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INTRODUCTION
With the sustainability movement gaining momentum and real estate
development occurring as long as there is a flow of capital and land to
build on, it is time to figure out how humans can continue to build
structures with a negligible impact on the earth. While sustainable
development incorporates a wide array of socially and environmentally
responsible practices, energy reduction in buildings and generation of onsite renewable energy will play a critical role in mitigating the effects of
global warming and humans’ overall impact on the earth.
Buildings consume roughly 40% of the energy and 75% of the electricity
used in the United States.1 While implementing strict energy and efficiency
codes for new construction and retrofitting existing buildings are
necessary to preserve today’s world for future generations, the use of onsite renewable energy will close the gap to achieving truly zero net
energy buildings. Regional location will play a big part in understanding
how to adapt buildings to different environments and climates and there
are limited resources and comparables pertaining to this topic, especially
in the Southeast. The literature review highlights issues concerning ZEHs,
the private sector’s willingness to adopt sustainable practices, and overall
sustainable real estate development including third-party rating systems
and dynamically subjective metrics such as the link between water and
energy use. Additionally, this analysis aims to highlight the importance of
ZEHs, to identify and remove barriers to market penetration, and to
provide a reliable, inspirational, and economically viable pro-forma for
builders wishing to pursue this method of socially responsible building.

1

Choi, 2009.
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LITERATURE REVIEW
The following review will focus on zero energy homes, the private sector’s
willingness to accept the paradigm shift towards a more sustainable
future, and the broad topics of sustainable real estate development. The
goal of this literature review is to address the issues currently associated
with energy use and reduction and how the building industry has the
potential to be a champion towards a more sustainable future. While
highlighting zero net energy buildings and consumers’ willingness to pay a
premium for environmentally friendly homes are the ultimate issue, other
topics are addressed as stepping stones to fully understanding the path to
profitable sustainability.

ZERO ENERGY HOMES (ZEH)
Zero energy homes (ZEHs) are gaining momentum in the wake of the
green building movement and will be a necessity for the U.S., and the
world as a whole, in order to satisfy the unquenchable need for energy in
modern society that drives economic prosperity and to stem the ravaging
use of nonrenewable fossil fuels. ZEHs combine state-of-the-art, energyefficient construction and appliances with commercially available
renewable energy systems, allowing the owner to achieve zero net
energy consumption. What this means is that a ZEH, like any other home, is
connected to the utility grid, but overall it produces as much energy as it
consumes. With net-metering, the home’s electric meter runs backward
when the home is producing more power than it is using.2
A ZEH does not simply constitute a conventional home that is supplied by
enough renewable energy to offset its energy use. Such an approach
would be highly unrealistic and unreasonably costly. Instead, ZEHs
recognize a shift from conventional building and the traditional school of
thought to a new, progressive mindset that changes the way we
approach the design of buildings. A ZEH relies on two basic elements: (1)
first and foremost is the energy-efficient performance of buildings and the
necessity to change consumer mentality to one of conservation. Some
examples of where this can be addressed are building envelope,
mechanical systems, lighting, and appliances; (2) after all aspects of
design and efficiency have been considered, supplemental renewable
energy closes the gap between the minimized energy usage and the zero
net energy goal. Examples of renewable energy sources are solar thermal,
2
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solar photovoltaics, wind power, small-scale hydro, fuel cells, or biogas
generation.3
The idea of a ZEH is a relatively new concept and is especially in its
infancy in the eastern United States. The western states, generally being
ahead of the curve, already have stricter energy codes and have had
some success implementing the idea of ZEHs. A case study prepared by
the National Renewable Energy Laboratory (NREL) analyzes one builder in
California’s attempt to create a neighborhood of ZEHs. The report, titled
Large-Production Home Builder Experience with Zero Energy Homes,
follows a builder and the challenges he faced while attempting to
achieve zero net energy. A follow up report then compares the building
costs and sales prices to those of a conventional, comparable
development, which shows promising results for the profitability and
eventual mainstreaming of the ZEH concept.4

REMOVING MARKET BARRIERS TO PRIVATE SECTOR DEVELOPMENT
While most available data and studies on the economic benefits of green
building come from commercial buildings, many of the same principles
can be translated to the residential market. Numerous professionals
involved in the real estate development process, among them architects,
attorneys, appraisers, bankers, brokers, developers, and owner/operators,
have simplified and categorized the five main barriers to private sector
acceptance of green building practices:5
-

Knowledge gaps in green development quantification
Communication shortfall
Ownership structure and operating cost responsibility
Funding issues
Risks and process issues

In his analysis, Choi (2009) proposes six principles to alleviating and
removing the aforementioned barriers. The principles propsed are:6
-

Integrated design is a key component of successful green
building projects

NAHB, 2005.
Farhar et al., 2004, Comparative.
5 Choi, 107-138.
6 Choi, 107-138.
3
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-

Green building and infrastructure cost less than conventionally
built structures over their lifetime
Incentives can stimulate the adoption of green development
practices
Regulatory processes and codes can help to promote green
development practices
Building transactions and leasing agreements can be designed
to accommodate green building
The cost, benefit, and performance of green buildings must be
documented and communicated to expand the market for
green development

