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Executive Summary: The Future of Building Life Cycle Assessment in

Practice

Currently the greatest
incentive for the use of

Summary

As the architectural and construction industries increasingly
emphasize sustainability, more comprehensinethods are being
developed to evaluate and reduce environmental impacts by

LCA inhe design process buildings. Life Cycle Assessment (LCA) is emerging as one of tf

is the ability of an

architect to show to the
client that the use of LC

will improve and
RSY2yaidN
ySaae 27
help significantly in
increasing longterm
paybacks by better
decisionmaking

[entN

A

functional assessment tools; however, presently there is a scarc
clear guiding principles specificalliyatted towards the architectur;

A profession in the use of building LCA during the design process.

this paper, we are providing those guidelines to help architects
understand and use LCA methodology as part of the design pro
_by identifying scenariofor the use of LCA in the design process &
roviding a set of proposed guidelines for the conductance of wi
building LCA. The scenarios were developed by an extensive
literature review of previously completed whelriilding LCA case
studies, architetinterviews, and an evaluation of a set of North
American and international LCA tools for use in the proposed
scenarios. Additionally, the study shows an example of whole
building LCA of an institutional facility being designed in Georgic

In this paperwe established a basic understanding about LCA fc
building industry particularly architects, the utility of LCA, and
proposed guidelines/suggestions for conducting LCA. The state
research was reviewed to find answers to present limitations of |
of LCA in practiceWe showed that LCA results help answer
numerous questions that arise during the design and constructic
of a green building. It can reinforce the decisions made by archit
by providing a scientific justification for those decisios.number
of whole building LCA tools are available for use by architects.

In the current state of LCA, the limitations must be recognized;

however, it also needs to be recognized that with increasing use
research, and tools development these limitatiomdl be resolved.

One limitation is the scarcity of the financial incentives for LCA L
this time, although this is expected to change quickly as LEED a
ASHRAE 189.1 become proponents of the use of LCA in the de:
processCurrently the greatestricentive for the use of LCA in the
design process is the ability of an architect to show to the client

9
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GKFIG GKS dza$S 27F [/ ! @Attt AYSA
of the project and help significantly in increasing lostigrm
paybacks by better decish making. A second limitation is the
deficiencies in the databases completeness requiring the archite
LCA practitioner to be required to use multiple data sources and
increasing uses of assumptions. This limitation is being reducec
the database®nlarge their information bases and as more and n
easily used tools become available. The last major limitation is tl
lack of benchmarks established by government authorities,
particularly in the US, that can be used for comparisons. This
limitation aso will be overcome as LCA becomes more common
used and the benchmark data become more readily available.

We opine that with improvements in LCI databases and whole
building LCA tool capabilities, design practitioners will have mort
faith in LCA resudtand be more inclined to conduct LCA analyse
larger numbers of case studies are conducted representing diffe
building types to set benchmarks. Robust normalizing and weigt
methods will be established as the tools are advanced. The
establishmen of attractive incentives in terms of tax incentives ar
other financial incentives, particularly in the US, will lead the pat
integration of LCA in building design and promote its use by
architects.

Introduction

Architects are increasingly interesté@ucharacterizing and reducing
the environmental impacts of the buildings they design. Tools lik
energy modeling assist in predicting and, through good design,
reducing the operational energy in buildings. LCA is a tool that a
architects and other bilding professionals to understand the enel
use and other environmental impacts associated with all life cycl
phases of the building: procurement, construction, operation, an
decommissioning.

Today, state building codes and the model codes on whiek #re
based are adopting modest improvements in energhated design.
A large segment of those decision makers procuring new buildin
are choosing to follow elective grednilding scorecard and
branding schemes such as Ene8igr and LEED. The AIA amajor
US cities have embraced auspicious targets for reducing the
SYGANRYYSyYyGlFt AYLIOG FyR Of A
building stock as embodied by the AIA 2030 Commitment.

10
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The environmental impact of human act®is quite evident in the preseday world.
9t ! Q& adlkdAadAOlrf &adzYYl NB
YFE22N) O2y (i NARO6dzi2N) G2 GKAA&
in various resource consumption andzgonmental impact categories and their
distribution amongst commercial and residential building sectors.

LJzof AAKSR Ay
AYLI Ol 9t! Q4

HAann
Fylrftéaaa

adz33sai

%

The use of LCA for buildings

requires a set of guiding

principles, which consider the

unique character of each

building design, complexity in

defining systems, and related
_ decisions.

Though current efforts such as LEED and Erstaryare laudable,
they are incomplete. Scorecard approaches such as these do n¢
well within design practice. The credits given within LEED do not
provide design guidance or feedback on how well a given desigr
RSOAaA2Y Aa 62Nl Ay3Id wk G§KSNE
R2yQéa G2 0SS FLILXASR RdzZNAy3 i
methods to answer specific design question® help them
understand the environmental impact of both the overall building
and of particular design decisions.

LCA is an emerging tool that promises to aid in architectural dec
making. Industrial ecologist chemists, and chemical engineers
seeking to understand and reduce the impact of manufacturing ¢
process chemistry developed LCA. Today, LCA is being promot
tool for analyzing the environmental impact of buildings and mak
decisions to reducéhese impacts.

The output of an LCA can be thought of as a walgging
environmental footprint of a building including aspects suct
as energy use, global warming potential, habitat destructio
resource depletion, and toxic emissions.

Currently there exis, however, significant confusion about LCA ¢

11
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how it can be used in its current state, as was demonstrated by
architect interviews that we conducted as part of this study. The
has commissioned our document to aid practitioners in the
understandng and adoption of the LCA methodology.

The use of LCA for buildings requires a set of guiding principles,
which consider the unique character of each building design,
complexity in defining systems, and related decisions.

LCA is relatively new to the bdithg industry. As in any developing
field, there is a great deal of confusion about LCA, which can
inadvertently lead to misuse of LCA tools, techniques, and supp
data. Thus, there is a need for a clear working definition of LCA
related terminolayy to help build credibility for the methodology a
make the building industry more receptive to this new way of
evaluating their work.

Definitions and Aspects of Life Cycle Assessment

The LCA process is governed under ISO 14000, the series of
international standards addressing environmental management.
I O0O2NRAY3 (G2 LYGSNyYyrFraazyrFrt {i
and evaluation of the inputs, outputs and the potential
SYGANRYYSyYy Gt AYLIOGaA 2F | LJ

The Cod of Practice by the Society of Environmental Toxicology
/| KSYA&aUNE o0{9¢! /0 RSaONROGSa |
environmental burdens associated with a product, process, or
activity by identifying and quantifying energy and materials used
wastes released to the environment; to assess the impact of tho:
energy and materials used and released to the environment; anc
identify and evaluate opportunities to affect environmental
AYLINRGSYSyiGaodé ¢KS 9YGDANRBYYS)
to[ /! | & -ta-ravadpprdach $or assessing industrial
aeadsSvya GKFG S@lrfdz G6Sa Ftt ai
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Variants of LCA
(Economic Input - \ The scope of LCA can extend to various stages and processes i
Output Based LCA LINE RdzOG Qa f AFSd 5SLISY g tified CR g

Method of two primary means for conducting the LCA can be considerec
(EIO-LCA) two primary variants of LCA are procédsssed LCA and Economic
Estimates the materials | Input-Output based LCA. Within each variant there exists a num
and energy resources of options to be considered. LCA methodgpiemented in the

required for, and the building construction industry are based primarily on proeeased

environmental emissions | | ca
resulting from, activities
in our economy.

- Considers an
entire sector of the
economyg all

L. Cradle-to- Cradle-to- Cradle-to- Gate-to-
_aCtIVI'[I(:..‘S of all Grave Gate Cradle Gate
industrial sectors. e Full LCA e Partial ¢ Specific Type e Partial LCA

- Givesa more e From Pro::iuct Life- of CJIadIe to « Looks at only

B o F Manufacture Cycle Cradle one value-
holistic view of the e e From « End of Life added
impact from a « To Disposal manufacture disposal is a process

e ToF recycling
process or product. ALY process
—  Relieson
sectorlevel
averages that may
or may not

represent a subset
of the sector

relevant to a Types of Proced®ased LCA Methoddn a procesbased LCA, the inpt

particular project (materials and energy resources) and the outputs (emissions and wastes
environment) for each step required to produce a produdfA methoc

- ln te_rms of th(_a implemented in the building construction industry are based primarily
building industry, is processhased LCA.
not an appropriate

tool for determning
whether specific

Life Cycle Stages

actions are Every product or process goes through various phases or stage:
environmentally life. Each stage is composed of a number of activities. For indus
Ee”e‘;'cl'a' elf products, these stages can be broadly defined as material

armfu

_, Better suited to acqwsmon., rpanufactunng, use and mamtena@ad endof-llfe. In
track overall aspect | case of buildings, these stages are more specifically delineated

of one aspect inthe | materials manufacturing, construction, use and maintenaace]
9nt|re construction end of life.

industry as a whole
(i.e. the use of fly

\ ash in concrete) )
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Life-Cycle Stages

; Use &
Maintenance

The LifeCycle Stages of a building are:

ﬁ

%
_)

Materials Manufacturing Removal of raw materials from earth, transportation of materia
the manufacturing locations, manufacture of finished or intermediate materials, bg
product fabrication, and packaging and distribution of building products

ConstructionAll activities relating to the actual building project construction

Use and MaintenanceBuilding operation including energy consumption, water us
environmental vaste generation, repair and replacement of building assemblies and sy
and transport and equipment use for repair and replacement

End of Life Includes energy consumed and waste produced due to building demoliti
disposal of materials to landfii and transport of waste materials. Recycling and r
activities related to demolition waste also canbeinfl® I yR KIF @S | ay

Embodied Energy, Operational Energy and LCA
The output from an energy model, such as DOE2 or BLABE, i

An LCA that includes the Pprojected energy use within a building as it operates over a typic

and construction phase of
the project is the primary

energ¢ YR A& 2yS O2YLRYySyld 27
building LCA.

means of computing the  The second major component of enemgynsumed by a building is
embodied energy in a i K 8mbddied energy which comes from the materials
building. manufacturing and construction phases of the building project. T

need to understand embodied energy becomes more important
measures to reduce operationahergyare taken.C 2 NJ-zérg S (
0 dzA f ReynaAjérity é6f the energy impacts will be embodied, a
operational energy needs are increasingly met bysda power
generation.An LCA that includes the materials manufacturing an
construction phase of the project is the prary means of
computing the embodied energy in a building.

14
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building shell (embodied effect)

energy use over time

0 energy or GWP
baseline building

PN

energy or GWP

building shell (embodied effect)

time

green building systems (+ embodied
ﬁ energy use over time

{ [ [ ) () ) [ ) R E E T >
»

0 energy or GWP
green building alternative —

The embodied and operational energies of two building projddie baseline buildingh(red) has the
smallest embodied energy but uses more energy over time. The green building alternative includes
additional embodied energy from systems like Higinformance insulation and glazing, and
photovoltaics. Over time, the energy embodied inIB Sy o0dzAf R deéaidisSvya Aa
impact of the green building, embodied+operational, becomes less than that of the baseline buildinc
energy sources for building construction and operation are known, then energy use can be cooverte
carbon emissions, often denoted global warming potential or GWP.

" Life Cycle Assessment Framework

Step 1: Goal and Scope Definition

‘"p _‘j )\ Inthis phase, the product(s) or service(s) to be assessed are de
a functional unit is chosemnd the required level of detail is define
W . The ype of analysis, impact categories to be evaluatadl the set

[ sy : nterpreiaiion of data that needs to be collected are identified in this step.
- l T { Step 2: Inventory Analysis
- e ) L | Inthis step, the energy and raw materials used and the emissior
et e / atmosphere, waterand soil areguantified for each step in the
N\ - 4

process, then combined in the process flow chart and reldick to
the functional unit an inventory of all the inputs and outputs to a
from the production system is prepared as part of the inventory
analysis. Thus, prodts and processes can bengpared and
evaluated using Lif€ycle Inventory (LCI) results. If the results of
are consistent, which means that a product performs well or poa
in all environmental burdenghere is no need to carry outép 3:
Impact Asessment. However, if theCl results are inconsistentef
3 becomes essential.

15
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The LCA begins with a definition ¢
the goals for completing the LGAa
clear list of the questions that the
LCA is intended to answer. Tt
boundary of the LCA is drawn s
that it is urderstood which materials
and processes are being consider:
and which are beyond the scope ¢
the assessment. The main effort ¢
the LCA is in the inventory analysi
where materials and activities are
analyzed and the emissions fror
them are accrued. Aan option, the
environmental impact of these
emissions can be analyzed, using
recognized method for impac
analysis. Finally, the results of th
LCA must be analyzed in light of tF
questions posed as the beginning «
the process.

In the inventory analysis stage, software tools and databases ar
critical. It is not possible to analyze eactividual material and
process from scratchach time arLCA is perianed. Instead,
software toolstied to extensie product and process databasae
used to complete the inventory analysis. The simplest software
are spreadsheets, in which material quantities can be entered. N
complex tools act moréke costestimating software, so that
automated tabulation of material quantds from assemblies, on a
squarefoot basis, can be completed.

- Raw Material Extraction
= and Processing

»> Materials Production }_._

ENERGY

A 4

ENERGY

Manufacture of Finished
Products

A 4

LIQUID
DISCHARGES

ATMOSPHERE

RESOURCES
L »

SOLID WASTE
—’_I

Lifetime
Operation/Use

Disposal/Recycling

A graphical representation of the Inventory Analysis step. The diagram
be applied to the overall product process being analyzed, or can be
thought of as a building block which is applied to each discreepsaduct
within an overall LCA. For example, the diagram above could apply to
anodized aluminum extrusions, which would then be one component o
ovel £ € [/ ! 2y | Odz2NIFAYy g+ ff aeal
{20ASGecvo

Step 3: Impact Assessment

The impact assessment translates #mmissiongrom a given
product or process into impacts on various human and
terrestrial ecesystems. To aid in thenderstanding of impact:
the effects of the resource use and emissions generated al
grouped and quantified into a limited number of categories

16
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which may then be weighted for importance. In other words
data from the inventory analysis (Step 2) is attitdd to
appropriate impact category defined in scoping (Step 1). Tl
results from this step can either be obtained for different
impact categories or a single value result can be obtained |
applying weights.

Impact assessments differ among the LCA toskgiu and there is
no one dominant impact framework. For this reason, a given LC.
may choose to skip the impact assessment step and instead pre
its results in terms of bulk emissions. The judging of impacts
necessarily invokes the value system of eittiier LCA user or the
value system embedded in the LCA tool. A given impact assess
may focus primarily on greenhouse gas emissions and deemphe
or ignore habitat alteration or toxic releases to waterways. The E
LCA tool includes a range @btionsfor impact assessment, allowir
the user to select a suite of impacts that most closely aligns with
value system of the user.

Step 4: Interpretation

LCA results are reported in the most informative way possible, a
the need and opportunities to racte the impact of the product(s)
service(s) on the environment are systematically evaluated. The
outcome of this step is directly useful in making environmentally
friendly decisions. LCA can be an iterative process; therefore, th
interpretation of theLCA can lead to changes in the proposed de
which then leads back to Step 2 in the process.

Impact Categories
The impact categories of LCA methodologies vary from system i
system.

Environmental Impact Categories are mappings from quantities
emissions to the environmental impacts that these emissions cal
They can be thought of as a class of environmental issues of co
to which Life Cycle Inventory (LCI) results may be assigned. The
impact categories have been established from nationa&btognized
standards established by agencies such as the EPA, OSHA, ant
The impact is usually given as a ratio of the quantity of the impa
per functional unit of product produced. Each category is an

indicator of the contribution of a product to a epific environmenta
problem. These categories are defined by the Life Cycle Impact

17
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—  Ecolnvent  Database
with global, European, ar
Swiss datasets

- US LCI databasi
managed by NREL an
available in spreadshee

form from
http://www.nrel.gov/lci/da
tabase/

- Available with LCA
tools such asBEES® LC
Tool and Athena Impaci

Gamples of LCI tabases \

\ Estimator /

Assessment (LCIA) methods.

Life Cycle Impact Assessment (LCIA) Method

A number of technical terms are used to describe Life Cycle
Assessment, its components and el assessment methods. Oni
term that is often used is Life Cycle Analysis, which is simply a
synonym for Life Cycle Assessment.

Functional Unit

The functional unit can be defined as the unit of comparison thai
assures that the products being comparedyide an equivalent
level of function or service. It is difficult to establish functional
equivalence irthe building industry.

System Boundary

System boundary is defined as an interface between a product
system and the environment or other product systent defines the
activities and processes that will be included in eachdjfele stage
for the LCA analysis and those that will be excluded.

Life Cycle Inventory (LCI) Database

LCI data make up the heart of any LCA analysis. Several
organizations andlCA tool developers have developed LCI
databases that contain material and energy use data as we
emissions data for commonly used products and processe:
These databases contain elementary flows (inputs and out
for each unit process for a produsystem and are specific to
countries and regions within countries. The LCI data are re
specific because the energy fuel mix and methods of
production often differ from region to region. The data can
based on industry averages or could be supgpcific. The
data in the LCI databases generally account for raw materi
extraction, transportation to manufacturing unit,
manufacturing process, and packaging and distribution.

Databases may contain industry averages or prodpeicific data.
Industry aerages make more sense in whdieilding LCA tools, as
these tools are designed to be used by architects to make decis
about assemblies at the schematic design stage. A specific supj
not usually identified in eartgtage design. At the specifican and
procurement stages, if the supplispecific data are available, a
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decision to select the most environmentally sensitive supplier fol
specific product could be assisted by the use of LCA. It may be

necessary to engage an LCA practitioner atstage, as LCA tools

architects may not have supplispecific capabilities.

Life Cycle Management (LCM)

LCM is a framework that utilizes methods like Life Cycle Assess
and Life Cycle Costing (LCC) to support decisions leading to
sustainable develpment. LCM has been defined by the SETAC
22NJAy3 DNRdzLJ & &l FfSEADES
techniques and procedures to address environmental, economic
technological and social aspects of products and organizations t
achieve continuous emanmental improvement from a Life Cycle
LISNRLISOGA@GSeéd | [AFS /&80fS al
basis of an effective business strategy by providing a framework
improving the performance of an organization and its respective
products and selges.

Life Cycle Costing (LCC)

LCC provides decision support in selection of a building system
whole-building design based on its financial benefits, as opposet
LCA, in which a decision is based on the environmental benefits
system or design.@C provides a basis for contrasting initial
investments with future costs over a specified period of time. Th
future costs are discounted back in time to make economic
comparisons between different alternative strategies. LCC invol
the systematic conderation of all relevant costs and revenues
associated with the acquisition and ownership of an asset. In the
context of buildings, this consists of initial capital cost, occupatio
costs, operating costs, and the costs incurred or benefited from
dispcsal. An LCC analysis is a datansive process, and the final
outcome is highly dependent on the accessibility, quality, and
accuracy of input data.

Life Cycle Energy Analysis (LCEA)

Life Cycle Energy Analysis, also referred to as Life Cycle Energy
Assesment, isan abbreviated form of LCA thases energy as the
only measure of environmental impact. This helps in choosing e
efficient materials, systemand processes for the life cycle of
buildings.

Carbon Accounting
Carbon accounting is the proceby which CQemissions from fossi
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Industry

Building

Product

Material

LCI
Database

fuel combustion are calculated. Carbon emissions factors are
expressed in many forms. It can either be expressed as a mass
or only as the mass of carbon contained in the,G0d may be
expressed in any mass usitin case of buildings, carbon accountil
would consider C&emissions from all life stages.

Life Cycle Assessment in the Building Industry

The LCA methodology as it relates to the building industry can b

pictured as operating at one of four ldge material, product,

building, or industry, as shown in the diagram below. Each large

level builds from the level below, and expands from the material
kernel.

LCA in the building industry can be thought of as
operating at one of four levels. At theaterialand
productlevel, architects are likely to be consumers of
LCA information, that is, they may use this infation
to guide in their material and product selection
process. At thbuildinglevel, architects may
themselves be the LCA practitioners, using buitding
specific LCA tools to create LCAs that characterize tl
environmental footprint of proposed projectither

for the purpose of meeting regulatory requirements
(e.g., to stay below a specified impact threshold) or &
part of an iterative design methodology that seeks to
minimize the environmental impact of a project. LCA:
created at thandustrylevel aremore likely to be of
use to policy makers and planners.

Material Level
At its core, procesbased LCA is defined at the material level

It is notlikely that an architect or any building industry consultant
would be called on to produce materikdvel LCI data. This
information is calculated by process chemists, chemical enginee
and associated specialists and submitted for inclusion in variGus
databases. There is some direct use of matdaatl LCI data by
building professionals however.

Product Level

At the product level, an LCA is calculated as a collection of mate
which are assembled into a final (or intermediate) product. A
quantity takeoff of the product is completed, and the emissions fi
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each component of the products are summed. To complete a
product LCA, a thorough knowledge of the smuand quantities of
materialsand the manufacturing mrcesses of the finished product
are required. Generapurpose LCA softwaysuch as Gabi,
Boustead, or SimaPro is usually used to complete a product LC,

There is emergingraincreasing quantity of produdevel LCA data

useful to architects. This is especially true in areas where pitsdu
can clearly be compared on a eteone basis or in LCA terminolo
where the functional unit for a product can be clearly delineated.

Three North American Tools to Support Whole-Building LCA

Athena
Impact Eco-
Estimator | Calculator

Building Level

Building LCA, or wholeuilding LCA is a product LCA where the
product is the building. In thisase, the architect can be the LCA
expert, as the architect understands how the building is construc
how building materials and products flow to the jobsite, and how
building is going to be operated over time.

