
The project team for the CIRS building
chose a 100% heavy timber structure in
pursuit of negative embodied carbon. That
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Whole-Building Life-Cycle Assessment:
Taking the Measure of a Green Building

Why we will never understand the true impact of our buildings—and how
we should try to anyway

By Paula Melton

“All models are wrong, but some are useful.”
– G.E.P. Box

Net-zero energy use is a difficult goal for most
buildings—but it wasn’t nearly enough for the designers
of the Center for Interactive Research on Sustainability
(CIRS) at the University of British Columbia. First
conceived of in 1999 as a regenerative design project,
CIRS was targeting net-positive operational energy,
carbon, and water quality as well as net-positive
embodied carbon.

When design began in earnest in 2008, “the construction
carbon footprint became formally one of the aspects that
the team was looking at,” explains Max Richter, architect
at Perkins+Will in Vancouver. With net-positive embodied
carbon as a driving goal, he says, “you have to use
life-cycle assessment as a tool throughout your process.”

The team used life-cycle assessment (LCA) three
times—first to compare structural systems, second to
compare cladding systems, and finally to assess whole-
building impacts after construction. “You have to accept
the fact that it’s not going to be perfectly accurate,”
Richter says. “We don’t look at the calculation that’s
coming out as exact down to the last gram of carbon
that’s been emitted or stored in the building, but it gives
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target required life-cycle assessment
throughout design.

us a picture of how it’s performing.” And, he emphasizes,
“It does give you a better picture than if you weren’t
doing it at all.”

Richter’s sentiments echo those not only of LCA newbies but also of many experts in the field:
although whole-building LCA can be a powerful design tool, it’s important to recognize its serious
limitations. Some of these limitations are likely temporary, but others are inherent to the methodology
and will never go away.

Greater Than the Sum of Its Parts
LCAs for building materials and products—and their expression in environmental product declarations
(EPDs)—are becoming more familiar to designers, as we reported in our January 2012 article “The
Product Transparency Movement: Peeking Behind the Corporate Veil.” Building-level analysis depends
heavily on this data, but that’s not the whole picture.

LCA is a very flexible methodology whose goals and scope must be carefully defined from the outset.
A full-on whole-building LCA could potentially account for impacts from:

• Design, including site visits and meetings

• Site disturbance and land use

• The cradle-to-gate impacts of each permanently installed product and material

• Construction, including workers’ transportation to and from the site

• Building operation, maintenance, and use, including occupant transportation

• Anticipated repairs, replacements, and renovations

• Demolition or deconstruction

• End of each building material’s service life

“Whole building” in name alone

In practice, project teams virtually never strive for that level of detail; it’s just not practical, and the
available data wouldn’t support such a massive undertaking. Instead, the team defines a more
manageable scope based on the project’s goals and the client’s values.

What’s typically referred to as a “whole-building LCA” is in fact nothing of the kind; the term is used
loosely to describe a variety of assembly- and building-level impact analyses that may or may not
include typical LCA impact categories (such as smog-forming or eutrophication potential) and may in
fact only look at the construction phase of the building.

Energy and carbon

“Even with just embodied energy and embodied carbon, we’re facing difficulties,” notes Frances Yang,
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Innovation House in Western Australia,
shown here under construction, was
pursuing low-carbon construction as well
as operation and decreased its footprint by
using new software called eTool LCA. The
team used the tool to compare hot-water
systems and other features and
benchmark the final design against that of
a typical Australian home.

S.E., an Arup material and sustainability specialist. Yang is part of a group at Arup developing a large
bank of LCA data that could eventually be used by designers around the world as a way to benchmark
their buildings—in much the same way that the CBECS database is used to benchmark operational
energy and water through Energy Star Portfolio Manager (more on benchmarking below).

Developing the database “has really opened up our eyes,” says Yang. LCA gets “incredibly complex”
as soon as you start adding impact categories—though she agrees these impacts shouldn’t be ignored.
For example, “LCA is not really good at [measuring] health hazards and responsible sourcing.” Yang
views LCA as a good tool for readily quantifiable categories like carbon and energy but recommends
using complementary tools for assessing health hazards and social responsibility.

