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Executive Summary

Green buildings, as represented by the U.S. Green Building Council® Leadership
in Energy and Environmental Design (LEED) Geen Building Rating System,

are an undisputed market success. In the eight years since the launch of LEED,
green has bmly established itself among mainstream leaders in the building
sector, representing tens of billions of dollars in value put in place and materials
sales.

LEED was ceated to reduce the environmental impacts of the built envir onment,
but so far no compr ehensive evaluation of the overall impact of LEED has been
conducted. Until now .

This Green Building Impact Report is the Prst-ever integrated assessment of
the land, water, energy, material and indoor envir onmental impacts of the LEED
for New Construction (LEED NC), Core & Shell (LEED CS) and Existing Building
Operations and Maintenance (LEED EBOM) standads. (We did not include
Commercial Interiors due to concer ns about double-counting, which we hope to
have resolved before the release of next year®report.)

In this report we attempt to answer whether commer cial green buildings live up
to their name N that is, that they ar e engendering demonstrable envir onmental
improvement.

Our Pndings are both encouraging and cautionary . Overall, we believe that
LEED buildings are making a major impact in reducing the overall environmental
footprint of individual structur es. However, signibpcant additional progress is
possible and indeed necessary on both the individual building level and in ter ms
of market penetration if LEED is to contribute in a meaningful way to r educing
the environmental footprint of buildings in the U.S. and worldwide.

Market Summary

To date, our calculations indicate that LEED Certibed projects represent more
than 6% of new commercial construction, but ther e has been an astronomical
ramp-up in the past year of new pr oject registrations, with new construction
sector penetrations appr oaching a whopping 40%. On average, it takes
approximately two years from Registration to Certibcation, with an attrition rate
of 25% to 30%.

LEED NC continues to lead the way, with CertiPed projects representing 5.8% of
new construction starts and new registrations representing approximately 30% of
the market.

Registrations of Core & Shell projects have ramped up considerably in the past
two years, now approaching 12% of new commercial starts, though they lag
signibcantly behind LEED NC in submarket shae and absolute terms. Certibed
LEED CS pojects represent only about 0.5% of new construction starts.

Although intr oduced thr ee years later, the Roor area of new registrations in LEED
EBOM has nearly caught up to that of LEED NC, though as a percent of the
annual addressable market, certibcations emain insignibcant.
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Environmental Impacts

Non-residential construction, the focus of our r eport, represents about 40% of
the environmental burden of buildings. The envir onmental benebts of LEED are
multifaceted and hard to generalize, so we present the topline bndings here and
in more detail in the body of the r eport:

Land Use. We estimate that between efpcient location and the myriad of
alternative transportation options supported by LEED, nearly 400 million vehicle
miles traveled have been avoided by the occupants of LEED buildings. This
grows to more than 4 billion vehicle miles by 2020.

Water. We expect water savings from LEED commercial buildings to gr ow to
more than 7% of all non-residential water use by 2020. The equivalent of 2008
LEED water savings would Pll enough 32-ounce bottles to circle the Earth 300
times.

Energy. LEED saves enegy on many different levels, including energy related to
operations, commuting, water tr eatment and the lower ener gy embodied within
materials. In operational energy terms, LEED buildings consume approximately
25% less on average than comparable commercial buildings. By 2020, these
energy savings amount to more than 48.7 million tons of coal equivalent each
year, representing approximately 78 million tons of carbon dioxide (CO )
avoided emissions.

Materials and Resources. LEED has helped spur an entire industry in green
building materials. CertiPed pr ojects to date have specibed a total of mor e
than $10 billion of gr een materials, which could grow to a cumulative amount
exceeding $100 billion by 2020.

Indoor Environmental Quality. We believe that indoor envir onmental quality
is the most important contributor to the pr oductivity attributes of LEED. We
conservatively calculated that companies with employees working in LEED
buildings realized annual productivity gains exceeding $170 million r esulting
from improved indoor envir onmental quality, a number that will gr ow to nearly
$2 billion of annual pr oductivity impr ovements by 2020.

Details on the methodological appr oach behind this study can be found in the
appendix, starting on page 18.

What's Next?

Our 2009 Green Building Impact Report will include the impact of LEED
buildings overseas as the growth of LEED® new construction standards
shifts beyond the U.S. market, with fast-growing development in emer ging
economies.

Several new non-residential LEED standads have recently been released,

such as those for schools and etail establishments, and the 2009 report will
evaluate these impacts as well. It will also include the eco-footprint of r esidential
construction, the built envir onment® largest source of environmental impacts.
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In 2007, LEED Registrations and Certibcations doubled compared to the
previous six years and in 2008 they doubled those of the pr evious seven years.
LEED NC Registrations and Certibcations continued their growth, but not at the
doubling rate. The Cor e and Shell (LEED CS) system ggw 13-fold compar ed
with 2006, while LEED for Existing Buildings Operations & Maintenance (LEED
EBOM) expanded nearly 20-fold.

Obviously, these growth rates are not sustainable. The current economic

situation coupled with incr eased stringency in the LEED requirements will
contribute to an expected slowdown. In the U.S. N the focus of this r eport

N we expect a Rattening of the gr owth rate or even a decrease in the new
construction markets, both of which will r eRect a slight decrease in general LEED
NC and LEED CS pojects and rapid growth in the Schools and Retail markets.
We do expect, and indeed hope, that the gr owth in LEED EBOM continues,
given the relative magnitude of the existing building stock compar ed with the
size of new additions to Roor space.

