0.44% to 2.3%) (see Table
5-9).
Given the dominance of module B6, the operational energy use of the case-study
buildings is further analysed. Figure 5-24 and Figure 5-25 present the characterised and
weighted impacts of module B6 in the Oriam and Lyell buildings in their 60 years
lifespan. Operational energy use in Oriam is a combination of gas burned for heating and
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hot water generation and grid electricity used for cooling, ventilation, lighting, and
running the facilities equipment. Module B6 has the highest contribution to GWP, RDE&F, PMFP, and AP. The contribution of electricity and gas to different environmental
impact categories is varied. The weighted results (see the right graph in Figure 5-24) show
that the most relevant environmental impact of Oriam is RD-E&F. In addition to RDE&F, Grid electricity dominates AP and PMFP. Gas consumption is the source of high
CO2 emissions in Oriam.
The operational energy use, module B6, of the Lyell building which contributes
the most to GWP, is further investigated in Figure 5-25. The characterised and weighted
results reveal that the main reason is burning gas in boilers for heating and hot water
demand of the building for most environmental indicators. Grid electricity has the highest
share in IR-HH, WRD, and RD-E&F; however, these impacts are negligible when
compared to GWP.
Table 5-9: Oriam building hotspots, identifying the most relevant life cycle stages

Oriam Building
GWP
PEF
B6 Operational Energy
A1 Materials Acquisition
C3-C4 Waste Processing &
Disposal
B4 Replacement
RD-E&F
PEF
B6 Operational Energy
B4 Replacement
C3-C4 Waste Processing &
Disposal
A3 Manufacturing
B2 Cleaning/Maintenance
PMFP
PEF

45.16%
17.88%

CEN
B6 Operational Energy
Module D

42.58%
17.59%

11.78%

A1 Materials Acquisition

13.15%

10.14%

B4 Replacement

12.36%

96.97%
1.03%

CEN
B6 Operational Energy
Module D

95.49%
2.30%

B4 Replacement

0.73%

A3 Manufacturing
B2 Cleaning/Maintenance

0.51%
0.44%

16.16%
11.31%
9.67%

0.58%
0.52%
0.44%

33.83%
19.19%
17.05%
14.58%

51.04%

CEN

B6 Operational Energy
B4 Replacement
A1 Materials Acquisition
C3-C4 Waste Processing &
Disposal
A3 Manufacturing
A2 Manufacturing Transport
AP
PEF

58.47%
14.75%
10.68%

35.52%
25.72%

B6 Operational Energy
B4 Replacement
A1 Materials Acquisition

69.45%
8.05%
6.11%

40.31%
19.51%

4.62%

11.13%

Module D

8.78%

14.19%

2.42%
2.40%

5.84%
5.78%

A3 Manufacturing
A2 Manufacturing Transport

1.88%
1.00%

5.60%
5.54%

B6 Operational Energy
A1 Materials Acquisition
B4 Replacement

74.10%
8.17%
5.06%

69.45%
8.78%
8.05%

28.75%
26.35%

CEN
31.53%
19.53%
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B6 Operational Energy
Module D
B4 Replacement

C3-C4 Waste Processing &
Disposal
A3 Manufacturing
B7 Operational Water
POFP
PEF
B6 Operational Energy
A1 Materials Acquisition
B4 Replacement
C3-C4 Waste Processing &
Disposal
A3 Manufacturing
A2 Manufacturing Transport
HTP-c
PEF
A1-Materials Acquisition
C3-C4 Waste Processing &
Disposal
A3 Manufacturing
B7 Operational Water
HTP-nc
PEF
B7 Operational Water
A1 Materials Acquisition
B4 Replacement
B6 Operational Energy
C3-C4 Waste Processing &
Disposal

4.94%

19.07%

A1 Materials Acquisition

6.11%

19.99%

A3 Manufacturing

1.88%

6.16%

2.01%
1.66%

7.75%
6.43%

57.07%
14.06%
9.52%

32.74%
22.18%

CEN
B6 Operational Energy
B4 Replacement
A1 Materials Acquisition

57.51%
12.33%
10.26%

29.02%
24.15%

6.86%

15.99%

Module D

7.40%

17.42%

3.35%
2.30%

7.80%
5.36%

A3 Manufacturing
A2 Manufacturing Transport

3.37%
2.32%

7.94%
5.45%

40.26%

CEN
Module D

44.21%

28.56%

A1-Materials Acquisition

33.37%

8.26%
8.20%

B4 Replacement

8.45%

CEN
Module D
A1 Materials Acquisition
B4 Replacement
B7 Operational Water

32.31%
26.04%
13.17%
12.04%

22.04%
21.02%
19.86%
14.12%
8.80%

Table 5-10: Lyell building hotspots, identifying the most relevant life cycle stages

Lyell Building
GWP
PEF
B6 Operational Energy
A1 Materials Acquisition
B4 Replacement
C3-C4 Waste Processing &
Disposal
A3 Manufacturing
A2 Manufacturing Transport
PMFP
PEF
B6 Operational Energy
B4 Replacement
A1 Materials Acquisition
A3 Manufacturing
AP
PEF
B6 Operational Energy
A1 Materials Acquisition
B4 Replacement

71.05%
10.35%
4.84%

CEN
B6 Operational Energy
35.76% Module D
16.72% A1 Materials Acquisition

67.38%
9.40% 28.82%
8.35% 25.59%

4.67%

16.12% B4 Replacement

6.21% 19.05%

2.02%
1.85%

6.98%
6.38%

CEN
B6 Operational Energy
B4 Replacement
A3 Manufacturing
A1 Materials Acquisition
Module D

39.37%
15.89%
13.79%
12.06%

65.61%
11.80%
6.34%

A3 Manufacturing
1.92%
A2 Manufacturing Transport 1.75%

CEN
B6 Operational Energy
34.32% Module D
18.44% B4 Replacement
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5.87%
5.37%

37.58%
18.46%
11.51%
11.07%
6.89%

59.46%
11.30% 27.89%
9.60% 23.69%

C3-C4 Waste Processing &
Disposal
A3 Manufacturing
A2 Manufacturing Transport
POFP
PEF
B6 Operational Energy
A1-Materials Acquisition
B4 Replacement
A3 Manufacturing
RD-MM
PEF
A1-Materials Acquisition
C3-C4 Waste Processing &
Disposal
A3 Manufacturing
B4 Replacement
HTP-c
PEF
A1-Materials Acquisition
C3-C4 Waste Processing &
Disposal
B6 Operational Energy
HTP-nc
PEF
A1-Materials Acquisition
B4 Replacement
B6 Operational Energy
A3 Manufacturing
C3-C4 Waste Processing &
Disposal
B7 Operational Water

5.70%

16.58% A1-Materials Acquisition

9.17% 22.63%

2.99%
1.57%

8.69%
4.56%

A3 Manufacturing

2.71%

46.97%
17.91%
11.01%
5.76%

CEN
B6 Operational Energy
B4 Replacement
A1-Materials Acquisition
Module D

44.99%
13.78%
13.77%
8.91%

34.04%

CEN
Module D

26.58%

18.24%

B4 Replacement

24.36%

17.43%
17.24%

A1-Materials Acquisition
A3 Manufacturing

21.90%
14.54%

43.00%

CEN
Module D

41.23%

28.74%

A1-Materials Acquisition

31.01%

9.34%

B4 Replacement

13.69%

22.85%
22.22%
16.62%
9.02%

CEN
Module D
A1-Materials Acquisition
B4 Replacement
B6 Operational Energy

28.08%
24.86%
17.30%
10.22%

6.68%

8.02%
6.21%

Figure 5-24: The characterised impacts (left) and weighted impacts (right) of the operational energy
use (module B6) of the Oriam building over the 60 years lifespan
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Figure 5-25: The characterised impacts (left) and weighted impacts (right) of the operational energy
use (module B6) of the Lyell building over the 60 years lifespan

5.4.1.3

The most relevant building elements considering life cycle embodied
impacts at the building level
As the operational energy and water use in buildings decreases and the industry

succeeds in constructing low or zero energy buildings the share of embodied impacts
becomes more significant in relative and absolute terms (Crawford et al. 2016; Röck et
al. 2020). Hence more discrepancy between the CEN and PEF results is expected. To
investigate this discrepancy the embodied impacts of the Lyell and Oriam buildings over
their 60 years lifetime are investigated in this section. The characterised embodied
impacts are shown in Figure 5-26 and Figure 5-27 and the normalised and weighted results
are shown in Figure 5-28 and Figure 5-29. As presented in Table 5-7 and Table 5-8, PEF
and CEN identify the same relevant environmental impact categories when considering
embodied impacts of the Lyell and Oriam buildings.
The total single score embodied impacts of the Oriam and Lyell buildings
calculated using the PEF and CEN approaches show 7.8% and 8.5% discrepancy.
According to PEF and CEN approaches respectively, the life cycle embodied impact,
excluding the toxicity indicators equals:
•

0.108 and 0.100 [points/m2] for the Oriam building.

•

0.061 and 0.056 [points/m2] for the Lyell building.

The discrepancy between the two LCA approaches rises to about 20% when
considering the embodied GWP, which is considerably higher than the embodied GWP
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of the buildings when operational energy and water use was considered (see section
5.4.1). Looking at the embodied GWP, PEF and CEN approaches in turn report:
•

1327 and 1068 [kgCO2/m2] for the Oriam building.

•

714 and 572 [kgCO2/m2] for the Lyell building.

The superstructure and external envelope have the highest contribution to the
embodied impact of the Oriam building. Table 3-2 indicates the building components and
elements considered in every element. Lyell is a highly serviced building. Thus, the
highest impacts are due to the interior elements and building services. Figure 5-28 and
Figure 5-29 show that the highest discrepancy between the PEF and CEN approaches
occurs in the GWP, HTP-c, HTP-nc, and RD-MM indicators.

Figure 5-26:The characterised life cycle embodied impact of the Oriam building as per the PEF and CEN
methods: contribution of the elements per impact category

Figure 5-27: The characterised life cycle embodied impact of the Lyell building as per the PEF and CEN
methods: contribution of the elements per impact category
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Figure 5-28: The normalized and weighted life cycle embodied impact of the Oriam building as per

the PEF and CEN methods: contribution of the elements per impact category

Figure 5-29: The normalized and weighted life cycle embodied impact of the Lyell building as per the
PEF and CEN methods: contribution of the elements per impact category

5.4.1.4

The most relevant building elements in Materials acquisition life cycle
module A1
Given the importance of initial embodied impacts highlighted in the previous

section, Figure 5-30 and Figure 5-31 present the characterised results of material
acquisition, module A1, at the building element level. In the Oriam project, the dominance
of frame and roof in most environmental issues is evident, while the share of different
building elements in each environmental issue is varied. Both PEF and CEN methods
show that the Lyell building foundation, building services, frame beams and columns,
and internal elements (walls, doors, and finishes) have the highest contribution to HTPc, HTP-nc, and GWP impact categories. Nonetheless, the share of elements’ impacts
varies over different impact categories. For example, internal walls are the main
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contributor to LU due to the high volume of plywood use and plywood’s high land-use
impact (375953.4 Points), which dwarfs the LU impacts from extracting sand, gravel,
limestone (for cement), and iron ore (for steel) used in the building frame and foundation
(see Figure 5-30). LU impact of 1 m3 of concrete, unalloyed steel, and plywood
production was assumed 736, 57089, and 375953 Points (ecoinvent 2020).
When considering the initial material acquisition, module A1, the roof of the
Oriam building is identified as the most relevant building element for all the relevant
environmental categories (Table 5-11). The frame (columns and beams) and foundation
of Oriam building have a high share in all indicators too. These elements are required to
support the sophisticated arched shaped roof of the Oriam building. Internal walls,
finishes, and doors and building services are also among the most relevant building
elements in some of the relevant environmental indicators. As described in section 4.1.3
and shown in Figures Figure 4-5 and Figure 4-6, the roof of the Oriam project is made of
a white PVC fabric and massive, arched primary and secondary steel structure to cover
the large 3G pitch and the five-courts sports halls and offer a remarkable character to the
building. Therefore, is it no surprise that the roof and frame of the Oriam building are the
most relevant environmental categories.
The roof of the Oriam facilities has the highest share in GWP impact, with 29%
and 25% when calculated using the PEF and CEN methods, respectively. It also has the
highest share of impact in PMFP (29% in PEF and 32% in CEN) and AP (28% in PEF
and 25% in CEN). Internal walls, finishes, and doors show higher contributions in CEN
compared to PEF results, which is because CEN reports all the benefits at the end of life.
The most relevant building elements in module A1 of the Lyell building is
presented in Table 5-12. Foundation and ground slab; frame columns and beams; internal
walls, finishes, and doors; building services; and upper floors; glazed façade are the most
relevant building elements in the Lyell building when considering the initial material
acquisition. Building substructure (foundation and ground slab) has the highest share in
GWP impact, with 32% and 34% when calculated using the PEF and CEN approaches,
respectively. It also has the highest share of impact in PMFP that reports the disease
incidence due to kg of particulate matters emitted. Building frame, internal elements such
as walls and finishes, and building services all are identified as hotspots in the Lyell
building and contribute more than 10% to the relevant environmental indicator. Building
services contribute more than 70% to the RD-MM in the Lyell building.
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Figure 5-30: The characterised environmental impacts of the initial material acquisition of the Oriam
building

Figure 5-31: The characterised environmental impacts of the initial material acquisition of the Lyell
building
Table 5-11: Oriam building hotspots, identifying the most relevant building elements in Materials
acquisition life cycle module A1

Oriam Building – Materials acquisition life cycle module A1
GWP
PEF
Roof
Frame Columns and Beams
Foundation & Ground Slab
Internal Walls, Finishes, & Doors
PMFP
PEF
Roof
Frame Columns and Beams
Internal Walls, Finishes, & Doors

29.00%
22.27%
16.47%
14.57%

CEN
Roof
Internal Walls, Finishes, & Doors
Frame Columns and Beams
Foundation & Ground Slab

25.30%
18.67%
18.22%
15.96%

31.61%
24.16%
13.69%

CEN
Roof
Frame Columns and Beams
Internal Walls, Finishes, & Doors

28.94%
21.11%
17.17%
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Foundation & Ground Slab

13.04%

AP
PEF
Roof
Frame Columns and Beams
Internal Walls, Finishes, & Doors
Foundation & Ground Slab
Building Services
POFP
PEF
Roof
Frame Columns and Beams
Foundation & Ground Slab
Internal Walls, Finishes, & Doors
HTP-c
PEF
Roof
Frame Columns and Beams
Building Services
Foundation & Ground Slab
HTP-nc
PEF
Roof
Foundation & Ground Slab
Frame Columns and Beams
Building Services

Foundation & Ground Slab
Building Services

11.69%
8.36%

CEN
27.94%
20.17%
14.42%
13.11%
12.64%

Roof
Internal Walls, Finishes, & Doors
Frame Columns and Beams
Building Services
Foundation & Ground Slab

24.86%
17.95%
16.46%
15.16%
11.49%

32.49%
25.10%
14.63%
12.08%

CEN
Roof
Frame Columns and Beams
Internal Walls, Finishes, & Doors
Foundation & Ground Slab
Building Services

28.65%
20.88%
16.52%
13.68%
9.24%

CEN
Roof
Frame Columns and Beams
Foundation & Ground Slab

38.84%
31.91%
13.71%

CEN
Roof
Frame Columns and Beams
Foundation & Ground Slab

37.35%
31.99%
17.25%

29.50%
23.63%
19.78%
13.87%

26.02%
25.72%
25.19%
15.71%

Table 5-12: Lyell building hotspots, identifying the most relevant building elements in Materials
acquisition life cycle module A1

