01 BuildingGreen

The Missing Embodied
Carbon Link: Construction




Editors

Paula Melton
Editorial Director

Brent Ehrlich
Nadav Malin
Candace Pearson
Elizabeth Waters

Alex Wilson

Graphic Design

Amie Walter

Cover Photo

Lendlease uses solar panels to provide power during building construction.

Photo: Jason Etheridge, Lendlease

About BuildingGreen

BuildingGreen is an independent consulting and publishing company committed to
providing accurate and timely information to help building industry professionals and
policymakers improve the environmental performance and reduce the adverse impacts of
buildings. Our purposeis to foster a thriving and equitable world through a regenerative
andresilient built environment. To this end, BuildingGreen facilitates collaboration,
learning, and trust to accelerate the transformation of the building industry into a force
for positive change.

Readers of this report are eligible for continuing education credits from the AlA and GBCI.
To claim your credits, take the quiz at www.buildinggreen.com/spotlight/missinglink.

it BuildingGreen

Published by BuildingGreen, Inc.

122 Birge St., Suite 30

Brattleboro, Vermont 05301

©2023 BuildingGreen, Inc. All rights reserved.


https://www.buildinggreen.com/
http://www.buildinggreen.com/spotlight/missinglink

BuildingGreen Spotlight Report

The Missing Embodied Carbon
Link: Construction

Some researchers say construction emissions could account for as

much as 30% of a project’s embodied carbon. What

canbedone aboutit?

by Candace Pearson and Elizabeth Waters

Nadav Malin contributed reporting.

Practitioners interested in reducing the
embodied carbon of buildings are like-
ly familiar with weighing the impact
of different materials, like mass timber
or low-carbon concrete. Low-carbon
construction, however, has not been on
many people’s radar.

“I don’t think people up until now even
thought about fossil fuels being burned”
on the jobsite, Oliver Atkinson, sustain-
ability engineer at Sellen, told Building-
Green. The few existing estimates, based
on a handful of case studies and simpli-
fied assumptions, suggest the impact is
relatively small—1% to 5% of the total
lifetime carbon, or around 7% of the up-
front embodied carbon of a building.

But once you start looking, said Atkin-
son, “Fossil fuels are being burned ev-
erywhere.” Mark Chen, sustainability
manager at Skanska, agreed: “Anything
that involves big, yellow, iron pieces of
equipment” will account for significant
emissions, he contends.

Recent findings from construction
companies that are tracking these data
on projects indicate that construction
emissions account for 10% to 20% of up-
front embodied carbon. And an econo-
my-wide input-output analysis suggests
they could be as much as 30% of upfront
embodied carbon. These figures point to
the possibility that the construction pro-
cess emits more than we thought, rep-
resenting a bigger piece of the embod-
ied carbon pie—and, more importantly,

growing the size of the pie altogether.

In this report, we dive into the origins
of current estimates, explore why they
might be low, and compare them with
findings from actual project-level track-
ing. Though we will focus on green-
house gas emissions (using the term
“carbon emissions” as shorthand for CO,
equivalent), it’s important to remember
that construction emissions also contain
many other criteria pollutants, which
pose risks to human and ecosystem
health.

What Are Construction
Emissions?

To estimate the carbon footprint of a
building, a practitioner might perform
a whole-building life-cycle assessment
(whole-building LCA). (See the web-
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Turner charges its fleet of
electric trucks. Prioritizing

the use of efficient, preferably
electric vehicles and equip-
ment, is crucial to decarboniz-
ing the jobsite.
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cast LEED and Life-Cycle Assessment in
Buildings, for how to complete a LEED-

compliant LCA). You might be famil-
iar with environmental product dec-
larations (EPDs), which are based on
LCAs for products. A whole-building
LCA should combine the impacts of
all the products and assemblies that
comprise the building with lifetime op-
erational energy projections and end-
of-life impacts. (Although, in practice,
whole-building LCAs are more often
used to analyze embodied carbon, while
operational energy use and end-of-life
impacts are ignored).

The construction process is one phase
that might be analyzed in a whole-build-
ing LCA. It is required by BS EN 15978,
which according to this report from the
University of Washington, is “increas-
ingly becoming the common method
for describing the system boundary
of whole-building LCA.” But it isn’t a
required phase for ISO 14044, refer-

Whole life carbon

enced by LEED. Considered part of the
building’s upfront embodied carbon,
the construction phase is divided into
modules A4 (transportation of materials
to the job site) and A5 (construction of
the building). (See the sidebar titled “A
Primer on Life-cycle Stages” for further
details about the phases of a life-cycle
assessment.)

Unfortunately, BS EN 15978 does little
to set firm boundaries on what should
be included and excluded. For example,
it states that A5 includes fuel consumed
for “construction activities.” But what
about the fuel used by a concrete mixer
truck on the jobsite? Should that fall into
construction emissions (A5) or emis-
sions associated with building materials
(A1-A3)?

Some entities and frameworks have
tried to develop tracking boundaries
that make sense for contractors and
provide a more accurate picture of con-

Embodied carbon
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“Net-Zero Buildings: Where do we stand?”; authors: World Business Council for Sustainable Development and Arup; July 2021

Whole-building life-cycle assessments (LCAs) attempt to quantify the potential environmental impacts of a building from “cradle” to
“grave.” Carbon emissions show up in multiple life phases, which British Standard EN 15978:2011 breaks down into modules A through D.
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struction emissions.

For example, in a 2021 white paper
(available for download from the Car-
bon Leadership Forum), Microsoft out-
lined the requirements for subcontrac-
tors, suppliers, and general contractors
to track A4 and A5 emissions. They in-
clude:

* Off-road vehicles, equipment, and
tools used within the jobsite

* Delivery vehicles for building
materials

e Crew transport provided by the
general contractor

The real estate company Hines pub-
lished a report in 2022 with a compre-
hensive list of what to track for A4 and
A5. Hines had input from Sellen, Skans-
ka, Turner, and Webcor:

* Onsite transportation

* Temporary electrical power con-
sumption

 Site demolition and clearing

» Excavation

* Temporary works construction (shor-
ing systems, crane footings, etc.)

* Material handling

¢ Material waste

The Contractor’s Commitment to Sus-
tainable Building Practices, created by
BuildingGreen’s Sustainable Construc-
tion Leaders Network, offers a third
framework. At the “better” tier, compa-
nies track “jobsite” carbon, which con-
sists of:

* Fuel purchases for owned, leased, or
rented equipment or vehicles

* Electric, steam, or heat utilities for
contractor operations only

As is evident from these lists, the guid-
ance varies on which construction-re-
lated activities are most important to
track, presenting a challenge. As we
explain below, differences in some LCA
estimates seem to come down to the in-

clusion or exclusion of emissions asso-
ciated with demolition, excavation, and
employee commuting—or even a proj-
ect’s share of emissions from the con-
tractor’s corporate operations.