Managing other impacts

The complexity of conducting a full LCA for an entire building has led most project teams to focus
primarily on global warming potential (GWP)—and more particularly on the embodied carbon of the
building (a measure of the materials’ cradle-to-gate carbon impacts plus the carbon impact of
construction). In Vancouver, the CIRS team used the Athena Impact Estimator, which includes several
impact categories. “It shows us all of the metrics, but certainly the focus is on the carbon,” Richter
told EBN, noting, however, that the all-wood structural system they chose “across the board seems to
perform better environmentally than all the other options.”

The team used other tools to assess other impacts: for example, since they are targeting Living
Building Challenge (LBC) certification, that program’s Red List informed the design as well. The project
is also hoping to achieve LEED Platinum, so “the operational energy was done through the energy
modeling process,” Richter said. “We were trying to make sure that those processes were happening
in parallel.”

LCA as a Design Tool
Building LCA expert Russell Gentry, Ph.D., characterizes
energy modeling as a type of LCA specifically for the use
phase of the building’s life cycle. “The building’s energy
model is one component of the energy that gets
embodied in the building during the building’s use,”
explains Gentry, a professor at the Georgia Tech School
of Architecture and coauthor of the American Institute of
Architects’ AIA Guide to Building Life-Cycle Assessment in
Practice. In a sense, then, architects are already familiar
with using LCA in design; it’s applying a similar mindset
to embodied impacts (such as in the 2030 Challenge for
Products) that’s relatively new.

Parallels between energy modeling and building-level LCA
come up frequently in conversations with practitioners;
the gradual (if skeptical) acceptance of energy modeling

as an indispensable design tool gives them confidence that LCAs for assessing embodied impacts will
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LCA at Different Stages of Design

Depending on how LCA is used, an LCA
expert may be needed throughout the
process.

also eventually become commonplace—and that the marketplace will demand and produce better
methodology along the way.

Send in the structural engineers

“One of the things we want to try to do is to initiate a discussion between the designer and the
structural engineer in the same way that energy modeling initiated a discussion between the designer
and the mechanical engineer,” explains Scot Horst, senior vice president for LEED at the U.S. Green
Building Council, speaking to EBN about proposed whole-building LCA credits in LEED. “We know for
sure there’s a huge amount of material use in columns and beams. How would we lay out the columns
and beams and live loads on the slab to get what is needed structurally but use less material?”

While considering different layout options in early design, he continues, “I might look and say…if I
were to use wooden beams instead of steel and concrete, what would happen? There might be a really
big [embodied] carbon impact, but what’s that going to mean relative to energy use?” The goal of the
exercise, he argues, is “looking at the whole thing as an organism and adding a new dimension to how
you think about materials.” (More on LEED and other standards below.)

Comparing systems

One increasingly common use of building-level LCA today
is for identifying high-impact “hot spots” in the building
overall during early design and then exploring systems or
assemblies that might reduce the anticipated impacts as
details are filled in.

The CIRS team, for example, initially compared several
different structural systems—such as concrete with steel
studs, concrete with glulams, and glulams only. The team
chose heavy-timber glulam construction because it
offered negative GWP; the only concrete is in the
basement of the building. Richter acknowledges the choice may not be perfect. “Definitely concerns
have been raised because people suggest there are other structural systems that are more robust and
durable over a long period,” he told EBN. The team took steps to ensure the building’s durability in
light of those worries, he said. Another issue: the glulams contain added formaldehyde, which is
proscribed by the LBC Red List because it is a carcinogen, so the project team had to apply for an
exception.

