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Abstract. The availability of sustainable (or green) building certifications schemes is constantly
increasing and it is not always easy to understand how the schemes on the market differentiate
from each other. The purpose of this study is to create a better dialog between client and
consultant in relation to building certification systems. Here it is relevant to give an overview
and understanding of selected certification systems, and how they fulfil the definition of
sustainable buildings. There is a great variation of how certification systems are structured and
evaluated. Furthermore, “sustainability” is a word with many meanings and definitions, which
is why sustainable certifications will also vary. In this study, certification schemes are
categorized using a definition of sustainable buildings. This definition consists of a social,
environmental and economic dimension of sustainability and in total 13 subcategories. The
subcategories are based on recent years’ publications concerning sustainable buildings from the
Danish Building Research Institute and the Danish Transport and Construction Agency, which
leans on the European CEN TC/350 standards for sustainable buildings. The certification
schemes analysed are both of international, regional and local scale (Active House, BREEAM,
DGNB, Green Star, HQE, LEED, Living Building Challenge, Miljobyggnad, Nordic Ecolabel
and WELL). The results show a large variation of the weight on the dimensions of social,
environmental and economic sustainability within the 10 certification schemes included in the
analysis. To be defined as a sustainable building certification, the three dimensions should be
given equal weight according to the definition of sustainability. However, this is only the case
for the DGNB certification scheme. A majority of the building certifications have the largest
focus on criteria within the environmental dimension. Across the selected certifications this
dimension account for an average of 51%. This indicates that certifications have “green”
buildings as their main focus point. However, a certification such as WELL almost completely
focuses on social sustainability (93%) due to its attention to the wellbeing of the user inside the
building. The social dimension on average account for 43% with a large focus on the indoor
environment. Overall, economy is only represented in the certifications to a very low degree
(average of 5.6%), except within DGNB. There are aspects, which this categorisation method
does not consider such as the ambition within the criteria. In addition, the values in the
environmental and social dimensions potentially have an impact on the economic value of the
building and thus the economic dimension indirectly becomes a focus, which is not visible
through this method. However, the categorisation makes it easy to get an overview of the
thematic content within the certification and thereby highlight the value of the certification.
Furthermore, it could be of especially good use for non-technical clients.
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1. Introduction

Sustainable development contains a balance between the three dimensions of sustainability: Social,
environment and economy. This stems from the most frequent use of the term sustainability, which
origins from the publication “Our Common Future” from 1987 by the UN-established Brundtland
Commission. The general statement says that sustainable development is development that meets the
needs of the present without compromising the ability of future generations to meet their own needs [1].
Today, within the UN, there is still a comprehensive focus on the subject with UN 17 Sustainable
development goals to transform the world [2].

When converting sustainable development to the building sector, the focus should be on the long
perspective, which entails the importance of considering the entire building life cycle. The focus should
also be on the broad perspective. This means that a sustainable building should not only be sustainable
in itself but also on larger scales such as local, regional and global. Making a sustainable building means
analysing and documenting this within the three dimensions [3]. For this paper subcategories of
sustainability are defined using description on sustainable buildings on National (Danish) scale from the
Danish Transport and Construction Agency [3], which corresponds with the European standards for
Sustainability of Construction works [4].

The number of available sustainable (or green) building certification schemes are large [5]. While it
is not long ago that applying this type of certification for your building was rare, the focus on certified
buildings are still increasing and expanding across the world [6].

With so many options available and an increasing demand for certification of buildings, there
emerges a task of deciding, choosing and carrying out a building certification. This task falls on the
client and consultants. However, they may not yet have the knowledge or experience to substantiate
their decisions or to enter into a good dialog on the subject, because the topic of sustainability and
certification systems in the building industry is still relatively new. An overview and comparison of
certifications therefore becomes relevant.

Few comparisons have been carried out on certification systems. These includes a comparison and
review of five sustainable building rating systems based on Federal buildings in the U.S. [7]. A book
presents and compares of a number of certifications systems where DGNB, BREEAM and LEED are
compared in more detail in relation to structure and content [8]. In Denmark, a review of the larger
certifications systems BREEAM, DGNB, HQE and LEED was also carried out in relation to choosing
a common certification system within the building industry [9]. In relation to renovation of buildings, a
small analysis of different evaluation schemes and certifications have also been carried out [10].
However, no studies have addressed the building certifications purely in relation to the sustainability
aspects.

The purpose of this study is to create a better dialog between client and consultants about building
certification systems. It is therefore relevant to provide an overview of how certifications provide
sustainable values to a building. This can be shown in terms of how they fulfil the definition of
sustainable buildings. Furthermore, how building certification may differ when it comes to sustainable
buildings.