However, the bigger problem is the lack
of data for each of these potential emis-
sion sources and, therefore, the lack of
reliable ways to estimate them based
on project-specific factors like building
size, location, or materials. So even if
the boundaries are well defined for a
whole-building LCA, there isn’t enough
generalized data to determine the signif-
icance of construction practices within
the context of a building’s lifetime car-
bon footprint.

Nevertheless, contractors have ideas
about which construction activities are
the highest emitters and can recom-
mend strategies to mitigate them—even
if there aren’t yet enough data to create
generalized baselines.

Why Are Construction
Emission Estimates So
Low?

If we don’t have construction emissions
data, why do we assume this phase is
relatively insignificant? It might be a
case of mistaking a known-unknown for
a known.

BuildingGreen spoke to the develop-
ers of the three most commonly used
whole-building LCA tools: Tally, Athe-
na, and One Click LCA. Everyone inter-
viewed admitted that the tools’ results
don’t represent the full scope of A5—
either because they rely on limited, de-
fault assumptions or because they allow
users to omit A5 data altogether.

“A5 is likely much higher than people
think,” explained Jennifer O’Connor,
president at Athena Sustainable Mate-
rials Institute. “The argument becomes
circular: tools don’t have data on AS5,
hence the low percentage results, hence
people think A5 doesn’t matter.”
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APrimeron

Life-cycle Stages

Whole-building life-cycle
assessments (LCAs) attempt
to quantify the potential
environmental impacts of a
building from “cradle” (tree
harvesting, mineral mining,
etc.) to “grave” (the landfill).
Carbon emissions show upin
multiple life phases, which are
broken down into modules A
through D, based on guidance
from British Standard BSEN
15978:201, as explained by
the Royal Institute of Char-
tered Surveyors (RICS).

Module A accounts for
upfront embodied impacts,
including carbon:

+ Building materials (A1-A3):
raw material extraction and
supply, transport, and man-
ufacturing

« Transport (A4): transpor-
tation of the materials and
components from the factory
gate to the project site

« Construction of the building
(A5):

o Pre-construction demo-
lition (A5.1): demolition
works associated with
refurbishment or rede-
velopment of an existing
built asset to a new pro-
ject (same as the C1 mod-
ule for the existing built
asset as its own project)

o Construction activities
(A5.2): site investigations;
temporary works; worker
“accommodation;” onsite
electricity, water, and fuel
consumption

o Waste and waste man-
agement (A5.3): impacts
associated with waste
generated through the
construction process,
including its treatment
and disposal

o Worker transport (A5.4)—
optional: transport of
people and employee
commuting

continued
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In short, users might assume that
whole-building LCA tools operate with
more information about construction
emissions than they actually do. So
when construction emissions show up
as a small percentage, users imagine
construction must be an insignificant
driver of emissions rather than blaming
the low numbers on a lack of data with-
in the tool.

Some key industry reports, such as those
published by the World Business Council
for Sustainable Development (WBCSD)
and LETI (originally the London Energy
Transformation Initiative), reiterate this
assumption, which we’ll discuss later.
Here, we’ll break down how each major
LCA tool accounts for construction emis-
sions.

Tally and EC3: Optional fields

The Tally whole-building LCA tool and
the EC3 EPD database both calculate A5
emissions from optional input fields. If
users don’t input any data, A5 emissions
are not included in the results.

Tally, owned and operated by Building
Transparency, contains optional input
fields for energy and water consumed
on a jobsite. Vaclav Hasik, data manager
at Building Transparency, explained that
Tally approaches A5 in this way because
there is not enough industry research
or data to create a baseline. Hasik went
on, “You can do bottom-up estimates of
energy used to build steel or concrete
structures, but it’s very difficult to do a
generic estimate. [It’s] going to be proj-
ect specific.” He noted that conducting
a bottom-up analysis is also difficult be-
cause specific processes, like steel erec-
tion, are “not necessarily sub-metered
on the project site,” so users “might not
necessarily know how much energy is
spent per process.” Contractors sim-
ply aren’t collecting this information,
he said. So whatever estimates are out
there “tend not to be robust.”

EC3, another tool operated by Building
Transparency, is known for its data-
base of EPDs and its features enabling
comparisons between specific product
choices. However, EC3 also offers visu-
alization tools to compare the embodied
carbon of a project against baselines. For
this project-level summary, EC3 recently
added a tab for A5, which allows users
to input diesel consumption, total elec-
tricity used onsite, and grid information
to account for the emission profile of the
region’s grid. The approach is the same
as Tally’s in that users can—but don’t
have to—enter the cumulative quanti-
ties of those fuels used on the construc-
tion site if they have the information.

Athena Impact Estimator: limited
default assumptions

Athena’s whole-building LCA tool, the
Athena Impact Estimator for Buildings,
does include some automatic default as-
sumptions, but not for the whole scope
of AS5. The tool applies a “construction
waste factor” by material type, accord-
ing to the User Manual and Transparen-
cy Document. And for jobsite equipment
energy use, it calculates the energy it
takes to lift materials by crane an aver-
age distance of half of the height of the
building.

These two impacts usually add about
5% to 10% more carbon to the total
whole-building LCA, according to O’Con-
nor. It is worth remembering that most
users are focused on embodied carbon,
so that’s not necessarily the percentage
range for construction’s share of the
project’s lifetime carbon. Furthermore,
O’Connor admits that this is probably an
underestimate as Athena excludes any
emissions associated with transporting
workers or equipment, purchased capi-
tal equipment, water use, site prepara-
tion work, and utility hook-ups.

Regarding the last two activities, the
user guide explains that “every site will
be different, with different soil condi-
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Module B accounts for
embodied and operational
impacts during building
occupation over time:

« In-use emissions (B1):
non-energy emissions

« Maintenance emissions (B2)
+ Repair emissions (B3)
+ Replacement emissions (B4)

+ Refurbishment emissions
(B5)—optional

« Operational energy use
emissions (B6)

+ Operational water use (B7)

+ User activities (B8)

Module Caccounts for a
building's end-of-life
impacts:

+ Deconstruction and demoli-
tion (C1)

« Transport of waste to
disposal facility (C2)

+ Waste processing (C3)
- Waste disposal (C4)

Module D, which is optional,
accounts for building bene-
fits and impacts beyond the
system boundary:

- Potential benefits from
reuse, recycling, and energy
recovery from the flows of
materials exiting the system
boundary (D1)

- Potential benefits and loads
from exported utilities ex-
iting the system boundary
(D2)
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tions, and it is impossible to generalize
the effects based solely on the building
footprint.” It continues by saying that
the Impact Estimator is a “comparative
tool for different building materials and
systems,” and the site prep work and
utility hook-up would likely be the same
or similar for any comparative designs.