The CIRS team also chose a cedar cladding system using LCA-based comparisons—but that system,
too, came with tradeoffs. Vulnerable to Pacific Northwest rains, the cedar has to be treated
periodically. Scientists at the University of British Columbia tested several different stains on the site
for three years and chose one that showed virtually no wear at the end of the study period—but the
cladding will still need more maintenance than the higher-embodied-carbon masonry products the
team studied. “Wood or other fiber-based materials do make sense from a carbon perspective,”
Richter argues, “and if you can find a way to make them durable, it’s a very good solution.”
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Other ways to use LCA

The AIA Guide to Life-Cycle Assessment of Buildings lists several effective ways to use building-level
LCA as a design tool.

• Whole-building life-cycle impact assessment compares specific impacts of a few design options
over the entire building life cycle, from resource extraction through deconstruction or demolition; it
may be done very early in design or later, after more details are known.

• Footprint evaluation after construction assesses an already constructed building, often to
establish a baseline for future projects.

• Assembly impact assessment compares impacts of multiple assembly options (like cladding in
the CIRS building); it may be limited to embodied impacts or cover full life-cycle impacts (including
operations and maintenance as well as demolition).

• Single-impact-category assessment identifies “hot spots” in one impact category, such as GWP,
over the whole building life cycle so these impacts can be decreased or avoided.

• Calculation of environmental payback compares the environmental costs of a technology, such
as an insulation material, with its environmental benefits over the life of the building.

LCA: DIY?
No matter the scope of your analysis, LCA is not for the faint of heart. The underlying methodology is
complex, the terminology and acronyms can be maddening to the uninitiated, and some of the
software tools require extensive training. Depending on what you hope to learn, your team may need
outside expertise. In that case, the questions below—covering the four basic steps that every LCA
includes—should still prove useful for interpreting results.

What will we study?

You can’t move forward with an LCA without limiting your research to precise goals and a well-defined
scope. You will need to decide:

• Which systems of the building to assess

• Which phases of the life cycle to include

• How long a service life to assume

• Which impact categories to study

What are the impacts?

The next step, a life-cycle inventory (LCI), is the centerpiece of the LCA. This is where the team uses
software tools (see “Tools of the LCA Trade”) to gather data on all the impacts from resource
extraction and emissions.
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eTool LCA Carbon Analysis

One of the outputs from the eTool LCA
software shows the overall GWP impacts
from construction and operation, also
comparing those impacts with GWP of a
baseline design.

Which impacts are worst?

With the impact analysis, the team studies the relative importance of different impacts, sometimes by
placing competing scenarios side by side to examine tradeoffs associated with the options. For
example, if one structural system has high embodied water and another has high embodied carbon,
the project team will need to choose the system that best reflects the owner’s values and the project’s
goals—or possibly repeat the earlier steps to examine more alternatives.

What can we do about them?

During the interpretation phase of the LCA, the study’s results are evaluated and used to guide
specific design choices.

Tools of the LCA Trade
Arup’s Frances Yang offers some guidance for choosing a
software tool to help with design decisions: it’s a matter
of balancing things like ease of use, ability to customize
your choices, and available user support against
persistent problems like hidden data assumptions, limited
product libraries, and costs. See the table below for a
high-level overview of tools to consider.

Athena software

The non-profit Athena Sustainable Materials Institute
offers its Impact Estimator (for whole buildings) and
EcoCalculator (for assemblies) free. Intended for any
design and construction professional, these tools are
based on datasets “derived in a very robust, consistent,
and transparent way for North America,” notes Yang, who
cautions, though, that “some of the data is getting rather
old.” She also suggested that, although the pre-defined
assembly choices make the tool easy to use, they can

also limit design options.

Despite its limitations, the CIRS team felt the Athena Impact Estimator met its need for a rough
comparison of environmental impacts, and Richter’s firm has also used the software for post-design
LCAs. “We’re getting to the point where it’s simpler,” he said. Although no fully developed tools
interface directly with building information modeling (BIM) software, “We can set up the material
takeoffs within Revit so it just automatically generates the information that we input in Athena.”
Communicating with team members who are doing the actual modeling is key, he adds, to ensure
“they are creating the right information.”

eTool LCA
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Impact Calculators & Other LCA Tools

Initially developed for use in Australia, the Web-based eTool LCA software is working toward global
applicability. Yang highlighted eTool LCA’s ease of use for design, and the software developers told
EBN they had made very quick comparisons possible with “‘push-a-button’ material swaps.” Yang
cautioned that the tool’s “appropriateness for U.S. regions is unclear”—a limitation eTool is working to
address.