Another study revealing commonly accepted barriers to entry cites high
prices, lack of interest, lack of faith in effectiveness of green features,
reliability of using renewable energy sources, and uncertain returns.7 These
issues all stem back to the lack of information and dissemination of
knowledge available about green building.
The private sector has a history of resisting change and will continue to
resist until either conclusive evidence arises that demonstrates the added
economic value from green building or until the government imposes
regulation that levels the playing field. One example from history might be
the regulated requirement of catalytic converters on automobiles. Such a
change was probably not welcomed by automobile manufacturers due
to its detraction from the bottom line, but requiring it for all manufacturers
spurred innovation and eventually drove prices down. Although freemarket advocates argue that the market will sort itself out and bring
green practices to the forefront when the time is right, they fail to take into
account the external costs associated with environmentally unsound
practices pertaining to human health and non-renewable resource
depletion. A combination of government incentives and regulation and
the transparency and dissemination of green building data will ultimately
be what brings sustainable building practices into the mainstream.8

SUSTAINABLE BUILDING AND THIRD-PARTY RATING SYSTEMS
There is little dispute that buildings are some of the world’s greatest
consumers of energy and resources. According to the United States
Environmental Protection Agency (EPA),9 the impact of the built
environment is staggering:
Addae-Dapaah et al., 203-225.
Choi, 107-138.
9 US EPA, 2009.
7
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-

-

-

-

-

-

-

Buildings accounted for 38.9% of total U.S. energy
consumption in 2005; residential buildings accounted for
53.7% of that total, while commercial buildings accounted
for the other 46.3%.
Buildings accounted for 72 percent of total U.S. electricity
consumption in 2006 and this number will rise to 75% by
2025. 51 percent of that total was attributed to residential
building use, while 49 percent was attributed to
commercial building usage.
Buildings in the United States contribute 38.9% of the
nation’s total carbon dioxide emissions, including 20.8%
from the residential sector and 18% from the commercial
sector.
Building-related construction and demolition (C&D) debris
totals approximately 160 million tons per year, accounting
for nearly 26% of total non-industrial waste generation in
the U.S.
Building occupants use 13% of the total water consumed
in the United States per day. Of that total, 25.6% is used by
commercial building occupants, and 74.4% by
homeowners.
Currently, about 8% of U.S. energy demand goes to
treating, pumping, and heating water and is equal to
enough electricity to power more than 5 million homes for
an entire year. Water heating accounts for 19% of home
energy use and 13% of the average utility bill.
$4 billion is spent annually in the U.S. for energy to run
drinking water and wastewater utilities. If this could be
reduced by just 10% through better efficiency, that could
save $400 million a year.

In the last two decades at least two-dozen or more sustainable building
rating systems have cropped up around the world. Among the most
widely used in the United States are the U.S. Green Building Council’s
(USGBC) Leadership in Energy and Environmental Design (LEED) standard,
the U.S. EPA and Department of Energy’s (DOE) Energy Star rating
program, and the Canadian Standards Association’s Green Globes
program. These rating systems all addressing the same overarching issues
but differ in their specific prescriptions of what constitutes “green”
features. According to a report by Kwame Addae-Dappah for the Journal

8

of Sustainable Real Estate,10 the varying proposed standards incorporate
several common themes of green building:
-

-

Use of energy-efficient and eco-friendly equipment (e.g.,
low energy consumption achieved by a range of
techniques including the use of natural ventilation rather
than air-conditioning, heat recovery systems, and the use
of thermal mass, careful orientation, and low-energy
lighting design).
Use of recycled and environmentally friendly building
materials
(e.g.,
careful
specification
of
lower
environmental impact building materials).
Quality indoor air for human safety and comfort.
Use of renewable energy (e.g., maximum use of natural
day-lighting)
Effective controls and building management system.
Efficient use of water (e.g., use of gray-water recycling for
landscape irrigation and WCs).
Use of non-toxic and recycled materials.
Effective use of existing landscapes (e.g., minimizing site
impact through sensitivity to site ecology and careful
landscaping).
Adoption of cost-effective and environmentally friendly
technologies.

While third-party rating systems have paved the way for tenets of green
building, criticism remains that there is disparity between the effectiveness
of the differing rating systems and that many seekers of these
certifications simply assemble piecemeal credits together without
cohesion until enough points have been accrued to satisfy a certain
qualification. Some suggestions include “a global set of ‘benchmark’
parameters should be established for building rating tools in order to
reduce the barriers between international markets and associated
confusion. [A suggested] starting point is zero net emissions, which would
allow buildings to be compared within each country and also between
each country”.11 Of course, regional considerations would have to be
accounted for to address issues such as drought versus flood-prone areas.
Such an international rating system would avoid confusion and allow the
most important environmental aspects from every culture to be
considered.

10
11

Addae-Dapaah et al., 203-225.
Reed et al., 1-22.
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INEXTRICABLE LINK BETWEEN ENERGY AND WATER
The evolution of society into the 21st century has inextricably linked water
and energy use. The global population is expected to exceed some nine
billion people by 2050,12 bringing with it rising environmental concerns and
questions about resource availability that have come to the political
forefront. A brief look at water and energy use data quickly reveals that
an international commitment to resource reduction and efficiency must
occur for the long-term viability of the human race. With significant data
available proving the effectiveness of resource efficiency measures
already in place, careful planning and responsible regulation can lead to
the maximization of water and energy resources and improved economic
activity in the United States.
To better understand the relationship between water and energy use, it is
important to know that each has direct and indirect influences on the
other. In order to produce electricity, power plants must use copious
amounts of water for condensing steam that is used to turn a turbine,
which then turns a generator to produce electricity.13 This process is know
as power plant cooling and shows how electric production directly
influences water consumption. Alternatively, a reduction in water use
means less energy is used to pump that water through the supply system.
Or when energy is saved, less water is used in the cooling process due to a
lower demand for electricity. These are examples of the indirect
influences between water and energy.
Two programs that have helped consumers address the issues of energy
and water use are Energy Star and WaterSense, respectively. Through the
implementation of stricter standards (although voluntary) these programs
encourage manufacturers to design appliances and fixtures that minimize
waste and the needless use of resources. The natural compliment
between the Energy Star and WaterSense programs have been tested to
prove that implementing these programs has had a profound effect on
resource efficiency. Cooperative efforts between these programs are
necessary to spur innovation and to guide society towards a sustainable
future. Although these metrics are highly subjective and will not be directly
addressed in this analysis, it is important for builders to understand that
overall water efficiency leads to overall energy reduction.