Ideally, “every consumption of fuel on
the jobsite should be included,” said
O’Connor, but “the primary reason
[more inputs are] not included is that
there are no data.” She doesn’t think
these data can be based on the material
type (as Hasik envisioned when refer-
encing bottom-up estimates comparing
steel and concrete structures), but rath-
er on the scale and type of construction.
“I think it is a matter of gathering sur-
vey data based on region and distilling
it down to some kind of use factor,” she
said.

O’Connor noted that Athena plans to
launch a web version of the tool later
in 2023 in which users can override the
default waste and jobsite energy factors
with more precise information.

One Click: Using select case
studies

One Click LCA makes more comprehen-
sive default assumptions about A5 in its
tool, but as Vasilis Kalfountzos of One
Click noted, “The A5 scope is big, so we
can’t make assumptions about every-
thing.” Still, the company updates its
defaults whenever it comes across new
sources of emission data it considers
more reliable. Just recently, it changed
the way it accounts for construction ac-
tivities and site waste. Kalfountzos ex-
plained that One Click dropped “old sce-
narios that combine both site waste and
site operations.” Now, it separates these
values. The tool makes default assump-
tions about site waste based on the quan-
tity and type of materials modeled. And
it uses a new default assumption about
site operation emissions—20.22 kgCO,/

m?— which One Click calculated “based
on a range of references regarding fuel
consumption in construction sites.”

Kalfountzos shared these references
with BuildingGreen, which consist of
five reports from around the world.
Three of the reports, from 2014, 2015,
and 2016, share results from a com-
bined total of six case studies of building
energy and emission assessments and
LCAs in Australia, Korea, Sweden, Italy,
Turkey, and Belgium. The other two re-
ports include analyses of construction
emissions on projects in Norway and
electricity use only for projects in the
Czech Republic.

These reports might contain reliable
data, but they comprise a small dataset,
and it doesn’t appear that any projects
with significant A5 emissions are repre-
sented in that dataset.

Kalfountzos also clarified that users can
override the defaults for both site op-
erations and waste with more detailed,
project-specific information.

Referencing RICS for default
inputs

While not a whole-building LCA tool, it
is worth mentioning that there is one
set of generalized estimate values for
A5 that could be used as inputs into any
whole-building LCA tool. The Britain’s
Royal Institution of Chartered Survey-
ors (RICS) publishes one of the most
comprehensive interpretations of BS EN
15978. In the second edition of its Whole
Life Carbon Assessment for the Built
Environment Guide, for which consulta-
tion closed in April, RICS assigns default
assumptions for kgCO.e/m? for each
recommended sub-module (as outlined
above in the sidebar titled “A Primer on
Life-cycle Stages”):

* Pre-construction activities (A5.1):
50kg CO,e/m?

 Construction activities (A5.2): 25kg
COze/mZ
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Heavy equipment, like excavators and bulldozers, causes jobsite emissions to spike, according to

Roberts.

* Waste and waste management (A5.3):
RICS uses a 90% diversion-from-land-
fill assumption and offers a baseline
building-specific emissions assump-
tion of 5kg CO,e/m?.

RICS also includes a sub-module for
worker transport (A5.4), defined as the
“transport of people and commute of
employees.” But it recommends this
scope as optional “unless [the workers]
are bringing materials with them, as the
emissions associated with these activ-
ities are not attributable to the project
but to the individual employees.”

In its first edition, RICS based it esti-
mates for A5 on data gathered by the
BRE SMARTWaste tool used by project
teams in the U.K. According to Jane An-
derson, owner of ConstructionL.CA Lim-
ited, these data “would mostly have been
[from] large contractors and projects,
and ones with a sustainability focus.”
This could skew the data toward proj-
ects already performing more efficiently
than average, which might contribute to
default assumptions of low impact. The

dataset is not publicly accessible, and
BuildingGreen could not verify anything
more about it within SMARTWaste. So it
is hard to say how applicable these de-
fault assumptions are for typical U.S.
projects.

Notably, the RICS guide recommends
deconstruction and demolition of the
existing asset (submodule A5.1) be in-
cluded in A5 “to inform decision-mak-
ing when comparing designs for retrofit
or new-build options during the concept
design phase.” None of the reports and
LCAs studied for this article—even those
that cited RICS—followed this guidance.
Based on the RICS default assumptions,
the inclusion of submodule A5.1 would
more than double total A5 estimates.

The RICS default values align close-
ly with previous versions of One Click
defaults if you excluded demolition.
One Click has since updated its default
for site operations, but it still excludes
demolition, Kalfountzos told Building-
Green. “We set the system boundary
at the building—what happens at the

The Missing Embodied Carbon Link: Construction




BuildingGreen Spotlight Report

moment you start constructing. Emis-
sions from the demolition phase would
usually be allocated to the previous
owner,” he explained. Kalfountzos indi-
cated that the forthcoming RICS update
might reallocate these impacts to A0, a
pre-construction phase designated for
activities considered negligible and not
typically included in the project scope.

On the whole, the RICS default values
could be more widely assumed by LCA
tools or referenced by users. But the
dataset they are based on isn’t especial-
ly transparent, so it is difficult to tell if
these values might also underestimate
construction emissions.

Low results lead to low interest

Even though their approaches vary,
each major whole-building LCA tool is
likely to show very low numbers for A4
and A5—if it shows any numbers for
construction emissions at all. The inher-
ent limitations of estimating A5 might
be evident at an individual project lev-

el, but the systematic undercounting of
construction, in aggregate, may be mis-
directing the industry.

Because some tools leave the A5 fields
optional, BuildingGreen reached out to
Green Business Certification Inc. (GBCI),
which reviews LEED documentation, to
see if the organization could estimate
how many projects include A5 data in
their models for LEED’s whole-building
LCA credit. Even though standard EN
15978 recommends the inclusion of A5
in a whole-building LCA, it seems most
users pursuing the LCA option are leav-
ing those fields blank—probably be-
cause the LEED Reference Guide does
not require L.CAs to include these data
even though the LEED credit language
references EN and ISO standards that
include them.

A5 “is an optional life-cycle stage for a
compliant LEED WBLCA,” Jessica Gra-
cie-Griffin, senior certification review-
er at GBCI, explained in an email to
BuildingGreen, “so we haven’t given A5
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Whole-building LCA of an office building in London: one of six case studies completed by WBCSD and Arup on six buildings across
Europe. On average, combined A4 and A5 emissions made up 7% of total embodied carbon.
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(construction installation process) much
attention at GBCI. Anecdotally, most
WBLCA submissions in LEED don’t in-
clude these impacts in their analyses.”

Similarly, the treatment of construction
emissions by LCA tools impacts the way
this phase is reflected in industry-lead-
ing reports.

WBCSD, in its report “Net-zero build-
ings: Where do we stand?” published in
partnership with Arup, used One Click
to estimate A4 and A5 impacts for a se-
ries of case studies and found relatively
small impacts.