Lyell Building
GWP
PEF

CEN

Foundation & Ground Slab

33.95%

Foundation & Ground Slab

32.04%

Frame Columns and Beams

17.50%

Internal Walls, Finishes, & Doors

16.74%

Internal Walls, Finishes, & Doors

14.24%

Frame Columns and Beams

13.12%

Building Services

11.45%

Building Services

12.76%

Upper Floors

7.74%

Upper Floors

8.55%

PMFP
PEF

CEN

Foundation & Ground Slab

26.25%

Foundation & Ground Slab

23.1%

Frame Columns and Beams

20.85%

Internal Walls, Finishes, & Doors

21.2%

Internal Walls, Finishes, & Doors

17.89%

Frame Columns and Beams

17.3%

Building Services

13.44%

Building Services

15.1%

Glazed Façade

6.78%

Glazed Façade

8.1%

AP
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PEF

CEN

Foundation & Ground Slab

24.35%

Building Services

24.27%

Building Services

21.77%

Foundation & Ground Slab

21.07%

Internal Walls, Finishes, & Doors

17.20%

Internal Walls, Finishes, & Doors

20.04%

Frame Columns and Beams

15.38%

Frame Columns and Beams

11.88%

Glazed Façade

7.88%

Glazed Façade

9.19%

POFP
PEF

CEN

Foundation & Ground Slab

29.86%

Foundation & Ground Slab

26.92%

Frame Columns and Beams

20.89%

Internal Walls, Finishes, & Doors

19.59%

Internal Walls, Finishes, & Doors

15.76%

Frame Columns and Beams

15.72%

Building Services

13.37%

Building Services

15.58%

Upper Floors

6.75%

Upper Floors

7.10%

RD-MM
PEF

CEN

Building Services

71.27%

Building Services

73.23%

Foundation & Ground Slab

18.66%

Foundation & Ground Slab

13.53%

HTP-c
PEF

CEN

Foundation & Ground Slab

41.60%

Foundation & Ground Slab

36.41%

Building Services

27.06%

Frame Columns and Beams

31.64%

Frame Columns and Beams

16.42%

Building Services

19.91%

HTP-nc
PEF

CEN

Building Services

36.69%

Frame Columns and Beams

33.46%

Foundation & Ground Slab

25.83%

Foundation & Ground Slab

31.12%

Frame Columns and Beams

18.55%

Building Services

21.54%
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| Discussion
This chapter discusses how BREEAM, BIM and Soft Landings influenced the
Lyell and Oriam case-studies’ design, build, and handover process and delivered
buildings and how these results compare against projects reported within the literature by
reviewing each life cycle stage separately. In this process, the benefits and challenges that
adoption of the tools faced and resolved are identified are interpreted to analyse their
meaning for the existing construction industry orthodoxy. At the end of this chapter the
main limitations of the work are explained.
BREEAM is the most extensively used building sustainability rating system in
the UK (Wang, Toppinen, and Juslin 2014; BRE Global Ltd 2018b). Accordingly, after
more than three decades, BREEAM processes, roles, and responsibilities are recognized,
opinions about BREEAM certification are formed, and people’s expectations from
BREEAM certified projects are set. The Lyell and Oriam design and delivery team
members were acquainted with BREEAM certification processes and responsibilities
through former projects, while Lyell or Oriam were among their first experiences with
BIM or Soft Landings. Therefore, the interviewees criticized BREEAM more readily than
BIM and Soft Landings, and declared a certain expectancy from BREEAM certified
projects that is no longer met.
General comments made by the participants about the value of BREEAM suggest
that the majority were unsatisfied with the extensive administrative works and extra costs
and believed that BREEAM has become too “general”, “rigid”, and “convoluted” that it
no longer is seen to be delivering ‘exemplary performance’ but rather has turned into a
costly ‘box ticking exercise’. This finding complements the former findings which argued
against prescriptive, compliance TQA ratings, such as BREEAM and LEED, as they
hardly promote sustainability, stifle innovation, are time consuming and costly, drain
resources, and subject people to box ticking exercises (Meacham et al. 2005; Lowe, Chiu,
and Oreszczyn 2018; Thomson and El-Haram 2019; Häkkinen and Belloni 2011).
Lengthy evidence collection of BREEAM risks disengaging project stakeholders and
rendering it as an afterthought rather than a driving force for integration of sustainable
solutions. In the Oriam project, because of the low BREEAM rating and late collection
of the supporting evidence, BREEAM turned into a box ticking exercise with negligible
effect on the project. One of the main reasons for disengagement of the Oriam project
stakeholders with BREEAM was declared to be the time and resource consuming process
of evidence collection. The BIM CDE provides access to the BREEAM auditors to review
and extract the relevant existing project documents and verify project design and
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performance instead of requiring extensive communication with the stakeholders for
evidence collection. If the BIM interoperability and liability issues are addressed, BIM
files and CDE can be used to (at least partially) automatically validate BREEAM
compliance of the design and as-built information (Ilhan and Yaman 2016). Projects can
use BIM files as evidence to prove compliance under BREEAM 2018 (BRE Global Ltd
2018b).
The interviewees suggested that they do not see a value in BREEAM ‘Good’ and
‘Very Good’ ratings anymore by stating that their projects prefer to follow either
BREEAM ‘Outstanding’ or ‘Excellent’ ratings or a bespoke sustainability metric tailored
to building characteristics and project sustainability agenda. In the Oriam project, the low
rating caused the project team to disengage with BREEAM. Similar results were reported
by Thomson and El-Haram, whereby low BREEAM rating, such as ‘Good’, resulted in
the client representatives not seeking advice from the BREEAM advisor and
underestimating the work (Thomson and El-Haram 2019). This is an important point in
relation to BREEAM continued adoption and uptake, which raises the question as to
whether BREEAM should be revised such that it allows for more innovation and
flexibility while offering a meaningful label. For example, the ‘Good’ label should
represent a building with a good performance throughout all criteria, including energy
efficiency and carbon reduction. The ‘Excellent’ BREEAM rating currently only requires
about 10 to 25% energy improvement and carbon reduction, which was for example the
case for the Lyell building (see section 2.1 and Error! Reference source not found.). If
‘Excellent’ and ‘Outstanding’ labels are to represent the top 10% and 1% of the new nondomestic buildings, as claimed by the BRE (BRE Global Ltd 2011), they should consider
a higher minimum requirement for all the credits, particularly from the energy use and
carbon emission perspective. For example, the ‘Excellent’ and ‘Outstanding’ labels
should represent net zero carbon and carbon negative buildings, respectively.
Currently, BREEAM offers a fixed list of credits for projects to choose from and
usually the ‘low-hanging fruits’, meaning the credits with the least cost and intervention
to the proposed designs, are selected. In the Oriam project, the Good BREEAM rating did
not considerably influence the design, on the contrary, it was the BREEAM score that
was calculated based on the existing design. This approach does not encourage
innovation, empower pioneering projects, or pushes the boundaries of best practice.
Hence, projects with ambitious goals and unique designs find the rigid, spreadsheet
approach of BREEAM very restrictive and prefer to follow bespoke sustainability metrics
tailored to building characteristics and project sustainability agenda.
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A ‘Framework’ approach with integrated consultation and assessment procedure
through all phases of building design, construction, handover, and operation aligns the
incentives of project stakeholders and contributes to contextualized, collaborative
decision making. Roles like BREEAM AP or Soft Landings Champion would only
strengthen the experiential learning, knowledge growth, engagement culture and
stakeholder empowerment when they follow a framework approach to support and
collaborate with project stakeholders. Empowered stakeholder are the best advocates of
BSAM and sustainability tools’ uptake (Addis 2016; Stibbe and Luna 2009; Thomson
and El-Haram 2019). The framework approach is adaptable and user-driven, which suits
all types of projects, but it limits setting generic targets, benchmarking, and comparison
between projects.
Since BIM software packages are new, they involve a learning curve to be used,
which drives the costs higher and the demand for BIM lower (Porwal and Hewage 2013).
With time as the processes become more streamlined and the digital technologies
advance, the BIM efficiency can be expected to improve. For BIM promises to
materialize, data interoperability protocols and standards and a systemic legal support is
crucial to resolve the interoperability and legal liabilities issues, support the integrity of
shared information, and clarify roles and responsibilities (Mulcahy and Chen 2014;
Alfred 2011; Afsari, Eastman, and Shelden 2017).
Moreover, there were comments from the interviewees that reflected concerns
about overlaps between Soft Landings and BREEAM and BRUKL reports and
BREEAM. Although these overlaps in scope can be seen as a positive approach whereby
the project is rewarded twofold for adopting certain measures such as commissioning,
seasonal commissioning, end-user consultation at early design stage, or POE, the
interviewees perceive themselves to be paying twice for little additional benefit.
The BREEAM, BIM, and Soft Landings tools do not benefit all building projects
equally. Some criteria for projects that can benefits more from these tools are listed in
Table 5-1. BREEAM and Soft Landings are most beneficial to clients who build and
manage the properties for years; therefore, are concerned about the in-use performance
and running costs of the building. BREEAM was considered a good starting point for to
provide a holistic overview, yet restrictive and unsuitable for unique, driven, and
ambitious buildings. Soft Landings is suitable and affordable for any building size or
complexity, although it is essential to technically complex buildings with uncommon
systems, large user groups, such as healthcare and education buildings, and transient users
(visitors) when first impression is vital. It could be difficult to justify the cost of
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employing Soft Landings Champions on small projects, which then other team members
could perform this role (Smith 2017). Moreover, if the end-users or their representatives
are not interested in engaging with the project and providing feedback or if the project
timescale is too condensed to allow for training, meetings, and workshops, then the Soft
Landings’ benefits may be restricted. BIM was considered beneficial to all projects to
improve design coordination, yet it benefits buildings with repetition in design features
and complex systems the most, and small sized projects the least.
The 2011 Government Construction Strategy mandate (Cabinet Office 2011) was
the main drive behind the industry’s interest in BIM. The central government is the largest
client in the UK and its contractual requirement has been instrumental in uptake of BIM
and growth of industry skills (Richard McPartland 2017). However, there has been an
stagnation in implementation and enforcement of the mandate for BIM and GSL (Chevin
2017; Gough 2016). In contrast with the success stories and positive empirical feedbacks,
like former UK governments’ initiatives (Higgins 2017; Stevenson 2019), the Soft
Landings framework seems to lack legislative support.
The Oriam and Lyell case-studies revealed the BREEAM, BIM, and Soft
Landings tools do not have intervening power over some of the critical success factors
during project design and delivery. Primarily, they do not require evaluating the financial,
temporal, and human capital resource provisions accurately at early stages for the whole
building lifecycle, which would help projects plan and implement sustainability targets
more realistically and allow sufficient time and budget for familiarizing the team with the
delivery objectives to close the skill gap. In these case-studies, costs and time schedules
were the most influential factors in every aspect of decision making throughout the
design, construction, delivery, and operation. Although BIM can help with producing
these schedules, BREEAM encourages performing LCC, and Soft Landings assist with
better time-scheduling, none of the BREEAM, BIM, and Soft Landings tools recognise
this driving force appropriately to assist better cost estimations and reduce the chance of
extensive value engineering or cost savings that result in dramatic scope reduction. One
interviewee suggested including project ‘program of works’ as a contractual requirement,
which has to be updated every month in detail, to assist the project stay on the program.
Evolved project brief and detailed contracts should include tangible obligations
about the project aspirations, deliverables, sustainability goals, and extent of use of the
tools at different stages of project lifetime. Without binding requirements,
implementation of project objectives will be left to individuals i.e., project owners or
managers, which can largely vary depending on their familiarization, confidence, and
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persistence in implementation. For example, BREEAM ‘Very Good’ was not a funding
obligation in Oriam, thus, the client dropped the target to a ‘Good’ rating. To ensure full
BIM use during construction, it is important to contractually commit the sub-contractors
to use the agreed BIM software and integrate their files to the federated model.
NBS advises projects to clarify the LOD, timetable, file formats of BIM from
early project planning stages (Winstanley and Fraser 2013). Similarly, the roles and
responsibilities should be clarified in project contracts to create accountability and legal
obligation (Mulcahy and Chen 2014; Alfred 2011). These agreements should be included
in BIM Execution Plans and Information and Delivery Plans (Mosey et al. 2016). For
BIM to become an integrated part of the design and delivery process, the procurement
route must enable early contribution of project contractor and subcontractors to BIM files
without added liability in appointments of consultants and contractors (US GSA 2015;
Mosey et al. 2016).
BREEAM, BIM, and Soft Landings need refinement to ensure that all the parties
are involved at the right stages and cost and time allowance are in place according to
project aspirations. End-user involvement is particularly essential for benefiting from the
Soft Landings framework during design, delivery, and operation, should not be limited to
facility managers and occupier’s representatives should also be involved. In times, the
occupier’s requests and preferences were overlooked or not prioritised. In such cases, it
is important to inform the occupiers of the reasons. Early appointment of project team
members increases their chance in influencing the design, forming good relationship, and
accordingly getting actively involved in using the tools to improve the design and delivery
process. The BREEAM consultant, who guides the project in setting their sustainability
targets and Soft Landings Champion who assists with the development of detailed and
well-scoped project brief and Employer’s Requirement document shall be involved at the
planning and early phases to guide the projects, set a realistic, detailed plan, and ensure
compliance with the sustainability targets as the project progresses.
6.1
6.1.1

Design and Build
Briefing and Design Stage
The BRE states that BREEAM improves building design, construction, and

delivery performance (BRE Global Ltd 2018b). In practice however, design stage is the
main focus of BREEAM, whereby performance under different sustainability criteria is
adjusted to achieve a single score that is assumed to predict the actual performance (Lowe,
Chiu, and Oreszczyn 2018). One benefit of BREEAM was safeguarding the sustainable
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design features from elimination during the cost-saving exercises as they are required to
achieve the BREEAM rating.
As mentioned in section 2.1.3, one of the main criticisms of BREEAM is its
approach in rewarding credits based on written commitments in the contract or
specification documents for future actions and ‘designed performance’ instead of actual,
measured performance of buildings and not holding projects accountable to claimed
BREEAM ratings (Aspinall et al. 2012; Tuohy and Murphy 2015; Rogmans and Ghunaim
2016). BREEAM awards construction and handover stage credits at the design stage
based on unsubstantiated promises without any assurance for their implementation in the
future. Such awarding approach is “almost like betting on credits that are in the future
for someone else to be responsible for”. For example, both Lyell and Oriam projects
achieved exemplary credit to perform quarterly POE for three years after occupation,
which was never done after the first year of occupation.
There were more examples in these case-studies that confirmed that BREEAM
approach in awarding projects based on commitments without testing and quality
assurance procedure does not always lead to their realisation in the buildings. The Lyell
building lost 2.3% score (or 4 energy points), due to the measured air permeability rate
being twice the designed airtightness target. Accordingly, the Lyell BREEAM score was
dropped to 70.06%, which is just above the threshold of Excellent rating, 70%. This begs
the question why Lyell was initially awarded a higher score, whereas such constructionbased credits should only be evaluated after construction completion.
Unlike prescriptive assessment, performance-based evaluation leaves room for
innovation and going above and beyond minimum requirement (Häkkinen and Belloni
2011; Meacham et al. 2005). Moreover, a certification based on tested and measured
performance is more credible and can close the existing, systematic gap between actual
performance and design objectives (Gabe and Christensen 2019; Zero Carbon Hub 2014).
None of the existing BSAM tools, from CED to TQA are comprehensive and
empowering enough to support design and delivery of sustainable buildings and reduce
performance gap. The existing, established BSAM tools such as BREEAM and LEED
require a change in their approach to respond to the most pressing issues. As Tuohy and
Murphy suggested (Tuohy and Murphy 2015), a similar approach as NABERS and
Passivhaus, whereby the performance of a building is evaluated based on 12 months of
actual metered and invoiced energy use is indispensable to reduce the performance gap
and make BREEAM certification an effective tool.
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Accordingly, BREEAM design (or Interim) certification should only award the
design-related credits such as end-user consultation and stakeholder participation in
project brief and design, site selection, and feasibility studies. Later, BREEAM postconstruction certification stage should award credits based on measured performance of
the constructed building rather than ‘constructed as per design’. Lastly, the BREEAM
Post-Occupancy stage, which was introduced in 2018 as an optional certificate, should
award any credit that requires monitoring during the first years of building operation such
as POE, annual energy and water use, and seasonal commissioning. At this time the
building will achieve one BREEAM certification based on the sum of scores achieved in
all the three stages.
The extent of use of BIM is ambiguous due to unfamiliarity of projects
stakeholders (Cousins and Knutt 2016). The Lyell and Oriam building projects began
before the start of the mandate in 2016, thus had no obligation to use BIM. Yet, A CDE
and BIM files were an integral part of the design development of the Lyell and Oriam
buildings. BIM was used for coordination (including clash detection), visualisation, and
producing drawings. The end-use clients of the Lyell building had seen the building in
monthly BIM meetings to ensure they were satisfied with the design.
The BIM files of the structural and architectural designers of the Lyell and Oriam
buildings were combined to detect clashes and was used for coordination in both projects.
BIM was particularly helpful in designing the complex aspects of the buildings. For
example, Lyell is a highly serviced building with many pipes and ducts throughout the
building and Oriam has atypical structure supporting the curved roof over the large 3G
pitch. In the Lyell building all building services, mechanical, and electrical systems were
also designed and coordinated in the BIM environment, while apart from the architectural
and structural designs, only some building services elements of Oriam were modelled
three-dimensionally. This may be the reason why most people refer to the example of
‘ducts or pipes running through beams or walls’ when they want to name the benefits of
better coordination that BIM brings to projects.
Most interviewees found BIM a “worthwhile practice”, which comes with a
premium cost and requires additional time for updating the three-dimensional model at
the same time as the drawings. Until BIM, as a three-dimensional model, can be used
instead of (and not in addition to) drawings in project delivery, the time and cost impact
of full BIM adoption continues to risk limiting its benefits to visualisation and
coordination at the design stage. The interviewees seemed most hopeful and confident
about the benefits of BIM and its role in the future of the construction industry with future
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digital advancement, while suggesting that at the current state the benefits are limited to
specific parties, mostly at the design stage for coordination, visualization, and producing
drawings. Unlike what Fazli et al. suggested (Fazli et al. 2014), the project client
representatives and end-users did not think that BIM, as it is currently used, helped with
their decision-making and believed that it only benefits the contractors and consultants.
Soft Landings was originally designed to impact three key stages of building
design and delivery: briefing or planning, handover, and aftercare stages (Way and
Bordass 2005). Oriam carried out the Soft Landings framework from the briefing stage
until two years of aftercare. Soft Landings formalized the process and provided a structure
and a program to follow in all life cycle stages from briefing to handover and aftercare.
Unlike the Oriam project, Gana et al. reported that Soft Landings extended the design
process and demanded additional staff and more work (Gana, Giridharan, and Watkins
2018).
As Way and Bordass suggested Soft Landings increased parties involvement
(Way and Bordass 2005). The end-use clients of Oriam including the facility managers
and maintenance team were engaged in the Soft Landings process from the early stages,
who were aware of the space requirements through years of experience of running similar
facilities and consultation with users and were able to incorporate that into the brief and
provide feedback to the designers. The end-user clients’ engagement was one of the
reasons for success of the Soft Landings in Oriam. The Soft Landings meetings,
workshops, and walk-arounds created opportunities for the end-use clients, contractors,
and other project stakeholders to meet, become familiar with the team, build a good
relationship, discuss the needs of the space users from space layouts to number of
equipment, and communicate the building design and construction progress to the client
team and receive their feedback, which in turn led to transparency, continuous
communication, and higher productivity at all stages including design and construction.
Similar outcomes were reported by Gana et al. (Gana, Giridharan, and Watkins 2018).
6.1.2

Construction Stage
The disconnect between project life cycle stages seems to exacerbate at the

construction stage, the stage from which the least amount of information is commonly
available. In the common practice of design and build contracts, not all the details and
activities are disclosed, and client representatives visit the construction site to monitor the
project progress. The construction stage is one stage of building life cycle that requires
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additional transparency to minimise any surprises, and problems at the handover, so
requires further attention by the tools.
The design team stakeholders of Lyell and Oriam suggested that it is common for
the design team to be asked by contractors to update the design stage drawings and
produce as-built drawings with contractors input regarding the revisions made during
construction. Typically, the revisions requested by the contractors are incomplete, and the
final as-built information do not accurately reflect the reality of the buildings. The design
team interviewed in these case-studies confirmed that as-built drawings are not always
updated accurately according to the latest revisions made during construction. Similarly,
Zero Carbon Hub reported that as-built SAP documents are marked as unchanged from
the design stage SAP and the deviations to the design are not reflected (Zero Carbon Hub
2014). BREEAM approach in awarding many design credits at the post-construction stage
is the same, which is based on as-built information or confirmation of contractors
regarding built as per the original design.
Yet, the only documents about the energy and water use, delivery of materials and
waste management during construction were the BREEAM documentation. BIM also
partly helped this shortcoming of inaccurate as-built information in the Lyell building that
required BIM files for facility management of the building. Soft Landings provided
transparency to the construction stage decisions and progress that was valued by the
Oriam project stakeholders. However, more attention is required for monitoring and
documenting the construction process, and these tools can improve in their scope.
None of the tools require monitoring during construction and it is left to the
contractors to report any faults or issues during the build phase. Quality assurance
exercises during construction stage can help identify issues more promptly (PBCToday
2019). Slippage and faults during construction are unavoidable, yet performance gap can
be reduced by having better transparency into the process and discussing issues as they
arise to find remedial measures collectively, compensate the shortcomings, and ultimately
achieve the targeted building performance. Section 6.2.3 discusses the operational energy
use and performance gap in more details, which argues in favour of combination of
performance-based certifications, such as Passivhaus and NABERS, with Soft Landings
for maximized transparency into the constructed building.
Weak construction site management, alterations, or faults during construction are
contribute to energy performance gap (Palmer, Terry, and Armitage 2016; R Gupta,
Kapsali, and Gregg 2017). BREEAM credit recommends thermographic survey after
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construction is completed; however, it could not be possible to remedy the detected faults
after construction completion.
Among the three tools, Soft Landings provided the greatest level of transparency
during the construction stage that was deemed immensely valuable by both the client and
the contractors. The project contractor believed that although Soft Landings took a lot of
time, it helped reduce the risk gradually, improve transparency through regular meetings
and reviews in the construction process, and deliver a building as the end-users want and
can use. The client and design team of the Oriam building were fully aware of the progress
of the project contractors and had the opportunity to comment on proposals and technical
submittals that otherwise were not disclosed due to the type of project procurement route.
Smith reported similar experiences, whereby Soft Landings framework has proven to
clients to reduce risk and boost certainty in operation (Smith 2017).
BIM assisted with detecting the clashes upfront and reading values that are
otherwise hard to find on two-dimensional drawings such as for the curved roof of Oriam.
This way BIM reduced the clashes and risks during the construction stage, as it was also
suggested in other studies (Gardiner 2013; Eadie, Odeyinka, et al. 2013). However, the
project contractors were not contractually required to update BIM during construction,
thus the contractors constructed and delivered both projects in the traditional format using
drawings. This explains why the end-user client had the impression that BIM was “a tool
for the designers” as they had not seen the building model during construction. There was
no requirement for use or update of BIM in the Tender stage contract award of the Lyell
and Oriam. Apart from improved coordination and reducing the possible clashes on-site,
BIM was found too expensive to be used during construction. These case-studies did not
report the praised BIM contribution to construction time and cost savings (NBS 2018a;
Richard McPartland 2017; Bryde, Broquetas, and Volm 2013). Yet, considering that the
contractor needs to raise an RFI for each clash on-site, which cause delays and may
require redesigns, eliminating design clashes and errors through BIM files’ coordination
avoids cost and schedule overrun and translates to time and cost savings during
construction (Barlish and Sullivan 2012; Eadie, Odeyinka, et al. 2013).
In ‘design and build’ procurement routes, such as the Oriam and Lyell casestudies, all the project risks are transferred to the contractors, who must rectify any issues
that arise during construction. Due to the high cost of using and updating BIM files, the
contractors choose to use BIM based on the complexity of the building. Both Lyell and
Oriam project contractors reverted to drawings and specifications during built. BIM was
found too expensive for both contractors to be used from the start and to spend the time
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upfront to update and use the BIM files. In neither project did contractors face any
challenging complications to find using BIM necessary and “value for money”. Oriam
had a long cost saving exercise to meet the project budget. The design parties believed
that BIM saved time during this process for design changes; however, because of time
pressure, the model was not updated from a certain stage onwards to reflect the latest
changes.
6.2
6.2.1