“We started off using the generic, globalized ICE database,” says eTool’s Alex Bruce. “We have
recently introduced an Australia-specific database,” he added, and when they compared outputs,
“interestingly, the results aren’t that far off.” The software has built-in functionality to upload new
databases as well, Bruce said, which will eventually allow users to not only choose the most
appropriate dataset but also to “run a sensitivity analysis between databases.” Like many in the field,
Bruce said eTool was looking forward to the rapid development of more third-party-verified EPDs to
populate its databases.

Edith Colomba, sustainability consultant at London-based HTA Architects, which is helping adapt eTool
LCA for use in the U.K., says that while she likes SimaPro for the materials or build-up scale, “eTool is
the right kind of software to work at the building scale,” and she lauds its friendly interface. She also
notes that the new software takes cost into account.

Other emerging tools

The National Institute of Standards and Technology (NIST), developer of the BEES product database
(see table) will eventually replace BEES with a whole-building evaluation tool called BIRDS. NIST is
planning its first public release of the software in 2013.

Also still under development is a KieranTimberlake LCA plugin for the Revit BIM software. This type of
product will be “dubbed the ‘holy grail’ if they can get their data right,” Yang told EBN, but “the
robustness of the data is questionable,” at least for now. She adds that the cost is likely to be high,
which could put it out of reach for some designers.

The Impossible Dream of LCA
Life-cycle assessment isn’t new, and it’s already seeing
wider adoption in Europe—but North America is dragging
its feet, according to many in the field. This is due in part
to skepticism about the methodology, but advocates
claim LCA offers a more reliable and scientific measure of
environmental impacts than other ways of defining
sustainability.

Wayne Trusty, a leading LCA expert and the past
president of the Athena Sustainable Materials Institute,
offers a common example: “Let’s put this in the context
of rapidly renewable materials. If I don’t look at the
energy use and water use and so on going into that
product, why in the world would I think it’s more
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Embodied Impacts and Building
Service Life

As seen in this Arup graph, the share of
GWP contributed by embodied carbon
increases dramatically when renovations
are taken into account—highlighting the
importance of assumptions about service
life.

sustainable?” For example, only by measuring the typical
inputs and outputs of the agricultural methods used to
grow a biobased feedstock, he argues, can we truly understand whether a rapidly renewable product
should be considered “green.” Another commonly cited green attribute—recycled content—can also
have serious impacts that need to be considered.

“There are a lot of really good examples of how LCA will sometimes throw up counterintuitive
answers,” he said, pointing to a famous 2008 study (PDF) showing that importing lamb from New
Zealand to England had lower environmental impacts than buying local lamb because high-impact
English agricultural practices outweighed the environmental burdens of shipping pasture-fed meat.
(On the topic of sheep, we at EBN were shocked—and not entirely convinced—when we learned that
wool carpeting scores far worse in LCAs than petrochemical-based carpeting, due to global warming
impacts of agriculture; see “Making Carpet Environmentally Friendly.”)

It’s these very counterintuitive results, though, that have
sometimes led critics to suspect the LCA methodology—or
at least its use for marketing purposes. For example,
trade groups have released LCAs alleging the greater
sustainability of vinyl siding in comparison with cedar.
These results have given people pause as much for their
industry origins as for their data, but Trusty cautions that
we shouldn’t dismiss such studies just because the results
don’t align with other measurements of sustainability
—remarking also that “the validity of such
counterintuitive results also depends on what has been
taken into account.” This gets tricky when studies include
things like maintenance needs and durability.
“Maintenance and replacement of a product can have
significant effects over a building service life of 60 or
more years, and I would want to know if the use phase
was properly taken into account for both products,” he
told EBN.

