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Some of the key issues to be considereassessing and applying the results of health and
productivity studies include:

Identification of andaccess to key research.

It is difficult and time consuming to identignd access the key scientific research related

to health and productivity benefits. Whilgopendices IV-C and IV-D are a start, as well

as the Consortium’s Research Library and Industry Links sections (see index code 10.1
and 10.2), scientific research is ongoing. Athwhe selection of comparable properties, it

is difficult to know if someone advocating thetential health and productivity benefits of

a property has identified the key studies, or just included those that support their point.
The best way to address this issue is to seek independent sources, and rely upon meta-
studie§*

Understanding how and why sustainable propedtcomes affect health and productivity.

While there has been a significant amount of research, as presented in Appendix IV-C and
IV-D, that test whether sustainable cames like indoor environmental quality,
temperature control, lighting, privacy and interaction, ergonomics, and access to the
natural environment affect health oroductivity, the science on how and why these
sustainable outcomes influence health amdlpctivity is still not well understood in many
cases. What are the physiological and psychological characteristics of light, temperature
control, or noise that influence healdnd productivity. Beer understanding and
articulation of these linkages will result improved hypotheses and better, more logical
testing and presentations that will be more convincing to the business community.

Linking specific features/strategies to sustainable outcomes.

While studies demonstrating a relationshigween ventilation, dapness, daylighting,

etc. and health and productivity outcomeswaedl established, the volume and quality of
research that links specific sustainable desg or strategies to specific ventilation,
dampness or daylighting outcomes is often not as robust. Importantly, even when the
linkages are well understood, many scientific studies do a poor job describing sustainable
features or strategies, making applicationtltése studies to specific buildings with a
defined set of features or strategies difficult.

Statistical/data problems.
The reliability and accuracy of the specific gtiative results from many of the health

and productivity studies is questionable. This is due to the extreme difficultly in the
collection of data, and controlling for the scooévariables that influence occupant health

84 Meta-studies are those completed by an expert in a particular field that provide a summary assessment and analysis
based on a review of key studies. The review is based calitatjue, and often quantitative, assessment of the results

of studies that have been done infieel. The websites of key research organizations like the Lawrence Berkeley
National Laboratory, Carnegie Mellon and others can also be helpful in this regard.
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or productivity. Since health and productivity studies tend to focus on a particular
sustainable feature or outcome, the problem of evaluating a whole building, with a
combination of sustainable features and outcomes, is also difficult.

One framework that we particularly like that assists in understanding the statistical
relationship between building science and health is one created by Mark Mendell, an
epidemiologist working at Lawrence Berkeley National Laboratories, and a board member
of the Consortium. Dr. Mendall has created a “layman’s” framework for categorizing the
basis for believing something causes an adverse affect. His “What We Know” framework
is summarized below.

Documented causal relationships

Significant, replicated, consistent, unbiased, dose-related, plausible

Persuasive scientific findings

Replicated, significant findings, and alternate explanations seem unlikely

Suggestive scientific findings

But “correlation does not prove causation”

Beliefs based on informal observations

Sometimes guides and predicts future science, but sometimes based on error,
coincidence, or hidden factors

Dr. Mendall’s framework is based on a related framework used by the Institute of
Medicine in their official reviews of health issues.

Dose-response relationships

While the studies linking indoor environmental quality, lighting, daylighting, temperature
control, noise, and other sustainable outcomes to building health or productivity are robust
in many cases, the studies are often insufficiently specific to enable a clear relationship
between the amount of the sustainable outcome (lighting, noise, etc.) and building health
or productivity. Accordingly, it makes it difficult to assess whether a particular building,
with its sustainable outcomes or designed outcomes, will be sufficient to achieve the
results identified in the studies.

5. Durability/Flexibility/Adaptability

Durability is an important component of a sustainable building. Durable buildings, and the
materials and products that go into them, maximze the time available to benefit from
environmental benefits the buildings provide. Additionally, given the substantial
embedded energy in existing buildings, more durable buildings reduce energy
consumption and carbon output significantly, as well as reduce waste in landfills.*

% The energy required to build a building is approximately 10-20% of a buildings total energy used during its lifetime.
This is an estimate from specialists | have talked to, but is highly variable based on the building type, buildings energy
use, etc.
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Building durability is significantly influenced by its flexibility and adaptability to
changing tenant and investor demands. Buildings are frequently torn down or substantially
retrofitted due to functional or economic obsolescence, not just structural, product or
material failures. Flexibility of space has been studied in the corporate real estate sector
for years and is a key attribute sought by corporations. Flexibility and adaptability can be
aided by underfloor air distribution and many other design and construction techniques.

One of the problems with durability is that it is difficult to define. Should it be defined as
the lifespan of a building, the durability of its components, the level of operations and
maintenance required, or some combination of the three? In the GreenSpec Directory®©,
durability and low maintenance are considered together as a criterion for product
selection.®® Durability can be defined or rated through review of specific building or
product requirements, evidence of performance, or through documentation of a process to
promote durability.

“LEED Canada has directly addressed durability for a few years. LEED Canada’s
Materials and Resources Credit 8 — Durable Building requires building designers to
develop a Building Durability Plan to ensure that the predicted service life of the
building and its components exceeds the design service life. The credit draws from
Canadian document CSA S478 — Guideline on Durability in Buildings to establish
requirements and minimum benchmarks to achieve the point. A project team is
required to demonstrate that the building has been designed to achieve the established
service life by “documenting effectiveness, modeling, or testing in accordance with
Clauses 7.3, 7.4, and 7.5 of CSA S478” and by completing several tables within the
Guideline.

A thoroughly more convincing set of recommendations and guidelines for increasing
the durability of buildings can be found in Building Science Digest 144, “Increasing
the Durability of Building Constructions,” written by renowned building scientist
Joseph Lstiburek. In this paper, the author describes building failure mechanisms,
what we already have in codes and federal requirements to minimize failures, what we
cannot control and design for, and the four remaining things that we can design and
plan for: water, heat, ultraviolet radiation and insects. These four “damage functions”
are the main focus of the document and arguably address more than 90 percent of
current industry durability issues.”®’

Key elements of durability include®:

Moisture control: Moisture problems, due to problems in building envelope design-
partially as a result of the sustainability goals of more outside air and daylighting—are a
significant cause of durability problems. This is particularly true for residential, but also an
issue with some commercial properties.

% Durability, a Key Component of Green Building, Environmental Building News, November 2, 2005.

8 Shtraight Green: Green Building Rating Systems and Building Durability, “Walls and Ceilings”Chris Dixon, June
24™, 2008.

8 This list is summaried from the article “Durability, a Key Component of Green Building, Environmental Building
News, November 2, 2005.
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Thermal Stress: Heat can cause materials to expand and contract, affecting durability.
Sunlight: Ultraviolet light degrades most materials.

Ozone and Acid Rain: Ozone and Acid rain degrade materials.

Insects: Insects, mostly termites, cause billions of dollars of damage annually.
Material Failure: Materials wear out at different rates.

Building Function: A building’s ability to adapt to changing needs is key to its durability.
Functionality has been shown to be more important to durability than physical issues.*

Style: Similar to building function, buildings with “timeless” style tend to last longer and
are better maintained.

Natural Disasters: Durable buildings must meet the design requirements of their
localities—hurricanes, earthquakes, tornados, floods, and fires.

F. Market Performance

There is substantial evidence to support enhanced regulator, space user, and investor
demand for sustainable properties. The significant demand for sustainable properties is
evidenced by expert-based financial analyses, statistical based analysis, survey/market
research, and well-reasoned valuation theory.

Market performance is the missing link that ties building performance information to
financial performance. Historically, the green building industry has done a poor job of
articulating the value of sustainable property investment because they have equated
building performance (energy/water savings, health and productivity benefits, etc.) with
financial performance, without taking the critical intermediary step of assessing of the
response of the market to the building’s performance (see Exhibit 1V-8 below). Full
consideration of the market’s response to a building’s performance ensures proper
consideration of revenues, risks and the allocation of costs and benefits of sustainability
between owners and tenants.

8 Athena Institute Study for Forintek Canada in 2004 examined 277 commerical and residential buildings demolished
between 2000 and 2003 in St. Paul Minnisota and found 31% were torn down due to physical condition and 57% due to
redevelopment or buildings were not suited for intended use. 63% of the structural concrete buildings, 80% of the steel
buildings and only 14% of the wood frame buildings were less than 50 years old.
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Exhibit V-8

Sustainable Property Market Performance: The Missing Link

Building
Performance

Development Cost
Resource Use
Location/Access
Occupant Performance
Sustainability Compliance
Flexibility/Adaptability

Public Benefits

Market
Performance

Market Demand
(Indicators)

Regulators

Level of regulation
Entitlement benefits
Tax benefits
Financial incentives

Space Users

Occupant type
Internal requirements

Financial
Performance

Recognition of Market
Demand

Determine Key Inputs
Calculate Results

Assess Risks

External requirements
Cost-benefit allocation
Sustainable property options

Investors

Investor type
Internal requirements
External requirements

Recognition of space user/
regulator demand

While downplaying market performance issues is a critical problem in general
performance or cost-benefit studies, it is a fatal error in the ability to assess the financial
implications of sustainable property investment for an individual property. As shown in
Exhibit 1V-8, to get from building performance to financial performance for a specific
property, you must evaluate the market demand for sustainable property by regulators,
space users, and investors, then assess whether brokers, appraisers, and lenders in the
specific markets where the property is located recognize the sustainable market demand.
Finally, you must determine key financial model/valuation inputs factoring in both
sustainable and non-sustainable issues.

Regulator, space user, and investor demand are critical to value, as shown below in
Exhibit 1V-9. If valuers only considered resource use (energy costs, etc.) and ignored
market performance, as measured by demand, key value issues affecting entitlements,
rents, cap rates and other issues would be ignored. In essence, revenue and risk
considerations would not factor into decision-making, a recipe for long-term
underperformance.
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Exhibit IV-9
Sustainability Demand Affects Value Inputs

Energy Costs
Resource Use Water Costs
Regulatory Compliance

Entitlement Benefits
Regulator Demand> o Bonors

Financial Incentives

Rents

Occupancy
Space User Deman> Absorption

Tenant Retention

Capitalization Rates
Investor Demand > et R

To better understand and ease the interpretation of sustainable property market and
financial performance research, we segment and categorize the research into four key
types:

1. Expert-based financial analyses. Conducted primarily by wvaluers/market
analysts on a property-by-property basis following traditional valuation practices.

2. Statistics/modeling-based financial analyses. Conducted primarily by
academics applying statistical modeling techniques to large databases of properties.

3. Surveys and market research. Surveys and related market research studies
addressing regulator, space user, and/or investor demand.

4. Foundational background and theory. Foundational research and theoretical
studies that address key issues in sustainable property valuation and financial
analysis.

1. Three Principles for Applying Sustainable Property Market Performance
Research

Prior to the presentation of the market performance evidence for sustainable properties, it
is important to have guiding principles to assist in understanding how market performance
evidence can be used to aid decision-making. Three important principles are discussed
below:

e Principle One: Different decisions require different types of market data.

% We combine sustainable market and financial performance research together because much of the research in the
field covers both these topics in their studies.
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e Principle Two: Failure to understand types of market research will lead to
failure in interpretation and application.

e Principle Three: Sweat the details when applying market research to property
level decisions.

Principle One: Different decisions require different types of market data

Sustainable property market performance research can be interpreted and applied in many
different ways. Unfortunately, if a user of market research does not understand the details
of the market research, or the types of decisions that it is most applicable to, research
results and conclusions can be misused and misunderstood, as happens frequently
regarding sustainable properties in the industry and media.

One particularly important framework for differentiating sustainable property investment
decisions is illustrated in Exhibit 1V-10 below. This framework, based on traditional
management consulting practice, differentiates strategic or enterprise decisions from
business unit or operating decisions.

Exhibit IV-10
Sustainable Property Investment
Decisions

Strategic

Should we invest in
sustainable buildings?

Lb Tactical

Which properties?
Which attributes?

LP Property Specific

Are benefits (returns) sufficient
to compensate for risks taken?
What is the property’'s value?

Strategic decisions are those made by pension fund boards, corporation boards, CEOs, and
other leaders who must make decisions about how they are going to respond to the broader
issue of sustainability, and the more specific issue of sustainability within their real estate
portfolios. Statistics/modeling-based research, surveys, valuation theory and other
market/performance research that “generally” addresses the importance of sustainable
property is important and applicable to these decisions.

Once a strategic decision is made that sustainable real estate is an important consideration,

implementation is passed down to corporate real estate heads, pension fund portfolio
managers, asset managers, and others who are charged with the tactical responsibility to
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determine the nature of the organization’s response. Should sustainability investments be
phased? How should they be phased? Should we just work on our office portfolios, or are
all property types of concern? Which properties should we focus on? Which sustainability
attributes? How do we measure and assess where we currently stand and track progress
moving forward? The types of research applicable to strategic decisions can help here in
developing portfolio strategies, but more detailed “sustainability options analysis” (See
Chapter V, Section C-2) and property level analysis become more important.

Property specific decisions are quite different than either tactical or strategic decisions.
Key questions include: How do we underwrite the risks and returns of specific investments
in sustainable features for a given property? Are the benefits (returns) sufficient to
compensate for the risks taken for investment in a particular property? How will the
market respond to sustainable property improvements?

Making property specific decisions requires different types of data and analytics than
strategic or tactical decisions. As fully described in Chapter V: “Sustainable Property
Financial Analysis,” general statistics/modeling-based research, surveys, and expert-based
research can be helpful, but much more detailed and granular data and analysis is required.
It is improper and inaccurate to directly apply the numerical results of statistics/modeling-
based research done at a general level to any particular property-level analysis.

For a specific property, the selection of comparables, for either setting rents in a
discounted cash flow analysis, or for making adjustments in the market comparables
approach, is a much more detailed and specific analysis of those key competitors to a
specific property. The selection, weighting, and adjustment of comparables to determine
what a subject property will rent or sell for involves scores of qualitative judgments by
professional real estate appraiser or due diligence analyst with experience in the market
and a clear understanding of the factors influencing the tenants specific to a particular
building.

Finally, property level decisions require appreciation of the fact that rent, value risk and

other key financial performance and modeling assumptions require explicit consideration
of non-sustainable demand factors, as highlighted below in Exhibit 1\VV-11.
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Exhibit IV-11
Sustainability Just Part of Factors Influencing Tenant
Demand
Location Specific Space Specific
+  Proximity to executive housing + Location of space (lower, middle or
= Proximity to qualified employees upper floors) .
e Proximity to nearby amenities (restaurants, = Open versus built-out floor plan
shops & services) s« Common versus dedicated restrooms

*  Proximity to public transportation

Tenant Specific
Rental rate (cost) for space
Perceived building prestige
Other tenants located in the building
Proximity to clients/customers
Adequate parking ratio
Adequacy of lobby
Curb appeal of building

Building Specific

Paid versus free parking

Age of building

How modern is building

Adequacy of building systems
Operating expense costs

Building ceiling heights

Floor plate size & configuration
Level of property mgmt service Sustainability Specific

Level of building security Potential health benefits

Potential productivity benefits
Reduced energy/water cost volatility
Improved recruiting

Improved employee retention

Lefndership—improved corporate market
vdlue

+  Reduced subleasing risk

- e 8 0 " 0 @

" " 8 e 0 @

Full appreciation of all the factors influencing value enables market performance research
users to appreciate the relative importance of sustainable property investments.

Principle Two: Failure to understand types of market research will lead to failure in
interpretation and application.

The strengths, weaknesses and purpose of sustainable property market research guide
proper interpretation and application.

Expert-based financial analyses provide the most reliable results because the general
conclusions offered by such studies are based on detailed property-by-property analysis
following traditional real estate market analysis practices. Unfortunately, for those who
still seek the “killer” study that will provide the “answer” to the question of whether
sustainable properties are more valuable, the quantitative specificity of the conclusions of
expert-based studies often fall short of what advocates desire.

The caveats and hedging of conclusions often found in these studies reflect a recognition
by experts that general conclusions based on detailed property analysis are difficult and
always subject to caveats. Failure to acknowledge forecasting risk makes research more
difficult to interpret by decision-makers.

Expert-based valuers and market analysts are used to providing very definitive, and in the

case of an appraisal, a specific single value estimate, for individual property analysis.
Because of this discipline, and the recognition of the uniqueness of each property,
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valuation and market research experts are always rightfully concerned about drawing
general property conclusions.

Statistics/modeling-based financial analyses are primarily applicable to strategic decisions,
where general conclusions about markets and properties can be quite valuable in moving
enterprise level decision-makers to invest resources to better understand sustainable
property investment, but have very limited use for property level decisions. In fact, due to
the substantial difficulties in the data and modeling methodologies of these types of
market performance studies, their primary benefit to date has been in establishing a strong
relationship between superior financial performance and sustainability, while the
numerical accuracy or applicability of the results is much more problematic.

Surveys and market research are different from expert-based or statistics/modeling-based
performance studies because they typically focus on segments of market demand, rather
than on predicting the specific financial contribution of sustainability on rents,
occupancies or sales prices. Surveys and market research help valuers/underwriters
understand key factors driving sustainable market demand by type of occupant,
demographic or geographic characteristics, type of sustainable property attribute and other
factors. This work is critical to enabling market demand estimates for specific properties.

Foundational background and theoretical research provides the necessary linkages and
intellect required to develop sound market research methodologies and properly apply
results.

Principle Three: Sweat the details when applying research to property level decisions.

The most important guidance in interpreting and applying any of the four types of
sustainable property market performance research to property level decisions is to sweat
the details. As discussed above and in more detail below, if one is to attempt to apply
statistics/modeling-based financial analyses to a property level decision, it is critical to
fully understand the data, sample size issues, control factors, and other details. At best,
these types of studies will provide general confirmation for financial assumptions that
should be derived from more property-specific methods, and may affect the risk or
uncertainty of a particular financial assumption.

Sweating the details does not only apply to statistics/modeling-based financial studies but
also to surveys and expert-based financial analyses. For surveys, it is critical to understand
the date the survey was conducted, the specific context for the survey, the specific job
classifications of the respondents, the date the survey was administered, the geographic
regions and property types that were discussed, and the quality (lack of bias in its
structure) of the survey questions and vehicle. For expert-based financial analyses, it is
particularly important to understand potential researcher bias, the nature of researchers’
expertise, and the depth and comprehensiveness of the analytic procedures that they
performed in coming to their conclusions.
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Data Issues: Statistics/Modeling-Based Research

Data problems are so significant; they limit the accuracy and reliability of most
statistics/modeling-based studies. Data is not typically consistently available to allow the
proper model specification of the key factors that would influence rent or sales price.

Sample size is also a significant problem, particularly if one is trying to draw statically
significant conclusions for specific property types, markets, types of sustainable
certification, for almost any smaller segment.® Fortunately, through the “marking” of
properties that are LEED and EnergyStar certified in large databases such as the CoStar
database, the sample size for non-certified properties is quite large. The most difficult
sample size issues occur with certified property. While the number of EnergyStar certified
properties is relatively large, LEED certified properties is a much smaller sample size.
There is also the difficulty that the number of LEED certified properties was very small in
the 2000 to 2005/2006 time period before becoming larger in more recent years. LEED
existing building certifications, an important classification of study, is currently a
significantly smaller sample, with LEED EB only really taking off as recently as 2006.%

Finally, any data voluntarily provided directly from building owners could be subject to
self-selection bias. Since many of the early owners and developers of sustainable
properties were promoters of sustainability, and have a financial stake in the market
appreciating the value of sustainable investment, there is significant potential for any
voluntary sample of certified buildings to include those buildings that performed best, and
if the data is not audited or provided for an independent purpose, questions about the
potential bias of the data need to be considered.

Control Issues: Statistics/Modeling-Based Research

Closely related to understanding the data and sample used in a study, is to understand the
way the study authors control for the critical factors that would affect rent or sales price.
The general structure of statistics/modeling-based studies is that they have a dependent
variable (typically rent, occupancy, or sales price) that is dependent upon a whole series of
independent variables including location, access, property age, property size, property
quality, market conditions, and LEED or EnergyStar certification.®® The basic idea in these

® The way sample size works, when you try to specify a more specific conclusion, it significantly reduces sample size.

Accordingly, if you wanted to look at a statistically significant conclusion for community shopping centers in a
particular geographic area, the sample size of certified properties, particularly if you were looking for sales
information, would typically be so small (based on sales to date) as to make conclusions unreliable.

%2 |_EED EB registrations have taken off during the last two years but some time will have to elapse to improve the

ability to draw conclusions.

% In our discussion and analysis in this section, we typically refer to LEED, the US Green Building Council’s
environmental certification, and EnergyStar, an energy certification and rating system promulgated by the US

Environmental Protection Agency. The reason to focus on these certifications is that most of the statistics/modeling-
based market performance studies have been completed using the CoStar database, which is a large comprehensive US-
based property level database that began “marking” its properties for their LEED or EnergyStar certification in recent
years. Accordingly, due to the size of the database, and marking of certification level on properties that are certified, it

enables statistics/modeling-based studies to be completed.
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studies is that by including LEED or EnergyStar certification as one of the independent
variables, you can estimate the contribution of the LEED or EnergyStar certification to the
dependent variable (rent, sales price, or occupancy). The trick is to properly specify the
model (include the key factors that would influence rent or sales price) and control for all
the key factors such as age, size, time, location, market condition, and other factors, so you
can get an accurate estimate of the contribution of a LEED or EnergyStar certification.*

In practice, it is very difficult to properly specify the model and control for important
factors that might affect rent and sales price. You can only specify and include a factor as
an independent variable if you have the appropriate granular data over the proper time
period to include in the analysis. This is not possible for much key data used in real estate
analysis. Given the unique nature of each property, micro location issues including the
access, quality and mix of tenants in a building, lobby quality and security, access to
transportation, and many other factors can affect rent or sales price. This information is
not available on a building-by-building basis in a consistent fashion. Statistically, the
problem this presents is less significant when trying to predict sales prices or rents, but
more difficult when trying to reliably estimate the contribution of an independent variable
like LEED or EnergyStar status.

Control becomes even more problematic when dealing with asking rents for specific
spaces within a building. The specific asking rent for a particular space in a building can
be significantly influenced by the configuration and flow of the space, the interior tenant
improvements, co-tenancy issues, and other factors. For large office buildings, it is a well-
accepted fact that lease rates vary as much as 30% within buildings based on floor height
and views. Without specific controls or other statistical adjustment for these factors, which
is difficult, if not impossible, significant control issues can arise.

One of the most significant statistical issues involves time. As mentioned earlier, the
distribution of certified buildings, particularly sales of certified buildings, is spread over
just a few years, limiting strong time series analysis. More importantly, without a very
explicit and effective control for time, on as frequent as a monthly basis, significant
problems can exist in the numbers that come out of these type of analyses. As shown in
Exhibit 1\V-12 below, property prices moved dramatically on a quarterly, and even a
monthly basis during the last five years, the time period in which most sustainable
property market performance studies are limited to. Office building sales prices increased
approximately 100% from 2004 to 2007, and then just as dramatically declined in value.
Prices are down nearly 40% from their peaks through the second quarter of 2009.

% These types of models are typically referred to as hedonic regressions. The term regression relates to the idea that
when large amounts of data are examined, statistical measures of various characteristics should tend to regress to the
true parameter values for the underlying populations. When applied to real estate valuation, regressions analysis is
often called hedonics or hedonic regression. Auto industry analyst A.T. Courts coined the term hedonic in the late
1930s, borrowing from a psychological term suggesting pleasant states of mind, to convey the idea that an item’s value
is associated with features that give its users pleasure or utility. (Footnote language extracted from “Expert Testimony:
Regression Analysis and other Systemic Methodologies,” Peter Colwell et al., The Appraisal Journal, Summer 2009.)
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Rents moved equally dramatically, with rents in New York City down 50% or more in
many sub-markets from their peaks in recent years. Accordingly, without a very specific
and conscientious control for time on a frequent interval basis, statistics/modeling-based
market performance studies are difficult to rely upon, given the dramatic variability in
rents and sales prices as a result of time.