Going forward, we anticipate that LEED® growth will Ratten relative to the
market as it reaches the expected saturation point for the level of stringency the
market is able to handle. Even though the gr owth rate Rattens, in absolute terms
we believe the amount of Roor ar ea being added to the system will continue to
grow. Although not explicitly cover ed in this year® report, we anticipate LEED®
growth overseas will continue to expand and may even exceed new [3oor area
added in the U.S. as early as next year

Cumulative Square Footage of LEED Certifications
(in millions of squae feet)

2008 2015 2020
Certified LEED NC 240 1,720 3,130
“Built-to” LEED NC 223 1,240 1,700
Certified LEED CS 17 640 1,300
“Built-to” LEED CS 37 630 910
Certified LEED EB 38 3,260 6,670
“Built-to” LEED EB 13 1,450 2,340
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LEED addresses impacts to the land in a wide variety of ways, which can
be summarized in three principal categories: (1) Location efpciency, (2) Site
protection & r estoration and (3) Site performance.

Unlike most of the other impact categories wher e benebts of LEED ae directly
related to pr oject Boor area, site impacts relate to the number of pr ojects. Thus,
our assessment of progress to date is based on actual project bgures from
USGBC. Our projections of the number of pr ojects derive from the growth in
Boor space and the average size of LEED ppjects.

We did not evaluate site impacts for LEED EBOM in this study. These impacts
relate to pesticide use and other measur es that are difcult to quantify. We will
attempt to evaluate this next year.

Location Efficiency: We chose reductions in vehicle miles traveled (VMT)

to illustrate the benebpts of location efpciency and alter native transportation
methods promoted by LEED. According to r esearch by the Natural Resources
Defense Council (NRDC), location-efpcient development results in a 30%
reduction in VMT. Overall, we estimate a reduction of nearly 400 million VMT
annually because of current LEED projects. Our projections indicate that r oughly
2.5 billion VMT will be r educed each year by 2015, which grows to more than
4.2 billion VMT by 2020.

These reductions are the equivalent of taking nearly 32,000 vehicles of f the
road and saving more than 15 million gallons of fuel to date, all of which has
eliminated nearly 4 million tons of CO ,. These Pgues will grow to 350,000
vehicle-equivalents and more than 172 million gallons of fuel saved by 2020,
avoiding mor e than 40 million tons of CO ,, as well as more than 16,000 tons of
air pollutants like carbon monoxide, NOx and hydr ocarbons, each yeatr.

Land-Use Impacts Summary

2008 2015 2020
SENIESIRCHIe 380,000,000 2,490,000,000 4,230,000,000
Miles Traveled
L el 32.000 207,500 352,500
Reduced
crilommen i 15,500,000 101,600,000 172,700,000
Reduced
Emissions Reductions
(in tons)
2008 2015 2020
Hydrocarbons 30 210 350
co 1,400 9,300 15,800
NOX 46 300 510
Particulates 4 27 47
co2 3,800,000 24,900,000 42,300,000
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Site Protection: Our calculations show that LEED measues have to date
prevented nearly 500,000 tons of soil erosion and will avoid between 4 million
and 6 million tons of soil loss by 2015 to 2020. In addition, mor e than 5,000
acres of sensitive land have been left undeveloped, an amount that will gr ow to
more than 70,000 acres by 2020.

LEED has esulted in an estimated 250 acres of brownbeld reclamation, which
we expect to gr ow to mor e than 3,000 acres by 2020. Other site restoration
activities have created more than 400 acres of additional open space in urban
areas to date, and will reach an anticipated level of 5,500 acres in the next 12
years.

Site “Performance”: Stormwater runoff and urban heat islands are two
important elements of site perfor mance evaluated by LEED. We calculate that
for each storm producing gr eater than three-quarters of an inch of rainfall, LEED
stormwater prevention and treatment requirements avoid or treat approximately
100 million gallons of Otoxic RushO N rain that rinses the chemical and
particulate deposition fr om the sky into sewers and eventually, in most cases, to
rivers and oceans. By 2020, this volume treated grows to approximately 1 billion
gallons per storm event.

About 5,000 acres of land and rooftops have implemented measur es to reduce
urban heat islands. We expect more than 35,000 acres of similar measures by
2015 and 50,000 by 2020.
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Water use in buildings represents the vast majority of the world® consumption
of potable water . In the U.S., which has among the world® highest access to
treated drinking water, only 10% of all fresh water is treated for human use.
More than 80% of potable water Rows through buildings, thus pr otecting

this vital resource depends on impr oving the ways in which water is used in
buildings.

LEED addresses the need for efbcient and reduced water use in buildings
foremost through conservation. Plumbing systems, cooling towers and
landscaping are the main areas where green design can effectively minimize

a building® demand for treated water. Devices and practices as simple and
cost-friendly as better plumbing Pxtur es and appliances or time-use irrigation
schedules go a long way in preventing OsoakedO buildings. Since the inception
of LEED, more than half of New Construction and Cor e & Shell projects have
delivered at least a 30% water reduction, with 20% savings from Existing
Buildings Operations & Maintenance. Almost 90% of NC and CS pr ojects have
achieved 50% reduction in water use for landscaping.