Industry Level

At the building indusy level, the Economic Inp@utput (EIO) base
LCA method is probably the best tool for completing an
industry/neighborhood LCA. Instead of completing a prodessed
LCA of every building in the gfwliot not a realistic approaahan
LCA at the buildingndustry scale is completed by examining
industrial production and economic output data. The HEICA
method has been used in the building industry to quantify the
impacts of cement and steel production, suburban sprawl and ul
densification, and changes land use, for example.

Again, it is clear that LCA at this indusirigle scale is not actionabl
by a practicing architect. Rathet is at the smaller scalesmaterial,
product, and building that the LCA becomes useful to the archite

LCA and the Design Process

At what stages of the design process can LCA be usefu
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LCAand the Design Proces\ Pre—Design Stage

Pre -Design Stage

* LCAhelps define the praject During this stage, LCA can help define the environmental goals
r!ftff:'izlf:yt:r project. LCA could be used to make decisions regarding the buil
el footprint among several optins. The basic decisions for choosing
i structural system can also be based on LCA. Toffdebetween
l impacts from manufacturing phase and operational phase can b

Schematic Design Stage
* LCA helps define selection of building
products and assemblies

*LCA helps assess energy conservation

Schematic Design Stage

) Choices regarding selection diildling products and assemblies ce
be made with the help of LCA. Energy conservation measures ¢
Design Development stage ) | assessed for their environmental burdens and an informed decis

* LCA helps evaluate life-long impacts of

lghting and HVAC systems can be facilitated by the use of LCA.
* LCAaidsin identifying system life
environmental impacts and
appropriate system design
modifications for improvements

P
\ / Design Development Stage

In the design developnme stage, LCA can help evaluate the-ldag
impacts of proposed lighting and HVAC systems. The most cruc
LCA is applicable at each of the tt x adG1r38a & y 333a08Y0a t AT ABmeqd \
design stages; however, the stage
performance is important defines t Impact, and appropriatenodifications to the system design can bt
tool to be used and the types proposed.Material finishes can also be compared with the help ¢

impacts evaluated. LCA resultsand the right choices can be made.

\

»Making choices between various building structural systems,
assemblies and products

evaluated to select assembly types.

Inthe design process, LCA can be helpful in:

»Making choicesbetween various building design options

»ldentifying products or assemblies causing the maximum and
minimum contribution to the overall environmental impact
throughout building’s life-cycle

»ldentifying stages of building life-cycle causing the maximum and
minimum contribution to overall impact

!Mitigating impacts targeted at a specific environmental issue/
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Pre-Design Stage

Schematic Design
Stage

Design Development
Stage

Identify owner’s
requirement

Site plan and principal
floor plans prepared

Detailed site plan
indicating building
location and site
improvements
prepared

Departmental and
room-by-room
interaction matrix
established

Views, elevations,
sketches and models
prepared to convey
building configuration

Detailed plans,
elevations, sections,
schedules and notes
prepared

Preliminary
structural,
mechanical,
electrical and other
engineering systems
determined

Comparative
structural,
mechanical,
electrical and other
systems analyzed

Structural, mechanical,
electrical and other
building systems
finalized

Block plans created
showing all rooms,
corridor and vertical
solutions

Space and location
requirement for these
systems determined

Review obtained from
regulatory agencies

Estimates prepared
for total project cost
and annual project
operating expenses

Preliminary
screening of
materials,
equipment and
fixtures carried out

Code compliance check

Table 1. Typical Design Actaédtand Tasks Accomplished

0! OUAGadi A SYRADFGS (K2adS 6KSNB AyLlzi FNRBY |yl

Challenges in the Use of LCA

Although LCA is doubtless the best tool for analyzing the
environmental impact of product guroject, the methalology and
underlying data are still being developed. LCA is a complex met
heavily relying on the availability and completeness of data (LCI
methodologies for tabulating material use within the LCA tools.
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Data
Collection

Data Quality

Impact
Assessment
Methods

Weighting

* Limited availability of good life cycle inventory data
* Increases difficulty for an architect or LCA practitioner
* Needs to collected, tabulated, & indexed for ease of use

* Tools such as BEES and Eco-Calculator reduce the need for
extensive manual collection

* Data collected from single manufacturers can be unreliable
* Required third-party validation

*LCIA is an evolving science
* Methods used to translate inventories into impacts vary by impact
category

* Impact assessment results in scores for different categories
* Weighting decision making often left up to the user

* Reducing results to a single score requires assumptions and
generalizations

» Often weighting is not done; impacts reported in each category

Another issue that needs resolving fc

whole-building LCA is the

development of benchmarks.

Benchmarks are needed for
comparisons among projects
performance. Benchmarking can be

Benchmarking LCA

Past Industry

performed by prajct comparisons in: Perfolance Average Bestin Class

—Past Performance comparing

current versus historical data
—Industry Averagecomparing to

an established
metric

performance

—Best in Classmarking against
the best in the industry and no

the averane

State of LCA Tools

Four primary areas present
challenges to architects and
LCA practitioners in the
performance of whole

building LCAs.
1. Data Collection
2. Data Qudity
3. Impact Assessment
Methods
4. Weighting of Impact

Best
Practices

Scores

Four LCAools are commonly used in the®and are linked to

domestic data sources.

ATHENA® Impact Estimator
ATHENA® EcoCalculator
BEES®

EICLCA

> wnE
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10.

11.

/ Important Questions to \

Consider When Choosing a Toa

1.What is the configuration of

the tool? Does it embed a
LCI database and impact
assessment method within
or are these two regired
separately?

2.What type of tool is it?

Material/Assembly/Whole
Building LCA tool.

3.What life-cycle stages are

accounted for in the tool?

4.What is the level of

expertise required for using
the tool?

5.What inputs are required?

What is the method of
input?

6.What are the outputs

obtained from the tool?
What are the options to
view the outcome/results?

7.How capable is the tool in

terms of interoperability?
Will it accept databases fromr
other sources? Are the
outcomes of the tool
compatible with other
analysis andlocumentation
tools?

8.What kind and number of

building assemblies and
materials that can be
evaluated by the tool?

9.What impact categories can

be evaluated if the tool has
an impact assessment mode
embedded within?

Does the tool provide
normalized results?

What is the latest version of
the tool?

Q. How much does the tooI/

Twelve additional tools are available in other countries.

EQUER

[ /! ARMX
EceQuantum
LISA
Envest
LCAIt
PEMS

¢C9! an

© ©® N o g &~ w NP

Umberto
. SIB LCA

. Boustead

A =
N P O

. SimaPro
13. GaBi

Configuration of an LCA Tool

An LCA tool is environmental modeling software that develops a
presents life cycle inventory (LCI) and perhaps life cycle impact

assessment (LCIA) results through a rigorous analytioakss that

adheres closely to relevant ISO standards and other accepted L
guidelines.

The most basic LCA tool takes inputs in the form of materiattdis
(in area or volume) and converts it into mass. Then it attaches tt
mass value to the LCath available from an LCI database and otf
sources. This step results in quantities of inputs and outputs of ¢
product system. The inputs and outputs may include the use of
resources and releases to air, watand land associated with the
system.
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6mmonly Used US LCA Q

1.ATHENA® Impact Estimator

— Allows user to evaluate
whole buildings and
assemblies

— Assemblies include
foundations, walls, floors
and roofs, columns, anc
beams

— Provides full inventory of
natural resources, energy
water usage, and emission
to air, water, and land

— Indicates implications of
different material mixes and
design options

— Considers tradeffs
among the various
environmental effects

— http://www.athenasmi.org/
tools/ecoCalculator/index.ht
ml

2.BEES® (Building fc
Environmentabnd Economic
Sustainability)

— Provides producto-
product comparisons on
basis of environmental anc
economic performance

— Allows users to apply
weighting factorsselectively
to environmental and
economic impact and then
weigh various environmental
factors

—  http://www.bfrl.nist.gov/o
ae/software/BEES/bees.him

3.EIOLCA (Economic Input
Output LCA)

— Economic inpubutput
LCAbased tool (the other
tools are procesdased LCA

tools)

— Provides guidance on the
relative impacts of
different types of
products, materials,

services, or industries with
respect to resource use
and emissions throughoul

\ the supply chain

Input (bill of Output (emissions to air, Acidification
quantities) Potential etc.)

User Interface

v 1

LCI Database «] LCA Model |¢--

(US LCI, Ecolnvent)

Whole Building LCA Tool

Weighting

A

v

(Boustead, SimaPro)

<1 Normalization

; 7
\ 4 :

LCIA Method

(Ecaoindicator 99, TRACI)

Basic configuration of a typical whelteiilding LCA tool: takes inputs in th
form of material takeoffs (in area or volume) and converts it into mass.
Then it attaches this mass value to the LCI data available from an LCI
database and other sources. This step results in quantities of inputs an
outputs of a product system. The inputs and outputs may include the u
resources and releases to air, water, and land associated with the syst

Classification of Tools

LCA toolsan be classified based on their ability to analyze buildi
systems (for buildingpecific tools) and the required user skill to t
the tools.

Based on different levels of LCA application

For tools that focus on the building industry, there are threemma
types of LCA tools, although some tools may have characteristic
more than one class:

1. Building product tools
2. Building assembly tools
3. Wholebuilding LCA tools.

26


http://www.athenasmi.org/tools/ecoCalculator/index.html
http://www.athenasmi.org/tools/ecoCalculator/index.html
http://www.athenasmi.org/tools/ecoCalculator/index.html
http://www.bfrl.nist.gov/oae/software/BEES/bees.html
http://www.bfrl.nist.gov/oae/software/BEES/bees.html

A Guide to L& Cycle Assessment of Buildings

LCA Tools based on application

Building Product Tools

* Evaluate & compare competing building products
= Based on underlying material data
» BEES®isan example

Building Assembly

® Evaluate complete assemblies for their environmental footprint by

considering the combined effects of all materials/products
* ATHENA® EcoCalculator is an example

Whole-Building LCA Tools

= Assess the environmental impact of the combined systems and assemblies
nerally capable of comparing several design options — helpful during
initial design
* ATHENA® Impact Estimator is a whole-building LCA tool is an example

LCA Tools based oser

Tools for Practitioners

sHelp in structuring analysis, link user-defined or pre-defined unit
processes, account for standard transport, energy production, and
othercommon datasets, and provide the necessary analyticaland
computationalframeworks

sDatabases can be adjusted orreplaced by user

sMay facilitate LCA of individual products and complex components,
i.e.window assemblies

sToolsare usedto build product & assembly LCAs that can be
embedded in building-specifictools, i.e. BEES® and ATHENA® Eco-
Calculator

Tools for General Users (i.e. Architects)

sAll basic LCA work done in background

»0nly useable for building products, materials, and activity
stagesforwhich the tool has data

sDatabases are locked and cannot be modified

»Have userfriendlyinterfaces

sBreaks down the selected assemblies intotheir respective
products, convertsinto a bill of quantities, and applies LCI
databases to obtain an inventory of consumed resources and
emissions

sitis essentialto understandthe basic working of the tool to
understand the precision of the results

State of Practice

Literature Case Study Reviews

In this study, we reviewight wholebuilding case studies. &oof
the case studies are realorld projects and fourre research papel
studies. Eeh of the case studies preserits ownscenario of use ol

whole-building LCA and revealed practical issues associated wit
conduwcting an LCA.
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/Questions Addressed in Cg

Study Reviews

1.Why a particular study was
conducted? The motive
behind the study.

2.What specific aspect of the
building project was
evaluated? Goal Definition.

3.During which project stage
was LCA introduced in the
project? (only in case of real
projects)

4.How was the study scoped?

5.Which stages of buildg life
cycle are included in the
study?

6.How werethe data
collected?

7.What were the assumptions
made for data not available?

8.What LCA tools, LCI
database and LCIA method
wereused in a specific case’

9.Which team members were
involved in the LCA process'

\_ J

The case studes were:
Real Projects

Case Study 1: New Jersey Meadowlands Commission (NJM
Center for Environmental and Scientific Edtion Building, New
Jersey, U.S.

Case Study 2: Stadium Austraiew South WalesAustralia
Case Stugl3: Emeryville Resourceful Buildialifornig USA
Case Study 4: Alicia Moreau De Justo School, Mendoza,
Argentina

Research Paper Studies
Case study 5: Three Variants of a House, Switzerland
Case Study 6: Commercial Office, Thailand
Case Study 7: Twaariants of a duse, USA
Case Study 8: Offickuilding,USA

These case studies are thoroughly reviewed in the main body of
full paper.

, #! EOT T AT ' OAEEOAAOGO 0AOOt
¢2 dzy RSNRGFYR [/ ! FNRY hitegfs fronNJ
seven achitecturefirms agreed tointerviews, rangingrom small to
large firms. Some of these firms focused on sustainable practice
only.

The interview results are thoroughly outlined in the main body ol
full paper.

It was generally observed that largenfis were more inclined to
sustainable practices as compared to small firms. Integration of
in the design process also showed a similar trend. This was prin
due to the fact that LCA is a time and money intensive exercise.
firms were able to #Hord it while smak were not. Moreover, most ¢
these firms that used LCA in their projects had hired an LCA exf
carry out the LCA study. This could be because of one of two re
(1) architects are not completely aware of simplified whblelding
LCA tools or (2) architects do not have faith in these simplified
whole-building LCA tools. One of the major obstacles that prevel
the use of LCA in practice is the overwhelming information that
architects obtain from the LCA experts. Since an L&Arasult in
environmental impact scores spread over different categories, it
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becomes difficult for the architects to rate which category is mor
important than the other. Another obstacle is the lack of incentiv:
at present for the use of LCA. When askbdut the kind of
incentives that would instigate the use of LCA in practice, a ranc
responses was received. Some believed that monetary incentive
terms of tax benefits and subsidies on the purchase of green
products would help whereas others bmled that if a range of
projects using LCA were showcased and case studies compiled
would be a great incentive for other firms to adopt the LCA
methodology. In terms of benefits of LCA, one interesting respor
suggested that since LCA is not a comrmattice at present, it
could give an architecture firm an edge over the others and incre
the market value of the firm. Responses regarding possible
applications of LCA ranged from selecting a building product to
selecting consultants and product vendoA firm employing LCA it
project would prefer consultants and vendors who have an
understanding of the LCA methodology.

Thus, we concluded that althoudCA at present is not an essenti
component of most of the architecture practices, a general
understanding of the methodology is critical for architects to
understand the process and results of LCA.

The target audiences in the building industry for LCA are mostly
architects, product manufacturers, and sustainability consultants
general contractor aaalso take the responsibility of conducting a
LCA study for the project in some situations. Other stakeholders
such as owners, building occupant, and other consultants, are
indirectly affected by the use of LCA in practice.

CONDUCTING AN LCAEXAMPLE

An LCA was conducted on a small institutional design project (B
Nerd Range BNR) using the ATHENA® Impact Estimator tool. T
study demonstrates how an LCA can be performed in the early
design phase by architects using simplified LCA tools.

The ATHENA®pact Estimator is a tool for general users that ca
used for wholebuilding LCA analysis. It is appropriate to be
employed during the schematic design stage when basic buildin
plans and sections are available and preliminary material assign
is acomplished. Thus, it has been used in this study to get a
snapshot of the environmental footprint of the Training Center
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(Building A) for BNR. The LCA study is thoroughly discussed in
main body of the full paper.

The facility used to conduct the exle LCA is a proposed trainin
facility that is being designed for software professionals and loce
in the metro Atlantaarea. The project is in the construction
documents stage at present. The facility will quise three building
blocks (a trainingenter and two residential blocks for trainees)
spread over a contoured site measuring 6.7 acres. For the purpc
this study, an LCA was conducted only for the training center als
referred to as Building A.

The training center (Building A) is an 8,23Wftilding comprising
two floors. The grounddor consists of a dining area, kitchen,
gymnasium, and restrooms. The firkidr consists of a classroom,
recreation space, office, and store. The structure is primarily wo
frame construction. The floor pfes of the building can be found in
Appendix A of the main document. Building assemblies used in-
training center are described in the sidebar.

Description of Building Assemblies for Building A

Assem Description

bly Type

Foun Castin-place conoete retaining walls
dation

Floors |[ AAKG FNIXYS 622R (i NYz
finish. Carpet, rubber, cork til@nd ceramic
tiles have been used for the floor finishes
Exterior |[Hé¢ E cé ¢22R &addzR 41
Walls plywood sheathing +-R9 batt ird dzf | G A 2
gypsum board + latex based paint

Interior |Hé E cé ¢22R &aldzR g1
Walls + latex based paint

Roof Standing seam metal roof with prefabricated
wood scissorruss + plywood roof decking + R
30 batt insulation

Doors Hollow core metal doors, solid core wood
doors and French doors

Windows | Aluminumclad wood window frame with
double lowe glazing
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Required Inputs

Basic information regarding
the training center area,
location, and expected life
were entered in the
ATHENA® tool to setp the
project. The user is only
required to specify the
building assembly
configuration and area to
calculate the inentory
analysis results. The
inventory analysis process is
pre-designed within the
ATHENA® model with
standard assumptions.

The following building
assembly types can be
configured within the
ATHENA® tool.

— Foundations
-  Walls

— Floors

— Roof

A table of assembly
dimensions was prepared for
each assembly type for easy
datainput. These dimensions
were obtained from the
architectural drawings.

Although the operational
energy input is optional in
ATHENA, it was considered
essential to include it in this
study. Inclwsion of
operational energy facilitates
comparison of embodied and
operational energy during a
odzA f RAy3Qa f A
energy calculation was done
using eQUEST hourly energy
simulation software.

Goal and Scope Definition

Goal The goal of the study is to evaluate the overall emwinental
impact of Building Ao help in identifying the lifecycle stages and
assemblies causing maximum impact. The study is focused on
determining the inventory analysis results in terms of energy use
resource use and emissions, and impact assessment results avi
in terms of im@ct categories.

Scope The scope of the LCA is limited to assessing global warm
potential, acidification potentialand ozone depletion potential.
These categories have been chosen as being common to the ot
case studies reviewed in this guide. H@vcommon categories
should facilitate easy comparison and benchmarking of the LCA
results of this study.

Functional Unit Provision of the training center for 60 years. For
comparison purposes, the results leaalso been normalized on a
per-squarefoot-per-year basis.

Building Lifepan: A 60year building life has been estimated by th
structural engineer based on type of structure, assemblies, and
climatic conditions.

System BoundaryThe user is not required to define the system
boundary for the LCAasthis information is embedded inside the
ATHENA tool.

Tools used ATHENA® Impact Estimator for LCA analysis, eQUE
energy calculatiorand MSExcel for tabulating the quantities.
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Output

Both inventory analysis as well
as impact assessment results
can be obtaine from the
Impact Estimator Since the goal
of the study is to identify life
cycle stages and assemblies
causing maximum impacthe
following reports were
generated in ATHENA® Impact
Estimator.

— Graphs for Absolute
Valuesc by LifeCycle
Stages

— Tables for Absolute
Valuesg by Assembly
Group

— Table for Summary
Measuresg by LifeCycle
Stages

— Graphs for Summary
Measuresg by Assembly
Types

— Comparison Graphg
BNR and R2000 House
Design

LC Results

Annual Energy ConsumptioThe annual engy consunption for
Building Awas estimated to be 132.74 x 3lkWh. Its energy
intensity, thus, equals 17.68 kWhifmaking Building &7 percent
more energyefficient than a standard educational faci[ity due to
the use of higkperformance building systems.

Energy Consumption by LH€ycle Stage<Coal (2.62 x kg) and
natural gas (3.34 x @n® are the most used resources duringth
0NF Ay Ay 3 -cpb téefiguir belod) ATReSoperations stag
primarily responsible for this use. Other significant useesburces
are water (4.33 x 11L), coarse aggregate (1.16 X k@), fine
aggregate (9.64 x £®g), and clay and shal@.64 x 16kg), owning
to their use in the manufacturing stage.

Energy consumption is also dominated by the operations stage
coal, nuclearand natural gas as the major contributors. Maximur
emissions to air, water, and land are during the operadistage.
Carbon dioxide, sulfur dioxide, metharand particulate matter
contribute significantlyto air emissions whereas emissions to wat
are primarily dissolved solids (4.94 Xg), chloride (4.06 x 1b
mg), and sodium ion (1.13 x 1tmg). Landemissions are mainly
composed of other solid waste (6.12 X’ %@) and concrete solid
waste (2.20 x 11kg).
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Resource Use Absolute Value Chart By Life Cycle
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Output

The results for inventory
analysis are consistent. By life
cycle stages, operation stage
emerges to be the most
dominant, and, by assenbly
group, wall assemblies have
been found to cause the
maximum emissions and

Energy Consumption by Assembly Group$ewing inventory
analysis results according to assembly groups helps in identifyin
assemblies consuimg maximum energy and causing greatest
emissions. The BNR LCA analysis showed that the walls accou
more than 5Qpercentof the total energy use. Roofs are the secor
largest consumer of energy in terms of their manufacturing,
construction, maintenace, and enebf-life activities. Hawg
identified these hot spotsalternative assemblies can be tested fo
their walls and roof to choose the option with the lowest energy
consumption. In terms of resource use, foundations consume 7

resource use in case of BNR. Thepercentof the total coarse aggregatevhereasthe walls and roof

next step should be to identify
alternatives that would
potentially reduce the
environmental burden caused
during the operations stage and
from wall assemblies. Another
LCA run should be carried out
using these alternatives to
make a more informed decision.

together consume 6percentof the total water used in the lifeycle
of the training center (excluding water consumed during operatic
Wall assemblies are responsible for most of theéssions to air,
water, and land: enissions of carbon dioxide, sulfur dioxide,
methane and particulate mattersdr air; concrete and other solid
wagde in the case of emissions to larehd chloride, sodiumand
dissolved salts ithe case of emissions to water.
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Impact Assessment

ATHENA® Impact Estimator presents impasessment results in
i S NIy umandry measurésformat. Three summary measures,
global warming potential (GWP), acidificatiootgntial (AP) and
ozone depletion ptential (ODP) have been evaluatedfiis study.

