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Energy in Buildings and
Communities Programme

This guideline summarizes selected results and recommendations of

the IEA-EBC project Annex 57 deal i ng wi t h t he AEval uati on of
Embodied Energy and COzqf or Bui | di ng ThEsepecHfit r uct i ono
mission of Annex 57 was to develop and provide the necessary

methodological bases, tools, calculation rules, data bases and

application examples for incorporating the aspects of embodied

energy and GHG emissions into the decision-making of relevant

stakeholder groups. The results are published in the form of thematic

sub-reports and specific guidelines for selected groups of

stakeholders in order to cater their differentiated needs and

requirements.

Annex 57 includes the following series of guidelines:

1 Guideline for design professionals and consultants - part 1:
Basics for the assessment of embodied energy and embodied
GHG emissions

1 Guideline for design professionals and consultants 7 part 2:
Strategies for reducing embodied energy and embodied GHG
emissions

1 Guideline for SMEs of construction product manufacturers

1 Guideline for policy makers, including recommendations for
public procurement

1 Guideline for educators and university professors
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This guideline is targeted specifically to design professionals and
consultants with the aim to inform them on the subject of embodied
impacts, to present the starting points for the integration of embodied
impacts assessment into the design process and to provide access to
related information sources and tools. The group of design
professional and consultants includes architects, engineers and
guantity surveyors among others. Specifically in this document, the
term embodied impacts refers only to the primary energy
consumption and the adverse effects on the climate resulting from
GHG emissions that arise in the life cycle due to the production,
maintenance and end of life of the construction works.

Detailed information on basics, as well as background information on
system boundaries and indicators is available in a full report
developed as part of the Subtask 1 (ST1) of IEA EBC Annex 57
describing the fBasics, Actors and Conceptsa This report can be
found here: http://www.annex57.org/.

In this guideline, essential results of IEA EBC Annex 57 AEval uati on

of Embodied Energy & COzq f O
summarized and specific recommendations are presented,
accompanied also by supporting information.

This publication is part of a series of guideline publications targeted to
specific groups of actors working within the construction industry
(construction product manufacturers, policy makers, procurers), and
the education sector (educators).

Buil ding as€onstructi ono



The design of buildings and constructed assets in connection with
new construction and refurbishment projects is a complex task. The
starting points are, inter alia, the fulfiiment of requirements on the
functional and technical quality, the effort towards a high aesthetic
and urban quality and the necessity of abiding by a budget for the
construction costs. At the same time, designers seek to contribute to
the conservation of resources and to reduce adverse effects on the
environment.

In the past, the attempts of design professionals and consultants to
respond to the need for conserving the resources and reducing the
adverse effects on the environment were often focused only on
reducing the operational energy consumption and the resulting GHG
emissions. Nowadays, in particular in connection with the
implementation of principles of sustainable development (e.g.
relevant standards have been published under the responsibility of
ISO/TC 59/SC 17 group), it is becoming increasingly necessary to
understand and assess in a targeted manner the impact of design
decisions on these important environmental issues taking into
account the full life cycle of construction products and buildings. This
includes the embodied impacts associated with the production,
maintenance, and eventual end of life treatment of buildings and

building systems as a result of the production, installation, use and
disposal or recycling of construction products.

In this sense, the identification, assessment and influencing of
embodied impacts (here embodied energy and embodied GHG
emissions) becomes an additional design task. It is often feared that
a complete life cycle assessment has to be performed by the
designer and thus, an extensive and highly elaborate research for
data compilation and analysis must be carried out by the design
teams themselves. The quantification of embodied impacts, however,
is a task that can be easily integrated into the design process and
combined with traditional design tasks. Doing so is not as
complicated as it may seem. In practice, the design professional or
consultant is not required to perform an LCA for a complete building
manually, but to apply the results of LCAs for construction products
and building services from other sources, e.g. available in databases.
Namely, it is sufficient for a designer to quantify the building products
and materials to be used for the building (this is a common design
task) and to link the determined material quantities with values from
databases or to use tools with integrated databases. This provides
information on embodied impacts that need to be interpreted and can
serve as a basis for the improvement/ development of building
designs. At the same time, the processing of such questions
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contributes to the competitiveness of the design professionals and
consultants and becomes a source of additional revenue.

Therefore, for design professionals and consultants, it becomes
increasingly important to deal with these embodied impacts, to
guantify and evaluate them, as well as to influence them with design
decisions taken in a targeted manner. Specifically, the importance of
investigating this aspect lies in the following reasons:

T

In regions with a prolonged cooling and/ or heating period the
efforts of recent years have led to a significant reduction of
operational energy consumption and GHG emissions. In an
overall appraisal, this has as a result an increase in the relative
importance of embodied impacts due to the production and
maintenance of buildings, unlocking here further the potential
of savings.

In regions without a heating or cooling period as well as in
engineering structures the energy consumption for the stages
of manufacture and maintenance will prevail. The embodied
impacts become an additional criterion for the optimization of
structures.

In selected countries, the task of reducing embodied impacts
has already been identified as a goal in the national strategies
for sustainable development.

In selected countries and organizations, the goal of reducing
embodied impacts has become part of the task and the
requirement for certification or purchase of a building.

1

UNEP-SBCI has developed since 2012 a new Task Force on
fiGreening the Building Supply Chaino (Technical Report:
http://www.unep.org/sbci/pdfs/greening _the supply chain_rep
ort.pdf), with the aim to draw attention, even more than has
been the case, on embodied impacts.

In the area of sustainability assessment a transition from
predominantly qualitative to predominantly quantitative
methods is present. In addition, methods of life cycle
assessment are increasingly used to describe, evaluate and
influence in a targeted manner the use of resources and the
adverse effects on the environment. These methods are no
longer used only at the end of the design process but also
during the early design stages to assist in the evaluation,
optimization and comparison of different design alternatives.
The embodied impacts are important and indispensable
aspects of this process.

Parts of the real estate industry focus on the aspect of carbon
footprint. This is an approach for describing, evaluating and
influencing the GHG emissions in the life cycle. Therefore,
GHG emissions caused by the production and maintenance of
construction works are an essential partial aspect.

The demand for net zero energy and net zero emission
buildings or net positive concepts grows. In connection with the
assessment of the environmental benefits of such approaches,
it is necessary to analyze the consequences for the embodied
impacts. In addition, more and more the life cycle perspective
is introduced in the energy and emission balances.


http://www.unep.org/sbci/pdfs/greening_the_supply_chain_report.pdf
http://www.unep.org/sbci/pdfs/greening_the_supply_chain_report.pdf
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It is clear that design professionals and consultants have to face the
challenge of dealing with issues related to the description, evaluation
and management of embodied impacts already in the early design
stages. The ability to fulfil such a task

1 enhances the image and competitiveness of the designers or
design firms

1 demonstrates the personal commitment to, and acceptance of
responsibility for the environment and society

However, the embodied impacts should not be analysed
independently. These are only partial aspects of a complex debate on
the issue of overall performance and sustainability of construction
works. The consideration of the full life cycle and a complete
calculation of resource consumption and environmental effects are
important. However, for designers who already work their way into
these complex issues, the engagement with issues related to
embodied impacts in terms of primary energy consumption and GHG
emissions is a perfect start.