However, saving water requires more than merely reducing the consumption
of treated water. On-site treatment strategies promoted by LEED aim to limit
building-generated wastewater . Though it is presently unfeasible to expect

all future projects to adopt graywater r ecycling systems, LEED buildings have

4 )
Water Saved by LEED

2008 2015 2020
9.5 billion gallons 133.4 billion gallons ~ 245.5 billion gallons
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Water Efficiency and Treatment Impacts

Impact to Projected Projected
Units Date Impact 2015 Impact 2020

Total LEED Roor space | Million Square Feet 570 8,900 16,000
Plumbing W ater Savings Million Gallons 1,260 24,000 45,000
Landscape Water Savings Million Gallons 5,400 65,200 118,100
Cooling Tower W ater Savings Million Gallons 2,800 44,100 82,200
Total Million Gallons 9,500 133,000 245,500

Annual Non-Residential W ater Use Percent 3 4.1 7.5

Wastewater Reduction

Total Million Gallons 3,300 46,500 86,200

Annual W astewater Reduction Percent A 1.7 3.1
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already made impressive strides in reducing the pr oduction of wastewater. To
date, one out of pve CertibPed New Construction pr ojects features innovative
water technologies such as stormwater or graywater collection and r e-use
systems.

Plumbing Fixture and Cooling Tower Water Use Reductions: Estimated
annual savings fom plumbing Pxtur e and cooling tower efpciency currently
amount to nearly 4.1 billion gallons. W e expect savings to skyrocket in the next
few years, reaching 46.5 billion gallons of water saved by 2015, and nearly
doubling to 86.7 billion gallons by 2020.

Landscaping Water Reductions: To date, more than 5.4 billion gallons of water
have been saved through landscaping water reductions alone. We foresee
landscaping water savings exceeding 65 billion gallons by 2015, and 118 billion
gallons by 2020.

Aggregate Water Savings: Total water savings from combined usage of
plumbing, landscaping and cooling towers as of 2008 ar e 9.5 billion gallons,
about 0.3% of annual non-residential water use. By 2015, with LEED Boor aea
approaching 9 billion squar e feet, this Pgure is expected to exceed 133 billion
gallons annually, or 4.1% of non-residential water, an increase of more than
1,000%. This number will nearly double by 2020, reaching 245 billion gallons of
saved water, which represents 7.5% savings of annual non-esidential water use.

Wastewater Reductions: Based on the fraction of LEED projects pursuing
innovative wastewater treatment, we found that annual r eductions of 3.3 billion
gallons of wastewater releases have been achieved to date, a 0.1% reduction
in annual wastewater generation. This Pgure is highly conservative, since it
does not include the r eductions in water use from plumbing and cooling tower
savings, nor does it include savings in excess of LEED equirements.

We expect savings of 46.5 billion gallons of wastewater by 2015 and 86.2 billion
gallons saved by 2020. These bPgukes represent, respectively, 1.7% and 3.1%
reductions in annual wastewater generation.
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Impacts
Efficiency +

Renewables =
Strong Potential

The construction and operation of buildings r equires more energy than any
other human activity. The International Energy Agency (IEA) estimated in 2006
that buildings used 40% of primary ener gy consumed globally, accounting

for roughly a quarter of the world3 greenhouse gas emissions. Commercial
buildings comprise one-thir d of this total. Urbanization tr ends in developing
countries are accelerating the growth of this sector relative to residential
buildings, according to the W orld Business Council on Sustainable Development
(WBCSD). Reducing these emissions is theefore a cornerstone intention and
responsibility of gr een building standar ds and initiatives.

However, energy savings from green buildings remains one of the most
important and contr oversial facets of LEED€environmental benebts.

LEED equires a minimum of 14% energy savings when compared to the
American Society of Heating Refrigerating and Air Conditioning Engineers
(ASHRAE) commecial energy efpciency standard 90.1-2001 to 2004. Last year, a
New Buildings Institute (NBI) report, released at Greenbuild 2007 and updated
in 2008, found that LEED buildings in various occupancy categories saved

25% to 30% of measured energy compared to average commer cial energy
consumption bPgures reported by the U.S. Department of Ener gy.

However, the NBI report has been criticized on various grounds, some of
which, in our opinion, ar e valid and others less so. A resolution of these issues,
which ultimately is one part substantive, one part philosophical and one part
unknowable, is beyond the scope of this r eport.

a )

Energy Savings from LEED Buildings

2008 2015 2020
1.3 million bns of ®al 25.8 million bns of mal  48.7 million bns of al
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After reviewing the arguments and infor mation on both sides, we believe that
energy savings from LEED buildings are real and quantibable N both in ter ms
of bnancial savings and esource savings N but ar e not as large as hoped and
debnitely require improvement. Key issues to evaluate going forward are the
relationship of modeled r esults to measured results, and better measurement
and tracking of buildings® enegy consumption over time.

Both of these areas would be signibcantly resolved by stronger emphasis on
the LEED EBOM standard and greater weighting on the measur ement and
veripcation elements of LEED, some of which has been adopted for LEED 2009.