The impact assessment result by {dfgcle stages shows thtte
operations stage dominates GWP and AP whereas ODP is mos
significant in the manufacturing stage.

® Global Warming
Potential

m Acidification
Potential

Ozone Depletion

Material

Manufacturing

Construction  Maintenance  End-of-Life Operations

LifeCycle Stage Impact Assessment for BNR. -8kis yepresents the totally impact for a given impact category.

The wall assemblies have the highest impact on all the -
evaluated impact categories.

Interpretation

The results from inventory analysis and impact assessment eitht
compared one lg-cycle stage with the other or one assembly to
another. This helped in identifying the Rkspots within the training
O Sy i SBé& TofuAd&r§and the overall performance of the
training center, it is essential to compare it with a benchmark. Si
standard benchmarks have not been published by any reliable
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a2dzNOSasx LI ad OF &S aratalti pedfdrmand
of BNR. Theoflowing case studies were used for comparison.

— R2000 House DesigiToronto (Sample Projects from
ATHENA® ImpaEstimator Tool)

— NJMC Center for Environmental and Scientific Educatior
(Chapter X Case Study 1 of this guide)

— Wood Frame House Tucson (Chapter 8 Case Study 6 of
this guide)

Comparison of Impact Assessment Ressaf BNR Training Center withh@r Case Studies

GWP AP ODP

(kg CQequiv.per sf per  (Moles of H+ eqiv. per (g CFAL1 per sfpe

year) sf per year) year)
BNR Training Center 11.85 4.27 4.76 x
R2000 House Design 3.08 1.31 3.20 x
NJMC Building 3.12 - 444.21 x
Wood FrameHouse- 7.33 - 529.90 x

Tucson

Table presents impact assessment results normalized on per square foot per year basis.

GWP: The GWP value for BNR Training Center is the highest
compared to other casstudies. Since GWP can be considerec
function of energy use, this high GWP value could be dwe to
difference in energy use dugrbuilding lifecycle and aariation
in fuel mix used to produce energy in these four cases.

Acidification Potential:When ompared to R2000 House, the A
value for BNR is higher.

tructon [l Maintensnce End-OfLfe |

Acidification by Lii€ycle Stages (Per  ,one Depletion Potential (ODPThe values for ODP vary by ¢
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Any buildingrelated LCA

analysis is defined by four

variables:

1. Life-cycle stages to be
included in the analysis

2. Building systems to be
studied

3. Type of expected resulty
from either Life @cle
Inventory (LCI) Analysis
or Life Cycle Impact
Assessment (LCIA)

4. Project phase at which
the LCA analysis is
conducted

The opportunities for use of
LCA are numerous.

Scenaridl: LCIA Results of
Whole-Building for All LifeCycle
Stages to Optimize a Building
Design during Preliminary
Design Stage

large margin across different case studies. It can be observec
the values for BNR and R2000 house fall under a close range
ODP wlue for BNR is reasonably more than R2000 houtieein
manufacturing stage. Thuthe difference in the overall value fo
ODP can primarily be attributed to the manufacturing stage.

GUIDELINES TO INTEGRATE LCA IN BUILDING
DESIGN

Exploring the Scenar ios of Use of LCA
Any buildingrelated LCA is defined by four variables

— Life-cycle stages to be included in analysis

— Building systems to be studied

— Type of expected results from either the Life Cycle Inventory
(LCI) Analysis or the Life Cycle Impact Assasis(LCIA)

— Project phase at which the LCA analysis is conducted.

Each variable can have several possible values, and various
combinations of these variables can lead to diffeérecenarios of us
for LCA. Contributors to this guidalculated 84 differet possible
scenarios as a result of the combination of these variables.

Guidelines to Choose an LCA tool
The choice of an LCA tool depends on the scenario of use of LC

Seven commonly encountered scenarieach with a rationaléor
tool selection are thoroughly discussed in the guide.

A common step in every building design process is evaluation of
several alternative with the goal of selecting the most
environmentally friendly option. The LCA analysis to achieve thi
goal is defined by the four variables: 1) All Life Cycle Stages, 2)
Building Systems, 3) All Categories of LCIA Results, and 4) LCA
performed inpreliminary design phase. Since the LCA is being
conducted in the Preliminary Stage, the project and assembly
information will be minimal; therefore, the tool must allow for the
input of approximate information. Also it must be able to analyz:
the whole huilding; therefore, the tool must have the LCIA metho
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Scenarid?: LCIA Results of
Whole-Building for All LifeCycle
Stages to Evaluate a Building
Design during Detailed Design
Stage

embedded. Since the study goal is the assessment of all buildir
cycle stages, the tool must consider all-ifgcle stges. Based on
these criteria Envest is an appropriate tool.

At the detail design stage, a design team may want to know how
precisely their proposed design is performing better than the
baseline cases.The LCA analysis to achieve this goal is defined
the four variables: 1) All Life Cycle Stages, 2) Whole Building Sy
3) All Categories of LCIA Results, and 4) LCA perforniteal in
detailed design phase. Since this LCA is to be performed in the
second stage, the quality of information is more precise; therefor
more precise guantification can be made. The suitable tool will |
capable of assessing details for assemblies and systems, such
ATHENA® Impact Estimator.
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Scenarid3: Evaluding a

. dzA

RAy3IQa

Footprint after Construction to

Establish Baselines for Future

Studies

Life Cycle Stages

Operation and
Maintenance
Demolition and Disposal

Building Systems
Whole-Building

It Systems/Assem
Bullding Product

Life Cycle Inventory
Results

Energy Use

Material Use

Emissions

Life Cycle Impact
Assessment Results

AP
EP
POCP
etc

Phase during
which LCA
conducted
Preliminary Design
Design Development

-

Combinations of each of the variables
result in 84 possible scenarios for LCA
use.

Scenario 1Use LCA for evaluating the

material manufacturing stage of a whole
building in terms of all impact categories
after the building is constructed.

Scenario 2 Use LCA to evaluate the

impact of energy use on a building
assembly for all stages of building life
cycle during the detailed design stage.

Since the goal of the LCA in this case is to establish baselines ft

9 Y @A future studies, the LCA is conducted afthe construction phase.

This eliminatesssumptions about material manufacturing and th
construction stagethus achieving more accurate results. The L(
analysis to achieve this goal is defined by the four variables: 1) /
Life Cycle Stages, 2) Whole Building Systems, 3) All Categoi@#
Results, and 4) LCA performed during post construction phase.
case specific data about energy and material use during the

transportation and construction phases are availabled a high

level of accuracy is required, the use of an LCA pracBtNdD & i
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Scenarigd: Evaluating the
Impact of One Assembly over
the LifeCycle of Building to Help
in Selection of Assembly

Scenaridh: Evduating a Specific
Impact for the Whole Building

Scenarids: Evduating the
Impact Usinga Product during
the Maintenance Stage of a
Building LifeCycle

warranted, such as SimaPro.

During the designe@velopment stage, choice amorgmpeting
assemblies are made. This goal camret by defining LCA study k
the four variablesl) All Life Cycle Stages, 2) One Building Asser
3) All Categories of LCIA Results, and 4) LCA performed during
development phase. This scenario focuses on only one assemb
its impact duringhe building lifecycle, thus amssembly LCA can |
used that accounts for all lifeycle states and shows results for
different impact categories. ATHENA® EcoCalculator could be
but it does not account for the building operation phase; therefor
the impact due to the operation phase will have to be added
externally. ATHENA® Impact Estimator will fulfill all needs for t
scenario.

The goal of the LCA may be only to quantify aritigate a specific
impact like global warmingagtential (GWP) for the whole building.
This goal can be met by defining LCA study by the four varidble:
All Life Cycle Stages, 2) Whole Building Systems, 3) Global Wai
Potential LCIA Results, and ©A performed during
preliminary/design development phase. Since the evaluation imy
category is specified, a tool that presents results in that category
required. The expected accuracy of the results needs to be clee
defined prior to tool selectiat either a simplified LCA tool or a
detailed LCA tool. EcoCalculator is an appropriate simplified toc
Operational energy needs to be externally calculated with this to
EQUER is an appropriate detailed tool.

The LCA study may be conducted to help design a facility
housekeeping program. Since this is a recurring activity, the
LINE RdzOla aStSOGA2y O2dzZ R-cy@ld 3y
impact. This goal can be met by definihg LCA study by the four
variables:1) Operations and Maintenance Life Cycle Stage, 2)
Product Building Systems, 3) All LCIA Results, and 4) LCA perfc
during post construction phase. Since the goal is onktudy the
impact of a building product on the maintenance stage, a produc
LCA tool should be used thdt@wvs impact distribution among
different ranges of life. BEES® may be an appropriate tool if the
specific product is available in the BEES® prodiictlfinot, a
detailed LCA tool will be required.
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Scenarior: Calculating the
Environmental Payback of a
Green Technology

Green buildings use high performance systems and assemblies
increased energy efficiency during the operations phase. The st
goal is to weigh the environmental impacts of a green technolog
during different phases of design. Additionalipw are the materia
impacts in lifecyclephases mitigated by the energgaved or
produced during the operations phase. This goal can &igm
defining LCA study by the four variablgsAll Life Cycle Stages, 2)
Green Technology (AssemblBuilding Systems), 3) All LCIA Rest
and 4) LCA performed during design development/detail phase.
a green technology is being evaluated, thel options are very
limited, sincethe inventory data for innovative technologies have
been incorporated into the LCI databases. A detailed LCA tool i
required to model the life of the green technology. Negative val
of impacts due to energy sa#t or produced from use of the
technology should be plotted against added impacts during the
production and maintenance stage. The result is the environme
payback of the technology. Tools such as GaBi, Boustead, and
SimaPro may basedto model thistype of study.

Other Criteria to Consider WherWhen selecting a topkthe features must be matched to the specif

Selecting Tools

—  Design/project stage

—  Availability of

information about building
materials and assemblies

—  Availabiity of building
energy analysis results

— Time constraints
— User &ills

—  Accuracy of required
output

requirements and project goals. The table below compares the
features in the two popular wholbuilding LCA toolATHENA®
LYLJ} OG 9adAYFG2NI 6L90 FyR [ /!
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Features ATHENAGE [/ !'ARn
1 LCA Tool Type Whole Building LCA Tool Whole Building LCA Tool
2 Acceptable Building Industrial, Institutional, Commercial All Types

Features comparison of two popular
whole-building LCA tools. Feaas lisB

presents the recommended list of tool
features for the performance of whefe

building LCA.

Type

Residential

Acceptable Building
Phase

New Construction and Major
Renovation

New Construction and Exi
Buildings

Target Users

Architects, engineers, designers,

environmental consultants

Architects, enginess, stude
LCA practitioners and eva

5 Required User Skills  None None
6 LCI Data ATHENA@atabase based on DPWS database based s}
Canadian and North American Australia. Can import date
Region other databases like Bous
(UK), 8naPro(NL)
7 Available Building 1200 Assemblies 400+ Building Materials

Material/Assembly
Combinations

8 Units Sl and Imperial -
9 Life Cycle Stages 1. Material Extraction and 1. Material Extraction an
Manufacturing Manufacturing
2. Related Transport 2. Related Transport
3. Onsite Construction 3. Onsite Construction
4. Operation (energy only) and 4. Operation (energy anc
Maintenance and Maintenance
5. Demolition and Disposal 5. Demolition and Dispo:
10 Impact Categories 1. Embodied primary energy use 1. Life Cycle embodied €
2. Acidification Potentia 2. Acidification Potential
3. Global Warming Potential 3. Life Cycle Green Hou:
4. Human Health Respiratory Emissions
Effects Potential 4. Cacinogenesis
5. Ozone Depletion Potential 5. Ozone depletion
6. Smog Potential 6.  Summer/Winter smog
7. Aquatic Eutrophication 7. Nutriphication
Potential 8. Heavy metals
8. Weighted Resource Use 9. Solid Wastes
10. Water consumption
11. Primary fuels
11 Input Method Manual Entry Material Quantities can be

imported from 3D Models:
CAD(.dwf)ECOTEQTeco/..
All other, manuaéntry

Guidelines to Conduct an LCA Process

Once the study goal is fixed and the appropriate tool selected, k
issues during each step of the LCA process need to be indentifie
particularly when a detailedQA tool is used. When a simplified L
tool is used, the user still has to be aware of the way that the toc
deals with the key issues.
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* Definingthe project’s sustainability targets

>

* Deciding whether to conduct an LCA or not - based on project scope, time )
and resource limitations. If itis decided to conduct an LCA, go to step 3 else

follow alternate methods to check if the project targets are met. )

~

* Defining the goals and scope of LCA study

-

~
* Choosingan LCA tool appropriate to the goals. Also find alternate methods

to evaluate processes notincluded in the tool
7

~\

e Life Cycle Inventory (LCI) analysis

e Life Cycle Impact Assessment (LCIA)

* Results and Interpretations (and implement design improvements if
conducted during design stage)

€€E€ECEECKC

Key issues to be addressed during each step of an LCA process. Awareness
issues is criticalhencondcting a detailed LCA. When a simplified tool is used,
essential tdbe aware of the way that the LCA tool deals with these key issues.
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1 LIFE CYCLE ASSESSMENT: INTRODUCTION AND TERMINOLOGY

Background

This document describes the process of ¢tfele assessment, or LCA, as it is applied to building
design and construction. Tools like energy modeling assist in predicting and, through good
design, reducing the operational energy in buildings. Life Cycle Assessment (LCA) is a tool that
allows archiects and other building professionals to understand the energy use and other
environmental impacts associated with all life cycle phases of the building: procurement,
construction, operation, and decommissioning.

Architects have embraced the premise thiisitheir professional obligation to lead the

greening of the building industry. Many architects have expanded their practices to include
studios that only work on green buildings or that complete green energy audits for their clients.
Sustainable desigin the practice of architecture has gone through many phases. Through
history, vernacular building forms world over were constructed of local materials, tailored to
respond to prevailing climatic conditions, and configured to take advantage of natural
ventilation. In the United States, climate¢g N RSaA3dya tA1S GKS aGR23G1
sustainable solutions for their specific regional climates. Early architectural and technological
solutions to building sustainability were demonstrated in WrightaBHemicycle house and in

the MIT Solar Houses. Significant fundamental research in the US Department of Energy
laboratories, which led to widespread use of building energy modeling, and applied research by
the US Green Building Council, which has letthéodevelopment of LEED, one of the major

green building guidelines, are indications of progress in the green building moveRegtonal
efforts promoted by organizations such as the New Buildings Institute and Southface
demonstrate the widespread impaof sustainability research and implementation.

This leads us to a current snapshot of green building design. Today, state building codes and the model
codes on which they are based have adopted modest improvements in energy efficiency. Legislation on
the energy efficiency of buildings has been proposed and debated in both the US Senate and House of
Representatives at the time of this report that will require more aggressive energy efficiency
improvements, a promise around which the next generation of nh@dees is being developed,

including the International Green Construction Code (IgCC).

Il AAAYAFAOIYG ydzYoSNI 2F ySg odzAif RAYAIGE 26y SNE
scorecard and branding schemes such as Erstay LEED, and Green Glslamd highly
progressive systems such as the Living Building Challenge. Combined with new codes aimed at

43



A Guide to L& Cycle Assessment of Buildings

energy efficiency, the industry has passed the tipping point for the promotion of green
buildings, from special case and best practice to an initipt@gch for the industry for
mainstreaming green construction practices in the building industry. The AIA, many other
building industry associations, and major US cities have embraced auspicious targets for
reducing the environmental impact and climatecBEb8 L2 6 Sy G Al € 2F GKS
stockr as embodied by programs such as Architecture 2030 Challenge, the AIA 2030
Commitment Program, and the US Conference of Mayors Pledge.

As part of their comprehensive national Energy Conservation and ImprovedyHgiiciency policy, the
National Association of Governors (NGA) has adopted the promotion of carbon neutral new and
renovated buildings by 2030 as outlined by the AlA. Governor Chris Gregoire (D) from Washington
proposed the NGA policy change in July2@n May 8, 2009, she had signed carbon neutral legislation
in Washington State that was proposed by AIA Washington (based on AlA national model legislation),
then took that concept and convinced her colleagues in all 50 states to encourage each atbeh&o

Al YS® ¢KA&A |R2LIGAZ2Y o0& (KS ylFIidA2yQa 3I2B3SNY2NE
FR2LIGAZ2Y 2F GKS 'L Qa OFNb2y ySdziN}f odzAf RAY3
announcing their support for the policy in 20Qfam AlA news release:
http://info.aia.org/aiarchitect/thisweek09/0724/0724n_nga.chm
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The environmental impact of human actions is quite evidentinti@ ¢’ &G RI & 62NI R® 9t ! Q&

statistical summary published in 20[Y4 suggests that the building industry is a major contributor
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consumption ad environmental impact categoriesd their distribution amongst commercial and

residential building sectors.

Though the role of rating systems in the marketplace and the progress that they have made to
mainstream the understanding of green architecture taudable, rating systems are an
incomplete approach to achieving truly high performance buildings. Scorecard approaches do
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not fit well and automatically within design practice. Credits and points do not provide design
guidance and do not provide feedtlaon how well a given design decision is actually wortking

N} § KSNE (KS& LINPGARS | &4LISOAFAO fAad 2F 2LIA2
process. Inherent to the design process is comparative analysis among design options.
Architectsseek both 1) methods to answer specific design questions and make those

comparative decisions on behalf of their clients and 2) aid to their understanding of the
environmental impact of both the overall building and of particular design decisions.

Life Cyle Assessment is an emerging tool that promises to aid in architectural decision making.
LCA was developed by industrial ecologists, chemists, and chemical engineers seeking to
understand and reduce the impact of manufacturing and process chemistry. TigdAyis being
promoted as a tool for analyzing the environmental impact of buildings and making decisions to
reduce these impacts.

The output of an LCA can be thought of as a waleging environmental footprint of a

buildingr including aspects such as eggruse, global warming potential, habitat destruction,
resource depletion, and toxic emissions. In the future, LCA will highlight those building
components that cause the highest environmental impact, and whether the impact of a project
is coming primarilyrom site selection or the ongoing operation of the building. The method
allows the designer to assess tradeoffs in building design, such as those in selecting a steel or
concrete frame or a clay masonry or stone veneer. These are the promises of LCA.

Thee exists, however, significant confusion about LCA and how it can be used in its current state.

Though one can complete an LCA on a building, there are few baseline metrics to allow for comparison

with other buildings. Rating systems and standards cutyamder developmertt such as LEED, Green

Globes, and ASHRAE/USGBC/IESDNA StandardrE88eginning to incorporate Life Cycle Assessment.

¢KS 1'L! KIFIa O2YYAaaAirzySR GKAa R20dzySyid G2 FAR LINI
methodology.

Organi zation of the Document

This document reviews the statd-the art of Life Cycle Assessment in the building industry. The
document also reviews the state of practice and research. Because few practitioners are likely to
attempt an LCA without the use of $efire tools, the document reviews the tools currently available

and identifies likely scenarios for their use in the building design process. To illustrate examples of LCA,
case studies of LCA use in commercial and residential buildings are presentsathfouilt projects and

in conceptual works. Finally, the document provides guidelines for use of LCA in building projects based
on the questions being asked of the LCA and the phase in the design process in which the LCA is being
implemented.

History of L CA

The LCA methodology dates back to 19&@®n concerns over the limited availability of raw materials
and energy resources led to new ways to account for energy use and the consequences of thggk uses
In the early 1990s, LCA was used for external purpaseh as marketinfg] Its application broadened
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in the present decade into building materials, construction, chemicals, automobiles, and electronics.
This was primarily because of the formalization of LCA standards in the ISOs&4i@80(1997 through
2002) and the launch of the Life Cycle Initiative, a combined effort by United Nations Environment
Programme (UNEP) and the Society of Environmental Toxicology and Chemistry (SETACR]in 2002

The principles provided b0 standards and SETAC are strictured for industrial processes.
However, when applied to buildinge following basic differences need to be considgdéd

e The useful life for a building is typically much longer than for industrial products

¢ The unique character of every building project differsnfrthe thousands of identical products
in industrial systems

e It is difficult to characterizahe functional unitor boundary of analysis for a building, as
compared as to an industrial product

These differences make it apparent that the guidelines usethtlustrial products cannot be borrowed
directly for use in buildings. Use of LCA for buildings requires a set of guiding prititiplekes into
consideration the unique character of every building design, complexity in defining systethselated
dedsions made by the owner and design team.

Another major problem with LCA is that it is relatively new to the building industry. As in any developing
field, there is a great deal of confusion about LCA, which can inadvertently lead to misuse of LCA tools,
techniquesand supporting dat45] Thus there is a need for a clear working definitadi. CA and

related terminologyto help build crediblity for the methodology andnake the building industry more
receptive to this new way of evaluating their work.

Definitions and Aspects of Life Cycle Assessment

The LCA process is governed under ISO 14000, the series of international standards addressing
environmental management. According to International Stands@ 1404061 / ! A& | & O2 YLIA T |
and evaluation of the inputs, outputs and the potentvironmental impacts of a productstgm
OKNRdzZaAK2dzi Ada ftAFS OeOf So¢

The Code of Practice by the Society of Environmental Toxicology and Chemistry (SETAC) describes LCA as
Gl LINRPOS&aa G2 S@Olrtdd G§S GKS Sy gAaNRY Y,9nadivitgbyo dzZNRSy a |
identifying and quantifying energy and materials used and wastes released to the environment; to

assess the impact of those energy and materials used and releases to the environment; and to identify

and evaluate opportunities to affect em@nmental improvementg [7] The Environmental Protection

I 3Sy0é 69t! 0 NBT-RNEve approgch for askbedsingihdus@dB3yRdmS that eveduat
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Variants of LCA

The scope of LCAcanextendtovadioud 0 F 3Sa FyR LINRPOSaasSa Ay | LINERdzC
purpose of conducting the LCA, one of two primary means for conducting the LCA can be considered
processbased LCA and economic inpuitput-based LCA. Within each variant, there exéstsimber of

options to be considered.
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Processbased LCA Method

In a procesdased LCA, one itemizes the inputs (materials and energy resources) and the outputs
(emissions and wastes to the environment) for each step required to produce a pri@luecA
methods implemented in the buildingostruction industryare based primarily on procesmsed LCA,
and thus this document focuses on this method.