Handover and Operation
Handover and Facility Management
Most interviewees asserted that project delays usually make the handover period

compressed and pressured. Commonly projects experience delays towards construction
completion, the facility managers and other end-users need to get ready to operate the
new building, while contractors demand more time to hand over the building. The Soft
Landings program and schedules for meetings and training workshops, particularly
during the handover and aftercare period, assisted with timing the Oriam project’s
program more accurately. The Soft Landings Champion team were involved until the end
of the one-year defects liability period and the Oriam facility managers and contractors
intended to lead the second year of Soft Landings’ aftercare. Like Way and Bordass
suggested the facility managers and maintenance team of Oriam appreciated the
availability of Soft Landings team including the contractors and Soft Landings Champion
on site during the handover period and having the opportunity to discuss their concerns
and questions (Way and Bordass 2005). While the second year of Soft Landings aftercare
was beyond the timeline of this work, Gana et al. reported that having a designated
individual assigned to the role of Soft Landings Champion would make the process easier
(Gana, Giridharan, and Watkins 2018).
During the handover and aftercare period of the Oriam building, a lot of Soft
Landings meetings were diligently attended including regular familiarization workshops
and 4 weekly and then 4 bi-weekly aftercare meetings and walk-arounds. The building
fabric, systems, water use, and energy use were monitored, the site issues and defects
were discussed, and remedial actions were planned and gradually carried out. This
organised and frequent fine-tuning during the first months of building operation due to
the Soft Landings framework assisted the project team to deliver a fit-for-purpose
building.
It is not rare for buildings to be ran inefficiently or for systems to not get used at
all due to the complexity of their operation. The Oriam operational team emphasized the
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comfort of having people on site who can support the building operation, answer
questions, and ensure that building is being run efficiently during the first months. In
another example of Soft Landings implementation, the George Davies Centre reported
that active monitoring of energy use and timely corrective actions resulted in finetuning
of the building controls and equipment (PBCToday 2019; Passive House Database 2016).
Oriam, carried out the Soft Landings framework successfully with continuous
fine-tuning of the building during the first year of occupancy addressing the arising issues.
The discipline and regularity induced by Soft Landings framework helped the Oriam
project team have a smooth handover, resolve the building operational issues quickly,
improve the building performance, and reduce operational energy costs continuously.
Oriam was recognised as the best leisure project of the year by CIBSE, successfully
achieving the CIBSE Building Performance Award in 2018 (CIBSE 2018). It can be
argued that it was due to the comprehensive and successful implementation of Soft
Landings that the project achieved this award.
The Lyell project contractors presented their Soft Landings plans. However, the
construction time in the Lyell project was too condensed, and the contractor was under
time and cost pressure, thus the project commissioning, handover and aftercare suffered,
and Soft Landings was omitted from the scope. According to the Lyell facilities manager,
the building operational quality greatly suffered from incomplete commissioning and
malfunction in mechanical systems during the first year of building operation including
the natural ventilation through windcatchers, underfloor hearing, controls, BMS, and
metering systems. Moreover, the project handover, O&M manuals and client training
were of poor quality. The project commissioning, handover and aftercare were performed
with long delays, which caused inconvenience to the space occupiers and building
managers.
BIM files were shown to the Lyell facility managers to help them visualize the
building design and ensure that it meets the needs of the future users. Later the as-built
BIM files was redeveloped for the Lyell building as per the as-built drawings and was
delivered a year after the project completion to be used for facility management purposes
and maintenance purposes during the building operation.
Soft Landings can significantly improve the experience of facility management
throughout handover and fine-tuning. Yet, there were doubts about the value of Soft
Landings and the extended aftercare after the first year of occupancy. The main benefits
of the Soft Landings framework were argued to have been delivered in the first year of
building operation and then the end-users can take over after that. The interviewed
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stakeholders suggested that the second and third years of aftercare period had little
benefits to offer to the building.
Nonetheless, in both case-studies the metering and particularly submetering
systems took considerable time to record reasonable numbers and sync with the BMS,
which is one of the reasons that aftercare beyond the first year can play a vital role in a
successful project fine-tuning. In another case-study it was concluded that the three year
Soft Landings was needed to fully educate the building users about running the building
optimally, without which the performance gap would grow (PBCToday 2019).
Moreover, the POE is recommended to be performed a year after occupation to
collect space users’ feedback regarding the building performance (as per the requirements
of Man 04 BREEAM credit to achieve 1 point for POE (BRE Global Ltd 2011)). The
POE information is in place to share good practice and lessons learned; it also reveals the
building issues from the perspective of the space users particularly with regards to set
points and controls of light, noise, temperature, and air quality. These motives encourage
the extension of Soft Landings scope past the first year.
Commissioning and running complex systems and controls is difficult and
without operating manuals it is likely that they will not be used correctly and will
contribute to energy performance gap (Way and Bordass 2005). The BREEAM building
user guide for non-technical users and managers aim to address this issue; however, it is
common for these user guides to include generic and irrelevant information or to not get
offered to the users (Palmer, Terry, and Armitage 2016). It is important to also require
training for facility users and operator, and ensure these trainings are recorded for future
reference (Pritchard and Kelly 2017).
BREEAM does not effectively cover the handover and post-occupancy issues.
Post-occupancy stage should not be optional. As discussed in section 6.1.1, BREEAM’s
approach in pre-awarding credits related to the handover and aftercare stages based on
commitments without quality assurance and performance check in the future has proven
ineffective. In many cases including the Lyell and Oriam buildings, credit requirements
were not implemented after the construction was completed, for example, quarterly POE
for three years after occupation was not fully performed. The project stakeholders were
concerned about this approach and noted it as “betting on credits” rather than a reliable
approach.
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6.2.2

Fit-for-Purpose for the End-users
Considering the overall performance variables of the POE results reported in

section Chapter 15.2, Oriam was a successful project in providing comfort, meeting
occupant needs, and satisfying both its full time and transient users; while at the time of
this assessment Lyell had only succeeded in this on the South side of the building, which
was only 14% occupied. In the Lyell building the North wing users occupied the building
right after the handover, while the South wing was going through internal fit-out of the
laboratories and was only partially occupied for a year. Overall, the Oriam facility’s
transient users (visitors) have better opinion of the building and its performance, which
is expected as they have shorter interaction with the building. Besides, these users mostly
use different spaces of the building for sport activities, while most of the full-time users
use the office spaces.
Unlike earlier findings, recent studies do not report better operational
performance and occupant satisfaction in green buildings versus conventional, noncertified ones (Baird, Leaman, and Thompson 2012; Khoshbakht et al. 2018). This
study’s results are projected to differ from Thatcher and Milner (Thatcher and Milner
2016), who reported mitigated absenteeism in green buildings. The Lyell North building
staff have more comments regarding sickness and working from home for better
concentration than other offices considered in these case-studies. However, since it was
not possible to investigate the actual rate of absenteeism through the human resources of
the resident organisations, it was not possible to make a definite judgement.
In neither of the case-study building, the BREEAM rating correlated with the
satisfaction of the end-users of the space. While Lyell achieved BREEAM Excellent and
Oriam was only BREEAM Good, the occupiers gave a poor performance rating to Lyell
North wing and almost an excellent rating to Oriam. The inverse relationship between the
BREEAM rating and the performance rating given by the occupiers is unexpected and
coincidental, as no similar finding has been reported in other studies for BREEAM or
other BSAM buildings (Altomonte, Saadouni, and Schiavon 2016; Altomonte, Saadouni,
et al. 2017; Khoshbakht et al. 2018; Licina and Yildirim 2021; Ponterosso, Gaterell, and
Williams 2018; Pearson 2018). Similarly, Altomonte and Schiavon concluded that,
independently of non-environmental factors, LEED certification does not influence
occupant satisfaction significantly (Altomonte and Schiavon 2013, 2014). In another
study, Altomonte et al. surveyed more than 11 thousand users of 93 LEED certified
buildings and concluded that achieving IEQ credits and the sustainability rating level did
not correlate with increased user satisfaction of IEQ or affect workplace satisfaction
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(Altomonte, Schiavon, et al. 2017). Comparison of Lyell North wing’s wellbeing
satisfaction rating with its BREEAM Excellent rating agrees with these results.
After revieweing the 90,000 POE results from 900 buildings gathered over 20
years, Graham et al. concluded that buildings are most successful in satisfying the users’s
expectations for ease of interaction, lighting, and cleanliness levels, while more work is
required for improving user satisfaction with sound privacy, temperature, noise level, and
visual privacy (Graham, Parkinson, and Schiavon 2021). Baird et al. discovered zero to
minor improvement in personal control, noise levels, and thermal comfort in sustainable
buildings (Baird, Leaman, and Thompson 2012). Another BREEAM Excellent case-study
in University of Cambrige reported large dissatisfaction with temperatures and control of
the space air conditioning (Forman et al. 2017). In the case of Lyell and Oriam too, the
satisfaction levels with controls over noise, heating, cooling, and ventilation and in a few
spaces over lighting, were the lowest among all the evaluated indicators. Based on the
low range of benchmark ratings for satisfaction with level of controls, it is evident that
offering personal controls over the working environment is not a common practice, which
demands more attention.
BIM did not involve or directly affect the space users, yet in the Lyell building
the representatives of the end-users (Facility Managers) had seen the three-dimensional
visualization of the building design in monthly BIM meetings. On the contrary, Soft
Landings was believed to help with closing the feedback loop of the industry and learning
from experience. Moreover, by involving the end-use clients (facility occupiers,
managers, and maintenance team) throughout the design and delivery process, Soft
Landings framework is designed to ensure that the building will meet the needs of the
end-use clients and will operate efficiently, to its full potential. This was the case in the
Oriam building, whereby the end-use clients of Oriam were engaged from the early
stages, regularly met with the project designers and contractors, incorporated their
requirements into the brief (from space layouts to number of equipment), heard about
building design and construction progress and provided feedback to the designers during
Soft Landings meetings, workshops, and walk-arounds.
Given that the main barrier to POE has been liability issues and lack of capital
budget, Soft Landings increases the chance of carrying out POE in projects by allocating
the budget and at early stages (BSRIA 2014a; Olivia and Christopher 2015). Soft
Landings specification for Oriam project states that it aims to create a “comfortable, well
designed internal space for different activities”. The BUS survey results show that this
aim was achieved in most areas of the building. Oriam has noticeably better performance
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than the 2014 BUS UK benchmark. The users perceive themselves more comfortable,
healthier, and more productive when in the building. The visitors (transient users) of the
facilities have better opinion of the building and its performance. The lowest ratings were
given at the reception area, where the staff were not satisfied with their level of control
over cooling, heating, ventilation, and noise. According to the building services designers,
the reception area is designed to create an attractive experience for the visitor, and it is a
challenging space to design also considering the comfort of the reception staff. The issues
raised by the users and observed during the Soft Landings walk-arounds were discussed
in the Soft Landings meetings and if possible were addressed. Involvement of the Soft
Landings Champions, consultation with the end-users of the space, and engagement of
all the stakeholders during project brief and design development, as well as handover and
aftercare has resulted in delivery of a building that was identified fit-for-purpose and was
successful in providing comfort, meeting the needs, and satisfying its full-time and
transient users.
Although the POE results of the North side of the Lyell building were lower than
the BUS UK benchmark, the building alone was not the entire reason for its users’
unsatisfaction. The supplementing studies revealed the alternative reasons that could have
adversely influenced this rating such as the moving chaos or historical bias. The Lyell
North wing staff formerly had cellular offices close to the city centre and were against
moving to an open-plan office in the suburbs.
Moreover, even though the commissioning documents suggest complete testing
and commissioning of the mechanical and electrical systems, the building did not function
properly over the first year. The issues with the windcatchers, underfloor heating, and
controls directly affected the space users. In some cases, the facilities management were
not aware of the issues or the contractor’s representatives did not prioritise resolving these
issues due to time or cost constraints. These factors are expected to negatively influence
their opinion of the building. It is likely that Soft Landings could have helped with
remediating these issues in a timelier manner.
For policies and frameworks such as BREEAM and Soft Landings, it is important
to not only collect the feedback of the space users but also how the feedback collected is
treated is important. Having a procedure in place to inform the occupiers or users about
the on-going process and issues addressed assists with managing expectations and
encourages the users to continue providing honest feedback. Satisfaction has a direct
correlation with expectation. During the first two years of project operation, it is normal
to have teething issues and having the repair and recommissioners on site can be
202

disturbing to the users as it is also burdensome and tiresome to the project team, which
again influences the importance of regular communication.
Occupant workplace behaviour and active approach to workplace management
are influential factors for better productivity and comfort in open-plan offices (Mulville,
Callaghan, and Isaac 2016). Business environment factors, including workplace culture,
social ambience and industry performance (Chandrasekar 2011) and personal or social
factors including general health, motivation, personality, age, gender and behaviour
(Haynes 2007; Cubel et al. 2014) have been of lesser focus, based on an assumption that
these are external factors to the immediate building. However, reviewing comments from
survey participants reveals that the respondents discussed their personal health issues and
attributed their performance and satisfaction to how the space addresses and considers
their needs. This is another cause advocating more involvement of employees in
workplace design and relocation processes.
In the Oriam building, the building operators and their staff had collected the
feedback of building users regarding the teething issues in the building. These were
discussed during the Soft Landings walk-arounds and meetings and were aligned with the
occupant satisfaction survey results. The results showed that the space users are sensitive
to the issues around the building. Thus, it is essential to undertake a full commissioning,
measurement, and testing before arranging the move into the building and during the first
years of operation. More importantly, it is crucial to proactively find rectifying measures
for the issues raised by the space users and enhance the building according to their
feedback.
Soft Landings framework claims that it attempts to bring the focus of the design
and construction procedures on operational outcomes and the end-user expectations
(BIM-Task-Group 2013). Nevertheless, it is a guiding framework that only suffices to the
‘consideration’ of the feedback of end users. BREEAM has a similar approach too,
whereby only commitments to consultation and performing POE and disseminating the
lessons learned are needed (for the ‘Stakeholder Participation’ credit) (BRE Global Ltd
2011). Accordingly, both BREEAM and Soft Landings enrich the design development by
way of consultation with final-users; however, none of the tools require achieving any
minimum occupant satisfaction rating or meeting end user expectations. Assessing
occupant satisfaction with building conditions through POE without obligations for
rectification of issues, due to Soft Landings or BREEAM tools, does not directly correlate
with improvements in occupant satisfaction as it was shown in the case of the Lyell North
building.
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Technical monitoring and quantitative survey methods have long dominated the
building energy research (Ambrose, Goodchild, and O’flaherty 2017). In this study,
physical measurement of spaces was unfeasible and validating responses through accurate
measurement was not the objective of the work. Furthermore, various environmental
factors, such as temperature, air quality, and non-environmental factors, such as history,
mood, can influence the users feedback (S. Y. Lee and Brand 2005; Deuble and de Dear
2014). Certainly, non-environmental factors can not be measured and monitoring all
environmental factors is not financially feasible.
Apart from objective physical measurements, complementary investigations can
be carried out through observations during meetings, site-visits, and walk-arounds, and
interviewing the project design and delivery perspectives individually or in focus groups
(The Usable Buildings Trust 2017). Data triangulation approaches address the main
limitation of self-reported POE evaluation, which is that people may not recall the
conditions correctly due to memory bias, may not distinguish and evaluate the issues
independently, or may use POE as an opportunity to express their unheard complaints
(Schacter 1999; Thatcher and Milner 2016; Deuble and de Dear 2014). Accordingly,
people-oriented approaches were prioritized over technical, quantitative methods. This
study demonstrated the value of phenomenological and in-depth evaluation of the POE
results to cover an extended span of time and reveal richer narratives and context about
the complex user perceptions of the space, which has not received as much attention in
other studies (Byrd and Onyeizu Rasheed 2016; Ambrose, Goodchild, and O’flaherty
2017).
6.2.3

Operational Energy Use and Performance Gap
Building energy performance gap is widely reported and is considered as one of