Energy Savings: The NBI study reports savings ranging from 25% to 30%,
which is consistent with the analysis of LEED Certibed poject scorecards that we
undertook and other beld studies of the ener gy perfor mance of LEED Buildings.
(See, for example, “Assessing Gieen Building Performance: A Post-Occupancy
Evaluation of 12 GSA Buildings,0 GSA Public Buildings Service, June 2008.) In
addition, the scor ecard tally shows that LEED EBOM projects reduce energy by
37% compared to the baseline Energy Star 60 score used by LEED.

For the 25% energy savings (low-case) scenario, our bPndings indicated .03
quadrillion Btu (quads) of energy savings to date, which represents 0.14% of U.S.
commercial building ener gy consumption. This represents 1.3 million tons of

coal per year, enough to Pll an average football stadium.

So long as the adoption of LEED continues to tr end upward as our research
suggests, this Pgure is expected to reach 0.52 quads by 2015 and 0.97 quads
by 2020, or 2.4% and nearly 4.3%, respectively, of national annual commercial
energy use. The 30% (high-case) savings scenariogvealed more or less similar
results to date. Using high-end measurements, we bnd it reasonable to expect
energy savings of 2.6% and close to 4.6% of national annual commercial energy
use by 2015 and 2020, respectively. The coal represented by these energy
savings would Pl every professional football stadium in the U.S.

Unfortunately, this level of savings is not sufbcient to reduce absolute energy
demand from commercial buildings nationwide: gr owth in 3oor area is greater
than the LEED-driven energy-use reduction, which results in continuing increases
in total energy use. We believe that a reasonable goal for the LEED system
would be to shoot for an absolute reduction in national commer cial energy
consumption, or at least zero growth by 2015, or even 2010.

Renewable Energy Impact: Because the implementation of r enewable energy
is a crucial objective for reducing ever-more signibcant environmental impact, we
felt it important to measur e the energy from renewable sources used by LEED
buildings so far. Though relatively low to date, the per centage of renewably
derived energy associated with green buildings has considerable growth
potential, both in the for m of on-site generation of r enewable energy as well as
(in the case of LEED EBOM, in particular) using clean souces of energy to power
buildings thr ough renewable energy certibcates (RECs) and diect purchases of
renewable energy.
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Renewable Energy Generated by LEED Buildings

2008 2015 2020

Total LEED-generated
renewable electricity 1.63 32.52 58.97
(in billions of klowatt hours)

As a percentage of total non-
residential electricity use

0.1% 2.0% 3.3%

Equivalent number of

households powered SES{ULY SUEGIOLY

5,530,000

From our Pndings, we concluded that LEED buildings have purchased or
generated 1.63 billion kilowatt-hours (kWh) of total r enewable electricity to
date, representing 0.1% of annual nationwide non-r esidential electricity N a
seemingly small amount, but enough to power mor e than 150,000 households.

Commensurate with expected continued gr een building gr owth, we forecast
that green building electricity fr om renewable sources will exceed 32.5 billion
kWh by 2015, approaching 59 billion kWh by 2020. These numbers represent
2% and 3.3%, respectively, of forecasted annual U.S. non-esidential electricity,
equivalent to the ener gy used by more than 5 million homes.

Emissions Reductions: Between the CO,, reductions from building ener gy
savings and the zero air pollution emissions from renewable electricity, the LEED
renewables picture is somewhat brighter than energy savings on a percentage
basis. In total, we calculate that LEED buildings have reduced CO , emissions

by 7 million tons to date, a number we estimate will cumulatively gr ow to more
than 700 million tons by 2020. Annually, these reductions grow from 3.5 million
tons of CO,, in 2008 to mor e than 115 million tons per year in 2020.

Financial Savings from Commissioning and Monitoring & Verification
(M&V): One of LEED® most radical changes to the status quo of design and
construction was the mandatory requirement to commission its pr ojects. At
its core, commissioning ensures that the owner® vision is designed and built
properly. This process involves design review, construction supervision and
equipment functional testing and handover .

We bnd that LEED commissioning requirements have resulted in signibcant
Pnancial savings to LEED buildings. Lawence Berkeley National Laboratory
(LBNL) esearch shows that commissioning has both energy and non-energy
benebts. Since we assume the enegy benebts are captured in the efbciency
savings calculations, we wanted to quantify the non-ener gy benebts described
by LBNL.

Our results show that commissioning and M&V activities have realized over $600
million in non-ener gy economic savings in LEED NC, LEED CS, and LEED EBOM
buildings. The savings from commissioning and M&V are expected to gr ow
exponentially in the next several years, with the potential to exceed $5 billion by
2015 and nearly doubling to just under $10 billion by 2020.
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A real assessment of the envionmental impacts of materials is still somewhat
terra incognito in the green building movement. It is one of the most complex
areas to evaluate from an impacts perspective and essentially impossible to
determine Osavings.O

Some things can be counted, such as the volume of materials diverted fr om the
landpPll and the approximate embodied ener gy of materials reused. The data
for LEED EBOM at still weak in this area, so we will focus our analysis on the
impacts from LEED NC and LEED CS.

Building & Materials Reuse: Reusing buildings is becoming more common for
LEED certiPed projects, with more than 12% of projects reporting major r euse of
buildings and interior components. In squar e footage ter ms (based on LEED NC
only), this totals 37 million square feet to date. W e forecast that this bgure will
exceed 400 million square feet by 2020.