Different types of procesbased LCA methods are:

Cradleto-Grave

Cradleto-grave is the full Life Cycle Assessment from manufa@ueradiet to use phase and disposal

phas& & IANIF FS ¢ 'y SELI Y Has8d LER tdafapturedtipait #f calzdoSe LINE OS & &
insulation

TreeMPaperhCellulosensulationmy / S Mmsulatidrdn the buildingih . dzZA € RAY IHh RSY 2t A G A 2
Insulationincinerated

Cradleto-Gate

Cradleto-gate is an assessment of a partial product life cycle from manufatturér O Nd-thHe fa&arys
gatei.e., beforeit is transported to the consumer. Craelie-gate assessmds are sometimes the basis

for Environmental Productézlarations (EPE). Used for buildings, this would only include the
manufacturing and, and perhaps, depending on how the LCA was carrigti@atnstruction stage.

For building LCA tools based on assemblies, the starting point for the assessment might be a collection
of cradleto-gate LCAs completed on major building systeimsexample, curtain wall, roof systems,

load bearing frames, etowhich are then assembled into a complete crattiegrave assessment of the
entire building.

Cradle-to-Cradle

Cradleto-cradle is a specific kind of cradie-grave asessmenivhere the endof-life disposal step for
the product is a recycling process. Frtma recycling process iginate new, identical productsr
different products. Due to the work of William McDonougB] the term cradleto-cradle often implies
that the product under analysis is substantially recycled, thus reducing the impact of usipgpttuct
in the first plae.

Gateto-Gate
Gateto-Gate is a partial LGAat examinenly one valueadded process in the entire production chain
for exampleby evaluating the environmental impact due to the construction stage of a building.

Economic Input-Output Based LCA Method

The Economic Inpt®utput Life Cycle Assessment (EICA) method estimates the materials and energy
resources required for, and the environmental emissions resulting from, activities in a given

economy[8] Unlike procesdased LCA methodwhich focus orexamining a single process in detail,
input-output-based LCA methods considerertire sector of the econontyall activities of all industry
sectors. Although such analysis gives a more holistic view of the impact of a process or product, it relies
on secbr-level averages that may or may not appropriately represent a subset of the sector relevant to
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a particular product. In terms of the building industry, the EICA method is not an appropriate tool

for use in determining whether specific actions are iemvmentally beneficial or harmful within a given
project. Rather, the EHDCA method is better suited to track the overall impact of one aspect, e.g., the
use of fly ash in concrete, in the entire construction industry as a whole.

Upstreamtechnical systems| Technical Downstream technical systems

performingcausal|| system performingcausalactivities
activities perfgrming

activities

Extraction
Process

Waste
Treatment
Process

Refinement
Process

e Transport
Extraction H
Process Transport

T ransport
Use

Manufacturing Process

Process

Causal Causal Direct waste Causal
ravé material waste generation generation and waste generation
extraction and erissions ermissions / and emissions
LI

Natural Environmental System

A graphical represeation of the LCA process after DANLES

Life Cycle Stages

Every poduct or process goes through various phases or stages in its life. Each stage is composed of a
number of activities. For industrial products, these stages can be broadly defined as material acquisition,
manufacturing, use and maintenan@nd endof-life. In case of buildings, these stages are more fully
delineated as: materials manufacturing, construction, use and maintenance, and end of life.

Material Manufacturing

This stage includes removal of raw material from the earth, transportation of these ialstév the
manufacturing location, manufacture of finished or intermediate materials, building product fabrication
andpackaging and distribution of building produ¢g
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Construction

This phase accounts for activities relating to actual construction of a building project. Typically, the
following activities are included in this stage: trangption of materials and products to the project
site, use of power tools and equipment during construetad the building, orsite fabrication, and
energy usd for site work. Permanent impacts to the building site also fall into this sthgeigh these
impacts are fullconsidered in current LCA methods.

Use and Maintenance

Thisstage refers to building operatiomhich includes energy consumption, water uaed

environmental waste generation. It also takes into account the repair and replacementidinlui

assemblies and systems. The transport and equipment use for repair and replacement is also considered
in this stage.

End of Life

This includes energy consumed and environmental waste produced due to building demolition and

disposal of materials t@ahdfills. The transport of waste building material is also included in this stage.

Recycling and reuse activities related to demolition waste can also be included in thisdejageding

on the availability of data(The eturn of significant higlvalue naterials to the inventory through

NEOeOf Aya Oy S@Sy 0SS Q@ZWAaARSNBR a | ayS3rdiragsS A

It should be noted here that the description of building-ifgcle stages presented above is based on
review of previous LCA studigf [11] [12] Each lifecycle stage may or may not include all the activities
described abovadepending on the scope of the project.

Embodied Energy, Operation al Energy and LCA

Energy modeling has been applied to buildings for more than 30 years, starting with the advent of
computer simulations such as DOE2 and BLAST in the early 1970s. The use of energy modeling is at the
heart of the LEED rating system andsash, is becoming more widely used as a building design tool.
Though architects do not generally craft their own energy models, most are familiar with the process.
Energy modeling is perhaps the most appropriate way to meet the energy code requirements fo
buildings, such as those embedded in ASHRAE 90.1 and 90.2, for commercial and residential buildings
respectively, as well as the higher performance levels expected by LEED. The output from an energy
model is the projected energy use within a buildingtazperates over a typical meteorological year.

¢tKAa SySNHe& OFly 6S O2yaARSNBR (KS a2LISNIGA2YylLE Sy
complete an LCA for a building.

The second major component of the energy consumed by the building is thedéetbenergy. This
embodied energy comes from the materials manufacturing and construction phases of the building
project. The need to understand embodied energy becomes more important as measures to reduce
operational energy are taken. For-salled netzero buildings, most of the impacts will be embodied, as
systems are designed to cover net operational needs witlsitmpower generation. An LCA that
includes the materials manufacturing and construction phase of the projects is the primary means of
compuing the embodied energy in a building.
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The embodied and operational energies of twolding projects The baseline buildin@n red)has the smallest embodiezhergybut uses more
energy over time. The green building alternative includes additional eietb@nergy from systems like higberformance insulation and glazing
and photovoltaics. Over timthe energy embodied inthe dde/ 6 dzA f R & & & (i & the avedall itnpakt af Bhe grderObuiliag,
embodied+operational, becomes less than thiathe baseline building. If energy sources for building construction and operation are known,
then energy use can be converted to carbon emissions, often deasggabal warming potential or GWP.

Steps ofthe LCA Process
According to 1ISO 14040, LCA dastssof four components or stepgl) Goal and Scope Definition, (2)
Inventory Analysis, (3) Impact Assessment, and (4) Interpretation.

Step 1: Goal and Scope Definition

In this phasethe product(s) or service(s) to be assessed are defmdégnctionalunit is chosepnand the
required level of detail idefined[13] The type of analysjsmpact categorieso be evaluatedandset of
data that needs to be collected aidentified. System boundary anfdinctional unit definition are
important elemens of this component (e defnitions of these terms, below.)

Functional Unit:The functional unit is a description of the product or system being assessed, defined with great specificity so that
the resulting LCA cdre compared to the LCA of a similar product or system on¢oeoee basis. For a floor cleaning product, the
functional unit might be 16 ounces of cleaner. It also might be the recommended amount of cleaner for 1,000 square feet of
flooring (to accountF 2 NJ Of S ySNJ 02y OSy i N: GA2Y 0 D C2NJ | o6dzZAf RAY3I [/ ! Z
design to demolition fora58 S NJ & SNIA OS f AFS3Z¢ 2dqlalkefoot badishidiimiedo cdelifé cydsi SR 2 ]
stage (e.g.construction).

System BoundaryThe system boundary dictates the breadth and depth of the proposed LCA. For example, if the LCA is completed
building enclosure system, then the system boundary will iselljadethe primary building structure thaupports the facade. The
assessment might or might not include the clips, brackets, and lintels that are used to attach the fagade to the baildamyp#rative
LCA is anticipated, then it is critical that the system boundary be established in thevagrfue the systems being compared.
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Step 2: Inventory Analysis

In this step, the energy and raw materials ustek emissions t@tmosphere, waterand soiland
different types of land usare quantified for each processen combined in the process flow chart and
related to the functional basig 3] In other words, an inventory of all the inputs and outputs to and
from the production system is prepared in this step. As an example, the inputs may include water
consumption and the outputs may include sulfur oxides, S®us, products and processesdze
compared and evaluated using Liiycle Inventory (LCI) results. If the results of LCI are consistent,
which means that a product performs well or poorly in all environmental burdens, ihere need to
carry out $ep 3,Impact Assessment. Howevelrthe LCI results are inconsistentef 3 becomes
essential.

In the inventory analysis stage, software tools and databases are critical. It is not possible to analyze
each individuamaterial and process from scratelach time an LCA is performed. Ireslesoftware

tools tied to extensive product and process databases are used to complete the inventory analysis. The
simplest software tools are spreadsheets, in which material quantities can be entered. More complex
tools act more like coststimating safware, so that automated tabulation of material quantities from
asembliescan be completean a squaregoot basis

N Raw Material Extraction
Ll and Processing

4.—1 Materials Production }_._

ENERGY H- Manufacture of Finished » ENERGY
Products

Y

LIQUID
DISCHARGES

”4 Transportation }—*H EMISSIONS TO

ATMOSPHERE

RESOURCES Lifetime SOLID WASTE
S Operation/Use I ——

Disposal/Recycling

A graphical representation of the Inventory Analysis stéye. diagram can be applied to the overabquct or process being analyzedcan be
thought of as a building block applied to each discreetmaloluct within an overall LCA. For example, the diagram above could apply to
anodized aluminum extrusionshich would then be one component of an overall LCA on a curtain wall sjstenBritish Royal Chemistry
Society)

Step3: Impact Assessment

The impact assessment translates #gmaissiongrom a given product or process into impacts on various
human and terrestrial ecgystems (e the secton on Impact Categories, belovld aid irthe
understanding of impacts, the effects of the resource use and emissions generated are grouped and
quantified into a limited number of impact categorjeghich may then be weighted for importan¢é3]

In other words, data from the inventory analysis (Step 2) is attributeathtappropriate impact category
defined in scoping (Step 1). The results from this step can either be obtained for different impact
categories or a singlvalue result can be obtained by applying weights. Continuing the example above,
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the outputs of SEmMay contribute to a number of impact categories, but primarily to impact categories
related toacid rain (acidification) anthe production of smog.

Impad assessmentsiffer among the LCA tools usathd there is no one dominant impact framework,
either in North America or internationally. For this reason, a given LCA may choose to skipahe im
assessment stepnd instead present its results in termBhulk emissions. The BEES LCA tool includes a
range of options for impact categories, allowing the user to select a suite of impacts that most closely
aligns with the value system of the user.

Life Cycle Assessment Framework

Goal
D efinition and
Scope

I

Inventory 3
Amnalysis -

.

™
Im pact —
A ssessment < .

-

Interpretation

LCA Steps according to 1ISO 1403D

Step 4: Interpretation

LCA results are reported in the most informative way possible and the need and opportunities to reduce
the impact of the product(s) or service(s) on the environment aréesyatically evaluated13]. In this

step, the results are often presentedtime form of tables or graphswhichis especially helpful when
comparingtwo competing design optins or products. The outcome of this step is direcgful in

making environmentallfriendly decisions. Like any other design feedback tool, LCA can be an iterative
process; the interpretation of the LCA can lead to changes in the proposed designilvemdbads back

to Step 2 in the process.

Summary of Steps

The LCAtherefore, starts with a definition oftie goals for completing the LOat is, a clear list of the
guestions that the LCA is intended to answer. The boundary of the LCA is drava @aeth
understandswhich materials and processes are being considered and which aradéye scope of the
assessmentThe main effort of the CA is in the inventory analysishere materials and activities are
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analyzed and the emissions from them areraed. As an option, the environmental impacttbése
emissions can be analyzading a recognized method for impact analysis. Finally, the results of the LCA
must be analyzed in light of the questions posédh& beginning of the process. ISO 1404€sents

this graphicallyas shown.

Impact Categories

The impact categories of LCA methodologies vary from system to system. A full comparison of the
impact categories is beyond the scope dktguide Environmental Impact Categories are mappings
from quantities of emissions to the environmental impacts that these emissions cause. They can be
thought of as a class of environmental issues of concern to which Life Cycle Inventory (LCI) results may
be assigned14] The impact categories haveén established from nationallgcognized standards
established by agencies such ae fEnvironmental Protection Agency, Occupational Safety and Health
Administration,and National Institutes of Health. The impact is usually given as a ratio of the quantity
of the impact per functional unit of product produced. Each category is an indio&the contribution

of a product to a specific environmental problem. These categories are defined by the Life @gde Im
Assessment (LCIA) methods described beldwet of impact categories common to many LCA methods
are alsoprovided below{15]

Global Warming Potential (GWP)

Global Warming Potential, or GWP, has been developed to characterize the change in the greenhouse
effect due to emissions andaorptions attributable to humans. The unit for measurement is grams
equivalent of C@per functional unit of product (note that other greenhouse gases, such as methane,

' NE AyOfdzZRSR Ay (KA ZSIHUzN @B 8F § ¢ K dzadmiffoR)Y WIS A by R

Acidification Potential (AP)

Acidifying compounds emitted in a gaseous state either dissolve in atmospheric watexdwriisolid
particles. They reach ecosystems through dissolution in rain. The two compounds principally involved in
acidificdion are sulfur and nitrogen compounds. The unit of measurement is grams of hydrogen ions per
functional unit of product.
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BEES (Building for Environmental and Economic Sustainability) impact categories and weighting. Different weighting sttegiselected
in order to establish the environmental performance score. Though the environmental performance score may inecosebaring two

functionallyidentical bulding products or functionallgquivalent buildings, the use of such scores magkntlae character of the impacts and
the ability to understand the most significant impacts of a given product or pr¢eftss BEES Technical Manual and User Guide)

Eutrophication Potential (EP)

Eutrophication is the addition of mineral nutrients to theil or water. In both media, the addition of

large quantities of mineral nutrients such as nitrogen and phosphorous results in generally undesirable
shifts in the number of species in ecosystems and a reduction in ecological diversitgterways,

excess nutrientleads to increasediological oxygen demand (BOD) fréime dramatic increase in flora

that feed on these nutrientsg subsequent reduction in dissolved oxygen levels, and the collapse of fish
and other aquatic species. The unit of measuremsrgrams of nitrogen per functional unit of product.

Fossil Fuel Depletion

This impact addresses only the depletion aspect of fossil fuel extraction, not the fact that the extraction
itself may generate impacts. The unit for measurement is mega joulesofVthsitbased energy per
functional unit of the product. This category helps demonstrate positive environmental goals, such as
reducing the energy needed to produce a product, or such as producing a product with renewable, non
fossitbased energy.

Smog Formation Potential

Under certain climatic conditions, air emissions from industry and fassiéd transportation can be

trapped at ground level, where they react with sunlight to produce photochemical smog. The
contribution of a product or system tareog formation is quantified by this category. The unit of
measurement is grams of nitrogen oxide per functional unit of product. This highlights an area where a
regional approach to LCA may be appropriate, as certain regions of the world are climataally
susceptible to smog.

Ozone Depletion Potential
Emissions from some processes may resulh@thinning of the ozone layewhich protects the earth
from certain pars of the solar radiation spectrun®zone depletion potential measures the extent of
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this impact for a product or system. The unit of measurement isI@Hger functional unit of the
product.

Ecological Toxicity

The ecological toxicity impact measures the potential of a chemical released into the environment to
harm terrestrial and aquatiecosystems. The unit of measurement is grams ofdcHlorophenoxy

acetic acid per functional unit of product.

Water Use

Water resource depletion has not been routinely assessed in LCAs to date, but researchers are beginning
to address this issue to amant for areas where wateis scarce, such as thesstern United States. The

unit of measurement is liters per functional unit.

It should be noted that the impact categories listed above is in accordance with TRACI LCIA method used
in the Building for Envonmental and Economic Stability (BEES®)[1&d! Other impact categories

included in BEES but not described here are Habitat Alteration, Criteria Air Pollutants and Human

Health. hese definitions and units may differ depending on the LCIA method used (see below).

Life Cycle Impact Assessment (LCIA) Method

Several methods are used to convert the LCI analysis results (quantities of materials and energy used
and resulting emissionsjto environmental impacts. Some commonly used methods ardritioator

99, EDIP 1997 and IMPACT 2002+. The Tool for the Reduction and Assessment of Chemical and other
environmental Impacts (TRACI) is an impact assessment tool developed by EnvironnueatioRr

Agency (EPA). TRACI allows the examination of the potential for impacts associated with the raw
material usage and chemical releases resulting from the processes involved in producing a product. It
allows the user to examine the potential for imgia for a single life cycle stage or the whole life cycle

and to compare the results between products or processes.

Within a given impact category, groups of emissions that contribute to single impact are often converted
into an equivalent value as parf the LCIA step. The results from LCIA step are often normalized and
weighted to provide simpler interpretations of the results. The processes of equivaieggce

normalizing, and weighting are discussed below.

Equivalents

A wide range of emissions may ¢obute to given impact category. For example, 12 chemical

emissions are listed in the BEES manual as contributing to global wddjngommon GWP cherals

are CQand methane but the release of methane has 23 times more impact than a release of the same
amount of CQ Therefore, the CLequivalent of an emission of methane is 23 times the methane
release. The summation of the 12 chemicals, multipliedheir equivalence values, leads to the global
warming impact or GWP, measured in@Quivalents.

Normalization
Normalization is a technigue for changing impact indicator values with differing units into a common,
unit-less format. This is achieved byiding the impact category value by a selected reference quantity.
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The reference may be chosen, but often the average yearly environmental load in a country or
continent, divided by the number of inhabitants, is used as the refergidk In case ofhe BEES® LCA
tool, normalization results in impact caused per person in th®. ldver a year towards a specific impact
category. This process increases the comparability of data among various impact categories as all the
categories are reduced to the same sc@e

Weighting Methods

SomelLClAmethods allow weighting across impact categories. This means the impact (or damage)
category indicator results are migtied by theweighting factors anddded to form a total

GSY @ANERY YSy i |store[l1§ WaightiNdrcan/be &plied on normalized or Anormalized
scoreslt can either be usedefinedr representing the value syste of the LCA useror predefined by
experts. For example, the BEES® Stakeholder panel proposes weights for each imgawt.cate
According to this panel, GWP contributesg@centto the total environmental scorevhereas AP
contributes 3percent Though weighing can make environmental impacts easier to understand (by
providing a scalar quantity), it has the potential to mésk underlying impacts.

LCA Terminology

A number of technical terms are used to describe Life Cycle Assessment, its compangmisated
assessment methods. One term that is often used is Life Cycle Analysis, which is simply a synonym for
Life Cycle Asessment.

Functional Unit

The functional unit can be defined as the unit of comparison that assures that the products being
compared provide an equivalent level of function or seryidt is difficult to establish functional
equivalence irthe building industry. True equivalence can only be ensured at the level of a complete
building design. Foexample a wood structure is likely to have different claddewgdinsulation
requirements tharae steel or concretestructure. Therefore,if wood isbeingcompared with steel or
concrete for environmentaimpact then all the related decisionsuch asdr cladding andnsulation
options, needto be accounted foto achievefunctional equivalenceCasespecific considerations should
be explicitly statedvhen determining functional equivaleng®] An example of a functional unit when
comparing two building design options for a school camyirevision of a school buiing that operates
for 50 years

System Boundary

System boundary is defined as aterface between a product system and the environmenbther
product systemg14] It defines the activities and processes thél be included in each lifeycle stage
for the LCA analysis and those that will be excluded. Figure 5 presents an examgystefn boundary
defined for conductingin LCA of a housil6] It can be seen that recycling and landfilling are not
included within the system boundary as impabtcausehese two activities have not been accounted
in the LCA.

56



A Guide to L& Cycle Assessment of Buildings

//

Energy for Construction Upstream
heating, 1 LCI profiles:
cooling, concrete
lighting, —* Occupancy and other
cooking, l cement-based

heating water, materials,

and plug loads Maintenance wood, steel,

1 and other

materials
Transporting Demolition

materials and disposal
. vy
House sysfam boundary 1

Recycling
and landfill

Systenboundary for the LCA of a ho(it€]

Life Cycle Inventory (LCI) Database

LCI data are ahe heart of any LCA analysis. Several organizations and LCA tool developers have
developed LCI databases that contaiatarial and energy use data as well as emissions data for
commonly used products and processes. These databases contain elementary flows (inputs and outputs)
for each unit process for a product syst@jand are specific to countries and regions within countries.
The LCI datareregionspecific because the energy fuel mix and methods of prodoaiiten differ

from region to regionThe data can be based on industry averages or couklpplierspecific. For

example, the BEES® LCA Tool is driven largely by product data supplied by glippliensever, the
modules do not contain data characterizing the full life cycles of specific profjcthe data in the LCI
databases generally account for raw material extraction, transportatiarn@nufacturing unitthe
manufacturing process, and packaging and distribution. Examples oflsChdatabassare the

Ecolnvent Database with global, Europeamd Swiss datasets and the US LCI database managed by the
National Renewable Energy Lab with US datedétsThe databases are either available with an LCA

tool or can be imported into a tool. The US LCI database is also available in spreadsheet form (from
http://www.nrel.gov/Ici/database)).