the main challenges of the construction industry (Borgstein, Lamberts, and Hensen 2018;
Rajat Gupta and Gregg 2016; Pritchard and Kelly 2017). BREEAM, which is the most
widely used building sustainability certification scheme in the UK, awards credits for
energy performance improvement (Energy 01 credit) based on building compliance
modelling BRUKL reports. As the industry more than ever sees the need for buildings
digital twin and hourly dynamic performance projection and calibrated models that mimic
the actual building performance, tying the most used sustainability rating of the country
to SBEM and minor improvements over regulatory requirements shows lack of ambition
and true will to achieve the UK’s target of net-zero by 2050 and reduced carbon emissions
by 78% by 2035 (GOV.UK 2021).
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The first three-star ratings of BREEAM, ‘Pass’, ‘Good’, and ‘Very Good’, do not
need to show any improvement in operational energy use over the conventional practice.
The Oriam building did not achieve any of the 15 points under the Energy 01: ‘Reduction
of CO2 Emissions’ credit and the EPCs had predicted only 6 to 8% improvement in CO 2
emissions (see Table 5-5), yet BREEAM has awarded a ‘Good’ label to the building. The
top BREEAM ratings are ‘Excellent’ and ‘Outstanding’, which require minor energy use
and carbon emission improvement compared to indicative targets (Dronkelaar et al. 2016;
Menezes et al. 2012; The Carbon Trust 2011; Burman, Mumovic, and Kimpian 2014)
The Lyell building, which was awarded a BREEAM ‘Excellent’ certification, projected
to only improve CO2 emissions by 25% over the minimum energy performance
requirement by the building regulations. There is a large discrepancy between the
promoted 75% energy category score and ‘Excellent’ BREEAM rating and the minimal
annual carbon emission improvement of the Lyell building (Figure 5-3). This
misrepresentation in BREEAM labelling has a misleading and destructive impact on the
reputation of green building labelling. For BREEAM to truly contribute towards
achieving these fiercer than ever carbon emission reduction targets, it is crucial to require
the same level of performance as the promoted BREEAM labels. For example, a 70%
score BREEAM ‘Excellent’ should translate to 70% energy and carbon emission saving
and not only 25%.
There are many building examples which did not succeed to realize these small
percentages of projected energy and carbon emission improvement and the ‘green’
labelled building are more average in-use than the design-stage ratings indicate (Gabe
and Christensen 2019; Pearson 2018; Press | Bloomberg L.P. 2017). As Figure 6-1
presents, unlike what the B-rated DEC and EPC of the Lyell building suggest, there is a
significant energy and carbon emission performance gap: 2.2 times CO 2 emissions and
1.7 times energy consumption. The actual energy consumption and CO2 emissions of the
Oriam buildings is 1.3 times of the EPC predictions.
Robust energy benchmarks are the most important metrics to meet the energy and
carbon emission reduction targets and close energy performance gap because all energy
performance improvements and ratings are evaluated compared to reference buildings. It
is not sensible that different benchmark values are considered in DECs and EPCs (Palmer,
Terry, and Armitage 2016). This makes it impossible to compare the predicted with the
measured energy performance ratings. As discussed in section 2.1.2, the EPC rating and
benchmark are calculated based on simulated annual CO2 emissions per conditioned area
of the building. The DEC rating, on the other hand is based on the ratio of the equivalent
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CO2 emissions of the building to the benchmark value normalized over gross internal area
(Department for Communities and Local Government 2008). The as-built EPC and
measured DEC ratings are different in their benchmarking approach, building area
normalization, and score threshold for A to G ratings (as shown in Figure 2-1 and further
discussed in section 2.1.2). Existing performance gap is so much rooted in the industry
that it is expected for the DEC certificates to show 50 to 67% higher energy use and still
achieve the same rating, justified by unregulated energy use. EPC calculations do not
include equipment load and are only related to regulated energy use including heating,
cooling, auxiliary, lighting, and domestic hot water. Whereas the metered energy includes
all regulated and non-regulated energy use recorded by the main electricity and gas
meters.
The EPC modelling is performed to prove compliance with regulations, hence
uses pre-set operating conditions and energy end-uses that cannot project the energy
performance of the building and help with reducing energy performance gap. The design
stage modelling regulations should change to represent all energy end-uses and realistic
operating patterns similar the CIBSE TM54 approach (CIBSE 2013).
The Oriam and Lyell building did not have any DEC certificates. According to
their metered data after almost a year of testing and correcting the metering and
submetering systems, they could have achieved B-rated DECs (based on CIBSE TM46
benchmarks for ‘Offices, air conditioned’ and ‘Sports and recreation, fitness centre’
building categories (CIBSE 2008)). Considering that both Lyell and Oriam North
buildings are performing considerably worse than their design predictions, the reported
concerns regarding the robustness and currency of the CIBSE TM46 benchmark in the
literature (Gabe and Christensen 2019; Hong et al. 2013) are evident in these case-studies.
B rated DEC after showing such energy performance gap compared to design prediction
can mean that either the energy performance gap of these case-studies was not as
significant as the industry average energy performance gap or the CIBSE TM46
benchmarks are too generous and outdated to capture the current pattern of energy use,
as they date back to 2008, or both.
The most up-to-date record of building DECs in the UK is the CIBSE ‘Energy
Benchmarking Tool’ (CIBSE 2020). These benchmarks are plotted against the annual
operational energy use of the Lyell and Oriam buildings, the currently used CIBSE TM46
benchmarks in Figure 6-2 and presented in Table 6-1. For the Lyell building the most
relevant building type is ‘higher education, academic- other, non-laboratory/workshop’,
which has 225 samples. The Lyell score would be 74% and C rating. Even if the
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benchmark is scaled for the local climate heating degree days the score would only
improve to 69% and remains a C rating. There are no CIBSE DEC sample building types
that match Oriam use type. Here two similar use-types for sports are used for comparison.
The only ‘sports and recreation’ building category of this database is swimming pool with
261 samples, which has higher benchmark values for the 50percentile as the typical
practice and results in 32% and 34%, both B rating for the Oriam North and South
buildings, respectively. Oriam can also be compared against the ‘higher education,
Sports’ benchmark with 96 sample DECs, which results in 95% and 100%, and D rating
for the Oriam North and South buildings, in turn. The latter comparison shows that
Oriam’s operational energy use is typical for a sports building in higher education.
Another empirical benchmarking study was reported following the survey of 80
buildings in higher education campuses in Australia which showed that based on the
research activity the annual energy use can vary. The Lyell building’s EUI was at their
highest reported EUI (Khoshbakht, Gou, and Dupre 2018). CarbonBuzz is another
publicly collaborative platform that offers benchmarks for buildings operational energy
carbon emissions, which is currently based on a limited number of buildings and does not
offer a reliable benchmark for sport facilities yet (RIBA and CIBSE 2020). According to
CarbonBuzz Lyell emits 37% and 44% less than a typical general office and a university
campus, respectively. Although comparisons made in Figure 6-2 and Table 6-1.suggest
average or better operational energy use and carbon emissions, when Lyell and Oriam are
compared against Passivhaus and NABERS certified buildings their low performance
becomes evident (see Figure 6-1). Passivhaus and NABERS are performance-based
certifications, whereby 12 months of metered and invoiced energy use is used for rating
and certifying a building. Figure 6-1 shows several examples of combination of different
BSAM and Soft Landings and clearly shows the success of performance-based tools
against BREEAM certification in delivering low energy buildings and closing the
performance gap (when combined with Soft Landings framework). This is similar finding
as Pritchard and Kelly’s recommendation for performance-based tools, such as the Living
Building Challenge (Pritchard and Kelly 2017), and De Wilde’s finding that most
BREEAM Excellent and Outstanding buildings did not achieve the same EPC and DEC
rating (MHCLG 2021). These evermore increases the doubts about the BREEAM
capability for delivering low energy buildings and reducing the energy performance gap.
All in all, compliance EPC models and results are not a projection of the real
performance of buildings, and DEC certificates that are based on actual energy use are
not obligatory and are therefore rarely produced. EPC and DEC certificates are not
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comparable and cannot be used to correctly evaluate energy performance gap. The
regulations regarding EPC and DEC assessments and their benchmarking approaches
need to change to address these shortcomings otherwise the energy performance gap in
the industry will remain an unresolved challenge.

Figure 6-1: Predicted versus actual energy use in the Oriam and Lyell buildings next to other sustainability
labelled buildings

Figure 6-2: Annual operational energy use and carbon emisison of the Lyell and Oriam case-study
buildings against the existing DEC benchmarks (CIBSE TM46) and more recent benchamrks
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6.2.4

Embodied and Life Cycle Environmental Impacts
The life cycle environmental impacts of the Lyell and Oriam buildings were

assessed following the two commonly used LCA approaches of CEN standards and PEF
method. Each approach has its pros and cons. The PEF method follows the modularity
principle and the CFF formula that recognises the market conditions in accounting for the
EoL processes. While the CEN method does not discount the impacts due to recycling
and recovery during the product lifecycle, and collectively reports these avoided impacts
as benefits beyond the product lifetime in Module D. On the one hand, the PEF method
is designed to instrument circular economy targets through reflecting the industry reality
and encouraging more deliberation to EoL processes where the opportunity arises at each
life cycle module. On the other hand, CEN does not deduce any negative impacts and
shows the absolute value of EoL considerations to the total impacts of a product. Yet,
PEF seems to hide some burdens at each life cycle module and CEN fails to identify the
exact stage where recycling and recovery opportunities are available. Moreover, until the
second amendment was published in 2019 (CEN 2019), the CEN standard left reporting
this important module entirely optional. Thus, reviewing the results of both approaches
together has disclosed more valuable information than each method alone.
The two LCA approaches of PEF method and CEN standards identify almost the
same hotspots in terms of the most relevant life cycle modules, environmental indicators,
and building elements; however, there is a discrepancy between their reported impacts in
each environmental indicator and altogether. Particularly, when a minimum difference
between hotspots is considered e.g., 1%, as an additional rule, then both methods showed
the same most relevant environmental indicators.
As described in section 2.4, the difference between the two LCA approaches
impacts the results in modules A1, A2, A5, B3, B4, C2, C3–C4 and D. Therefore, the
discrepancy between the methods is higher in buildings with low operational energy use
and when embodied impacts are investigated. The absolute burdens and benefits are
reported higher in the CEN method as all avoided impacts are beyond the study boundary
and are reported together in module D, while the PEF method reports the net impacts at
each life cycle module where they occur. Understandably, if Module D is not accounted,
the CEN approach reports higher impacts than the PEF method. However, if the EoL
impacts are considered, then PEF method reports higher GWP and total environmental
impacts (weighted and normalised results excluding toxicity indicators). If toxicity
indicators were included the discrepancy would have increased. This shows the

209

importance of considering all environmental impacts in the assessment i.e., not limiting
LCA to carbon footprint, and enhancing the toxicity indicator accountings.
Almost half of the total normalised and weighted environmental impacts of both
buildings are due to the operational energy use (module B6), according to both CEN and
PEF approaches. B6 module is the most significant life cycle stage in most of the relevant
environmental indicators, including GWP; RD-E&F; PMFP; AP. 50% of the total
normalised and weighted LCIA results of the Lyell and Oriam buildings relates to GWP
and RD-E&F indicators. Even for Lyell, which is a BREEAM Excellent building, the
operational energy use phase is dominating most environmental issues, which confirms
that the BREEAM and BIM were not sufficient for reducing the operational energy use
(module B6) enough to lessen the impact of this life cycle module. As discussed in section
6.2.1, the top BREEAM ratings, namely ‘Excellent’ and ‘Outstanding’ require only minor
energy use and carbon emission improvement compared to indicative targets. Similarly,
for the Oriam building, the combination of the BREEAM Good rating, BIM use, and
rigorous adoption of Soft Landings did not deliver a low operational energy use building.
Finding an appropriate benchmark for comparison of LCA results is contingent
to the method and databases used, the scope of assessment, and the building type. Except
some efforts in literature considering only GWP, no official database is available that
enables building LCA benchmarking (De Wolf, Pomponi, and Moncaster 2017).
Therefore, this work uses a few review studies to compare the results of the Lyell and
Oriam buildings in Table 6-1Error! Reference source not found., while acknowledging
the difference in their methods and scope of assessment.
Firstly, looking at the product stage or Cradle to Gate embodied GWP of the
buildings and comparing with the RICS benchmarks (RICS 2012), Lyell has low GWP,
while Oriam’s GWP is typical. To compare the Cradle to Grave GWP McIntosh and
Roberts study (McIntosh and Roberts 2012) was used that suggests the Lyell and Oriam
have lower than average embodied GWP (Table 6-1). The operational energy use
benchmarking was also represented against different benchmarks in Figure 6-2 and
discussed in section 6.2.3, confirming that the buildings energy consumption is of average
performance. Particularly when the actual energy use of Oriam and Lyell were compared
with the Passivhaus and NABERS certified buildings, as shown in Figure 6-1, inadequacy
of BREEAM, BIM, and Soft Landings in reducing energy use in practice becomes more
evident.
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Table 6-1: Comparison of the life cycle carbon footprint and operational energy use of the Lyell
and Oriam building with various published benchmarking studies

LCA
Scope
Cradle to
Gate
[A1, A2,
A3]
Cradle to
Grave
Annual
Operational
Energy
[B6] or EUI

Lyell

Oriam

Benchmark

Reference

PEF: 559
CEN: 498
[kgCO2e/m2]

PEF: 1,221
CEN:1,023
[kgCO2e/m2]

(RICS 2012)

PEF: 3,530
CEN: 3,779
[kgCO2e/m2]
221.7
[kWh/m2]

PEF: 3,720
CEN: 4,400
[kgCO2e/m2]
North: 269.7
South: 283.6
[kWh/m2]

845-1600 Higher Education
925-1500 Low-rise Office
905-1200 Sports/Leisure Centre (no
swimming pool) [kgCO2e/m2]
5500-8500 [kgCO2e/m2]

Good Practice [kWh/m2]
Standard air-conditioned office: 225
(Fossil Fuels 97, Electricity 128)
Sports centre, combined: 360 [kWh/m2]
(Fossil Fuels 264, Electricity 96)
80 samples, Higher education buildings,
Australia: 137 to 216 [kWh/m2]

CIBSE
Energy
Benchmark
TM46
(CIBSE 2008)
(Khoshbakht,
Gou, and
Dupre 2018)
CIBSE
Energy
Benchmarking
Tool (CIBSE
2020)

Good Practice [kWh/m2]
225 samples, Higher Education, Nonlaboratory/workshop: 140 (Fossil Fuels
83, Electricity 57)
96 samples, Higher Education, Sports:
154 (Fossil Fuels 95, Electricity 59)
Actual Data Median [kgCO2/m2]
University Campus 76.5 (Thermal 23,
Electricity 62)
General Office 68.3 (Thermal 13,
Electricity 53)

(McIntosh and
Roberts 2012)

CarbonBuzz
(RIBA and
CIBSE 2020)

After normalising and weighting the LCA results, considering all except toxicity
environmental indicators, the total impacts per floor area of Oriam is 2.5 times of the
Lyell building, while its GWP impact is only slightly more than that of the Lyell building
(1.05 as per the PEF method and 1.02 as per the CEN standards). Because GWP and total
embodied impacts of the Oriam building are both about 1.8 times of the Lyell building,
operational energy use was found responsible for the difference between GWP and total
LCIA results between the two case-studies.
In both buildings, GWP is the most relevant environmental impact. Respectively,
in Lyell and Oriam, GWP contributes to about 50% and 25% of the total normalised and
weighted emissions, which is largely due to gas consumption. About 70% of GWP impact
in the Lyell is due to the natural gas used for building operation. Lyell consumed 1.7 times
more natural gas than Oriam (per square meter) during the monitored year. If Lyell
manages to reduce its gas consumption to its design stage EPC predictions (4.5 times
less), it will reduce its GWP impact to a third over the 60 years lifetime of the building.
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Oriam on the other hand has a much higher grid electricity consumption than
Lyell, which has a high impact in the following environmental indicators: RD-E&F;
PMFP; and AP. In Oriam, RD-E&F, has about 23% contribution, which shows the impact
of grid electricity use. The next two most relevant environmental indicators, PMFP and
AP, have more than 10% contribution in both buildings. The electricity use in Oriam is
responsible for about half of all environmental impacts over the building 60 years
lifetime, while if only GWP impacts was considered the contribution of grid electricity
use would have been considered minimal (1.3%). This shows the importance of
performing LCA and considering all the relevant environmental indicators.
The operational energy use was based on actual electricity and gas meter
readings, which includes both regulated and unregulated energy use and is about three
times of the as-built BRUKL regulated energy use. Table 5-5 presents the metered energy
data compared to the design stage predictions. Apart from the metered data, energy use
can be modelled based on the building design stage as-built BRUKL regulated energy use
simulation report that is commonly prepared for building regulation compliance e.g.
EPCs (RICS 2017; CEN 2011). Appendix C: Assumptions for Modelling Life Cycle
Inventory describes the type of information that can be used for modelling different life
cycle stages and generally for consistency actual project information shall be used, where
available, rather than design specifications. For operational energy and water use, it
suggests communicating regulated end-uses and where possible, unregulated nonbuilding related and plug-in appliances separately (RICS 2017; CEN 2011). In terms of
sources of information, metered energy is preferred over building design stage
compliance simulation reports. For materials and products, manufacturer information and
product-specific EPD information is the preferred source followed by drawings and
specifications of project designers and consultants.
As discussed earlier, if design stage EPC predictions was used for the natural gas
consumption of the Lyell building, its GWP would have been reported a third of its actual
energy use. Given the large energy performance gap, using design stage predictions for
LCA results in misleading findings. That said, given the dominant role of the B6 module
in life cycle impacts of buildings, efforts should be made to measure and report
unregulated non-building related energy use separately.
Furthermore, the upfront embodied impacts, particularly structural elements of
the buildings including frame and substructure dominated the total building impacts.
Considering the urgency of climate change mitigation actions and the UK government
targets to reduce carbon emissions by 68% by 2030 and 78% by 2035 (GOV.UK 2021),
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it is important to investigate the contribution of embodied impacts and particularly upfront (or product and construction stages) to the total GWP of the case-study buildings.
The embodied GWP is around 30% and 55% of the Lyell and Oriam building’s total
GWP, respectively. More than a third of these emissions occur before the building is
occupied (see Figure 5-20 and Figure 5-21), thus their mitigation is of the most urgency.
As buildings become more efficient in operational energy and water use this share will
only increase. Thus, further research focused on the share of different life cycle stages
and building elements is critical.
In both buildings, the structural elements dominate the environmental impacts of
initial material acquisition (module A1). When considering the initial material
acquisition, module A1, the arched roof and its supporting steel structure and foundation
are identified as the most relevant building elements in Oriam, dominating most
environmental issues. The roof of the Oriam project was designed to offer a memorable
character to the building and covers a large area including the outdoor 3G pitch and indoor
sports halls (see section 4.1.3). This means that the architectural, aesthetic ambitions of
the project came with an increased embodied energy and carbon cost. In Lyell, foundation
and ground slab; frame columns and beams; internal walls, finishes, and doors; building
services; and upper floors; glazed façade are all identified as the most relevant building
elements when considering the initial material acquisition, module A1, which shows a
more balanced choice of construction materials, whereby one or two building elements
do not dominate the emissions.
The substructure and superstructure are very important as they last for the lifetime
of the building, so the choice of material and efficient usage is crucial. Environmental
impacts of buildings including carbon emissions can be significantly reduced during the
design stage through assessing alternative scenarios starting at early concept stage and
throughout the process with the adoption of low impact solutions. BREEAM addresses
up-front embodied emissions in material credits and has long supported such decision
making for the choice of materials via the GGtS (BRE Ltd 1996) and encouraging LCA
since BREEAM 2011 (BRE Global Ltd 2011). However, BREEAM does not require
evaluating all the life cycle stages and environmental indicators (Mirzaie and Menzies
2016). Moreover, BREEAM awards projects based on appraising different design options
and not meeting a maximum target regarding embodied or life cycle GWP or total
impacts. While BREEAM can only become instrumental in reducing embodied emissions
if like LEED certification it requires showing a minimum reduction in life cycle
environmental impacts and considers more than just GWP.
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With all these limitations, BSAMs such as BREEAM are currently the main drive
behind building and construction materials LCA studies as there are no EU level
legislative requirements for performing LCA. BIM and Soft Landings do not have
specific emission target conditions, however as tools, BIM has shown positive influence
on reducing materials waste by improved scheduling and minimized need for rework. In
these case-studies, BIM assisted with upfront detection of clashes to avoid material waste,
rework, and delays on-site during construction. Moreover, since the building components
will be modelled in BIM more accurately, BIM has the potential to ease the operational
energy modelling and integrating materials’ properties and producing LCA results
(Bruce-Hyrkäs, Pasanen, and Castro 2018; Röck et al. 2018; Antón and Díaz 2014).
Currently, life cycle impacts analysis is not an integrated part of design decision-making
and is assessed retrospectively through stand-alone tools (De Wilde 2014; Ariyaratne and
Moncaster 2014). Yet, BIM use for the purpose of automated energy modelling and LCA
is still at an experimental stage (Choi et al. 2016; Gerrish et al. 2017; Andriamamonjy,
Saelens, and Klein 2018).
Lastly, through enhanced coordination among team members, the Soft Landings
framework helps with making the construction process more efficient and avoid
environmental impacts due to unnecessary material and fuel use. Despite all
advancements in building automation such as BIM packages and development of various
LCA tools with different levels of sophistication, the choice of construction materials is
still mainly influenced by building use type, design, aesthetic, and economic factors.
None of the BREEAM, BIM, or Soft Landings tools were found instrumental in setting
and meeting an upfront and recurring embodied impact target and effective, consistent
LCA and reduction of life cycle impacts is still a challenge.
Considering population, economic growth, and infrastructure investment as key
variables, Giesekam et al. projected that the amount and share of embodied carbon
emissions in the total impacts of the built environment will continue to grow and the 2025
GHG national targets will not be met following the existing orthodoxy (Giesekam,
Barrett, and Taylor 2018). They projected that the embodied emissions of the UK
construction industry will exceed 50 MtCO2eq, if no improvement is made to the carbon
intensity of the electricity grid, and will exceed 40 MtCO2eq, if the electricity grid is
decarbonized as anticipated. In this analysis, several scenarios are considered. In the bestand worst-case scenarios, 7% to 67% average improvement in carbon intensity at the
project level is required to meet the interim 2027 targets (Giesekam, Barrett, and Taylor
2018). Reducing embodied carbon emissions while also reducing operational carbon
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emissions is a challenging task that likely will not be possible for all building types and
projects and requires alternative low-impact materials and construction practices.
6.3