Materials reuse is still somewhat lagging in LEED projects as it has taken time for
adequate sources of quality reused material to develop and r each the market.
We evaluated the environmental impacts of materials reuse in terms of savingsin
embodied ener gy, concluding that materials reuse in LEED buildings has saved
the equivalent of 70,000 barr els of oil, a number that will gr ow to nearly 800,000
barrels equivalent by 2020.

Construction & Demolition Waste: Aggregate data show that nearly 60% of
the C&D waste generated by LEED projects is diverted. Between the Certiped
and OBuilt to LEEDO pojects, we estimate that LEED buildings to date have
recycled or reused a cumulative total of 24 million tons of waste. These diversion
Pgures mushroom to 200 million tons in 2015 and 325 million tons in 2020. (See
Appendix for the OBuilt to LEEDO poject dePnition.)

Green Materials Impacts: The varied use of materials and the lack of good data
make an evaluation of materialsO other impacts difbcult. For this @ason, we will
follow LEED®lead by evaluating several materials categories on a dollar basis.

Based on average materials costs, local and recycled-content building

materials for LEED Certibed buildings represented approximately $10.5 billion

in cumulative spending thr ough 2008. By 2020, total spending in this ar ea is
expected to gr ow more than tenfold to almost $110 billion. W e should note that
these bPgures are conservative because they do not include the value of materials
that are evaluated based on their indoor envir onmental quality characteristics,
such as low-VOC paints and nontoxic adhesives.

As LEED moves towad a more normalized lifecycle assessment basis for
evaluating the onsite, upstream and downstream impacts of materials use in
buildings, we will be better able to evaluate these impacts compr ehensively.

Certified Wood: Based on average non-residential wood use estimates and
the penetration of the certibed wood cr edit in LEED, our analysis shows that to
date more than 100 million boar d-feet equivalent of For est Stewardship Council
certiped wood has been installed in LEED projects. If current penetration rates
continue, this utilization will r each nearly 1.3 billion board feet by 2020.
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A major tenet of gr een building design is the impr ovement of indoor
environmental quality. Providing brighter , better-ventilated spaces not only
benebts the environment N by r educing pollutant emissions in workspaces
through the use of non-toxic cleaning chemicals, paints, sealants and furniture
N but also impr oves the productivity of workers in that space. For that
reason, we felt it critical to deter mine the impact LEED buildings have on
indoor environmental quality as measured through impr ovements in worker
productivity .

While operational savings are important, the Pnancial benebts in LEED ae
achieved principally through the enhancement of employee pr oductivity.
Salaries epresent approximately 90% of the money Bow thr ough a building, the
rest being amortized construction costs, operations and maintenance, including
utilities. Studies in a range of work situations have uncovered productivity
increases flom green building measures ranging from 1% in manufacturing to
more than 25% in a law ofpbce. For our estimates of green building benebts

from LEED, we assume a conservative range of 1% to 2% poductivity incr ease
resulting from the range of the indoor envir onmental quality measures rewarded
by LEED.

Taking an average of the number of employees af fected by various features

of green buildings, we ascertained that appr oximately 350,000 employees are
currently enjoying impr oved indoor envir onments in LEED buildings. Presuming
that LEED Roor space N particularly LEED EBOM N continues to gr ow through
the next 10 to 15 years, the Ogreen building workfor ceO is expected to exceed 5
million by 2015, becoming 9 million str ong by 2020.

While the Ogreen building workfor ceO bgues are in themselves compelling,
the rubber meets the r oad from a benebts perspective in terms of productivity
gains. While environmental impacts should not necessarily require economic
justibcation, Pnancial gains need to be demonstrated in order for the market to
continue to demand gr een buildings.

Our analysis suggests a noticeably greener hue of green buildings, namely in
the form of monetary savings. We calculated that $120 million to $250 million
already has been saved through productivity gains of the gr een building
workforce. Given continued gr owth in green buildings, we expect this number
to grow signibcantly in the future: reaching between roughly $1.7 billion and
$3.5 billion by 2015, and between nearly $3.2 billion and $6.4 billion by 2020.

Indoor Environmental Quality Impacts of LEED

2008 2015 2020

No. of Employees
Affected by
Better Work

Environments

350,000 5,020,000 9,010,000

Value of
Productivity $250,000,000 $3,500,000,000 $6,400,000,000
(High Estimate)

Value of
Productivity $120,000,000 $1,770,000,000 $3,170,000,000
(Low Estimate)
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a Dent in Climate
Change?
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are not making
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in constraining
the growth of the
building sector’s
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— and much more
quickly — to reduce
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One reason the U.S. Green Building Council@ membership has grown 65% on an
annual basis for the last 15 years is a compelling positive vision of the future and
an important social mission. The LEED standad has been an important, if not

the main, driver of this gr owth. As we have seen, LEED buildings conserve the
land, save water and energy, reduce materials impacts and result in better, more
productive indoor envir onments. People participate in the USGBC because they
want to make a difference. And they are making that dif ference, but more needs
to be done.

A distinguished group from Sigma Xi, a national organization of top scientists,
and the United Nations Foundation published a r eport for the UN Commission
on Sustainable Development in 2007 outlining the steps necessary to Oavoid
the unmanageable and manage the unavoidable.O The bndings were pretty
Draconian: In order to maintain global carbon dioxide levels below a doubling

of pre-industrial levels, CO, emissions would need to be reduced by 80% below
2000 levels by 2050. To put it another way, in spite of projected Roor space
increases of 150%, total sector emissions will need to be only 20% of what they
currently are.