Exhibit 1V-12
Office Price Index Level
350
a0 4 |——7BI
=
2 —— NPl (BYCF
& 250 4
I
g=
200 -
&
z—
(o]
% 160 A
g
@100
i
|_
a0
|-I T T T T T T T T T T T T T T T
T O O R B B B T AN B Y ODODOE B OO
[m) ] [m ] o [m) ] [m ] [m ] [} (o] [} (o] [} [} [} (o] (o] [}
[my ] [my] o [my ] [my] [my] [ ) (] [ ) (] [ ) [ ) [ ) (] (] [ )
— -— -— — -— -— [} [} [} [} [} [} [} [} [} [}
YYD

Source: MIT/NCREIF Commercial Real Estate Transaction Based Index (TBI). NPI (EWCF) = NCREIF
National Property Index equal weighted cash flow based returns.

Please note that the TBI is a statistical methodology that produces estimates of price movements and total
returns based on transactions of properties sold from the NCREIF Index database. The purpose of this index is
to measure market movements and returns on investments based on transaction prices of properties sold from
the NCREIF Index database. This is a new type of index that offers advantages for some purposes over the
median-price or appraisal-based indexes previously available for commercial real estate in the U.S.

Dependent Variable Issues: Statistics/Modeling-Based Studies

While not as frequently discussed as independent variable control and model specification
problems, the dependent variables (typically rent or sales price) also have issues that must
be considered.

Perhaps the most difficult is the issue of rent. As is fully discussed in Chapter V:

“Sustainable Property Financial Analysis,” rent is not the only, or typically even the most
important, variable that is influenced by increased demand by space users for sustainable
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properties. Other critical financial assumptions that have a significant influence on value
that are also influenced by space user demand include tenant retention, speed of
absorption, equilibrium occupancy, vacancy loss at turnover, and lease terms.
Accordingly, by focusing solely on rent, statistics/modeling-based market performance
studies may be underestimating the influence of sustainable property investment on
financial performance.

Other issues relate to what the term “rent” actually represents. If it is asking rent, there are
sometimes significant differences between asking rent and actual negotiated lease rent.
Asking rent may only represent an average for the rent on the type of space that is
available in a property, and not fully reflect the true average value of all space in a
building. If actual rent from signed leases is used as the dependent variable, then all the
issues related to the specific configuration of the space, tenant improvements, floor height,
and other issues become important. In down markets, effective rents (adjusted for free rent
that comes in many forms) can be significantly below asking or even stated lease rent.”
While researchers are sometimes aware of these micro issues that are the bread and butter
of expert-based valuation analysis, and sometimes endeavor to make adjustments to the
data to compensate for these issues, the adjustments are often difficult to make and not
possible in many cases, even if they do try.

Another key issue in looking at rents relates to the type of lease, whether it is a net lease, a
gross lease, or one of the scores of hybrid variations of lease types. These issues are
important because they influence tenants’ actual and perceived value relative to energy or
related cost savings, and other issues.

Beyond the type of lease are the actual terms of the lease, lease length, lease options,
tenant improvement budgets, and many other clauses affecting the use and flexibility of
space affect the rent charged.

Problems With Environmental Certifications as Independent Variables: Statistics/
Modeling-Based Studies

Another key consideration in evaluating statistics/modeling-based studies are the
definitions of the environmental (LEED and EnergyStar) certifications, which are the
focus of these studies. For example, due to the intricacies of the certification process,
LEED building A is not the same as LEED building B. For example, building A may have
gone after different points to achieve the LEED rating than building B, and therefore
possesses a very different set of design elements and technologies, which in turn may
impact the building’s environmental and economic performance in different ways. By
focusing simply on a LEED rating generally, without differentiation for the level or type
of LEED certification, or the specific sustainable features within a building, limits the
applicability of these types of studies.

% |t should be noted that Eichholtz, Kok, and Quigley use the term “effective rent” in their studies to reflect their
adjustment of asking rent for occupancy level, but the industry does not define effective rent the way they do.
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The substantial changes in LEED ratings, due to the release in 2009 of LEED 3.0, further
highlights the difficulty in interpreting generally what a LEED rating is. This problem is
less a concern for EnergyStar certification. However, because most studies have not
specifically addressed varying EnergyStar scores, care must be taken in interpreting and
applying these results, because all EnergyStar certifications are not the same.*

Keeping the three principles in mind, we present a summary of the evidence of sustainable
property market and financial performance to date.

Presentation of Market Performance Evidence
Expert-Based Financial Analyses

Real estate valuers and/or market/financial specialists conduct Expert-Based Financial
Analyses. The basis for conclusions in these studies is typically drawn from specific
analyses of buildings, following a process that is similar to a traditional market analysis
process, although typically more cursory. Key studies of this type draw general
conclusions based on detailed property-by-property analysis of a portfolio of properties.
Strong single-property case studies, if independently done by a specialist using appropriate
practices, would be considered Expert-Based Financial research.

In this section, we review and present the findings from seven important expert-based
financial analyses:

1. “Do Green Buildings Make Dollars and Sense?” Norm Miller and Dave Pogue
USD-BMC Working Paper 09-11, Draft: November 6", 2009

2. “High Performance Green Building: What’s It Worth? Investigating the Market
Value of High Performance Green Buildings,” Theddi Wright Chappell, Chris
Corps, May 2009.

3. “Green Value: Green Buildings, Growing Assets,” Royal Institute of Chartered
Surveyors, Canada, 2005, Oct. 2005%

4. “Valuing Green: How Green Buildings Affect Property Values and Getting the
Valuation Method Right,” Richard Bowman, John Wills, Green Building Council
of Australia, 2008; and,

5. “Financial Analysis of LEED EB Implementations,” Craig Sheehy, Envision
Realty, 2008.

6. “Energy Efficiency Improvements: Do They Pay?” Brian A. Ciochetti and Mark
D. McGowan, MIT Center for Real Estate, February 2009.

7. “Towards a Green Building Infrastructure Investment Fund,” Trent Berry,
Compass Resource Management, February 2007.

% EnergyStar certification is awarded for all properties that achieve the 75% percentile of results, or better.
%7 This study is also sponsored by BC Hydro, the British Columbia government, English Partnerships, Greater

Vancouver Regional District, Green Buildings BC, the Canada Green Building Council, Natural Resources Canada,

Resources naturelles Canada, and Realpac.
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Reasoning Supporting the Priority and Importance of Expert-Based Studies

Understanding how the real estate industry assesses market performance is instructive in
understanding why we believe expert-based studies offer the best evidence of sustainable
property market performance. Industry standard for investors when seeking a property
valuation or market due diligence is to select market analysts or valuers to do a detailed
quantitative/qualitative analysis of the market.

For example, if a sophisticated real estate investor wants to understand a specific
property’s market demand and potential value, they typically hire a market feasibility
consultant, valuer/appraiser, or internal staff that are trained in these specialty areas. These
analysts follow well-recognized procedures in data collection and analysis; focusing on
direct comparable properties in the sub-market, market and economic trends for the local
and regional markets, detailed assessment of tenant demands and preferences in the
marketplace, and many other analyses. At the end of the analysis, they select specific
inputs for their financial models (rents, vacancy rates, tenant retention, capitalization rates,
discount rates, etc.) and make a determination about the potential financial performance of
their properties.

These well recognized procedures include a substantial number of quantitative analyses
including forecasts of supply and demand, structured analysis of comparable properties,
and numerous other financial analyses of specific operating expense inputs, occupancy or
absorption trends, and other key information that is then integrated qualitatively by the
valuation or market analyst in determining final financial model assumptions.

This reasoning was confirmed at a meeting of pension real estate investors with over a
trillion dollars of real estate invested among the 60 participants. We asked whether any of
the participants had “ever” relied upon a statistics/ modeling-based approach to generate
rents, occupancies, or sales price for the valuation or underwriting of any property. The
answer was “No.”

The reason the industry relies upon a more quantitative/qualitative approach to market
analysis and valuation is that it is the best way, given the numerous factors that must be
considered simultaneously, and the inability to obtain reliable results at a property level
using statistics/modeling based analysis.

Summary Conclusions From Expert-Based Analyses

These types of studies and research provide the best evidence of sustainable property
market and financial performance. These studies are typically conducted by experts in
real estate valuation or market analysis, and follow in form, if not always in depth, the
process used by valuers and market researchers to generate rents, cost, and related real

estate property financial assumptions.

In summary, the Expert-Based Financial Analyses support the following conclusions:
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e Faster absorption of tenants—improved pre-leasing;

e Achieve competitive rents—in some cases higher then competitors;
e Reduced tenant turnover;

e Higher equilibrium occupancies;

e Competitive lease terms;

e Reduced operating and maintenance costs;

e Attract superior grants, subsidies and other inducements; and,

e Achieve high or moderately high tenant satisfaction scores.

The expression of increased occupant demand was not consistent across properties or
studies, with some projects experiencing faster absorption and higher occupancy, but not
significantly higher rents or better lease terms. Investor and tenant interviews on specific
projects supported increased value conclusions and suggested trends of increased tenant
and investor demand moving forward. As to the magnitude of potential value increases,
this was not specifically quantified, but on average incremental value increases of around
10% was suggested.

The working draft study by Dave Pogue and Norm Miller is particularly interesting in that
they draw upon the results of a survey of over 750 occupiers from 154 of LEED or Energy
Star buildings. They supplemented their survey with a survey of CBRE property managers
of the buildings who provided detailed operations and expense data for each of the subject
properties. They found that green buildings were operated more intensively, and overall
total operating expenses were not that different. Separate metering was found to be almost
as important as a significantly improved EnergyStar score in saving energy. Green
buildings had higher wage tenants who indicated they felt more productive, but were not
yet willing to say they would pay more.

In one important study of investors in Australia, the majority of investors indicated that
they would pay more for a Green Star building. The improved marketability of Green Star
buildings is their main current competitive advantage: they are easier to sell and lease,
which reduces vacancy times and hence income losses. Many investors and
owners/managers believe Green Star buildings are “future proofed” against the risk of
rising energy costs, market rejection of non-Green Star buildings and tightening
regulations on building sustainability performance.

Another interesting analysis of 59 LEED Existing Building (EB) implementations showed
that returns were robust, with an average payback of 1.5 years and a simple return on
investment of 69%. Perhaps more important, all of the 59 projects demonstrated positive
returns, with a minimum return of 11% and maximum payback period of 9 years. Returns
were strong across geographies and for Certified, Silver and Gold LEED certifications.
Implementation cost per square foot averaged a minimal $0.23 and ranged from $0.08 to
$0.95 per square foot. The office properties in the analysis averaged 406,000 square feet
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and were geographically dispersed through much of the United States. Ownership was
typically institutional or large private investor.”

The results of the study of 59 buildings above is most likely influenced by selection bias,
making the results more robust than the average results for a typical portfolio of buildings.
Selection bias arises because service providers and owners are more likely to prioritize the
properties they convert to LEED, with the easiest and most profitable the first to convert.
Offsetting the potential selection bias is improvement over time due to experience.

Another observation is that for these buildings, the decision to obtain LEED EB was not a
significant investment, suggesting more robust investment and sustainability goals might
be warranted based on the high level of return that was achieved, even prior to considering
any risk or revenue benefits.

The six studies we summarize above are discussed below.

Report 1: “Do Green Buildings Make Dollars and Sense?” Norm Miller and Dave
Pogue USD-BMC Working Paper 09-11, Draft: November 6™, 2009

The working draft study by Dave Pogue and Norm Miller is particularly interesting in that
they draw upon the results of a survey of over 750 occupiers from 154 of LEED or Energy
Star buildings. They supplemented there survey with a survey of CBRE property managers
of the buildings who provided detailed operations and expense data for each of the subject
properties. They found that green buildings were operated more intensively, and overall
total operating expenses were not that different. Separate metering is almost as important
as a significantly improved EnergyStar score in saving energy. Green buildings had higher
wage tenants who indicated they felt more productive, but were not yet willing to say they
would pay more.

Report 2: “High Performance Green Building: What’s It Worth? Investigating the
Market Value of High Performance Green Buildings,” Theddi Wright Chappell,
Chris Corps, May 2009

The key findings and conclusions in the author’s own words are presented below.

Background

Are high performance green buildings really worth more than traditional buildings?

To explore this question, two of the leading experts in valuing high performance
green properties in the United States and Canada (see bios below) were recruited to
analyze and ascertain whether high performance green attributes contributed to
market values. The consultants approached the owners of three high performance
green commercial office buildings (200 Market Place in Portland, OR; Alley24 East

% Envision Realty, June 2009.
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in Seattle, WA, and the VVancouver Centre in VVancouver, British Columbia) who were
willing to make their data available for analysis. The results of this work are three
detailed case studies on green buildings written from a financial/investment
perspective. The owners of the three subject properties gave the research tem access
to lease rates, operational expense data, and other financial performance information
that is rarely shared with outside observers.

The authors are experts in real estate valuation and financial analysis. Theddi Wright
Chappell is the managing director of Cushman & Wakefield of Washington Valuation
Services, Capital Markets Group and national practice leader of the firm’s National
Green Building and Sustainability Valuation and Advisory Practice and a Counselor
of Real Estate and Fellow of the Royal Institute of Chartered Surveyors. Chris Corps
is a chartered surveyor and principal of Asset Strategics in Victoria, British Columbia.
Chris instigated and co-led the VVancouver Valuation Accord and Summit, an initiative
linking sustainability and value that was signed by BC’s Premier and valuation
professionals from 20 countries. Chris has nearly 30 years of experience in real estate
and complex business cases in the UK and Canada.

Alley24 East, Seattle, Washington

While the long-term implications of the various high performance green strategies
employed at Alley24 East can only be quantified via specific and detailed analysis
over time, it is clear that the property:

» experienced a comparatively quick absorption period;

» attracted and has retained high quality tenants;
» achieved competitive rents;
* and has a higher-than-average level of occupancy.

When the building was delivered it was 90% preleased. This is an impressive amount
of preleasing under any circumstances.

Leases signed at Alley24 East were competitive with other properties in terms of
rental rates, escalations, and tenant improvement allowances. Specific data indicate
that Alley24 East held a strong competitive position relative to its peers, at the same
time exceeding industry averages for both rent and occupancy.

Tenant rankings of Alley24East in the New Building Institute’s Building Performance
Review reflected high or moderately high scores in tenant satisfaction related to
building temperature, air quality, acoustics, lighting, and general health and
productivity factors.”

200 Market Place, Portland, Oregon

200 Market Place leads its competition in tenant occupancy statistics with a current
occupancy of 99.6%. While this high level of occupancy is most likely the result of a
variety of factors, it is indisputable that the building is marketed and run as a high
performance green property.
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Based on comparisons of the lease rates achieved, tenant improvement allowances
offered, and escalation factors, the leases signed at 200 Market Place are similar to
and competitive with those signed at comparable properties in the Portland central
business district.

Prior to LEED-EB certification, energy consumption escalated each year from 2004
through 2006. However, since the building’s LEED certification in 2006 and
implementation of a variety of energy strategies, energy use declined in 2007 by
3.45% and in 2008 by 8.73%, reflecting increasing year-over-year reductions.

From 2007 to 2008, overall operating expenses declined by 0.64%, and they are
projected to decline by an additional 3.29% in 2009.

Vancouver Centre, Vancouver, Canada

The energy retrofit project achieved a 19% return on investment (ROI). While a
payback of four years was anticipated, the extended implementation to minimize
tenant disruption meant that the returns took longer but were successful. It also meant
that the benefit was directed less towards cash flow and more towards improving
vacancy, absorption, tenant retention, and other factors.

This review concludes that the nature of the retrofit and savings were not pivotal in
determining the purchase price of the building to the buyer. The value of the retrofit
was known and contributory, but of insufficient size to change the decision to buy the
building.

An incidental finding relates to lease structures and how the relationship between
landlord and tenant might be structured to support a sustainable retrofit for mutual
profit. It was identified that the same attributes that gave a 19% approximate return on
investment (ROI) could increase to 197% provided both parties agree to a lease term
and structure more closely matching the life cycle of the retrofit costs and savings; a
redistribution of costs aligned with debt retirement; a reallocation of total occupancy
payments (e.g., rent, operations, and maintenance costs), without raising the tenant’s
total costs; and an apportionment of benefits. If handled carefully, this has the
potential to encourage more retrofits by motivating landlords and tenants through
mutual profit.

Report 3: “Green Value: Green Buildings, Growing Assets,” Royal Institute of
Chartered Surveyors, Canada, Oct. 2005

Valuation experts conduct this study and its conclusions are based on detailed property-
specific analysis of 12 individual buildings. The results of this study are based primarily
on detailed interviews with owners, property managers, tenants, service providers, and
others associated with the project, rather than relying upon a detailed review of
competitive properties. Importantly the expert surveys and interviews addressed specific
properties.

Green is good for asset value. This, contrary to a view frequently held by many
builders, developers, lenders and some valuers/appraisers, is the picture that emerges
from new research.
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These conclusions came through interviews with developers, owners and occupiers at
green office, industrial, retail, residential and educational buildings across Canada, the
United Kingdom and the United States. The findings are also borne out by an
extensive review of academic and industry literature.

With this new research, however, green buildings are also shown to improve asset
value. Green buildings can:

e Be quicker to secure tenants

e Command higher rents or prices
*  Enjoy lower tenant turnover
e Cost less to operate and maintain in most cases

*  Attract grants, subsidies and other inducements to do with stewardship of
the environment, increasing energy efficiency and lessening greenhouse
gas emissions.

< Improve business productivity for occupants, affecting churn, renewals,
inducements and fitting out costs amongst others

e Resulting from business productivity benefits, benefit occupants more
than the underlying asset cost or value.

Because comparatively few green buildings have been completed, however, the extent
of value benefit is still hard to quantify. So, too, is the effect on market value of green
building rating systems, as well as the degree to which the benefits of green buildings
go to the occupier rather than the owner or developer.”

While the general conclusions presented above are interesting and important, the results of
the interviews from six of the 12 case studies are particularly helpful in identifying costs,
benefits, lessons learned, and other insights. A summary of the key interview findings is
presented in Appendix IV-B at the end of this chapter.

Report 4: “Valuing Green: How Green Buildings Affect Property Values and Getting
the Valuation Methodology Right,” Richard Bowman, John Wills, Green Building
Council of Australia, 2008

This report is classified as an expert-based financial report because it was completed by
real estate experts and incorporates detailed property-by-property analysis and face-to-face
interviews with over 50 real estate practitioners/owners.

The lead authors of the report were:

e Mr. Richard Bowman, AAPI, Principal and Representative, Real Estate Advisory
Services, Ernst & Young.

e Mr. John Wills, MIMC, AAPI, AIMM, Director, The Property Lab.
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Summary of Report Findings

It is based on an extensive literature search, case studies of eight recently completed
Green Star buildings and interviews with some 50 of Australian property owners,
valuers and developers, responsible for some 30% of total property fund assets with
Australia, with a combined value of $85 billion.

The majority of investors indicated that they would pay more for a Green Star
building. The improved marketability of Green Star buildings is their main current
competitive advantage: they are easier to sell and lease, which reduces vacancy times
and hence income losses. While some tenants are willing to pay the rental cost of
achieving Green Star, a rental premium is not yet proven in all cases. Corporate and
government demand for improved lifecycle economic and environmental performance
are key drivers of green, but these tenants can negotiate green as a bonus for long
rentals with predetermined review patterns, rather than paying an up front direct
premium.

In the longer term, however, the industry expectation is that rental growth; tenant
retention and operating cost savings will become the key drivers for the market value
of Green Star buildings, relative to non-Green Star buildings. Green Star buildings
also claim improvements in productivity, wellbeing, and occupational health and
safety, but market acceptance of these intangible values is limited.

Many investors and owners/managers believe Green Star buildings are ‘future

proofed’ against the risk of rising energy costs, market rejection of non-Green Star
buildings and tightening regulations on building sustainability performance.”

Summary of Survey Findings

The industry survey taken as part of the report (pages 16-19) was insightful:

The survey was undertaken by Ernst & Young and involved:
»  Representatives of five leading property advisory and valuation firms; and,

»  Representatives of fourteen fund managers and developers.

The surveys comprised face-to-face interviews based on a standard set of questions to
obtain both quantitative and qualitative responses. Key conclusions are set out below.

1. All respondents believed that the investment performance of a Green Star
building would outperform traditional buildings over the medium to long
term, but not necessarily the short term.

2. Forty-five percent of survey respondents indicated that tenant demand is
driving the need for their organizations to implement green building practices.

3. A Green Star rating is important in reaching an investment decision, but
financial return cannot be compromised
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The majority of respondents indicated that they would pay more for a Green
Star building. About two-thirds of interviewees would pay more for a Green
Star building. Some reported that they already pay more if convinced of the
value. Most also said they would not undertake refurbishment of a building
without considering a Green Star rating.

The overwhelming majority of respondents would be prepared to invest in a
Green Star building despite the possibility of incurring a short-term loss.

The improved marketability of green buildings is highly regarded by the
respondents. The key marketing instrument nominated was the Green Star
rating rather than any particular green feature in the building.

Long-term rental growth, tenant retention and operating cost savings are the
key drivers of the increasing market value of green buildings. The operational
cost savings for Green Star buildings typically quoted by respondents were
approximately $5 per square meter (3-6% of total outgoings).

All respondents identified the DCF approach as being the most suitable
method to assess the valuation of green buildings.

All fund managers and developers interviewed are developing an internal
sustainability capability.

Summary of Case Study Findings

Case study findings were consistent with the interviews:

Eight case studies were chosen to provide a cross section of Green Star buildings,
covering owner-occupiers and investors with public and private tenants

Construction costs were equal to, and in two instances lower than, budget
expectations. A slight cost premium still exists for delivering buildings with a
6 Star Green Star rating.

Operating costs (including salaries) are below expectations.

From examples in Canberra and Adelaide, Green Star buildings have achieved
a reduced capitalization rate to the order of 0.25-0.50% when compared with
the rest of the market.

Green Star rated buildings appear easier to sell—it is not possible yet to infer
whether this also adds a price premium, but a faster sale potential alone
should infer value via a tighter capitalization rate.

Let up periods were reduced by improved exposure and marketing from being
‘green’.
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e Attraction of ‘blue chip’ tenants was improved by meeting tenant
requirements and briefs. Importantly, the case studies reveal that these tenants
are prepared to pay for ‘green.’

Report 5: “Financial Analysis of LEED EB Implementations,” Craig Sheehy,
Envision Realty, 2008.

This analysis is presented as an expert-based analysis because a real estate expert performs
it with substantial building operating experience. The analysis is also important because it
is not a sample, but the results of 59 initial EB implementations undertaken by Envision
Realty. The 59 office properties averaged 406,000 square feet and were geographically
dispersed through much of the United States. Ownership was typically institutional or
large private investor.

LEED EB retrofits can be done cost effectively, as demonstrated from the results of the 59
LEED EB retrofits reported by Craig Sheehy of Envision Realty Services as of the
summer of 2009 (Exhibit 1VV-13). The analysis focuses on the investment return created by
operating cost savings associated with the retrofit of existing buildings.

As the 605 properties in the data set show, returns were robust, with an average payback
of 1.5 years and a simple return on investment of 69%. Perhaps more important, all of the
59 projects demonstrated positive returns, with a minimum return of 11% and maximum
payback period of 9 years. Returns were strong across geographies and for Certified,
Silver and Gold LEED certifications. Cost per square foot averaged $0.23 and ranged from
$0.08 to $0.95 per square foot.

The analysis by Envision Realty, while important, focuses on one measure of financial
performance—net financial benefits of operating cost savings. Accordingly, while the
results were impressive, they fail to take into consideration potential increases in revenue
due to increased tenant demand, government incentives, reduced risk, and increased
investor demand. While these benefits may not accrue to every project, dramatic changes
by governments, tenants and regulators make an analysis of these potential benefits
important.