Role of design professionals
& consultants in the
iInformation flow & supply
chain

Today, more than in the past, architects and engineers are
confronted with requirements related to resource conservation,
environmental protection and sustainability already from the early
design stages. These requirements need to be taken into account
and managed in addition to the traditional requirements for buildings.

Design professionals and consultants can encounter along the design
and construction process issues related to the description, calculation
and treatment of embodied impacts. On the one hand, clients are
moving over to formulating requirements for sustainability as an
addition to the requirements for technical, functional or design quality.
This includes the setting of targets for the reduction of embodied
impacts due to the construction and maintenance of construction
works either in a direct way (by providing clear statements of targets
for reducing embodied impacts or even setting specific target values)
or an indirect way (by setting a specific sustainability level to be
achieved). On the other hand, owners and investors, who have not
yet started including this issue on their agenda, can and must be
appropriately advised and actively supported by design professionals
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and consultants. The group of design professionals and engineers, in
its attempt to accept its responsibility for environment and society,
can use its power of influencing the design through for example the
choice of specific materials and products, so as to minimize the
amount of embodied impacts. These choices should be taken into
account in the evaluation and selection of design alternatives.

Design professionals and consultants need to collaborate and
exchange information with other groups of actors in order to fulfill
their tasks. These groups are, among others:

1 Investors and building owners i they make all decisions and
take responsibility for the final result. In case they do not have the
knowledge to formulate concrete requirements in relation to
embodied impacts, they must be accordingly advised and
supported by design professionals and consultants. They have to
be informed regarding the nature and extent of the impact of
design decisions on the amount of embodied impacts and also to
be supported to include this additional aspect in their decisions.

i Manufacturers of construction products i they inform the
decisions of designers by providing information on the
environmental characteristics, service life and maintenance cycles
of their products, in the form of EPD& or standard LCAs.

9 Contractors and builders 7 they provide information to the
design professionals and consultants on the type and scope of
construction processes, selected technologies and supplies and
partially communicate EPD's of building products to them.

1 Special design professionals and consultants/ auditors i they
advise and assist in the preparation of detailed estimates and/ or
LCA.

Between these groups of actors the exchange of information must be
organized and carried out in an appropriate manner. Other actor
groups with which design professionals and consultants collaborative
relationships may form are:

9 Tool and database developers i they provide appropriate tools
to support the work of the design professionals and consultants

1 Policy makers i they formulate, for example, objectives and
requirements in relation to embodied impacts and, if necessary,
these are taken into account in respective funding programs.

1 Organizations promoting sustainability assessment and
certification i they request the data related to embodied impacts
in order to include these in the assessment. In turn, they also
make available data and tools.

9 Procurers i they integrate requirements to reduce embodied
impacts into the invitation to tenders, contracts and other
documents. In this context, design professionals and consultants
need to provide data and metrics/benchmarks for the embodied
impacts of the project to this actor group.

9 Valuers i they have started integrating more and more into their
work the ecological value of the property. In most cases, they
obtain information directly from the investor/client to form an
opinion on the future value of the asset. In this case, it is
advantageous if the design professionals and consultants have
provided the clients with information on the embodied impacts e.g.
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inthe formof afibui Ifdileg . aldba INFQRMATION
work on behalf of financiers and insurers,

. . REQUIREMENT
who have an interest in the assessment of

environmental impacts (including embodied
impacts) and risks.

FIGURE 1 presents the main actor groups
participating in the design process and how the
information exchange between them and design
professionals and consultants is realized.

DESIGN
PROFESSIONAL &
CONSULTANT

SUSTAINABILITY CLIENT &
ASSESSMENT INVEST@R
& CERTIFICATION

PROCUREMENT

&

FIGURE 1: List of main actor groups and the flow of information between them and the design
professionals & consultants
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Integration of embodied
Impacts assessment into the
design process

The importance of early intervention

RECOMMENDATION: The assessment of embodied impacts
should start early in the design process. Target setting for

embodied impacts should be done by the client already at the
pre-desigh phase. Desigh professionals and consultants can
support the client towards this direction.

The assessments of embodied energy and embodied GHG emissions
are not one-off analyses but inform the design and decision-making
process by highlighting areas that need action.

The assessment process of embodied impacts has a lot in common
with the cost planning process that provides an inventory of all the
materials, products, assemblies and elements within a building (e.g.
using methods like Life Cycle Costing (LCC)). In the same manner as
cost estimates, an embodied impacts assessment should start off
with a target of embodied energy and embodied GHG emissions,
which is usually estimated at an early stage and assessed and

refined as the design evolves. Assessments should progress along
the design process and should contribute to the appraisal of different
design solutions, as well as to better informed decisions and
procurement choices.

Again, it is important the different choices to be combined into an
effective design strategy for achieving reductions in embodied
impacts from the earliest design stages, as the opportunities for
influence diminish during the development process, as well as the
cost of changes becomes potentially higher.

So what designers can do about the situation?

In the early design phase the available information is often not
sufficient for making a detailed assessment of embodied impacts.
TABLE 1 demonstrates in simple steps the potential for design
professionals and consultants to influence the embodied impacts of a
building along the project stages. Specifically, it lays out the key work
stages of the design and construction of a building project and the
most common decisions and tasks of design professionals and
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consultants associated with these project stages. Particularly, the
third column of table 1 provides the recommended by Annex 57
course of action throughout the different phases, specifically related
to the calculation and reporting of embodied impacts, and the forth
column the type of instruments that can be used to assist design
professionals and consultants in the fulfillment of their tasks.

TABLE 2 shows in more detail the choices that influence the
embodied impacts in the course of design and tendering process with
the most important and relevant for embodied impacts assessments
being highlighted in orange. The final column includes embodied
i mpact s 0 c koebetlep indorporate 6specifically embodied
impacts considerations into the process.

It should be noted that the project (management) life cycle begins
already at the Concept/ Design Stage (Ao), thus earlier than the
physical building life cycle (A1-C4) i check FIGURE 2. Planning and
designing a building project taking into account the impacts of the
entire building life cycle already from the initial phase of Ao (early
design stages) is crucial for achieving reduced embodied impacts in
subsequent life cycle stages. Especially the potential embodied
impacts from the use stage and end of life stage are often neglected
during the design process. Here, it is important to highlight that the
environmental impacts of the design process itself (design stage),
such as the energy consumption due to the operations in the
architectural firm are not included in the assessment of embodied
impacts.