This actually may be achievable. If we assume that this 80% eduction were

to be spread evenly, then buildings® CQ footprint on a per -square-foot basis
would need to decline steadily each year by r oughly 1.6% N or a total of 14%
improvement by 2008. The good news is that LEED buildings are actually quite
a bit ahead of in ter ms of their own perfor mance relative to this goal. (This
statement applies to LEED commercial buildings only. We will evaluate LEED for
Homes in 2009.)

The bad news is that the entire building sector must be hitting these r eduction
targets. LEED buildingsOelatively exemplary perfor mance is not helping to
make enough of a dent in constraining the gr owth of the building sector(s CO,
emissions. We need much more N and much mor e quickly N to r educe total
emissions.

How much more and how much more quickly? This is a complex question

both analytically and practically. Our initial analysis shows that by 2010, LEED
buildings on average will need to be at least 35% mor e efbcient than today®
average buildings and that the LEED EBOM standard will need to penetrate

50% more rapidly than our current projections indicate in or der to stay on track.
This would accelerate CO, emissions reductions from our estimates of 4.5 million
tons in 2010 to nearly 7 million tons.

These trends would need to continue aggr essively through the for ecast period,
meaning that efPciency requirements would need to continually impr ove and
penetration continually incr ease.

Market Transformation: Realistically LEED cannot do it all by itself. LEED is a
vital part of the market transfor mation process that combines market pull with
regulatory push. LEED was designed to lead by improving the perfor mance of
the top 25% of buildings and by any measur e it has succeeded. Indeed, LEED
will need to incr ease its rate of improvement, but additional measur es are
needed to support these impr ovements, as well as support and accelerate the
uptake of LEED-like measures in the mass market.
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Market mechanisms in the form of technology incentives and ener gy prices that
refRect true environmental and social costs will also be needed to accomplish
these goals. Smart grid technologies should be r equired in all new buildings and
tenant build-outs. To support this, utilities should be allowed by their r egulators
to signibcantly ramp up their energy-efpbciency incentive programs and institute
revenue neutral (or not) sliding scale hook-up fees that reward efbcient Ogrid-
smartO buildings with low to no fees, while code-minimum buildings should

get socked with hefty fees. Banks and insurance companies must increase their
current offerings for green buildings to r eRect the lower risks of green buildings,
as well as help minimize total extra initial costs of green, which there will be as
markets mature. Non-economic sweeteners, such as accelerated permit approval
and density bonuses for LEED-certibPed buildings will also help.

In addition, policymakers will need to be less squeamish about pricing carbon.
Since we know with 100% certainty that the only pr ecisely wrong answer is zelo,
no matter what price they put on carbon, Oappr oximately rightO will be better
than the precisely wrong price we have now. This is a policy decision, since our
present 18th-century market structure is not capable of pricing social goods
without intervention.

Similarly, building codes will need to impr ove by greater amounts and more
frequently. ASHRAE should expedite the development and adoption of Standar d
189 and strongly push its adoption nationwide. The market incentive pr ograms
described above will be very helpful in this r egard, but we need to support

the necessary changes in construction practices through training and market
education about the benebts of investing in a low-carbon futur e.
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Our intent with the Green Building Impact Report is to establish an early
benchmark for comprehensive evaluation of the environmental impacts of gr een
buildings. It is a work in progress and our assessment in some casesevealed
how little the world knows about the envir onmental aspects of green building
performance.

We expect that futur e annual editions of the Green Building Impact Report will
build on this initial ef fort, growing increasingly more comprehensive. Toward this
end, the 2009 report will evaluate the impact of LEED buildings globally and will
assess the tends in the world@ hottest green building markets.

On the U.S. scene, we will address LEED Homes and some special markets such
as school and retail applications of LEED, as well as a preliminary look at LEED
for Neighborhood Developments (LEED ND). W e also plan to have addressed
LEED Commercial Interiors (LEED CI) questions egarding double-counting and

to have deter mined how to accurately separate these impacts from those of
other LEED buildings.

We welcome your feedback and suggestions. Please send them to
GBIR@geenerworldmedia.com.
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The conclusions of this report have their foundation in a spr eadsheet model

that quantiPes and projects the total Roor space of certibed and r egistered

LEED NC, LEED CS, and LEED EBOM mjects. Based on data available and the
methodology described below , we calculated six Roor area streams of bgures N
Certibed LEED NC, OBuilt to LEEDO NC, Certiped LEED CS, OBuilt to LEEDO CS,
Certiped LEED EBOM, and OBuilt to LEEDO EBOM.

2000-2008: When available, we used actual historical Pgures from the US
Green Building Council. However, in some cases only aggregate bgures

were known, requiring estimates for the amount of 3oor space each category
comprised. Using actual average 3oor space per project bgures in specibc years
and categories along with the r eported number of pr ojects per year in each
category allowed us to calculate annually added squar e footage. Finally, we
used cumulative bgures on LEED construction to date to work backwards and
test the accuracy of our calculations. Because LEED was launched in an almost
exclusively American context in its early years, the total 3oor area between 2000
and 2005 was predominantly N r oughly 94% on average N comprised of US-
based projects.