This brings up an all-important point to remember about
LCA: it’s all about assumptions. And when a manufacturer
or trade group releases LCA results, the assumptions may

or may not be clear to the reader.

Trusty doesn’t see this as a deal-breaker. “Will we ever have absolute certainty? No. We can test for
whether a certain toxic is being released or for the strength of something, but LCA is a different kind
of ballgame. You can’t take it in a lab and test it. It’s always about assumptions, projections, and
estimates. That isn’t a reason to abandon it.”

Below we’ll explore some of the issues with LCA methodology and how some in the green building
community are addressing them.

Data minding
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As part of its Deep Green commitment,
Skanska is working toward near-zero
embodied carbon in its buildings, like this
project at 10th and G in Washington, D.C.
Not satisfied with estimates and averages,
Skanska is tracking actual embodied
carbon of this and other projects,
collecting data about manufacturing
practices and transportation miles of its
suppliers as well as construction impacts
like worker commutes and equipment fuel
use.

“We have a database now that has almost 600 entries,” says Arup’s Frances Yang. “What we learned
from that was a little surprising. There’s so much variation in the impact factors that it’s hard to pin
down why.” She attributes this to the fact that different project teams used different software tools.

“Essentially, a whole-building life-cycle assessment is a thoughtful compilation of the individual
environmental product declarations for the assemblies that we’re using,” explains Russell Gentry. “In
the United States, we don’t have good data, so it’s kind of a ‘garbage-in, garbage-out’ problem.” He
adds, “My frustration has always been that if I do a whole-building LCA, I have to leave out items of
the building that I know have huge environmental impacts” because of missing or bad data. “The tools
are really good at calculating the steel, the concrete, maybe the bricks. Then if you say, 'What about
the curtainwall?' It’s not as good about that. Mechanical systems? It’s not good at all. That’s a really
expensive part of the building, and it contains copper and other precious things. If that’s left out,
what’s the point?”

Yang still sees value in using the available, solid data:
“We still think LCA is helpful in making you think in
life-cycle terms and helping you spot within a building
design the design choices you can make and still meet
the performance criteria.”

“If people try to make finely discriminating decisions” with
whole-building LCA, “they’ll be giving validity to a tool
that’s not that good,” notes Steve Baer, senior consultant
with LCA firm PE International. He argues, though, that
the methodology is “directionally correct” while cautioning
that the quality of the product-level data simply doesn’t
allow teams to analyze whether their chosen assembly or
system is “10% or 20% or 22% better; it’s not that finely
described.”

USGBC’s Scot Horst concurs. “Keep in mind that whole-
building LCA is much more like energy modeling,” he
says, cautioning that neither method is predictive of
actual performance. “What they do is give designers
relative tools to make design decisions.”

Baer sees hope for data quality to improve in the near
future. PE International is in talks with a homebuilder that
wishes to begin building net-zero-energy homes with
net-zero embodied carbon. “We’ve been screening LCAs
to begin showing them at a high level where the action
is,” Baer told EBN. “In the long term, we will start
working with vendors, looking at siding A vs. siding B,
roof A vs. roof B, and so on.” He argues that projects like
this one will quickly create demand for high-quality, third-party-verified environmental data from
manufacturers. LEED’s new transparency credits (see below) may have a similar effect on the market.
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Compared to what?

The question of data quality relates closely to the question of comparing the impacts of a
high-performance building with those of a conventional building—the kind of benchmarking
encouraged by the International Green Construction Code and pending approval in LEED v4. The
problem is that we don’t have rules for making these comparisons, notes Rob Sianchuk, principal at
Coldstream Consulting and a lecturer in the civil engineering department at the University of British
Columbia. “In consulting, we create a ‘market building,’” he explains. “Our job is to come up with an
assessment that is transparent and fair. The challenge is that anyone can look good if you can choose
your comparison.”

“Though I could see how it makes some sense in how to award credits, you’re just trying to create this
imaginary building that didn’t seem to have a real basis,” agrees Perkins+Will’s Max Richter. For
energy modeling, “ASHRAE gives you all the criteria. But there isn’t a database or reference manual to
compare to in the LCA.”