15



TABLE 1: Steps on how design professionals and consultants can influence the embodied impacts of a project according to the stage of the design

Provision of assistance to clients via a discussion or checklist for the setting
of project -specific targets, either more quantitative
and/or EG in the same manner as economic budgets or benchmarks) or more

Pre-design stages
(Clientéos

DESIGNERBS TASK

Definition of general project goals
and requirements, as well as
formulation of building performance
targets

COURSE OF ACTION IN RELATION TO EMBODIED IMPACTS

(e.g. Obudge

qualitative (e.g. specifications for the selection of construction products

and methods), for the reduction of embodied impacts;

TYPE OF INSTRUMENT

Benchmark values (e.g. sourced from
within the design team/firm  or the
public domain/national standards) or
validated rules -of-thumb/empirical
values at building level

Selection of assessment methods

Provision of assistance to clients in terms of reviewing options for formal
assessment of embodied impacts (and other sustainability aspects)

National/international standards or
building assessment/certification
systems

Decision on new construction or
refurbishment

Provision of assistance to clients via a c omparison and assessmentof the
two variants based on embodied impacts considerations along with

operational impact considerations to support them in their decision -making

Reference values for building
structures, construction methods,
construction products, construction
processes orcase studies

Preliminary design
stages (concept/
schematic design)

Decision on the underground
construction/ size of the foundations

Decision on the construction method
and main building materials

Examination of alternatives at the building level

embodied impacts

including considerations of

Systems providing average values of
embodied impacts for var ious types
of foundations and construction
method

Design
development
(detailed/
coordinated design)

Optimisation of structural and
environmental performance of
building components

Examination of alternatives at the component level

(e.g. load bearing

structure, facade, windows) including the consideration of embodied

impacts (e.g. web -based element catalogue)

Web-based element catalogue

General material selection

Examination of alterna tives at the product groups level including the

consideration of embodied impacts (e.g. web -based information on building
products and databases)

Product comparison tools Product
databases

Preparation of
contracts/
Tendering

Preparation of tender document s

Integration of requirements to reduce embodied impacts into the tenders

for individual works ;

Demand for product and manufacturer specific EPDsor LCAsfrom

manufacturers and suppliers

Construction
monitoring

Supervision of works

Determination of the actual installed products according to the type , quality

and quantity

Collection of specific EPDs or LCAs quality assurance

Information on the type, quality and
quantity of the installed products,
EPDGs

Object
documentation

Preparation of building docum ents

Compilation of information on the type and quantity of installed materials

including also information on the respective embodied

impacts into a final

document, as well as compilation of instructions for inspection, servicing
and maintenance, as well a s instructions for deconstruction and recycling
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TABLE 2: Main design tasks and embodied impacts checkpoints during the design and tendering process

PHASES MAIN TASKS CHECKPOINTS
PRELIMINARY 1. Choice of project (demolition, new construction, refurbishment) Consider the embodied impact s of decisions 1-7
DESIGN STAGES 5 choice of site and local interfaces (climate, utilities) Consider embodied impacts trade -offs
3. Choice of design concept (relation to the site, geometry, Set embodied energy and emissions target ( 0 budget 6)
configuration of the premises, zoning, glazed parts)
4. Choice of constructive systems
5. Choice concerning the buildingds
6. Choice of the thermal performance of the envelope
7. Choice of energy supply sygdems
DESIGN 8. Choice of construction principle Consider embodied impacts of choices 8-14 together with technical,
DEVELOPMENT Choice of main building materials commercial an.d other environmental criteria holistical ly to produce
) o an overall dessign
10. Choice of building compon ents o ) o )
) o Include embodied impacts assessment in all significant appraisals of
11. Choice of building concept (arrangement of rooms) design options
12. Choice of energy systems concept (e.g. optimization of fagade) Update embodied impacts assessment based orthe final cost plan
13. Assessment of the consequences of end of life scenario Incorporate embodied energy and embodied GHG emissions
14. Assessment of the consequences of maintenance cycles assessment into sustainability assessment
15. Choice of materials for surfa ces and finishing elements
16. Choice of building site equipment
17. Choice of construction and transport processes
PRERARATION OF 18. Choice of specific products (e.g. specification, sourcing) Determine procurement requirements with respect to embodied
CONTRACTS i
TENDERING 19. Choice of contractors (credentials) Impacts

Check material specification, sourcing, documentation, etc.

Assess the credentials of contractors against the requirements for
embodied impacts

17



Before-Use Stage Use Stage Eol Stage

Ao Al-3 A4-5 B1-5 Cl1-4 D
Concept/ Product Construction Use End-of-Life Recycling
Design Stage Stage Process Stage Stage Stage Potential

Pre-design K’

Preliminary
design

A

From average to specific data

Design ®
development A
Preparation of

contracts/
Tendering ?

\/

FIGURE 2: Relationship between project life cycle and building life cycle. The designer should consider the entire building life cycle in all
phases of the Ao (Concept/Design) project stage i from the early design stages up to the final integration into contracts/tendering



What level of services designers can offer?

When dealing with LCA data one can differentiate as to whether the
designer a) uses this for internal work, or b) prepares sustainability
assessment reports that are delivered to the client or third parties.

a) Consideration of the embodied impacts in the selection of
construction products and the comparison/ improvement of
design variants

Currently a number of clients (e.g. developers, banks, investors,
public authorities etc.) have started including requirements for the
quantification and mitigation of embodied impacts in their projects.
This is done mostly for competitive reasons, e.g. as part of their
Corporate Social Responsibilities (CSR). Clients need to decide on
the aims of EE and/or EG assessments they are commissioning, as
well as to ensure that these aims are clear to the whole project team.
In this sense, one of the most important services of the designer is to
help clients in better target-setting and decision-making and show
them how to improve and demonstrate the reduced embodied
impacts of the project.

Additionally, inherent to the design process is comparative analysis
among design options. Architects are required to answer specific
design questions related to embodied impacts and make those
comparative decisions on behalf of their clients. Such decisions can
be facilitated by the use of LCA. Based on the level of decision and
the required skills, a designer can be either a provider of building
related LCA information or a user of LCA information and LCA-based

assessment results. In this case, the designers are often supported
by specialist consultants.

When dealing with LCA data a distinction can be made between the
material/product level and the building level:

At the material/product level, designers are likely to be the users of
product related environmental (LCA) information; thus, they may use
this information to guide in their material and product selection
process.

At the building level, designers may themselves be the LCA
practitioners, using building-specific LCA tools to create LCAs that
characterize the embodied impacts (among others) of proposed
projects. However, EE and EG assessment services are currently
largely separate from the design process and performed by external
specialists. This can present challenges both to clients
commissioning assessments and to design teams working on the
buildings. If such assessments are only carried out by a specialist
after the design has evolved/has been completed, the biggest
opportunity to make decisions that could reduce embodied impacts is
lost. Even if a specialist is appointed during the design phase, the
possible lack of appropriate collaboration between the design and
assessment teams may cause delays and misinterpretations.
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b) Creation of assessment reports for the environmental or
sustainability performance of buildings for the clients/third
parties

The following section aims at helping designers to become more
informed about the assessment process of these impacts, and
encourage them to perform these types of assessments as an extra
service to the client or to third parties. The benefits are that since this
currently is not a common practice, it could give an architecture firm
an edge over the others and increase its market value.