Since 2005, in tandem with the market® recognition of LEED as an
internationally regarded and applicable standar d, the number of overseas
projects, and total Boor space, has risen considerably. We thus took into
consideration an increasing amount of 3oor space that comes from foreign
projects (more than 20% of all LEED RRoor aea), and subtracted an amount from
our [3oor space bgures in that has increased yearby-year. The commercial model
evaluates only the environmental impacts of gr een buildings in the U.S.

Appendix: Methodology

In some of our results, we applied OLEED penetrationO estimates to detemine
accurately the impact of green buildings as a function of their share of non-
green construction. To deter mine the market share held by LEED, we compared
LEED Roor space against national Pgues. We used 2007 Department of Energy
(DOE) Buildings Energy Databook published data on building stock in 2000

and 2005, as well as projections for 2015 and 2020. From these bgures, we
ascertained new construction annually as a function of the implied average
annual rate of growth minus a calculated Boor area that had reached the end of
its useful life.

Comparing the cumulative annual addition of LEED construction against
cumulative new construction since 2000 thus generated a Omarket penetrationO
Pgure of LEED for the six streams of data. Once these numbers were obtained,
it was possible to get an idea to what degr ee LEED has inbltrated mainsteam
building and whether or not it has become a r obust catalyst for changing the
baseline case.

2015 and 2020 Projections: Current market penetration data served as the
starting point for making a best guess on the near -future trajectory of LEED.
We modeled our pr ojections on a Pearl-Reed growth curve, which is an S-curve
GREEN BUILDING function that tr ends toward an upward limit that is often used to simulate and

IMPACT predict technology penetration tr ends.
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Taking LEED as a type of technology and innovation, which is admittedly unlikely
to reach full market penetration and ther efore has a natural upper limit, we felt
this would generate appr opriately btting Pgures. Because the different streams
of LEED construction have so far penetrated the market at vastly different rates,
we needed to adjust the Pearl-Reed curve variables accordingly. For LEED

NC, which has already exhibited widespr ead market adoption, the curve was
ptted along a shorter time frame N 10 to 15 years N to show that much of the
expected market uptake has already occurred. For LEED CS and LEED EBOM,
the curve was btted along a longer time frame N 15 to 20 years Nto r eRect the
likelihood that LEED CS and LEED EBOM have diferent market characteristics
that will generate dif ferent uptake probles. The bPgues generated through this
modeling exer cise were generally consistent with expectations.

For LEED EBOM, we had to create two Osource streams,O one fom the pool of
LEED NC certibped buildings that go on to continue to certify under LEED EBOM
and buildings from the existing stock that use LEED EBOM as their entry point.
For the NC-EBOM migration, we assumed that 70% of NC pr ojects migrate after
a three-year time lag. The entry of the existing building stock was calculated
using the S-curve methodology above that penetrated an Oaddr essable annual
marketO of 10% of the curent stock of buildings, based on an assumed 10-year
renovation cycle.

Water Savings Methodology

We derived baseline water consumption bgures from the US Geological Survey
(USGS) bgue for daily water use in order to obtain an annual per squar e foot
Pgure for water consumption in commer cial buildings.

Plumbing and Cooling Tower Savings: To derive water savings estimates in
this area, we took a weighted average of the per centage of water saved in
LEED buildings based on the percentage of projects that have achieved specibc
credit ratings and quantibable (20% or 30%) water savings equirements. In
order to ascertain total savings, we prst multiplied the per centage savings times
the baseline gallons of water consumed per squar e foot of commer cial space.
Taking climate disparities into consideration N e.g. war mer climates demand
more air conditioning, and thus buildings in war m climates use more water in
cooling tower applications N as well as the water consumption levels that dif fer
according to the age of buildings, we conservatively took 13 gallons of water

per square foot per day as the baseline number against which we compar ed NC
and CS buildings, and 22 gallons against which we compared existing buildings.
We Pnally used the derived gallons of water per square foot per day saved in
green buildings and multiplied it by total LEED 3oor ar ea to yield an aggr egate
Pgure.

Landscaping Water Reductions: To derive landscaping-related water savings,
we similarly took a weighted average of the per centage of water saved in LEED
buildings based on the per centage of projects that have achieved quantibed
landscaping water reductions. In order to ascertain total savings, we brst
multiplied the per centage savings times the baseline gallons of water consumed
on landscaping per square foot of commer cial space to get the per square foot
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savings. As with plumbing and cooling tower use, we took geographic water
consumption disparities into consideration, and conservatively used 19 gallons
of water per square foot per day as the baseline number of water used for
landscaping. We Pnally took the derived gallons of water per squar e foot saved
in landscaping of green buildings and multiplied it by total LEED Roor ar ea to
yield an aggregate pgure.

Wastewater Reductions: Wastewater bgures were derived in a similar fashion,
using an average of 40.9 gallons of water generated per squar e foot daily in
commercial buildings. Considering that implied r eduction in usage from efpcient
cooling towers is not included, the Pnal estimated savings are believed to be a
conservative estimate.

Energy Methodology

Given that this is our Pbrst attempt at a compr ehensive impact assessment of
LEED, we wanted to be conservative in our calculation methods. First, the
impacts of LEED Commercial Interiors (LEED CI) ae not included because

we were concerned about issues of double counting that we wer e not able

to resolve before the publication of the r eport. Given cumulative Roor area
currently in the CI system of over 50 million square feet and rapidly gr owing,
this is not a trivial conservatism. In addition, several recent LEED standads,
particularly LEED for Schools and LEED for Retail, wee not included in our
future projections, even though participation gr owth in those Application Guides
has been phenomenal since their launches.