End of Life
One of the main prerequisites of sustainable development is circularity and

achieving zero waste (UKGBC 2018). Although the EoL stage of the building might seem
more than half a century away, EoL can contribute at least 5 to 22% to the whole life
embodied GWP impacts of the buildings (Alice M. Moncaster et al. 2019). In the Oriam
and Lyell building, the share of EoL stage (module C1 to C4 and D) in embodied GWP
was between 7.5% to 12.5%. Recovery and recycling of waste at the end of life (modules
C3-C4 in PEF and D in CEN) was also one of the most relevant life cycle modules in the
Lyell and Oriam buildings (in addition to the operational energy use, material acquisition
modules for building construction (module A1) and replacement of building components
(module B4), and product stage manufacturing and transport (modules A3 and A2)).
Comprehensive policies are required that not only will deliver the immediate carbon
mitigation targets but also guarantee a sustainable reduction of carbon emissions and
promotes circularity and ‘cradle to cradle’ reporting. Evaluating the contribution of EoL
stage to the life cycle impacts of the building assists with understanding the role of design
for circularity concept and how BREEAM, BIM and Soft Landings tools can support
these goals.
None of the tools address design for circularity and consideration of building EoL
adequately. The Lyell and Oriam project stakeholders stated that they never consider
building EoL, demolition, and material reuse at any point during the project progress,
given the time and cost pressures. They did not find BIM making any difference to this
prioritization. As discussed in section 2.1, BREEAM 2011 that was used in these casestudies includes several Material and Waste credits encouraging recycling construction
waste and waste generated during building operation, use of recycled aggregate for
construction, and procurement of durable products with lower environmental impacts
including reused and recycled materials (BRE Global Ltd 2011). BREEAM 2011 did not
however include any credit that considers building EoL or identified the circular economy
principles at the EoL. These principles were later introduced in BREEAM 2014 and
expanded in 2018 technical manual for non-domestic new buildings. Soft Landings does
not have any similar requirements for considering building’s EoL and demolition during
early design meetings. BREEAM 2018 includes a credit that encourages the design team
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to undertake a ‘design for disassembly and adaptability’ study of the building and
incorporate the determined measures into the design (BRE Global Ltd 2014, 2018b).
Although we are not there yet, BIM files can potentially be used for evaluating
building’s demolition and disassembly strategies, to assist with designing buildings
considering criteria beyond costs, e.g., based on operational, lifecycle, and EoL
environmental impacts (Arayici et al. 2018). BIM and BREEAM can assist
communicating these measures to the future building tenants. However, due to the low
weighting of the waste category in BREEAM and learning curve and implementation
efforts of such design measure practices, such credits lack appeal and are more likely to
be excluded from the projects’ BREEAM strategy. Furthermore, like other BREEAM
credits that are design-based assessments of the building, there is no assurance for
implementation of the recommended measures. The change in BREEAM approach in
awarding projects to evaluate each category, such as waste, separately and awarding
projects based on meeting minimum requirement rather than ticking a few boxes of design
considerations or improvements can push the industry in the right direction.
Module D in CEN results and the equivalent module C3-C4 in PEF have a high
positive contribution to the lifetime impacts of projects through re-use, recycling, and
recovery at the EoL. This demonstrates the significance of mandatory reporting of module
D in CEN standards and BSAM tools such as BREEAM, recognition of reuse, recycling,
and recovery within the system boundary of buildings, and more widespread adoption of
circular economy concepts in the industry. Moreover, the challenge of developing the
required databases and default scenarios for modelling different life cycle modules,
particularly EoL, calls for more comprehensive datasets and a greater degree of
methodological specificity.
In the Oriam building, reuse and recovery processes throughout the building
lifetime (Module D as per the CEN approach) can offset 18% of the total building impacts
and similar processes only at the end of building lifetime after 60 years (C3-C4 as per the
PEF method) can save about equivalent of 12% of total GWP of the building (Table 5-7).
These are considerable numbers that call for more meticulous industry attention to design
for circularity. In the Lyell building these numbers are about half of the Oriam building
but only because the high operational energy use dwarfs the rest of the life cycle modules.
In such cases when one module’s share is more than 50%, PEF method rightly reidentifies the most relevant life cycle modules excluding the dominant module i.e.,
operational energy use module. This is a similar scenario as if the building was a net-zero
operational energy use, when reuse and recovery processes throughout the building
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lifetime (Module D as per the CEN approach) could offset just below 30% of the Lyell’s
GWP (see Table 5-8). These calculations are based on the current practice that only
reclaims high value materials such as metals and landfills the remainder. As the
construction industry focuses on reducing operational energy use and carbon emissions,
it is evident that similar attention should be given to design for circularity through
incentive and policy development. Accordingly, the construction industry requires more
innovative designs, broaden market to increase the value of recovered material, and
incentives to improve recovery potential.
6.4

Research Method and Case-study Limitations
There was an inherent trade-off between quantity and quality in conducting this

work. The breadth of the research scope required using a pragmatic, mixed-method
approach, benefiting from both visual and discursive methods and quantitative LCA and
surveys. The mixed-method approach allowed linking complementing perspectives and
the results of different methods to assess the performance of the case-studies. The
designed mixed-method approach was time-consuming yet essential to collect empirical
data about the BREEAM, BIM, and Soft Landings tools from a socio-technical, multistakeholder, and lifecycle perspective. Given the limited time and resources, this work
focused on two case-studies, namely Lyell and Oriam buildings, and their stakeholders
throughout the buildings design, construction, handover, and first years of operation.
Evaluation of the case-studies although was limited to two, fulfilled the research aim by
providing contextual focus that revealed the potential synergies, benefits, and limitations
of the tools.
Soft Landings framework was not used in Lyell and Oriam only achieved
BREEAM Good rating; thus, it can be argued that these case-studies did not effectively
scope for full use of the tools. Yet, this work tried to study the underlying reasons for the
scope limitation in these case-studies. Some of the findings are anecdotal for that reason,
yet as more in-depth studies are performed the results can be collectively used to identify
patterns in use of tools.
Project primary data collection was one of the most challenging barriers to the
progress of this research. Due to the high visibility and sensitivity of these projects, as
well as usual high workload of project design and construction team, evidence collection
was slow and team parties were hesitant to share information. The projects’ design, and
even more so, construction information is considered sensitive data that were hard to
collect. This data sensitivity and the need for in-depth involvement could be one of the
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reasons that limited in-depth case-studies of this kind are available that test the
effectiveness and adequacy of the tools in practice.
One of the main limitations was the lack of objective, physical measurement of
the space conditions in the buildings. Location and time specific data could have been
collected using sensors to verify the POE responses and findings. In this work, site-visits
and walk-arounds were used as alternative methods to observe the space conditions. Yet,
these visits recorded the space conditions in a few instances and did not provide
continuous data. Moreover, they were arranged with prior authorization thus the space
conditions may have not been the same as usual conditions.
In this work the on-site generated electricity and electricity, gas, and water use
were recorded at a monthly interval without any submetering information. Higher
frequency data and submetering of the utility consumption and major energy consuming
end-uses during the building operation could have assisted with more detailed analysis of
the operational energy use.
The contact details of only eighteen stakeholders were available to contact. Some
of the design team parties were based in different cities that added to the complication of
interview appointment set-ups. This limited the number of interviews and the participants.
In total fourteen interviews were carried out with the architects, quantity surveyors, senior
project managers, project clients, contractors (site managers), chief executives and
facilities managers, BREEAM assessors of both projects, the structural and building
services designers, and the Soft Landings champion of the Oriam facilities. It was not
possible to reach the projects’ BREEAM consultants and Lyell’s structural and building
services designers. Ideally more project stakeholders at different stages of project
progress should be interviewed to gain a more comprehensive insight about the buildings’
design and delivery process and its impact on the opinion of the stakeholders.
Although efforts were made to undertake the interviews in a short span of time,
some stakeholders were not available (or responsive) for a few months. Therefore, the
required data of the projects were collected over two and a half years of continuous
follow-up.
The BUS questionnaire advises that the buildings shall be in use for at least one
heating and cooling season to avoid inflated or biased results because of the ‘honeymoon’
period. However, to control for time, the surveys were performed over one week at the
end of March 2017, when only the Lyell North offices were occupied for a full year and
other spaces only for 9 months. The main reason for this early investigation was to study
the influence of Soft Landings and building fine-tuning on the results, as there was
218

supposed to be another round of surveys by the Soft Landings Champion following the
first year of occupancy. This would have been valuable practice to compare both
buildings after a full year of operation and investigate the influence of building finetuning versus ‘Honeymoon’ period. Therefore, because the Oriam users had not
experienced a summer season yet, they were asked to evaluate their comfort conditions
in ‘hot days and cold days’ instead. This was deemed necessary for the study’s objectives
and to answer the overarching research questions about the effect of Soft Landings on the
building performance. Since the second round of surveys were not performed additional
research methods, including supplementary interviews, seasonal commissioning user
satisfaction surveys, site visits, walk-arounds, and projects’ progress documentation,
were adopted to compare and complement the results as explained in section 0.
Another limitation is the non-equivalence of the number and percentage of
participation and occupation in offices (Table 5-2). For instance, in Lyell South, there
were plenty of empty desks and users stated that they choose to sit close to others or at a
quieter corner based on the type of work they wished to complete on the day. This
flexibility is expected to positively influence the results. The possibility of volunteer bias
should also be accounted for, as suggested by Deuble and de Dear (Deuble and de Dear
2014). Despite the robust research design and the substantiation power of diverse methods
used, the authors suggest caution in generalisation of the results. This is mainly due to the
limited number of offices studied (sample size) and the other limitations stated above.
There are not that many POE methods that offer benchmark values for
comparison, like the BUS method does (The Usable Buildings Trust 2017). To maintain
this possibility the developers of the method recommend researcher to refrain from
amending the questions. The finding of this research, however, suggests adding additional
explanation to some of the questions to ensure the users report the building performance
only and nudge the respondents to differentiate between other factor influencing their
perceptions. Performing site visits and informal discussions with the users and facility
managers can help with identifying these alternative factors that can be acknowledged in
the questionnaire (or other forms of POE). Similar to the BUS recommendation,
complementary physical measurements, interviews, site-visits, and revision of other
project evidence shall complement the POE findings to ensure accurate evaluation of endusers perspective about the building. Furthermore, seasonal occupant satisfaction surveys
where users respond to existing conditions can eliminate any memory bias, which was
not possible in this case.
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The results of an LCA study are as reliable and robust as the databases they use.
The lack of databases in construction products and materials that consider and reports all
environmental indicators and life cycle modules in a cohesive way meant that for this
study the ecoinvent unit process database had to be manipulated to generate LCA
databases as per CEN and PEF. However, these created databases have consideration
limitations that resulted in an underestimation of the (GWP) impacts. Therefore,
comprehensive research at a larger scale is needed to develop databases that can evaluate
all environmental indicators and reporting different life cycle modules following the
current LCA standards in the industry.
The most-used building LCA tools only report GWP and energy impacts and rely
on EPD results with different system boundary and scope of the study. Most EPD and
LCA studies of buildings and construction products do not report the full picture including
all life cycle modules and environmental impact indicators and do not include the last two
steps of LCIA (Normalisation and Weighting) or interpret the LCIA findings. These can
be overcome only with the availability of comprehensive databases and more
authoritative and detailed LCA standards.
For most of the life cycle modules, the life cycle practitioner is asked to develop
relevant scenarios based on project specifications. However, this approach prohibits
comparability. This work suggests developing generic scenarios and procedures for
establishing the baseline building LCA impacts and then assessing project specific
scenarios for improvements to the building design. This is a similar approach as the one
LEED uses for comparing buildings operational energy use.
This includes the approach to reporting the EoL loads and benefits. Given the
significant share of EoL impacts this stage, in particular, Module D in CEN, is in dire
need of clarification for modelling scenarios at the EoL. Moreover, this work revealed
the importance of necessitating the reporting of Module D rather than keeping it an
optional life cycle module. The PEF method uses the CFF formula and modularity
principle, while the CEN approach collectively reports these impacts in Module D at the
end of life. Each approach has its benefit. This work proposes further research into the
possibility of declaring the EoL impacts using the CFF formula (that reflect the market
realities) and modularity principle (that avoids shifting impacts from one stage to another)
while following the CEN approach in reporting the avoided impacts separately. These
benefits (or avoided impacts) can be published in all life cycle modules from A1 to C3 or
C4 under a different name such as A1Module D to C4Module D.
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Design, construction, operation, and demolition of buildings involve many
stakeholders, whose designs and specifications are interlinked, and own sections of the
information required to perform the study. BIM files; architectural, structural, electrical,
and mechanical drawings and specifications; project progress reports; minutes of
meetings; price schedules; energy analysis models; and BREEAM and Soft Landings
documentation such as Life Cycle Cost reports are all examples of project documentation
that entail segments of information about the building and can be used in modelling its
lifecycle environmental impacts. Usually buildings’ usage, management strategy, and
occupancy pattern change within the building lifetime. These are among the many
challenges of conducting a building LCA study that limited this work and delayed it into
a retrospective study rather than an informative tool integrated into building design.
Several information sources were available to build the LCI that included
supplementary and, in some cases, contradictory information. Therefore, there is always
a level of uncertainty in the inventory of upstream (extraction, transportation, production,
and construction), and use (repair, maintenance, replacement) processes. Unlike the
design stage, little data was available from the construction stage that reflect the actual or
as-built building info. Neither of the case-studies materials delivery records were
available. The information reported for BREEAM such as Site Waste Management Plan
was too general to fully base the LCA modelling on them. Yet, the construction site
energy and water consumption were useful to model the construction stage impacts
(module A5).
Similarly, due to the ambiguous nature of the downstream processes
(deconstruction, transportation and disposal), the inventory and assumptions for these
processes are limited to general assumptions in terms of input and output quantities and
emissions. EoL modelling was the most challenging life cycle module, not only because
of lack of specific scenarios in guidelines and standards and its inherent uncertainty due
to extended building lifetime, but also lack of datasets to model the developed scenarios.
For instance, the waste treatment datasets of ILCD for recycling processes were empty,
thus general EoL scenarios were used in the model.
Using the same sources of information improves the reliability of the results,
however only the structural BIM file of the Oriam building and the architectural,
foundation, electrical, and mechanical BIM files of the Lyell building were available to
be used. Moreover, the BIM elements did not include attributes of materials or elements.
Some elements such as insulations and finishes were not modelled. In both projects,
limited information was available from the construction period such as the projects
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material delivery, waste handling and energy use. Therefore in many cases the inventories
were built based on the design specification and drawings (that are the least preferred
source of information as per the RICS guideline (RICS 2017) suggestions). These are
some of the limitations involved in modelling the LCI of case-study buildings. These are
explained in more details in section 3.3.2.
In addition to the lack of accurate building information, another major data gap in
building LCA studies is the lack of datasets (VITO, KU Leuven, and TU Graz 2018).
Although SimaPro offered great flexibility that was essential to building PEF datasets and
assessing the performance of the buildings using both PEF and CEN methods, it is
equipped with limited number of datasets that are not most suited for LCA at a building
level that includes many construction products. In this study, extensive number of project
documents was used to model the building LCI; however, due to the lack of
comprehensive databases to translate this information to environmental impacts, the
detailed LCI remained largely unused. Whereby accurate information about the products
used in the case-studies were modelled as a typical example of that product using the
generic ecoinvent database.
Two types of data gaps are common in LCA studies: 1) lack of product system
information and 2) lack of datasets. The first type can either be due to incomplete
information about building elements and their composition or unavailability of
information related to project stages scenarios such as construction or EoL (VITO, KU
Leuven, and TU Graz 2018). In this study, an extensive number of project documents was
made available to the research team and a thorough BOM was developed for all building
elements, materials, and processes. Nevertheless, given the lack of comprehensive LCA
databases to translate this information to environmental impacts, the next step, which is
modelling and translation of building LCI to LCIA, inevitably, required simplification of
data to generic information. Consequently, it can be deduced that, project specific,
primary data will only be used for defining product density, service life, transportation,
repair, and replacement assumptions (as described in Appendix C). While if the
associated LCIA databases and product EPDs were available, these primary data could
be mapped to the exact LCIA datapoints, rather than being modelled using generic
datapoints. Thus, the thorough enquiry of project specific and manufacturer data, which
is recommended by the RICS and other LCA guidelines is not currently fully utilized,
hence justified in practice.
The ecoinvent database was the only available option that included unit processes
(versus system processes) that details the inputs and outputs to a product or process, which
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was needed for this work to create a dataset as per the PEF requirement and to implement
the CFF formula. The ecoinvent database has a limited dataset for building services and
mechanical components. Thus, in these case-studies, the HVAC systems had to be
modelled by estimating the quantity of the principle constituting materials of components
and generic manufacturing processes using the limited ecoinvent data for these systems.
This

modelling

simplification

introduces

significant

uncertainty

and

likely

underestimation in the results considering that in a complex HVAC system it is not
possible to prepare an accurate list of material inventory and quantities of the specialist
processes, materials, and components (e.g. including refrigerant gases which are often
potent GHGs and specialist control unit elements). Similarly, transportation of the
materials is not explicit to be able to differentiate, split, and express in the transportation
life cycle module i.e. module A2. Although the reconfiguration of the ecoinvent data
points to distinguish different life cycle modules and apply the CFF formula has its
limitations, it was required for the practical needs of this project as EPDs and other
product level LCA databases do not include the detailed, unit-level processes, material,
and energy flows to model as per the CFF (explained in section 3.5.2.2). Currently, this
approach is the only feasible method identified to allow a building LCA study as per both
PEF and CEN methods.
The building LCA guidelines only require the regulated building energy use to be
considered in module B6 and the inclusion of unregulated building energy use is not
required and if reported should be communicated separately (RICS 2017; CEN 2011).
However due to lack of submeter data it was not possible to differentiate between
regulated and unregulated energy use and report these separately. Furthermore, external
factors such as grid decarbonisation and future climate change induced variation in
cooling and heating demand was not assessed in this work to evaluate the uncertainty of
the results. As presented in Table 3-3, capital goods and their infrastructure were excluded
and is considered a data gap.
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| Conclusions
This chapter summarises the highlights and main findings of this research work
and provides recommendations for future research.
7.1

Review
The building sector is responsible for about 30% and 40% of the global GHG

emissions and energy use, respectively (Seo et al. 2016). The large share of energy and
resource use, and waste and emission generation of the building industry calls for
imminent, holistic remedial actions to improve the process, reduce the impacts and
commission a step-change in building design and construction performance.
In the light of the significant drive worldwide for digitalisation, sustainability and
circular economy agenda, and closing the design and delivery feedback loop, and
following a literature review the research question was formulated: “are BREEAM, BIM,
and Soft Landings comprehensive and empowering enough to help a non-domestic
building project walk the tight-rope of efficiently designing and delivering a sustainable,
fit-for-purpose, low impact building?”. Accordingly, this PhD research investigated the
adequacy and efficiency of three such tools, namely BREEAM, BIM, and Soft Landings,
in realising these goals in two non-domestic case-study buildings on Heriot-Watt
University campus, at a time when the building industry was preparing for the UK
government mandate for BIM level 2 compliance. The Lyell and Oriam buildings were
closely appraised throughout their design, construction, handover, aftercare and two years
of operation using an investigative multi-method approach.
The sustainability credentials of the Lyell and Oriam buildings, and the extent of
use of BREEAM, BIM, and Soft Landings, and the opinion of project stakeholders about
the challenges and benefits of the tools were assessed following a pragmatic multi-method
approach, using both qualitative and quantitative methods relatively independently, and
combining and interpreting the results. The viewpoints and experience of the project
stakeholders with BREEAM, BIM, and Soft Landings was inquired in a series of one-toone semi-structured interviews designed based on constructivism ontology that explored
the alternate perspectives of social actors (stakeholders) upon the research context.
The quality of the delivered buildings were assessed firstly from the perspective
of the building users and facility management by means of POE surveys using the BUS
method, observations during site-visits and Soft Landings walk-arounds, interviews of
the facility managers, and projects documentation e.g. testing and seasonal
commissioning reports and minutes of aftercare meetings. Secondly the operational
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energy use, and lastly, using two LCA approaches: CEN/TC 350 standards and PEF
method, the life cycle environmental impacts of the buildings were quantified. The extent
of use of the tools, their influence on the projects, and the key lessons learned for a more
successful adoption of the tools were discussed. The findings and recommendations assist
with effectively managing the construction industry’s efforts to transition to low impact,
efficient, and sustainable construction.
7.2

Outcomes
The outcomes of this work regarding the gaps in tools for improving the design

and delivery process of buildings are:
•

The importance of planning and brief stage is recognized by the tools,
however none of them recognize the importance of evolved project brief
and detailed contracts in creating accountability and legal obligation. This
work recommends clarifying the project aspirations, sustainability goals,
timetable, the roles and responsibilities in binding documents; require
evaluating the financial, temporal, and human capital resource provisions
accurately at early stages for the whole building lifecycle; and choosing a
procurement route that enable early contribution of project contractor and
subcontractors to BIM files.