Exhibit IV-13
Implementation Costs and Benefits - LEED EB Retrofits

City State Level Sq. Ft. Cost Savings Payback ROI

Walnut Creek CA Gold 249,391 $88,808 $96,100 11 months 108%
Los Angeles CA Gold 317,058 $58,437 $33,000 1.7 years 56%
Atlanta GA Gold 410,357 $116,812 $89,000 1.3 years 76%
Minneapolis MN Gold 621,193 $191,130 $186,238 1.01 years 97%
Los Angeles CA Silver 587,022 $71,700 $55,000 1.3 years 7%
Fort Lauderdale FL Gold 261,676 $108,641 $77,000 1.5 years 71%
Los Angeles CA Silver 137,369 $51,084 $13,000 3.9 years 25%
Charlotte NC Silver 324,305 $53,777 $60,000 9 months 112%
Charlotte NC Certified 298,371 $52,910 $58,000 8.8 months 110%
Denver Cco Certified 263,716 $108,097 $102,750 1.05 years 95%
Vienna VA Silver 346,618 $53,700 $32,000 1.6 years 60%
Atlanta GA Silver 625,071 $91,520 $50,000 1.8 years 55%
Oakland CA Silver 273,355 $59,033 $25,000 2.3 years 42%
Dallas TX Silver 1,113,575 $291,136 $237,400 1.4 years 82%
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Exhibit IV-13
Implementation Costs and Benefits - LEED EB Retrofits

City State Level Sq. Ft. Cost Savings Payback ROI

Billerica MA Certified 353,242 $54,281 $35,000 1.5 years 64%
Greenwood Village CcO Silver 317,218 $68,530 $30,000 2.2 years 44%
Greenwood Village CcO Silver 115,408 $47,885 $10,000 4.7 years 21%
Denver Cco Certified 150,673 $48,766 $15,000 3.2 years 31%
Chicago IL Gold 800,000 $114,950 $75,000 1.5 years 65%
Atlanta GA Certified 312,000 $72,990 $31,000 2.3 years 42%
Dallas X Certified 515,388 $64,460 $50,000 1.2 years 78%
Atlanta GA Certified 670,000 $57,950 $40,000 1.4 years 69%
Atlanta GA Certified 670,000 $78,110 $40,000 1.9 years 51%
Denver (e{0) Silver 435,672 $67,821 $40,000 1.6 years 59%
Dallas TX Silver 843,650 $65,950 $75,000 11 months 114%
Atlanta GA Silver 695,707 $91,520 $50,000 1.9 months 55%
Los Angeles CA Gold 904,459 $170,000 $175,000 11 months 103%
Los Angeles CA Silver 980,000 $244,185 $190,000 1.2 years 78%
Irving TX Silver 364,336 $61,558 $34,000 1.9 years 55%
Irving TX Certified 369,659 $74,691 $35,000 2.1 years 47%
Atlanta GA Gold 310,194 $131,418 $138,000 11 months 105%
San Francisco CA Silver 281,000 $127,725 $80,000 1.6 years 63%
Beverly Hills CA Silver 162,643 $81,666 $84,000 11 months 103%
San Francisco CA Silver 286,182 $80,405 $20,000 4 years 25%
San Francisco CA Silver 661,950 $92,950 $30,000 3 years 32%
Atlanta GA Silver 531,000 $57,950 $35,000 1.6 years 60%
Oakland CA Gold 548,188 $242,450 $197,000 1.3 years 81%
Atlanta GA Silver 670,000 $178,000 $174,000 1 year 98%
San Francisco CA Certified 347,147 $90,179 $36,000 2.7 years 40%
San Francisco CA Silver 310,777 $56,670 $35,000 1.6 years 62%
S. San Francisco CA Silver 454,054 $60,354 $35,000 1.6 years 58%
San Francisco CA Silver 365,000 $173,525 $94,000 1.9 years 54%
San Francisco CA Silver 201,000 $131,955 $60,000 2.2 years 45%
San Francisco CA Silver 346,162 $69,704 $50,000 1.3 years 72%
Washington DC Silver 240,000 $71,156 $40,000 1.8 years 56%
Santa Monica CA Certified 320,000 $60,000 $30,000 2 years 50%
Burbank CA Certified 448,720 $67,708 $50,000 1.2 years 74%
New York City NY Certified 594,600 $61,950 $135,000 5 months 218%
San Francisco CA Gold 596,059 $72,110 $50,000 1.5 months 69%
San Francisco CA Silver 795,500 $64,950 $50,000 1.2 years 77%
Atlanta GA Certified 410,571 $59,694 $25,000 2.3 years 42%
Irvine CA Certified 346,684 $92,317 $10,000 9 years 11%
Austin X Certified 250,000 $125,080 $60,000 1.1 years 48%
Austin TX Silver 154,939 $106,183 $48,000 2.2 years 45%
Portland OR Gold 101,553 $96,014 $27,000 3.5 years 28%
New York City NY Silver 589,651 $62,950 $70,000 11 months 111%
Seattle WA Silver 255,818 $55,385 $9,000 6.1 years 16%
Portland OR Silver 279,000 $127,265 $74,000 1.7 years 58%
Portland OR Certified 363,000 $57,525 $25,000 2.2 years 43%

Avg. Sq. Ft.: Avg. Cost: Avg. Savings: = Avg. Payback @ Avg. ROL:
406,082 $93,825 $64,585 1.45 years 69%

Source: Envision Realty Services, Craig Sheehy, August 2009

It is important to understand when interpreting data like that presented above that the
implementation results are likely to be more robust than the average results for a portfolio
of buildings, because of selection bias. Selection bias arises because Envision Realty, and
other service providers and owners, are implementing increasingly sophisticated screening
tools to select buildings to retrofit first. Logically, money should be spent on those
buildings with the highest return on investment, thus any analysis in the early years of
LEED EB implementation need to be carefully examined for their general applicability to
future decisions. At the same time, the Sheehy results suggest that green building retrofits
can offer attractive returns to property owners and, if selected prudently, can represent
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attractive financing options for lenders. Offsetting the potential selection bias is
improvement due to experience.

Report 6: “Energy Efficiency Improvements: Do They Pay?” Brian A. Ciochetti and
Mark D. McGowan, MIT Center for Real Estate, February 20009.

This study is categorized as an expert-based report because it is conducted by real estate
academics, but more importantly relies on a detailed analysis of properties and interviews,
rather than a statistics/modeling-based methodology.

The results of the detailed analysis of one building are consistent with Sheehy’s analysis
presented above, with an 86% ROI and total payback of 14 months. The case study
diverged from Sheehy’s work in that the total EB implementation cost was $1,011,526
compared to an average of $93,000 in Sheehy’s work, indicating more capital-intensive
LEED EB conversions may be able to compete financially with less aggressive
approaches.

More detail, in the author’s words (select experts), is presented below. It is instructive to
note how difficult the job of locating and digging into the details of actual projects can be.

One of the challenges with this study was the shortage of data that were available for
analysis. As shown earlier in Figure 11, the stock of certified buildings at the end of
2008 stood at 106. While many buildings are registered for certification, the number
available for analysis is very small. Over the course of this study, we were able to
access owners of 38 of these properties. Eleven were willing to share and/or discuss
details of their projects. Of these we were able to secure enough information for some
level of discussion on six, which are presented in this section. We will focus on one
building and provide discussion on four others.

A real estate investment firm that develops, owns, and manages properties throughout
the U.S. and Europe owns the property used in this example. We believe it is typical
of urban Class A projects and is a good representative of the type of project that
would be well suited for investment in EEI upgrades.

The building is a multi-tenant Class A office tower in a central business district in the
Northeast, was completed in 1972, and is comprised of approximately 1,015,000
square feet.

As described in Figures 12-15, total costs for the LEED-EB certification project were
$1,011,562 (including the cost of the consultant, registration and certification) and the
total savings were $868,908. This results in an overall economic performance of:

Total Return on Investment (ROI) = 86%
Total Payback = 14 months

Gathering additional data on building upgrade projects has proven difficult. The
following five LEED-EB project summaries are an assemblage of information
gathered from owners, published news information, and posted presentations. For
these, we highlight components of each project dealing with, or related to, investment
in energy efficiency improvements.
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The results from the five additional case studies indicated strong positive ROIls and
payback periods for the initiatives undertaken.

Report 7: “Towards a Green Building and Infrastructure Investment Fund,” Trent
Berry, Compass Resource Management, February 20009.

This report was initiated by the City of Vancouver and other parties interested in
launching a Green Building and Infrastructure Investment Fund as a legacy of the 2010
Olympic Games. The goal of their “scoping” study was to examine a typical premium for
green construction, potential investor returns, the best means of recouping investment, the
magnitude of available opportunities, and challenges and opportunities for an investment
fund.

As part of their work, Compass Resource Management completed an investment analysis
based on construction costs and utility rates from Vancouver and Whistler as modeled for
an 11-storey multi-unit residential building with 146 units and a total size of 12,800 square
meters.*® They used data collected by Natural Resources Canada from building developers
and calculated industry- average building costs. They assumed an average construction
cost of $1,200 per square meter for the investment analysis in this study. The total
construction cost of the representative building modeled in this study is $15.4 million.

Further detail on the data and their findings is presented in their own words below:

We used building energy consumption profiles developed by EnerSys Analytics for
the Lower Mainland region of British Columbia in this study. This study shows
energy consumption for standard construction practice, for MNEC-B, and simulates
packages of measures that achieve reduction of energy consumption of 25% compared
to MNEC-B. We adjusted these base building profiles to account for the cooler
climate in Whistler compared to VVancouver.

We did not find detailed data on building water consumption in Vancouver and
Whistler. Building indoor water consumption profiles were based on a study of multi-
unit residential buildings by the Canadian Mortgage and Housing Corporation.
Building outdoor water consumption is based on a survey conducted by the Pacific
Institute. There is considerable uncertainty in the value adopted for outdoor water
consumption.

We used a simple cash flow analysis to calculate the internal rate of return and
payback on incremental costs and savings associated with different levels of LEED.
The following figure shows the 15-year and 25-year real internal rate of return for
incremental green building measures associated with various levels of LEED in
MURBSs. The results show:

e The rate of return on green buildings is higher in Whistler than Vancouver.
Whistler has higher natural gas prices, which means that reduction in energy
consumption translates into bigger cost savings in Whistler than Vancouver.

9 While an internal rate of return was calculated, the return did not incorporate potential revenue or risk benefits, nor
was it compared to returns for a similar building without sustainable features.
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Whistler also has a colder climate (more heating degree days) and so
incremental energy savings measures show a faster return than in Vancouver.

The rate of return for LEED Certified buildings is high. In both Vancouver and
Whistler, LEED Certified buildings appear to be a profitable investment, with a
15-year rate of return above 35%

The rate of return for LEED Silver, Gold, and Platinum buildings is much
lower. The 15-year rate of return on LEED Silver buildings in Vancouver is
18%, while in Whistler it is 29%. For LEED Gold buildings, the 15-year rate of
return ranges from 11% in Vancouver to 19% in Whisler. For LEED Platinum,
the 15-year rate of return ranges from 2% in VVancouver to 8% in Whistler.

The payback for LEED buildings ranges from 3.0 years (LEED Certified) to

12.8 years (LEED Platinum) in Vancouver and from 2.2 years (LEED
Certified) to 8.7 years (LEED Platinum) in Whistler.”

Statistics/Modeling-Based Financial Analyses

Statistics/modeling-based studies typically will involve a large number of sustainable and

non-sustainable properties, with statistical

modeling focused on determining the

incremental contribution of a sustainable certification or rating on rent levels, sales prices,
occupancies, or other specific financial variables. These studies are typically completed by
academics with real estate and/or finance backgrounds.

In this section, we review and present the findings from the following statistics/modeling-

100.

based financial analyses™:

1. “The Investigation of the Effects of Eco-Labeling on Office Occupancy Rates,
Frank Furst and Patrick McCallister, Journal of Sustainable Real Estate, Fall 2009

2. “New Evidence on the Green Building Rent and Price Premium”, Frank Fuerst
and Patrick McAllister, presentation to ARES conference; April 3, 20009.

3. “Doing Well by Doing Good? Green Office Buildings,” Piet Eichholtz, Nils Kok,
and John M. Quigley, UC Berkeley Fisher Center for Real Estate & Urban
Economics working paper, January 2009.

4. “Does Green Pay Off?” Norm Miller, Jay Spivey, Andy Florance, Journal of Real
Estate Portfolio Management, Fall 2008.

5. “Green Design and the Market for Commercial Office Space,” Justin Benefield,
Jonathan Wiley and Ken Johnson, Journal of Real Estate Finance and Economics,
forthcoming.

100 gelect additional statistics/modeling based studies have been completed and published in the Journal of Sustainable

Real Estate

140



Value Beyond Cost Savings: How to Underwrite Sustainable Properties, Expanded Chapter IV

6. “The Greening of US Investment Real Estate—Market Fundamentals, Prospects
and Opportunities,” Andrew Nelson, RREEF Research, November 2007.

Summary of Consortium Conclusions on Statistics/Modeling-Based Financial Analyses

The statistics/modeling-based financial analyses cited above provide general support for a
positive relationship between a green building certification (LEED or EnergyStar) and
improved rents and sales prices for commercial properties. However, all of the studies
have significant methodological, data, and statistical limitations that limit the reliability/
applicability of the numerical conclusions to specific property valuations.

While the specific numerical results may be of limited reliability, it does not imply that the
rent and sales price premiums are necessarily overstated, just that methodological and data
limitations make it difficult to rely upon the numerical results. For example, one of the
limitations of the studies is that they tend to focus on rents, while many other important
value increasing attributes, like faster absorption, better lease terms, higher tenant
retention rates, and lower risks (discount and cap rates) are also possible indicators of
tenant preference, but these variables are not evaluated in the existing studies.

An observation about most of the research reports cited above is that they are all the
second, or in one paper, the third research reports on the same topic. Accordingly, the
papers cited above and reviewed in this section include many of the most recent papers
completed (as of the publication of this chapter) and provide the most refined data and
statistical approaches. In the case of the three studies where we were able to review the
earlier reports, rent and sales price premiums had declined significantly from prior study
versions.

In reviewing and applying the information from the six studies cited above, it is critical to
know what they are, and what they are not. The methodologies in the studies do not reflect
industry practice to assess rent and price premiums in individual properties, and
methodology and data limitations are significant, and in most cases acknowledged by
authors in their work. Use of the statistics without appropriate understanding of the
caveats and the coverage of the studies is not appropriate. In most cases, the studies cover
only office buildings in the United States, so any application to other property types or
regions needs to be carefully considered.

Small sample size, problems in controlling for time, and numerous other statistical
problems are particularly relevant for the sales price premium analysis, but also apply to
the rent premium analysis in the cited studies. A detailed analysis of the kinds of
methodological and statistical review that is needed in applying this kind of information
can be found in the Consortium’s special report titled “Quantifying ‘Green’ Value:
Assessing the Applicability of the CoStar Studies,” Scott Muldavin, Green Building
Finance Consortium, June 2009. http://www.qgreenbuildingfc.com/
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Keeping the caveats and application cautions in mind, what do the four statistical studies
actually show?'® As shown in Exhibit IV-14 below, with the exception of the Wiley and
Johnson paper, which I was not able to review in detail, rent premiums from LEED
properties were shown to be from 0% to 6%, and EnergyStar premiums ranged from 3.3%
to 5%. These results, while subject to significant statistical and methodological issues, at
least appear plausible, based on the Consortium’s assessment of scores of tenant surveys
and discussions with many more tenants and investors. The Fall 2009 study by Fuerst and
MccCallister reported occupancy rates in LEED buildings 8% higher, and in EnergyStar
buildings 3% higher.

While the rent and occupancy premiums reported appear plausible, to date the
Consortium’s research suggests that the increasing space user demand for sustainable
properties is more likely to be reflected in absorption rates, tenant retention, and
adjustments to risk, rather than a direct rental price premium. It should be noted that many
types of tenants, in different markets and property types, have reported that they would not
pay more, suggesting caution in applying any average figures to any particular building.

Exhibit IV-14
Statistics/Modeling-Based Sustainable Property
Financial Analysis
Rent Premiums Sales Price Premiums

EnergyStar LEED EnergyStar LEED
Fuerst & McAllister, April 2009 5% 6% 31% 35%
Eichholtz, Kok & Quigley, January 2009 3.3% 0% 16%° 0%
Miller, Spivey & Florance, Fall 2008 N/A® N/A® 5.8% 9.9%
Wiley & Johnson (forthcoming) 7%-9% 15%-17% $30/sq.ft. $130 sq.ft.

! Fuerst & McAllister disclose many of the problems with their methodology and data, and conduct a more
robust statistical analysis on a smaller, more comparable sample of office properties that results in a 3.7% rent
and 19.6% sales price premium for LEED.

2 The authors make an adjustment for occupancy level, which changes results to show a 6% premium for
EnergyStar. The premium for LEED in this adjusted approach was 9%, but not statistically significant. The
sales price calculation is not independently derived, but rather based on rent premium and cap rate
assumptions using direct cap sales method.

® No statistical analysis of rent premium included as part of their analysis.

Sales price premiums range from 5.8% to 31% for EnergyStar properties and 9.9% to 35%
for LEED certified properties. Due more severe statistical, methodological, and data
problems in sales price analyses, the Consortium places little confidence in these specific
numerical results.

Based on interpretation of the statistical models, these results imply that LEED or
EnergysStar certifications, independent of all the other factors that would affect sales price,

101 The analysis in “The Greening of US Investment Real Estate—Market Fundamentals, Prospects and Opportunities,”
by RREEF Research in November of 2007 does not do a controlled statistical study, but rather compares occupancies
and rents between certified and non-certified properties, and thus does not meet the statistical rigor that is attempted by
the other four studies listed above.
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are responsible for very significant sales price premiums, well beyond plausible premiums
detected in tenant and investor surveys and case studies. We are particularly concerned
about potential distortions due to insufficiently granular control for time, with value
change during the time period studied increasing rapidly, with certified property sales, due
to their very limited time series, happening during the periods of the most rapid value
growth. 1%

The Consortium’s work confirms that sustainable properties can be more valuable, due to
the increases in regulator, space user and investor demand and positive “net” risks, but do
not believe that the numerical results from these studies of sales price premiums are
reliable indications of potential value increases at this time.

Surveys and Market Research

This category includes a broad array of research including tenant/occupant surveys,
investor surveys, general surveys of corporate sustainability trends, sustainable related
market or demographic research, tenant segmentation analysis, and other research that
would contribute to an understanding of space user and investor demand and its
implications on their willingness to pay more for sustainable real estate. Studies of churn
costs, space flexibility, occupant satisfaction, and health and productivity are critical to
space user demand, but are really aspects of building performance. The focus of the
research categorized here is on work that assists in interpreting how space users or
investors would respond to such building performance.

One of the difficulties in presenting market performance evidence for sustainable
properties is that market analysis is inherently microanalysis, involving detailed property-
specific analysis. For example, assessing the demand by regulators for a sustainable
property is difficult to express generally, because demand for a property is a function of
the regulations and incentives offered by municipal, state or federal governments, as well
as the utilities and other specialized regulators for a specific property, based on its
geographic location, property type, and the nature of the type of sustainable property
investment.

Similarly, general statements about space user demand are also difficult because the
analysis of the market demand by potential occupants for sustainable space is a function of
the type of property, the particular geographic market, the profile of actual or potential
property occupants, and other factors such as existing lease structures and market
conditions.

Investor demand is somewhat easier to address generally, given the more regional,
national, or even international capital markets for many real estate properties, but the type,
size, quality and other attributes of a property will significantly influence a particular

102 5ystainable Real Estate Development: The Dynamics of Market Penetration by John Goering, published in the Fall
2009 Journal of Sustainable Real Estate, provides a good summary of statistics-modeling based research, and the issues
involved in applying the conclusions of this researh. He also looks at the key issues influencing the adoption of
sustainable building in the industry.
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property’s investor demand due to its sustainability. Most importantly, regulator and space
user demand drive investor demand, which are unique to specific properties.

Surveys and related market research make up the bulk of what actual valuers and
underwriters use to value and underwrite the risks of sustainable properties. Expert-based
research has been very limited to date, with only a handful of credible studies.
Statistics/modeling-based market performance research has never been used by the
industry to implement detailed property-specific valuation and due diligence. Accordingly,
valuers and underwriters must collect and integrate many different sources of quantitative
and qualitative research to assist them in deriving their opinions about key financial inputs
including rents, occupancies, tenant retention, cap rates, discount rates, and expenses.

Surveys and market research are part of a broader array of supportive “Sustainable Sub-
Financial Analyses” that we define and describe in significant detail in Expanded Chapter
V-C and Appendix V-A. Sustainable sub-financial analyses are those analyses and models
that provide quantitative insights/data that is typically combined with other information
and analyses to aid valuers/funderwriters in their specification of key financial assumptions
in a discounted cash flow analysis, or a related traditional real estate financial model.

For the purposes of this section, we highlight and discuss three key types of surveys and
market research, as shown below:

e Space user and investor surveys;
e Corporate sustainability surveys and research; and
e Tenant demographics and market segmentation.

Space User and Investor Sustainability Surveys

Space user and investor sustainability surveys provide insight into the potential magnitude
and/or direction of sustainability demand by type of tenant or investor. Further
segmentation by geography and/or property type and other categories is often possible.

The keys to extracting value and insight from these more general surveys is to look at the
survey trends over time, the questions asked, the date the survey was taken, the
independence of the survey organization, and most importantly, as much specificity as
possible about the types of tenants, investors, or other respondents that are surveyed. If
detailed information from these surveys is used in the interpretation of the results,
important hypotheses about potential market demand for a particular property can be
established, which valuers and underwriters can then test through more detailed market
research and property-specific tenant, investor, and broker surveys, as is customary
practice for valuers and underwriters.
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A list of important tenant and investor surveys (and related respondents) is presented
below in Exhibit 1V-15. These surveys, which became more frequent starting in 2005
and 2006, demonstrate an increasing trend of tenant and investor understanding of, and
interest in, sustainable property. Generally, space users indicate an interest in
sustainability, and in some cases a willingness to pay, but also reinforce the importance of
cost savings and related financial concerns. While space user demand has continued
during the economic crisis, select surveys report an even greater focus on cost savings or
value, with a priority on organizational survival, rather than sustainability.

Space user demand is not consistent across types of space users. Government
organizations, larger corporations, space users with an affiliation or relationship with the
sustainable industry, high technology organizations, and certain other tenant groups tend
to show the strongest interest and demand for sustainable properties. Larger, more
sophisticated properties and owners are more focused on sustainability generally, but
enhanced demand in the multi-family and smaller building segments appears to be
growing, though it is hard to pin down based on surveys done to date.

Surveys of investors, which tend to be mixed with other respondents, or part of larger
surveys, are beginning to show a stronger interest in sustainable properties. Investors are
responding to increased regulator and space user demand, indicating, at least for the larger
institutional or private investors, aggressive programs of evaluating the energy efficiency
and/or sustainability of their properties, and trying to figure out strategies for measuring,
monitoring and improving their portfolios.

Evidence based on our discussions with scores of institutional investors, and as confirmed
by select surveys, suggests that many investors are developing acquisition screens and
criteria to assist in evaluating the potential economic or functional obsolescence, and the
cost to cure such obsolescence in new properties that they buy. These trends are quite
important, because they suggest concrete investor response to increased regulator and
space user demand.

Corporate Sustainability Surveys and Research
Corporations and other owner-occupants are significant players in the commercial real

estate markets. Corporations own approximately half of the commercial real estate market.
Additionally, they lease a substantial portion of space owned by others.'® Corporate

103 This chronological list of survey research includes space user and investor surveys, surveys of other real estate
industry professionals, and surveys of corporations regarding their general preferences for sustainability. Many of these
surveys are available on the Consortium’s website under index code 15.73 in the Research Library or Industry
Resources sections.

104 This estimate is very approximate, based on a 20-year history of capital markets research by Scott Muldavin, and
review of the “Non-residential Buildings Energy Consumption Survey” (CBECS) of the Energy Information
Administration. According to the EIA and CBECS research as of 1999, there were 4.7 million commercial buildings in
the United States, of which 89% were privately owned and 60% of those were owner occupied. A detailed breakout and
analysis of the commercial building industry is provided in “Who Plays and Who Decides, The Structure and Operation
of the Commercial Building Market, US Dept. of Energy, Innovologie, LLC, John Reed et al., March 2004.
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sustainability surveys and research incorporate a broad array of work evaluating the
corporate sustainability movement and related issues.