In the report, the organizations share
findings from six whole-building LCAs
conducted for building projects in Lon-
don, Copenhagen, and Amsterdam. Four
projects were office buildings, one was
mixed use, and one was a residential
timber tower. On average, combined A4
and A5 emissions made up 2% of the life-
time carbon emissions of the buildings
and 7% of total embodied carbon. The
case studies cited the One Click assump-
tions of 25 kg CO,e/m? for construction
activities and 5 kg CO.e/m? for waste.
(As mentioned, according to Building-
Green’s conversation with Kalfountzos,
these assumptions are no longer cur-
rent, and One Click’s new defaults are
even lower.)

The LETI Embodied Carbon Primer
doesn’t specify which LCA tool it draws
from, but its assumptions seem to align
with the RICS default values. In its re-
port, it breaks down the relative signif-
icance of each life-cycle phase across
four U.K. building archetypes and two
energy scenarios. For one such arche-
type, commercial office buildings, A5
makes up 1% of a building’s lifetime car-
bon footprint under the current regula-
tion scenario. In the second scenario, in
which the same office is designed to be
ultra-low energy—increasing the pro-
portional share of embodied carbon—
A5 is just 2% of lifetime carbon. In both

scenarios, A5 accounts for 5% of all em-
bodied carbon.

The low numbers published in these
reports have likely reinforced the com-
mon practice of ignoring A5 construc-
tion emissions as a significant driver of
carbon emissions.

How Big Could Construc-
tion Emissions Be?

Given the minimal impacts for A5 as-
sumed by LCA tools and the lack of data
entered, what is indicating construction
emissions might be a more significant
source of a project’s embodied carbon?

Economy-wide LCA estimates
30%

BuildingGreen spoke with Greg Norris,
Ph.D, chief science officer at Earthster,
who analyzed the impacts of construc-
tion activities using an economy-wide
input-output analysis. For details about
how this analysis is conducted, and how
it differs from a typical whole-building
LCA, see the sidebar titled “What Is an
Input-Output LCA?”

The short version is that the U.S. Envi-
ronmental Protection Agency (EPA) pro-
duces an open-source resource called
the US Environmentally Extended In-
put-Output (USEEIO) model, based on
economy-wide surveys asking business-
es how they spend their money. It breaks
down businesses by sector and business
group, separating out commercial struc-
tures and contractors. An input-output
LCA can, therefore, tell us about all the
carbon emissions that go into construc-
tion activities and “the business of be-
ing a contractor,” explained Norris. It
is more inclusive than a typical process
LCA; for example, it assigns a portion of
the contractor’s corporate office emis-
sions to projects. It is a valuable coun-
terpoint to a process LCA, which, as we
have seen, might exclude significant
emission sources due to a lack of data.

The Missing Embodied Carbon Link: Construction

Whatisan

Input-Output LCA?

The US Environmentally
Extended Input-Output
(USEEIO) model takes a macro
scale approach to estimat-
ing environmental impacts.
Unlike the more conventional
“process LCA" used to produce
environmental product dec-
larations (EPDs) and analyze
ingredient or process chang-
esinindustry, USEEIO maps
the entire U.S. economy and
allocates carbon emissions
by sector. The Department
of Commerce's Bureau of
Economic Analysis, fittingly
enough, maps the economy.
The EPA assigns resource and
pollution flows to each sector.

This macro view is compre-
hensive becauseitincludes
all transactionsin the U.S.
economy. Nothing s left out.
As Greg Norris, Ph.D, chief
science officer at Earthster
noted, it “finds data that you
wouldn’t have looked for,”
usually providing a high-
eraccounting of a sector’s
carbon footprint. Because it
takes the same comprehensive
approach to all sectors, the
results it provides for com-
paring one sector to another
are still valid. But it’s not very
granular, and its usefulness
is limited by how the sectors
are defined and tracked. The
data behind it are also not
very current. Even USEEIO v2,
released in 2022, draws from
data sources that date back to
2012.

Process LCA, on the other
hand, omits anyresource
flows below a certain thresh-
old. Norris explained, “Pro-
cess-based [analysis] doesn't
necessarily account for
everything. It just asks for the
‘important’ things.” Mean-
ing it measures what people
already think is important.
Process-based LCA s precise,
butit’s based on the prac-
titioner’s view of activities
across the life cycle. Data are
gathered using questionnaires

continued on page 10
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Top 20 Economic Sectors by Greenhouse Gas
Emissions for Commercial Construction o
Whole-Building Life
Cycle Assessment
(WBLCA)
phase A&
# Economic Sector r kg CO2efm2 % of total
f:jq;ﬁ(:;::;ﬂot?:n 1 construction }J a1 209
tiviti
&c:fm;rn:t?on 2 truck transport ./ 128 6%
Company operations
pany oper 3 electricity 123 %
& gasoline, fuels, & by-products of petroleum refining 120 6%
5 air conditiening, refrigeration, & warm air heating equipment 77 4%
emissions [ metal structural products Th 4%
from generatin
!rﬁuk%fymppﬁgd 7 metal windows, doors, & architectural products 72 %
to commaercial
mnstruclinln -] ready-mix concrete 68 3%
9 other concrete products 50 1%
10 other plastic products L 2%
n ather real estate 41 1%
emissions
from fossil fuel 12| fertilizers 39 1%
supply chain to
c‘::e'n,:nerclial 13 glass & glass products 39 1%
construction
! 14 other durable goods merchant wholesalers S 2%
15 | asphaltshingles 33 2%
16 plywood & veneer 33 2%
L. 17 astic pipe & fittin, 9 1%
emissions from o e e
a_n:hltn_!cture&._ 18 cement 9 195
engineering (project
soft costs") 19 | woodwindows, doors, & flooring 28 19
20 architectural, engineering, & related services 25 1%
souree: Dard fren USEED v!.m;sumlnqu lmicarmrﬂ-:ise odfice construction coslof S0,
Totol emnbedied carbon from ol sectors using this metfod is 2 067 kg C02e/m2.
Adanted fram dara eresseded bu Dv. Grao Marrkc. MIT and Perking & WAl

Adapted from data provided by Dr. Greq Norris, MIT and Perkins & Will
Results from an input-output LCA estimate construction accounts for 20% of commercial buildings’ embodied carbon. Adding emissions

from the electricity and fossil fuel sector brings this figure to 32%.

According to USEEIO, about 20% of
greenhouse gas emissions that come
from making a building are emitted di-
rectly by construction companies—the
general contractors and subcontractors
doing the actual work. This includes cor-
porate operations, corporate overhead,
and corporate-funded employee com-
muting, activities that aren’t typically in-
cluded in whole-building process LCAs.
The remaining 80% is from the supply
chain. But that supply chain isn’t limit-
ed to building materials; it includes two

emission sources that would normally
be factored into the construction phase
of a whole-building L.CA as emission fac-
tor multipliers—namely, the upstream
emissions associated with construction
energy use.