•

Commonly the least amount of information is available regarding the
construction stage that results in a disconnect between project life cycle
stages and requires additional transparency to minimise any surprises, and
problems at the handover. Soft Landings provided transparency to the
decisions and progress made during this stage, helped reduce the risk
gradually, and deliver a fit-for-purpose building as the end-users want and
can use. BREEAM credits require monitoring and reporting the
construction site activities, material and waste deliveries, and energy and
water use, which were found useful evidence for LCA. However, more
attention and quality assurance exercises are required at the construction
stage to promptly identify any issues and record the energy and material
use, and reduce the construction waste.

•

The tools do not effectively cover the handover and post-occupancy
issues. BREEAM post-occupancy stage should not be optional but
become a part of certification. BREEAM construction and handover stage
credits should not be award at the design stage based on unsubstantiated
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promises without any testing and quality assurance of their
implementation, which was notes as “betting on credits”. Credit that
requires monitoring during building operation such as POE, annual energy
and water use, and seasonal commissioning should only be evaluated and
awarded only after they are carried out i.e. at the post-occupancy stage.
•

Only recently, BREEAM 2018 introduced a credit that encourages
undertaking a ‘design for disassembly and adaptability’ study of the
building and incorporating the determined measures into the design.
Otherwise, the project team in Lyell and Oriam stated that they never
consider the building EoL, demolition, and material reuse at any point
during the project progress. The considerable contribution of EoL stage to
the life cycle impacts of the case-study buildings clarifies the importance
and urgency of embracing design for circularity concepts in practice.

•

One outcome of this work was that the overlaps between the tools,
particularly the BREEAM scope and Soft Landings or BRUKL reports are
considered as “paying twice for little additional benefit”. This opinion
could further challenge the uptake of less known tools such as Soft
Landings.

In terms of the quality of the final delivered building, this research highlights the
importance of focusing on the most pressing issues, which are energy performance gap,
GWP, and circularity and life cycle thinking. Sustainability tools must require a minimum
monitored performance and stop crediting projects based on compliance modelling
BRUKL results. BREEAM is the most used sustainability rating of the country and the
fact that it uses SBEM and praises only minor improvements over regulatory
requirements shows lack of true will to contribute to achieving the UK’s target of
reducing carbon emissions and achieving net-zero by 2050. Almost half of the total
normalised and weighted environmental impacts of both buildings were due to the
operational energy use (module B6), according to both CEN and PEF approaches. GWP
and RD-E&F indicators contributed to 50% of the total normalised and weighted LCIA
results. This was even the case for Lyell, which is a BREEAM Excellent building, which
confirms that the BREEAM and BIM were not sufficient for reducing the operational
energy use.
In the absence of building regulatory requirement for LCA, BSAMs such as
BREEAM are the main drive behind LCA studies of buildings and construction materials.
Yet, BREEAM awards projects based on comparing GWP of different design scenarios,
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while it must demand achieving a maximum target regarding embodied and life cycle
GWP and total environmental impacts. Therefore, reducing the life cycle impacts of
buildings are still not a priority and a challenge that demands immediate attention. Hence,
mandatory regulations are required to be able to address the immediate need for reducing
the operational energy use and carbon emissions, while also delivering the longer term
carbon mitigation targets by promoting circularity and ‘cradle to cradle’ assessments.
The main findings and recommendations regarding the benefits and shortcomings
of BREEAM are:
•

For BREEAM certifications to regain credibility and accountability and
offer a meaningful label, a much-needed change is required in the
BREEAM assessment approach. After more than three decades, a certain
expectancy is shaped from BREEAM certified projects that is no longer
seen. BREEAM is now widely considered too general, rigid, and
convoluted that exposes people to box ticking exercises, stifles innovation,
drain resources, and requires extensive administrative works and extra
costs while hardly improving projects’ sustainability. Particularly low
BREEAM ratings such as ‘Good’ and ‘Very Good’ have lost their appeal.
For continued adoption and uptake, BREEAM certification must be
revised to move away from design-focused, prescriptive, and compliance
TQA; and implement an adaptable, user-driven sustainability framework
approach that has an integrated assessment procedure based on measured
performance.

•

From a deep-emissions cutting perspective, such as zero or net positive
development, the divergence between the actual project performance,
including energy use and carbon emission, and the publicly promoted
BREEAM scores and labels such as ‘Excellent’ or ‘Outstanding’ is a
misleading representation that is detrimental to the green building
industry. If ‘Excellent’ and ‘Outstanding’ labels are to represent the top
10% and 1% of the new non-domestic buildings, they should in turn
represent net zero carbon and carbon negative buildings. If an ‘Excellent’
label requires a 70% BREEAM score, it should require the same level of
energy saving compared to reference buildings to award these labels and
not only 20% energy and carbon emission improvement. Of course, this
is not limited to the energy credit but throughout all criteria. Accumulated
weighted score reporting can be misleading as it can hide poor
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performance in some indicators. Like Passivhaus, BREEAM should
require minimum performance in all criteria including energy, waste,
water, materials, or like NABERS, provides separate labels for different
categories so the users can truly understand the performance of their
building for each indicator.
•

User satisfaction does not correlate or scale with the BREEAM rating.

•

Lengthy evidence collection of BREEAM risks disengaging project
stakeholders and rendering it as an afterthought rather than a driving force
for integration of sustainable solutions. The BIM CDE can be used as
BREEAM evidence and can be accessed by BREEAM auditors to
partially reduce the extensive communication for evidence collection.
Furthermore, if the BIM interoperability and liability issues are addressed,
BIM files and CDE can (at least partially) automate the BREEAM
compliance validation.

•

The roles of BREEAM AP and Soft Landings Champion were praised for
strengthening the experiential learning, knowledge growth, engagement
culture and stakeholder empowerment.

The main findings and recommendations regarding the benefits and shortcomings
of BIM are:
•

Most project stakeholders found BIM a “worthwhile practice” that comes
with a premium cost and requires additional time for updating the threedimensional model at the same time as the drawings. At the current state
the BIM benefits are limited to specific parties, mostly at the design stage
for coordination including clash detection, visualization, and producing
drawings. Until BIM, as a three-dimensional model, can be used instead
of (and not in addition to) drawings in project delivery, the time and cost
impact of full BIM adoption continues to risk limiting its benefits to
visualisation and coordination at the design stage.

•

BIM assisted the end-use clients of the Lyell building with becoming
familiar with the building design and provide their feedback as they had
seen the BIM files in monthly BIM meetings.

•

BIM was found most helpful in designing the complex aspects e.g.
atypical structure and to reduce the clashes and risks during the
construction stage. BIM was found too expensive to be used during

228

construction, thus the files were not updated during construction, which
gave the impression that BIM was “a tool for the designers”.
•

Given the high cost of BIM use during construction, the contractors
choose to use BIM based on the complexity of the building. In neither
Lyell or Oriam projects they face any challenging complications to find
using BIM necessary and “value for money”.

•

BIM has shown positive influence on reducing materials waste by
improved scheduling and minimized need for rework.

The main findings and recommendations regarding the benefits and shortcomings
of Soft Landings are:
•

Soft Landings provided a structure and formalized the design and delivery process
from briefing to handover and aftercare. The Soft Landings program and
schedules for meetings and training workshops, particularly during the handover
and aftercare period, assisted with timing the Oriam project’s program more
accurately.

•

It demanded additional staff and increased parties’ involvement including facility
managers and maintenance team, which may extend the design and delivery
process. Yet, Soft Landings creates opportunities for the end-use clients,
contractors, and other project stakeholders to meet, build a good relationship,
discuss the needs of the space users, and communicate the building design and
construction progress to the client team and receive their feedback, which in turn
led to transparency, continuous communication, and higher productivity at all
stages including design and construction.

•

Soft Landings considerably improved the handover and aftercare process,
organized frequent fine-tuning and remedial actions, and assisted the Oriam
project achieve an optimum running condition and deliver a fit-for-purpose
building that satisfied the needs of its users.

•

Soft Landings is most helpful in commissioning and running complex systems
and controls and is essential to the delivery of buildings that the first impression
of the space users, commonly visitors, is crucial such as leisure centres and
hospitals.
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7.3

Conclusions
The overall aim of this work was to evaluate the efficiency and adequacy of

BREEAM, BIM, and Soft Landings for designing and delivering a sustainable, fit-forpurpose, low impact building. In sum, none of the considered tools and reviewed BSAM
are comprehensive and empowering enough to improve all the life cycle stages and
address all aspects of sustainability of a building such as operational energy use and life
cycle environmental impacts. There are important factors such as evaluation of the
financial, temporal, and human capital resource provisions and binding drivers such as
tangible project brief and regulatory requirement that are not considered in the scope of
these tools. None of the tools consider design for circularity or waste recovery at EoL.
Yet, BREEAM, BIM, and Soft Landings had many benefits in these two casestudies. They enriched the design development by way of advanced consultation with
final-users and enhanced coordination between the design and delivery team. Soft
Landings formalized the design and delivery process, offered great transparency into the
construction process, improved the handover and aftercare processes, and resulted in high
user satisfaction, yet its adoption seems to have slowed down like UK governments’
initiatives. Legislative support is required to encourage more projects adopt and use BIM
and Soft Landings. While, in the case of BREEAM, substantial change it assessment
approach is required to regain credibility as it is currently regarded as a box ticking
exercises that stifles innovation and drain resources.
7.4

Limitation and Future Work
Assessing the Oriam and Lyell buildings over their lifetime using the mixed-

method approach although was time-consuming, it was essential to collect empirical data
about the BREEAM, BIM, and Soft Landings tools from a socio-technical, multistakeholder, and lifecycle perspective. Establishing links between performance and the
role of BREEAM, BIM, and Soft Landings was a challenging task. This research
appraised two case-study buildings and discussed the influence of BREEAM, BIM, and
Soft Landings on the whole design, construction, handover, and operation of their life
cycle. No similar studies were found among the literature with such an extensive scope.
This research represents a starting point to explore how different tools used in the
construction industry can live up to their promoted benefits and the industry’s anticipated
improvement in practice.
The work however was limited to two case-studies and the potential exist to
explore a wider sample of buildings. Most academic studies of BREEAM, BIM, and Soft
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Landings focus on technical aspects such as comparison of different BSAMs or BIM files’
interoperability issues (Bernardi et al. 2017; Zhao et al. 2019; Shi et al. 2016). Further indepth empirical studies of wider sample of the breadth of practice are needed to explore
how the users apply these tools in practice and the socio-technical aspects of the tools.
This research focused on one Education/Office type of building and one Sport/Leisure
centre in the context of Scotland. The results, particularly the gaps in the scope of
BREEAM, BIM, and Soft Landings identified by this research work shall be further
investigated in more case-study projects.
This work suggested that BREEAM, BIM, and Soft Landings are more beneficial
to a certain type of projects and buildings and identified limited synergies between the
tools. However, given the limitations of the work to two case-studies and input from a
restricted number of stakeholders, further research can put these conclusions to test and
verify the findings through more extensive interviews with or surveys of the industry
professionals.
With the BIM mandate being in place since 2016, the BREEAM 2018 in use for
a few years, reports on the use of Soft Landings and BIM slowed down and the mandate
not enforced, and the practitioners have become more familiar with the tools and
procedures involved, similar research work is encouraged to reveal the progress of the
tools in years. Such studies are encouraged to compare the findings with this work and
identify further suggestions for improvement of the tools.
In these case-studies, physical measurement that provides objective knowledge of
the space conditions was not possible. This considerably limited the knowledge of the
space conditions and made validating the POE findings more challenging. Location and
time specific data collection via sensors along with site-visits and walk-arounds is
recommended to provide more accurate knowledge of the building conditions throughout
an extended time.
Moreover, given the large share of operational energy use in LCA results, ideally
utility use should be recorded with finer granularity and submetering to allow for more
detailed analysis of the contributing factors and alternative scenarios.
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Appendices
Appendix A: ‘Design Stage (DS)’ and ‘Post-Construction Stage (PCS)’
BREEAM certification credit plan of Oriam and Lyell
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BREEAM 2011 New Construction
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Stakeholder Participation
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3
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4
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Design
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1
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1
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1
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Life Cycle Cost (LCC) and Service Life Planning
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1

1
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Management
Sustainable Procurement
Project Brief &
Design

Construction
& Handover
Aftercare

Man 02

Man 03

Man 04

Handover
Aftercare

Man 05

Hea 01

Project brief decision making about
roles, responsibility & trainings.
BREEAM AP (RIBA Stage B
appointment)
BREEAM AP (to RIBA Stage E)
BREEAM AP (to RIBA Stage L)
Thermographic survey
Design/construction commissioning
Seasonal commissioning
Data collection and aftercare
support
Contractor achieves compliance
Contractor significantly exceeds
compliance
Site energy consumption
Site water consumption
Transport of construction materials
and waste
Timber Procurement
Construction Site Management
Consultation
Inclusive & accessible design
Building user information
Post Occupancy Evaluation (POE)
and information dissemination
LCC at RIBA Stage C/D
LCC component alternatives
Update LCC at RIBA Stage D/E

Health & Wellbeing
Visual Comfort
Design

Hea 02

Lyell

Daylighting 80% of occupied areas
Glare control and view out
Internal and external lighting and
occupant control

Indoor Air Quality
Design

Handover

Minimising sources of air pollution
& specify CO2 sensors
Specify low VOC indoor products
Measure Formaldehyde & VOC
concentration pre-occupancy
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Pt.* PCS DS
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Potential for Natural Ventilation
(no mechanical ventilation)
Laboratory fume cupboards
specification
Laboratory pollution containment
through ventilation & filters
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Thermal modelling
Thermal zoning & control
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Acoustic Performance
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0
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1

0
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0
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Design
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Design

Tra 03
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Mat 01

Calculate Life cycle impact of hard
landscaping & boundary protection
Percentage of legally & responsibly
sourced timber and materials
Embodied impact - insulation index
Percentage of responsibly sourced
insulation
Suitable durability/protection
measures to vulnerable building
areas

Waste
Construction Site Waste Management (SWM)
Construction

Wst 02

Calculate Life cycle impact of
External walls, Windows, Roof,
Upper floors, Internal walls, Floor
finishes/coverings

Designing for Robustness
Design

Wst 01

Water efficient irrigation

Insulation
Design

Mat 05

Major leak detection
Sanitary supply shut off

Responsible Sourcing
Design

Mat 04

Water metering & sub-metering

Hard Landscaping and Boundary Protection
Design

Mat 03

Calculated water use reduction over
a baseline notional building

Materials
Life Cycle Impacts
Design

Mat 02

Travel plan

Water
Water Consumption
Design

Wat 02

Calculated based on proximity
to public transport & number of car
parking spaces

Travel Plan
Design

Wat 01

Cycle storage space
Cyclist shower, drying, & changing
facilities

Maximum Car Parking Capacity
Design

Tra 05

2 within 500m: Food outlet, Post
box, Cash machine, Pharmacy, GP /
medical centre

Cyclist Facilities
Design

Tra 04

Calculated accessibility index based
on proximity to public transport
network

Construction resource efficiency:
SWM Plan & reducing nonhazardous waste
Diversion of waste from landfill
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1

1

1

1

1

1

Operational Waste
Design

LE 01

25% or more recycled aggregates
in structural frame, floor slabs,
base for paved areas, pipe
bedding, gravel landscaping
Recyclable & compostable waste
storage & facilities

Land Use & Ecology
Site Selection
Project Brief

75% footprint on previously
developed land
Previously significantly
contaminated site

Ecological value of site and Protection of
Ecological Features
LE 02

LE 03

LE 04

LE 05

Project Brief

Low dry NOx emissions level for
space heating systems (at 0% O2)
Low flood risk site confirmed by
Flood Risk Assessment.
Consultant analysis: Peak run-off
from site to watercourses is no
greater than pre-developed site
Consultant analysis: Flooding will
not occur in event of local drainage
system failure
Consultant analysis: no discharge
for rainfall up to 5mm

Reduction of Night Time Light Pollution
Design

Pol 05

No refrigerants or refrigerants have
low Direct Effect Life Cycle CO2

Surface Water Run-off
Design

Pol 04

Appoint qualified ecologist &
contractor biodiversity champion,
site landscape & habitat
management plan, protection &
enhancement of ecology

NOx emissions of heating source
Design

Pol 03

Ecological report & general
enhancements
Increase in site ecological value

Pollution
Impact of Refrigerants
Design

Pol 02

Ecology report confirming minimal
change in site ecological value
Ecology report confirming positive
change in site ecological value

Long Term Impact on Biodiversity
Design &
Construction

Pol 01

Construction Zone is Low
Ecological Value (by using the
BREEAM checklist, or by a Suitable
Qualified Ecologist)

2

1

1

2

1

1

2

0
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2
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2
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2

2
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5
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5
0
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3

4
0

4
0

3

0

0

3

0

0

3

3

3

3

2

2

3

3

3

3

2

2

5

1

1

5

0

0

2

1

1

2

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

1

1

1

1

1

1

1

1

External lighting design ILE
guidance compliant &
automatically switches off from
2300 to 0700

Noise Attenuation
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Design

Man
01

No noise sensitive areas or
buildings within 800m or measured
noise level & BS 4142: 1997
compliant noise impact assessment

Innovation
Sustainable Procurement
Aftercare

Consumption monitoring, targeting
& feedback (3 years post
occupation)

Man
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Responsible Construction Practices

Hea 01

Visual Comfort

Construction

Design
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1

1

1

1
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0
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0

0

1

1

1

1

0

0

1

0

0

1

0

0

1

0

0

5

0

0

5

0

0

5

0

0

5

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

0

0

0

0

1

0

0

1

0

0

1

0

0

1

0

0

1

1

1

1

0

0

1

1

1

1

0

0

1

0

0

1

0

0

1

0

0

Recycled Aggregates

1

0

0

1

0

0

Construction

1

0

0

1

0

0

Use compliant LCA software or
exclusive use of A+ rated materials

Responsible Sourcing of Materials
70% score i.e. exclusive use of
responsibly sourced materials

Construction Waste Management
Construction

Wst 02

1

1

Design

Wst 01

65% potable water use reduction

Life Cycle Impacts
Design

Mat 03

‘Future technology’ refrigeration
system as per Carbon Trust

Water Consumption
Design

Mat 01

30% reduction in regulated CO2
emissions

Energy Efficient Cold Storage
Design

Wat 01

Carbon negative building 5pts or
unregulated energy demand offset
by a carbon-neutral source 4pts

Low and Zero Carbon Technology
Design

Ene 05

Achieve daylight factor of 4% in
80% of spaces

Reduction of CO2 Emissions
Design

Ene 04

Achieve Considerate Constructors
score of 40 or above

1

Low waste generated & high
landfill waste diversion
35% recycled/secondary aggregate

* Pt.: Maximum number of points available in an assessment issue (credit)
PCS: Post-Construction Stage
DS: Design Stage
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Appendix B: Interviews’ Guide-Sheet

A bit about you
Full Name:
Job title:
Company:
Age Group: ◌ <20

◌ 20-29

◌ 30-39

◌ 40-49

◌ 50-59

◌ 60-69

◌

70<
Education:
Other Relevant Qualifications:
Previous experience in construction? How many years?

About your role and experience in the project
Role in the project and core responsibilities:
Stages of involvement:
[Preparation&Brief…Concept…DevelopedDesign…Tender/Technical…Construction
…Use&Aftercare]
What is your impression of this project compared to other experiences?
Was this project in any ways different? (Traditional construction versus more
advanced and futuristic?)