The focus of this research from a real estate perspective is to understand how potential
corporate space users “value” sustainability, and how important their real estate
sustainability strategy is as part of their overall sustainability initiatives. Research looking
at the real estate components of the Global Reporting Initiative, Carbon Disclosure
Project, or corporate social responsibility reporting is some of the types of work that
would be included here, as well as general surveys of corporate sustainability interests,
and any comments they have specifically on real estate.

Additionally, more specialized studies of how corporations value sustainability-related
benefits like reduced churn cost, increased space flexibility, or improved health and
productivity of employees could also be included here. Again, the focus of the research
categorized here is not on whether a building produces health and productivity or churn
benefits, but in how different types and segments of the space user market react to
buildings with such sustainable features or outcomes.

The results from the many surveys and research studies we have reviewed show a clear
trend of increasing focus by corporations on sustainability, with growing emphasis on the
key role real estate plays in sustainability and climate change. (See Research Library index
codes 15.73 and 15.74.

A key component of corporate sustainability research is not only to develop hypotheses of
the types of space users that have a greater demand for sustainable real estate today, but
also to understand the trends in which future tenants may demand such services. Any
investor buying a multi-tenant building today, with leases rolling over years into the
future, must be sensitive not only to today’s demand, but also to underlying changes in the
market that could affect future demand and performance.

Tenant Demographics and Market Segmentation

This category of market research covers any kind of academic research or related study
that provides a detailed understanding of space user demand for sustainability. An
example of this kind of survey would be demographic research, such as has been done in
the hotel industry, which assesses the demand for sustainability by potential hotel
occupants based on their age. This research, which is still in its infancy, shows
substantially greater demand for sustainability by hotel occupants that are 35 years or
younger, compared to middle and older age hotel users. Of course, geographic, income,
and other demographic characteristics could also be important in defining sustainability
demand, enabling more informed decisions to be made by valuers and underwriters
relative to the financial impacts of sustainability on key financial variables like rents,
occupancies, cap rates, etc.

Important research that evaluates tenant market segmentation and related issues is being
conducted utilizing CoStar’s Tenant Module that enables analysis of the types of tenants
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leasing, or not leasing, in sustainable properties. “Why Do Companies Rent Green? Real
Property and Corporate Social Responsibility,” published on June 4, 2009, authored by
Piet Eichholtz, Nils Kok, and John Quigley and further work of this type is underway by
the authors.

“Why Do Companies Rent Green” is an update of a similar paper from a year ago, focuses
on the most critical question of every sustainable property valuation assignment—what
drives the leasing of potential occupants of “this” building, and how important is
sustainability to them? By providing descriptive and statistical analysis of tenant
preferences for sustainability from over 1000 sustainable office properties and 3000
tenants of those buildings, Eichholtz, Kok and Quigley have provided invaluable insight to
valuers and underwriters trying to understand how different types of tenants will respond
to a building’s sustainability. Their results on tenant preferences provide excellent
hypotheses that valuers can now test through traditional market research and interviews at
the property-submarket level.

Pages 3-13 of their study provide an excellent discussion of the theory of tenant choice,
factors driving corporate space leasing and other issues critical to addressing tenant
demand for green space. The six “propositions” that they set out to test, based on their
theoretical foundation are also insightful:

Proposition I: Firms in the tertiary sector, i.e. the service industry, profit most from
the cost savings and the improved working environment of green office buildings.
Therefore, they will have a higher likelihood of renting green office space.

Proposition 1l. As stakeholder pressure regarding CSR is mainly directed at the largest
and most visible firms in an industry, these are more likely to act in a social and
environmentally responsible manner and will therefore have a higher likelihood of
leasing green office space.

Proposition 111. Firms with environmentally sensitive operations will be more likely to
leasing green office space, as this can help to offset otherwise more negative
corporate images.

Proposition 1V. Firms in industries that are dependent on high levels of human capital
and high wage workers are more likely to rent office space in green buildings.

Proposition V: Government, government-related organizations, and non-profit
institutions are more likely to act in socially responsible ways, and thus to lease green
space, as monetary factors are of less importance. The possibly higher cost of leasing
green space can be more easily passed on to the taxpayer or sponsors.

Proposition VI: Firms that are concerned about customer responses will adjust their
CSR actions to their industry peers.

Their testing of the propositions is also interesting in that it is based on four different types
of descriptive analysis: 1) which specific tenants (and SIC codes) leased the most green
space; 2) how concentrated were tenants in green buildings versus nearby conventional
buildings; 3) the propensity of industries to choose green buildings over nearby
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conventional buildings, and 4) finally, the fraction of office space by industry sector in
green buildings versus the fraction of all buildings they occupy.

Their key conclusions included:

The descriptive results show that the oil industry is a major occupier of green office
space, which is in line with the proposition that firms in environmentally sensitive
industries will actively incorporate sustainability in strategic decisions such as
headquarters selection, which may well be to enhance reputation. Firms in the legal
and financial services industry lease a substantial share of green office space as well.
For some of these firms, further investigation shows support for our proposition that
firms in the tertiary sector acknowledge the productivity benefits of green buildings.
However, it is likely that for other firms, leasing green is a result of the preference for
high quality buildings, rather than an act of responsible behavior, since green
buildings are usually higher-quality buildings.”

We then address tenant composition in green buildings as compared to a matched set
of conventional office buildings. We find that, controlling for differences in quality
and unobserved locational characteristics, tenants are more concentrated in green
buildings, occupying larger shares of the buildings. This may indicate the desire to use
a building as a flag to signal commitment to CSR.

In general the descriptive evidence confirms some of our propositions, to the extent
that the expected industries each have a few ‘green’ leaders. However, the results of
the regression and Tobit-analyses are less clear: a statistically significant commitment
to green space usage currently only exists for the manufacturing and mining industry
and for public administration, respectively. These findings confirm the proposition
that companies with socially challenging operations may use green buildings to offset
negative reputation effects. Moreover, the government and government-related
organizations, for which non-financial utility is of major importance, are significantly
more likely to rent green office space than other sectors do. The most prominent
example is California’s Environmental Protection Agency, with all of its activities
located in a highly sophisticated environmental-friendly office building.

Besides, it turns out that the concentration and size of establishments, as well as the
extent to which human capital is available in certain metropolitan areas, has a distinct
positive influence on the fraction of environmentally labeled space that is leased by
particular industries.

Significant good work continues to come from Australia. In Benchmarking Sustainability,
published June 2009 at Yourbuilding.org:
(http://www.yourbuilding.org/Article/NewsDetail.aspx?p=83&mid=1587, the results of a
Building Use Study, which compared an Australian building (The Szencorp Building)
against 55 other Australian and 81 international buildings, and incorporated a follow-up
survey of tenants, showed that tenants, three years after an initial survey was done, were
dissatisfied with some of the promised sustainable benefits, but showed a high level of
tolerance towards achieving solutions due to the buildings sustainability. Tenant education
and behavior modification were identified as critical investments to maximize potential
productivity benefits.

Key findings included:
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e The Szencorp Building was the highest scoring Australian building in the
international sustainable buildings benchmark dataset, achieving a ‘Good Practice’
rating for overall performance.

e Perceived productivity was in the top 9 percent of Australian buildings, but this
was actually a 1.5 percent decrease from the 2006 results, which showed a 13
percent increase in productivity. Building use studies research shows only 30
percent of buildings have positive productivity ratings.

e Tenants rated the Szencorp Building’s image and design as very positive, placing
it fourth in the Australian dataset for image.

e The speed at which problems such as temperature were addressed rated better than
the national benchmark.

e The 2006 study revealed tenants were very happy with the level of artificial and
natural light, but the 2009 study showed that the tenants believed there was not
enough natural light.

e 86 percent of staff were dissatisfied with ventilation, 70 percent were dissatisfied
with cooling and 79 percent dissatisfied with heating. However, forgiveness for

these matters was also high.

e 54 percent of tenants said they felt “more healthy” working in the Szencorp
Building.

e The building’s overall performance rating improved from 76 to 80 out of 100.
e Travel to work by bicycle increased from 5 percent in 2006 to 11 percent in 2009,

but 61 percent of occupants travel to work by car, showing the importance of
behavior programs alongside good building design.
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Exhibit 1V-15

Space User and Investor Sustainability Surveys

Name/Source

Publication
Date

Date(s) Survey
Taken

Respondent Description

McGraw-Hill Smart Growth Reports

Jones Lange LaSalle / CoreNet Sustainability
Survey

“Doubling Down on Green,” National Real
Estate Investor 2009 Green Building Survey

CB Richard Ellis and Burnham-Moores Center
for Real Estate, University of San Diego, “Do
Green Buildings Make Dollars and Sense?”

National Association of Home Builders

National University of Singapore, Journal of
Sustainable Real Estate

RICS/CPE Global Commercial Property
Sustainability Survey

Kingsley Assoc. “Insight” Newsletter

“Energy Efficiency Indicator Survey” (EEI),
Johnson Controls

“The Economy’s Impact on Corporate Real
Estate,” CoreNet Global

“Global Compact Annual Report,” Survey by
United Nations

Center for Research on Environmental
Decisions, Columbia and Yale Universities

Allen Matkins 3" Annual Green Building Survey

“Central London Occupier Survey,” Knight
Frank

“Green Building Market Barometer,” Turner
Construction Company

Turner Green Building Market Barometer

“Sustainability in Corporate Real Estate,”
CoreNet Global & Jones Lang LaSalle

“The 2007 Sustainability Survey Report,”
Leonardo Academy

“The Green Survey,” Real Estate Forum,
GlobeSt.com, the Building Owners & Managers
Assoc. Intl., US Green Bldg. Council

“Quarterly Sustainability Tracking Study,” Panel
Intelligence
Verizon and IR Magazine Study

“From Green to Gold 2008,” GVA Grimley

Experience, Inc.

Ongoing

Late 2009

Nov./Dec. 2009

Nov. 2009

Oct. 2009

Fall 2009

Aug. 2009

June 4, 2009
May 2009

May 2009

Apr. 8, 2009

Mar. 19, 2009

Early 2009

Jan. 2009

Jan. 2009

Year-end 2008

Dec. 5, 2008

Dec. 10, 2008
(updated)

Nov. 2008

Nov. 25, 2008

Sept. 10, 2008

Fall 2008

Aug. 6, 2008

T
Ongoing
Sept.-Oct. 2009
Aug.-Sept. 2009
May 2009/
Summer 3009

Aug. 2009
Not provided

June-July 2009

N/a
N/a

April 2009

N/a
N/a

Dec. 2008

Sept. 2008
Aug.-Sept. 2008
Aug.-Sept. 2008
Oct. 2008

Fall 2007

2008

Early Nov. 2008
N/a
Summer 2008

N/a

Wide range of sustainable building and construction industry
participants

Corporate real estate executives

E-mail invitation to developers, corporate and government
planners, subscribers, involved with office, retail or mixed-use
properties. 337 responses: 175 government officials, 105
commercial developers, 57 corporate real estate users.

534 responses fro tenants in 154 Class A or A-LEED office
buildings. Follow-up survey obtained 221 respondents, or
EnergyStar

Homebuilders

400 occupiers of commercial buildings in Singapore; survey on
importance of green building benefits and willingness to occupy

Property professionals worldwide. “Leading international real
estate organizations and local firms.” No further detail provided.

Office tenants.

1,400 N. American executives responsible for managing,
reviewing, or monitoring energy use in their organization.

400 respondents from the occupier and service provider sides of
the corporate real estate industry, many of who have global
responsibilities.

700 respondents from 1,500 global businesses signed on to UN’s
“Global Compact.”

New Yorkers.

900 respondents including 42% design professionals, 21%
contractors/subcontractors, 12% construction planning managers,
11% consultants, 10% owners/developers, 4% other

Corporate real estate directors in London, UK.

754 executives in the United States real estate industry:
developers; building owners; brokers; architectural, engineering,
and construction firms; corporate owner-occupants; and tenants.
Unclear if 754 was respondents or those surveyed.

754 green building executives, 37% developers, 31% owners,
27% brokers/real estate service providers, 22% architects and
engineers, 10% corporate users

402 senior corporate real estate executives, global survey (75%
N. America, 12% Europe, 13% other); 78% of respondents from
companies with over 1,000 employees.

408 respondents from a variety of businesses and international
locations.

Over 250 respondents in the U.S. to on-line poll included property
owners, property managers, developers, asset managers, REIT
executives and “other” (some respondents have international
reach).

65 “sustainability executives” of Fortune 500 companies in North
America.

150 respondents -- Investor relations professionals
Drawn from global readership of IR Magazine.

“Leading” UK income property investors. Survey focused solely
on investors.

2,500 college students and recent graduates.
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Exhibit IV-15
Space User and Investor Sustainability Surveys
Publication Date(s) Survey _—
Name/Source Date’ Taken Respondent Description
T T T
“Energy Efficiency Indicator,” Johnson Controls = Apr. 15, 2008 N/a Survey conducted by International Facility Management
Association.
“Future of the Workplace Survey,” CoreNet May 2008 N/a Global corporate real estate: consultants/academics, service
Global providers, end-users. 85% respondents based in
China/Asia/Pacific.
Carbon Disclosure Project May 1, 2008 N/a 144 supply chain companies from around the world.
“2008 IBT Market Pulse Survey” N/a Apr. 2008 On-line survey: 124 financial institution executives in the U.S.
“Green Shopping Centres,” GVA Grimley Spring 2008 Oct. 7, 2007—- 20 UK shopping centers plus interviews with their managers,
Feb. 8, 2008 investors, developers, architects and cost consultant, covering
both existing and new centers.
“The State of Sustainability in Asia”, Jones Mar. 4, 2008 2007 300 corporate real estate professionals at the CoreNet Global
Land LaSalle, CoreNet Global Asia Summit.
Survey on green employment, Feb. 8, 2008 N/a “Young professionals”, “students and entry-level hires”.
MonsterTRAK.com
“CSR Jobs Rank High for Newly Minted MBAs,” ' Jan. 15, 2008 2005-2008 Job listings in major cities globally
Net Impact and Ellen Weinreb Recruiting
“Global Sustainability Survey,” CoreNet Global  Jan. 2008 N/a A wide range of industry sectors was surveyed about trends in
& Building Design + Construction Magazine the design-and-build side of the industry.
“Sustainability Perceptions and Trends in the Jan. 2008 Mar.-Sept. 2007 Global Summit audiences —“corporate real estate and workplace
Corporate Real Estate Industry,” CoreNet executives”--in Singapore, Denver, London and Melbourne. 2,300
Global & Jones Lang LaSalle were queried; 414 responded.
Valuing Green, Australian Green Building 2008 2008 Detailed face-to-face interviews with representatives of five
Council, 2008 leading property advisory and valuation firms and 14 fund
managers and developers (pgs. 16-19).
“Australian Sustainability Survey 2007,” Jones 2008 2007 Australian real estate industry.
Lang LaSalle
“Global Green Building Trends,” McGraw Hill 2008 April/May 2008 The global construction industry: 1,503 surveyed, with 700
Construction respondents from construction industry professionals in 45
countries.
Survey on corporate responsibility by The Nov. 9, 2007 N/a 198 medium to large multinational companies.
Conference Board
“2007 Green Index,” AIA and Autodesk, Inc. Nov. 13, 2007 Oct. 2007 347 practicing architects in the U.S.
"2007 Green Survey: Existing Buildings,” Real Nov. 2007 2007 392 property owners, property managers, developers, asset
Estate Media, the Building Owners & Managers managers, REIT executives and “other” in the U.S. (some
Assoc. Int'l. and the US Green Building Council” respondents have international reach).
“European Landlord & Tenant Survey,” Nov. 2007 N/a 825 senior executives representing major corporations in Europe.
Cushman & Wakefield 1/3 were property landlords; 2/3"* tenants.
“2007 Green Building Survey,” National Real Nov. 2007 Aug. 2007 24,943 subscribers of participating publications were e-mailed
Estate Investor and Retail Traffic survey invitations. Subscriber categories: corporate users of real

estate, developers of commercial real estate, government
officials. 384 respondents.

“The Workplace Performance Survey,” Tritaga  Oct. 2007 Sept. 2007 Over 100 workplace organizations primarily in government,
financial services, and professional services. Medium to large
organizations.

“2007 Canadian Office Tenant Survey,” Colliers = Sept. 26, 2007 July 2007 181 Canadian office tenants who lease over 10,000 sf of space.
International

“15" Business Leaders Survey,” Grant Sept. 2007 June 2007 Online survey: 510 corporate executives from Business Week’s
Thornton and Business Week Market Advisory Board.

“State of the Outsourcing Industry,” Brown- Aug. 20, 2007 N/a Results based on a green-related sub-survey as part of its larger
Wilson Group survey of 20,000 global outsource users for its book State of the

Outsourcing Industry.”

“Corporate Social Responsibility Survey,” RSM  July 25, 2007 N/a 200 large European companies across a broad range of sectors.
Erasmus University

“From Green to Gold,” GVA Grimley Summer 2007 June 2007 UK'’s leading real estate investors.
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Exhibit IV-15
Space User and Investor Sustainability Surveys
Publication Date(s) Survey _—
Name/Source Date’ Taken Respondent Description
T T T
Johnson Controls June 13, 2007 Mar. 2007 “employees across a wide range of industries and locations”
identified as decision makers for energy management issues.
“The Greening of Corporate America May 14, 2007 N/a 190 of the largest companies in US, all with revenues over $250
SmartMarket Report,” McGraw-Hill/Siemens million. 85% of the respondents were CEOs or CFOs or senior
vice presidents in environmental or investor-relations positions.
GVA Grimley/ CBI survey Spring 2007 June 2006 “Office occupiers”.
“Australian Office Tenant Survey 2006,” Colliers 2007 Latter half of 2005 | 205 corporate tenants in a broad cross-section of industries
International occupying more than 500 sq. m. located in CBD and metropolitan
markets of Sydney, Melbourne and Brisbane, Australia
“Financial Consequences of Worker Absences,” Feb. 25, 2006 N/a 800 managers in 12 industries.
Cornell U., U. of Pennsylvania, Dow Chemical
& Merck
“US Workplace Survey,” Gensler 2006 Mar. 2006 2,013 American office workers, covering eight industries and with
equal regional representation across the continental US.
“Office Tenant Needs Study,” CBE and Fisher | Oct. 1999 July/Aug. 1999 Focus groups of 8 to 15 from various business sectors and types
Ctr. of Real Estate & Urban Economics/ Spieker of companies (small, medium, large; public/private).
Properties

" Information came from a third party source. Publication date is the date the source reported on the survey, not necessarily the date survey results

were published.

Foundational Background and Theory

This category includes foundational background research and theoretical studies that
address key issues in sustainable property valuation and financial analysis. Academics
and/or leading industry specialists and/or trade groups/government typically complete this
work. Theoretical research on valuation and financial performance of sustainable
properties has received contributions from around the world since about 2000.'%°

Sarah Sayce, Louise Ellison, and Judy Smith from the United Kingdom began publishing
papers around 2003 and early 2004 that began to integrate sustainability into the appraisal
of property worth. Their work was part of the Sustainable Property Appraisal Project'®®
and was the first we reviewed that specifically addressed the theoretical foundation for
linking sustainable property attributes and property performance.'®’

Chris Corps and a team consisting of Cushman Wakefield, LePage, Busby Perkins + Will
BuildGreen Consulting, and DTC (UK) led a collaborative project and published “Green
Value” in late 2005, still one of the best theoretical and empirical pieces of work linking
sustainable property attributes and value. Chris Corps continued his work in the valuation
arena through his founding of the Vancouver Valuation Accord and his continuing

195 \We identify a number of key researchers working on sustainable valuation and financial performance, but the list is
by no means comprehensive; we apologize in advance for leaving out key researchers and look forward to hearing from
others working in the field.

108 This research project was made possible through the financial support of the Department of Trade and Industry,
Prudential Property Investment Mangers, Investment Property Forum, Boots Properties, and the ongoing support of
Drivers Jonas, IPD, Universities Superannuation Scheme and Forum for the Future.

197 sarah Sayce has been publishing papers on these and related topics since the 1990s.
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authoring of important theoretical and empirical works, including his May 2009 co-
authorship with Theddi Wright Chappell of “High Performance Green Buildings: What’s
It Worth?” and “Valuing Sustainability,” which he wrote as a special report of the
Commission for Environmental Cooperation in the fall of 2007.

David P. Lorenz and Thomas Lutztendorf of Germany, who have written a series of papers
that explore in detail the relationship between sustainability and market value and risk,
have made substantial contributions. Simultaneous with the work by Lorenz and
Lltztendorf, a number of Australians, including Richard Reed, John Robinson, Georgia
Myers, Phillip Kimmet, and Stefan Triick, began developing additional theoretical support
for the relationship between sustainability and the value of buildings. Their work and the
work of many other important Australian sustainability authors was formalized into the
YourBuilding.org website (http://www.yourbuilding.org/), which today is one of the best
organized and most accessible websites providing a foundation for the linkage between
sustainable property attributes and financial performance and value, written from a
commercial real estate perspective.

Researchers in Japan have also made important contributions. Since 2005, Sumitomo
Trust has been studying environmental added value. The Japan Real Estate Institute is
studying sustainable valuation practices internationally. Professor Tomonari Yashiro of
the Institute of Industrial Science at the University of Tokyo has been actively involved in
key valuation research and has helped to tie together the relationship between
sustainability and value. Kei Owada, of the Mitsubishi Research Institute and Masato Ito,
of the Sumitomo Trust and Banking Company, Ltd., have also been publishing more
recently on the critical relationships between sustainability and value. Mr. Ito’s 2005
award-winning paper, “A Note On Environmental Added Value for Real Estate,” can be
found at:

http://www.sumitomotrust.co.jp/csr/innovation/real-estate/pdf/200511.pdf

Sumitomo Trust's research on environmental added value is available at:
http://www.sumitomotrust.co.jp/csr/innovation/real-estate/01english.html

It is also important to acknowledge the significant theoretical and background research
contributions of all of the authors of the research studies discussed earlier in this chapter.
These researchers include Norm Miller, Dave Poque, Jay Spivey, Andy Florance, Piet
Eichholtz, Niles Kok, John Quigley, Franz Fuerst, Patrick McAllister, Brian Ciochetti,
Mark McGowan, and Jonathan Wiley, Justin Benefield and Ken Johnson. While the focus
of the statistics/modeling-based research is on proving an empirical relationship between
sustainable certification and rent or value, each of the key papers authored by these
individuals also provided important theoretical and background research that built off the
foundation that had been established by earlier authors.

The Royal Institute of Chartered Surveyors and the Appraisal Institute have also provided
leadership in developing the theoretical foundation for sustainable valuation. The Royal
Institute of Chartered Surveyors, an international organization (operates out of 146
countries) of over 100,000 property professionals, has been a key sponsor and promoter of
much of the work done to date in the industry. In addition to organizing and sponsoring
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meetings of sustainable valuation professionals, sponsoring specific research in Canada,
United States, United Kingdom, Australia, Germany, and other countries, and supporting
groups like the Green Building Finance Consortium and others working on these issues,
the Royal Institute of Chartered Surveyors has an active sustainability publication
program, publishing special reports and surveys on sustainable property issues. In addition
to their specific work on sustainable property valuation, they are active worldwide in
many other aspects of the relationship between sustainability and property.

The Appraisal Institute, a global membership association of professional real estate
appraisers with 25,000 members in 91 chapters throughout the world, has supported
publication of green valuation articles and sponsored the development of a green valuation
educational seminar, created by Theddi Wright Chappell and Timothy Lowe, which
provides a strong introduction on the key green value issues confronted by valuers.*®

CoStar ( http://www.costar.com/ ), the largest provider of real estate information,
marketing and analytics in the United States and the United Kingdom, has also
demonstrated strong leadership by making its data useable and available for sustainable
property research, providing financial support for research, and contributing significant
staff time to support better research and analysis.