The first of these emission sources is
electricity use on the jobsite, repre-
senting 6% of overall embodied carbon
emissions. The second is extraction and
refinement of fossil fuels used for job-
site processes. (Emissions from burning
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those fuels are assigned to construction
activities, while emissions from extract-
ing and refining those fuels are in the
supply chain.) Extraction and refining
of fossil fuels burned in power plants
or on the jobsite (or used directly as a
construction material, like bitumen for
asphalt) account for another 4%-6% of
the total embodied carbon of a project.

If you reallocate to the construction
phase the emissions from jobsite elec-
tricity use and the refining of the fossil
fuels burned during construction, these
numbers suggest that construction rep-
resents over 30% of the total embodied
carbon in a building. Even after deduct-
ing a few percentage points for emis-
sions from corporate overhead activi-
ties, that’s a far cry from the 7% average
estimated in the WBCSD guide.

Though initially surprised by this find-
ing, Norris came to believe that there
must be some jobsite emission sources
that traditional LCA models underesti-
mate. His hypothesis is that the biggest
of these are “trucks driving all over the
place, and fuel and electricity use on-
site.”

Based on BuildingGreen’s own analysis,
refrigerants also appear to be a large
driver of the CO,e impact, but because
of the nature of the input-output anal-
ysis, it is difficult to tell what those re-
frigerants are used for (perhaps to cool
jobsites in hot climates, or as blowing
agents used to install spray-foam). Re-
gardless, the input-output analysis
seems to be catching impacts that aren’t
currently reflected in more common,
process-based whole-building LCAs.

Norris mused that the way the boundar-
ies are currently drawn in whole-build-
ing LCA tools might be a result of con-
vention, desire for simplicity, or a belief
that a certain activity is negligible. But,
he implied, the boundaries can always
be redrawn. “LCA can [mistakenly] be
seen as accounting analysis rather than
empirical analysis ... The true rule

should be that if it matters, you should
include it.”

Contractors say 15%—-20%

It is rare for contractors to track A5
emissions, but some have started doing
it for select projects.

Sellen and Skanska Balfour Beatty are
tracking A1-A5 for the Microsoft Puget
Sound campus modernization project in
Redmond, Washington, which consists
of the construction of 17 new buildings.
In the white paper mentioned above, Mi-
crosoft shared findings from a compre-
hensive whole-building LCA it had per-
formed for the project. Microsoft writes,
“There is little data or established meth-
odology for creating a baseline [for the
construction process], making it difficult
for design teams to know if their emis-
sions are better or worse than a typical
construction project. Almost no projects
have tracked construction activity emis-
sions to a high level of detail on a typical
construction project.”

Microsoft worked with its general con-
tractors to develop a Construction Activ-
ity Carbon Reduction Plan (CACRP) for
this project that outlined the require-
ments for subcontractors, suppliers, and
general contractors to track A4 and A5
emissions. It included:

* Off-road vehicles, equipment, and
tools used within the jobsite

 Delivery vehicles for building
materials

* Crew transport provided by the
general contractor

Their results showed that A4 and A5
emissions comprised about 10% to 20%
of the project’s total embodied carbon
emissions, which was twice what Mic-
rosoft had expected. Emissions from the
site work and excavation of the under-
ground parking structure outweighed
those from individual building jobsites.
Once Microsoft completes these projects,

The Missing Embodied Carbon Link: Construction

that ask for information with
apreconceived idea of what

is significant. Other than the
fact that both LCA approaches
aim to quantify impacts over
the entire life cycle of a prod-
uct or service, input-output
LCAand process LCA are very
different, and they're useful in
different ways.

There isacommon mis-
conception thatinput-output
LCAisjustusingdollarsasa
proxy for carbon emissions or
other environmental impacts.
In fact, it's quite the opposite.
Because input-output LCAis
based on EPA data on emis-
sions by economic sector, it
can show just how the carbon
intensity (emissions of green-
house gases per dollar spent)
of each sector varies. USEEIO’s
results show, for example,
that the ready-mix concrete
industry emits 1.79 kg CO.e
per dollar,cement 8.82 kg,
and plywood and veneer 0.64.
These are national averages,
however. For emissions from
specific products or factories,
one must use process LCA.

It works similarly for
buildings: input-output LCA
provides a macro view, re-
flecting how emissions from
construction-sector activities
compare with emissions from
the construction material
supply chain. This macro view
may be useful, but it does not
serve the exact same purpose
asawhole-building LCA.

“The economic input-output
approach is great for all of the
United States, but it’s not a
useful approach for individual
projects,” noted Vaclav Hasik,
data manager at Building
Transparency. “For that you
need process LCA.”

As Jennifer O'Connor, pres-
ident at Athena Sustainable
Materials Institute stated,
fromaclient’s or designer’s
perspective, “l want to know
about this building. We have
to keep our perspective at
the level of the building.” She
added, “l would tend to agree
that the corporate operations

continued

10


https://carbonleadershipforum.org/how-microsoft-is-reducing-embodied-carbon/

BuildingGreen Spotlight Report

it plans to normalize demolition and ex-
cavation data into kgCO,e/cubic yard for
excavated soil and kgCO,e/square meter
for demolished buildings. This will al-
low for comparison with the RICS (and
other) data.

Chen thinks these findings apply beyond
this one project: “A4 and A5 are a little
more significant than we’d thought,” he
told BuildingGreen. “We’ve seen, for a
few different projects, A4 and A5 have
been closer to 15% or even 20% in the
total Al to A5 pie.”

Bailey Zak, senior sustainability engi-
neer at Skanska, expounded: “Five per-
cent was consistently too low,” adding
that A5 “was always trending higher”
than that. But Chen also noted that the
definition of these phases is a little un-
clear.

“A5 gets murky because buildings aren’t
just built in space,” Chen said. “A lot of
earthwork is involved to construct the
building foundation: moving dirt, truck-
ing offsite, getting formwork onsite and
back offsite.” Those activities are some-
times more involved than even the con-
tractors expect. He identified the three

most significant inputs often excluded
from whole-building LCAs: the demoli-
tion of the existing building, earthwork,
and drilling and shoring. “When you’re
including [these sources], it drives the
numbers a lot higher than what you’d
probably typically see in modeling soft-
ware,” he said.

Chen thinks all contractors should focus
on these top three drivers of construc-
tion emissions, adding that employee
commuting should also be a part of the
conversation. He doesn’t believe it will
outweigh earthwork emissions, but con-
tends it is not an insignificant input. “Do-
ing just those three is not too heavy of a
lift,” he says.