12
13

US Census Bureau, 2010.
Electric, 2002.

10

ANALYSIS & PROPOSAL
The Principal defect of the industrial way of life with its ethos of expansion is that it is not
sustainable… We can be certain, however, that sooner or later it will end (only the precise
time and circumstances are in doubt) and it will do so in one of two ways: either against our
will, in a succession of famines epidemics, social crises and wars; or because we want it to—
because we wish to create a society which will not impose hardship and cruelty upon our
children—in a succession of thoughtful, humane and measured changes.
-The Ecologist, 1972

Fact: the earth will eventually correct itself, with or without humans.
This analysis aims to highlight current steps toward “green” building
practices and the overall importance of sustainable growth while
narrowing in on the potential of zero net energy buildings and their ability
to help break our dependence from fossil fuel-based energy sources. The
various aspects of sustainability will be discussed to educate the reader
on how the world’s economic, social, and environmental spheres are
intertwined. The various green building rating systems in existence will be
discussed and how those programs can be expanded to require zero net
energy buildings. This includes a case study of the West Village Energy
Initiative at the University of California at Davis. Then, government policy
and incentives will be examined and suggestions for removing current
market barriers for private green development will be given.
While zero energy buildings are an important aspect of the sustainability
movement, they are just that: one aspect. A brief look at the
comprehensiveness of sustainability will be addressed in order to remind
the reader to be conscientious of all that encompasses this mantra. While
the macro goal of this analysis is to create a dialogue on the importance
of sustainability, the micro goal is to provide builders with a financially
encouraging pro-forma that promotes the adoption and proliferation of
zero energy homes in the private sector.
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VARIOUS ASPECTS OF SUSTAINABILITY
An ecocity is an ecologically healthy city. Into the deep future, the cities in which we live
must enable people to thrive in harmony with nature and achieve sustainable development.
People oriented, ecocity development requires the comprehensive understandingj of
complex interactions between environmental, economic, political and socio-cultural factors
based on ecological principles. Cities, towns and villages should be designed to enhance
the health and quality of life of their inhabitants and maintain the ecosystems on which they
depend.
-World Ecocity Summit, 2008

As defined by the Brundtland Report from the United Nations World
Commission on Environment and Development, sustainability is defined as
“meeting the needs of the present without compromising the ability of
future generations to meet their own needs”.14 The overarching theme of
sustainability consists of three aspects: economic, social, and
environmental.
Figure 1| 3 Aspects of Sustainability

Source: Ahmed Abukhater, 2011

14

World Commission, 1987.
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THE THREE BRANCHES OF SUSTAINABILITY
Economic growth provides people from all walks of life a way of
accessing the goods and services necessary to make the most of their
lives. Schools, public infrastructure, a legal framework necessary for
security, fair transactions and civil resolution of conflicts all require support
from a vibrant economic foundation.15
Social justice opposes the notion of established class structures that
prevent lower classes from accessing the opportunities that society has to
offer. This does suggest that sustainability should promote socialism or
communism, but it should provide equal opportunities for those willing to
put forth the required effort to make a better life for themselves.
Lastly, environmental protection stresses that once environmental quality
is degraded, the resources that ultimately support us become depleted
and less productive. Degraded soils grow less food and require increased
energy and nutrient inputs; polluted water poses health hazards, loses
aesthetic appeal, and requires more energy, money, and material inputs
to make it safe for use; and polluted air creates health problems and
contributes to land and water pollution.16 While these issues are multifaceted and complex, the energy crisis can be targeted as a starting
point toward achieving sustainability.
ENERGY EFFICIENCY PLAYS AN INTEGRAL ROLE IN SUSTAINABILITY
The all-encompassing topic of sustainability is too broad in scope for an
analysis of this nature to fully address. Energy reduction and efficiency,
however, presents an opportunity for responsible change in the right
direction due to our ability to apply objective metrics to energy use that
allows us to verify and realize actual change. Zero net energy (ZNE)
buildings couple energy efficiency measures with supplemental
renewable energy and have advantages in all ranges of the sustainability
spectrum.
For economic growth and vitality, energy security through ZNE buildings
decreases the uncertainty of future energy needs and volatility in world
energy markets. There is also multi-billion dollar industry waiting to emerge
that would spur industry and create thousands of jobs as soon as the
private sector truly embraces the potential of these technologies.
15
16