Sianchuk argues that buildings need their own product category rules (PCR), just like the ones
manufacturers are gradually developing for individual products and materials. “The complication is
that buildings are big products,” he adds. “They are a complex thing.” Sianchuk notes that Europe’s
EN 15978 standard, Sustainability of Construction Works, provides a sort of PCR for EU projects that
could be used as a model in North America: it not only defines the scope of a whole-building LCA but
also dictates how manufacturers must generate product LCAs so the data can be consistently
integrated into the building LCA.

LCA in Codes and Rating Systems
Who might be responsible for creating the whole-building PCR on this side of the pond, though,
remains to be seen. “The challenge for LEED is that we don’t have those standards set up in North
America,” Sianchuk continued.

LCA in building certifications

“More strict specifications for the reference building would limit users’ options to manipulate the
outcome,” notes Claus Nannen, project consultant at Intep, which provided whole-building LCA
services for the NuOffice building in Munich. The project is pursuing LEED Pilot Credit 63: Whole
Building Life Cycle Assessment—the credit that the draft version of LEED v4’s whole-building LCA
option is based on.

Like the v4 language, Pilot Credit 63 requires a reduction
in life-cycle impacts in comparison with a reference
building of comparable size and function, but just how
those comparisons will be made hasn’t been decided yet,
says Horst, conceding that it might be possible to game
the system. But he adds that project teams “will need to
justify what the base building is” and that USGBC “will
watch very closely” to ensure the credit is pursued in
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The project team for the NuOffice building
in Munich conducted a whole-building
life-cycle assessment after construction to
gauge its success at reducing impacts, but
architecture firm Falk von Tettenborn
intends to use LCA in the future
throughout the design process.

good faith.

In addition to the whole-building LCA option, the LEED v4
draft includes new credits for using products that have
LCAs or EPDs. These incentives bring LEED into line with
its primary U.S. competitor—Green Globes—as well as
with overseas systems like the U.K.’s BREEAM, France’s
HQE, and Germany’s DGNB. (According to a
spokesperson, Green Globes will also incorporate whole-
building LCA in its forthcoming update, but details will not
be publicly available until June 2013.)

LCA in IgCC

Whole-building life-cycle assessment is an alternative
compliance path in the 2012 International Green
Construction Code. Project teams can choose to

demonstrate that 55% of the materials in the building are sustainably sourced or to demonstrate
through whole-building LCA that the building improves on a reference building by 20% in a variety of
impact categories. Like the LEED credit option, the IgCC compliance path will require teams to
generate a justifiably equivalent reference building.

Coming soon: An ASTM standard

Wayne Trusty was among those pushing for whole-building LCA’s inclusion in the IgCC; he is also on
an ASTM committee currently developing a whole-building LCA standard that should provide project
teams with some guidance about baseline buildings. “It sets out criteria, like that the reference design
has to be the same size, function, and orientation as the final design,” he explains.

Frances Yang sees the new standard as a good start but isn’t satisfied with it as-is. “It doesn’t say
anything about layout of rooms and spaces, and choice of systems that affect efficient use of
materials,” she says. “For example, for a long-span space, the standard could allow a two-way
suspended slab in the reference building, which is one of the worst choices for structural efficiency.
Standard practice would likely go straight to a truss solution.” Yet the standard wouldn’t prevent
gaming the system by exaggerating the amount of material used in the baseline building, she said.

Trust, but Verify
Those who want a larger role for LCA don’t want to throw an admittedly imperfect baby out with the
bathwater. “Materials are not green or brown,” says Scot Horst. “We’re still saying, ‘Is steel better
than wood? Is concrete better than rubber?’ Those are just the wrong questions. Materials are better
or worse based on the situation you want to use them in.”

Using LCA before it’s fully developed for whole-building analysis could even improve it, some experts
argue. “I think that you’re going to have a lot of people who are going to be frustrated by it at first,”
says Russell Gentry. “One huge benefit is that people will try it, they will see the methodology, and
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through critiquing the methodology, it will get better.”