A selection of ten certification systems are analysed according to the definition of sustainable
buildings. From a Danish perspective, they cover international, regional and local scale: Active House,
BREEAM, DGNB System Denmark, Green Star, HQE, LEED, Living Building Challenge,
Miljobyggnad, Nordic Ecolabel and WELL.

An overview and analysis of the certification will also give in the publication Guide to Sustainable
Certifications [11] by GXN in collaboration with SBi and an SBi report [12], which gives a more detailed
description of the analysis.

2. Method
Figure 1 illustrates that the building certifications systems have their own structures. Therefore, it can
be a challenge to understand the content of the certifications and how they are different from each other.
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Figure 1. Three different sustainable building certificates each with their individual structures. The
categories in the certification systems cannot be compared directly, it can therefore be difficult to

distinguish the certifications and understand the value they each bring

The environmental quality of build-
ings is the impacts on nature,
environment, climate and resources.

Environmental Impacts
Reduce environmental
impacts through the entire
lifecycle of the building by
using i.e. Life Cycle
Assessment (LCA).

Resources

Lower use of resources
such as energy, materials,
fuels and water. Avoid
use of limited resources

Biodiversity

Limit the use of new
(undeveloped) areas for
construction. Increase
reutilization of developed
areas. The building should
contribute to increased
biodiversity.

Recycle

Prevent construction waste
for instance by good
planning. Dispose of waste
at highest possible value
by recycling or reusing.
Prepare building com-
ponents for separation

and recycling. Use recycled
material.

Toxicity

Reduce or avoid use of
toxic materials. Account
for the use of problematic
substances, and where
they are located in the
building.

@ & 06009

The economic quality of buildings is
the reasonable balance between

total costs and the quality of the
building.

Lcc

Calculating the life cycle
costing of the building.
This includes costs that
happen though the
building’s life cycle such
as maintenance and
replacement costs.

Area Use

Optimization of the layout
so areas are utilized to the
best of their ability.

Value stability

Use of materials of high
quality/robustness that
age well and will be
valuable over a longer
period of time. Preparing
the building for future
changes and scenarios.
I.e. with a flexible design
of space plan.

D
©

The social quality of buildings deals
with the health and well-being of
humans.

Safety and access

Person safety and safety of
buildings and supply such
as fire safety, climate change,
load bearing structures,
stability etc. Knowing the
procedure in cases of
emergency. Means of access
to the building for everyone.
Well-being

Well-being of the daily users
of the building in respect to
physical and experienced
comfort in the indoor climate.
This concerns for instance
thermal and visual comfort,
acoustics, air and water
quality, light and daylight
and user control.
Architecture

Quality in architecture such
as aesthetics and space
plan. Access to attractive
outdoor areas. Adapting

and contributing to existing
environment.

Transport

Opportunities for healthy
transport to site as well
as inside the building i.e.
bike parking and stairs.
Including facilities, that
encourages healthy and
sustainable transport.

. Social Responcibility

~_+  Traceability and responsible
purchasing of services and
materials for construction.
Focus on work environment
particularly in construction
phase.

Figure 2. Sustainability of the building certifications are categorized within the three aspects of
sustainability: Environmental quality, economic quality and social quality. Furthermore, they are
divided into subcategories, which are described in the figure. The categories are defined from [3, 4]



WMCAUS 2018 I0P Publishing
IOP Conf. Series: Materials Science and Engineering 471 (2019) 092060 doi:10.1088/1757-899X/471/9/092060

A common definition of sustainable buildings is therefore used to analyse certification systems in order
to get a better understanding of the certifications in the light of sustainability aspects.

Three aspects of sustainability have been defined for the analysis as well as a total number of 13
subcategories as shown in Figure 2. The criteria within the certification systems are then categorised
within these. This means that the analysis is limited to the “theme” within the criteria in the certification
system and does not include the ambition of the criteria. It should be noted that categorising always
includes some subjective interpretation of the criteria.

2.1. Certification setup

Building certification systems often have different versions dependent on i.e. the building use. In order
to have a similar basis all versions analysed are — where possible — of new construction and with office
use. This means that certification versions that fulfil this is chosen above other versions and that criteria
or credit that is only given to other building types are not included in the analysis. In cases where it has
not been possible to use the prescribed building use, another building use is chosen as shown in table 1.
An example of this is the Nordic Ecolabel, which does not certify office buildings and therefore
apartment buildings are chosen as building use in this case. The certification manual for apartment
buildings also includes other building types such as small houses and school buildings, but only the
criteria which applies to the chosen building use is included in the analysis — which is the same principle
used throughout the certifications.