Databases may containdustry averages or produspecific daa. Industry averages make more sense

in whole-building LCA toolsas these tools ardesigned to beused by architects to make decisions

about assemblies at the schematic design sfahed specific sygier is notusuallyidentified in early

stage designAtthe specificationand procurement stags, if the supplierspecific dataare available, a
decision to select the most environmetitasensitive supplier for a specific product could be assisted by
the use of LCAt may be necessary to engage [aDA practitioner at this stagas LCA tosifor
architectsmay not havesupplierspecificcapabilities.
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Life Cycle Management (LCM)

LCM isa framework that uss methods like LCA and Life Cycle Costing (@ S@}port decisions

f SFRAY3 (G2 adadlrAylrofS RSOSt2LIVSYyliod [/aa KI &
flexible integrated framework of concepts, techniquaad procedures to addresvironmental,
economic, technologicgand social aspects of @ducts and organizations to achiegentinuous
environmental improvement from a Life Cycle perspecéis] A Life Cycle Manageme(itCM)
approach can form the basis of an effectiugsiness strategy by providing a framework for
improving the perbrmance of an organization and rsspective products and servicésn example
of use ofthe LCM approach is discussed by Jurdif§ The study uses the LCM approach for
estimating the lifecycle impacts of three products by HIGA methodndassesses the suitability
of such an approach in a company environment.

Life Cycle Costing (LCC)

LCC provides deaisi supportin selectng a building system or wholbuilding design based on its
financial benefits as opposed to L@Awhicha decision is based on the environmental benefits of a
system or designLCC provides a basis for contrasting initial investments witldutasts over a
specified period of time. The future costs are discounted back in time to make economic
comparisondetween different alternativestrategiesLCC involves the systematmnsideration of

all relevantcosts and revenues associated with thegaisition and ownership of an asset. In the
context of buildings, this consists of initial capital cost, occupation costs, operatingaudthe

costs incurred or benefited from its dispogab] An LCC analysis is a datdéensive processand the
final outcome is highly dependent on the accessibility, quadityl accuracy of input data

There are a number of factors limiting the use of LCC at prggehithey are:

— A general lack of motivation to use LkXCause it is a timétensive process. Moreover
there is lack of confidence in the results.
— Clients are not willing to pay the architect or other consaitéor the added cost of
conductingan LCCas there isalack of awareness of its benefits.
— There is no standardized method
— The nature of buildings makes the whébeilding LC@ethodicallymuch more complex
— There is significant uncertainty in operatal cost data
— The performance information about innovative green materials and technologies is missing
Though they are quite different in terms of intent, many of the problems associated with life cycle
costing also apply to life cycle assessment. Amgta of LCC applied to a construction project is
presented by Rutgers Center for Green Build2ij

Symbiotic Relation between LCA and LCC

LCA and LCC when used togetherlean to more holistic decisiomaking. Most building projects are
constrained by budgets. In a given scenario, LCA will produce resliltating the environmental

impacts of different options. The option with least impact is proposed as the best solution based on LCA
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results but this option might have a large initial cost. In such a situation, LCC can evaluate the life cycle
cost of theoption and help in selecting the most suitable option based on a limited budget and
calculated payback period, while simultaneously managing environmental impacts. An example of
simultaneous use of LCA and LCC can be found in a project by Siegel antir&trsants[22]

Life Cycle Energy Analysis (LCEA)

Life Cycle Energy Analysis, also referred to as Life Cycle Energy Assessment, is an abbreviated form

of LCAhat uses energy as the only measure of environmental imggjtThis helps in choosing

energy efficient materials, systerrend processes for the life dgoofthe building. An example of

use of LCEA can be found in a study by Huberman and Pearlf#8jdihe study aimso identify

building materialsrom a number of possible alternativéisatwill2 LJG A YAT S | owelf RAy 3 Q
over its entire life cycle.

Carbon Accounting

Carbon accounting is the process by which &@@issions from fossil fuel combustion are
calculated[24] Carbon emissions factors are expressed in many foeitiger expressed as a mass of
CQ or only as the mass of carbon contained in the,G0d may be expressed in amyit of mass.In
case of buildings, carbon accounting wbabnsider C@emissions from all life stag¢85] Thus
carbon accounting can be described as a narsoaped LCat is only targeted to measure the
CQ emissions for a building lfeycle.

Life Cycle Assessment in the Building Industry

The LCA methodology as it relates to the building industry can be pictured as operating at one of four
levels: material, prduct, building or industry, as shown in the diagram below. Each largeell®uilds

from the level belovwand expauns from the material kernel.

Industry

BUIIdIn 0 LCA in the building industry can be thought of as operating
one of four levels. At thmaterialand productlevek,
architects are likely to be consumers of LCA information, th
is, they may use this information guide in theimaterial
and product selection process. At thgldinglevel, architects
may themselves be the LCA practitioners, ubinlgling:
specific LCols to create LCAs that characterize the
environmental footprint of proposed projects, eitter the
purpose of meeting regulatory requirements (e.g stay
below a specifieimpact threshold) or as part of an iterative
design methodology that seeks to minimize the
environmental impact of a project. LCAs created at the
LCI industrylevel are moreikely to be of use to policy makers an

Database planners.

Product

Material
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Material Level

At its core, procesbased LCA is defined at the material level. In the United States, the primary source
for information about the environmental impact of materials is the LCI (life cycle impacts) database
managed by the National Renewable Energy Laboratory or NRELParticipants in the UBCI

Database Project are actively invohiedanalyzing widelused building raterials and formatting their
analysis for inclusion in the LCI database (Institute et al. 2003). Atngract Estimator uses the US|
database.

Prior to the development of this database, LCA software for the United States used LCA data from
foreign daa sources. Tdearly versions of BEES usedddta for energy production and European data
for materials, along with proprietary materiglipplier data for the manufacturing life cydk8] The
currentversion of BEES uses$h proprietary data, the US LCI database, and supplemental analysis
from SimaPro with the Ecolnvent database.

¢CKS ljdzSadAazy a2KFG A& I YFGSNAFEKE asSSya adNI AIKG
building materials, but cement is a constituesf concrete. The environmental footprint of Portland
cement is significant, due the extraction of precursor minerals from the earth and the energy necessary
to create the Portland cement clink@9] An LCA of a given conceewill depend on the percentage of
cement hat is included in the concret@nd whether flyash is used as a substiefior cement[70] In

addition, the location of cement production relative to the building sité#l have a sigificant impact on

the LCA outcome6] The BEES LCA tool, for example, allows for the user to select a concrete with 100
percentPortland cemat, as well as other concretes with #gh, limestone, and slag as substitutes for a
portion of the cement.

It is not likely that an architect or any building industry consultant would be called on to produce
materiatlevel LCI data. This informationcalculated by process chemists, chemical engineers, and
associated specialists and submitted for inclusion in various LCI databases. There is some direct use of
materiatlevel LCI data by building professionaiswever. If one wanted to calculate the ptigé

impacts of using fhash as a substitute for part of the Portland cement in concrete, this calculation could
easily be made by directly accessing data from the LCI database.

Product Level

At the product level, an LCA is calculated as a collectioratémals, which are assembled into a final (or
intermediate) product. A quantity takeoff of the product is completed, and the emissions from each
component of the products are summed. The product LCA of a heat pump would include the production
of the precursor materials steel, copper, aluminum, plastics, refrigerantslus emissions from

galvanizing processes, painting, metal fabrication, welding, etc. Completion of the heat pump LCA might
be made easier if the LCA of a particular component, say anieleadtor, is already available.

To complete a product LCA, thorough knowledgeequiredof the souce and quantities of materials
and the manufacturing processes of the finished produGenerapurpose LCA softwaysuch as Gabi,
Boustead, or SimaPy usually employed to complete a product LCA.
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A large quantity of produdievel LCA data is emerging that is useful to architects. This is especially true
in areas where products can clearly be compared on atorane basis or in LCA terminology, where

the functional unit for a product can be clearly delineated. Manufacturers of office furniture and
carpets are adopting the LCA method widely and providing the results of these LCAs to architects to
RSY2y&aidN) 6 FSarRE @FINBEHBAN LINRRIzOG &

Building Level

Building LCA, or wholauilding LCA, can be thought of as a product LCA writ large, where the product is
the building. In this case, the architect can be the LCA expert, as the architect understanitie how
building is constructed, how building materials and products flow to the jobsite, and how the building is
going to be operated over time. A rationale for conducting wHmldding LCA, and specific strategies

for the use of buildingscale LCA informann, are discussed in detail in Chapter 5 of this document.

In North America, three tools exist to support the whaleilding LCA process: Athena Ezalculator,
BEES, and Athena Impact Estimator. A detailed description of these tools is given in Chapter 2

Industry Level

At the building industry level, the Economic Ingtitput (EIO) based LCA method is probably the best
tool for completing an LCA. Instead of completing a protesed LCA of every building in the

portfoliot not a realistic approaahan LCAat the building industry scale is completed by examining
industrial production and economic output data. And so, for example, to characterize the environmental
impact of the residential housing industry, surveys of homebuilders, housing start data, imfome
wood-products suppliers, property tax rolls, and construction employment data could be collected and
analyzed to predict the amount of gredield land, norrenewable materials, and energy are directed
into residential construction on a national or regal basis each year. In this way, an LCA of an entire
segment of the AEC industry is created, but with little of the specificity found in prbesssi LCAs. The
EIO LCA method has been used in the building industry to quantify the impacts of cemetdeaind s
production, suburban sprawl and urban densification, and changes in land use, for example.

Again, it is clear that LCA at this indusirigle scale is not actionable by a practicing architect. Rather, it
is at the smaller scales: material, prodrentd building that the LCA becomes useful to the architect.

LCA and the Design Process

Ly RRAGAZ2Y (2 lalAy3 GKS ljdSadAiayy a!d oKIG tSOS
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we will use the typical stages dfa architectural design procesaken fromAIA D20{28] and focus on
the pre-design, schematic design, and design developmeades of the design process.

The table below presents typical design activities that take place at these three stages of the design
process. Activities where input from an LCA would clearly be relevant are indicated in the tadaliek in
These activitiesre discussed in detail in the text following the table.
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Table 1-

Tasks accomplished in three design stages of a building pi2géct

Pre-Design Stage

Schematic Design Stage

Design Development Stage

Identify owneN & NI |j ¢

Site plan and principal floor
plans prepared

Detailed site plan indicating
building location and site
improvements prepared

Departmental and roonby-
room interaction matrix
established

Views, elevations, sketches
and models prepared to
convey building configuration

Detailed plans, elevations,
sections, scheduleand notes
prepared

Preliminary structural,
mechanical, electricaland
other engineering systems
determined

Comparative structural,
mechanical, electricaland
other systems anlyzed

Structural, mechanical,
electrical,and other building
systems finalized

Block plans created showing
all rooms, corridorand
vertical solutions

Space and location
requirement for these
systems determined

Review obtained from
regulatory agencies

Estimates prepared for total
project cost and annual
project operating expenses

Preliminary screening of
materials, equipmentand
fixtures carried out

Code compliance check

Pre-Design Stage

In this design stage a concept based on feasibility studieggmped. It shows the design anal/and

options considerednd will be sufficiently detailed to establish the outline proposal preferred. This
design stage is often time constraingZB] [29] During this stage, LCA can help define the environmental
goals of a project. LCA could be used to make decisions regarding the building footprint among several
options. The basicatisions for choosing a structural system can also be based on LCAoffsade

between impacts fronthe manufacturing and operational phasean be evaluated to decide assembly

types.

Schematic Design Stage

Thepre-designproposal approved by thelient isnow taken to a more detailed levelh@& tangible

material produced can include site layout, plannamgl spatial arrangements, elevation treatment,
construction and environmental systeni28] [29] Choices regarding selection of building products and
assemblies can be made with the help of LCA. Energy conservation measures can be assessed for their
environmental burdensand an informed decision can be facilitated by the use of LCA.
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Design Development Stage

At this stage, the schematic design solution is worked through in detail. At the end of this phase,

detailed design drawings are produced foramordinating structureservicesand specialist installation.

Internal spaces may be detailed to include fittings, equipmant finishes[28][29] In the design

development stage, LCA can help evaluate theldifgy impacts of proposed lighting and HVAC systems.

¢KS Y2ald ONMHzOALFE &adlFr3sSa Ay || aeadasSyQa ,dana¥S Oly oS
appropriate modifications tohlte system design can be proposed. Material finishes can also be

compared with the help of LCA resylisd the right choices can be made.

In summary, LCA can be helpful in:

— Making choiceamongvarious building design options
— Making choiceamongvarious liilding structural systems, assembliasd products
— ldentifying products or assemblies causing the maximum and minimum contribution to the
overall environmental imJ- OG G KNP dz3Kz2cyele o0dzAf RAy3aQa fATFS
— Identifying stages of building lifgycle causing thenaximum and minimum contribution to
overall impact
— Mitigating impacts targeted at a specific environmental issue

Challenges in the Use of LCA

Though LCA is doubtless the best tool for analyzing the environmental impact of progwojemt, the
methodolagy andunderlying data are still being developed. In this section of the text, the challenges of
applying the LCA methodology to buildings is discussed.

LCA is a complex method heavily relying on the availability and completeness of data (LCI) and
methodologies for tabulating material use within the LCA tools. A number of key challenges for applying
the LCA methodology to buildings are enumerated below.

Data collection

Data collection for the inventory analysis can be quite exhausting. The availabdpdfife cycle

inventory data is more limited in North America than it is in Europe, where LCA is practiced and
understood more widely30] Again, his lack of data is being addressedhe tnited States through

the US Life Cycle Inventory project, overseen by NJRET he deficiency in present databases leads to
collection of data from other sourcesuch agproduct manufactures (first party data, instead of third

party data). The lack of readily available data makes the task of conducting LCA difficult for the architect
or even for an LCA practitioner. It is unlikely that any design professidihabe/LCA unleske

inventory analysis data hawaready been collected, tabulated, and indexed in a way that promotes ease
of use. Further development of aggregated LCAs of building assemblies, as are present in BEES and Eco
Calculator, will assist dnitects in constructing LCAs of buildings without the need for extensive manual
data collection.

Data Quality
Data collected from single manufacturers can be unreliable and inconsistent. This may lead to unfair
comparison between two competing productsdditions to the LCA databases by industry trade
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associations (instead of single suppliers), has improved the quality of LCINdatartheless, such data
requirethird-party validation.

Issues with Impact Assessment Methods

LCIA is an evolving science é®n assumptions and extrapolations from work of scientists in many
fields[30] The methods used to translate inventories into impacts vary by impact category. Impacts such
as global warmingnd ozone depletion are estimated based on internationally established methods. For
impact categories like eegystem toxicity, the impact assessment method is less consjsterihe

impacts are much more complex to quantify. For example, it is widddyawledged that a release of
mercury into the environment is harmful to e®ystems, but it is difficult to quantify this impact in

terms of human morbidity and mortality.

Issues with Weighting

The mpact assessment results in scores for different imgategories. Often, the decision of selecting

the more important impact to compare the products is left to the user. Some LCA &wmilisate the

weighting processr even include default weightings. But reducing the results to a single score requires
even more questionable assumptions and generalizations than impact category assessment, which is not
found acceptable by many LCA expgB8] Many believe that a better approach is to repolnet

impacts in each of the categories and ther tlese values without weighting.

Role of ISO Standards, SETAC/UNEP, an&PA

The 14040 series of ISO (International Organization for Standardization) includes a series of standards
relating to LCA. ISO isiparily responsible for standardizing the LCA methodology. It concerns the
technical as well as the organizational aspects of an LCA pf6]€atganizational aspects include

design of critical review processes and matters fileinvolvement of stakeholders. It has been agreed
that the 1ISO 14040 family of LCA standards should be used adiagpoint for further development of
LCA methodology withithe building industry sectof31] The following standards are included under

the 14040 series.

- I1SO 1404@ General Anciples and Fraework

- IS0 1404%, Goal and Scope Definition and Inventory Analysis
- I1SO 14042, Life Cycle Impact Assessment (LCIA)

- 1S0O 14042 Life Cycle Interpretation

- 1SS0 1404°¢ Technical Report

- 1SO 14048 LCA Data Documentation Format

- 1SS0 1404¢ Technical Report

The Society of Environmental Toxicology and Chem(SBTAGvas the first international organization

to propel the development of LCAheUnited Nationsdeveloped theEnvironment ProgrammeJNEPR

to focus on the application of LCA particularly in devidgountries. In 2002, SETAC and UNEP jointly
launched the Life Cycle Initiativethichaimsat putting life cycle thinking into practice and improving

the supporting tools through better data and indicat¢23 Following are the three programs under this
initiative.
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- The Life Cycle Management (LCM) program creates awareness and ingheg&db of
decisionmakers by producing informati@hmaterials, establishing forums for sharing best
practice, and carrying out training programs in all parts of the world.

- The Life Cycle Inventory (LCI) program improves global access to transpateidiiy life
cycle data.

- The Life Cycle Impact Assessment (LCIA) program increases the quality and global reach of life
cycle indicators by promoting the exchange of views among experts whose work results in a set
of widely accepted recommendations.

The U3mvironmental Protection Agency | \wepiinks

(EPA) has been a key player in — EPA LCA Reseattip://www.epa.gov/nrmrl/icaccess/index.html
propagating the use of LCA methodology - ATHENA® Institutetp:/ Avww.athenasmi.org/index.html
in the United States. EPA organizes — BEES Tobltp://www.bfrl.nist.gov/oae/software/bees/
international WOkahOpS dealing with — American Center forife Cycle Assessment
various aspects of LCA. l€A101 s, EaCCnIer ory!

- - SETAGttp://www.setac.org/node/32
document’ Life CyCIe Assessment: — The International Journal of Life Cycle Assessment
Principles ad Practice,” provides an http://www.springerlink.com/content/09483349
introductory overview of Life Cycle - Building LCA Project by & Melbourne Institute of Technology
Assessment (LCA) and describes the (RMIThttp:/buildica.rmit.edu.au/

general uses and major components of
LCA[32] Moreover, EPA has been
fundamental in the development of the LCIA method TRABIA OK A& @gARSf & dzaSR Ay
advisory board has also proposed weights for different environmental categories for the TRACI

method.[15]

Incentives for conducting LCA z Building Standards and Rating Systems
Completing an LCA is a time and resource intensive process. LCA has been successfully imigrate
many industrial manufacturing systems because of benefits available to the manufacturer and the
consumer. These benefitge:

Indirect monetary incentives

Process enhancementisat can be achieved bysing LCA methodology is rewarding for consumer
product and similar industries. This is because of the repetitive nature of production in these industries.
An inprovement in one process stagéffectsall subsequenbatches of produc Both time and other
resources are optimizedeading to monetary sangs for the manufacturer. These savirmge also

reflected in the market prices and thus benefit the consumEhis is not the case with buildings where
each is unique in its construahdthe way it is operatedThe use of LCA with its present capabsitznd
limitations tends to consume more time and resources than it saves for building projects. In addition,
monetary savings for reducing environmental emissions are only possible if the release of emissions is
taxed or limited in some way. In many casthere is no direct economic payback to reduction of
emissions beyond the threshold levels set by environmental regulators.

Another incentive is the increase in the market value of a product by signing up for programs like
Environmental Product Declarati (EPD)33] EPD requires the esof scientifically acceptedalid
methods of using LCA. Not many such programs exist for the building indDs$t$s Sy Df 26 San A a
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only green building rating system at present recognizes and rewards the use of LCA in building
design[34]

Direct monetary incentives

Direct monetary incefives can be defined in terms of tax credits or benefits which are available to the
manufacturer for using LCA or complying with programs that have LCA embedded in it. Consumers also
receive monetary incentives if L&Ampliant green products or technol@&g are available at subsidized
rates.

Incentives for Building LCA at Present

At this time, the incentives of using LCA in building projects anémal. The present incentives are
F@LAftrFofS Ay F2NX¥ 27F DNB Sam, ASHRAE Standarddl8851&nd thé dzA t RA y 3
Carbon Caand-Trade Bill In the future, it is anticipated that there will be many other incentives for

the use of wholebuilding LCA and that the method will be easier to use due to improvement in LCA

tools.

OAAT 'al AAOI
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and maintenance through its ##-based tool. With its roots in Canada, it was launched in the United
States in 2004 and is being distributedtbg GreenBuilding Initiative (GBI). The rating system
comprises 000 points which are sukdivided into 7 sections. The Resoursestion carries 100 points
2dzi 2F 6KAOK pn OFy 0SS I OKAS@GSR o6& AYLX SYSyidAay3a [.
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traditionally approached green buildingaway from a prescriptive methodology to one that relies on
objective environmental performance scoring, especially in ttea &f material resource use.

DNBESyYy Df 20Saun NBO2 YYSsdala LCA Buginglthd séri@mdtio/desigi siag§eYnhdred
important largescale design decisions are made. Assembly scale LCA allows the decision maker to
understand the impact of the whelassembly compared to one specific product choice. The ATHENA®
Impact Estimator tool is suggested to be a good tool for this stage of LCA. For the contract document
stage, the rating system suggests the use of LCA for pradimduct comparison. The pposed tool

for this analysis is Building for Economic and Environmental Sustainability (BEES®). The assemblies
generally evaluated by LCA gbait are not limited to): foundation systems, floor assemblies and
materials, columrbeam/postbeam assembliegnd wall/roof/other envelope assemblies.