Identification of Sustainable Valuation Background and Theoretical Research

Substantial work has been completed providing an emerging theoretical foundation linking
sustainable property investment and improved financial performance and value. A
chronological listing of some of the key work is presented below in Exhibit 1V-16. In
many cases, the research presented below can be found in the Green Building Finance
Consortium’s Research Library or in the Industry Links section under index code 7.2.

The Green Building Finance Consortium’s “Value Beyond Cost Savings: How to
Underwrite Sustainable Properties” builds off the theoretical foundation presented in the
publications below. The Consortium’s work expands beyond valuation to the broader
context of sustainable property investment decision-making.

Key theoretical research and background articles on sustainable property valuation and
financial performance are organized and presented chronologically below:

Exhibit IV-16
Foundational Background and Theoretical Research
Sustainable Property and Valuation Chronological List

198 Theddi Wright Chappell and Tim Lowe are pro bono members of the Green Building Finance Consortium’s
implementation team. Chris Corps is a member of the Consortium’s Advisory Board.

Title Author(s) Publication/Publisher Name Publication Date
T T T

Green Design and the Market for Commercial Office Jonathan A. Wiley, Justin D. Journal of Real Estate Finance and forthcoming (2010

Space Benefield and Ken H. Johnson Economics or 2011)
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Exhibit IV-16

Foundational Background and Theoretical Research
Sustainable Property and Valuation Chronological List

Title

Author(s) Publication/Publisher Name

Publication Date

A New Competitive Advantage: Connecting the Dots
between Employee Health and Productivity

Green Buildings and Productivity

Greening Our Build World: Costs, Benefits and
Strategies

The Costs and Benefits of Green

Is LEED Certification Worth 1t?

Increasing Commercial Real Estate Returns With
Energy Risk Management

Do Green Buildings Make Dollars and Sense?

Sustainable Real Estate Development: The Dynamics of
Market Penetration

An Investigation of the Effect of Eco-Labeling on Office
Occupancy Rates

Effect of LEED Ratings and Levels on Office Property
Assessed and Market Values

Green Design and the Market for Commercial Office
Space

Why Do Companies Rent Green? Real Property and
Corporate Social Responsibility

High Performance Green Building: What's It Worth?
Investigating the Market Value of High Performance
Green Buildings

Thinking About the Value of a Property From a
Sustainable Perspective

New Evidence on the Green Building Rent and Price
Premium

Investment Returns From Responsible Property
Investments: Energy Efficient, Transit-Oriented and
Urban Regeneration Office Properties in the US from
1998-2008

Energy Efficient Investments: Do They Pay?

How Green a Recession? Sustainability Prospects in the
US Real Estate Industry

Doing Well By Doing Good? Green Office Buildings

Sustainability: Measurement and Valuation? Insights
From Australia and New Zealand

The Impact of Sustainability on the Investment
Environment: A Case Study of Australia

Globalization and Global Trends in Green Real Estate
Investment

Next Generation Decision Support Instruments for the
Property Industry: Understanding the Financial
Implications of Sustainable Building

Sustainable Property Investment and Management: Key
Issues and Major Challenges

T
Nina Taggart Benefits and Compensation Digest
Norm Miller and Dave Pogue Journal of Sustainable Real Estate
Greg Kats Island Press
Greg Kats A Report to California’s Sustainable
Building Task Force, Capital E
Analytics
K. McCormick Multifamily Trends, The Urban Land

Institute

Jerry Jackson Working paper presented at ARES

Norm Miller, David Pogue USD-BMC Working Paper 09-11, Draft

John Goering Journal of Sustainable Real Estate

Franz Fuerst and Patrick Journal of Sustainable Real Estate

McAllister

Sofia V. Dermisi Journal of Sustainable Real Estate

Journal of Real Estate Finance and
Economics, forthcoming

Justin Benefield, Jonathan Wiley
and Ken Johnson

Piet Eichholtz, Nils Kok, & John
Quigley

Working Paper

Chris Corps, Theddi Wright
Chappell

Special Report

Lynne Armitage API Journal

Frank Fuerst & Patrick McAllister = Presentation to ARES Conference

Gary Pivo and Jeffry Fisher Working Paper

Brian Ciochetti and Mark
McGowan

MIT Conference for Real Estate
Andrew J. Nelson RREEF Research

Piet Eichholtz, Nils Kok and
John M. Quigley

Working paper, Fisher Center for Real
Estate & Urban Economics, UC
Berkley

15™ Annual Pacific Rim Real Estate
Society (PRRES) Conference

Georgia Warren-Myers, Richard
Reed

Deborah Levy & Anthony De
Francesco

Royal Institute of Chartered Surveyors
Research Report

Andrew Nelson RREEF Research

David Lorenz & Thomas
Lutzendorf

Paper for World Sustainable Building
Conference

David Lorenz, et al. Royal Institute of Chartered Surveyors

2009

2009
Nov. 2009

Oct. 2003 and 2007

April 2008

April 2008

Nov. 6, 2009
Fall 2009

Fall 2009

Fall 2009

2009

July, 2009

May 2009

May 2009

Apr. 3, 2009

Oct. 11, 2008;
revised March 2009

Feb. 2009

Jan. 2009

Jan. 2009

Jan. 2009

Nov. 2008

Sept. 2008

Sept. 2008

Sept. 2008
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Exhibit IV-16
Foundational Background and Theoretical Research
Sustainable Property and Valuation Chronological List

Title

Author(s)

Publication/Publisher Name Publication Date

T
Valuing Green Buildings: An Australian Perspective

Quantifying ‘Green’ Value: Assessing the Applicability of
the CoStar Studies

Does Green Pay Off?

Does It Pay to Be Green? Correcting Economic and
Environmental Performance in Commercial Real Estate
Markets

Breaking the Vicious Cycle of Blame—Making the
Business Case for Sustainable Buildings

Why Companies Rent Green: CSR and the Role of Real
Estate

Does Green Pay Off?

Doing Well By Doing Good? Green Office Buildings

Pricing Sustainability: An Empirical Investigation of the
Value Impacts of Green Building Certification

Valuing Green: How Green Buildings Affect Property
Values and Getting the Valuation Method Right

RICS EU Advisory Group on Sustainable Property
Investment and Management

An Introduction to Valuing Green

Climate Change: The Risks for Property in the UK

The Greening of US Investment Real Estate: Market
Fundamentals, Prospects and Opportunities

Integrating Sustainability Into Property Risk
Assessments for Market Transformation

Does Green Pay Off?

Valuing Sustainability

Office Productivity: A Theoretical Framework
Valuation of Sustainable Commercial Properties
A Strategic Response to Sustainable Property Investing

Financing and Valuing Sustainable Property: We Need
to Talk

The Relationship Between Sustainability and the Value
of Office Buildings

Socially Responsible Property Investment: Quantifying
the Relationship between Sustainability and Investment
Property Worth

Understanding Investment Drivers for UK Sustainable
Property

The Application of Sustainable Development Principles
to the Theory and Practice of Property Valuation

The Sustainable Property Appraisal Project: Outline of
Collaborative Research Programme

Philip Kimmet and Victoria
Popova

Scott R. Muldavin

Norm Miller, Jay Spivey & Andy

Florance
Franz Fuerst and Patrick
Mcallister

Royal Institute of Chartered
Surveyors

Piet Eichholtz, Nils Kok, John M.

Quigley

Norm Miller, Jay Spivey and
Andy Florance

Piet Eichholtz, Nils Kok and
John M. Quigley

Franz Fuerst and Patrick
McAllister

Richard Bowman, John Wills

RICS Advisory Group Action
Plan

Tim Lowe & Theddi Wright
Chappell

Patrick Austin

Andrew Nelson

Thomas Litzendorf & David
Lorenz

Norm Miller, Jay Spivey and
Andy Florance

Chris Corps

B.P. Haynes
Richard Reed
Scott Muldavin

The Royal Institute of Chartered

Surveyors

Georgia Myers

L. Ellison, S. Sayce and J. Smith

Sarah Sayce, Louise Ellison and

P. Parnell

David Lorenz & Thomas
Litzendorf

Sarah Sayce, et al.

T
Sept. 2008

School of Urban Development,

Queensland Univ. of Technology

Green Building Finance Consortium June 2008
Special Report

Journal of Real Estate Portfolio Fall 2008
Management

Draft Paper June 3, 2008
Royal Institute of Chartered Surveyors = June 2008
Working Paper June 2008
Working Paper April 2008
Working paper, Fisher Center for Real ' April 2008
Estate & Urban Economics, UC

Berkley

Working paper presented at ARES April 2008
Australian Green Building Council Feb. 2008
Special Report

Royal Institute of Chartered Surveyors = Jan. 2008

Appraisal Institute Education Seminar | 2008 (updated

regularly)
Hermes Special Report 2008
RREEF Research Nov. 2007
Building Research and Information Nov. 2007
Working Paper Nov. 19, 2007
Special Report of the Commission for | Fall 2007
Environmental Cooperation
Journal of Corporate Real Estate Fall 2007
Your Building Website Aug. 30, 2007
PREA Quarterly Summer 2007
Presented at the “Rethinking April 2007

Sustainable Construction” Conference

Presented at the 13" Annual Pacific
Rim Real Estate (PRRES) Conference

Jan. 21-24, 2007

Journal of Property Research 2007
Building Research & Information 35 2007

(6)

Working Paper Dec. 2006
School of Surveying, Kingston Aug. 3, 2006

University
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Exhibit IV-16

Foundational Background and Theoretical Research
Sustainable Property and Valuation Chronological List

Title

Author(s)

Publication/Publisher Name

Publication Date

Addressing Risk and Uncertainty in Property Valuations:
A Viewpoint from Germany

Exploring the Relationship Between the Sustainability of
Construction and Market Value

Sustainability in Property Valuation: Theory and Practice

Assessing the Value of Sustainability

Toward Sustainability Indicators for Commercial
Property Occupies and Investors

Green Value: Green Buildings, Growing Assets

The Value of Green Buildings: A Study for the RICS

Property Valuation and Analysis Applied to
Environmentally Sustainable Development

A Note on Environmental Value Added for Real Estate

The Reporting of Risk in Real Estate Appraisal Property
Risk Scoring

Sustainable Property Investment: Valuing Sustainable
Buildings Through Property Performance Assessment

Incorporating Sustainability in Commercial Property
Appraisal: Evidence From the UK

How Green Is Your Building? An Appraiser’s Guide to
Sustainable Design

Integrating Sustainability Into the Appraisal of Property
Worth: Identifying Appropriate Indicators of
Sustainability

The Quest for Sustainable Buildings: Is Longevity the
Key?

An Aggregated Weighting System for Evaluating
Sustainable Urban Regeneration

Sustainability Checklist for Developments

Stalking the Elusive Business Case for Corporate
Sustainability

Environmental Benchmarking for Property Portfolio
Managers

What About Demand? Do Investors Want ‘Sustainable
Buildings?’

Attitudes Towards Financial Incentives for Green
Buildings

Sustainability Indicators: Measuring the Immeasurable

Financial Analysis of LEED EB Implementations

David Lorenz, Stefan Triick &
Thomas Litzendorf

David Lorenz, Stefan Triick &
Thomas Litzendorf

David Lorenz &Thomas
Lutzendorf

Jones Lang LaSalle

Sarah Sayce & Louise Ellison

Chris Corps, Cushman &
Wakefield LePage, Busby
Perkins + Will, Build Green, DTZ
(UK)

DTZ Research

J. Robinson

Masuto Ito

A. Adair and N. Hutchison
Thomas Litzendorf & David

Lorenz

Sarah Sayce, Louise Ellison and
Judy Smith
Krisandra Buidry

Sarah Sayce & Louise Ellison

Sarah Sayce

L. Hemphill, S. MacGreal & J.

Berry

D. Brownhill and Rao

Donald J. Reed

D. Brownhill and A. Yates

M. Keeping

P. Parnell and S. Sayce

S. Bell and S. Morse

Craig Sheehy

T
Journal of Property Investment and
Finance

Property Management, Vol. 25, No. 2
Property Management, Vol. 25, No. 2

Jones Lang LaSalle

Research Paper; Kingston University

Royal Institute of Chartered Surveyors

Royal Institute of Chartered Surveyors

Paper presented at the 11" Pacific
Rim Real Estate Society Conference

The Sumitomo Trust & Banking Co.
Ltd. Real Estate Consulting Dept.

Journal of Property Investment and
Finance, Vol. 23, No. 3

Building Research and Information

Presented at the 11™ European Real
Estate Conference

The Appraisal Journal (Appraisal
Institute)

Presented at the American Real
Estate and Urban Economics
Association Conference

Proceedings of the 2002 International
Sustainable Development Research
Conference

Journal of Property Research, 19 (4)

Watford: BRE Centre for Sustainable
Construction

World Resources Institute

Watford: BRE Centre for Sustainable
Construction

The Cutting Edge, RICS Research
Foundation

Kingston University School of
Surveying and Drivers Jonas Property
Consultants

Earthscan, London

Envision Realty

June 2006
April 2006
April 2006
2006

2006

Oct. 2005
April 2005
Jan. 2005
2005

2005

2005
June 2, 2004
Winter 2004
Aug. 21, 2003
Apr. 8-9, 2002
2002

2002

Dec. 2001
2001

2000

1999

1999

2008
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G.

Financial Performance

Sustainable property financial performance is not a simple concept, and needs to be clearly
defined and articulated when presenting financial performance evidence. For example,
when talking about sustainable property financial performance, you must first clearly
specify whether you are talking about value or returns for the property overall, or the
incremental rate of return or value contribution of incremental investments in sustainable
features and strategies.

Sustainable property financial performance can also refer to feature-based financial
performance measured by simple payback and rate of return analyses. These types of
analyses are conducted for individual sustainable features or strategies like green roofs,
daylighting, underfloor air distribution, etc. It is also important to keep clear whether one
is talking about projected or actual financial performance.

The scores of different types of sustainable property investment decisions, including minor
retrofits, major retrofits, commercial interiors, new acquisitions, new construction, and
many variations in between, further highlight the complexities of sustainable property
financial performance. The appropriate measurement and analysis for determining
sustainable property financial performance will vary by the type of decision and other
factors.

The key focus of the Consortium is to enable private sector investors to properly integrate
revenue and risk considerations into their decision-making. Accordingly, simple payback
and simple return on investment analyses, and other feature- or strategy-based financial
analyses, are not the focus of our work.

As is detailed in Expanded Chapter V, to understand the implications of sustainable
property investment on financial performance, one must consider, at least conceptually, a
discounted cash flow analysis. The DCF produces specific financial performance measures
including an internal rate of return and value. Of course, no estimated rate of return or
value estimate can be properly interpreted, and incorporated into a sustainable property
investment decision, without a full and comprehensive understanding and consideration of
risk.

Summary of Sustainable Property Financial Performance Evidence

The evidence for sustainable property financial performance was presented in prior
sections of this chapter. Section D: “Feature-Based Financial Performance” of Expanded
Chapter IV presents further evidence for specific features or strategies. Evidence of the
implications of sustainable property investment on property rates of return and value were
presented in the “Market Performance” section, under the Expert-Based and
Statistics/Modeling-Based Financial Analyses headings.
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In summary, the volume of sustainable property financial performance evidence is still
small. The significant dearth of sales and leasing transactions, and substantial value and
rent declines since 2008, and rapid value increases prior to 2008, will also continue to
make it difficult to generate statistics/modeling based empirical evidence. However,
evidence from the key expert-based financial analyses and statistics/modeling-based
financial analyses presented in the prior sections shows a clear trend towards improved
rents, occupancies, risks, and resulting rates of return and value. Additionally, by fully
identifying and assessing the positive and negative sustainability risks of specific
properties, and carefully evaluating surveys/market research, there is hope for more
intelligent assessments of the value contributions of sustainable property investment.

Not unexpectedly, enhanced rate of return and value performance evidence to date has
been more incremental than dramatic. This result is reasonable given that sustainable
features and strategies are just one part of the rate or return or value equation for any
particular property. Additionally, the key forces driving value—enhanced regulator, space
user and investor demand—nhave only recently been increasing measurably.

H. Conclusions

Sustainable property performance measurement and monitoring must evolve to include
market performance to enable the full value of sustainable properties to be more easily
quantified. Process and feature performance assessment need to be modified to focus more
on their contribution to risk mitigation, than incremental payback. Building performance
measurement needs to sharpen its focus on the key things occupiers’ value including
resource use, carbon footprint, and the potential health, productivity and satisfaction of
building users. Property owners must also be wary of changing social attitudes and
regulatory changes that could negatively affect even “high performance” buildings that are
auto dependent.

Fortunately, even if measurement efforts lag, and data availability (number of sustainable
property sales, for example) remains constrained, real estate valuers and underwriters can
still assess potential market response to a property’s sustainability, and incorporate
revenue and risk considerations into value. Real estate valuers and underwriters often
work with significant data constraints and highly qualitative information, but traditional
valuation and underwriting processes have evolved with these limitations and can
accommodate them. '® In many cases, less than perfect information—potential health and
productivity information for example—can provide important insights that can reduce the
uncertainty in a forecast, adding significant value.

109 For example, real estate markets around the world frequently have gone through periods of volatility. Markets are
down today, and were previously as a result of the Internet bust of the early 2000s, the Asian debt crisis, the Russian
debt crisis, and other events or market changes. During such times, the number of sales and leasing transactions reduces
dramatically and those transactions that are completed are often distressed and or from a few months earlier when
market conditions may have been quite different. VValuers adjust to these limitations through more detailed focus on
tenants, market forecasts, leases, and risk analysis.
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For those people designing performance measurement and monitoring programs, it is
important to consider explicitly the financial models and decision-making processes that
capital sources are employing to insure that measurement and monitoring systems are
delivering what decision-makers need. To reinforce the key point above, accurate and
timely information on energy-use and related resources is a key base, but ignoring more
qualitative measures like tenant-occupant satisfaction surveys and sustainable focused
“peer group” comparables market surveys may undercut the ability to properly assess the
building’s market performance.

ij
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Appendix IV-A
GBFC Sustainable Property Performance Framework

Process Feature/System Building Market Financial
Performance == Performance ==p Performance == Performance == Performance

* Integrated Design
Everyone, early, every issue

» Contracts/Legal

Proper performance incentives,
sustainability incorporated
into requirements, etc.

» Services Quality &
Capacity
Financing, construction,

leasing, procurement,
management

« Energy Use Forecasting
Experienced modeler, proper
model, inputs

* Regulation &
Code Compliance

» Commissioning

Bring Cx agent on early, ensure
all other trades buy in to Cx
process

« Sustainable
Certifications

Experienced coordination and
management of process,
paperwork

¢ Measurement &
Verification

Proper metrics, systems, O&M
staff buy-in
* Occupant &
Staff Training

Behavior modification required

Energy/Water

HVAC system

Daylighting

High efficiency lighting
Window glazing
Water-efficient landscaping
Low-flow toilets & faucets

Indoor Environmental
Quality

Low-emitting paints & flooring

Exterior windows views

Under-floor ventilation

Enclosed, ventilated mechanical
rooms

Materials & Resources

Certified or renewable materials
Construction waste management
plan

Sustainable Sites

Reflective roof surface/
green roof
Stormwater management

Development Costs
Hard/soft costs

Timing

Tax savings grants
Financing costs

Resource Use

Energy, water, insurance, waste

disposal, cap ex., etc.

Location & Access

Non-auto accessibility
Accommodation of low-energy
autos

Environmental sensitivity of site

Occupant Performance

Satisfaction
Health
Productivity

Sustainability
Compliance

Certifications
Regulations
Occupant policy

Flexibility/ Adaptability

Design
Materials
Systems
Energy sources

Public Benefits

Infrastructure cost reduction
Environmental benefits
Land-use benefits
Emissions improved
Economic benefits

Operating Costs

Energy, water, etc,

Regulator/ Utility
Demand

Level of regulation
Entitlement benefits
Tax benefits
Financial incentives

Space User Demand

Occupant type

Internal requirements
External requirements
Cost-benefit allocation
Sustainable property options

Investor Demand

Investor type

Internal requirements

External requirements

Recognition of regulator/
space user demand

» Recognition of
Market Demand

Brokers
Appraisers
Lenders

* Determine Key
Inputs

Rent

Occupancy

Absorption

Tenant retention

Sales price (residual)

Discount rates

Capitalization rates

Capital expenditures and
tenant improvements

» Calculate Results

Net present value
Internal rate of return
Total occupancy cost
Value

* Risk Assessment

Development costs
Development risk
Operating costs
Revenues
Regulatory risk
Liability risk
Exit/financing risk
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Appendix IV-B

RICS Green Value Interview Summaries**®
Select Extracts of Positive and Negative Interview Comments

. Description/ Interview . Underperformance/
Project? Positive Features®'?
Costs Date/Type Lessons Learned

1. Green on Grand, 2-story office rebuilt December, 1. Building envelope — this represents a similar cost to Pond - this aesthetic feature is popular with the
Ontario, Canada in 1995 to high level 2004 conventional construction but yielded the biggest benefit tenants but has created maintenance
(pages 4-13) of green standard. Owner. lead from the standpoint of operating cost benefit. headaches for the landlord.

Based on “hard” tenant 2. Lighting — natural daylight workspaces represent significant Mechanical system — this has created the
construction costs benefit for occupants and reduces electricity consumption. biggest challenge for the owner. If they could
only (i.e. excluding 3. Ventilation— (the building has both natural and mechanical reconfigure the b.und.lng mgchamcal gystems
land, tenant ventilation) better than the heating and cooling system, with they would have it piped differently with a
leasehold a low cost and relatively hiah benefit ’ modular system, not centrally controlled,
improvements, yhig allowing for the varying loads associated with
design fees, 4. Lack of ambient noise — there is good quality sound in the multi-tenant buildings (i.e., better zone control).
Iandfscaplng and site office (although noise does carry through the floor). Initial construction costs, operating costs and
services) the total . L . ) .
was $67.08 per 5. Operable windows — this is a popular feature W|t_h the ongoing ‘malntena.nce costs.all excegded
square foot ($722 tenants. The only complaint is that not all the offices have expectations, but ina negative way (i.e. they
per sq. m.) operable windows. were more expensive than expected).
compared to $66.70 A comparison of predicted utility costs between the Green on the | However with regards to the impact on the
per square foot Grand and conventional construction was provided. This initial construction costs and ongoing
($718 per sq. m.) for demonstrated savings of 58% relative to conventional maintenance costs the higher cost of these
conventional construction, which was prior to the significant increases in items was felt to be directly related to the
construction. energy costs experienced in the last two years. greening of the building. Both of these latter
two items were felt to have exceeded initial
expectations, in terms of additional cost, by 11-
20%.

2. Vancouver Island 184,000 sq. ft. January 2005 1. Air quality — the cleaner air in the facility as a result of the Biggest concerns/issues were not budgeting
Technology Park office/R&D property; Developer/ low VOC materials and the HVAC system has benefited the enough for LEED CI and leaving this up to
(pages 28-36) completed in 2002, .p tenants in terms of higher levels of productivity. tenants; and not putting in operable windows or

95% occupied, 21 owner; property . . . . a “green roof,” which would have reduced
manager 2. Park-like Setting — this campus type property has a drainage

tenants. First US
LEED Gold building
in Canada.

No comparative cost

system which relies on swales and ponds rather than filters
and separators.

3. Lighting — there is subdued lighting on the property both on

energy use further.

119 Content for this chart extracted from interviews of private investors documented in “Green Value,” Royal Institute of Chartered Surveyors, October 2005, Case Studies [link]

111 page numbers from Green Value Case Studies publication.

12 The numbered features are in the order that the interview respondents cited from the most financially and non-financially beneficial to the least.