Sustainablemiddleclass.com, 2007.
Sustainablemiddleclass.com, 2007.
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For social justice, ZNE buildings would improve affordability and economic
security by reducing utility cost shocks. Additionally, they would provide
people of all demographics with reliable energy so they can keep their
homes heated and cooled and stay connected to the outside world. This
does not only apply to those living in poverty in the United States. For
example, imagine the poorest villages in Africa or Asia. At the village level,
energy poverty means that families cannot pump clean water; they have
no communications, no adult literacy classes, and no computers or
connectivity to the outside world, essentially leaving them farther and
farther behind in the ever-expanding gap between the rich and the poor
in the world. Without having to put in the expensive infrastructure of trying
to connect these villages to the electrical grid, renewable energy would
give these people some of the basic luxuries of modern countries. Energy
in these villages would not only help the poor, but it would create a better
balance in the world. It would lead to an explosion of innovation and
create the world’s first truly level playing field.17
For environmental quality, ZNE buildings mean decreasing our
dependence on fossil fuels, which in turn means a reduction in
greenhouse gas emissions and thus a privileged and clean future for
coming generations. In fact, at a meeting of the Copenhagen Climate
Council, 2,500 climate experts from 80 countries issued a keynote
statement that there is now "no excuse" for failing to act on global
warming and that without strong carbon reduction targets "abrupt or
irreversible" shifts in climate may occur that "will be very difficult for
contemporary societies to cope with".18
The current dilemmas facing the progression of ZNE buildings towards
standard practice are a lack of education about what constitutes a ZEH,
government policy preventing a level playing field, and builder belief that
a profit cannot be made. The following section introduces some of the
current sustainable building third-party rating systems, such as LEED and
Energy Star, that fall short of ZNE standards but are a step in the right
direction.

17
18

Friedman, 2008.
University of Copenhagen, 2009.

14

CURRENT SUSTAINABLE BUILDING THIRD-PARTY RATING PROGRAMS
The importance of sustainability to the world of real estate is due to the simple fact that
buildings, residential and commercial, consume 40% of the energy used in this country and
are responsible for more than a third of our total carbon dioxide emissions.
-John Goering, 2009

As the sustainability movement has gained momentum, a variety of thirdparty “green” rating systems looking to gain credibility have materialized.
Among those are: Leadership in Energy and Environmental Design (LEED),
Energy Star, EarthCraft, Green Star, Green Globes, American Society of
Heating, Refrigerating, and Air-conditioning Engineers (ASHRAE), and
Building Research Establishment Environmental Assessment Method
(BREEAM). In the United States, the most nationally prominent are the
United States Green Building Council’s (USGBC) LEED and the
Environmental Protection Agency’s (EPA) Energy Star programs.
LEED AND ENERGY STAR
LEED accreditation is based on scores in a number of different categories
focused on sustainability of location, water efficiency, energy and
atmosphere, materials and resources, indoor environmental quality, and
innovation and design process. The LEED thresholds are primarily absolute,
meaning that any building can achieve a LEED rating independently
based on specific metrics. Buildings that reach the required levels are
labeled. There are four levels of certification: Certified, Silver, Gold, and
Platinum. LEED certification is comparable to other eco-certification
systems in Britain, Germany, and Australia and is likely to provide the
framework for prospective harmonized global standards.19
Figure 2| National Averages for Green and Non-Green Buildings

Source: CoStar, 2010

19

Fuerst et al., 50-64.
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Energy Star accreditation is based on relative energy efficiency and
environmental performance. This means that buildings compete against
each other and only those in the top quartile are eligible for Energy Star
accreditation. Given the differences in how these two rating systems
approach environmental qualities, it is not surprising that studies have
found important differences between LEED and Energy Star-labeled
buildings in terms of average size, age, height and other variables.20
Figure 2 above exhibits some of the occupancy and rental premiums that
these green certified buildings can bring in the marketplace. Based on
2008 rental rates in figure 2, rent premiums are up 36% and 8.5% for LEED
and Energy Star certified buildings, respectively. A recent survey by the
World Business Council for Sustainable development (2007) determined
that U.S. building professionals estimated an average cost increase of 16%
associated with sustainable buildings. CB Richard Ellis, the largest real
estate developer in the world, reports cost increase estimates of 5-20%
from design and construction consultants.21 This shows that consumers are
willing to pay more for green buildings, gaining tangibly from lower utility
costs and government incentive programs and intangibly from
improvements in health and performance, thus offsetting the initial upfront
costs incurred by developers. For a more detailed view of these studies
see Exhibits 1-4 in the Appendix.
While these programs do not necessarily achieve zero net energy for their
buildings, they incorporate a comprehensive approach to building that
encompasses all aspects of sustainability. Additionally, these rating
systems are somewhat established and mature while comparable data
for zero energy homes is almost nonexistent. The data from LEED and
Energy Star buildings give us at least some idea of the premiums that
consumers are willing to pay for green structures.

20
21

Fuerst et al., 50-64.
Jackson, 91-106.

16

GETTING TO ZERO NET ENERGY
Market penetration of ZEHs has benefits to consumers, homebuilders, electric utilities, and the
environment. Consumers benefit form a more stable, predictable home energy costs in the
near-term and savings on combined mortgage and utility bills in the longer term (as utility
bills rise for non-ZEHs). Builders benefit from having a new product to offer consumers that
enhances profit due to a higher sales price (but that does not affect affordability to the
consumer). Electric utilities benefit from reductions in peak generating capacity. Lastly,
society benefits from reduced air emissions and distributed generation that reduces the
vulnerability of our energy infrastructure.
-NAHB Research Center, 2006