The preparation of assessment reports regarding the environmental
performance or sustainability performance has become a task that
may also be processed by a designer. Often, the calculation and
assessment of embodied impacts is a subtask. Within the scope of
this service an auditable report should be prepared. Special
requirements shall apply for these reports according to 1ISO 21931-
1:2010:

The report regarding the environmental performance of a building
may be presented as documents and visual aids. The findings of all
results shall be traceable and transparent. The assessment report
shall include, but not be limited to, the following information and/or
assumptions regarding:
a) general information:

1 purpose of the assessment;

9 identification of building (address, etc.);

M client for assessment;

assessor,;

assessment method, including version number and reference;

time of assessment in the building's life cycle;

life-cycle stages covered in the assessment;

period for which the assessment is valid;

date of assessment;

sources of information used in the assessment;

year of construction of building;

year(s) of refurbishment of building;

b) building:

9 functional equivalent;
9 general description of building;

c) assumptions and data limitations (It shall include details on
assumptions made, and should document data quality issues);

d) Result (It shall include the results for the different indicators,
including reasons for any information specifically excluded.)

e) Evaluation (it shall include the result of the evaluation process.
Information on the methods for quantifying results shall be
described);

f) Statement (A statement shall be given indicating the assessment
method, e.g. in accordance with ISO 21931-1)

=4 =4 4 -4 -8 A -8 - -9

Both for the purpose of an internal use of the results and for the
purpose of delivering the results to third parties, the following steps
and guidance for the Assessment Process should be considered.
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A rd . . Selection of q
. Specification of - Quantification of ; Calculation of the :
Identi urpose . Scenarios for the . environmental . Reporting and e
of as'-fa.yeis)sment Sl ‘ building life cycle # B » data and other ‘ sl oompr?luni?:ation » Sl
assessment its life cycle information indicators

FIGURE 3: lllustration of assessment process (as defined in EN 15978:2011)

Assessment process

The purpose of an assessment may be among others:

This section provides specific guidance on calculating and reporting 1 to compare the performance of different design alternatives in
the embodied impacts following the process for setting up the relation to embodied impacts i e.g. comparison between steel
calculations required for the assessment as described in ISO 21931- and timber frame:

1:2010 and EN 15978:2011 (FIGURE 3). T toidentify the most impactful components in a building and the

least energy and carbon intensive manufacturing and

‘e . construction activities;
Identification of the purpose of assessment o
9 to understand the trade-offs between embodied impacts and

operational impacts;
RECOMMENDATION: The purpose of assessment should be  to determine the energy and GHG emissions offsetting, when
for example, a net zero concept is applied;

clearly stated, as it defines the type, object and scope of the
analysis.

i to report and communicate information on embodied impacts
for the purposes of labelling, certification, marketing, etc.

As a first step of the assessment process of embodied impacts it is

important to specify clearly the purpose of the assessment. This will

influence and determine the type, object and scope of the analysis.
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Specification of the object of assessment

RECOMMENDATION: The object of assessment and the included lifecycle stages should be
clearly described. It is recommended that the assessment includes all life cycle stages
(cradle to grave) and additional information about the recycling potential is reported

separately. Where the consideration of all stages is not possi bl e, the fAprod
Afconstruction process stageo shoul d Iaadoeen.ver e

POTENTIAL
BENEFITS &

PRODUCT STAGE [ CONSTRUCTION USE STAGE END OF LIFE STAGE
PROCESS STAGE L OADS

>

g o | 8 . o ] E

2 & £ £ s8 3B g g s £ ¢ § < : ww
s & & & g2 s8 5 & E £ S % s 3 Eggé
g £ § § 22 £8 & g 8 & E § = & g8gzs
g £ £ A 28 g5 = g5 2 38 £ g B g=08
2 2 Bg = = & [a] g

8 £

2

le to Gate
Cradle to Site
Cradle to Handover
Cradle to End of Use
Cradle to Grave

FIGURE 4: lllustration of the building life cycle stages in a modular structure (adapted from EN 15978:2011).

The spatial boundary specifying the part
of the physical building that is included
in an assessment may range from single
building elements to neighbourhoods.
This is referred t
assessment. This should be clearly
described and reported. Here, it is
recommended that the object of
assessment is only the building.

Where possible embodied impacts from
all life cycle stages should be
considered (Cradle to Grave approach i
see FIGURE 4); if this is not possible,
the system boundary Cradle to
Handover should be wused at the
minimum, as it represents the initial
embodied impacts of the building. More
information on the different system
boundary types is given in the detailed
report fBasics, Actors and Concepts"
that can be found here:
http://www.annex57.org/.

(0]

as
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[ —S.ys-t-e;'n—B c;u;d.ar;-lL.i-fe.(;cie;t.ag—es ------------------- -i The net benefits and impacts beyond the system boundary (e.g.

i . savings accruing to a second user from the use of recycled steel)
. Included life cycle modules [ . .
may be quantified and if so they shall be reported separately as

| . A1 - Raw Materials [] B1-Use [ ] €1 - Deconstruction f

I [ 22- Transport (] B2- Maintenance (] C2-Transport ' additional information. This is covered by module D in EN
" | . 1

| I A3- Manufacturing [ B3 - Repair ] 05 st procestiig _ 15978:2011 (the same concept is also followed by

i . A4 - Transport [ ] B4 - Replacement [ ] C4 - Disposal I

; B A5 - Installation [] B5-Refurbishment [ D~ Additional i ISO 21929-1:2011). FIGURE 4 provides an overview of what
. praP— information I processes/modules to include in each life cycle stage specifically in
1 The assessment includes only the embodied impacts of the modules A1 - A5 | terms of embodied |mpacts. Further gwdance is given in EN

(product and construction process stage), i.e. the cradle to handover impacts

15978:2011 (a similar modular structure is also followed by ISO

| System Boundary - Building Elements 21929-1:201 1)'

i Substructure Building Services Finishes

* | [} Foundations [ Water system [ External finishes | i . . . o

1 . A clear statement is needed in order to define which building
. . Basement walls [ Sewage system . Internal finishes I o . . . .

| 1 elements and building life cycle stages are included in the studied
.| [ Groundfloor construction [ Electrical system [ ] Fixed furniture | : . .

| system and to allow comparisons between studies. FIGURE 5 is an
1 Superstructure [ Heating system [ Furniture

|| External walis example of a transparent indication of the system boundary. The

[ Cooling system

i | B External doors T External ! case studies template, as presented in chapter i Reporti ngo,
| @ Windows ; B Balcony I provides an example of such an indication.
I [ Conveying system ] Vegetation

Internal walls
& [] Data system [] Pavements

I The description of the object of assessment must also include, but

| [l Floors [ ] Fire protection system 1 L . . .

| W ceitings | not be limited to, the following information:

| : . .

| Roof SRR |  Location/climate;

| . [] (Specify) .

i_ [ Stairs and ramps I ﬂ Building type;
''''''''''''''''''''''''''''''''''''' - 9 Pattern of use (e.g. occupancy);
FIGURE 5: Example of a checklist to describe and report the system T Relevant technical and functional requirements;
boundaries used in a study in terms of the covered life cycle stages and 1 Required service life or design life;
building elements 1 Reference study period
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Scenarios for defining the building life cycle

RECOMMENDATION: The assumption and scenarios for

future embodied impacts applied in the assessment should
be robust and clearly described.

According to ISO 21931-1 and EN 15978 the scenarios should be
fully described and documented as part of the assessment and
should be based on currently used, technically and economically
viable solutions.

Already from the early design stages scenarios should include:

1 Description of the cleaning, maintenance, repair and
replacement cycles for all building products and components
taking into account the clients requirements, the service life of
components, the pattern of wuse and manufacturer
recommendations.

1 Description of the end of life scenario i how the building will
be deconstructed and how the various waste products,
elements and materials will be treated after this point. These
can be reused, recycled, combusted for energy recovery or
landfilled.

Quantification of the building & modelling of its
life cycle

RECOMMENDATION: The determination of quantities of

products, materials and components should be based on the
best available data at the time of assessment

The determination of the quantities of construction products,
materials, components and elements constituting the building should
be based on the best available data at the time of the assessment.
These may range from rough estimates based upon the design
description of the object of assessment (drawings) to predicted, or
even actual, bills of materials. In all cases the assessment should
consider the gross amounts of materials and products including all
possible types of losses.