When ranges of impacts of LEED measules were calculated, we used the low
Pgures derived. In addition, we based our savings on the actual thr esholds in the
LEED standad, rather than what was actually achieved. For example, if a project
were able to generate 25% renewable electricity, that project only would be
quantibed at the 20% LEED threshold.

"Built to LEED": In evaluating the impacts of LEED we also created a category
we call Obuilt to LEED.O Generallythese are projects that register, but donQ
certify N appr oximately 25% of registered projects, according to our r esearch.
While these buildings do not achieve the envir onmental impacts of LEED
Certibed buildings, their benebts are not zero and in aggregate they are not
trivial. Though we do not have measured Pgures to corroborate the impact of
LEED on these buildings, we assume that their achievement is half that of a
certibed project.

Weighted Averages: Additionally, we considered the hierarchy of benebts
within LEED CertiPed projects: namely, that Platinum buildings generally
outperfor m Gold, Gold generally outperfor m Silver, and so on. We obtained
the credit tallies from over 750 LEED Certibed projects from the Version 2.0
and 2.1 vintages and created probles of OaverageO LEED buildings accaling
to certibcation levels. We used this to derive a project-weighted average of
resource savings for LEED piojects. Next year we hope to use [3oorspace-
weighted averages.
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Energy Efficiency: LEED enegy savings are measured in several different areas,
including not just operational ener gy, but also reductions in commuting ener gy,
water treatment energy, and lower materials embodied ener gy.

Because LEED CS addesses a smaller pecentage of the building®s energy
systems, we assumed that a CS poject would achieve 40% the energy savings
of an NC project.

The DOE Buildings Energy Databook (2007) bgue for primary energy
consumption per square foot (241 kBtu/square foot) served as the average
commercial energy use base case. This number was multiplied by the project-
weighted savings, resulting in an average per square foot kBtu savings of 60.1
on the low end and 75.1 on the high end. The low-end scenario r el3ects an 80%
measurement adjustment applied for the purpose of making a conservative
estimate consistent with reported Pndings so far.

Renewable Energy Savings: We used the breakdown of LEED projects that
have attained various percentages of on-site renewable energy generation to
obtain a weighted average of total r enewable source electricity green buildings
have contributed. W e introduced a 40% energy use adjustment for LEED CS
Boor area, and assumed that all renewable energy associated with LEED EBOM
came in the form of renewable energy credits, or RECs.

M&V Savings: We took the Lawrence Berkeley National Lab study on the 2004
edition of OCost Effectiveness of Commercial-Building CommissioningO (CBECS)
as our starting point, multiplying the average costs saved as a per centage

times the CBECS average enegy cost per square foot to get average ener gy
savings per square foot. We used a weighted average of the benepts of basic vs.
advanced commissioning, and measurement & veribcation (M&V) to produce a
per square foot dollar savings from commissioning and M&V.
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The leading online infor mation resource on how

to align environmental responsibility with business
success. Ofers daily news, tools, and resources
through websites, electronic newsletters, online
events, briebng papers, and other products

and services. GreenBiz.com”, of fers thousands

of resources, including news, reports, blogs,
checklists, case studies, and links to best practices,
organizations, technical assistance pograms,
government agencies, and recognition pr ograms.

The brst website for professionals interested in

the greening of infor mation technology and IT
operations. GreenerComputing is focused on the
concerns and needs of information technology
managers inside mainstream companies, covering
such topics as enemy efbciency, hazadous materials
reduction, and asset management.

A comprehensive online resource on designing,
constructing, and operating envir onmentally
responsible commercial buildings, created in
partnership with the U.S. Green Building Council.
GreenerBuildings.com addr esses key issues facing
today@ architects, contractors, facilities managers,
and property managers, and shows how greening
building operations can impr ove the bottom line.

A resource center on climate management
strategies for businesses seeking to reduce

their carbon footprint while saving money and
increasing productivity . ClimateBiz.com covers
issues elated to measurement and veribcation,
emissions reduction, emissions trading, renewable
energy and carbon offsets, and how companies are
receiving recognition for their ef forts. Created in
partnership with Business for Social Responsibility

Provides news on environmental responsible
product design and packaging design, with news
and resources on eco-friendly materials, biomimicry
and cradle-to-cradle appr oaches to design. Along
with its annual conference, Greener by Design,
GreenerDesign.com serves professionals interested
in next-gen products for both consumer and
institutional markets.

In this landmark report, Joel Makower and the

editors of GreenBiz.com™ addr ess how businesses
are doing in their quest to be gr eener. Launched in
2008, it introduced the GreenBiz Index, a set of 20
indicators of progress, tracking the resource use,
emissions, and business practices of U.S. companies.
The second annual report will be r eleased in early
2009.

A deep-dive, interactive, two-day pr ogram that
focuses on the greening of mainstream products. It
combines brst-rate speakers with a unique approach
to innovation called Systematic Inventive Thinking
and small-group consulting. Gr eener by Design
2009, bringing together some of the most well-
respected executives in the sustainable product
space, comes to San Francisco in May 2009.
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