Buildings consume roughly 40% of the energy and 75% of the electricity
used in the United States. While implementing strict energy and efficiency
codes for new construction and retrofitting existing buildings are
necessary to preserve today’s world for future generations, the use of onsite renewable energy will close the gap to achieving truly zero net
energy (ZNE) buildings. Regional location will play a big part in
understanding how to adapt buildings to different environments and
climates. This analysis aims to highlight the importance of ZNE buildings
and to identify and remove barriers to market penetration, while focusing
on the renewable generation aspect of solar photovoltaic (PV) systems in
the Southeast and Georgia in particular.
The U.S. Department of Energy (DOE) Building Technologies Program
defines a zero net energy building as “a residential or commercial building
with greatly reduced needs for energy through efficiency gains, with the
balance of energy needs supplied by renewable technologies”.22
ZERO ENERGY HOMES
Zero energy homes (ZEHs) are first-and-foremost about a reduction in
overall energy usage. It would be impossible to maintain current energy
consumption levels and expect to meet that demand through the
generation of renewable energy. Energy reduction comes from a
paradigm shift in the way buildings are constructed with respect to their
local climates and includes features such as: “high levels of insulation and
air sealing; windows with energy efficient properties selected for the
climate; careful design and installation of HVAC and plumbing systems to
minimize energy loss; ducts in conditioned space; high efficiency HVAC
equipment sized to industry standards; and high efficiency lights and

22

US Department of Energy, 2010.
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appliances”.23 While the energy efficiency and reduction aspect is
fundamental to building ZEHs, the specifics of which materials to use are
beyond the scope of this analysis.
Figure 3| Residential Energy Use by Year of Construction

Source: NAHB, 2006

Efficient building practices can only reduce energy usage to a certain
minimum baseline point, making the integration of on-site renewable
energy necessary to closing the gap and achieving zero net energy.
Figure 3 demonstrates how, despite the advances in energy-efficient
components of homes, per-household energy use is steadily increasing for
new homes. The use of solar PV and waste-to-renewable-energy (WTRE)
systems, that power fuel cells from biogas, have the potential to greatly
offset the increased energy use in homes, thereby mitigating the
detrimental effects to the environment due to the burning of fossil fuels.
The West Village Energy Initiative in California is an ideal model and
presents the perfect case study for this type of development.

23

NAHB, 2006.
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WEST VILLAGE COMMUNITY DEVELOPMENT
The West Village Community Development (West Village) is a ZNE mixeduse neighborhood project designed to provide affordable housing to staff
and faculty in a sustainable community on the University of California at
Davis campus. As its first buildings open their doors in September 2011, the
neighborhood, its occupants, and the underlying business model will all
be monitored and will serve as a “living laboratory” and demonstration for
ZNE community business models, strategy, and technology.24 25 The case
study considers ZNE at the community scale because it allows for
Figure 4| Integration of the Various Components in the West Village Community

Source: Finkelor et al., 2010

Finkelor et al., 2010.
In the case study, Benjamin Finkelor, as the head author, chose to omit embodied
energy (the quantity of energy required to manufacture and supply to the point of use,
the materials utilized for building) in the consideration and calculation of ZNE due to its
subjective nature.

24
25
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economies of scale that increase the likelihood of both cost-effectiveness
and large market impacts. The entire development consists of two
components: the built environment (West Village) and the energy
component (West Village Energy Initiative).
The West Village Built Component
At a price tag of around $280 million, the West Village Community
Development will consist of: 475 faculty/staff housing units, 3,000 student
housing beds, up to 45,000 sf of retail/office space, 60,000 sf toward the
Los Rios Community College District, and 21.90 acres of recreation fields.
This built portion of the community consists of deep energy efficiency
measures (EEMs) that are the first step in achieving ZNE. Some of the EEMs
that are being incorporated are window and building envelope
measures, high efficiency mechanical equipment, lighting, and
appliances, and solar water heating, as well as lighting and miscellaneous
energy use controls. Third party construction quality inspections and
systems testing were also included to ensure that the performance of the
building and installed features perform as designed. Based on the
decision to minimize natural gas use, several electric space and water
heating technologies were evaluated. High efficiency air-source heat
pumps were proposed for both space conditioning and water heating.
Efficient building envelope measures reduced space heating and cooling
loads to where it did not justify more expensive system options.26 Figure 5
Figure 5| West Village Community-Wide Energy Consumption Estimates

Source: Finkelor et al., 2010

26

Dakin et al., 2010.
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shows the base energy use for traditional buildings along with the energy
reduction following the proposed EEMs. For a detailed view of EEMs, their
effectiveness, and their simple payback periods, see Exhibits 5-8 in the
Appendix. This portion of the project was designed with the goal of being
environmentally responsive and reducing energy consumption and
emissions, reducing transportation emissions and congestion, water
conservation, and waste and water reuse.27
The West Village Energy Initiative
Only after demand was managed and reduced as much as possible at
the building scale did the focus shift to generating enough renewable
energy on-site to offset the development’s annual energy demand. The
West Village Energy Initiative (WVEI) “evolved as a natural outgrowth of
the
environmentally
responsive
principles
that
guided
the
conceptualization of the development”.28 Among the renewable energy
solutions proposed and adopted to close the energy gap and achieve
true ZNE are: a 5.4MW community-based solar photovoltaic array, 300kW
equivalent of fuel cells, a biogas digester fueled by community waste that
produces biogas for the fuel cell, and a 1 MW battery.29 Figure 4 above
shows how the various parts of the renewable energy infrastructure will be
designed into the community. Figure 6 shows the model baseline
consumption for similar communities based on the local building codes
Figure 6| Modeled Path to Zero Net Energy at West Village Community