Depending on the point of the time of the assessment there are
different types of data and information representing the object of
assessment that can be used. Based on the analysis done in EN
15978:2011, these can basically be distinguished between:

1 generic data that is typical of the types of structure and materials
used;

i average data combined from different manufacturers or
production sites for the same product;
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9 product collective data established for a type or a category of
similar products (e.g. EPD or LCA at the association level);

9 product specific information for the ma n u f a ¢ tomporents db
products used in the construction (e.g. EPD or LCA at the
manufacturer level);

9 specific detailed information (e.g. bill of quantities) for the actual
products and components used and directly measured
information for impactsfias bui | t 0

The data and information may be provided in an aggregated form
either for the object of assessment as a whole (e.g. volume, height,
floor area, energy consumption) or for major components (e.g. walls,
floors, roofs) or in a disaggregated form for specific materials or
components (e.g. bricks, plaster, flooring, windows, fixtures and
finishes).

FIGURE 6 shows the type of data that may be used at different
stages of the design and construction process of the building.

In early design stages, when the information on material quantities is
limited, it is recommended to first source data for energy and
emissions intensive materials or elements. A priority list of materials
based on their wide spread use and high energy and emissions
intensity can be found in t h eCongtruction CO.e Measurement
Protocold publ i shed 2012). ENCORD (

In addition, it is important to define the replacement frequency for all
components and elements. This value is determined by dividing the

Point of the time of the assessment

Construction
process stage

Aggregated data [ | B O

Generic data

Type of data Pre- design stages Design stages

Average data
Product collective data

Product specific data

OoooOmEmnm
OEEnEnN
EEEREN

Detailed specific data/
measured data

FIGURE 6: Type of data for the quantification of the building and its
lifecycle that is more likely to be used at different stages of the
assessment

design life or reference study period of the building by the estimated
service life of each component that may be repaired or replaced. The
value obtained should be always rounded up.

Note that Building Information Modelling (BIM) can assist already
from the preliminary design stages of a project in determining the
guantities of primary building materials. More information is given in

chapteriideci ding which tools to useo.
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Selection of environmental data and other
information

Once the data of construction materials and products quantities have
been secured, the next step is to select appropriate databases, as
well as energy and emission factors. This process is described in the
respective chapter specifically dedicated to databases fi d iing
whi ch dat as.etAsgendrab suransagy cof the information
requirements for the calculation of the embodied impacts across the
different building life cycle stages (as described in FIGURE 4) is
provided in TABLE 3.



TABLE 3: Summary of information (inputs) required for the embodied impacts calculation

Raw materials supply
Transport
Manufacturing

- Quantities of construction materials and products (kg, m *or tonnes)*
- 0Cr adl e tnergygnal eneisSions coefficients/factors for the different materials and products (MJ/kg and kgCO 2eq/kg)

- Transport mode (litre/km) and distance (km) from factory gate to construction site

Transport
& - Energy and emissions coefficients/factors for different fuels used (MJ/litre and kgCO 2eq/litre)

- Energy electricity (kWh) and fuel consumption during construction (litre)

LRI - Emission coefficient for electricity (kgCO 2eq/kWh)

Process

- Energy and emissions coefficients for different fuels used (MJ/litre and kgCO 2eq/litre)
Maintenance - Ene.rg).// eIectn(hzlt-y used for c.Ie.anlng and inspections (kWh)

- Emission coefficient for electricity (kgCO 2eq/kWh)
Repair Similar as replacement but for smaller parts (see below)

- Quantities of materials for replacement (m 3, kg or tonnes)
- Energy and emissions coeffidents for the different replacement materials and products (MJ/kg and kgCO2eq/kg)
- Service lives of materials/ components for replacement (years)
- Transport mode and distance (km) from factory gate to site
Replacement - Energy and emissions coefficients for different fuel s used (MJ/litre and kgCOzeq/litre)
- Energy/electricity (kWh) consumption during installation
- Emission coefficient for electricity (kgCO 2eq/kWh)
- Transport mode (litre/km) and distance (km) from construction site to waste processing facility or landfill
- Energy and emissions coefficients for different fuels (MJ/litre and kgCO 2eq/litre)

Refurbishment Similar as replacement but at an extended level (see above)
Deconstruction/ demolition Similar as construction/ installation proces s, but for deconstruction/demolition process
Transport - Similar as transport in construction process stage, but from construction site to waste processing facility or landfill

Waste processing - Fuel consumption for processing and disposal of waste materi als (litre)

Disposal - Energy and emissions coefficients for different fuels (MJ/litre and kgCO 2eq/litre)

- Quantities of recycled construction materials and products to be recycled(kg, m or tonnes)*
Recycling - 0Cradl e t o gnalendssions aoefficignts/factors for the recycled materials and products (MJ/kg and kgCO 2eq/kg)
- Remaining life as a percentage (%) of the predicted service life of the material to be substituted

- Quantities of construction materials and products to be incinerated(kg, m °or tonnes)*
Energy Recovery - Calorific value of construction materials and products to be incinerated (MJ/kg)
- Energy recovery rate (%)

*quantities of some materials not always have to be converted into weights as their embodied energy and carbon factors are often provided in other units (e.g. per
brick, per m2or kWh for PV modules, per m?for paints and carpets, etc. )



Calculation of the environmental indicators

RECOMMENDATION: The indicators used for the

guantification of embodied impacts should be primarily the
consumption of primary energy non-renewable, accounted in

MJ, and the global warming potential, accounted in kgCOzeq.
The character and the scope of each indicator should be
clearly described.

It is recommended that the quantified embodied impacts are
represented by the following indicators:

CORE LIST OF ADDITIONAL
ASEECE INDICATORS INDICATORS

EMBODIED Consumption of primary Consumption of fossil
ENERGY energy fossil [PE;] fuels as feedstock
(MJ)

Consumption of primary
energy non renewable
[PEn]

Consumption of primary Consumption of biomass
energy total (renewable + as feedstock
non-renewable) [PE{]

EMBODIED GHG
EMISSIONS

(kgCO2eq.)

Global Warming Potential ~F-gasses as identified in
[GWP 100] Montreal Protocol

Stored Carbon

However, it should be noted that different sources of energy can be
included in the recommended indicators quantifying embodied energy,
as well as different GHG emissions can be included in the kgCO-eq.

A clear statement is needed in order to determine the exact character
and scope of each indicator and allow comparisons between data.
TABLE 4 is an example of the parameters that need to be given for
describing the character of each of the recommended indicators in a
transparent way i specifically, PE: and GWP are described here.

The exact description of the different indicators as recommended by
Annex 57 is given in the detailed report fBasics, Actors and
Conceptsothat can be found here: http://www.annex57.org/.

The values of each of the recommended indicators should be
calculated for each module and life cycle stage and be aggregated at
the maximum level into cradle to handover impacts and cradle to
grave impacts. As mentioned in previous chapters, benefits and loads
beyond the system boundary should be reported separately. A
summary of the typical calculation process to establish these values
is given in FIGURES 7 & 8.