In the meantime, as with other marketing messages, always take a skeptical view of broad
environmental claims based on LCA.

There is a danger—already being realized in product manufacturers’ marketing materials about
“earning” EPDs—that the patina of science will allow LCA to be used as a bigger, better style of
greenwashing (we may even need to update our popular blog post “Nine Types of Greenwashing” to
include “Blinding you with science”).

As the headlines about carbon neutrality and net-zero environmental impacts start rolling, keep in
mind the consensus view of whole-building LCA, even among its most vocal advocates: this is a useful
design tool but still a very inexact science.

Continuing Education
Receive continuing education credit for reading this article. The Green Building Certification
Institute (GBCI) has approved this course for 1 CE hour towards the LEED Credential
Maintenance Program.

Learning Objectives

Upon completing this course, participants will be able to:

Define key concepts of whole-building LCA.1.
Recognize the inherent flaws, and potential gains, of whole-building LCA.2.
Understand how best to use whole-building LCA as a design tool.3.
Explain the status of whole-building LCA in codes and rating systems.4.

To earn continuing education credit, make sure you are logged into your personal BuildingGreen
account, then read this article and pass this quiz.  

Discussion Questions

Use the following questions to inform class discussions or homework assignments.

How is using LCA to assess embodied impacts different from using LCA in design?1.
Study the table indicating LCA at different stages of design. Why do you think the expertise
of an LCA expert would be most useful after construction? In what ways might LCA be used
that would necessitate an LCA expert throughout the process? Use the information you've
developed to generate a job description for an in-house LCA expert.

2.

Imagine you're a structural engineer using LCA to compare structural systems for a
project. What are the overarching goals at this stage?

3.

The article discusses LEED and LBC certification as examples of ways to manage impacts
that are less quantifiable than carbon and energy. As a project leader, how might you
employ them in tandem with LCA?

4.

Watch some tutorials of Athena Sustainable Materials Institute's Impact Estimator. Can you5.
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see how the pre-defined assembly choices make the tool easy to use but limit design
options? As much as possible, engage with other tools mentioned in the article. How are
they stretching the design boundaries? Can you determine (or imagine) some areas where
their more robust data may become skewed? Can you conceptualize a future nexus for LCA
tools, one that connects accurate data with liberating design options?
An LCA might report that steel is better than wood. What questions would you ask to verify
the validity of the report... or its use for marketing purposes?

6.

Sidebar: LCA: Key Concepts

LCA: Key Concepts

An environmental life-cycle assessment, or LCA, attempts to measure the total impact of a system on
the natural world. It quantifies what the system takes from nature and what it returns to nature in
order to be created, operated, maintained, and disposed of. The terms life-cycle thinking or life-cycle
analysis are similar to LCA but less defined in methodology and outcome. Below are non-technical
definitions of a few key terms.

Cradle-to-gate—Describes an LCA that includes extraction of resources and production but not
transportation, use, maintenance, or disposal/recycling

Cradle-to-grave—Describes an LCA that includes the full life cycle, from resource extraction through
disposal or recycling (sometimes called cradle-to-cradle)

Embodied carbon, embodied energy, and embodied water—The cradle-to-gate CO2 emissions,
energy consumption, or water consumption, respectively, of a product or system

Global warming potential (GWP)—A measure of an emission’s ability to trap heat in the
atmosphere, expressed as CO2 equivalent, or CO2e

Life cycle—The stages of a product or system, encompassing resource extraction, manufacturing,
transportation and installation, use and maintenance, and end of life

Impact—An action that affects a natural system, typically by extracting resources or emitting
contaminants

Impact category—A specific environmental effect that may be quantified in an LCA, such as global
warming potential or water consumption

ISO 14040 series—A group of international standards laying out the process for conducting and
interpreting a life-cycle assessment

System boundary—A determination of which elements of a system will be included in the LCA; for
example, which stages of the life cycle to include and how many years of service life to consider
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