About the tools used in the project
Building Information Modeling (BIM)
This project,
Did you use BIM for the project? For what purposes?
At what stage the BIM was produced? What kind of information was included?
How was the coordination with other parties (architectural, mechanical and electrical,
structural)?
Were there any Review Meetings with the other parties to check the model or discuss
any clashes or issues? If yes, at what stage? (Is that generally something you do in
your projects?)
Do you think that BIM has any added-value to the project (benefits)? If not, why?
What were the main barriers towards realization of these tools?
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Could these be overcome? How?
Did the client or the funding bodies require a BIM model? To what extent? If yes,
was there any specific deliverable at the end of each stage? Did the documents need
to be compliant with any BIM Standard? (How were you informed about the owner
requirement?)
How was the information shared/communicated among team members (any common
data environment, paper-based, …)?
Was there any design change, value engineering, cost saving? If yes, why? Why the
first design did not work?
In general,
How is BIM more helpful compared to the previous 3D design tools you used before?
What is the main benefit of BIM for you as an architect, engineer, designer,
consultant?
Do you think BIM is suitable for any type of project? Is there a certain type of
projects that currently can benefit more?
How do you think a project can get more BIM-ready? Do you think training / more
detailed contractual requirement / separate budget provision would have helped?
Do you consider demolition and reusability of material? Does BIM help with that?
How do you think the ambitious designs can actually get implemented and not get
engineered out?

BREEAM
What are your thoughts on BREEAM?
This project,
What was your input to and involvement with BREEAM?
Any meetings with the BREEAM Consultants during design? How frequent?
Did they have any input / influence on the design? How about the inputs received
from the final users of the project?
Did BREEAM in anyway influenced the project? (After naming a few common
BREEAM points) were those features part of the project because of BREEAM?
Do you think BREEAM had any added-value to the project?
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At what stage were the desired BREEAM ratings communicated and agreed upon?
How were you informed about the owner requirement? Was there any contractual
requirement for getting a certain BREEAM rating (Very Good / Excellent)?
In general,
What are the benefits of BREEAM?
Have you had any experience whereby BREEAM greatly influenced a project? How?
What are the important factors for BREEAM to worth its premium cost?
What is the factor that let certain projects benefit more from BREEAM? Is it related
to the type of the project or client?
Do you think BREEAM suits all type of project? Is there a certain type of projects
that can benefit more?
Are there other tools that you have used to drive sustainability? Do you use other
tools for design and delivery process improvement? How about reducing project
energy efficiency or environmental impacts (carbon footprint)?
Is there anything about BREEAM that you would like to change?

Soft Landings
This project,
Did you have any involvement with Soft Landings?
Did you have Soft Landings workshops (Pitstopping)?
Do you remember that at any point the interaction of the building with its occupants
were discussed? When was this? What were the key considerations (in designing for
operators and users)?
Did you have any requirements for aftercare support and beyond practical
completion?
In general,
How do you typically know about the final users’ needs?
Do you generally get involved post completion?
Have you had any Soft Landings experience? (to what extent)?
Do you think Soft Landings has any benefit to the project?

Final Thoughts
271

Retrospectively, what is the main experience you take away with you?
Was there anything that you would change or improve or add to any part of the design
or construction or handover procedure?
If you have a recommendation for other new adopters what would it be?
What do you think of the Procurement method?
Do you get at all involved with the contracts? How do you get informed about the
deliverables? From your side of the story do you think the responsibilities and
requirements for these tools were clear or does it matter to be included?
Are there any specific areas or stages in project progress that you think needs more
attention / needs improvement? Do you think these tools are not addressing that? (for
instance, for reducing performance gap or increasing efficiency)
Anything that you would like to add or ask me?
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Appendix C: Assumptions for Modelling Life Cycle Inventory
To model the LCI of Oriam and Lyell buildings the modularity principle was
followed. First, data was compiled for each life cycle module and scenarios were
developed based on available project data, national guidelines, and respective PCRs and
PEFCRs. Following the RICS’s recommendation for the UK, scenarios were determined
using different sources including project reports, O&M manuals, and life cycle cost
reports, CIBSE Guide M, RICS NRM 3, and BCIS Life expectancy of building
components (RICS 2017; Energy-Efficient Building European Initiative 2012). These are
documented below in detail. Since the service life of building components can have a
major influence on the LCA results, as per RICS recommendation, these numbers were
substituted with project specific information such as manufacturer data, where available
(RICS 2017).
Scenarios for the product stage (Modules A1 to A3)
Product stage, including the A1 to A3 modules, includes the ‘cradle to gate’
processes of the materials and services deployed in the construction. Unlike PEF method,
the CEN standard allows the A1, A2 and A3 modules to be declared jointly in Product
stage. In this study, these modules are assessed separately.
The packaging of materials must be included in all stages. However since no
specific data was available for the case-studies, packaging was excluded from the system
boundary unless when the ecoinvent datapoints were used as it was not possible to trace
and systematically remove these from the datapoints.
A1: Materials Acquisition
Following the PEF method, production burdens and benefits related to raw
material acquisition, extraction, and pre-processing, as well as secondary material
processing is reported in module A1 following the CFF formula (Table 3-5). CEN
requires all materials, products, energy, and waste processing, to the end-of waste state
during the product stage, to be reported (CEN 2013). Annex C of the PEFCR Guide (EC
2017a) prescribes default recycled-content values to be used for developing scenarios for
module A1. There were overall 65 different materials used throughout various life cycle
stages of Lyell and Oriam buildings.
In the first attempt, information regarding the materials characteristics including
density was extracted from the manufacturer’s website or product-specific EPD, if
available. Secondly, the specifications and drawings of structural engineers, architects
and building services consultants were referred. Where information was not available or
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certain, default specifications from industry standard practice such as the ICE database
2011 version (Hammond and Jones 2008) was used as per the recommendation of the
RICS guide (RICS 2017). The final cutting to the specified dimension or further
fabrication activities of reinforcement steel bars are assumed as part of the construction
site processes, thus included in A5 module.
A2. Transport of materials for manufacturing
When modelling transport logistics, PEF guide (EC 2013) remarks ‘Utilisation
Ratio (UR)’ among the important parameters along with transport mode, vehicle type,
number of empty returns, and distance to be accounted. UR depends on the characteristic
of the transported product including the density and volume per package. This
information was combined with the different guidelines such as national and international
PCR, PEFCRs, PEF guidelines to choose the correct scenario for every product and life
cycle stage.
Module A2 covers the transportation of virgin and recycled materials up to the
factory gate and internal transport. Transport scenarios were developed considering the
type of truck, the distance of transportation, UR, payload and empty return. The available
PEFCR and PEF Guidance v6.3 were the primary source used. For all the materials with
no defined scenario in PEFCR, the following assumptions were considered: Truck type
16-31 tonnes (Euro 5), with 550 km distance from supplier to factory based on section
7.12.2 of the PEF Guidance v6.3 (EC 2017a). Since no primary data was available, it was
not possible to make more specific assumptions. Guidelines and references include
limited information about developing these transport scenarios. Such guiding
information, for example regarding distances and means of transportation, simplifies the
modelling process and is a step towards harmonization and improved accuracy.
While 550 km distance is considered reasonable for these case-studies’ context,
it can lead to overestimations or underestimations for some materials. For instance,
concrete, plasterboard, and insulation are usually locally or nationally manufactured and
their raw materials are commonly transported from close distances. While, carpets, façade
modules or specialist claddings can be manufactured globally with raw materials
dispatched from thousands of kilometres away. Also, other means of transportation, such
as ships and planes, as recommended by the RICS, should be considered (RICS 2017;
VITO, KU Leuven, and TU Graz 2018). The types of trucks used throughout this project
for the various transportation life cycle stages are modelled using the RER (Euro 5),
ecoinvent 3.3 dataset, and include 16-32 and larger than 32 metric ton lorries.
CFF formula is applied to both A1 and A2 modules.
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A3. Manufacturing of the construction products
Module A3 covers the inputs and outputs related to the manufacturing process of
the materials, which treats virgin and recycled content alike, thus does not require the
application of the CFF formula. The ecoinvent dataset was used to model either generic
production processes such as hot rolling steel and cast iron, or specific products by
splitting their data point to distinguish the manufacturing inputs and outputs only.
Ancillary materials, energy inputs, water flows for cooling or cleaning, emissions, waste
flows and packaging materials, were the most commonly used inputs and outputs.
Manufacturing of production equipment, buildings and other capital goods are excluded
(EPD International 2018). The BRE PCR advises that the maintenance of equipment
should not be included, except for frequently consumed items and only if they are more
than the 1% cut-of rule (BRE Group 2018a).
Scenarios for the Construction Process stage (Modules A4 to A5)
Module A4 and A5 relate to the impacts of construction site activities and
materials delivery and are communicated in Construction Process stage.
A4: Transport to Construction Site
Module A4 covers the emissions from transport of materials from manufacturer’s
location to the construction site, transport in-between for storage or distribution, and
transport of construction equipment like cranes and scaffolding. All impacts related to
losses during transportation should also be included in this module. However, the
commute of persons to and from the site is excluded (CEN 2013, 2011).
In the case of Oriam and the Lyell buildings, the as-built design specification
documents and the information provided in the Materials category of the BREEAM
documentation were reviewed. Since little specific information was available regarding
the materials’ supply chain, module A4 emissions were calculated based on scenarios
developed from draft PEFCRs for metals (Thinkstep AG 2016), paints (Technical
Secretariat Decorative Paints 2018), thermal insulations (Technical Secretariat of the PEF
thermal insulation pilot 2016), and water pipes (Technical Secretariat PEF pilot on piping
systems 2016); PEF Guidance (EC 2017a); and the RICS guide. The RICS Professional
Statement (RICS 2017) recommends the following distances of transport, if project
information were not available:
•

50 kilometres by road for locally manufactured products such as concrete

•

300 kilometres by road for nationally manufactured products such as
plasterboard and insulation
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•

1500 kilometres by road for European manufactured products such as façade
modules and carpets

•

200 kilometres by road and 10000 kilometres by sea for globally
manufactured products, e.g. specialist stone cladding

The RICS guide also suggest assuming rigid heavy goods vehicle (HGV) with
average laden for road transport and average container ship for sea transport, and using
BEIS carbon conversion factors (RICS 2017). In these case-studies, the recommendations
of the PEFCR Guidance (EC 2017a) and PEFCR drafts were prioritised. Thus, four
different types of truck capacities were considered. These were RER (Euro 5), ecoinvent
3.3 dataset, and include 3.5-7.5, 7.5-16, 16-32 and larger than 32 metric ton Lorries.
Based on the case-study projects’ documents such as: manufacturer datasheets;
design specifications; and information collected from the contractors; it was discovered
that most materials were manufactured locally or nationally. Thus, for instance, concrete
and aggregate were assumed to be transported by road for 100 kilometres.
The combination of the sources mentioned above was sufficient for developing
transport scenarios; however, more detailed country and material specific sources would
facilitate harmonisation and comparability of the considered scenarios.
A5: Construction –Installation Process
Module A5 considers “emissions arising from any on- or off-site constructionrelated activities” (RICS 2017). Therefore, the impacts of energy and water required for
on-site production or transformation of products, installation or operation of the
construction site, storage of products, groundwork, landscaping, as well as manufacturing
and transportation of ancillary and packaging materials, and waste management should
be reported in this module. All processes (A1, A2, A3, A4, C2, C3, C4, and D or C3/4
modules) related to any losses during construction should be accounted. Transport of
materials, equipment, and waste within the site must also be included (CEN 2011, 2013).
To avoid double-counting any ancillary and packaging materials, the scope of database
and EPDs used must be checked. An example of these ancillary materials is the releasing
agents of the formworks used for building with concrete (CEN 2011).
The RICS guide leads the LCA practitioners to seek project specific construction
data for use and to adapt EPDs or equivalent allowable sources with project data before
use. In case of lack of data, the RICS suggest a carbon emission rate based only on project
value. This is an inaccurate estimate, moreover since the other environmental indicators
are not covered, it is not possible to use this recommendation. For the site waste rates,
again project specific data should be the first choice for calculation and if not available,
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the standard site waste disposal rates of 90% recovery and 10% landfill by the WRAP net
waste tool can be considered as default assumptions (RICS 2017).
The BREEAM Site Waste Management Plan provides some insight into the
amount of waste generated and their treatment, which was available for both projects;
however, these reported rates were too general to be used for determining waste flows per
material used in construction. The site waste rate for products that are prefabricated offsite such as Cross Laminated Timber (CLT) or equipment can be neglected (RICS 2017).
In these case-studies the loss rate for each material was determined based on information
from the draft PEFCRs and PEFCR v6.3 guide (EC 2017a). Thus, waste flows related to
the material losses in Module A5 were modelled as 2% of insulations, 11% of paint and
plastercoat, 0% of prefabricated products, 5% of all the other materials.
Regarding the Construction Process stage the information available for both casestudies was scarce. Energy use and water use during construction was calculated based
on estimated bills that the project contractors had paid. Site monitoring project data was
not available except weekly clerk of work reports and images of the activities onsite.
These assisted with better estimation of site activities, machines used, and procedures
followed. Any initial demolition and site preparation activities were excluded to assume
construction from flat ground as per PEF recommendation (EC 2017a). Moreover,
packaging materials were excluded from the scope of study.
Scenarios for the use stage (Modules B1 to B7)
No clear guidelines for defining the cleaning, maintenance and replacement
scenarios during the use phase are available to follow and only limited information is
available from the manufacturer datasheets and designer’s specifications. For calculating
modules B2, B3, and B4 scenarios should be developed based on real-life, statistical, or
normative data (CEN 2011). The RICS recommends that scenarios for B2, B3, and B4
modules should be defined based on facilities management and maintenance strategies,
life cycle cost reports, O&M manuals, and professional guidance, such as the CIBSE
Guide M and the RICS NRM 3 (RICS 2017), and the ‘Environmental Profile Building
Elements’ (Allacker et al. 2013).
B1: Use stage
BS EN 15804 standard requires reporting the impacts arisen from the release of
substances of the building surfaces (interior or exterior) and components such as the
refrigerants, insulation blowing agents, paints to air, soil or water to be reported in module
B1 (CEN 2013). The RICS Professional Statement guides the LCA practitioners to source
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data on refrigerant leakage thresholds from the building services consultant,
manufacturers’ declarations, EPDs, C2C (Cradle to Cradle) certification reporting, and
DEFRA (RICS 2017). Moreover, this guide asks for accounting the impact of potential
carbon absorption in items containing exposed concrete and/or lime (RICS 2017).
However, until the CEN/TC 351 standards on measurement of release of
dangerous substances from construction products are not published, the LCA study does
not need to give information about module B1 (CEN 2013, 2011; RICS 2017). Thus,
although it is expected that the insulating materials with blowing agents and refrigerants
leakage from the building services result in environmental impacts, this module was
excluded from the scope of the study.
B2: Maintenance
Module B2 covers the combination of products and services for preserving the
aesthetic qualities and protecting the building and its elements in a state in which they
can perform their required function. This could include the repainting work, the annual
inspection and maintenance of the HVAC systems such as replacement of filters in the
heat recovery or air conditioning system (CEN 2011, 2013). All life cycle stages of the
used products should be assessed from material acquisition, production, transportation,
and EoL, which are A1 to A5 and C2 to C4 modules.
The only relevant information in the project documents that assisted with defining
project-specific scenarios were recommended cleaning procedure and frequency in
manufacturer information and designers’ specifications. In the case of Oriam and Lyell,
only cleaning activities for interiors, fabric, and technical systems were considered in
Module B2 for the entire life span of the buildings to maintain the aesthetic qualities of
the building and its operating components. The ecoinvent datapoint named ‘Soap {GLO}|
market’ was used as the cleaning product in all the cleaning processes. Also, energy and
water used for cleaning, and wastewater treatment were accounted. The RICS
Professional statement recommendation was followed that requires roof, external walls,
windows, doors, finishes, and services (MEP), as the minimum elements to be included
(RICS 2017). These scenarios were developed at building sub-element level and were
modelled using the ecoinvent database and proxies, as presented in Appendix C- 1 and
Appendix C- 2. These can be improved with more specific and inclusive data to enhance
comparability.
Appendix C- 1: Annual cleaning operations assumed in Module B2

Cleaning processes per [m2] of element

Materials used and
processes
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Amount

Vacuuming and cleaning non-carpet
floors with water and soap (52 times per
year)
Cleaning Roof with high-pressure water
jet (2 times per year)
Cleaning Stairs with water and soap (52
times per year)
Cleaning Windows and Doors with water
and soap (6 times per year)

Vacuuming 0.52 [kWh]
Water 0.347 [kg]
All Purpose Cleaner 0.0104 [kg]
High-pressure water jet 0.03 [hour]
Water
All Purpose Cleaner
Water
All Purpose Cleaner

Vacuuming carpet floors (52 times per
year)
Cleaning basement concrete floor (26
times per year)

0.173 [kg]
0.0052 [kg]
0.08 [kg]
0.0024 [kg]

Vacuuming 0.52 [kWh]
Water 0.173 [kg]
All Purpose Cleaner 0.0052 [kg]

Appendix C- 2: Modelling of materials used for B2 Maintenance life cycle stage

Material
Water

Ecoinvent data points used
Tap water {CH}| market for |
Alloc Rec, S

All Purpose
Cleaner
Vacuuming

Soap {RER}| production | Alloc
Rec, S
Electricity, low voltage {GB}|
market for | Alloc Rec, S (0,01
kwh/m2)
Electricity mix, AC,
consumption mix, at consumer, <
1kV GB S
Tap water {CH}| market for |
Alloc Rec, S

High Pressure
Water Jet

Ammonia
Cleaning Agent

Wastewater, from residence
{GLO}| market for | Alloc Rec, S
Ammonia, liquid {RoW}| market
for | Alloc Rec, S

Details of Assumptions per [m2]
.4 [kg] of water for 60 [m²] - 52 times
a year (“FC5 Hard Floor Cleaner |
Kärcher UK”)
0.03 [kg] in 1 [kg] of water (“FC5
Hard Floor Cleaner | Kärcher UK”)
0.01 [kWh] assuming 0.5 minute per
[m2] and a 1000 [W] vacuum
2.1 [kWh] (“Karcher K5 PRESSURE
WASHER 145 BAR 240 VOLT | UK
Tool Centre”)
500 [Litre/hour] flow rate (“Karcher
K5 PRESSURE WASHER 145 BAR
240 VOLT | UK Tool Centre”)
0.5 [m3]
1 kg

B3: Repair
All the corrective or reactive treatment of the building due to unpredictable
damage is declared in module B3. For instance, if a broken component such as a
windowpane is substituted is reported as ‘Repair’, while if a whole component is replaced,
it should be reported in the next module, ‘Replacement’. The RICS Professional
Statement suggests default elements lifespan as generic assumptions; however, these
numbers should be replaced by project specific data, where available. The replacement
scenarios can be developed based on façade maintenance strategy, life cycle cost reports,
O&M manuals, standards and guidelines such as the ISO 15868-5:2008, CIBSE Guide
M, and BCIS Life expectancy of building components (RICS 2017). In case none of these

279

provide the information required, this module’s emissions contribution shall be estimated
as 25% of module B2: ‘Maintenance’ (RICS 2017).
Similar to module B2, the life cycle module B3 is developed at building subelement and material level and considers 10% replacement as repairs. All relevant life
cycle stages of repair material are accounted for including modules A1, A2, A3, A4, and
EoL (modules C and D). Installation and dismantling of the material to and from the
building is assumed to be performed by hand, so no energy was required and thus module
A5 and C1 are assumed to be negligible. Their scenarios, in common with other ‘use
stage’ modules, can improve with material or element specific guiding scenarios. The
structural frame, foundation and stairs do not require any repair or replacement. The
assumptions related to material repair frequency per building element are presented in
Appendix C- 3.
Appendix C- 3: Materials and their number of changes based on expected lifespan of the building
sub-element in B3 Repair and B4 Replacement Modules (RICS 2017).