”Tracking [all AS5] data is really labor
intensive,” Oliver Atkinson from Sellen
told BuildingGreen. Much of the track-
ing depends upon collecting accurate
data from subcontractors, which re-
quires excellent organization and com-
munication.

“Early on, one of my biggest projects
was creating the lists of subcontractors
that are onsite every month. It is a huge
workload,” Atkinson said, explaining

Photo: Turner

It takes dedicated staff time to collect all the information needed to calculate jobsite emissions. So
far, Turner has done so on 50 completed projects with more than 100 more in progress.

The Missing Embodied Carbon Link: Construction

should not be included. Ulti-
mately, | want to know how
much A5 diesel was consumed
for the construction of the
building.”

But how can we more accu-
rately estimate A5 if projects
are not pursuing this bot-
tom-up accounting? Or are
relying on tools with faulty
assumptions? When asked if
she could point to any good
data, Stacy Smedley, executive
director at Building Trans-
parency, advised, “Rely on
contractors that are actually
doingit,” like Sellen, Skanska,
and Turner. “The scopes of
aproject and type of project
have huge impacts on the
percentage of A5 emissions.”
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that they collect data on any work done
within the construction fence and some-
times beyond: fuel consumed by equip-
ment, tools, and off-road vehicles used
onsite; the last leg driven by delivery
vehicles; subcontractor commuting in
company cars; and Sellen jobsite utility
usage. “Every month, I go through natu-
ral gas, electricity, and put it in the data,”
Atkinson said. He noted the next step
would be to install sub-meters onsite to
see how much energy and fuel individu-
al processes, like cranes, use.

Chen echoed Atkinson as he explained
why these data are not often tracked:
“The reason why you don’t usually have
projects going to this level of detail [is],
you can’t truly calculate it. This data is
from actuals, tracking month-to-month
activities with the subs.” This new level
of granularity represents “another ser-
vice for construction firms,” Chen said.
“I don’t think the majority of GCs have a
system built out to track this on the job-
site. It’s the state of the industry.”

And this absence of “historical data can
be a cause of the gap between projec-
tions and actuals,” he continued. Accu-
rate, initial assumptions depend on sub-
contractor feedback. “I feel like we [at
Skanska] can make projections, but is it
going to be as accurate as if we went to
every sub and got their estimates? Prob-
ably not. A lot of the work is dictated by
subcontractors.”

BuildingGreen asked Abigail Roberts,
sustainability program manager at
Turner Construction Company, for her
general impression of the relative signif-
icance of jobsite emissions. “Estimates
are nowhere near what we’re tracking,”
she began. “There are huge variations in
the emissions on a jobsite.”

In 2019, Turner launched an effort to
track project-level emissions in different
sectors across the country, collecting its
fuel consumption and utility (electricity,
fossil gas, and water) use data and ask-
ing all its trade partners to send in their

fuel consumption data. Currently, Turn-
er has data from around 50 different
completed projects. Roberts explained
that, given the significant variability be-
tween projects, she hasn’t been able to
determine an applicable standard met-
ric. She has noticed, though, that the
A5 emissions of most projects follow
an M-curve. Emissions are high in the
beginning of construction when heavy
equipment, like excavators and bull-
dozers, is used. Emissions dip down in
the middle of the process when, despite
there being a lot of tradespeople onsite,
lighter equipment is more prevalent.
And emissions spike back up at the end
as building systems start up and run
without controls. Once commissioning
is complete, emissions decrease once
again during the building’s occupancy
phase.

Roberts identified two main inputs that
tend to throw off emission estimates:
temporary power and temporary heat.
“When you are running your jobsite on
a generator, it’s going to be exponen-
tially higher in emissions,” Roberts ex-
panded. The problem is that temporary
power connections are challenging to
accurately schedule, and the scheduling
of utility hook-ups often slips.

“Maybe you can estimate [emissions
from] power generation, but most jobs
underestimate how long they’ll need
temporary generators onsite, “Roberts
explained. “Sometimes we’re at the mer-
cy of the utility company’s availability
to bring temporary power to the site.”
Roberts lives in Massachusetts, where a
new stretch code is widely expected to
encourage electrification. She worries
about the utility’s ability to provide the
site with sufficient electricity: “I don’t
think the utility supply is there yet ....
Building operations will always get pri-
ority [over construction] for power.”

Regarding temporary heat, Roberts re-
called a project in Boston, saying she
was “blown away by the emissions” as-
sociated with temporary heating during
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Photo: Sunbelt Rentals

Lendlease uses solar panels to power temporary lighting on a jobsite. Temporary power (for light -
ing, heating, and cooling) can be a significant source of A5 emissions.

a particularly cold winter. She said
Turner “got the utility bill for the heat-
ing, and that became 70% of the overall
A5 emissions of the construction proj-
ect.” Roberts explained that there aren’t
a lot of temporary controls for heating,
and project scheduling and urgency of-
ten force contractors to work during the
winter, which requires a lot of heat to
meet installation specifications.

“You can do the best calculations for
your whole-building LCA and put in
your A5, and it’s [still] going to be
skewed,” according to Roberts. “I don’t
think you can properly estimate tempo-
rary heating, given unpredictable varia-
tions in temperature in any given year.”

She also said that companies are only
now starting to ramp up jobsite emis-
sions tracking; there’s a learning curve,
and data collection can be cumbersome.

Turner is in the process of developing
its own tracking software, with plans to
do deeper data mining. “With a better
dataset,” Roberts said, “we could all im-
prove.”

Strategies for Reducing
Construction Emissions

Tracking emissions and establishing a
baseline are important. But we also need
to reduce emissions now and, in tan-
dem, protect the lives and health of job-
site workers and residents of surround-
ing neighborhoods. In many ways, the
strategies and structures used for reduc-
ing construction emissions are more es-
tablished than the methods for tracking
and estimating those emissions. Recom-
mendations from developers, owners,
and contractors align across the follow-
ing categories.

The Missing Embodied Carbon Link: Construction
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Policies

Both Hines and Microsoft include an
anti-idling policy in their requirements.
Hines recommends that contractors use
automated electronic anti-idling devic-
es. And Microsoft emphasizes the impor-
tance of reducing the time that concrete
delivery trucks wait onsite and encour-
ages them to consolidate deliveries.

Though employee commuting was a
lower priority for many of the contrac-
tors we interviewed, some try to influ-
ence employee behavior by offering
subsidized public transportation cards,
carpooling services, or even incentives
for buying electric cars.

Equipment

Prioritizing the use of efficient, prefer-
ably electric, equipment is crucial. Rob-
erts emphasized that contractors should
electrify their equipment as much as
possible but acknowledged that because
most high-emitting equipment like-
ly won’t be made electric for years to
come, this is a challenge.