Source: Finkelor et al., 2010

Finkelor et al., 2010.
Finkelor et al., 2010.
29 Dakin et al., 2010.
27
28
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and the projected energy savings and production that will be used to
achieve ZNE.
West Village Process Implementation
In order to ensure the successful, cost-effective implementation of the
many moving parts in the West Village Community, the ZNE leadership
team had to accomplish three critical process tasks:30
1. Engage key players in the design of the business model. By bringing
together key players in the design phase, UC Davis and its developer
partner, West Village Community Partnership were able to package
together a holistic approach that allows for a more cohesive and costeffective project. Some groups that were involved from the beginning
include, but are not limited to: Carmel Partners and Urban Villages
(combined to form West Village Community Partnership LLC), Davis
Energy Group, Chevron Energy Solutions, Pacific Gas & Electric
Company (PG&E), and the UC Davis Energy Efficiency Center.31

Figure 7 | Key Roles and Players Engaged in Achieving ZNE Goals

Source: Finkelor et al., 2010

2. Consider and address unique assets and constraints specific to the
project. The project faced several constraints in trying to deploy a
renewable energy supply at the community scale. Among those were
financial, technical, operational, and regulatory hurdles that can be
seen in more detail in Figure 8.

30
31

Finkelor et al., 2010.
Finkelor et al., 2010.
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Figure 8| Key Constraints and Assets During Project Development

Source: Finkelor et al., 2010

3. Develop a business model that addresses all stakeholder needs and
requirements. The top three criteria for developing a working business
model to be applied to the design of the model were: 1) to incur zero
new first capital costs to the developer; 2) to achieve zero net cost to
customer (equivalent or better than an annual gas and electric bill for
a similar customer living in a standard community); and, 3) to generate
on-site renewable electricity in West Village to offset the community’s
electrical demand on an annual basis. In order to achieve this, the
renewable energy components used to reach ZNE needed to be
financed independent of the already established home prices, and
financed outside of the existing master development construction
loans. The structure put into place to work around the regulatory and
financial constraints is complex and unique to local regulations.32 A
graphic view of this energy business model can be seen in Figure 9.

32

Finkelor et al., 2010.
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Figure 9| Energy Business Model of the West Village Community

Source: Finkelor et al., 2010

By serving as a pilot for such innovative utility and business models, the
West Village Community Development hopes “to provide policymakers
and community developers with an increasingly-defined and lower-risk
model for including energy efficiency, renewable energy and storage
capacity into future developments”.33 Unfortunately, not all developers
have the luxury of creating entire neighborhoods and collaborating with
utilities on such large scale. The next step will be to determine what it will
take for a builder to make a profit on ZNE buildings at the individual unit
level.
DEVELOPING A PRO FORMA FOR SINGLE UNIT BUILDERS
Until mainstream builders see enough comparables on the market to
accurately and effectively compare conventional homes to zero energy
homes (ZEHs), the proliferation of ZEHs will be suppressed. A pro forma has
been developed to demonstrate the expected cost and sale price of a
ZEH compared to a conventional home built to standard codes. The
assumptions for the pro forma come from a variety of sources including
33
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studio work from a building construction class at the Georgia Institute of
Technology and a study performed by Vision Zero, a partnership between
DOW Chemical and Cobblestone Homes. For a more detailed view from
where these assumptions were derived, see Exhibits 9-10 in the Appendix.
These numbers are dependent on regional location and what types of
incentives exist for energy efficient features in various states.
Figure 10| Builder Pro Forma Comparing Conventional Home to ZEH

There is no clear, singular answer as to what the cost premium is to build a
ZEH over a conventional home of similar size. However, several studies
estimate the premium to be anywhere from 20-40% above cost at
standard building codes.34 35 For the purposes of this pro forma, an aboveaverage number of 33% was chosen as the “green feature premium”.
Additionally, as can be found in the Database of State Incentives for
Renewables and Efficiency (DSIRE), some states, like Georgia and North
Carolina, have a 35% tax credit on all renewable energy and efficiency
features.36 There is also 30% Federal tax credit.37 These two combine for a
total 65% tax credit on renewables and efficiency.
In order to find sale price, the cost was adjusted upward 12% to account
for the builder/developer’s profit margin.38 After the input of all these
assumptions, the final cost of a ZEH came out to be 17% and 26% higher,
with and without incentives, respectively, than that of a standard
comparable home.
Gentry, 2010.
Vision Zero, 2011.
36 North Carolina State University, 2010.
37 North Carolina State University, 2010.
38 Patton, 2010.
34
35

25

PAYBACK PERIOD FOR HOMEBUYERS
The main driver in convincing builders to build ZEHs will be the
demonstrated payback period of those energy efficient features to
homebuyers. Figure 11 below shows the annual savings on electricity from
ZEHs.
Figure 11| Annual Electric Costs Comparison of Conventional Home to ZEH