More detailed guidance on how to determine embodied impacts
related to the individual stages of the building life cycle is given in
ANNEX A of this guideline document.
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TABLE 4: Example of a way of defining the character of the indicators
used for the quantification of embodied impacts

CHARACTER OF THE INDICATOR PE:

Included non- Fossil fuels as energy

renewable energy Fossil fuels as feedstock (separately reported)
resources Nuclear fuels

Included renewable Biomass

energy resources Biomass as feedstock (separately reported)

Solar energy
Geothermal energy
Hydropower
Wind power

Type of system
boundary

Cradle to Grave + Module D (only as information)

Unit of measurement MJ/reference unit/year of the RSP (e.g. 50 80,

100 years)

Reference unit Gross Internal Area (GIA)

CHARACTER OF THE INDICATOR GWP

Type of GHG emissions  Fuel related
Non fuel related i process related emissions
Non fuel related i F-gasses (separately reported)

Type of system
boundary

Cradle to Grave + Module D (only as information)

Unit of measurement kgCO:eq /reference unit/year of RSP (e.g. 50, 80,

100 years)

Included GHG
emissions in CO2eq.

GHGs as identified in the 5 IPCC report
Freon gases as defined in Montreal protocol

Reference unit Gross Internal Area (GIA)

Specifically, FIGURE 7 summarizes the process of calculating cradle
to handover embodied impacts. The first step is to calculate the total
quantity of different materials and then multiply each by the relevant
Embodied Energy (EE) and Embodied Carbon (EC) coefficient 1
often derived from databases (details are provided later in this
guidance) i to obtain cradle to gate values. To estimate the cradle to
handover value, allowance must be made for site and fabrication
wastage, transportation from the factory gate to the site and
construction activities associated with installing the material or
product. This can add between 5-20% of the total, depending on the
type of materials used, where they are sourced from and the level of
construction activity. All the values for each material or product are
added together to give the cradle to handover values for the building.

After calculating cradle to handover embodied impacts, FIGURE 8
shows the continuity of the calculation routine in order to obtain
cradle to grave values of embodied impacts. In case quantified
information on net benefits of recycling or energy recovery needs to
be reported, a typical calculation process is presented in FIGURE 9.
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Quantity of materials

X

EE & EC coefficients

Cradle to Gate Values

+I

Transport

Cradle to Site Values

+I

Site activities

Cradle to Handover Values

Calculate the gross mass* of each material (kg) by measuring drawings or
exporting data from 3D CAD or BIM files or using the hill of quantities prepared by
quantity surveyors. National waste databases, or contractors’ site waste data from
their last build can be used to account for materials lost or damaged.

Use EE coefficients (MJ per kg of material) and EC coefficients (kgCO2 per kg of

material) stored in transparent and reliable LCl databases or LCA software
databases or certified manufacturers’ data

Multiply quantity of materials by EE and EC coefficients

Calculate using delivery distances for each material to site (possibly also
equipment and plant) multiplied by a Transport Mode Factor (e.g. kgCO2eq./kg-
km in case of EC) or add a percentage allowance (e.g. 5 — 10%)

Add embodied impacts due to transport to the cradle to gate embodied impacts

Base the calculations on contractors historical data or add a percentage allowance
(e.g. 5-10%)

Add embodied impacts due to construction activities and waste to the cradle to
site embodied impacts

*quantities of some materials not always have to be converted into weights as their embodied energy and carbon factors are often
provided in other units (e.g. per brick, per m2or kWh for PV modules, per m? for paints and carpets, etc. )

FIGURE 7: Typical process to calculate cradle to handover values of

embodied impacts

Cradle to Handover Values

_ +
Production of the replacement
components

+
Transportation of the
replacement components
+
Installation of the replacement
components
+
Deconstruction and transport
of the removed components
+

Waste processing of the
removed components

X

Number of replacements

Cradle to End of Use values

+I

I Deconstruction/ Demolition I

+

Transport

+

Waste treatment

Cradle to Grave values

Calculate the cradle to handover values of replacement components as
shown in figure 5. Add the embodied impacts of deconstruction,
transportation and waste processing of removed (old) components
following the calculation process below.

Calculate the number of replacements of each component dividing the
reference study period by the service life of each component. Information
on the service life of each component can be obtained from relevant
databases or manufacturers’ data.

Calculate using coefficients from cradle to grave databases, or contractors’
historical data or add a percentage allowance (1-3%)

Calculate using distances to landfill or reprocessing plant for each waste
material removed from the site multiplied by a Transport Mode Factor (e.g.
kgCO2eq./kg-km in case of EC) or add a percentage allowance.

Calculate using waste factors or add a percentage allowance (1-3%)

FIGURE 8: Typical process to calculate cradle to grave values of

embodied impacts
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Recycling

Energy recovery

Quantity of materials to be
recycled

X

EE & EC coefficients

X

Remaining lifetime (%)

Recycling operations

Net benefit of recycling

Quantity of materials to be
incinerated

X

Energy recovery rate (%)

X

Calorific value

Incineration operations

Net benefit of energy
recovery

Base the assumptions of end-of-life recycling rates of building products on certified
manufacturer's data or industry specific reports.

Use EE coefficients (MJ per kg of material) and EC coefficients (kgCO2 per kg of
material) stored in reliable LCI databases or LCA software databases or certified
manufacturers’ data for the production of materials for which the recycled products
will be a substitute: Only the net amount of recycled material is accounted for.

Estimate the remaining lifetime of the recycled material as a percentage of the
predicted service life of the material for which the recycled material will be a
substitute

Recycling operations usually include collection and reprocessing of materials to be
recycled. Contractors’ historical data can be used or a percentage allowance can he
added.

Calculate avoided virgin material production by multiplying the quantity of
materials to be recycled by EE & EC coefficients and remaining lifetime. Consider
also the embodied impacts of recycling operations.

This applies to wood based products. In this case biomass residues are used as
biofuel to replace fossil fuels in the next system.

Use the energy recovery rate stored in certified manufacturer's data or industry
specific reports. As default option 50% can be attributed to energy recovery
according to the “general programme instructions for the international EPD
system”.

Use the gross calorific value (MJ/kg) to represent the energy content of each

material to be incinerated.

Contractors” historical data can be used or a percentage allowance can be added.

Calculate avoided fossil fuel consumption by multiplying quantity of materials to be
incinerated by the energy recovery rate and their gross calorific value. Consider
also the embodied impacts of incineration operations.

FIGURE 9: Typical process to calculate net benefits of recycling and energy recovery

Reporting and communication

RECOMMENDATION:
communication of

The reporting and
the embodied impacts
in accordance

assessment results should be
with the outline suggested here.

So far this guideline document has given emphasis on
the documentation of the object of assessment, the
assumptions, the character of the indicators used for
the calculation and the data sources. A reporting
template has been designed (TABLE 5) to promote a
consistent reporting and communication of results and
better comparability of results coming from different
case studies.

Comparability of the assessment
results
In many cases, the assessment results from different

case studies cannot be directly compared with each
other, as the methodologies and calculation principles
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applied are influenced by the purpose and scope of the assessment.
Standards alone do not enable fully comparable results, as they do
not define detailed principles especially for the assessment of
embodied impacts. Some of the most important factors that affect the
comparability of the embodied impacts assessment results are
summarized here:

Embodied energy and GHG emissions database for materials

In any case, the most appropriate data sources are transparent LCAS
established using the same protocol (modelling rules) or, if not
available, EPDs of construction products prepared with ideally the
same product category rules. When this is not possible, relevant data
from general databases should be used. Note that data, calculation
methods, tools and benchmarks are strongly linked and can lead to
reasonable assessment results only when used together as an
inseparable unit.