Amanda Kaminsky, director of sustain-
able construction at Lendlease, shared
with BuildingGreen that the compa-
ny has started a pilot project with an
electric, battery-powered equipment
provider that has offered its products
to Lendlease subcontractors for a few
months to try so they can compare the
emissions to their standard estimates
from burning diesel. “We will monitor
the carbon reduction of using the elec-
tric equipment,” says Kaminsky. But
they are also asking their subs to pro-
vide feedback about other safety and
well-being upsides on the ground, in-
cluding less noise, improved air quality,
fewer cords, and better ergonomics with
less vibration, she said.

When electric options are unavailable,
ensuring that non-electric equipment is
as efficient as possible is the next best
thing. Microsoft requests that, when

possible, tier 4 equipment (an EPA des-
ignation for non-road diesel engines)
should be used for earthwork and pav-
ing, and that older, heavy equipment
should be retrofitted with the best avail-
able technology. It writes that for tier 3
equipment (motor vehicles) or lower,
retrofits like diesel oxidation catalysts
or diesel particulate filters should be in-
vestigated.

Biofuel is another potential way to re-
duce jobsite emissions before electric
equipment is the norm. Microsoft rec-
ommends the use of a “B20 biofuel
blend (20% biofuel and 80% diesel) or
renewable diesel fuel.” It should be not-
ed, though, that the environmental ben-
efits of biofuels are debated. According
to the EPA, biofuels could cause air and
water pollution, increase food costs, put
pressure on water resources, and result
in greenhouse gas emissions through
changing land-use patterns. Certain
biofuels, on an energy-equivalent basis,
may even emit more greenhouse gases
than fossil fuel.

Power

Electric equipment is great, but it doesn’t
do much good without access to electric
power. Kaminsky explained that Lend-
lease has a corporate requirement to
use electric cranes. “But when we can’t
get sufficient temporary power from the
utility in time, we end up with an elec-
tric crane with a diesel generator next to
it,” counteracting the intended benefits,
she said. “We are collaborating with the
local utility to make temporary pow-
er increasingly dependable while also
working to get renewable diesel infra-
structure and supply to more locations
and large batteries to obtain necessary
UL certifications for jobsite use.”

Microsoft recommends that jobsites
“connect to temporary electric power
instead of generators where possible.”
Both Microsoft and Hines write that
temporary power sources should be
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Lendlease uses solar panels to power a conference room field office at a construction site in Chicago.

programmed to shut off automatically
shortly after the workday ends.

Considering that temporary electric
power is not always available to jobsites,
Microsoft recommends that contractors
should be prepared to use generators
with a tier 4 engine or, as Roberts noted,
hybrid generators. The latter, Roberts
explained, allows the generator to op-
erate at its most efficient. The generator
charges an energy storage system (EES),
which is basically a battery with con-
trols, instead of powering equipment
directly. This can drastically reduce fuel
consumption.

Temporary heating should also be elec-
trified as much as possible, though Rob-
erts points out that electric heat requires
a higher utility supply. She advised that
contractors “need to be talking very ear-
ly with the utility companies. It depends
on the site. It’s not always possible to get
the power to totally electrify,” she said,
adding that hydronic heating is another
option. But the envelope of the site must

be very tight for this method to work
most efficiently. And an airtight build-
ing envelope is exceedingly difficult to
achieve on a jobsite.

Organization and communication

Possibly the most essential strategies to
reducing jobsite emissions involve or-
ganization and communication. There
are so many different companies, peo-
ple, and processes at work during the
construction of a building that the artic-
ulation of clear goals and collaboration
are crucial to success. Hines suggests
that “general contractors should pro-
vide subcontractors with a common re-
porting template that is submitted each
month.”

Atkinson also emphasized the impor-
tance of verbally communicating writ-
ten goals to make sure everyone is on
the same page: “Everyone is doing their
best. It’s a matter of making information
accessible and as clear as possible,” he
said. “Understand where other people

The Missing Embodied Carbon Link: Construction
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are coming from. Use language that oth-
ers understand.”

Microsoft shared a list of lessons learned
from the Puget Sound project, stressing
the importance of project-wide educa-
tion and discussion of requirements,
using technology to track data, allow-
ing for flexibility, and budgeting for the
extra time it will take to coordinate and
plan the tracking process.

With Better Data Will
Come Better Baselines

Our current understanding of con-
struction-phase impacts is limited.
Whole-building LCAs currently under-
report A5 because there are not enough
data to generalize about U.S. construc-
tion. Input-output data include factors
that many consider to be outside of a
project’s scope. Actual, comprehensive
bottom-up data is the ideal, but most
projects do not have the capacity or
structure for this sort of tracking. And
yet gathering this information is crucial.

Contractors need this information to
benchmark current practice and mea-

sure improvements. Those who have
begun tracking it often attribute their
ability to do so to their company’s ESG
commitment. Zak noted that collecting
accurate data often depends on the “the
client, the project scale, [and] scope,” but
that contractors need to prioritize this
across their business. “The construction
company needs to have the people, the
time, the interest. It is about making this
a priority,” she said. Kaminsky of Lend-
lease echoed this sentiment. “We [at
Lendlease] just see [tracking] as our re-
sponsibility. This is under our control.”

Accurate A5 estimates could also influ-
ence the decisions that owners and de-
signers make before construction even
starts. Kaminsky pointed out to Build-
ingGreen that full acknowledgement
of, and responsibility for, the emissions
associated with demolition or decon-
struction of a building might encourage
owners and construction managers to
pursue more reuse—or at least discuss
reclamation options. “Everyone needs
more drivers to be thoughtful about this
early phase,” she said. “Too often, design
documents specifying reuse and recy-
cling are not completed when this work

Photo: Jason Etheridge, Lendlease General Superintendent

Lendlease team members collaborate in a field-office conference room powered by solar panels. The
electrical conduit is coded green to emphasize the renewable power supply.
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is executed. Clearer responsibility for
the impacts will drive the industry to be
more intentional about managing these
existing resources.”

O’Connor stated that fully accounting
for construction emissions will help
make the case for designing and pro-
curing more prefabricated materials.
“Prefabricated materials will have real-
ly high A1-A3 emissions because more
work is being done at the factory,” she
explained. “I think it is a real issue. If
you don’t have proper A5 estimates, you
are going to disadvantage prefabricated
materials.”

At the highest level, we need this infor-
mation to monitor progress towards
building-sector goals worldwide. In
its report, WBCSD writes that we must
improve our understanding of the to-
tal life-cycle emissions of buildings to
create a more robust baseline against
which to measure progress toward the
sector’s carbon reduction goals. It calls
on “companies from across the built
environment and around the globe to
conduct whole-life carbon assessments
of their projects as a matter of course,
openly publishing the results so we can
create and build a body of evidence and
shared learning.”

For whole-building LCAs to be mean-
ingful, more accurate and widespread
accounting of construction emissions
will be necessary. If we continue to un-
derestimate jobsite impacts, we will
continue underestimating the overall
emissions of buildings and undermin-
ing project-level and sector-wide efforts
to reduce them.

it
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Continuing Education

To receive continuing education credits, take this quiz online
at www.buildinggreen.com/spotlight/missinglink.