Using the national average of 11.04 cents, the differences in annual
electricity costs between a conventional home and a ZEH would be
about $3,577-1,259=$2,318 in 2011. Assuming the additional cost of the
green features is $52,000 with tax incentives (Figure 10), the simple
payback period would be approximately $52,000/$2,318=22.4 years. Using
one of the high-energy-cost states like Connecticut, that payback period
would be brought down to $52,000/$3,933=13.22 years. National average
energy costs have risen approximately 4 cents since 1990 from $0.0699 to
$0.1104/kWh. In states like Connecticut, they have almost doubled from
roughly $0.0942 to $0.1873/kWh.39 As energy prices are nearly guaranteed
to continue climbing and as the cost of energy efficiency features
continue declining with economies of scale, this simple payback period
will only decrease. Although simple payback periods do not account for
the time value of money and inflation, they also do not account for the
increase in energy costs. Additionally, most homebuyers are not familiar
with the concept of time value of money and need a simplified payback
period demonstrated to them.
39
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While there are no extensive studies showing how much more residential
consumers are willing to spend on eco-friendly homes, other studies have
shown that consumers are willing to spend more when the price of the
green features is hidden in the overall cost rather than offered as an
additional option.40 Those willing to pay the highest premiums at the
moment for homes including green features are true idealists; however, as
more people become educated about the payoffs of renewable energy
and efficiency features and the volatility of energy prices, the more they
will be willing to spend. Additionally, as government policy and incentives
continue to somewhat support these features, prices continue to
decrease with economies of scale and there will soon be a level playing
field between conventional building methods and ZEHs.

40

Farhar et al., 2004.
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MARKET BARRIERS TO THE PROLIFERATION OF GREEN DEVELOPMENT
Government spending and tax breaks amounted to $72.5 billion for fossil fuels and $29 billion
for renewable energy.
-Environmental Law Institute, 2009

In most parts of the country, solar photovoltaics (PV) are becoming the
most viable solution for bridging the gap in order to achieve ZNE. Solar PV
has lagged in its ability to effectively penetrate the market until recent
years. The technology is mature and has proven its reliability for over thirty
years. In the wake of the “green” movement, solar PV is finally
approaching cost parity with traditional forms of energy production and
the argument against PV has become a feeble excuse for resisting
change. The biggest barriers to market penetration have been: apathetic
regulation and legislation from Federal and State lawmakers, reluctance
from electric utilities to adopt the technology, builder and homebuyer
resistance to the upfront costs, knowledge gaps in green development
quantification, communication shortfalls between stakeholders, and
ownership structure and operating cost responsibility.41 These are all
aspects that are now changing due to consumer education and a
decrease in the cost of PV technology. However, there is a long way to
go before ZEHs and renewable energy are adopted as the norm.
POLICY
While policies that outline encouraging goals for the advancement of
energy efficiency have been proposed, little has been done in the form of
regulation or mandates that truly incentivize the adoption of renewable
energy, especially in the Southeast. Although made with great intentions,
the National Energy Policy Act of 2002 outlines six goals that unfortunately
are not taken seriously by most of the southern states:42
41
42

To aggressively reduce energy demand by employing
energy-efficient technologies and encouraging sound
conversion measures
To increase energy supply, with special emphasis on
domestic supply
To assure energy security by maintaining a diversity of fuel
sources
To dramatically upgrade the national energy infrastructure

Goering, 2009.
United States Department of Energy, 2010.

28

-

To accomplish energy goals while building on the
successful record of environmental protection
To provide a vision of the future beyond 20 years in which
solutions transcend current thinking

Such goals are successful in providing their reader with a good feeling
inside but have no hard-line proposals for accomplishing these goals.
Some argue that the abundance of coal in the eastern U.S. is all that is
needed to free the country from foreign energy sources. However,
proposing coal as the solution negates the detrimental effects to the
environment due to strip mining and CO2 emissions. If billions of taxpayer
dollars are going to be invested in changing the country’s approach to
energy production, the government needs to implement policy that
funnels those dollars in a socially responsible direction. One step in the
right direction might be a Federal Renewable Portfolio Standard (RPS).
Renewable Portfolio Standards
At least thirty-one states have implemented a RPS, mandating that, by a
specific year, a minimum percentage of energy produced by utilities
comes from renewable sources.43 For example, North Carolina’s (the only
southeastern state to have one) RPS mandates that “by 2021 electric
public utilities must meet 12.5% of retail electricity demand through
renewable energy or energy efficiency measures, and electric
membership corporations and municipalities that sell electric power in the
state would have to meet a standard of 10 percent by 2018”.44 There
seems to be no excuse for the absence of a RPS in Georgia or the other
southern states other than the painfully obvious anti-renewable lobbying
efforts on the part of Southern Company.
UTILITIES
Although merely speculation, the monopolistic nature of Georgia’s
“regulated” energy utilities is conducive to resisting change associated
with the implementation of renewable energy production and distributed
generation systems. Georgia Power, a subsidiary of Southern Company,
almost ironically defines a natural monopoly as being “when the cost of
utility service, such as gas, water or electric service, is minimized to

43
44

Pew Center on Global Climate Change, 2010.
Pew Center on Global Climate Change, 2010.
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customers if a single enterprise is the only seller in the market”.45 While it is
true that energy costs in Georgia, at 8.84 cents/kWh, are lower than the
national average of 9.74 cents/kWh,46 Georgia Power fails to mention that
its “parent company, Southern Company, employed 63 lobbyists to fight
the recent federal clean energy bill”.47
Another example of how these lobbying efforts have hindered the growth
of solar energy is the unrelenting support of state policies such as the
Territorial Electric Service Act of 1973, giving Georgia Power a monopoly
over the purchase of energy. For organizations like schools and churches,
one of the biggest obstacles to implementing solar PV is the upfront
capital required to purchase equipment and install a system. One solution
that is prevalent in many northern states such as New Jersey allows the
formation of third-party power purchase agreements (PPA). A PPA “allows
a school system, for example, to obtain the panels for no cost from a solar
installation company which finances the panels. However, because of
Georgia’s Territorial Act, individuals, organizations, and businesses with
solar panels can only sell their energy to Georgia Power. This means they
cannot enter a PPA with a solar installation company and may have
difficulty affording the panels in the first place”.48 As with any corporation
Figure 12| Third-Party PPA Strucutre