Building
Element

Building sub-element and materials

Expected
element
lifespan
(years)
30

Replacement
frequency
over building
lifespan
(module B4)
1

Repair
frequency
over building
lifespan
(module B3)
2

Floor

EPDM, ButylAcrylate, Screed, XPS,
PolyurethaneRigidFoam

Roof

EPDM, ButylAcrylate, BitumenSealing,
PolyurethaneRigidFoam
Plasterboards

30

1

2

External
Walls
Windows & Double Glazing, Aluminium Window
Curtainwalls Frame, EPDM, PolyurethaneRigidFoam

30

1

2

30

1

4

Internal
Walls

30

1

2

10
30
20

5
1
2

6
0
3

30

1

2

20
30

2
1

3
2

Internal
Finishes

Doors

Building
Services

Laminated glazing, Alumnium Frame,
Acrylic Paint, Plywood, Plasterboard,
PolyurethaneRigidFoam, Galvanized
Steel
Glass fiber, Vinyl Tiles,
Resin flooring
Ceiling Plasterboards and XLPE
Insulation
Woodchipboard, hardboard,
acrylicbinder, stainless steel, plywoord,
laminated glazing, butylscrylate,
acrylicpaint, rockwool, almunium frame,
Elevators
Electrical (Steel, Polycarbonate,
Polycarbonate, Bronze, PA, PP, PE, PVC,
ElectronicCircuit, Galvanazied Steel, Zinc
steel, Stainless steel, Copper, Brass,
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Aluminium, PBT, PPE, PS, PMMA,
PolyurethaneRigidFoam)

Lighting (T5Bulb ,Aluminium Satinated, 15
Polycarbonate, PMMA, Ballast, LED,
Zinc steel)
Sanitaryware and piping (Sanitary
20
Ceramics, Stainless Steel, PVC, Messing,
GlazedSteel, LDPE Pipes, Zinc steel
pipes, insulation)
HVAC (Cooling System, boilers, PEXA, 20
PE, PE Foam, Water, Steel pipe,
Expansion vessel, Cast Iron, Stainless
Steel, Steel)

2

6

2

3

2

3

B4: Replacement
The anticipated replacements of building components are reported in module B4,
replacement, including the replaced components, ancillary products, losses, and the
associated activities. For instance, when considering the replacement of a carpet, the
manufacture and transport of the new carpet and packaging, replacement (adhesive,
vacuum cleaning etc), and the EoL stage of the original carpet and wastage from the
replacement carpet, packaging and adhesive should be considered (CEN 2013). The
minimum elements that must be included as per the RICS Professional Statement are roof,
external walls, windows and external doors, finishes, fittings, furnishing, and equipment,
and services (MEP) (RICS 2017).
Table 3-8 presents the specific details of building elements that were replaced and
the assumed frequency. As explained above, all the lifecycle modules of the replaced
elements and materials were included in the model, except their dismantling (module C1)
and the installation (module A5) due to lack of data and negligibility.
B5: Refurbishment
Refurbishment module addresses any predetermined change of building use
during the project lifetime or any substantial amount of work to building parts beyond the
scope of maintenance, repair, and replacement. One example of building refurbishment
is when the internal partitioning layout, facade, or HVAC systems goes under a major
change for a change of use in the building. It is not unusual if no refurbishment is foreseen
within the client’s brief, therefore scenarios for refurbishment can be developed based on
typical practice for the type of building under assessment (CEN 2011, 2013). However,
there are no general guidelines to develop assessment scenarios for the case-study
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buildings. Moreover, Oriam as a sport centre is not expected to change use type and Lyell
building is mostly open plan offices which also is not expected to require any major
refurbishment. Therefore, this module is not included in the scope of this assessment.
B6 and B7: Operational Energy and Water Use
The regulated building energy use should be reported in module B6, which
includes: domestic hot water, air conditioning (heating or cooling), mechanical
ventilation, lighting, as well as auxiliary energy used in pumps, control and automation
(as per Part L of the UK Building Regulations). In addition, other building-integrated
technical systems such as lifts, sanitation, safety, security, and communication systems,
and building automation and control, which are necessary for the performance of the
building, shall be reported within this module, and where possible communicated
separately. If any (unregulated) energy use of non-building related and plug-in appliances
such as computers, washing machines, vacuuming are considered, these shall be
communicated separately, where possible (RICS 2017; CEN 2011).
If the actual energy and water use is metered, they can be obtained from the
building owners or operators. An alternative source for energy use is the building design
stage simulation report that is commonly carried out for building regulation compliance.
If energy is generated on-site, it is assumed to satisfy the building-related energy demand
first and any exported energy, for instance if returned to electricity grid, is assumed to
exit the building system boundary with no environmental impacts. All impacts and
benefits of exported energy are captured in module D.
Module B7 reports the impacts of the water used during the building operation by
the building-integrated systems including cooling, ventilation, humidification, domestic
hot water, drinking, sanitation, irrigation, security, fire safety, internal transport,
fountains, swimming pools, and saunas. It considers life cycle of water used including
production, transportation and wastewater treatment. Other water uses, if included, shall
be reported separately, such as dishwashers or washing machines. Moreover, care should
be given not to repeat the water used during maintenance, repair, replacement, and
refurbishment in this module. Therefore, the water used in module B2 was not considered,
to avoid double counting. Where possible, the B7 scenarios should be based on real
project data. If not available, statistical or normative data can be used. In the UK, BSRIA
Rules of thumb – Guidelines for the building services provides estimates on anticipated
water consumption for different building types (RICS 2017; CEN 2011).
The datasets used in SimPro for modelling modules B6 and B7 are shown in
Appendix C- 4. The effect of the anticipated future grid decarbonisation is not included
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in this assessment, although it is recommended to be accounted for when estimating the
use module carbon impacts over the building lifespan.
In addition to the predicted energy use reported in EPCs of the buildings, for
module B6 Operational energy use and module B7 Operational water use, primary data
on energy and water consumption of both case studies was gathered from the facility
managers. These include the metered electricity, gas, and water consumption for both
projects, as well as the on-site PV and CHP electricity production for the Lyell building.
These measured data was used for modelling the B6 and B7 modules. The metered energy
data are presented against the design stage predictions in Error! Reference source not found..
Appendix C- 4: Modelling of inputs used for B6 and B7, operational energy and water use during
building lifetime (60 years)

Energy and
Water
Sources
Grid
Electricity

Datasets used

Lyell

Oriam

Electricity mix, AC, consumption mix, at consumer, <
1kV GB S

1.70E5
[MJ]

3.17E6
[MJ]

Natural gas
used in boilers

Heat, central or small-scale, natural gas {Europe without
Switzerland} | heat production, natural gas, at boiler
condensing modulating <100kW | Alloc Rec, S
Heat, central or small-scale, natural gas {Europe without
Switzerland} | heat and power co-generation, natural
gas, 50kW electrical, lean burn | Alloc Rec, S
Electricity, low voltage {GB}| electricity production,
photovoltaic, 3kWp slanted-roof installation, multi-Si,
panel, mounted water to cleaning | Alloc Rec, S
Tap water {Europe without Switzerland} | market for |
Alloc Rec, S

3.02E6
[MJ]

2.98E6
[MJ]

5.48E5
[MJ]

NA

2.28E4
[MJ]

NA

1.24E6
[kg]

1.24E7
[kg]

Wastewater, from residence {GLO}| market for | Alloc
Rec, S

1.24E3
[m3]

1.24E4
[m3]

Natural Gas
used in CHP
plants
Electricity
generated by
PV panels
Tap water
Wastewater
treatment

Scenarios for the End-of-Life (EoL) stage (Modules C1 to C4)
Building EoL commences when the building is decommissioned and concludes
when the site is ready for re-use and is cleared and levelled to the ground. The EoL
scenarios should be restricted to the on-site processes and activities. Building’s
demolition provides many sources of materials and products that can be discarded, or
recovered, recycled or reused (EPD International 2018; CEN 2013, 2011). For developing
the EoL scenarios, national and local guidelines values should be used. In the UK,
DEFRA government department releases the ‘UK statistics on waste’ annually (DEFRA
2018). The RICS Guide assembled recovery and disposal rates for timber, steel,
aluminium, copper, and general demolition waste to be used as default scenarios (RICS
2017).
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In these case-studies, the EoL scenario of building materials was developed as per
the default recovery and disposal rates assembled by the RICS Guide for timber, steel,
aluminium, copper, and general demolition waste (RICS 2017). These numbers are
mainly based on 2016 DEFRA UK statistics on waste and are presented in Table 3-10
against the similar European values recommended by the PEFCR documents. UK projects
should assume 10% of general waste mass is landfilled and 90% diverted. For Timber
waste, 25% is considered to be landfilled and 75% incinerated with energy recovery
(RICS 2017; EC 2017a; Technical Secretariat PEF pilot on piping systems 2016;
Thinkstep AG 2016; Technical Secretariat Decorative Paints 2018; Technical Secretariat
of the PEF thermal insulation pilot 2016; VITO, KU Leuven, and TU Graz 2018).
Appendix C- 5: EoL scenarios for UK projects based on the RICS recommendation against the
PEFCR documents (RICS 2017; EC 2017a; Technical Secretariat PEF pilot on piping systems 2016;
Thinkstep AG 2016; Technical Secretariat Decorative Paints 2018; Technical Secretariat of the PEF
thermal insulation pilot 2016; VITO, KU Leuven, and TU Graz 2018)
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Incineration

Landfill

Recycling

Incineration

Timber: Plywood (Formwork), Wood
Chipboard, Hardboard, Softwood (Studwork/
Framing/ Flooring), 100% FSC/PEFC
(Manufactured structural timber CLT,
Glulam, etc.)
Reinforcing Steel, Stainless Steel, Zinc Steel,
Glazed Steel, Steel, Galvanised Steel,
Chromium Steel, Zinc Steel Pipe, Steel Pipe
Copper
Aluminium sheet (Cladding panels),
Aluminium extrusion (Glazing frames)
All else
Low Rise Elevator, Boilers, Cooling
Machine, Expansion Vessel, Cast Iron,
Electronic Circuit, Ballast, Bronze, Brass,
Messing
Cement Mortar, Acrylic Paint, Plaster Coat,
Ceramic Tiles, Brick, Concrete Block,
Concrete Prefab, Concrete In-situ, Poor
Concrete
Glass Fleece, Rockwool, Glass wool
Polyurethane Rigid Foam (Polystyrene),
Polyisocyanurate Rigid Foam, EPDM, Butyl
Acrylate, Polyurethane Flexible Foam, XPS,
Insulation Pipe, PE Foam, XLPE Insulation
T5Bulb, TCT Lamp, LED
Vinyl Tiles, Acrylic Binder, Polyamide
Tufted, Window Polyamide,
PE, PP, PBT, LDPE Pipes, PEXA, PPE, PS

Recycling

Materials and products used in the casestudies

RICS UK

Landfill

PEF

0%

5%

95%

25%

0%

75%

5%

95%

0%

4%

96%

0%

5%

95%

0%

35%

65%

0%

100%

0%

0%

4%

96%

0%

5%

95%

0%

50%

0%

50%

10%

90%

0%

5%

0%

95%

30%

70%

0%

0%

5%

95%

10%

5%

85%

Bitumen Sealing, Glass Fibre, Bitumen
Reinforcement
Acrylic Paint Board
Plaster Boards (Partitioning/Ceilings
/finishes)
Polycarbonate, PMMA, PA
PVC
Sanitary Ceramics

85%

10%

5%

80%

20%

0%

10%
10%
15%

45%
50%
85%

45%
40%
0%

C1: Deconstruction
Module C1 reports deconstruction of the building, including demolition,
dismantling of the products, and initial on-site sorting of the materials. The RICS
Professional Statement does not provide any additional guidance on how to develop the
deconstruction scenarios. When specific data is not available, the RICS guide only
suggests 3.4 [kgCO2e/m2] of GIA to be used as an average rate for calculation of carbon
emissions from the project deconstruction. This rate is based on monitored demolition
case studies in central London (RICS 2017).
Thus, module C1 scenarios were developed following the PEF4Buildings project
that has been created based on the ecoinvent report on demolition and the information
from European Hiser project (Holistic recycling and recovery of valuable raw materials
from complex construction and demolition waste). Hiser project monitored the
demolition of a non-residential building in Flemish region of Belgium, which considers
four dismantling phases: pre-demolition inventory; manual removal; structural
demolition; and sorting on-site (“HISER Project” 2020; VITO, KU Leuven, and TU Graz
2018).
Pre-demolition inventory is mandatory for large non-domestic buildings prior to
demolition. This stage does not involve environmental impacts. Manual removal phase
involves stripping the hazardous products (e.g. asbestos, roof tiles, ventilation caps, fuses,
fluorescent lamps) by a specialized contractor. Other materials are manually removed and
divided in three groups: metals, wood and a residual fraction (e.g. plastics, thermal
insulation). In this step small machinery such as hand drills are used that consume
negligible amount of electricity and therefore following the PEF4Buildings project, this
study did not include these two initial phases in the calculations.
During the next phase, bulldozers and hydraulic excavator are used to demolish
the building structure. Several assumptions were made at this phase. Transport of the
following machines for 30 kilometres to the demolition site and back: Hitachi 350
hydraulic machines (35.09 tons), New Holland 485 (51.1 tons), Kabuto bulldozer (20
tons) and aerial work platform (10.05 tons). Since no knowledge of the relation between
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size or type of building and machines required for demolition is available, these numbers
were not changed. Capital goods (related to the use of the machines) was reported as a
data gap and not included in the scope of the project. Fuel used by the machines depends
on the type of material demolished. Appendix C- 6 shows the materials considered in
demolition and their required demolition energy. The demolition energy was assumed to
be Diesel burned in building machines and modelled using the ecoinvent datapoint named
‘Diesel, burned in building machine {GLO}’ (VITO, KU Leuven, and TU Graz 2018).
Appendix C- 6: Scenario for the energy used by the machines during the demolition process

Demolition energy
(MJ/kg)
Brick, Galvanised Steel, Plasterboards
0.0111
Prefabricated Concrete, Cement mortar, Concrete block, Ceramic Tiles 0.0135
Concrete in-situ
0.0189
Reinforcing steel
0.1935
Material demolished

2.07E-06 litres hydraulic oil and 1.04E-06 litres engine oil per kilogram of
demolished waste was considered as the ancillary materials for the dismantling process,
which was modelled as lubricating oil. Appendix C- 7 presents the considered emissions
per kilogram of demolished waste.
Appendix C- 7: Emissions during dismantling process

Emissions

Amount per kg demolished waste (kg)

Particulates, < 2.5 um
Particulates, > 2.5 um, and < 10um
Particulates, > 10 um

7.00E-06
2.66E-05
3.50E-05

Materials dismantled from the building are assumed to get sorted on-site via the
same machines as building demolition and assuming 150% of the demolition inputs and
outputs. Therefore, the information presented above for the structural demolition was
multiplied by 1.5 to calculate the impacts of sorting of demolition waste on-site. These
scenarios were based on PEF4Buildings project (VITO, KU Leuven, and TU Graz 2018).
C2: Transport to EoL
Module C2 reflects the emissions of transports for disposal of the discarded
materials and products to the appropriate disposal site, including any interim stations
(CEN 2013). For quantifying the impacts of incineration with energy recovery according
to the CEN/TC 350 standards, the environmental burdens related to the waste destruction
are attributed to the waste generator, while the next product that uses the recovered heat
is responsible for the impacts related to the use of this recovered thermal energy. If
accurate data was not available, the impacts of the waste incineration plant may be divided
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equally between the waste treatment and energy recovery, as a default option. In case of
incineration without energy recovery, 100% of the environmental impacts from
incineration shall be attributed to the product system generating the waste (EPD
International 2018).
The RICS guide suggestion regarding the distance of EoL processing facilities for
the UK projects were followed. 16-32 metric ton lorry was considered as an average
heavy goods vehicle (HGV) for the mode of transport, regardless of the waste type. 50%
UR was considered to model the empty travel of the vehicles to site. Reuse and recycling
sites can be assumed at 50 kilometres distance and landfill and incineration location shall
be assumed as the average distance between the two closest landfill sites (RICS 2017),
which in these case-studies is estimated at 50 kilometres. Scenarios for EoL transport of
the case-study buildings were developed for each material following the RICS guide as
per Table 3-10. This is where the approach differs from the PEF4Buildings project, which
followed the European EoL scenarios as per PEFCR Guidance (EC 2017a) and PEFCR
drafts (Technical Secretariat PEF pilot on piping systems 2016; Technical Secretariat
Decorative Paints 2018; Technical Secretariat of the PEF thermal insulation pilot 2016;
VITO, KU Leuven, and TU Graz 2018). The CFF formula was applied to module C2 in
line with the PEF rules. In this context, using country specific scenarios (instead of
European ones) was considered the right approach to adopt.
C3: Waste processing for reuse, recovery or recycling emissions
Module C3 reports the emissions associated with processing of waste flows that
are intended for reuse, recycling and energy recovery prior to reaching the end-of-waste
state. Procedures at the waste processing facility comprises sorting, collection, and
treatment of waste. Similar to the previous modules, LCA appraiser should develop EoL
scenarios using and adjusting relevant EPDs and, in case of data insufficiency, assuming
disposal at landfill (RICS 2017; CEN 2011).
BS EN 15804 advises that only if the efficiency rate of the material’s thermal
energy is above 60%, that material is considered for energy recovery. EC made a
distinction between materials for energy recovery and materials for waste incineration.
The reason is that power stations using secondary fuels have higher energy efficiency
rates than waste incineration plants (CEN 2013).
The thermal energy of all the materials considered in these case-studies was below
60%. These numbers were extracted from the Ecoinvent database. In this case study only
wood products as per Table C-5 are 75% incinerated and the rest are either recycled or
sent to landfill. These include hardboard, plywood, cherry wood, and chipboard wood.
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C4: Disposal at EoL
Module C4 reports the burdens associated with processing of material flows that
are sent to landfill or incineration after reaching the end-of-waste state, according to the
‘polluter pays principle’. The boundary includes post-transportation treatment (necessary
before disposal), neutralisation, landfilling and incineration, with or without utilisation of
landfill gases or energy. According to the CEN method if energy in the form of heat or
power is generated through waste incineration or landfill, the potential benefits from
utilisation of the exported energy in the next product system (i.e. through substitution)
belongs to this product, however must be reported separately in module D and shall be
quantified based on the average substitution processes (CEN 2011).
The RICS guides the LCA practitioners to develop EoL scenarios using and
adjusting relevant EPDs, if available. This guide also presents generic carbon emission
factors that can be used when data for disposal is missing or zero (RICS 2017).
Scenarios for Module D: Benefits and loads beyond the system boundary
(information module)
In CEN/TC 350 standards, the benefits (or avoided emissions) and loads of using
the end-of-waste state materials in another product system is considered beyond the
system boundary, and therefore is reported in Module D. Usually the material flows
leaving A1 to A3 modules are considered as co-products, if they have economical value,
or else as a waste (BRE Group 2018a). When a material leaving the product system
boundary has economic value or substitutes another product as secondary materials or
fuels after reaching the end-of-waste state, it may require further processing (in order to
substitute primary material or fuels in another product life cycle). As per the CEN method
such processes are assigned to module D (beyond the system boundary) and are quantified
based on: average existing technology, current practice, and net impacts (CEN 2011,
2013). This is while in the PEF method there is no Module D. Benefits must be reported
alongside burdens in each lifecycle stage that they occur following the modularity
principle as per the CFF formula.
In the case of exported energy, the net calorific value of the recovered material,
the net benefits and loads from the displaced energy shall be considered. The displaced
energy is assumed as per the energy supply of current average technology and practice
(RICS 2017; CEN 2011, 2013). Project specific information and adapted EPD data are
the preferred choice of calculation (RICS 2017).
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EN 15978 clarifies that for closed loop recycling, to calculate net impact of the
net material flow exiting the system, the secondary material input in module A1 is
subtracted from secondary material output in module C3. In open loop recycling, when
determining the avoided environmental impact of the item substituted, the reclaimed
material losses in quantity and quality post recycling should be considered. A one-to-one
proportion can be presumed if no specific data is available (CEN 2011).
At the end of a building’s lifetime, if a component is reused in its exact assembled
state, then the benefits reported in Module D include modules A1 to A5 and C1 to C4 of
that component. If disassembly is needed and only individual elements are reused on-site,
then modules A1 to A4 and C2 to C4 are considered as avoided impacts. And if that
element is reused off-site the associated transportations must be quantified (RICS 2017).
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