ASHRAE 189.1

ASHRAE Standard 189.1, Standard for the Design oPdifiirmance Green Buildings except LRise

Residential Buildings was released in January 2010. The standard is intended to act as a reference

stardard for green building design codes. It recommends the use of LCA performed in accordance with

L{h adlyRINR wmaqtiknS .Fd2AND RIA{ySSQYWiaA 2LyY Ly OG 2y G KS ! GY2alL
LCA is specified as a performance option for compliahices, acceptance of this standard might results

in wider acceptance of the LCA method. It is also anticipated that ASHRAE 189.1 would eventually

transform into building codes which would accelerate the integration of LCA in building industry.
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Carbon Capand-Trade Bill
Thecarbon capgandrade billpassed by the US House of Representatives in Junec2biginsa
number of provisions that wouldndirectly, encourage the use of LCA, as LCA is the primary

methodology for calculating the carbon footprintlof 6 dzA f RA y 3 @ G¢KS oAff asi

greenhouse gases. By 2020, emissions must be reducpdrt@&ntover 2005 levels. By 2050, emissions
must be reduced 8@ercentor more. Staying under these caps is done with a system of permits or
allowarces. Companies must have an allowance for every ton of greenhouse gas they emit. They are
allowed to buy and sell those allowances, but gradually the total number of allowances will be reduced,
tKk dza NB RdAzOA Yy 3 F3IB|FIMNsstighestStivah candpaniey axedobking for opportunities to

offset their greenhouse gas emissions. As mentioned inapter 1, buildings account for 38rcentof

the total carbon emissions. Thusrda amount of emission reduction can be achieved by making
buildings greener. This Wl encourage building owners ambvelopers to conduct abbreviated LCA to
account for the total emissions due to construction and uskoilities

Future Incentives for Building LCA
Future incentives for singthe LCA methodology can be anticipajgilven the evolution of current
rating systems and the emergence of green building codes.

LEED

Leadership in Energy and Environmental Design (LEBProduct offeredy the US Green Building
Councilandis currentlythe most widely accepted gredmuilding rating system in the®l On September
29, 2004 a meeting was convened in Washingt@nC, by the USGBC to begin the process of
determining how best to integrate LCA metLEED assessment sysi@8] Six working grops were
assigned specific tasks for the realization of this procesdefine

— LCA Goal and Scope

— Inventory Analysis and Allocation

— Impact Analysis

— Normalization

— Benchmarking

— Weighting

— Available Tools and Methods Survey

— Definition of Required Charactstics for LEED Tools and Methods

— Pilot Test of Tools

— Design of Draft Credits Recommendations
The project is still in progresand it is expected that a future version of LEED will award pointssiiog u
the LCA method within the systerimplementation ofLCA within LEED should have a great effect in
popularizing LCAimilar to the degree that LEED has popularized energy modeling.
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IgCC

The Sustainable Building Technology Committee (SBTC) of the International Code Council (ICC) is
developing he International Green Construction Code (IgCC). The first draft of this code is expected to
be released in 2010. The draft standard is auspicious in scope. Once adopted by a municipality, the
provisions of this code shall apply to the construction, alteration, mamrenlargement,

replacement, repair, equipment, location, maintenance, rempaatl demolition of every building or
structure or any appurtenances connected or attacheduch buildings or structureg37] At the time

this document was written, LCAwas nestgd i / K LJ0i SNJ o X SDEWSIQCC traffagddy LI A | y O
was a project elective. Project electives can become mandatory by building jurisdictions or designers,
should they so choos€elhus the acceptance and implementation of this code would encourage the use
of LCA in some areas ofilaling construction.

It is important here to understand the difference between building codes, standandkrating systems.
Building codes are an enforceable body of rules that govern the design, constructioatiaiteand
repair of buildingswhereasstandards, for example thetandardASHRAE 90.a&utlines a series of
options for performance obuilding systems and assembliasdare often referenced by coddsut are
not alone enforceableunless adopted as part of a codgating systems typicalfm to achieve
environmental goalsbove and beyonthe code While also not written in enforceable languagating
systemsaspire to a set of criteria for construction and performance, not minim{38$

Research to Address Shortcomings in Building -Specific LCA

This short sectiofocuseson research on seven key questions in building ti@éentlybeing aldressed.
Advances in these areas will lead to more widespread and reliable use of LCA in buiiingachel
constructionand point the way to the future of LCA in buildings.

1. How can the impacts due to site selectiomdaconstruction for a given projectebaccounted for
in LCA?
2. DA@SY G(GKS RS&ANB-t0iONI RNBY2 & SILINE 6 OKERKE g OFy (K
RSY2t AlA2y 6FadsS G GKS o0dzAif RAyaQa SyR 2F fATFS
3. Can the LCA methodology be used to assess the environmental benefitsstifigedouilding
retrofits?
4. What simplified and less time consuming methods exist to conduct LCA?
How can BIM help in streamlining the LCA process for buildings?

How does onechoose a weighting systerfiom among different available systems? Should
weighting be applied on LCA results across categories?

7. How can benchmarks or thresholds be established for LCA?

Allocating Recyclin g Activities in a Building Life Cycle

wSOeOfAy3a OQUABAGASAE OFy 0SS | LitheNhterigdlMandfaictiringd KS & a I
phase, many building products and assemblies may contain recycled content and need to be accounted

in calculating the impacts. The waste produced during construction may also be recycled. During

maintenance, the materials replaced could beatted from the landfills by transporting the material to
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a recycling center. Durirtge demolition phase, which accounts for the biggest share of waste produced
Ay | 0 dzAttieRajofitd 61 uilding WaSt& can either be reused or recycled. Acéogrior

recycling activitiesnayresult in negative values for impactwhichcan reduce the overall impact of a
building. By not accounting for these activities mLZCA analysis, projects deprive themselves of the
credits of recycling. Most of the castudies reviewed in this document only accounted for the recycled
content of materials during the material manufacturing phase. It is believed that the other stages were
not included as the methods to account for recycling activities are not well integréan the LCA tools.

Research in this area is welkveloped. Several approaches like th@nus I yoek flowd Y S K2 Ra
have been proposed by researchers to address the end of life recycling aci{dg@]@he bonus method
credits a material being recycled with half tfe bonus (impacts of recycling minus impacts of the
avoided fabrication thanks to recycling) at the fabricatiand the other half at the end of life phase,
often resulting in negative values at this stage. On the contrtmy,stock flow approach doeson
account of regcling processes at end of lifthe only parameters of recycling at end of life are the
dismantling impact and transportation distances. It allocates the credit of the recycling process at the
fabrication phase which enablesanalysts ahays to evaluate current recycling technologies. As a
consequencestock flowmay result in assessing a better environmental impactddand filling or
incinerating scenario compare to the recycling scenasincethe transportation distances to recyctin
facilities are often higher than the distancesadandfill,due tolocal landfill opportunitieg39]

Analysis for 1 tonne of concrete
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(the flow model andhe bonus method), it pays to recycle the concrete if the distance to the recycle facility is less than 80 km (flow model) or
400 km (bonus method).
The impact due to recyclingtanne of concrete remains negative up to 400 fiom recycling facilities
for the bonus methodForthe stock methodit only remains negative for the first 80 km
(approximately) Although there issariation in the results because of the differencetie way credits
for recycling arallocated recycling activitiesre accountedby adopting one of these methods
Currently neither accounting method fisevalent in practice for building LCA studi€ke authors of this
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guide suggesthat embeddingany such methodh building LCA tools would aidéwaluationof this very
important activity in the lifecycle assessment of a building project.

Weighting Impact Categories

Weighting is a valubased process that represents the scientific interpretation and ideological,
political, and ethical principleglO] It is argued by many scientists that introduction of weights
make the results of an LCA subjective. This is mostly true as weights are generally defined by a
group of scientists or stakeholders and are based on their general understanding of the
importance d each impact category. For example, a new optional weighting set was introduced
in BEES version 4.0 that was created by a mtdiieholder panel via the AHP methgid] The

panel comprised 19 members representing the threekstalder categories. A weightirspt
proposed by such a small group of representatives may not be representative of the entire
scientific community.

However, the benefits of weighting cannot be undermined. It is helpful in decision making as it

generates ainglevalue result to help decision makers understand the environmental impact of a

product, assembly, or design option. Moreover, it is recognized that it is necessary to use weighting in
2NRSNJ G2 O2yF2NX (G2 (GKS L{h wersetofenviddigrdahissiey Sy & G KI
NEfFGiSR 2 GKS LINPRdzOG aeadaSYy oSAy3a aiddRNAR akKl ff
there is a need for the formulation of more robust methods of creating weigktitg that tuly

represent the understanding and importance of different impact categories

Streamlining the LCA Process

LCA is a comprehensive and tinéensive process. This characteristic of LCA is a major obstacle in its
adoption during building design. Many effethave been made to simplify the LCA process. One such
study was conduetd by Kellenberger and Altha{6] The study explored the deviation in LCA results
when certain insignificant activities were excluded from the scopeCét. [These activities included
transportation activities from factory gate to the site, some ancillary materials that are less obvious in a
building component, the building processesdahe associated cutting wasfg6] It wasconcluded that
transportation and ancillary materials are of relevance whereas building processes and cutting waste
can be neglected. The results of one study cannot be generalized to be applicable in other cases. Thus
there is a need for a detailed studlyat tests this method of simplification and thus concludes with a list
of activities that can be excluded from the scope of an LCA to get approximate results that are
informative towards decision making.

Benchmarking LCA

The final unresolved issue in th€A analysis of buildings is the identification of benchmarks.
Benchmarks are important in the building performance studies as they pravidsis for comparing the
performance of a given project under consideration. Benchmarking for energy can be cedniplat
variety of way#1]:
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Past performance A comparison of current versymstperformane

Industry average Based on an established performance metric, such as the recognized average
performance of a peer group

Best in class Benchmarking against the best in the industry and not the average

Best practices A qualitative comparison against ceraiestablished practices considered to be
the best in the industry

Note that items 2 and 3 are part of the Energy Star method assessing the energy use of buildings. Similar
methods can be adopted for benchmarking buildings for their overall enwiesrtalimpact assessed by

LCA. Some argue againsinichmarking a building design baseadits past performance or worstase

scenarig sinceit does not providead 2 dzy R ol aAa FT2NJ SadlofAaKAy3a | 0dzAf

agencies and organizationsuth asEPA YySSR (2 Sail oliCA daka tobdnghRalzd G NB | @

buildings[41]

Chapter Summary
In this chapter, we discussed:

V

<< <

Some highlights of the buildings sustainability movement and how LCA is relevant
History of LCA development and application
LCA definition
Variants of LCA
0 Processhasd LCA method: cradle-cradle, cradlgo-grave,cradle-to-gate, gateto-

gate
o Economic InpuDutput LCA method

Lifecycle stages for a building
o0 Material manufacturing
o Construction
0 Use and raintenance
0 Endof-Life

How LCA can hefmme understand the relation between embodied and operational energy
relatedto buildings
Steps of an LCA process
0 Goal and scope definition
o0 LifeGycle Inventory (LCI)
0 LifeGycle Impact Assessment (LCIA)
0 Results andinterpretations
Terminology related to LCA
0 Impact Categories: global warming potential (GWP), acidificatidenpial (AP), etc.
o LCIA relating rethods: equivalents, normalizatiorand weighting
o Functional mit
0 System bundary
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(0)
(0]
(0]

LCI database
LCM, LCC, LCEA, carbocoanting
How LCA and LCC, when conducted together, prove beneficial

Different levels of LCA applicatiomdustry, building, produgtand material

How LCA can be applied at different design stages

The challenges in use of LCAtalcollection, data quality, issues with weightietg.

Role of ISOtandards, SETAC, UNBRd EPA in development and propagation 6ALmethod
Incentives for conducting LCA: Direct monetary and indirect incentives

(0]

(0]

Incentives for building LCA at present: Green Globes, ASHRAEat®Bcarbon ap-
and-trade bill
Future incentives for building LCA: LEED and IgCC

Research to address shootoings in buildingspecific LCA

(0]

(0)
(0)
(0]

Allocating recycling activities in a building lijele
Weighting mpactcategories

Streamlining the LCA process

Benchmarking LCA
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Vv

2 STATE OF TOOLS

This chapter describes the LCA tools or software availalbheidnited Satesandinternationally
suitablefor usein the building sectarincludingtheir utility in various scenarios

ATHENA® Impact Estimator, EcoCalculator, BRESBICLCA can be used ine US and are linked to

domestic data source§ome other toolsthat will be briefly described to get a sense of LCA tools

available in different countrieareY 9v! 9wX-v[ddl WAIRa¥S qQ@F ! = 9y@Saix [/ !
Umberto, SIB LCA, Boustead, Sima&nd GaBi. This chapter seeks answers to the questions:

1. What is the configuration of the tool? Does it embeadlZCl database and impact assessment

method within or are these two required separately?

What type of tool is it? Material/assembly/wholbuilding LCA tool?

What life-cycle stages are accounted for in the tool?

What is the level of expertise required for using the tool?

What inputs are required? Whad the method of input?

What are the outputs obtained from the tool? What are the options to view the

outcome/results?

7. How capable is the tool in terms of interoperability? Will it accept databases from other
sources? Are the outcomes of the tool compédilvith other analysis and documentation tools?

8. What kind and number of building assemblies and material can be evaluated by the tool?

9. What impact categories can be evaluated if the tool has an impact assessment model embedded
within?

10. Does the tool providemormalized results?

11. What is the latest version of the tool?

12. How much does the tool cost?

o gk wN

It should be noted here that there is a difference between LCA tools and building assessment
frameworks likd_eadership in Energy and Environmental DefigiE DBuilding Research

Establishmer® Bnvironmental Assessment Meth(BREEAM) and Green Building Challenge (GBC). GBC
KIa 0SSy RSaAONAOGSR Ay (GKS D./ 'aasSaavySyd atbydzZt .
accommodate a variety of building assessment tools andanéigured to meet a variety of different
output requirementsé [5] An LCA tool is one of the many building assessment tools that are
accommodated in these frameworks. The scope of the chapter istinit LCA toolsaand building
assessment frameworks have not been discussed.
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Configuration of an LCA Tool

An LCA tool can be defined as an environmental modeling software that develops and presents life cycle
inventory (LCI) and perhaps life cycle impasdessment (LCIA) results through a rigorous analytical
process that adheres closely to relevant ISO standards and other accepted LCA gufelelihesnost

basic LCA tool takes inputs in the form often&l takeoffs (in area or volumegndconverts it into

mass. Then it attaches this mass value to the LClalat#able froman LCldatabaseand other sources.

This stepresults in quantities of inputand outputs of a product system. The inpwtadoutputs may

include theuse of resources and releases ig avater, andland associated with the systefd] Figure 30
depicts the basic configuration of a whebeiilding LCA tool.

Input (bill of Output (emissions to air,
guantities) Acidification Potential etc.)

Whole Building LCA Tool Use Interface

LCI Database | LCA Model L. Weighting
(US LCI, Ecolnvem‘ N
» (Boustead, SimaPro)
- ¢ Normalization
v A
LCIA Method

(Ecoindicator 99,

Configuration of a typical wholeuilding LCA tool

Classification of Tools
LCA tod$ can be classified based on their ability to analyze building systems (for besjoedic tools)
and based on the required user skill to use the tool (fotoalls).

Based on different levels of LCA application

For tools that focus on the building industtiiree main types of LCA tools can be identifiedilding
product tools, building assembly tools, and whblglding LCA tools. The classifications areaxact
that is, some tools have characteristics of more than one class.
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Building Product LCA Tools

Within building product tools, the products themselves are ¢heallest element o&nalysis. Individual
materials are not modeled within the tools bygtuser (but the tools are based on underlying material

data). These tool®valuateand compare competing building products. Such tools can provide a valuable
service if they compare products that are sufficiently similar in their basic composition aasvireltheir

function within a building contexandthey are legitimate substitutefs] These tools could provide a

good framework for supplieto-supplier comparisons agpposed to materialto-material comparisons.

BEES® (Building for Environmental and Economic Sustainability) is an example of a building product LCA
tool.

Building Assembly LCATools

A building assembly is a group of interdependent building components that make up a system within a
building. For example, a wad made up of several elements, all of which are needed to build, weather
proof, and finish a walR2] Building assembly tools evaluate complete assemblies for their

environmental footprint by considering the combined effect of all the products. These tools are even
wider in sope (and less specific in analysis results) than building product tools. ATHENA® EcoCalculator
is an example of a building assembly LCA tool.

Whole-building LCA Tools

Whole-building LCA tools assess the environmental impact of bringing together all teensyand

assemblies. These tools are generally capable of comparing several design options for a building
program and are generally helpful during initial design. Example: ATHENA® Impact Estimator is a whole
building LCA todhat takes input in terms of bilding geometry and building assemblies. The result is
aggregated for the entire building and presentedhe form of environmental impacts due to different
life-cycle stages ahe contribution of the building towards a particular impact.

Based on Use Skills
Based on required user skills, LCA tools can be categorizedlasor LCA practitionsandtools for
general users (for example, architects)

Tools for LCA Practitioners[5]

These tools hig instructuringthe analysislinking userdefined orpre-defined unit processes; makiritg
easy to take into account standard transport, energy productiom other common datases; and
providingnecessary analyticaind computational frameworks. Theggovide databases that can be
adjusted or replaced by the user. These tools may facilaateCA of individual productndrelatively
complex components like window assemblies. Gagyut anLCA of a whole buildingsing these tools
can be a strenuoutask The analogy here would be to imagine creating an energy model of a building
directly in the underlying simulation tool (e,@OEZ2) without using one of the modeling tools that act as
a frontend to the software (e.geQUEST). The real use for LCLINY OGAGA2Y SNBRQ G(G22f a
industry is to use these tools to build product and assembly @#ish can then be embedded in
buildingspecific tools like BEES® and ATHENA®d&walator.
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Tools for General Users

Tools for general usersuch asirchitects have dl the basic LCA work done in the backgroundnost
cases, dtabases are lockegind cannot be modified by the usgb] Thus it can only be used for the
building products, materiaJ@ndactivity stages for which it has dagaften a serious drawbackyhese
tools have a usefriendly interface in whichhe user is prompted for inputsndneed not structure the
analysisThe toolmay asKor a building location region to determine asgis like electrical grid, source
of building productsandtransportation modesinddistances. The model breaks down the selected
assemblies into their respective products, converts it onto a bill of quantaisgapplies LCI databases
to it to get theinventory of consumed resourc@sdemissionsFor some tools, this is followed by
impact assessmentt is essential for the user to understand the basic working of the tool to get an idea
about the precision of the expected results.

Based on Region

Sormre LCA tools haven LCI database locked to them aarg not compatible with other databases.

Since LCI databases are reggpecific toas. For example, ATHENA® Impact Estimator has the ATHENA®
andUS LCI databases embedded jmvliich are specific to Nt Americaso, at presentjt can only be

used for building locations in Canada and the United States. Other, likelSimaPrpare more adaptive

in their linkages to different databasesd thusare not regionspecific.

Based on Its Application to a Des ign Stage

The classification of tools based on their application to a design stage is dependent on two factors: (1)
the amount of information available for the project during that stage (2) the type of decisions taken
during that stage. During préesignstage, basic information like building form, gross building saed
schematic floor plans is available for a number of design options. Thus a toahfesimplified whole
building LCA tool category can be used at this stage to assess the impaceoffi $prm or structure
system. Examples of such tools are Envest, ATHENA® Impact Estimator, ATHENA® Eca®alculator,
EceQuantum. Duringhe detailed design stage, more accurate information is available and decisions
regarding building systems and prerts are taken. Thus product LCA tools are the tools suitablbdor
detailed design stage.

Based on Life-Cycle Phases Included

Not all the LCA tools are capable of conducting a cradigrave LCA analysis. Cratilegate LCA tools
will only account foimpacts due to material manufacturing attie building construction phase
whereas cradldo-grave LCA tools like BEES® & ATHENA® Impact Estimator account foyal# life
stages.

ATHENA® Impact Estimator

ATHENA® Impact Estimator (IE) is the primaryvaodt tool in North Americallowingusers to evaluate
whole buildings and assemblies based on internationally recognized LCA methodd@pblye types of
assemblies covered by this tool are foundations, walls, floors and roofs, colanthfeams. It provides

a full inventory of natural resource, energnd water use and of emiems to air, waterand land for a
complete building or for individual assemblies. The aim of the tool is to indicate implications of different
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material mixes and design options and consider traffs among the various environmental effects.

Table 13 give an overview of ATHENA® Impact Estimator.

Table 3 ATHENA®npact Estimator overview

Tool Developer
LCA Tool Type

ATHENA® Institute
Whole Building Analysisdl, Tool for Architects

Life Cycle Stageadluded

Material Extraction and Manufacturing, Related TrammspOn
site Construction (energy use + related entges), Operation
(energy only), Maintenance and Replacement, Demolition and
Transport to aAndfill.

Acceptable Building Type

Industrial, Institutional, Commercial, Residential for both New
Construction ad Major Renovation

LCI Database

ATHENA® Database (crattigrave), US LCI Database

Data Location

Canada and US Region

LCIA Method

EPA TRACI

Impact Categories and tits

— Acidification Potentiat, Moles of Hydrogen lon
Equivalent Miss

—  Global Warming Pential¢ CQ EquivalentMass

— Human Health Respiratory Effed®otentiak PM2.5
Equivalent Miss

— Ozone Depletion PotentiglCFC11 equivalent

— Smog Potentiat Nox equivalent mass

— Aquatic Eutrophication Potentig/N EquivalentMass

— Total Fossil EnergyGJ

Unit System Sl and Imperial
Building Material/Assembly 1,200+
Combinations

Required User Skill Moderate

Target Users

Architects, Bgineers DesignersvironmentalConsultants

Tool Vendor Morrison Hershfield

Cost $750

Latest Version 4.0.64

Web-Link http://www.athenasmi.org/tools/impactEstimator/

Tool Assumptions

Since Impact Estimator (IE) is a simplified LCA tool; the system boundaries and assumptions for
calculation are already embddd within the tool[5] [43]

— Effects of building factories, producing machines, building and maintaining transportation
systems, housing workers, or other activities related to basic systems are not included in the
calculations.