162




Value Beyond Cost Savings: How to Underwrite Sustainable Properties, Expanded Chapter IV

Appendix IV-B

RICS Green Value Interview Summaries**®
Select Extracts of Positive and Negative Interview Comments

. Description/ Interview . Underperformance/
Project? Positive Features!'?
Costs Date/Type Lessons Learned
data cited; initial the interior and exterior. The abundance of natural light has
costs met also benefited the tenants in terms of higher levels of
expectations within satisfaction and productivity.
_D0,
0-2% 4. Heating and cooling — the property is serviced by an
oversized ground source heat pump system in the space
which allows for considerable flexibility in directing the
heating and cooling of the building. Gas boilers in series are
also easier to manage, save on energy costs and also
provide flexibility.
5. Water usage — lower water usage as a result of the
indigenous plants and waterless urinals has resulted in a
30% reduction in operating costs compared to conventional
buildings.
6. 98% of materials used recycled content; saved $1,000,000
million by using materials from prior building on site.
The lighting and the HVAC system (and air quality) all had an
extremely important impact in attracting the tenants to the
project. The site features (including the park-like setting) had a
neutral impact in attracting tenants.
260 Townsend St., 7 storey office with December 2004 | 1. Building Management System — the premium cost of this Water conservation, as it related to the

San Francisco,
USA

(Pages 37-44)

95,126 gross sq. ft.,
built in 1984 and
renovated to LEED
EB Gold by year-end
2004

Detailed cost
premium
assessment showed
2.01% premium over
the entire project
cost.

Owner/ occupier

item was tracked at $37,000. The building management
system and mechanical upgrades were expected to result in
a 20-30% improvement in energy usage.

2. Low Volatile Organic Compounds (VOCSs) in building
materials — a premium was paid for better air quality (e.g. no
(VCT) vinyl tile in the cafeteria, no VOC paint and low VOC
carpet). The owners speculate that the results of better
indoor air quality are at least partly reflected in both higher
productivity and higher occupant satisfaction.

3. FSC Wood - there is paneling on the 7th floor and laminated
doors.

4. Daylighting/ views — this was inherent in the original design.
The private offices have glass partitions and the
workstations have half height walls to allow for more natural
light.

5. Other — the 3rd party certification, the level of attention, the
visibility of the building, and the educational displays in the

waterless urinals. The San Francisco plumbing
department indicated at the time that the
waterless urinals did not comply with the code

and therefore they weren’t included.

The grey water/stormwater collection on-site
which was not allowed by the San Francisco
building code and would otherwise have been

included.
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Appendix IV-B

RICS Green Value Interview Summaries**®
Select Extracts of Positive and Negative Interview Comments

. Description/ Interview . Underperformance/
Project? Positive Features!'?
Costs Date/Type Lessons Learned
building are thought to have had an impact on the
employees’ moods, performance and morale.
ES rank of 51.1 KBTUs per sq. ft. versus 3 direct peers
averaging 73.8, a 31% savings.

4.  Phillips Eco- 64,000 sq. ft. December 2004 | 1. Skylights - warehouse area where skylights were used with Reuse of building materials — 60% of the steel
Enterprise Centre, office/industrial Developer sun tracking mirrors to reflect the sunlight resulted in up to joists in the warehouse, and the office building’s
Minneapolis, USA property built in 1999 P 10 times more Lumens during the morning and the late bricks were from salvaged sources. There were

to LEED Gold afternoon compared with passive skylights. some subsequent construction challenges
(Pages 45 to 53) ) IR
standards—although 2 G ds Heat P tem — shallow bedrock relating to the steel joists in the warehouse
did not apply for . Ground Source Heat Pump system — shallow bedroc area.
certification given required the installation of more wells around the property,
cost resulting in higher upfront costs and a longer payback — The developer indicated that they would not
' initially estimated at 7 years. Actual payback has been more | reuse structural steel again as they had to re-
According to the rapid (3-4 years) due to spikes in natural gas costs for weld every connection of the steel joists as
developer, comparable projects. Heat pump system runs entirely on otherwise the contractor would not have
construction costs low-cost electricity. warranted the construction.
\év;/eri_approxmately 3. 30 kilowatt Photovoltaic system — four years after the The developer considers the green roof, which
% higher than they o T . .
would have been for project’s commissioning, thg owner installed 30-k||owatF cos.t $50,QOO, a luxury tha}t .could have been
conventional photovoltaic array on the building’s warehouse roof. This omitted without compromising the property’s
construction array constitutes the largest single solar energy installation stormwater retention capabilities.
’ in the region.

Property consumes 40% less energy than a conventional

project.

Rental Rates - net rental rates achieved were $12 - $14.00 per

square foot per annum for premium office space, and $4.50 and

$9.00 per square foot for warehouse and warehouse office

spaces, respectively. These figures represent a 5-10% premium

over the market for conventional buildings.

5. Mountain 48,438 sq. ft. retail December 2004 | 1. 69.2% below Canadian Model National Energy Code for Financial cost of PV panel — the up-front capital
Equipment Co-op outlet opened in May Owner/ Buildings (MNECB), based on the first year’s operating data. | costs associated with the PV panel, relative to
Store, Montreal, 2003. Complied with occupant; Energy costs are estimated to be only $50,000 per annum the energy savings benefits were considered to

Canada
(Pages 54 to 61)

Natural Resources
Canada C2000
Standard.

No comparative cost
data cited.

facility manager

for MEC compared to $150,000 per annum for a comparable
conventional building.

Annual first year costs were $52,347, an estimated savings
of $99,865 for a conventional building.

2. Photovoltaic panel — two PV panels power the circulation
pump for the solar domestic water system and the irrigation

be difficult to justify based on a strict financial
payback.

Cistern to feed toilets/irrigation — this
commodity was not valued correctly (in terms of
the initial cost versus the benefits).

High fly-ash concrete — 27% fly ash in concrete.
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Appendix IV-B

RICS Green Value Interview Summaries**®
Select Extracts of Positive and Negative Interview Comments

Project?

Description/
Costs

Interview
Date/Type

Positive Features'?'?

Underperformance/
Lessons Learned

system.

3. Stormwater management — this was designed to go beyond
the municipal requirements to accommodate a 100-year
event with no discharge to the sewage system.

MEC did not track benefits—project built to fit strategic alignment
with corporate goals

Due to the cost premium of this product in
Québec there was a financial penalty
associated with this as it related to
incorporating this material into the project.

Additional time and cost required looking at
approaches to commissioning the building
(there were very few comparable projects which
could be considered at the time).

Challenges associated with the development
model that requires speedy design/build to
generate income as soon as possible. This
often means opening a building, which isn’t
finished (from MEC’s perspective) with building
systems not in line and commissioned. This
market issue matched with the complex building
systems and controls made for a very difficult
start up. In MEC’s view it is important to take
the time to build the knowledge about how to
get the building to work effectively.

6.

Solaire, New York,
USA

(Pages 62 to 68)

27-storey residential
apartment property
with 293 units,
357,000 sf. and a
parking garage.
Property completed
August 2003 and
designated LEED
Gold

No data on relative
construction costs

January 2004

Developer/
owner

1. Energy efficiency — the photovoltaic (PV) panels and the
bulkhead have a very long payback period of over 50 years
compared to the usual 3-5 years which is considered
reasonable for other features. The variable frequency drives
which pump hot and chilled water through the building has a
reasonable payback period. The other energy efficient
feature is the gas fired cooling with the double effect
absorption chiller.

2. Indoor air quality — the mechanical ventilation and low VOC
content has resulted in better indoor air quality in the
building which has led to the project being able to achieve a
very positive public perception and premium rents in the
market.

3. Lighting — there is energy efficient lighting throughout the
project as well as occupancy sensors to control the lighting.

On-site wastewater treatment plant — the
collection of stormwater, its treatment and
reuse in the building does not provide a
reasonable payback to the owners. Since the
project was developed, and as a result of
lobbying efforts, the local Water Board now
provides a reduced water rate if savings of over
25% water usage can be demonstrated.

Green features you would not replace or add
that were not included — two items were
identified and have been addressed in another
building adjacent to The Solaire, which is being
built by the same developer. First, there was no
room in the mechanical room to add heat
recovery ventilators, which would otherwise
have been added. Second, the ventilation
systems in The Solaire worked better than
expected. This raised the question as to how
much ventilation is actually required and the
ability to manage this. The lessons learned are
now being applied in other projects. This in
comparison to typical buildings new “tighter”
building envelopes without mechanical
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RICS Green Value Interview Summaries**®
Select Extracts of Positive and Negative Interview Comments

. Description/ Interview . Underperformance/
Project? Positive Features!'?
Costs Date/Type Lessons Learned
ventilation, the exhaust systems are less

effective.

Ability to achieve lower insurance premiums —
there was no evidence that lower insurance
premiums could be achieved.
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Appendix IV-C
Studies of Productivity and Health Cited by Industry*?

Productivity NITRIEER @ Health NI @f
Documents Documents
Productivity Gains from IEQ 6 Health Gains from IEQ 33
Productivity Gains from Temperature Control 14 Health Gains from Temperature Control 1
Productivity Gains from Lighting Control 18 Health Gains from Lighting Control 1
Productivity Gains from Privacy and 5 Health Gains from Privacy and 0
Interaction Interaction
Productivity Gains from Ergonomics 1 Health Gains from Ergonomics 2
Productivity Gains from Access to Natural y Health Gains from Access to Natural 8
Environment Environment
Productivity Gains from Whole Building 16 Health Gains from Whole Building 7
Subtotal 61 Subtotal 52

Health and Productivity

Other Studies 6

Total Number of Studies 119

113 The bulk of the studies described in this Appendix were identified through an extensive search of key industry studies, sustainable business case and cost-benefit studies, private
placement memorandums and other documents. Studies were cited in support of the benefits of sustainability.
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Studies of Productivity and Health Cited by Industry

s Article . .
Document Citation Date Alleged Benefit / Issue Cited
Productivity Gains from IEQ
GSA Office of Government-wide Policy, “Productivity and the Workplace: Featuring 2001 “When employees do not have control over their individual work environment,
the Productivity Playback Model” it negatively affects their physical health and mental disposition leading to
http://cbpd.arc.cmu.edu/bids/pages/description.aspx?category=list&index=1 increased absenteeism, employee dissatisfaction, inferior work products, and
unsatisfactory customer service”
Pawel Wargocki, “Making the Case for IAQ,” ASHRAE IAQ Applications, Fall 2002 2002 5% increase in productivity with improvements to the IAQ
Romm, J.D., & Browning, W.D., “Greening the Building and the Bottom Line — 1998 “Three case studies by The Rocky Mountain Institute proved that better
Increasing Productivity Through Energy-Efficient Design,” Colorado: Rocky Mountain lighting and HVAC systems can reduce absenteeism from 15 to 25%”
Institute
Wyon, “Individual Microclimate Control: Required Range, Probable Benefits, and 1996 “Increased productivity can be valued at $2.4 billion annually based on two
Current Feasibility,” Proceedings of Indoor Air '96, Nagoya, 7th International studies showing that better control of workplace comfort conditions produces
Conference of Indoor Air Quality and Climate, Vol.1 a 3% productivity increase”
Milton, Glencross and Walters, “Risk of Sick Leave Associated with Outdoor Air 2000 Absenteeism decreased 35% with higher ventilation rates
Supply Rate, Humidification, and Occupant Complaints,” Indoor Air 10(4)
Kroner, Stark-martin & Eillemain, “Using Advanced Office Technology to Increase 1992 “Increased productivity can be valued at $2.4 billion annually based on two
Productivity--The Impact of Environmentally Responsive Workstations on Productivity studies showing that better control of workplace comfort conditions produces
and Worker Attitude,” West Bend Study, New York: Center for Architectural a 3% productivity increase”
Research, Rensselaer Polytechnic Institute
Productivity Gains From Indoor Temperature Control
Rowe, David. 2002. Pilot Study Report: “Wilkinson Building, The University of 2002 15% productivity gain from improved temp. controls
Sydney,” Sydney, Australia.
Niemala, R., M. Hannula, S. Rautio, K. Reijula, and J. Railio “The effect of air 2002 4.1-7% productivity gain from improved temp. controls
temperature on labor productivity in call centers—a case study” Energy and
Buildings, 34
Tham, KW, HC Willem, SC Sekhar, DP Wyon, P Wargocki, PO Fanger “Temperature | 2003 4.9% productivity gain from improved temp. controls
and ventilation effects on the work performance of office workers” In Proceedings of
Healthy Buildings, Singapore.
Mendell, MJ, WJ Fisk, MR Petersen, CJ Hines, M Dong, D Faulkner, JA Deddens, 2002 4.1% productivity gain from improved temp. controls
AM Ruder, D Sullivan, MF Boeniger “Indoor Particles and Symptoms among Office
Workers: Results from a Double-Blind Crossover Study.” Epidemiology, v.13
Hannula M., Niemela R., Rautio S., and Reijula K. “The effects of indoor climate on 2000 2.8% productivity gain from improved temp. controls
productivity.” In Proceedings of Healthy Buildings 2000,
Kroner, W., Stark-Martin, J., and Willemain, T. “Using Advanced Office Technology to | 1992 2.7% productivity gain from improved desktop temperature control
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Studies of Productivity and Health Cited by Industry

s Article . .

Document Citation Date Alleged Benefit / Issue Cited

Increase Productivity — The Impact of Environmentally Responsive Workstations

(ERWSs) on Productivity and Worker Attitude.” The West Bend Mutual Study. Center

for Architectural Research, Rensselaer Polytechnic Institute, Troy, NY

Bauman, F., Baughman, A., Carter, G., and Arens, E. “A Field Study of PEM 1992 2.8% productivity gain from improved desktop temperature control

(Personal Environmental Module) Performance in Bank of America’s San Francisco

Buildings.” Publication #CEDR-01-97, Center for Environmental Design Research,

University of California, Berkeley, CA.

Hayashi, J., T. Akimoto, S. Lee, N. lesaki, T. Yokota, S, Tanabe. “Thermal preference | 2003 0.2% productivity gain from improved desktop temperature control

of the task environment and its influence on productivity.” In Proceedings of Healthy

Buildings 2003, December 7-11, 2003, Singapore.

Pilcher, J., Nadler, E., and Busch, C. “Effects of hot and cold temperature on 2002 0.8% productivity gain from individual temperature control

performance: a meta-analytic review.” Ergonomics, 45:10

Witterseh, T. “Environmental Perception, SBS Symptoms and the Performance of 2001 0.6-0.7% productivity gain from improved individual temperature control

Office Work under Combined Exposures to Temperature, Noise and Air Pollution.”

Ph.D. Thesis, Technical University of Denmark, Denmark.

Wyon, D.P. “Individual microclimate control: required range, probable benefits, and 1996 2-20% increase in small tasks with small temperature changes

current feasibility.” In Proceedings of Indoor Air '96: 7th International Conference of 3-7% increase when provided with about 3°C individual temp. control

Indoor Air Quality and Climate, Nagoya, Vol. 1,

Olli Seppanen and William Fisk, “A Method to Estimate the Cost Effectiveness of 2005 The optimum temperature for workers to be content at is 72 degrees

Indoor Environments in Office Work”

Tanabe, S. “Indoor Temperature, Productivity and Fatigue in Office Tasks,” 2006 Productivity dropped 2.1% for each degree above 83.4 degrees inside, Air

Proceedings of Healthy Buildings, Lisbon, Portugal velocity control reduces mental fatigue

Alan Hedge, "Linking Environmental Conditions to Productivity," Eastern Ergonomics 2004 Lower temperatures also have a bad effect on workers, it made them work

Conference and Exposition, New York, June 2004. slower, costing more money

Productivity Gains from Lighting

Romm, J.J., and W.D. Browning, “Greening the Building and the Bottom Line - 1994 13.2% productivity gain with T8/T5 lamps, electronic ballasts, and/or high

Increasing Productivity Through Energy-Efficient Design.” Rocky Mountain Institute. performance fixtures

National Lighting Bureau, “The NLB Guide to Office Lighting and Productivity” 1988 6% productivity gain with T8/T5 lamps, electronic ballasts, and/or high
performance fixtures

Kuller, Rickard and Laike, Thornbjorn. “The impact of flicker from fluorescent lighting 1998 3.2% productivity gain with T8/T5 lamps, electronic ballasts, and/or high

on well-being, performance and physiological arousal.” Ergonomics 41(4) performance fixtures

Katzev, R. “The Impact of Energy-Efficient Office Lighting Strategies on Employee 1992 26.1% productivity gain with indirect lighting

Satisfaction and Productivity.” Environment and Behavior, 24:6
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Studies of Productivity and Health Cited by Industry

Articl
Document Citation D;tlec e Alleged Benefit / Issue Cited
Hedge, A., Sims, W. and Becker, F. “Effects of lensed-indirect and parabolic lighting 1995 3% to 8.5% productivity gain with indirect lighting
on the Satisfaction - Visual health and Productivity of Office Workers,” Ergonomics,
38:2
Romm, J. J. “Cool Companies: How the best businesses boost profits and 1999 6% productivity gain with indirect lighting
productivity by cutting greenhouse gas emission.” Washington D. C.: Island Press
National Lighting Bureau. “High Benefit Lighting: San Diego Federal Building and N/A 3% productivity gain with T8/T5 lamps, electronic ballasts, and/or high
Courthouse Save Taxpayers Money.” performance fixtures
http://www.nlb.org/publications/csh_federal.html
Barnaby, J.F. “Lighting for Productivity Gains.” Lighting Design and Application, 10(2) 1980 0.7-2% productivity gain from increased light levels
Boyce, P.R., Beckstead, J.W., Eklund, N.H, Strobel, R.W., and Rea, M.S. “Lighting 1997 1.8% productivity gain from daylight simulating skylight
the Graveyard Shift: The Influence of a daylight-simulating skylight on the task
performance and mood of night-shift workers.” Lighting Research and Technology
29(3)
Rocky Mountain Institute, Romm, J.D. 1998 15-25% decrease in absenteeism from better lighting and HVAC
Romm, J.J., and W.D. Browning “Greening the Building and the Bottom Line - 1994 Employees preferred working under the skylights, which in turn boosted sales
Increasing Productivity Through Energy-Efficient Design.” Rocky Mountain Institute.
Heschonge Mahone, “Day lighting in Schools: An Investigation into the Relationship 1999 Student’ learning increased 20% in math
Between Daylight and Human Performance” 26% faster reading with most daylight
Benton & Fountain, “Successfully Daylighting a Large Commercial Office Building: A 1990 15% reduction in absenteeism results in a cost benefit valued at $432 million
Case Study for Lockheed Building 157, Progressive Architecture annually
Naomi Miller and Terry McGowan, “How Will Light and Health Research Affect Sep. 30 - Improvements in worker health and productivity with changes to lighting
Electrical Lighting and Lighting Design” Oct. 2, 2004
Nicklas, M. and Bailey, G., “Student Performance in Daylit Schools,” Innovative 1995 Compared daylit schools to typical schools, 5% better test scores in daylit
Design, Raleigh, North Carolina classrooms
Heschong Mahone Group “Skylighting and Retail Sales. An investigation into the Aug. 20, Sales increase 40% in daylit stores with skylights with the most favorable
relationship between daylight and human performance.” Detailed Report for Pacific 1999 conditions
Gas and Electric Company. Fair Oaks, CA
Heschonge Mahone Group, “Daylight and Retail Sales” Oct. Sales increase 0-6% for average daylight conditions
2003
Romm, J., “Cool Companies — How the Best Businesses Boost Profits and 1999 Sales in the daylit half were higher than in the non daylit side, sales in the

Productivity by Cutting Greenhouse Gas Emissions,” Island Press: Washington D.C.

daylit half we higher than sales in the same departments in other Wal-Mart
stores
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Studies of Productivity and Health Cited by Industry

s Article . .
Document Citation Date Alleged Benefit / Issue Cited
Productivity Gains from Privacy and Interaction
E. Sundstrom, J.P. Town, R.W. Rice, D.P. Osborne, and M. Brill, “Office Noise, 1994 Study on lower-decibel noise found that over 50% of office workers disturbed
Satisfaction, and Performance” by noise
Evans, G., & Johnson, D. “Stress and Open-Office Noise.” Journal of Applied 2000 66% higher level of task motivation given three hours of quiet conditions, as
Psychology, 85(5): Glass, D. C., & Singer, J. E. (1972). “Urban Stress: Experiments compared to subjects exposed to 55dBA office noise conditions for three
on Noise and Social Stressors.” Academic Press: New York and London. hours
S.P. Banbury and D.C. Berry, “Office Noise and Employee Concentration: Identifying 2005 93% increase in accuracy on short-term memory tasks and a 21.7% increase
Causes of Disruption and Potential Improvements,” Ergonomics 48 in accuracy on mental-arithmetic tasks in quiet environments
Phil Leather, Diane Beale, and Lucy Sullivan, “Noise, psychosocial stress and their 2003 Noise affecting productivity and communication, frustration tolerance, group
interaction in the workplace,” Journal of Environmental Psychology 23 cohesiveness, and job satisfaction
Glee, L., & Miller, H., Presentation; “The Marketplace at Herman Miller” 2003 Enabling Teams to collaborate and share information improved workgroup
process quality by 3% and decreased project cycle times
Productivity Gains from Ergonomics
Toothacre, J & Pennsylvania Department of Environmental Protection, Presentation: 2001 “The Pennsylvania Department of Environmental Protection reduced average
“Sustainable Federal Facilities Conference,” U.S. Green Building Council churn costs from $2500 to $250 per workstation by using more flexible
building and furniture systems in their high-performance green buildings”
Productivity Gains from Access to Natural Environment
Heschong, L., Wright, R. L., and Okura, S. “Daylighting Impacts on Human 2002 Students in schools with the largest window surface progressed 15% faster in
Performance in School.” Journal of the llluminating Engineering Society, 31:2 math and 23% faster reading
Productivity Gains from Whole Building
Paladino & Company “Washington High Performance School Buildings: Report to Jan. 31,2005 | 15% absenteeism reduction, 5% test score increase with green school
Legislature” building
5% reduction in teacher turnover in green schools
Heschonge, Mahone Group Inc. “Windows and Offices: A study of worker October Multiple statistics on lighting, views, glare, ventilation etc.
performance and the indoor environment” 2003
Lockheed Remodel Study, Joseph Romm “Greening the Building and the Bottom 1999 15% decrease in absenteeism, 15% rise in productivity
Line”
William R. Pape, “Healthy, Wealthy, and Wise,” Inc. Magazine 1998 Absenteeism reduced 40%, productivity up 5%
Steven W. Lockly, “Light and Human Circadian Regulation” Sep. 30 - Potential improvements in performance measures that relate to green
Oct. 2, 2004 buildings
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Studies of Productivity and Health Cited by Industry

s Article . .

Document Citation Date Alleged Benefit / Issue Cited

Kaczmarczyk, S., &Murtiugh, J. “Measuring the Performance of Innovative 2002 Outlines the basics to figure out the performance of an innovative workplace

Workplaces,” Journal of Facilities Management, Volume 1 Number 2,

GSA Office of Government-wide Policy, “Real Property Performance Results” 2002-2003 Shows the performance of GSA federal buildings

Knoll & DYG, Inc., “The Second Bottom Line: Competing for talent Using Innovative 1998 1500 Interviews with 350 full-time office workers: “People increasingly believe

Workplace Design” the workplace affects their productivity and job satisfaction”

Schriefer, A.E., “Workplace Strategy: What is it and Why You Should Care”, Journal 2005 “Forward-Thinking organizations of all sizes and across all industries have

of Corporate Real Estate, Volume 7, Number 3 come to recognize that innovative workplaces can enhance employee and
business performance - resulting in long-term cost savings and/or improved
organizational performance. They are seeking ways to use their space and
technology investments to enable rather than inhibit progress toward their
objectives.”