1AIAHSW, 1GBCI Credit

Instructions

If you purchased this report, or if you are
a BuildingGreen Premium member, you
can get continuing education credits by
successfully completing this quiz on our
website.

For BuildingGreen to automatically report
your CEUs, you will need to add your AIA
and/or GBCI identification info to your
profile, at www.buildinggreen.com/user.

Instructors: Elizabeth Waters and
Candace Pearson

Course Level: Advanced

Non Member Price: $39

Description

People interested in reducing the em-
bodied carbon of buildings are familiar
with weighing the impact of different ma-
terials, like mass timber or low-carbon
concrete. Low-carbon construction has
not been on many people’s radar—but it
probably should be.

Findings from construction companies
that are tracking greenhouse gas emis-
sion data on projects indicate that con-
struction emissions account for 10% to
20% of upfront embodied carbon. And
an economy-wide input-output analysis
suggests they could be as much as 30%.
In short, it's possible the construction
process emits more than we thought,
representing a bigger piece of the em-
bodied carbon pie. More alarmingly, new
accounting could grow the size of that pie.

In this course, we dive into current esti-
mates of construction emissions, explore
why they might be deceptively low, and
compare them with findings from actual

project-level tracking. Though the course
focuses on greenhouse gas emissions,
the health of jobsite employees and local
residents is also at stake: fossil fuel burn-
ing during construction emits many other
criteria pollutants, which pose risks to hu-
man and ecosystem health.

Learning Objectives

Upon completion of this course, partici-
pants will be able to:

1. Understand why construction emis-
sions are probably being undercount-
ed, bringing new concerns to the build-
ing industry about the true scale of its
environmental and health impacts.

2. Define the key stages of and process-
es associated with a whole-building
life-cycle assessment, which estimates
the upstream and downstream envi-
ronmental impacts of a building proj-
ect’s materials, construction, opera-
tion, and demolition.

3. Describe the tools and strategies be-
ing used within the building industry
to understand and document the true
environmental impact, and especially
the carbon footprint, of the construc-
tion process.

4. List four types of positive action build-
ing industry professionals can take to
reduce the environmental and health
impacts of construction.
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QUIZ QUESTIONS

1. Which module of a whole-building
life-cycle assessment is not required by
standard EN15978?

a. Module A (upfront impacts)

b. Module B (impacts during operation)
c. Module C (impacts at end of life)
d

. Module D (impacts and benefits beyond
the system boundary)

oo

2. An environmental product declaration

(EPD) estimates the environmental im-
pactsof a while awhole-building
life-cycle assessment estimates the
environmental impacts of a .

[] a. productor material; building project

[] b. life-cycle assessment;life-cycle impact
assessment
L]

mining operation; construction site
] embodied carbon model; energy model

a o

3. Which best characterizes the building

industry’s overall attitude toward
construction-phase (A5) emissions?

[] a. Mostpeopleintheindustry take con-
struction emissions seriously, agree on
what to measure, and account for these
emissions in life-cycle assessments.

(] b. Manyindustry experts agree that con-
struction emissions are a major unknown
and are probably underestimated.

[1 c. Thoughtleadersintheindustry have
aligned around which emission sources
should be tracked, but most practitioners
have not yet started tracking them.

[ ] d. General contractors have discovered that
construction emissions are negligible and
argue they should never be accounted
forin life-cycle assessments.

4. What factors have led to a widespread

belief that construction emissions are
relatively small? Choose all that apply.

[] a. OneClickand the Athenalmpact
Estimator provide default assumptions
that appear low compared with other
emission sources.

[l b. General contractors have argued that
their emissions are negligible.

] Tally and EC3 make construction

emissions an optional field and provide
no defaults.

[] d. LEEDdoes not require construction
emissions to be accounted forin its
life-cycle-assessment credit option.

[ ] e. TheRoyallInstitution of Chartered
Surveyors (RICS) emission estimates are
based on a dataset of sustainability-
focused projects.

[] f. Therefrigerantsused in construction
are known to have very low global
warming potential (GWP).

5. Which one is a limitation of a “process”

life-cycle assessment?

[] a. Itdoesn'taccount forthe upstream
impacts of building materials.

[] b. It'stoogranularto be useful for esti-
mating true environmental impacts.

[] c. Itmightmissimportantemissionsbe-
cause of long-established assumptions
that have not been questioned.

[ ] d. Itlooks atentireindustry sectors, not
at specific building projects.

6.Whichoneis alimitation of an

“input-output” life-cycle assessment?

[] a. Itgivesadirectional sense of where
the biggest impacts of a sector might
come from.

[] b. It'stoo granular to be useful for esti-
mating true environmental impacts.

[] c. Itdoesn'tincludeimpactsfrom trans-
portation, corporate operations, or
refrigerants.

[] d. Itlooks atentire industry sectors, not
at specific building projects.

7.How should a whole-building life-cycle

assessment account for demolition of a
building before new construction begins?

[] a. Thereisno clear consensus on whether
the demolition impacts should be at-
tributed to the existing building and its
prior owner or to the new building and
its owner.
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QUIZ QUESTIONS

Demolition impacts should be attribut-
ed exclusively to the new building and
its owner.

Demolitionimpacts should be attribut-
ed exclusively to the existing building
and its prior owner.

Demolition impacts are negligible and
don’t need to be accounted forin a
life-cycle assessment.

. Which are strategies described in this

course for reducing the emissions
associated with construction? Choose all
that apply.

b
c.
d

N I I A I A | W

a.
. Creatingan anti-idling policy

Avoiding life-cycle assessments

Encouraging use of public transit

. Providing personal protective equip-

ment to jobsite employees

. Buying or leasing electric construction

equipment
Working with electric utilities to supply
temporary power for jobsites

Avoiding the use of concrete in the
project

. Clearly communicating requirements

to subcontractors

Requiring jobsite workers to wear
warm hats and gloves so heating is
not needed

9.Which materials are at a disadvantage
when construction emissions are
undercounted?

b
c.
d

[ dogg

a. Concrete and metals
. Prefabricated materials

Interior products

. Insulation with high global warming

potential

Any products with environmental
product declarations (EPDs)

10. Which most accurately characterizes
the course’s position on construction
emissions?

]

[l

a. The construction industry should

not try to reduce its emissions until
thereis areliable baseline to compare
against.

. Specifying low-carbon materials is

the only way to reduce upfront carbon
emissions.

. Thewhole building industry needs

to work together to better track and
reduce construction emissions.

. Input-output life-cycle assessment

offers amore granular and accurate
estimate of construction emissions
than process life-cycle assessment.

. LEED certification should require

whole-building life-cycle assessment.
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