System boundary

As mentioned before, one consistent way of defining the system
boundary in terms of life cycle stages is by referring to the stages
defined in EN 15804:2012 and EN 15978:2011. The coverage of the
assessment in terms of building-related constructions and technical
equipment can be defined with the help of the items given in FIGURE
4 of this guideline.

Method for quantifying the embodied impacts
The most appropriate indicators for the quantification of embodied
impacts are the primary energy consumption of non-renewable

resources and the global warming potential. As described previously,
this alone is not sufficient to guarantee comparability of results.
Additional information on the character and scope of each indicator is
required (TABLE 4). Furthermore, information is required about the
service life of the different building components and products.

Note that in any case, the functional equivalent of the buildings and
building parts compared with each other should be the same.
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TABLE 5: Reporting template i minimum documentation requirements for better communication and comparability of results (developed by T.Litzkendorf,

M.Balouktsi, A. Passer, & R.Friscknecht)

DESCRIPTION OF THE CHARACTERISTICS OF THE OBJECT AND ITS ASSESSMENT

PARAMETER

Location/ climate
and or heating degree days/ cooling

Building/ Usage type/ intensity of use

Energy-standard

Gross floor area/ Net floor area
Gross volume/ Net volume
Reference area for EE/EC
Construction method

U-values of the building envelope
Ventilation system

Heating and cooling system

Final energy demand electricity

Final energy demand for heating and
hot water / energy carrier(s)

Final energy demand for cooling
Purpose of assessment
Assessment methodology
Reference Study Period

Included life cycle stages

Included parts of the building

e.g. Germany/ moderate climate

school building, 200 students, hours of operation 08.00 i 18.00, includes a sport hall

(Ainettpweo during the use phase, expressed in fApri me
€.g. 726 m?/ 615 m?
e.g. energy reference area é 535 m2

e.g. Structural steel frame supporting precast concrete floor slabs

Appliances, lighting, services, etc. (kWh/m2a)
(kWh/m2a)

(kWh/m2a)

e.g. to determine the energy and GHG emissions offsetting, when a net zero concept is applied
e.g. according to EN 15978:2011 guidance

e.g. 50 years

e.g. cradle to handover (use a checklist, as the one shown in figure 5, to describe in detail which modules/
processes are included

e.g. use a checklist, as the one shown in figure 4, to describe in detail which parts of the building are included
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PARAMETER

Scenarios and assumptions used for
construction process stage

Scenarios and assumptions used for
use stage

Scenarios and assumptions used for
EoL stage

Databases used (if any)

Other data sources

LCA Software used (if any)
Method of materials quantification
Namel/type of the indicator(s) used

Additional indicators assessed

DESCRIPTION OF THE CHARACTERISTICS OF THE OBJECT AND ITS ASSESSMENT

e.g. recycling at the end of life

e.g. KBOB-recommendation 2009/1:2014, 6kobau.dat or EPD of program ...
e. g. EdmDndrsufacturers

e.g. LEGEP

e.g. BIM Architecture

use table 4 for reporting the character of the indicator used
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Practical considerations

Carbon sequestration in wood-based products

One of the special characteristic of wood-based building products
(and other bio-based products such as straw or hemp) is biogenic
carbon contained in them. Biogenic carbon refers to the carbon
absorbed from the atmosphere and stored in a growing tree via
photosynthesis. The accumulation of stored carbon is known as
carbon sequestration. Carbon sequestration is an often-claimed
benefit of using wood-based products in construction.

Claiming this benefit is dependent on many assumptions; for example,
that at the end of service life these materials will not be buried in
landfill, breaking down into greenhouse gases (carbon dioxide and
methane). Due to this uncertainty, some practitioners choose not to
include sequestration in their embodied carbon reports.

According to EN 16485:2014, in case the biomass used can be
assumed to originate from sustainable forest sources, biogenic
carbon emissions can be regarded as zero based on the idea of
biogenic carbon neutrality. In fact this is balanced during natural
decay or incineration of the products. However, it can be included in
the assessment result as_additional environmental information (EN
16449).

Here it is recommended the reporting of carbon sequestration, but not
their inclusion in the overall

New construction vs refurbishment

Every existing building
product, construction and maintenance. Through the refurbishment,
modernization or reconstruction of existing buildings their useful life
can be extended and so their embodied energy can be utilised for a
longer period of time. This can contribute to the reduction of energy
and material flows that would be consumed in a different case for the
replacement of an existing building by a new one. However, the
overall impact of the decision of replacing an existing building on the
life cycle energy and emissions depend much on whether the new
building provide a significant improvement in operating energy
efficiency

Thus, note that when comparing the two variants, (refurbish or
demolish and replace) the both i the demand for additional embodied
energy and the specific energy consumption for operation should
always be included in the calculation.

35

embodi ¢

firepresentso



High thermal mass materials

Adding large thermal mass materials in the design may increase the
impacts of production stage, while lowering at the same time the
impacts of operational stage due to reduced cooling/heating demand.
For this reason, the impacts of design decisions should always be
considered on embodied and operational impacts together rather
than separately.

Imported materials

In case imported materials are planned to be used in a building, a

designer should either:

- try to investigate the origin of the material, estimate the transport
distance between the importing and exporting country and ask for
EE and EG data from the manufacturer, or

- apply appropriate data from national databases

No matter what the selected approach is, designers should ensure
this is documented and declared in a transparent way that allows
comparability. The examination of import-export flows from a
macroeconomic perspective is not considered as an option here.

Deciding which standard to
use

RECOMMENDATION: The calculation and reporting of

embodied impacts should be based on ISO 21929-1:2011 or
EN 15978:2011.

There are already various national and international standards that
can be used for fAembodied
assessments. For example in Europe voluntary standards have
already been developed by the CEN/TC 350 committee related to
Sustainability of Construction Works. The standards aim to
encourage a harmonized approach within construction industry for
describing and assessing the life cycle environmental, economic and
social performance of buildings. The respective international standard
is 1ISO 21929-1:2011. It is therefore recommended specifically in this
guidance for building designers the standard EN 15978:2011 or ISO
21929-1:2011 to be used at the building level for the purposes of
assessing embodied impacts as part of the total environmental
performance.

FIGURE 9 maps out all the existing international and national
framework, building and product related standards.
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BUILDING FRAMEWORK

PRODUCT

1SO 219311 | 2010
Framework for methods
of assessment of the
environmental
performance

1SO 21929 — 1| 2011
Sustainability in

Building Construction
Sustainability Indicators

1SO 21930 | 2007
Environmental
declaration of building
products

ISO/TS 14067 | 2013
Carbon Footprint of
Products

EN 15643—2| 2011
Framework for the
assessment of
environmental
performance

EN 15978 | 2011
Assessment of
environmental
performance of

buildings — Calculation-
method

EN 15804 | 2012
Environmental product
declarations — Core
rules for the product
category of construc-
tion products

SIA 2032 | 2010
Grey Energy of
Buildings

PAS 2060 | 2010
Specification for the
demonstration of
carbon neutrality

PAS 2050 | 2011
Specification for the
assessment of life cycle
greenhouse gas
emissions of goods and
services

VDI 4600 | 2012
Cumulative energy
demand (KEA): Terms,
definitions, methods of
calculation

FIGURE 9: Mapping of existing standards related to embodied energy and emissions calculation and reporting (selected examples)

Greenhouse Gas
Protocol

Product life cycle
accounting and
reporting standard




Deciding which dataset to

RECOMMENDATION: Transparent databases, complete LCAS,
or if not available, quality checked EPDs should be used as
the main source of data. When not possible, the selection of

databases and data (energy and emissions factors) for use
should be subject to a quality assessment. The quality of data
that have a large impact on the results should be reported.

use

The most important prerequisite for the assessment of embodied
impacts of a building is that relevant information is available on
embodied energy and GHG emissions of building materials. However,
this information should be reliable to allow useful comparisons
between building products, or between building materials.