Table 1. The table shows the certifications versions used in the analysis and which building type they
are analyzed according to. When possible, the investigation was focused on new constructions with
office use. In cases where this was not possible (i.e. no certification exists for office buildings),
another type is chosen.

Project Type Building Use Version Reference

Active House New construction Res.1 dgn'mal 2" edition [13]

buildings

. 2016 (issue 2.0,

BREEAM New construction Office international) [14]
DGNB System New construction Office 2016 (NKB16) [15]
Denmark
Green Star New construction Office 2017 (v1.2) [16]
HQE New construction Office 2016 (international) [17]
LEED New construction Office 2017 (LEED v4) [18]
Living Building .
Challenge New construction Office 2016 (3.2) [19]
Miljobyggnad New construction Office 3.0 (version 170510) [20]
Nordic Ecolabel New construction Apa.rtrpent 2016 (version 3.2) [21]

building
WELL New construction Office 2017 (v1) [22]

2.2. Criteriatypesand weighting

The building certifications are divided into a list of criteria, which can be given a weight in accordance
with the evaluation of the building in the certification. Criteria can exist on different levels, which means
that there will sometimes be “deeper levels” with more specific criteria (or demands) within a criterion
and there will be higher levels of criteria. In this analysis the level of criteria is defined as the level that
would include enough data to sufficiently categorize the criteria.
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Criteria that are concerned with process management and documentation are included in the analysis
if they are included in the general certification manual. However, if these subjects are included in a
separate manual that only deals with i.e. process management — such as the case in HQE — then this
manual has not been included in the analysis.

Criteria are weighed according to the evaluation system in the certification, but this step also holds
some choices in method. One of the issues is that some criteria are obligatory, while others give points
or have a weighting of the total. In some certification systems such as i.e. DGNB System Denmark,
there also exists minimum requirements within all or some criteria. This is to provide a certification that
is focused across all criteria and subjects and not focused on optimising only some criteria. The aspect
of minimum requirements is not visible in the analysis with the used method, but all obligatory criteria
are analysed to count for as much as point giving criteria and where there is no hieratic in the evaluation
of criteria, the criteria are weighted equally.

2.3. Categorising certifications

The criteria within the certifications are categorized into to the 13 subcategories shown in figure 2. The
categorisation of criteria is based on the descriptions in the certification manual. The focus in the
categorisation is to only categorise a criterion into the category where it has direct impact. This means
that categories where the consequence of implementing the criterion could also produce an effect is
limited.

The criteria can be divided into more than one category and in some cases where the subject of the
criteria has been multidisciplinary design of the building or has to do with documentation or process,
the criteria has been equally divided on all categories. This choice in method means that categories that
have otherwise not been included in a certification becomes visible in the results because it is included
in this equal distribution.

Despite a large number of subcategories, it is not always clear where a criterion belongs and there
will consequently exists some subjective interpretation of the criteria, when it is categorized. In the
analysis, the described goal of a criterion’s (as described in the manual) is also included in the
categorisation.

For instance, the planning of good and varied transportation to the building can belong in several
categories. If the focus in the criterion is on healthy transportation such as good facilities for biking, it
is placed within the social aspect of transport, however, if the goal of the criterion is to reduce
environmental impacts from vehicle use it has been placed in the environmental aspect etc.

3. Results and discussions

Figure 3 shows a large variation of the value put on the three dimensions of social, environmental and
economic sustainability within the ten certification schemes. To be defined as a sustainable building,
the three dimensions should be given equal weight according to the definition of sustainability. This
tendency is only seen for DGNB in Denmark, where table 2 shows a percentile distribution of 34, 29
and 37 on environmental, economic and social sustainability, respectively. The reason that the Danish
DGNB system shows a distribution equal to the one defined in this analysis is because DGNB is
developed based on the same standards [4].

In six of the ten systems, the majority of focus is on the environmental sustainability. This applies
for Active House, BREEAM, Green Star, LEED, Miljobyggnad and Nordic Ecolabel. These six
certification systems show a similar distribution for the three dimensions where environment accounts
for around 2/3™ of the weight in the certification, economy is very little represented and the social aspects
represents the remaining 1/3™. Across all certification systems, the average weight on the environmental
sustainability is 51%. In the subcategories the main focus is on resources which accounts for half of the
environmental aspect. Resources is usually focused on energy and water reduction and metering of
systems.

None of the certification systems has the largest focus on economy, though DGNB Denmark focuses
almost equally on the three sustainability aspects. The average weight on economy in the certification
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systems is 5.6%, which stems mainly from life cycle costing perspectives and stability of value. In a
certification such as the Nordic Ecolabel, the weight on the economic aspect comes from the method
choice where categories concerning documentation or process are divided on all of sustainability
subcategories. In this case, the method twists the image of the Nordic Ecolabel into an aspect that is not
otherwise represented in the certification.