Knoll & The Hay Group, “The 21st Century Workplace,” PowerPoint Presentation 2000 “Half the people leaving their current employer were dissatisfied with their
workplace, while only one-quarter of those staying were dissatisfied”

American Society of Interior Designers, “Recruiting and Retaining Qualified 1999 51% of employees surveyed said the physical workplace would impact their

Employees — By Design” decision to leave their job

Sloane Work and Family Research Network, Retrieved from 2005 “Similar studies show that employees are happier when they have control over

wfnetwork.bc.edu/index.php how and where they work, resulting in a better work-life balance and higher
retention rates. Boston College’s Sloan Work and Family Research Network
found that 54% of the current workforce is part of a dual earner couple
meaning that employees are increasingly responsible for caring for children
and parents”

Bjarne Olsen, “Indoor Environment-Health, Comfort and Productivity,” 2005 5-10% gain in productivity with improved thermal comfort, less pollutants, and
better ventilation

Morton, S., “Business case for Green Design,” from http://www.facilitiesnet.com N/A ING bank in Switzerland found that absenteeism decreased 15% in a green
building compared to an older existing building

Heschonge Mahone Group, “Windows and Classrooms: A Study of Student Oct. Good views support student learning, Direct sun penetration and glare

Performance and the Indoor Environment” 2003 negatively impact student learning, The acoustic environment is important for
leaning, Poor ventilation

Health Gains from IEQ

Drinka, P, P. Krause, M. Schilling, B. Miller, P. Shult, S. Gravenstein “Report of an 1996 87.3% reduction of flu with increased outside air

Outbreak: Nursing Home Architecture and Influenza- Attack Rates.” Journal of the

American Geriatrics Society, v. 44

Jaakkola, J and Miettinen, P. “Ventilation rates in office buildings and sick building 1995 67% reduction of SBS (sick building syndrome) with increased outside air

syndrome.” Occupational and Environmental Medicine
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Document Citation

Article
Date

Alleged Benefit / Issue Cited

Brundage, J.F., McNeil, R., Lednar, W.M., Smith, D. and Miller, R. “Building-
Associated Risk of Febrile Acute Respiratory Diseases in Army Trainees.” Journal of
the American Medical Association, 259(14)

1988

46% increase in respiratory health with increased outside air

Fisk, W.J. and Rosenfeld, A.H. “Estimates of Improved Productivity and Health from
Better Indoor Environments.” Indoor Air, 7

1997

35% reduction of SBS with increased outside air,
20% reduction of respiratory illness

Kaczmarczyk, J. “The effect of a personalized ventilation system on perceived air
quality and SBS symptoms.”

2002

23.5% reduction of headaches with individual control or task air

Menzies, D., Pasztor, J., Nunes, F., Leduc, J., and Chan, C.H. “Effect of a new
ventilation system on health and well being of office workers.” Archives of
Environmental Health, 52:5

1997

20%reduction of headaches with individual control or task air

Cox-Ganser, Jean M., et al. “Respiratory Morbidity in Office Workers in a Water-
Damaged Building,” Environmental Health Perspectives, vol. 113, no. 4, Last
accessed from http://ehp.niehs.nih.gov/members/2005/7559/7559.pdf

2005

72.5% reduction of asthma with moisture control

Husman, T. “Indoor Air 2002: Respiratory Infections Among Children in Moisture
Damaged Schools.” National Public Health Institute, Kuopio, Finland.

2002

15% reduction of colds with moisture control

Liu, J. Z., Y. X. Tao, L.Y. Hao “The Relationship between Sick Building Syndrome and
Indoor Decoration.” Proceedings of the 7th International Conference on Indoor Air
Quality and Climate, v. 2

1996

85% reduction of colds with pollutant source controls

Garrett, MH, MA Hooper, and BM Hooper “Low levels of formaldehyde in residential
homes and a correlation with asthma and allergy in children.” In Proceedings of
Indoor Air 96, vol. 1.

1996

61.5% reduction of asthma and allergies with pollutant source controls

Wargocki, Pawel “Human Perception, Productivity, and Symptoms Related to Indoor
Air Quality.” Doctoral Thesis. Center for Indoor Environment and Energy, Technical
University of Denmark.

1998

47% reduction of SBS with pollutant source controls

Wieslander, G., D. Norback, E. Bjornsson, C. Janson, G. Boman. “Asthma and the
Indoor Environment: the significance of emission of formaldehyde and volatile organic
compounds from newly painted surfaces.” International Archives of Occupational and
Environmental Health. v. 79

1997

23.6% reduction of asthma with pollutant source controls

Bourbeau, J., C. Brisson, S. Allaire “Prevalence of the sick building syndrome
symptoms in office workers before and six months and three years after being
exposed to a building with an improved ventilation system.” Occupational and
Environmental Medicine, v. 54

1997

33.6% reduction of SBS symptoms with increased outside air

Sundell, J. “What We Know, and Don’t Know, About Sick Building Syndrome.”
ASHRAE Journal

Jun.
1996

33% reduction of SBS symptoms with increased outside air
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Articl

Document Citation D;tlec © Alleged Benefit / Issue Cited
Jaakkola, JJK, P Tuomaala, O Seppanen. “Textile Wall Materials and Sick Building 1994 21.4% reduction of asthma and mucosal with better pollutant source controls
Syndrome.” Archives of Environmental Health, 49(3)
Jouni J. K. Jaakkola, Leif Oie, Per Nafstad, Grete Botten, Sven Ove Samuelson, Per 1999 13.5% reduction of asthma and bronchial symptoms with better pollutant
Magnus. “Interior Surface Materials in the Home and the Development of Bronchial source controls
Obstruction in Young Children in Oslo, Norway.” American Journal of Public Health
Fisk, Bill, “Indoor Air Quality Handbook,” McGraw Hill, Lawrence Berkeley National 1999 9-20% reduction of flu and colds with better ventilation and indoor air quality,
Laboratory 16-37 million fewer cases, and annual savings of $6-14 billion
William J Fisk “Health and Productivity Gains from Better Indoor Environments and Feb. 9-20% reduction in healthcare costs for communicable respiratory diseases
Their Implications for the U.S. Department of Energy,” Referenced in “The Business 2000 18-25% from reduced allergies and asthma
Case for Sustainable Design in Federal Facilities,” US DOE(2003) 20-50% from non-specific health and discomfort effects
Satish Kumar and William Fisk, “ The Role of Emerging Energy Efficient Technology Feb. 13, 23-76% reductions in acute respiratory infection with higher ventilation rates
Promoting Workplace Productivity and Health” 2002 8-25% reduction in allergy and asthma symptoms with improved IAQ
M.J. Mendell, “ Indoor Environments and Health: What do we Know?” PowerPoint Mar. 3, 2004 People spend about 85% of their time indoors, and indoor pollutant release is
Presentation, Lawrence Berkeley National Lab 1000X more effective in causing human infection
J.J. Jaakkola and O.P. Heinonen, “Sick Building Syndrome, Sensation of dryness and | 1989 Many things contribute to air quality such as ventilation, temperature, mold,
thermal comfort in relation to room temperature in an office building: Need for VOC’s and communicable biological agents
individual control of temperature,” Environmental International 15
O. Seppanen and W.J. Fisk, “ Some Quantative Relations Between Indoor 2006 Many things contribute to air quality such as ventilation, temperature, mold,
Environmental Quality and Work Performance and Health,” ASHRAE Research VOC’s and communicable biological agents
Journal
Institute of Medicine, “Damp Indoor Spaces and Health,” Institute of Medicine website | 2006 Many things contribute to air quality such as ventilation, temperature, mold,

VOC’s and communicable biological agents
P. Wolkoff, C.K. Wilkins, P.A. Clausen, G.D. Neilsen, “ Organic Compounds in Office 2006 Many things contribute to air quality such as ventilation, temperature, mold,
Environments — Sensory Irritation, Odor, Measurements and the Role of Reactive VOC’s and communicable biological agents
Chemistry,” Indoor Air 16
O.A. Seppanen, W.J. Fisk, and M.J. Mendell, “Association of Ventilation Rates and 1999 States that there is more research to be done to compare the ventilation rates
CO2 Concentrations with Health and Other Responses in Commercial and and pollutants in the air
Institutional Buildings”
U.S. EPA, “Program Needs For Indoor Environments Research (PNIER),” 2005 The research path of the EPA to study indoor air
“Improving the Health of Workers in Indoor Environments: Priority Research Needs 2002 The research agenda to study indoor environments
for a National Occupational Research Agenda,” M.J. Mendell, W.J. Fisk and more
U.S. EPA, “Indoor Air Quality” Jan. 6 2003 Concentration of pollutants indoors is 10 — 100 times higher than outdoors
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Document Citation D;tlec e Alleged Benefit / Issue Cited
Charles, K.E., et al, “Workstation design for Organizational Productivity,” Ottawa, 2004 “A Canadian study revealed that approximately one-third of employees’ sick
Ontario: Public Works and Government Services Canada, National Research Council leave can be attributed to symptoms caused by poor indoor air quality. The
Canada, same study found that communication and social support enabled by open
office plans are strong contributors to healthy workplaces and lowered
absenteeism”
U.S. DOE, “The Business Case for Sustainable Design in Federal Facilities” Aug. IAQ is one of the top five environmental health risks
2003
“Issue Brief: Green Building Design.” Business for Social Responsibility Dec. “Researchers with the Lawrence National Laboratory note that businesses
2003 could save nearly $58 billion each year by preventing SBS. Better indoor air
quality could save companies an additional $200 billion per year by improving
worker performance and productivity. Improving indoor air quality can yield
financial benefits 8-17 times greater than the cost to make the improvements.”
Building Design and Construction, p. 52 Apr. 50-70% lower airborne VOC'’s with new HVAC, after one year, absenteeism
1997 dropped 6-10%
LEED Certified Project Case Study: Genzyme Center, U.S. Green Building Council 2003 With no VOC'’s or formaldehyde, employee sick time dropped 5%
Health Gains from Temperature Control
Judith Heerwagen, Ph.D., “ Investing in People: The Social Benefits of Sustainable Sep. 19-22, Humans need to have control over things in their lives and having control of
Design,” Paper Presented at Rethinking Sustainable Construction ‘06 2006 things at your desk will help worker health and productivity
Health Gains from Lighting
Edwards, L., & Torcellini, P., “A Literature Review of the Effects of Natural Lighting on | 2002 With properly installed and maintained daylighting systems, natural light has
Building Occupants,” Colorado: National Renewable Energy Laboratory, A U.S. proved to be beneficial for the health, productivity, and safety of building
Department of Energy Laboratory occupants
Health Gains from Privacy and Interaction
None N/A N/A
Health Gains from Ergonomics
National Institute for Occupational Safety and Health (NIOSH) Study N/A Ergonomic furniture reduced health complaints by 50% and increased
productivity by 23%
OSHA, Department of Labor, Ergonomics Proposed Rules, Federal Register No. 1999 “OSHA reports that repetitive strain injuries cause by poor ergonomic design,

64:65769-66078

including computer use, cost business and industry as much as $54 billion
annually in workers compensation and other costs”
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Document Citation D;tlec e Alleged Benefit / Issue Cited
Health Gains from Access to Natural Environment
Judith Heerwagen, Ph.D., “ Investing in People: The Social Benefits of Sustainable Sep. 19-22, Workers with a view of nature have less stress and improved emotional
Design,” Paper Presented at Rethinking Sustainable Construction ‘06 2006 functioning, attention and cognition.
S. Kaplan, “The Restorative Benefits of Nature: Toward an Integrative Framework,” 1995 States that nature causes less fatigue which then replenishes attentional
Journal of Environmental Psychology 15: 169-182 system
R.S. Ulrich, “Biophilia, Biophobia, and Natural Landscapes,” in The Biophilia 1993 Viewing nature is a positive mood enhancing cognitive activity
Hypothesis
A. Isen, “The Influence of Positive and Negative Affect on Cognitive Organization: 1990 Seeing nature during work helps moods
Some Implications for Development’ in Psychological and Biological Approaches to
Emotion
J. LeDoux, “The Emotional Brain”, Simon & Schuster 1996 Nature boosts moods through cognitive activity
T. Hartig, M. Mang, and G. Evans, “Restorative Effects of Natural Environment 1991 Real contact with the outdoors during work boosts moods, not just a plant or a
Experiences,” Environment and Behavior 23: 3-26 picture
R.S. Ulrich, “A View Through a Window May Influence Recovery From Surgery,” 1984 Real views of nature help a person in many ways
Science 224: 420-421
E.O. Wilson, “Biophilia: The Human Bond with Other Species” 1984 There is a connection between humans and nature which needs to be fulfilled
Health Gains from Whole Building
Mendell, et al, “Improving the Health of Workers in Indoor Environments: Priority N/A Health problems are costing building occupants tens of billions of dollars a
Research Needs For a National Occupational Research Agenda” year
U.S. GSA, “Frequently asked questions: Space management” 2006 $50 billion divided by 15 million affected occupants and multiplied by the
ration of 1occupant to 230 sq.ft., about $14.50 per sq.ft. could be saved
Vivian Loftness, Volker Hartkoph, Lam Khee Poh, “ Sustainability and Health are June 4-8, High-performance ventilation cut respiratory illness 10-90%, Better
Integral Goals for the Built Environment,” Healthy Buildings 2006 2006 temperature control improved performance 0.2-7%, 74% Reduction of
headaches by replacing magnetic fluorescent lamps.
Advanced Building Systems Integration Consortium, Center for Building Performance 1995 “The CMU study showed that occupants closer to windows reported fewer
and Diagnostics, “Flexible Grid — Flexible Density — Flexible Closure Officing: The health problems”
Intelligent Workplace,” Pittsburgh; Carnegie Mellon University
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Document Citation Date Alleged Benefit / Issue Cited

“Reduce Your Risk.” National Resources Defense Council, 2006, 2006 “According to various estimates, approximately one-third of all government

www.nrdc.org/buildinggreen/bizcase/own_risk.asp and commercial office buildings in the U.S. may be regarded as unhealthy”

Heerwagen, Judith, “Sustainable Design can be an Asset to the Bottom Line— Jul. “Two studies of 11,000 workers in 107 European buildings analyzed the

Expanded Internet Edition,” Environmental Design & Construction 2002 health effect of worker-controlled temperature and ventilation. These studies
found significantly reduced illness symptoms, reduced absenteeism and
increased productivity relative to workers in a group whose workspace lacked
these features.”

Study described in a valuable review of green building productivity issues in: Alex Oct. 10-20% better on tests with improved views

Wilson, “Productivity in Green Buildings,” Environmental Building News 2004 Workers in offices without glare outperformed workers in offices with glare by
15% or more

Other References

Anderson, R, “Mid-Course Correction: “Toward a Sustainable Enterprise: The

Interface Model,” White River Junction,” Vermont: Chelsea Green Publishing 1998

Company

Becker, F., & Fritz, S., “Workplace by Design: Mapping the High-Performance 1995

Workscape,” San Francisco: Jossey-Bass Publishers

Becker, F., & Joroff, M., “Reinventing the Workplace,” Norcross, Georgia:

. : 1995

International Development Research Council

Federal Facilities Council, “Federal Facilities Beyond the 1990’s: Ensuring Quality in

an Era of Limited Resources, Technical Report #3,” Washington, DC: National 1997

Academy Press

Heerwagen, J., Kampschroer, K., Powell, K., & Loftness, V., “Collaborative 2004

Knowledge Work Environments,” London: Building Research and Information

Kampschroer, K., & Heerwagen, J., “The Strategic Workplace: Development and

Evaluation," London: Building and Research Information
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Productivity NUITIOEK €] Health NI @
Documents Documents

Productivity Gains from IEQ 16 Health Gains from IEQ 9
Productivity Gains from Temperature Control 0 Health Gains from Temperature Control 0
Productivity Gains from Lighting Control 0 Health Gains from Lighting Control 0
Productivity Gains from Privacy and 8 Health Gains from Privacy and 0
Interaction Interaction
Productivity Gains from Ergonomics 10 Health Gains from Ergonomics 4
Productivity Gains from Access to Natural 21 Health Gains from Access to Natural 6
Environment Environment
Productivity Gains from Whole Building 7 Health Gains from Whole Building 10
Subtotal 62 Subtotal 29

Health and Productivity

IEQ Occupant Satisfaction 11

Other Studies 16

Subtotal 27
Total Number of Studies 118

114 The bulk of the studies described in this Appendix were identified through an extensive search of key industry studies, sustainable business case and cost-benefit studies, private
placement memorandums and other documents. Studies were cited in support of the benefits of sustainability.
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Document Citation

Productivity Gains from IEQ

Wargocki, P., Wyon, D., Sundell, J., Clausen, G., and Fanger, P.O. “The Effects of
Outdoor Air Supply Rate in an Office on Perceived Air Quality, Sick Building
Syndrome (SBS) Symptoms, and Productivity.” In Proceedings of Indoor Air 2000,
Vol. 10

Shendell, D, R. Prill, W. Fisk, M. Apte, D. Blake, D. Faulkner “Associations between
classroom CO2 concentrations and student attendance in Washington and Idaho.”
Indoor Air, v. 14

Menzies, D., Pasztor, J., Nunes, F., Leduc, J., and Chan, C.H. “Effect of a new
ventilation system on health and well being of office workers.” Archives of
Environmental Health, 52:5

Wargocki, Pawel, “Human Perception, Productivity, and Symptoms Related to Indoor
Air Quality.” Doctoral Thesis. Center for Indoor Environment and Energy, Technical
University of Denmark.

Lagercrantz, L., Wistrand, M., Willen, U., Wargocki, P., Witterseh, T. and Sundell, J.
“Negative impact of air pollution on productivity: previous Danish findings repeated in
new Swedish test room.” In Proceedings of Healthy Buildings 2000, Vol. 1, Espoo,
Finland

Wargocki, P., D. Wyon, P.O. Fanger “Call-centre operator performance with new and
used filters at two outdoor air supply rates.” In Proceedings of Healthy Buildings
2003, Singapore.

Hedge, A, GE Mitchell, JF McCarthy, J Ludwig “Effects of a Furniture-integrated
Breathing-zone Filtration System on Indoor Air Quality, Sick Building Syndrome, and
Productivity.” Indoor Air. v. 3

Myatt, TA, SL Johnston, Z Zuo, M Wand, T Kebadze, S Rudnick and DK Milton
“Detection of Airborne Rhinovirus and lts Relation to Outdoor Air Supply in Office
Environments.” American Journal of Respiratory and Critical Care Medicine, v169

Article
Date

2000

2004

1997

1998

2000

Dec. 7-11,
2003

1993

2004

Alleged Benefit / Issue Cited

1.7-4.6% increase in productivity with better ventilation rates

0.7% reduction in daily attendance per 1000 ppm of CO2

20% decrease in headaches and 11% increase in productivity from better
ventilation

6.5% decrease in typing performance and 15-22% increased SBS with
introduction of old carpet

1.8% improvement in typing speed and 1.6% improvement in typing accuracy
with removal of old carpets

6.7-10% decrease in talk time with new filters and 80% outside air

47% reduction in sick building syndrome symptoms, 49% decline in lethargy,
43% decline in dry skin, 31% decline in headaches with furniture-integrated
breathing zone filtration system

Better air filters reduce pollutants resulting in less sick occupants

" Draft Green Building Finance Consortium Work Product
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Document Citation
Smedje, G and Norback, D. “New ventilation systems at select schools in Sweden—
Effects on Asthma and Exposure.” Archives of Environmental Health, 35(1)

Menzies, D, J Popa, J Hanley, T Rand, D Milton “Effect of ultraviolet germicidal lights
installed in office ventilation systems on workers’ health and wellbeing: double-blind
multiple crossover trial.” The Lancet, v. 362

Ahman, M., Lundin, A., Musabasic, and Séderman, E. “Improved Health After
Intervention in a School with Moisture Problems.” Indoor Air. Vol 10

Fisk, W., P. Price, D. Faulkner, D. Sullivan, D. Dibartolomeo, C. Federspiel, G. Liu,
and M. Lahiff, “Productivity And Ventilation Rate: Analyses of Time-Series Data for a
Group of Call-Center Workers” Proceedings, Indoor Air 2002, Monterey, CA

Federspiel, C., G. Liu, M. Lahiff, D. Faulkner, D. Dibartolomeo, W. Fisk, P. Price, and
D. Sullivan, “Worker Performance and Ventilation: Analyses of Individual Data for
Call-Center Workers.” Proceedings, Indoor Air 2002, Monterey, CA

U.S. EPA “I-BEAM Computer programs”

Knoll, DYG, “The 21st Century Workplace”

Gensler, “The Gensler Design + Performance Index,” The U.S. Workplace Survey

Productivity Gains From Indoor Temperature Control
None

Productivity Gains from Lighting

None

Productivity Gains from Privacy and Interaction

Salter, C. and R. Waldeck, “Designing Acoustically Successful Work Places: A Case
Study Assessment of the Speech Privacy and Sound Isolation of Spaces Having
Underfloor Air Distribution Systems.” CBE Summary Report, April.

Article
Date

2000

2003

2000

June
2002

June
2002

2001

1998

2006

N/A

N/A

2006

Alleged Benefit / Issue Cited

69% reduction of asthma with improved ventilation systems

25% reduction in reported respiratory symptoms with drip pans and cooling
coils within ventilation systems.

36% reduction in sick building syndrome with ventilated floor slab and repair
of water damaged walls

Describes that very high ventilation rates per occupant (very low [1CO2) may
lead to lower AHT, or faster work rates.

Ventilation rates less than 100% outdoor air are associated with lower work
performance, high temperature (> 25.4 C) is associated with lower work
performance, higher occupant density is associated with lower work
performance, understaffing is associated with lower work performance,
longer shifts are associated with lower work performance.

A computer program that shows what different green building system s do to
IEQ

Describes the new innovative workplace features and they’re benefits

Lays out many benefits of different features added to buildings to make the
more efficient

Describes wall types and how they affect noise
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Article
Date

Document Citation

Jensen, K., and E. Arens, “Acoustic Quality in Office Workstations, as Assessed by 2005
Occupant Surveys.” Proceedings, Indoor Air 2005, Sept. 4-9, Beijing, China.

Salter, C., K. Powell, D. Begault, and R. Alvarado, “Case Studies of a Method for 2003
Predicting Speech Privacy in the Contemporary Workplace.” CBE Summary Report,
January.

Armstrong Ceiling Systems, “Office Acoustics: Attaining speech privacy in open and 2006
closed plan environments,” AWI Licensing Company

S. Dorgan, J. Dowdy, T. Rippin, “The Link Between Management and Productivity” February
McKinsey and Company 2006

Mark Mendell, William Fisk, “Is Health in office buildings related only to psychosocial 2006
factors,” BMJ Publishing Group

Steve Johnson, “Office Acoustics are Important to Productive Work Atmosphere,” January 30,
The Denver Business Journal 2006
Andrew Blum, “Work and the Workplace in 2006,” Gensler Publications 2006

Productivity Gains from Ergonomics

University of Texas Health Science Center at Houston, “Leap Productivity and Health February 25,
impact Study,” Steelcase.com 2006

Dressel, D.L. and Francis, J. “Office Productivity: Contributions of the Workstation” 1987
Behavior and Information Technology, 6:3

Brill, M. “Using Office Design to Increase Productivity. Buffalo Organization for Social 1986
and Technological Innovation (BOSTI),” Workplace Design and Productivity

Dainoff, M.J. “Ergonomic Improvements in VDT Workstations: Health and 1990
Performance Effects In the Workplace”

Sauter, S.L, Dainoff, M.J., and Smith, M.J. “Promoting health and productivity in the 1990
computerized office: models of successful ergonomic interventions.” London: Taylor
& Francis

Occupational Safety and Health Administration, US Department of Labor “Preliminary = 1999
Economic Analysis and Initial Regulatory Flexibility Analysis for the Occupational

Safety and Health Administration's Proposed Ergonomics Programs Standard,”

(Chapter 1lI-V and Appendix Ill-A, Scenario No. OGI-4, pp. 422-423).