At present, not all construction product data are collected using
consistent boundaries of assessment, and product specific data from
manufacturers are not always comparable with the more generic
product data. This is also due to the different data sources. A
distinction can be made between

1 data and databases for scientific purposes that comply with high
guality standards

1 data from the literature with unclear origin

1 freely accessible databases that were created and are being
maintained with public funds, and therefore they are subject to a
quality control (e.g. 6kobau.dat)

1 commercial databases with/without (external) quality control (e.g.
Ecoinvent, GaBi)

1 information published by professional associations with/without
(external) quality control

1 information published by individual manufacturers with/without
(external) quality control

The transparency and traceability of the available published data
cannot always be sufficiently ensured. One example of consistent
generic and manufacturer specific LClI data is the KBOB-
recommendation 2009/1:2014 in use in Switzerland.

In general, many countries are in the process of developing or have
already developed embodied energy (EE) and embodied GHG (EG)
emissions data for building products. Most of data exist as life cycle
inventory (LCI) data format rather than EE or EG itself.

As databases are continually being developed and updated, it is not
possible to provide an explicit list in this guidelines document. Some
examples are provided in the Annex 57 ST3 report. However, here



guidance is given to find and select databases, as well as to assess
the data from the chosen databases.

A list of online LCA databases is provided by the Greenhouse Gas
Protocol http://www.ghgprotocol.org/Third-Party-Databases, as well
as by the Joint Research Centre of the European Commission
http://eplca.jrc.ec.europa.eu/ResourceDirectory/databaseList.vm

In case national LCI data are not available, another source of product
data is an Environmental Product Declaration (EPD). EPDs are
independently verified, robust and cover generic and product-specific
data. Environmental product declarations are worked out according to
a standardized process defined in EN 15804:2012 and EN
15942:2011, and present information on the GWP, primary energy
resource use and other environmental aspects based on the life cycle
approach. In EPDs for construction products the inclusion of cradle to
gate data is mandatory, while the full life cycle analysis is voluntary
(cradle to grave).

To provide comparable information, EPDs must have the same
product category rules as set out in EN15804 and are valid for 5
years only. The information should also be relevant for the case. EN
15942 defines a specific structure for the reporting of information and
thus requires data transparency.

Some comprehensive examples of construction product related EPDs
from different countries can be found catalogued on the web:

(International EPD system) www.environdec.com, (Germany - IBU)
www.bau-umwelt.de, (France 1 INIES) www.inies.fr, (UK 7 Green
Book Live) http://www.greenbooklive.com/search/scheme.jsp?id=9.

It is important to note that usually there are no process based LCI

data for complex product systems, such as equipment and machinery.

Thus, in case there are no EPDs available for these systems (e.g.
examples can be found in Okobau.dat or EPD International) input-
output based data can be used. As there is a trend towards net-zero
energy buildings, it is important especially for PV systems to have
good quality data.

The assessment of the quality of the data set to be used is very
important. A few questions to use in the selection of a database are
listed i n t he report
Accounting and Reporting Standardo :
1. Are the process data from a collection of actual processes or
estimated/calculated from other data sources?

2. Were the data developed using a consistent methodology?

For agricultural and forest products, are land-use impacts
included in the LCA emissions data? If yes, what impacts are
included?

4. How long has the database existed, and how extensively has
the database been used?

5. How frequently is the database updated?

0 ProduGtHLBe (Yaleodnd c o |
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6. How current are the data sources used for developing the
LCA emissions data?

Can uncertainties be estimated for the data?

Is there any risk that the data will be perceived as biased and,
if so, have the data and methodologies been independently
reviewed?

Once an appropriate database(s) is selected, design professionals

and consultants are required to perform a data quality and -fdi f i t
p ur p aassesement also of the individual secondary data chosen

from the selected databases. The same report of GHG Protocol
identifies 5 important data quality indicators (TABLE 6). It is
recommended the outcome of any data quality assessment
performed to be documented to assist the interpretation of the results

and highlight areas for future improvement.

TABLE 6: data quality indicators 1 adapted from GHG Protocol report
AiProduct Life Cycle and Accountinq

Technological
representativeness

Temporal
representativeness

Geographical
representativeness

Completeness

Reliability

The degree to which the data set reflects the
actual technology(ies) used

The degree to which the data set reflects the
actual time (e.g., year) or age of the activity

The degree to which the data set reflects the
actual geographic location of the activity (e.qg.,
country or site)

The degree to which the data is statistically
representative of the relevant activity.
Completeness includes the percentage of
locations for which data is available and used out
of the total number that relate to a specific activity.
Completeness also addresses seasonal and other
normal fluctuations in data.

The degree to which the sources, data collection
methods and verification procedures used to
obtain the data are dependable.
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Deciding which tool to use

Nowadays, design professionals and consultants are not required to
aggregate data and perform LCAs manually. There are many web-
based and software tools that can be used at different stages of the
design process to assist them in this task. A diverse range of tools is
available, e.g.:

Interactive databases or web-based element catalogues

They usually contain a database and a simple calculation web-based
tool (no software installation is required). For example 1 m2 of a
specific element can be calculated just by inputting the thickness of
each layer. Different material choices for layers are provided. With
very little effort and time different solutions can be compared with
each other. However, note that the background information (data
guality) needs to be transparent. Examples of such tools are
Bauteilkatalog developed by SIA (Swiss Society of Engineers and
Architects) and LEGEP, a tool for integrated life cycle analysis
developed by Ascona.

LCA-based design tools

They measure environmental performance of products using LCA
data and usually allow users to create and model their own custom
assemblies and configurations. Note that in many cases they are tied
to specific dataset(s) and/or calculation methodologies.

Building information modelling (BIM)

The software-based BIM organizes and relates physical or financial
information to the building. For example, CAD developer like
Autodesk included BIM in the software product Revit. LCA data are
mass related so BIM softwares can easily include also LCA
information. The level of support from IFC4 language (Industry
Foundation Classes) for different indicators was investigated by the
European project SuPerBuildings, where it was found that especially

t he i n ddomsarptiom of primary energy non-r e newabl e o

figl obal warming potential o are
IFC (http://cic.vtt.fi/superbuildings/sites/default/files/D6.3 0.pdf).
Although the concept sounds simple, the implementation of LCA data
in BIM is not common yet. Lots of new applications are expected to
be developed towards this direction over the next years (e.g. plug-in
softwares that be used for adding embodied impacts data to a 3D
model to carry out calculations).

Note that the selection of calculation tool is less important than the
choice of data, standard or methodology, as the latter are more likely
to cause variations and lead to inconsistent results. A quick overview
of the tools that are currently available can be found in IEA Annex 31
(http://www.iisbe.org/annex31/pdf/M_directory tools.pdf).

A few questions to consider when choosing a tool are listed in the

an(

rect

fAIA Guide to Building Life Cycle Assessment in Practice0 publ i shed

in 2010:
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