It can be argued that economy is so little represented in the certifications because most other criteria
have an effect on economy. The two categories that are most represented overall in the analysis are
resources — such as energy and water, which has an obvious economic aspect when reduced — and well-
being, which has a high focus on indoor climate and therefore could heighten productivity of workers
and thereby heighten the value of the building.

Four of ten certification systems focus mainly on the social sustainability. These are DGNB
Denmark, HQE, Living Building Challenge and WELL. Within these four, HQE and Living Building
Challenge have similar distribution of the three environmental aspects with approximately 2/5™ weight
on environmental sustainability, no significant influence from economic aspect and close to 3/5™ on the
social aspect. DGNB Denmark is different from the other certifications with its, as previously described,
equal distribution on the sustainability aspects. WELL also distinguishes itself from the others with its
very high focus on the social aspect (93%). The average weight on the social aspect is 43% across all
certifications, with a substantial focus on well-being, which includes all aspects of improving the indoor
climate of the building.

Active House BREEAM DGNB System Denmark Green Star

HQE LEED Living Building Challenge Miljobyggnad

® Environmental Quality
® Economic Quality

M Social Quality

Nordic Ecolabel WELL

Figure 3. The three aspects of sustainability shown categorized and weighted within the ten building
certification systems. Environmental sustainability is valued the highest in most certifications systems
(7 systems) and is given the highest average value. Social sustainability is valued highest in three
certification systems. Economic sustainability only shows to have a large value in the DGNB system
Denmark.
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Table 2. Distribution in percent from categorizing the certification systems into three aspects as well
as the 13 subcategories. The results show that resources and well-being (which includes indoor
climate) are generally valued highly in the majority of the building certifications.

Active BREE- DGNB Green HQE LEED LBC* Miljo- Nordic WELL

House AM DK Star byggnad Eco-
label

Environment 61 65 34 64 40 66 42 61 72 4.0
Environmenta ¢ - 12 93 19 5.8 72 54 11 32 0.49
1 impacts
Resources 47 32 14 27 24 41 10 33 30 0.49
Biodiversity ~ 0.46 10 2.6 9.5 2.4 7.6 13 0.0 3.5 0.49
Recycle 54 6.7 32 6.2 8.2 6.3 54 5.6 11 1.3
Toxicity 0.0 4.4 4.1 22 0.0 3.9 7.9 11 24 1.3
Economy 0.82 5.9 29 32 2.4 3.3 1.2 2.8 4.3 2.9
Life cycle 0.80 3.2 13 1.7 067 2.5 0.38 0.0 1.4 0.49
costing
Area use 0.0 0.22 1.0 072 0.0 044 038 0.0 1.4 0.49
Stability of 0.0 25 16 072 17 044 038 28 14 1.9
value
Social 38 29 37 33 58 31 57 36 23 93
Safety and 0.5 56 6.3 45 1.8 2.9 54 0.0 2.4 1.7
access
Well-being 34 15 21 18 53 21 10 36 13 78
Architecture  0.58 2.4 7.6 7.0 1.6 22 23 0.0 1.4 6.4
Transport 0.35 1.6 1.3 072 12 3.3 54 0.0 2.3 3.1
Social 2.6 3.7 0.93 22 0.0 1.5 13 0.0 42 4.0
responsibility

2 Living Building Challenge

4. Conclusions
The analysis gives an overview of building certification systems in relation to the sustainable building
aspects and categories.

It is obvious that weighting of criteria within a certification and ways of categorising the criteria has
a large impact on the results. There is therefore an uncertainty in the results, which comes from the
subjective interpretation of criteria and method choices used here.

However, the results still give a good indication of the sustainable values in the certification systems
and shows overall tendencies and differences. From the ten certifications systems it is evident that the
environmental aspect is valued most, on average, followed by the social aspect, and that these aspects
are focused on categories of resources and indoor climate. The economic aspect is generally very little
represented in the results, but economic aspects could easily be a consequence of the above-mentioned
environmental and social categories, which is not visible in this analysis.

Comparing the certifications there are some apparent similar distribution of the three sustainable
aspects for Active House, BREEAM, Green Star, LEED, Miljébyggnad and Nordic Ecolabel with
largest weight on environment. A similar distribution is also visible for HQE and Living Building
Challenge with the most weight on social aspects. DGNB is distinguished with its equal distribution of
the three sustainable aspects and WELL is almost entirely focused on the social aspect.

The results can be a resource for discussions between consultant and clients and it can work as a way
to show and explain certification systems based on the definition of sustainable buildings.
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