Zecevic, A.; Miller, D. I.; Harburn, K.; “An evaluation of the ergonomics of three 2000
computer keyboards.” Ergonomics, 43:1

Alleged Benefit / Issue Cited

50% of workers in cubicles say that poor acoustics effect their work, 30% in
private offices

Workers don'’t like open office floor plans because they don’'t have a sense of
privacy, which means less productivity

Shows many examples to stop noise from traveling around the office
distracting people

Improving management quality makes workers be more productive and
makes the company as a whole more productive

A letter written by Mendell and Fisk disproving the article “Building Health: An
Epidemiological Study of Sick Building Syndrome in the Whitehall || Study”

Describes how walls in large open spaces are important to the privacy of
workers

Describes how working as groups in the workplace gets things done faster

17.8% productivity gain from occupants using Leap chair and office
ergonomics training

20.4% increase in productivity with new layout and new furniture

9.5% increase in productivity with better workstations that improve noise,
glare, comfort, and enclosure conditions

17.6-23.3% improvement of quality with ergonomic workstations

17.6-23.3% improvement of quality with ergonomic workstations

5% increase in output with better monitor position

5-20% increase in output with ergonomic chairs

82% reduction of recordable cumulative trauma with ergonomic chairs and
keyboards

11-20% decrease in productivity with split keyboards without proper training
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Document Citation

Silverstein, B.; Vilkari-Juntura, E.; Kalat, J. “Work-related Musculoskeletal Disorders
of the Neck, Back, and Upper Extremity in Washington State,” 1990-1988, Technical
Report Number 40-4a-2000, Safety and Health Assessment & Research for
Prevention, Washington State Department of Labor and Industries.

Mackenzie, S.; Kauppinen, T.; Silfverberg, M.; “Accuracy measures for evaluating
computer-pointing devices.” In Proceedings of CHI 2001 Conference on Human
Factors in Computing Systems, Seattle, Washington

Amick, B., M. Robertson, K. DeRango, L. Bazzani, A. Moore, T. Rooney, R. Harrist
“Effect of Office Ergonomics Intervention on Reducing Musculoskeletal Symptoms.”
SPINE, 28(24)

Productivity Gains from Access to Natural Environment

Heschong, Mahone Group, Inc. “Windows and Offices: A study of office worker
performance and the indoor environments,” California Energy Commission Technical
Report

Mendell, Mark J. “Risk Factors for Work-Related Symptoms in Northern California
Office Workers.”

Sterling, E. and Sterling, T. (1983) The Impact of Different Ventilation Levels and
Fluorescent Lighting Types on Building lliness: an Experimental Study. Canadian
Journal of Public Health, Vol. 74,

Skov, P., Valbjorn, O. and Pedersen, B.V. “Influence of indoor climate on the sick
building syndrome in an office environment.” Scandinavian Journal of Work
Environmental Health, 16

Kroeling, P. “Health and well-being disorders in air conditioned buildings;
comparative investigations of the “building illness” syndrome.” Energy and Buildings,
11

Schwartz et al “Lost Workdays and Reduced Work Effectiveness Associated with
Headache in the Workplace.” Journal of Occupational and Environmental Medicine.
39(4)

Fendrick et al. “The economic burden of non-influenza-related viral respiratory tract
infection in the United States.” Archives of Internal Medicine. V163

Bramley et al. “Productivity Losses Related to the Common Cold.” Journal of
Occupational and Environmental Medicine. (44) 9

Finnegan, MJ, Pickering, CAC, Burge, PS. “The Sick Building Syndrome: prevalence
studies.” British Medical Journal. Vol. 289

Article
Date

2000

March 31-
April 5
2001

2003

2003

1991

November
December
1983

1990

1988

1997

February 24,
2003

2002

1984

Alleged Benefit / Issue Cited

11-20% decrease in productivity with split keyboards without proper training

63% improvement in throughput with a mouse as opposed to a trackball, a
touchpad, and a joystick.

48% reduction of end-of-day rating of symptom intensity with fully-adjustable
ergonomic chairs

6-12% productivity gain from better views

4.3% productivity gain from having windows near workstations

71% reduction in absenteeism with operating windows

46% less SBS symptoms with naturally ventilated systems

33% fewer headaches, 28% fewer colds and 31% fewer circulation problems
with natural ventilation

33% fewer headaches, 28% fewer colds and 31% fewer circulation problems
with natural ventilation

33% fewer headaches, 28% fewer colds and 31% fewer circulation problems
with natural ventilation

33% fewer headaches, 28% fewer colds and 31% fewer circulation problems
with natural ventilation

70% fewer SBS symptoms, 66% fewer nasal problems, 67% fewer eye
symptoms and 60% fewer headaches, 71% fewer incidence of chest
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Additional Studies of Productivity and Health

Document Citation

Preziosi P, S Czerniichow, P Gehanno, S Hercberg. “Workplace air-conditioning and
health services attendance among French middle-aged women: a prospective cohort
study.” International Journal of Epidemiology, 33(5)

Vincent, D, | Annesi, B. Festy, J. Lambrozo “Ventilation system, indoor air quality,
and health outcomes in Parisian modern office workers.” Environmental Research, v.
75

Hu, XH, LE Markson, RB Lipton, WF Stewart, ML Berger “Burden of Migraine in the
United States.” Archives of Internal Medicine

Edmeads, J and J Mackell “The Economic Impact of Migraine: an analysis of direct
and indirect costs.” Headache, v. 42

Schwartz, BS, WF Stewart, RB Lipton “Lost Workdays and Decreased Work
Effectiveness Associated with Headache in the Workplace.” Journal of Occupational
and Environmental Medicine

Fjeld T “The Effect of Plants and Artificial Daylight on the Well-being and Health of
Office Workers, School Children and Health Care Personnel.” Proceedings of Plants
for People International Symposium Floriade, Netherlands

Apte, M.G. and C.A. Erdmann.”Indoor Carbon Dioxide Concentrations, VOCs,
Environmental Sensitivity Association with Mucous Membrane and Lower
Respiratory Sick Building Syndrome Symptoms in the BASE Study” Analyses of the
100 Building Dataset. Indoor Environment Department, Lawrence Berkeley National
Laboratory, Berkeley, CA

Lohr, V.1., C. Pearson-Mims, and G. Goodwin “Interior Plants may Improve Worker
Productivity and Reduce Stress in a Windowless Environment.” Plants-for-People.
http://www.plants-in-buildings.com/documents/Lohretal-plantsandproductivity.pdf

Marmot, AF, J Eley, M Stafford, SA Stansfeld, E Warwick, MG Marmot “Building
Health: an epidemiological study of “sick building syndrome” in the Whitehall Il
Study.” Occupational and Environmental Medicine, v. 63

Graudenz, G.S, Oliveira, C.H., Tribess, A., Mendes, Jr, C., Latorre, M. Kalil, J.
“Association of Air0Conditioning With Respiratory Symptoms in Office Workers in
Tropical Climate.” Indoor Air

Hedge, A. et al “Indoor Air Quality and Health in Two Office Buildings With Different
Ventilation Systems,” Environmental International, Vol15

Article
Date

2004

1997

1999

2002

1997

2002

2002

1990

2006

2005

1989

Alleged Benefit / Issue Cited

tightness

16.7% reduction in the rate of medical services use and a 57.1% reduction in
sickness absence with naturally ventilated buildings

59% less nasal discomfort when waking up and 52% less migraines with
naturally ventilated buildings

59% less nasal discomfort when waking up and 52% less migraines with
naturally ventilated buildings

59% less nasal discomfort when waking up and 52% less migraines with
naturally ventilated buildings

59% less nasal discomfort when waking up and 52% less migraines with
naturally ventilated buildings

With plants present, 21% reduction of sickness symptoms, and a
23%reduction of head sickness symptoms

With plants present, 21% reduction of sickness symptoms, and a
23%reduction of head sickness symptoms

12% increase in reaction time with plants around leading to increased
productivity

14% fewer symptoms but not significant because so many different things
studied at once

37% decrease of persistent cough and 74% lower rate of building-related
worsening of symptoms

14.8% average reduction in symptoms with a naturally ventilated building
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Document Citation

Laverne, R and Winson-Geldman, K “The influence of trees and landscaping on
rental rates at office buildings.” Journal of Arboriculture 29(5)

Health Gains from Whole Building

Michael Brill, Sue Weidman and the BOSTI Associates, “Disproving widespread
myths about workplace design,” Kimball International

“Workplace Matters,” General Services Administration

Judith Heerwagen, “Green Buildings, Organizational Success, and Occupant
Productivity,” Building Research and Information Vol. 28

“Queensland University of Technology Research Week International Conference,”
Queensland University of Technology

“Integrated Systems: Increasing Building and Workplace Performance,” BOMA
International Foundation

Karen Niemi, “Employee productivity taking precedence over luxury in law firms,”
Trade Press Publishing Company

Steve McLinden, “Q&A with Mark Golan, Vice President, Cisco Systems

Health Gains from IEQ

“Commentary: Air Conditioning as a Risk for Increased Use of Health Services” By
M. J Mendell

M. J. Mendell and G. A. Heath, “Do Indoor Pollutants and Thermal Conditions in
Schools Influence Student Performance? A Critical Review of the Literature” Indoor
Air 2004

M.J. Mendell, “Indoor Residential Chemical Emissions as Risk Factors for
Respiratory and Allergic Effects in Children: A Review” Indoor Air 2007

O. Seppanen, W.J. Fisk, “Association of ventilation system type and SBS symptoms
in office workers,” Indoor Air 2002

0. Seppanen, W.J. Fisk, Q.H. Lei, “Ventilation and performance in office work,”
Indoor Air 2005

Carnegie Mellon Center for Building Performance and Diagnostics Guidelines for Air
Quality and Ventilation Control

Article
Date

2003

2002

2006

N/A

July 4-5
2005

2000

September
2004

April 16
2007

Aug. 19,
2004

Sep. 15,
2004

Jan. 1,
2007

Mar. 5
2001

Aug.2
2005

N/A

Alleged Benefit / Issue Cited

7% average increase to rental rates with aesthetically pleasing landscaping
and shade

Disproves multiple myths about the cost and effectiveness of innovative
workplace designs

Shows how important layout of offices are to productivity and satisfaction of
occupants

6.5% better on a text entry task without 20 year old carpet, workers with SBS
worked 7.2% slower

Describes how every factor of a building affects the workers inside of it doing
work and how office settings can be improved

Lays out the ways that integrating a building can increase productivity

Law sacrificing traditional ways to make their offices encourage worker
productivity

Some questions about workplace efficiency with detailed answers

Air conditioning systems causing health problems for occupants.

Indoor pollutants and indoor temperatures affecting student performance.

Residential air quality causing children to have allergies and respiratory
problems.

Treating SBS by taking care of the ventilation systems or replacing the
HVAC.

How ventilation affects workers in office buildings.

Maps out different ways to set up air and ventilation systems as opposed to
the conventional way.
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Document Citation

Baughman, A., and E. Arens. “Indoor Humidity and Human Health - Part I: Literature
Review of Health Effects of Humidity-Influenced Indoor Pollutants.” ASHRAE
Transactions, Vol. 102

Arens, E., and A. Baughman. “Indoor Humidity and Human Health - Part |I: Buildings
and their Systems.” ASHRAE Transactions Vol. 102

William Esposito, “Indoor Air Quality Testing fir LEED,” The Costs and Benefits of
High Performance Buildings

Health Gains From Temperature Control
None

Health Gains From Lighting

None

Health Gains From Privacy and Interaction
None

Health Gains from Ergonomics

United State General Accounting Office “Worker Protection: Private Sector
Ergonomics Programs Yield Positive Results,” GAO/HEHS-97-163

Ignatius, E. and Fryer, B. “The High Cost of Keyboard Injuries.” PC World, 12:3

Occupational Safety and Health Administration, US Department of Labor. “Success
with Ergonomics”

Choi, HJ, J Schwartz, DK Milton, HA Burge “The Work Environment and Workers’
Health in Four Large Office Buildings.” Environmental Health Perspectives, 111(9)

Health Gains from Access to Natural Environment

“Biophilia in Practice: Buildings That Connect People with Nature”

Article
Date

1996

1996

N/A

N/A

N/A

N/A

August 1997

1994

1991

2003

Jul.
2006

Alleged Benefit / Issue Cited

Shows the relation of indoor humidity and health problems

Shows the relation of indoor humidity and health problems

Tells ways that air gets tested and also how to help the air in a building have
less pollutants

80% reduction of costs for workers comp. claims from $9,100 per claim to
$1,700 per employee

63% reduction of overall costs of repetitive strain injuries with ergonomic
chairs and workstations

Reduced cumulative trauma disorder-related compensation costs by 80%
with ergonomic workstations

42% decrease of non-specific symptoms, and 31% for upper respiratory
symptoms. The little number of participants didn’t make a significant study,
but with more participants it would be better

Describes what Biophilia is and how buildings can help bring nature to people
inside.
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Document Citation

CBPD / DOE “Field Studies of the Major Issues Facing Existing Building Owners,
Managers and Users.” Department of Energy Building Studies, Center for Building
Performance and Diagnostics (CBPD), Carnegie Mellon University, Pittsburgh, PA.

Wargocki, P, Wyon, D, and Fanger, P.O. “Pollution Source Control and Ventilation
Improve Health, Comfort and Productivity.” In Proceedings of Cold Climate HVAC
2000, Sapporo, Japan

Ulrich, R. “View Through a Window May Influence Recovery From Surgery.” Science,
224(4647)

Mendell, M.J., W. Fisk, J. Deddens, W. Seavey, A. Smith, D. Smith, A. Hodgson, J.
Daisey, L. Goldman “Elevated Symptom Prevalence Associated with Ventilation
Type in Office Buildings.” Epidemiology, 7(6)

Beauchemin, K.M. and P. Hays. “Sunny Hospital Rooms Expedite Recovery form
Severe and Refractory Depression.” Journal of Affective Disorders, v.40

Health Gains from Whole Building

“Current Knowledge About Buildings — Related Symptoms” By M. J. Mendell

“Preventing Building-Related Symptom Complaints in Office Buildings” By M. J.
Mendell

M. J. Mendell , “Non-Specific Symptoms in Office Workers: A Review and Summary
of the Epidemiologic Literature” Indoor Air 1993

“Mold: Steps Toward Clarity” By The Mold Working Group

“Moisture Management Market Opportunities Situation Analysis” By George Benda
“Mold Remediation in Schools and Commercial Buildings” By The U.S. EPA

“Ten Tips to Construct a Mold-Free Building” By GreenBiz.com

Federspiel, C., G. Liu, M. Lahiff, D. Faulkner, D. Dibartolomeo, W. Fisk, P. Price, and
D. Sullivan, “Worker Performance and Ventilation: Analyses of Individual Data for
Call-Center Workers.” Proceedings, Indoor Air 2002, Monterey, CA, June.

Article
Date

1994

November 1-
3, 2000

1984

1996

1996

Nov. 2,
2006

Jan. 13,
2006

1993

Jun.
2005
Sep. 15,
2005

Mar.
2001

Aug. 29,
2006

Jun.
2002

Alleged Benefit / Issue Cited

23.5% reduction in self-reported SBS symptoms for employees near windows

1.1% increase in productivity with every 10% reduction of SBS complaints

8.5% less recovery time when viewing trees as opposed to a brick wall

53-57% reduction of SBS symptoms with natural ventilation and 5.8-6.3%
productivity increase

Patients in bright rooms stayed an average of 16.9 days, while patients with
dimly lit rooms stayed an average of 19.5 days.

Sick Building Syndrome, how it is caused and how it can be prevented.

Preventing SBS by fixing excessive building moisture, inadequate outdoor
air, excessive dust, pollutant gasses and odors, inadequate thermal control,
and inadequate attention by management to indoor environments.

Non-specific symptoms and how they relate to the effect buildings have on
workers.

The effect that mold has on businesses and people working in the building.
Describes the problems that mold causes in terms of money and complaints.
How to find, identify and clean up mold in schools and commercial buildings.

How to build a building while keeping it mold free.

1. Ventilation rates less than 100% outdoor air are associated with lower
work performance, but the results are not conclusive.

2. High temperature (> 25.4 C) is associated with lower work performance.
3. Higher occupant density is associated with lower work performance.
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Document Citation

W. J. Fisk, Q. Lei-Gomez, M. J. Mendell, “Meta-analyses of the associations of
respiratory health effects with dampness and mold in homes,” Proceedings, Indoor
Air 2007

D. Mudarri and W. J. Fisk, “Public health and economic impact of dampness and
mold,” Indoor Air 2007

Abbaszadeh, S., L. Zagreus, D. Lehrer and C. Huizenga, “Occupant Satisfaction with
Indoor Environmental Quality in Green Buildings.” Proceedings, Healthy Buildings
2006, Vol. lll, 365-370, Lisbon, Portugal

Huizenga, C., S. Abbaszadeh, L. Zagreus and E. Arens, “Air Quality and Thermal
Comfort in Office Buildings. Results of a Large Indoor Environmental Quality Survey.”
Proceedings, Healthy Buildings 2006, Vol. Ill, 393-397, Lisbon, Portugal,

Heerwagen, J. and L. Zagreus,. “The Human Factors of Sustainability: A Post
Occupancy Evaluation of the Philip Merrill Environmental Center.” Summary Report
for U.S. Department of Energy, Center for the Built Environment, University of
California, Berkeley, CA

Zagreus, L., Huizenga, C., E. Arens and D. Lehrer, “Listening to the Occupants: A
Web-based Indoor Environmental Quality Survey.” Indoor Air 2004; 14 (Suppl. 8)

Huizenga, C., L. Zagreus, E. Arens and D. Lehrer, “Measuring Indoor Environmental
Quality: A Web-based Occupant Satisfaction” Survey.Proceedings, Greenbuild 2003,
Pittsburgh PA

Huizenga, C., K. Laeser, and E. Arens, “A Web-Based Occupant Satisfaction Survey
for Benchmarking Building Quality.” Proceedings, Indoor Air 2002, Monterey, CA

Fountain, M., E. Arens, R. de Dear, F. Bauman, and K. Miura. “Locally Controlled Air
Movement Preferred in Warm Isothermal Environments” ASHRAE Transactions, Vol.
100

Brager, G.S., G. Paliaga, and R. de Dear, “Operable Windows, Personal Control and
Occupant Comfort.” ASHRAE Transactions, 110 (2)

David Lehrer, “Do Green Buildings Provide Better Workplace Environments?” Center
for the Built Environment

Jay W. Schnieder, “Focus on Workplace Design,” Building Design and Construction

Article
Date

February 7,
2007

February 7,
2007

June
2006

June
2006

April 2005

December
2004

November
2003

June
2002

1994

June
2004

June 28
2005

March 1
2007

Alleged Benefit / Issue Cited

Dampness and mold are associated with increases of 30-50% in a variety of
health outcomes

4.6 million cases of asthma in the USA result from exposure to dampness
and mold and that the resulting economic cost of this health impact is
approximately $3.5 billion annually

Compares the different green building features to satisfaction

Only 11% of buildings had 80% or more satisfied occupants. The mean
building satisfaction rate is 59%

Describes the Philip Merrill environmental center, its features and what the
occupants think about it

A survey of occupants of buildings and what they think of their IEQ

A survey to see how the occupants think the sustainable feature are helping
them improve

A survey used to evaluate the effectiveness of a design and the way it is
operated

A study in which occupants were tested with different temperatures to see
which one was the most comfortable

A study in which the ASHRAE Standard 55 is tested to see if it applies
Conducted a survey in which occupants of green and non green building

participated and showed what they liked and didn’t like about their buildings

67% of occupants more efficient when working with others, 65% of occupants
desired private offices, 64% of occupants want to have input into the design
of the office layout
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Document Citation

Leaman, Adrian “Productivity Improvement. Buildings in Value,” Vol. 3, Ch. 19.
Building Use Studies Ltd.

Other References

Olesen, B. W. and G.S. Brager, “A Better Way to Predict Comfort: The New
ASHRAE Standard 55-2004.” ASHRAE Journal

Martin, R. M., C. Federspiel, and D. Auslander, “Responding to Thermal Sensation
Complaints in Buildings.” ASHRAE Transactions, 108(1)

Webster, T., C. Benedek, and F. Bauman, “Underfloor Air Distribution (UFAD) Cost
Study: Analysis of First Cost Tradeoffs in UFAD Systems.” Report to U.S. General
Services Administration

Jung, A, and M. Zeller, “Analysis and Testing of Methods to Determine Indoor Air
Quality and Air Change Effectiveness.” Original technical paper from Rheinisch-
Westfélische Technical University of Aachen, Germany, English translation by
Wolfgang Lukaschek, Center for the Built Environment (CBE). Executive Summary
by Fred Bauman, PE, Center for the Built Environment (CBE)

Lehrer, D. and F. Bauman, “Hype vs. Reality: New Research Findings on Underfloor
Air Distribution Systems.” Proceedings, Greenbuild 2003, Pittsburgh PA

Bauman, F., A. Baughman, G. Carter, and E. Arens, “A Field Study of PEM
(Personal Environmental Module) Performance in Bank of America's San Francisco
Office Buildings.” University of California, Berkeley,

Bauman, F., “Giving Occupants What They Want: Guidelines for Implementing
Personal Environmental Control in Your Building.” Proceedings, World Workplace
1999, Los Angeles,

Huizenga, C., H. Zhang, P. Mattelaer, T. Yu, E. Arens, and P. Lyons, “Window
Performance for Human Thermal Comfort. Final Report to the National Fenestration
Rating Council,” Center for the Built Environment, University of California, Berkeley,

Federspiel, C., R. Martin, and H. Yan, “Thermal Comfort Models and Complaint
Frequencies.” CBE Summary Report

Article
Date

2001

August
2004

January
2002

September
2006

October
2005

November
2003

April
1998

October
1999

February
2006

April
2003

Alleged Benefit / Issue Cited

9.75% increase in productivity with a well-designed natural ventilation system

Studies ASHRAE Standard 55 and how to make more people satisfied with it

Studies ASHRAE Standard 55 and shows how to make occupants happier
with it

A regular system and a top quality system resulted in the differential change
from a $3.5/gsf UFAD premium to a ~$6-$8/gsf UFAD savings over OH

Studies the different air systems, how air can get trapped in some spaces
and what systems work the best to completely exchange air

Improved flexibility for building services

Improved ventilation efficiency and indoor air quality
Improved occupant comfort, productivity and health
Reduced energy 2 use

Reduced life-cycle building costs

Reduced floor-to-floor height in new construction

Preference for higher air motion within the PEM group also decreased from
54% in the baseline survey to only 15% in the post-PEM survey

Task or ambient conditioning improve thermal comfort, improve ventilation
efficiency, reduce energy use, reduce life cycle costs, improve maintaining
building services, reduce floor to floor height and improve worker satisfaction
and productivity

Shows how windows and thermal comfort affect occupants of buildings

The re-calibrated model predicts higher minimum complaint rates than the
original model.

The re-calibrated model is more asymmetrical than the original model. The
hot complaint rate increases faster with increasing temperature than the cold
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Document Citation Article Alleged Benefit / Issue Cited
Date
complaint rate increases with decreasing temperature.
Murray, S., and K. Powell, “Office Tenant Needs Study” CBE Summary Report October 1999 Where cost is high for buildings, companies want Sustainable features to cut
down costs of other things
“NAREIM: Senior Executive Strategic Issues Discussion forum,” Cisco Systems June 24, How interaction is becoming a bigger part of work and linking everyone in the
2003 company no matter where they are in the world-non green
Becky Ham, “Depression Treatment Boosts Employee Productivity” Health Behavior November High-Quality care for depression can improve productivity at work and lower
New Service 22,2004 rates of workplace absenteeism
Darryl Demos and Les Dinkin, “Productivity Metrics Not Just for Factories,” American November 5, Disproves three “myths” about productivity in businesses other than factories
Banker Online 2002
Mark V. Pauly, “Multiplier Effect: The Financial Consequences of Worker Absences,” = December When employees are gone it takes more money and effort to get
Wharton Health and Economics 14, 2005 replacements to do the job
Environmental Protection Agency, National Institute of Occupational Safety and June A guideline of how to create better air quality in a building
Health, “Building Air Quality Action Plan” 1998
Occupational Safety and Health Administration, US Department of Labor “Preliminary = 1999 Many studies on ergonomics relating to health and productivity

Economic Analysis and Initial Regulatory Flexibility Analysis for the Occupational
Safety and Health Administration's Proposed Ergonomics Programs Standard,”
(Chapter IlI-V and Appendix llI-A, Scenario No. Scenario No. OGI-5, OGI-9, OGI-19,
pp. 424-425, 434-435, 461-463).
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