— Only energy use asciated with processing, transporting, converting and delivering &unel
energy are accounted for.

— Impact from site selection and site preparation is not accounted for.

— All off-shore products are treated as though they were manufactured in North America
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— Maintenance, repairand replacement schedules are assessed based on the building type and
occupancy (owner occupied or leased)

— Replacement materials will be the same as those used in original construction.

— If service life of a replacement material @mponent exceeds the remaining assumed life of the
building, the difference is credited.

— All building components and assemblies that are recycled or reused at present are assumed to
3SG NBOeOf SR 2 NJ NB dza S Ras hofraligb Hatafe Svaildbje for tBeFe LINE R dzO
practices 4660 years from now.

Input

The tool requires building location, building type, expected life span of the buildimmaterial and
assembly details as inputs. Options tdlting location are limited to eightities inCanada andive in

the US (Pittsburgh, Minneapolis, Atlanta, Orlandod New York§2] [43]. Thiough the location
information, the tool tries to identify a regioto determine aspects like electrical grid, source of building
products andtransportation modesanddistanced5] Thus the user must slect a location closest in
these aspects from the actual location of the project. It covers aroygdQlassembliesvhich primarily
comprise of wood, steelnd concrete products used in foundations and in vertical and horizontal
structural assemblies hE user defines envelope material layers applicable to the assembly and
geometry of the building. Two types of quantity ta&ks are possible within the Impact Estimatoa
oprescriptive takeoffZ where the user prescribes a set of elements cosipg thetake-off calculations

2 NJdéterntinistic takeoffZ where the user specifies functional requirements like livads anday
sizesand the model determines the size of the element to match the requiremgt8kOperational
energy can also be fedtmthe tool by fuel type if dataare available. The tool also givashoice

between whether the building is owner occupied or rental. This choice turns on effects specific to the
maintenance, repajrand replacement for envelope materials such as roofing, claddimywindow

systemg43

Output

The Estimator allows users to change the design,tdutes materials, and make sidpy-side

comparisons for any one or all of the environmental impact indicai$2$The result of the analysis can

be viewed either in form of summary tables or graphs. The results can be categorizesebyody

groups or lifecycle stages. Operational impact versus embodied impact canbal viewed separately.

Up to fivedesign options can be compared at a time. No weighting options are available. Thus, a single
value environmental indicator cannot be @ined.

Additional Features

ATHENA® Impact Estimator allows the tabulated results to be directly exportedegddiSor PDF.
Moreover, bils of quantities for the evaluated design options can also be obtained as an output of the
analysis.

Strengths
The hgh-quality, regionally sensitive databases and usendly interface provide both detailed and
aggregated results. It offers superior assembly and complete design comparison cap@iility
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Weaknesses

The tool is limited to analysis afdd-bearing materials and assemblies. It accounts for exterior

and interior wall finishes but does not consider floor and ceiling finishes. Also, housekeeping
products and home appliances are not available to be included in the ATHENA LCA model. It is
expected that future versions of the tool would include more building finishes, products, and

systems, making the tool more powerful. Such a tool would help architects obtain a more

O2YLJX SGS LIAOGdzZNE 2F (GKSANI 0dzAf RAYIQA SYyODBANRYY

Another weaknesgs that the tool at present has limited options of designing a wall assembly. Most of
the conventional wall assemblies can be created within the tool, but options to create a high
performance wall are not available yet. Eventually, it would be good te hawol wherein architects

can customize an infinite number of assemblies and have an impact number generated by a more
dynamic version of the tool this is what is missing in the tool as it stands.
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ATHENA® EcoCalculator
ATHENA® EcoCalculator is a fireadsheetbased LCA tool developed by the ATHENA® Institute in
association with the University of Minnesota and Morrison Hershfield Consulting Engineers. It was

O2YYAiaaizysSR
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assessment and rating systgdb] This MSExcelbased tool provides quick LCA results for more than

400 common building assemblies. The results embedded in the tool are based on detailed assessments
completed with the ATHENBAImpact Estimator for buildings. Thus, the LCI database related to this tool
is the same as ATHENA® Impact Estimator. Table 14 gives an overview of ATHENA® EcoCalculator.

Table 4 ATHENA® EcoCalculatwerview

Tool Developer

ATHENA® Institute

LCA Tool Type

Buildng Assembly Analysi®dl

Life Cycle Stageadluded

Material Extraction and Manufacturing, Related Transport; On
site Construction ofAssemblies, Maintenance and Replacemen
Demolition, and Transport todndfill. Operational energy not
included

Acceptble Building Type

Industrial, Institutional, Commercial, Residential lk@w
Construction, Btrofits, and Major Rnovation

LCI Database
Data Location

ATHENA® Database (crattiggrave), US LCI Database
Canada and US Region

LCIA Method

Based on methodssed in ATHENA® Impact Estimator

Impact Categories

— Global Warming Potentiagltons

— Embodied Primary EnergyViMBtu
— Pollution to Air- index

— Pollution to Water index

— Weighted Resource Usé¢ons

Unit System Imperial
Building Material/Assembly 400+
Combinatbns

Required User Skill Low

Target Users

Architects, engineers, designers, environmental consultants

Tool Vendor Morrison Hershfield

Cost $0

Latest Version 2.3

Web-Link http://www.athenasmi.org/tools/ecoCalculator/index.html

Tool Assumptions [45]

— Results are presented on a per unit aressis (e.g., per square foot)

— Installation for all assemblies was assumed $e components and loadings typical for central
areas of the United States.

— It was assumed thatllbassemblies would be used in owrmezcupied office buildingwith a 66
year Ifespargwhich affects the maintenance and repair/replacement schedules of relevant
building envelope materials (e.g., roofing membranes, claddangs window systems).

— Other specific assumptions covered factors such as:
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Windowto-wall ratio

Concrete stragth and flyash content

Gypsum board type and thickness with latex paint

Live load for all intermediate floors, columns and beams, and roofs
Bay sizes

Column heights

External wall thicknessedepending on construction system

Stud size/strength and spagjn

Sheathing and decking materials

O O O OO0 O o0 O O

Input

The installation of the tool requires the user to give information about the project location, building

type, and scale. Based on the user input, the tool is installed as aBxX@S file that contains six
assemblysheets for the following categories: exterior walls, interior walls, roofs, windows, intermediate
floors and columns, and beams. The number of assemblies in each category varies widely, depending on
the possible combinations of layers and materidls] The tool requires input in terms of area of an

assembly used. The user can indicate the relative area represented by each assembly type in a category.
For example, there could be a case where two types of window assemblies rewveided in a project.

In such a case, the user can input values specifying the percentage of each window type.

Output

The results are available for five impact categories: global warming potential, embodied primary energy,
pollution to air, pollution to wéer, and weighted resource use. These are available in tabular form and
show real time chages as the inputs are adjust@dfs] This tool feature aids quick and easy testing of
different assembly options. The results take inte@ant all the standard lifeycle stages but do not

include operating energy impact. No weighting options are available. Thus, a single value environmental
indicator cannot be obtained.

Strengths

Reaitime feedback obtained from the tool makes it easy tonpare assemblies and make decisions.
Moreover, its simple useinterface makes EcoCalculator available to architects. The tool is available for
free. This tool should be the starting point for learning about LCA for most building professionals in
North Arrerica.

Weaknesses
Only assembly options available in the tool can be evaluated unlike ATHENAG® Estimatorn which
custom assemblies could be built from available products. More@adumn and beam sizes are fixed.
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Building for Environmental and Economic Sustainability (BEES®)

Developed by National Institute of Standards and Technology (NIST), Building for Enviroamental
EconomicSustainability BEES®rovides producto-product comparisonsn the basis of environmental
and economic performare Users are allowed to apply weighting fact@mlectivelyto environmental
and economic impact and themeigh various environmental facterTable 15 gives an overview of

BEES®.

Table 5 BEES®verview

Tool Developer

NIST

LCA Tool Type

Building Product LCA todlpol for Architects

Life Cycle tages hcluded

Material Extraction and Manufacturing, Transportation,
Installation, Operation and BlIntenance Recyclingand Waste
Management

Acceptable Building Type

LCI Database

Data collected for BEES® 4.0, US atabBse

Data Location

US Region

LCIA Method

EPA TRACI

Impact Categories

— Acidfication Potentiak; grams of lydrogen ion
equivalent per functional unit

—  Global Warming Potentia grams of C@equivalent per
functional unit

— Eutrophication Potential grams of nitrogen per
functional unit of product

— Fossil Fuel Depletiorsurplus megajoules (MJ) per
functional unit of product

— Indoor Air Quality

— Habitat Alterationg threatened and endangered specie
count per functional unit of product

—  Water Intakeg liters per functional unit

—  Criteria Air Pollutants

— Human Healtlg grams of toluene per functional unit of
product

— Smog Formation Potentiglgrams of nitrogen dioxides
per functional unit

— Ozone Depletion Potentigl CFC11 equivalent
Ecological Toxicitygrams & 2, 4D per functional unit

Unit System

Sl and Imperial

Building Material/Assembly
Combinations

230+ building products

Required User Skill

Moderate

Target Users

Designers, Specifiersylers,Product Manufacturers,
PurchasersResearchers, anéolicy Makerg44

Tool Vendor NIST

Cost $0

Latest Version 4.0

Web-Link http://www.bfrl.nist.gov/oae/software/BEES/bees.html
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Tool Assumptions [15]

— The BEES®stem considersenly those materialén a product systernthat are significant in
either weight, energyor cost.

—  The functional unit for most building products is 0.09(thft?) of product service for 50 years.
For other productsthe functional unit is specified in the BEES® manual.

— The data are U8verage.

— For generic products, the most representative technology is evaluated. When data for the most
representative techology are not available, an aggregated result is developed based orsthe U
average technology for that industry.

— For manufacturesspecific produd, dataare collected from the manwdcturer through a
guestionnaireand validated by a thirgharty consultant

— Normalization is applied to impact assessment resaltel normalized results are presented in
the unit of impacts per year per capita.

Input

BEES®isaWindood 8 SR Y2RStAy3a (22fd ¢KS dzaASNJ A& LINRYLI SR
providing infornation about weights to be assigned to environmental and economic performance and to

the environmental impact categories. Four weighting options are available for impact categories. The

user can then select alternatives products from a group of elemenésilis BEES® for comparison.

Another window prompt allows users to select the impact categories for which the results are to be

displayed. The results obtained from BEES® are for a unit area or volume of a material or product. These
results could be multiied to the actual quantity of material or product to get its total impact in a

building.

Output

The output can be viewed igraphform. Detailed graphs are available bydgcle stages and
environmental flow. Summary graphs can also be viewed for dyeralironmentaland economic
performance.

Strengths

BEES® offers a unique blend of environmental and economic performance for a product system
facilitating easy comparison of products. The user can obtain a single value for performwarate
eliminatesthe need to decide the importance of various environmental impact categories. It includes
building element groug, such as building siteworndrepair and maintenance elements. It is
transparent in documenting and providing all the supporting performateta and computational
algorithms[44] It also includes interior fittings and furnishing to a certain extent.

Weaknesses
Right now, the tool has an embedded catalodpoilding products. It only includes data for 200 building
products coering 23 building elements.

83



A Guide to L& Cycle Assessment of Buildings

Economic Input Output 7 LCA(EIO-LCA)

The online tool for EMDCA has been developed by Green Design Instiu@arnegie Mellon University.
Thisis an economic inpubutput LCAbased too] unlike other tools discussed inithsectionwhich are
processbased LCA tool#is results provide guidance on the relative impacts of different types of
products, materials, services, or industries with respect to resource use and emissions throughout the
supply chait]46] EIGLCA models are available for various natiarad state economies. Each model is
compased of national economic inptdutput models and publicly available resource use and emissions
data.In general, EIO tools armt applicable to completing abbCA for a specific building. Some LCA
tools do use a hylid methodology that inaldes both procesbased and EMRCA. Table 16 gives an
2POSNIBASG 2F-LCA: NySIASQa 9Lh

Table 6 EIGLCA overview

Tool Developer

Carnegie Mellon University

LCA Tool Type

Embodied Energy TddlIr]

Life Cycle Stagdacluded

Material Extraction, Manufacturing, Transportation. Use phase
and end of life impacts not directipcluded

Acceptable Building Type

Residential, Commercial, Institutional, Industrial, Highway and
Bridge Construction, Water and Sewer Pipeline Construction,
Maintenance and Repair

LCI Database

Data Location

US, Germany, Spain, Canada, China

LCIA Mehod

Impact Categories

Unit System

Building Material/Assembly
Combinations

Required User Skill

Thorough understanding of tool as well as industry flows requi

Target Users

Environmental professionals and tool/data developgis]

Tool Vendor Carnegie Mellon University
Cost $0

Latest Version -

Web-Link http://www.eiolca.net/index.html

Tool Assumptions [46]

— For the most part, the use phase and eoidife phases are not directly included in the results.

— Imports are implicitly assumed to have the same production characteristics as comparable
products made in the country of interest.

— Most of the economic inpubutput models that form the basis for the ELECA models
represent the producer pricasthe price a producer receives for goods and services.

— The EIG.CA models usanly publicly availabldata.
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Input

The tool requires four types @fiput. The user is asked to select a price model based on the country of

analysis. Then, the industry and sector the product belongs to is selected. In case of buildings, the
AYRdzaGNE G2 0S aStSOGSR Aa a4/ 2y a rasdedtialbdlgingstare{ SOl 2 NJ
available as options under the Construction industry selection. The amount of economic activity for that

sector is also required in units of million dollars. In the fourth step, the user selects the category of

results to be displyed.

Output

The EIG.CA model produces results for inventory analysis and do not estimate the actual
environmental or human health impacts. Results can be viewed for six categarigsmic activity,
conventional aipollutants, greenhouse gases, energpxic releasesand employment.

Strengths
The EIQ.CA modehllows for systemevel comparisons. It also provides for future product
development assessments. Moreover, the results are ecoraidg, comprehensive assessments.

Weaknesses

The results of akEIGLCA analysis represent the impacts from a change in demand for an industry
sector. Depending on the model chosen, an industry sector represents a collection of several industry
types, and this aggregation leads to uncertainty in how well a spedifissiry is modeled.

US LCI Databasez by NREL

The HigHPerformance Buildings research groupla National Renewable Energy Laboratory (NREL) is
working with the ATHENA® Institute in developing the U.SClidée Inventory (LCI) Databaséichis
publicly available othe NREL ‘@b site. The LCA experts at NREh # solve the problem of data
consistency anttansparency by providing a central source of critically reviewed LC[H&tdahe LCI

data are available in several formats: a streamlined spreadsheet, EcoSpold format spreadsheet,
EcoSpold XML file, and detailed spreadsheeh alt the calculation details. Thegéire below presents a
screenshot of the US LB&tabase in spreadshefrmat obtained from the NREL &y site.
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A B C D E F G H | J K E M -

1 Name Laminated veneer lumber processing, at plant, US SE H
(blue shading indicates . Infrastructure ’
noinputrequired) Flow Location Category SubCategory Process Units
2 Quantity  uncertair std dev ¢ min (trias max (triz most Iikscommelf
Inputs from i
3 [Fechnosphere Electricity, at grid. Eastern US us no kWh 1 144E-01
Natural gas, combusted in industrial us m3
4 boiler no 1.813E-02
5 Diesel, combusted in industrial boiler US - L 6.092E-04
Liquefied petroleum gas, combusted Us i
6 in industrial boiler no 7.603E-04
Transport, combination truck, average
7 fuel mix - no i 1.766E-01
8 Phenol Formaldehyde, at plant us no kg 1.774E-02
9 Dry veneer, at plywood plant, US SE  US no kg 1.038E+00
10
11 Inputs from Nature |Water, unspecified natural origin resource in water L 5.738E-02
12
13
14 Outputs to Nature Particulates, unspecified air unspecified kg 8.946E-04
15 Methanol air unspecified kg 8.922E-05
16 Formaldehyde air unspecified kg 2.460E-06
17 Acetone air unspecified kg 2.433E-05
18
Product / co-product |Laminated veneer lumber, at plant, Us K
19 outputs US SE 9 1.000E+00
Coproducts of laminated veneer | v

W 4 » M| Disclaimers .~ Process Info | Flow Info . Source Info .~ Person Info . “%J [ ] ] »

{ylrLak2id 2F GKS [/ L &ALINBIRaKSSG F2NJ W[ IFYAYFEGSR Sy SSNJ [ dzYoSNJI t

USLCIA Method z TRACIby EPA

TRACI (Tool for the Reduction and Assesg of Chemical and other environmental Impacts) is an

impact assessment tool developed by EPA for Sustainability Metrics, Life Cycle Assessment, Industrial
Ecology, Process Design, and Pollution Prevention. The impact categories in TRACI includtaaidific
ecotoxicity, eutrophication, fossil fuel depletion, global warming, human health cancer, human health
criteria, human health nomancer, ozone depletigmnd smog formation. The categories were selected
based on their level of commonality with ettigy literature in this area, consistency with EPA

regulations and policies, current state of development, grefceived societal valug8] TRACI was
deweloped specifically for the Using input parameters consistent with US locations.

International LCA Tools

EQUER
(http://Iwww.cenerg.ensmp.fr/english/logiciel/indexequer.html

Develped by the Center for Energy and Processes in Paris, the life cycle simulation tool EQUER is based
on a building model structured in objects, this structure being compatible with the thermal simulation

tool COMFIE. The functional unit considered is the le/iildingoperated over a given duratiof1]

Impacts due to the activities of occupants (e.g., heimavork transportation, domestic waste

production, and water consumption) may be taken into account according to the pugidke study:

this possibility is useful, e.g., when comparing various building sites with different-tmmerk

distances, waste collection system, water network efficiency, etc.

LCAid™
(http://buildica.rmit.edu.au/CaseStud/Buxton/BuxtonPS_LCAid_usd)htm
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[/TARu A& O2YLMziSNI a2FiGst NBE RSOSt2LISR o6& 5t2{ 9y@
by Dr. Andrew Marsh of the University of Western Australia Departra€Atrchitectural Sciencil9] It

is a useffriendly decisioamaking tool for evaluating the environmental performance and impacts of

designs and options over the whole life cycle of a building, object, or system. It is well integrated with

other environmental software it can work on a 3D model created in software sastECOTECT or

Autocad. ECOTECT has been developed tolin®§ A GK [/ ! ARu dzaAy3a o0dzAf RAY 3
incorporate LCA data into the design tool. It is possible to read other sets of LCA data from SimaPro or

other LCA modelgl9]

Eco-Quantum
(http://www.ivam.uva.nl/index.php®t=373&L=]1

Developed by IVAMEceQuantum is an LCA tool to analyze residential projgatey dzi y G dzY Q& +h ¢ 2
is for use during the provisional design ph§4@] First a type of building is selected. Then the materials

to beused are specifiedClients and local planning authorities can use®@uantum as a policy tool to

define the environmental specifications for a hodsalding program. And the builh VO Tool for

provisional design provides architects with a clear piStur2 ¥ G KSANJ 60dzAf RAy3IQa adzail
the design phase, thus helping them to improveditsrironmental performance while@ still on the

drawing board50]

LCA in Sustainable Architecture (LISA)
(http://www.lisa.au.com/)

LISA is a streamlined LCA decision support tool for construction. It includes construction and operation
impacts.The tool was developed keeping in mind the specific needs of architects and other industry
professionals who require a simplified LCA tool to assist in green design. Bill of materials and quantities,
work schedules, fuel consumption by construction equipimand utilization schedules are required as

input. Output is produced in both graphical and tabular format showing the environmental impact of

each stage in terms of: resource energy use in GJ, greenhouse gas emissions in metric tons of equivalent
CQ, M, NMVOC, water, Nand SQ

Envest
(http://envestv2.bre.co.uk/account.jsp

Developed by BRE, the Wehsed tool Envest has been designed to simplify the process of designing
environmentally friendly buildings. It allows both environmental and findricéaeoffs to be made

explicit in the design process, allowing the client to optimize the concept of best value acdorttiedy

own priorities[51] It has been developed for use during the early design stage. It allowsdasggn
companies to store and share information in a controlled way, enablihgirse benchmarking and

design comparison. Two versions of the tools are available: Envest 2 estimator and Envest 2 calculator.

LCAIt
This tool was develomkby CIT Ekologia,division ofChalmers. It is a complex tool where emissions,
wastes, and resources generated by a process are specified in the Process Card. The primary product of
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a process (i.e., resources which flow between processes) cannot be defined until lieksdesv
established between two or more processes.

PEMS
(http://www.pira.com/ClientServices/USEMIS.hrm

Pira Environmental Management System (PEMS) is a tool for experts. Ample descriptizlfieldise

user to offer narrative information for all process blocks and the system as a whole. Data developed by
the user, however, are difficult to input into the database format, and archiving systems for reuse is
tedious.

4 %! - A
(https://www.ecobilan.com/uk team.php

ThisLCA tools developed frontEcoBalancdfcobilan¢ 9 ! d@swone of the most powerful and flexible of

the tools. Selecting and defining inputs and outputshivitthe lowest process/unit level is quite simple

using the tool bar; flows may be defined by values or variables and equatichd. an | f ft 2638 (GKS
build and use a large database ambdel any system representing the operations associated with

produds, processesand activities.

Umberto
(http://www.umberto.de/en/)

Umberto was developed by a European consortium, among wariemostly German and Swiss
institutions and companies (e.g the German Institute foriEemmental Informatics and Institute for
Energy and Environmental Research). Umberto is a software tool for material and energy flow
calculation and analysis based on graphical modeling of process systems. Based on the concept of
material flow networks, lte powerful calculation algorithm of Umberto allowse to determineall
material and energy flows in the system under study.

SBiLCA tool

(http://www.en.sbi.dk/)

Developed at the DanisBuilding Research InstituteBl this LCA toatonsists of a database and an
inventory tool for the calculation of the potential environmental effects for buildings and building
elements.It differs from most other LCA tools currently available by the methodes to handle
uncertanty.

Boustead
(http://www.boustead-consulting.co.uk/products.htin

Developed by Drdan Boustead, this moded best known for its extensive database especially for the
building industry. lincludes extensive data modules for energy carriers, fuels produciimh
transportation. Individual process, segment, and complete product data are included for common
process operation segments and commodity materials manufacturing subsystems.
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SimaPro
(http://www.pre.nl/default.htm)

Developed by PRe consultants, this software is product design orientated. SimaPro is a professional LCA
software tool. Complex products with complex life cycles are easily cad@nd analyzed. The

inventory databases and the impact assessment methods can be edited and expanded without

limitation. The ability to trace the origin of any result makes SimaPro unigiseone of the most widely

used LCA tool. Three versions of &#ro are availablelepending on the kind of analysis one intends to
conduct.

GaBi
(http://www.gabi-software.com)

Developed at théKP University of Stuttgain cooperation with PE Product Engineering GmbH and
distributed by PE Product Engineering GmbH, GaBi is a generic LCA tool applicable to any industrial
product or process. It is very popular in the automobile industry. GaBi 4 software is one of the
leading expert systems for balancing complex and datensive process networks. Other than LCA,
GaBi has the capabilities to assist in greenhouse gas accounting, life cycle engineering, design for
environment, substance floanalysis, strategic risk management, and total cost accoufiiagGaBi
enables the user to develop the product system for analg$Since the product system is user
defined and not fixed, as iother building product and whotbuilding LCA tools, it is presumed that
there are no tool assumptions.

Related Tools z Pharos, Green Footsteps, and Eco-Scorecard

Pharos Framework
(http://www.phar osproject.net/framework/index)

The Pharos framework is under development by the Healthy Building Network, University of Tennessee
and Cascadia. It aims at providia@60° view of green material attributes , putting those claims in

context and testing tam against verifiable data and community consensus of ideal §62Jl3 he

framework provides radts in three impact categories:

— Health and Pollution
— Environment and Resources
— Social and Community

Pharos is an onlinool providing impacts fothree building product classes:

— MDFRParticle BoardWheatboard
— Resilient Flooring
— Batt Insulation
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{)Pharos

Cork Rubber Flooring (CRF)
Zandur

Also sold as:

Manufacturer's Description:

Vulcanized Cork and Rubber flooring

More information link: www.zandur.com
+ Commercial + Education ./ Health Care ./ Hospitality +/ Industrial ./ Residential

Manufacturer's Claimed Product Recycled/Renewable Composition

Pre Consumer Recycled: 65.0%
Post Consumer Recycled: 0.0%
Rapidly Renewable / Biobased material: 65.0% (Agricultural Non certified)

CSI MasterFormat 2004 Designations
09 65 00 - Finishes - Resilient Flooring

Manufacturer Transparency %
_ ProvidedData |  SourcedData | Full Content Disclosure | Disclosed Locations |Responded to Follow up | + No Antimicrobials List | —

A snapshot of Pharos online tool showimpacts for Cork Rubber Floorifg] Values in red and yellow boxes represent impact category score
out of 10. The higher the score, the more environnfeandly the product is.

RNNRG RnMTL EndTox MfrTox UseTox

A range of product options are available &ach product class. The tool provides impact values for
different brands of a specific product class. A snapshot of the tool is presented above. Each product is
scored under several impact categoriesascale ofL0. The tool does not carry out an LCAabsis.

Rather the LCA results for several products are embedded in the tool.

Green Footstep
(http://greenfootstep.org/)

Developed byhe Rocky Mountain Institute, Green Footstep is an assessment tool for quagtidyict

reducing greenhouse gas emissions from site development, constryetighoperation of a project. It is

capable of assessing both residential and commercial new and retrofit building construction projects. It

is recommended to be used dog predesgn stages and theperiodically throughout design. The

target audiences for the tool are building designers, ownarsl other stakeholders. The tool helps in
settingaLIN2 2503 Qa4 OF Nb2y 3J21fa YR ARSYGAFTeAy3a RSaAldy

The inpus required for the tool are project location, site characteristarsd building characteristics.
The project location helps identify the €é€missions per kilowatt hour for that region.
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s=DesignDecisions &} GREEN FOOTSTEP

“ CONSTRUCTION OPERATION Increase your average site carbon storage

315
280 1
245
210

Footprint Positive

ala. A i VL i i ' 175 |
ol T t t 140
105

70
35 ) 13
0

Existing

Native Storage

Site Development
Baseline

Your Design

Net Zero

Carbon Neutral -

Percent of site is native vegetation:

(&)

Number of trees to be planted on non-native areas of site: 0 T1ees

Expected building lifespan: 50 L1 Size of your building: 8000

(&8

(&) (&)

Site by FIREANT STUDIO

A snapshot othe Green Footstep tool showing analysis resultsafioig000-squarefoot multi-family residential building with an expected
building lifespan of 50 years. The figure shows carbon emissions for the proposed building design comparea¢ocaametarbon neutral
building designThe user can slide the biar building size and lifespan to see the change in values of Carbon Debt.

ecoScorecard
(http://ecoscorecard.com)

ecoScorecard allows manufacturers to publish their green products with correspondimgrenental
characteristics on a b-based catalog so clients may quickly search by name, contrihati@mother

attribute. Then, ecoScorecard goes further, enabling the user to evaluate a product, or group of

products against major environmental rating systems amhgrate the documentation necessary for

inclusion in the certification procesgcoScorecard allows the user to determine the score value from

the use of the specific products for various green rating systems, such as LEED, CHPS, and Green Globes.
The védue of ecoScorecard in LCA analysis is to adapt the data to provide products data for the LCA

analysig54]

BIMand LCAz, #! $AOECT A 41 11

Effective tools can potentially rede the time consumed in conducting an LCA. Building Information

Modeling (BIM) is seen as one such tool that can aid in the LCA process, as it provides the opportunity

for quantity takeoffs. An integration of BIM and LCA tools seems to be an ideal seitpeamline the
LIN2OS&aa 2F [/!® hyS &adzOK 2y32Ay3a STFF2NI Aa GdKS [/
wSASEFNODK /SYyGSNI F2NJ / 2yaidaNUzOGA2yY Lyy201FGA2y Ay | dz
CAD drawing of a building to enable the ctdtion of environmental impacts resulting from the choice

of materials to be refleed in design assessmejii5] The automated takeffs provide quantities of all

building components created from an extensive list of materiat$sas concrete, metals, timber, glass,
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plastics, etc. This design information is combined with a life cycle inventory of construction materials to
estimate key internationally recognized environmental indicators such asnBimator 99[55] The input
NBIljdZANBR FT2NJ 6KS G22f Aa | o5 RNIXgAy3d F2NI I odzaAf R
IFC format of the 3D drawing file. The Australian Life Cycle Inventory (LCI) database is linked to the tool.

¢ KS [ /! 53cail®yised talad<ess design at the preliminary as well as detailed stages. Thus, it

can be predicted that the availability of this tool and other similar tools in the market will surely change

the way LCA is perceived by the architects.

Chapter Summary
In this chapter, we discussed:

V  Configuration of an LCA tool
V LCA tools can be classified
0 Based on different levels of LCA application: Product, building assembly and whole
building LCA tools
0 Based on user skills: Tools for LCA practitioners and tooleherg users
o Based on region: Tools containing LCI data for a specific country or region
0 Based on its application to a design stage
0 Based on lifecycle stages that can be evaluated using the tool
V US LCI Databagey NREL
V US LCIA Method TRACI by EPA
V Three related tools were described
0 Pharos by University of Tennessee
0 Green Footsteps by Rocky Mountain Institute
0 EcoScorecard by the ecoScorecard Company
V LCA and BIM LCADesign Tool
V Following LCA tools were discussed (see table below)
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Tool LCA Tool Type Life Cycle Stages Acceptable Impact Categories Web-
Included Building Link
Type
ATHENA® — Whole — Material Industrial, — Acidification http://w
Impact Building Extraction and Institutional, Potential ww.ath
Estimator Analysis Manufacturing Commerecial, _ enasmi.
Tool Residential for — Gbbal Warming  org/t00l
— Related Transport poth New Potential s/impac
— Building _ Construction tEstimat
— Onsite . — Human Health -
Assembly c ) and Major R ] or/
Analysis onstuction Renovation espiratory .
Tool (energy use + Effects Potential
related _
_ Tool for emissions) — Ozone Depletion
Potential
General .
Users — Operation _
(energy only) — Smog Potential
— Maintenance and - Aquatic
Replacement Eutrophication
Potential
— Demolition and
Transport to — Total Fossil
Landfill Energy
ATHENA® — Building - Material Industrial, — Global Warming  http://w
EcoCalculator Assembly Extraction and Institutiondl, Potential ww.ath
Analysis Manufacturing Commercial, _ ' enasmi.
Tool Residential for — Embodied Primary orqg/t00
— Related Transport new Energy s/ecoCal
— Tool for Onsit Construction, Pollution (o Ai culator/i
General - C(r)}-rfsltfuction of Retrofits and O UHONTOAT ndex.ht
Users i .
Assemblies Major — Pollution to Water ™!
Renovation
— Maintenance and - Weighted
Replacement Resource Use
— Demolition and
Transport to
Landfill
BEES® — Building — Material Not applicable — Acidification http://w
Product Extraction and Potential ww.bffl.
LCA ool Manufacturing nist.gov
— Global Warming  /55e/s0
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Tool LCA Tool Type Life Cycle Stages Acceptable Impact Categories Web-
Included Building Link
Type
— Tool for — Transportation Potential ftware/
General BEES/be
Users — Installation Eutrophication es.html
. Fossil Fuel
~ Alsoalife — Maintenance Depletion Indoor
Cycle Cost . Air Qualit
y ) — Recycling and Q y
Analysis
Tool Waste Habitat Alteration
Management
Water Intake
Criteria Air
Pollutants
Human Health
Smog Formation
Potential
OzoneDepletion
Potential
Ecological Toxicity
EIGLCA — Embodied - Material Residential, Not Applicable http://w
Energy Tool  Extraction and Commercial, ww.eiol
Manufacturing Institutional, ca.net/i
Industrial, ndex.ht
— Transportation Highway and mi
Bridge
(Use phaseand end g .
v Construction,
of life impacts not
directly included)  aterand
Y Sewer
Pipeline
Construction,
Maintenance
and Repair
EQUER — Whole — Material Industrial, Exhaust of abiotic http://w
Building Extraction  and Insttutional, resources ww.cen
Analysis manufacturing Commercial, _ erg.ens
Tool Residential for — Primary energy  mp fr/e
— Construction both New consumption nglish/I
i Construction ogicielfi
— Operation . — Water
and Major ndexeq
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Tool LCA Tool Type Life Cycle Stages Acceptable Impact Categories Web-
Included Building Link
Type
(energy +vater + Renovation comsumption uer.htm
domestic waster I
occupant — Acidification
transportation)

. — Eutrophication
and Maintenance P

i — Global warmin
— Demolition and g

Waste — Nonradioactive
Management waste

— Radioactive waste
— Odors

— Aquatic
eootoxicity

— Human toxicity

— Photochemical

smog
[ /! AR - Whole — Materials Allitypes - Life Cycle http://b
Building . Greenlouse gas  uildlca.r
Analysis — Construction emissions mit.edu.
Tool _ au/Case
— Operations — Life Cycle Stud/Bu
~ Building (Energy +Water + embodied energy  xion/Bu
Assembly domestic waste) 7xtonP S
Analysis and maintenance — Ozone depletion —LCAid J
Tool — Demolition and — Nutriphication se.html
. waste
— Material
Analysis management — Heavy metals
Tool — Acidification
— Tool for — Summer/Winter
General smog
Users

— Caronogenesis
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Tool LCA Tool Type Life Cycle Stages Acceptable Impact Categories Web-
Included Building Link
Type
— Solid Wastes
— Water
consumption
— Primary fuels
EceQuantum - Whole - Materials - (EcaPoint http://
Building method) WWW.iV
Analysis — Construction am.uva
— Greenhouse -
_ VOTool: - Operations effect -nlfinde
Tool for (energy) and x.php?i
General Maintenance — Eco toxicity d=373
Users — Demolition and — Human Toxicity &=l
waste and more
management
LISA - Whole — Materials Multi-storey ~ — Resource energy http://iw
Building offices, High use ww.lisa.
Analysis - Site Activities rise, Wide au.com/
Tool span — Greenhouse gas
— Constructon warehouse emissions
) -g::;; — Operations an'IdbR.(C)iad and _ Suspended
Users (energy) and rati bricges particulate natter
Maintenance
— Norrmethane
— Demolition and VOC
Waste
Management - Water
consumpton
— NQ(
— SQ
Envest - Whole — Materials - — Climate change  http://e
Building nvestv2.
Analysis Tool — Construction — Fossil fuel bre.co.u
depletion k/accou

— Operations
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Tool LCA Tool Type Life Cycle Stages Acceptable Impact Categories Web-
Included Building Link
Type
— Tool for (energy) and — Ozone depletion nt.jsp
General Maintenance
Users — Freight transport
— Demolition and
— Also a Life Waste — Human toxicity to
Cycle Cost Management ar
Analysis Tool .
— Human toxicity to
Water
— Waste disposal
— Water extraction
— Acid deposition
— Ecotoxicity
— Eutrophication
— Summer mog
— Minerals
extraction
LCAIt — Product Flexible to include or Not applicable Can be customized tc http://w
Analysis Tool exclude any life produce LCIA results ww.eine
cycle stage t.net/re
— Tool for LCA view/96
Practitioners 2195
588110/
LCAIT.ht
m
PEMS — Product Flexible to include or Not applicable (Two impact -
Analysis Tool exclude any life assessment
cycle stage calculation metods:
— Tool for LCA problem-oriented
Practitioners and mediaoriented,
critical volume
assessment
methods.)
TEAM — Product Flexible to include or Not applicable - https://
Analysis Tool exclude any life www.ec
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Tool LCA Tool Type Life Cycle Stages Acceptable Impact Categories Web-
Included Building Link
Type
Tool for LCA cycle stage obilan.c
Practitioners om/uk
team03.
php
Umberto Product Flexible to include or Not applicable (Evaluates material http://w
Analysis Tool exclude any life and energy flow) ww.um
cycle stage berto.d
Tool for LCA elen/
Practitioners -
SBILCA Product - Not applicable (LCA database and -
Analysis Tool inventory tool)
Tool for LCA
Practitioners
Boustead Product Cradleto-Grave Not applicable (for life cycle http://w
Analysis Tool inventory ww.bou
calculations) stead
Tool for LCA consulti
Practitioners ng.co.uk
[produc
ts.htm
SimaPro Product Cradleto-Grave Complex — Climate change  http://w
Analysis Tool products with ww.pre.
complex life ~ — Carcinoges nl/defau
Tool for LCA cycles _ It.htm
Practitioners - Resplratory
organics

— Respiratory
inorganics

— Radiation
— Ozonedyer
— Ecotoxicity

— Acidification /
eutrophication

— Land Use
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Tool LCA Tool Type Life Cycle Stages Acceptable Impact Categories Web-
Included Building Link
Type
— Minerals

— Fossil fuels
GaBi — Product Cradleto-Grave Any industrial - http://w
Analysis Tool product or ww.gabi

process -

— Tool for L& softwar
Practitioners e.com/

3 STATE OF PRACTICE

This section presenthe views of architectsn the use of LCA methodology aexiamples otise of LCA
in practice. Seven architects were interviewed to understand the present state of integration of LCA in
practice. Areview ofeightbuildingLCAcasestudieswas completedhat were eitherfictitious buildings
as part of an academic researekerciseor typical design and constructigerojectsto understand a
0dZAf RAy3dQa SYy@ANRBYYSyYy(lf F220LINAY (@
Real design and construction projects are:

— Case Study 1: New Jersey Meadowlands Commission (NJMC) Center for Environmental and

Scientific Education Bdihg, New Jersey, US

— Case Study 2: Stadium Austrahlew South WalesAustralia

— Case Study 3: Emeryville Resourceful Builddagjfornia US

— Case Study 4: Alicia Moreau De Justo School, Mendoza, Argentina

¢KS NBaSINDOK addzRA®a 2N WFAOQUAGA2dzaQ LINR2SOGa |
— Case study 5: Three Variants of a House, Switzerland
— Case Study 6: Commercial Office, Thailand
— Case Study 7: Two Variants of@uke, US
— Case Study 8: OfficauilBling US

This set of case studies was selected for relnesausesach of them presenta unique scenario of use

of LCA in buildings and reveals practical issues associated with conducting LCA. The section also briefly
describes two LGrelated studies. One explores the possibility of including Jase impact in assessing

I odAf REYDRERVYSYVOLIE AYLI OGP ¢KS 20KSNJ LINBaSyida |
understand its benefit against constructing a new building. The aim of this section is to understand:
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L

Why a particular study was conducteddathe motives behind the atly

What specific aspect(s) of thmiilding project were evaluated and a goafidition for each
project

During which project stageCAwas introduced in the projecbnly in case of real projects)
How the study was scoped

Which stages of building IHeycle ae included in the study

How the data were collected

What assumptionsvere made for datanot available

What LCA toold,Cl database, and LCIA method were used in each specific case
What team members @re involved in the LCA process.

n

© o N UKW

LCA from the ArcE E O A &r€péaiive 0

¢2 dzy RSNRAUGFIYR [/! FNRY |y FINOKAGSOGQa LISNRLISOGABS.
architecture firms, which ranged from small to large. Some of these firms focused on sustainable
practices only.

Large firms seemed moredlined to sustainable practices as compared to small firms. Integration of

LCA in the design process also showed a similar trend. Apparently, this was primarily due to the fact that
LCA is a time and money intensive exercise. Large firms were ablera iaffdile small were not.

Moreover, most of these firms, which had used LCA in their projects, had hired an LCA expert to carry
out the LCA study. This could be because of one of the two reasons (1) architects are not completely
aware of simplified whoklbuilding LCA tools or (2) architects do not have faith in these simplified whole
building LCA tools. One of the major obstacles that prevented the use of LCA in practice is the
overwhelming information that architects obtain from the LCA experts. Sint&€anmay result in
environmental impact scores spread over different categories, it becomes difficult for the architects to
rate which category is more important than the other. Another obstacle is the lack of incentives at
present for the use of LCA. Whasked about the kind of incentives that would instigate the use of LCA

in practice, a range of responses were received. Some believed that monetary incentives in terms of tax
benefits and subsidies on the purchase of green products would help, whereais dithlieved that if a

range of projects using LCA were showcased and case studies compiled, it would be great incentive for
other firms to adopt the LCA methodology. In terms of benefits of LCA, one interesting response
suggested that since LCA is nobbanmon practice at present, it could give an architecture firm an edge
over the others and increase the market value of the firm. Responses regarding possible applications of
LCA ranged from selecting a building product to selecting consultants and preahazirs. A firm

employing LCA in a project would prefer consultants and vendors who have an understanding of the LCA
methodology.

Thus, it can be concluded that although LCA at present is not an essential component of most of the
architecture practices, general understanding of the methodology is critical for architects to
understand the process and results of LCA.
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Target audience for LCA z Who will benefit?

The target audiences in the building industry for la@&mostlyarchitects, product manufacturerand
sustainability consultants. General contractaan also take the responsibility of conductangLCA
study for the project in some siations. Other stakeholders, such@sners, building occupastand
other consultantsare indirectly affected byhe use of LCA in practice.

Real Projects

Case studies-4 were reviewed in detail to understand and demonstrate the implementation of LCA in
building practice.
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Case Study 1. NJMC Center for Environmental and Scientific Education, NJ, US
This case studyasreviewed becausé represents one of the few documented examplesaof

application of wholebuilding LCA in practice the US. The primary source of information for this review
& [IPKS wdzi 3SNAQ

gl a (KS NBLZ2 NI

Project Overview

Exterior view of the NJIMC buildif&f]

LJdzo t AAKSR 0o

Building Type Educational Facility

Construction Commenceabperation in April

Duration 2008

Area 9,590 SF

Purpose .dzAf G Fa Iy FRR
existing educational facilities

Building 3 Classrooms, a

Program Classroom/Laboratory, a Wet

Chemistry Laboratory,
Administrative Offices, along with
an Observatory

Project Cost

The building is supported by wooden beams and

columns along with concrete masonry units. The
exterior wall is constructed out of 2 x 6 wood stud

systems with glass fiber insulation and gypsum
board. The structure has a cdstplace concrete
floor slab and twepitched roofs with nortifacing
clerestory windows. A variety of flooring materials
such as linoleum, carpet, and terrazzo are feature
in the project. The windows use higlerformance
glazing, and exterior doors are alimam-clad wood

and glasg12]

Environmental Features [57]

Architect Fredric A. Rosen

Contractor -

LCA Expert  Rutgers Center for Green Building
LCA Tool SimaPro 7.1

LCI Database Ecolnvent 2.0 for US conditions
LCIA method BEES® and IMPACT 2002+
Energy Software

Calculation

Phase in Construction Phag56]

which LCA

was

introduced

— 165unit rooftop solar panel array

— Ceiling solar tubes

— Recycled building materials
— Recyclable and localiganufactured standingeam metal roof
— Energyefficient heating, lightingand water system
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Project Team
Members
involved in
LCA

LCA Expert, General Contractor,
Product Vendor/Manufacturer,
Architect, Owner, Energy Modele
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