Source: Eshone Energy, 2009

Georgia Power, 2010.
United States Energy Information Administration, 2010.
47 Liberl Economics Forum, 2010.
48 Liberal Economics Forum, 2010.
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accountable to its investors, anything but profits are unacceptable.
Georgia Power’s reluctance to adopt third-party PPAs can most likely be
explained by its fear of becoming an energy broker, rather than a
producer. With big profits coming from the production of energy, the
pervasive implementation of distributed generation systems such as solar
PV could cut into the bottom line. However, the private sector in capitalist
markets has proven its resilience whenever regulations are put into place.
Assuming a level playing field for all utilities, Georgia Power would figure
out how to alter its business model in a way that would show profits as a
broker. Distributed generation aside, this does not explain why the utilities
have been slow to develop their own solar PV farms, and the cost
argument is rapidly losing its merit.
Energy Subsidies
Utilities have long-argued that solar PV is not cost-effective and that its
recent approach to cost-parity with other forms of energy production is
due solely to subsidies. Figure 13| Federal Subsidies for Various Energy Sources
The utilities, however,
fail to advertise to the
public
that
the
government subsidizes
every form of energy.
According to a report
by the Environmental
Law
Institute,
“government spending
and
tax
breaks
amounted to $72.5
billion for fossil fuels and
$29
billion
for
renewable energy”.49
A look at Figure 13
illustrates the disparity
between government
support
for
these
industries.
Source: Environmental Law Institute, 2009
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Generally, “subsidies are either on the production side (making the cost of
production cheaper), or the consumption side (making the price of fuel
cheaper to the consumer). In the U.S. and the rest of the industrialized
world, we generally have production subsidies, which also serve as
corporate welfare to the oil and coal industry who return the favor with
lavish campaign contributions”.50 While it is unrealistic to think that these
subsidies could or should end overnight, utilities need to stop discrediting
solar PV’s potential and embrace it as a profitable alternative. In fact,
studies show that PV has finally reached cost parity with nuclear energy
production.
Figure 14| Historic Price Crossover Between Nuclear and Solar Energy

Source: Blackburn et al., 2010

Being mature industries that have been established for over 40 years, both
solar PV and nuclear have a proven track record of reliable and
predictable energy production. However, a recent study of historical cost
trends now shows that PV has passed nuclear in economic viability.
Safety, national security, and waste disposal issues aside, which make
nuclear even more unattractive and are beyond the scope of this
analysis, solar PV is now more cost-effective. Figure 14 illustrates the trend
from historic installation costs to future projections. Additionally, the
nuclear industry “will not proceed without federal loans, or at least loan
50
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guarantees, for the enormous borrowing that would be necessary. This is
because the financing institutions will not lend for nuclear projects without
taxpayer backing. This risk transfer is necessary due to scores of project
cancellations and loan defaults experienced during the first generation of
reactors”.51 The argument that subsidies are the only thing keeping solar
PV afloat is marginal at best and, as PV modules approach maximum
efficiency numbers, manufacturers are now pouring R&D dollars into
driving the cost of those modules down. Unfortunately, there is only so
much that can be done in the public arena and fighting utilities, and
education among consumers is the key to a grass-roots movement that
could transform the renewable energy aspect of ZEHs from trend to
standard.
FUNDING ISSUES FOR HOMEBUYERS AND BUILDERS
Educating homebuyers on the benefits of ZEHs and incentivizing them to
make the transition from traditional homes is integral in shifting the market
towards socially and environmentally responsible building practices.
Homebuyers profit from ZEHs “in that monthly housing costs—mortgage
plus utilities—are predictable and stable. Homeowners also benefit from
the performance of a ZEH including high levels of comfort, reliability, and
indoor air quality”.52 Unfortunately, when evaluating projects, equity and
secondary markets often use criteria that are geared more toward
conventional developments rather than green developments.53 For
example, time horizons are usually not long enough to capture the
benefits that accrue over time from up-front investments. Also, it may be
difficult to sell mortgages for non-conventional projects for the secondary
markets.54 This makes it difficult for homebuyers to obtain mortgages for
more expensive ZEHs.
Many of the large secondary lenders such as the Farmers’ Home
Administration, Freddie Mac, and Fannie Mae offer energy efficient
mortgages to the lending industry. For an energy efficient mortgage, a
HERS rating is used to estimate the energy savings due to the energy
efficiency measures or the market value of the energy produced in the
case of a photovoltaic system.55 The present value of these savings is
calculated over the life of the features or the life of the mortgage,
Blackburn et al., 2010.
NAHB, 2006.
53 Choi, 2009.
54 Choi, 2009.
55 NAHB, 2005.
51
52
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whichever is less; and this amount is added to the purchase price or
appraised value of the home. In essence, this reduces the loan-to-value
ratio and a more expensive property can be purchased with a lesser
down payment. This adjustment is typically capped at five percent of the
value of the property.56 For a $300,000 property, the value of a property
could be increased by $15,000. In the case of a ZEH, this amount could fall
short of the savings achieved by the energy efficiency and renewable
energy upgrades over the life of the features—at least 20 to 25 years.
Fannie Mae has recognized this issue and is considering a seven percent
cap for some cases.57 Furthermore, if energy prices rise, the estimated
savings are too conservative. Despite some possible shortcomings, this as
well as other energy efficient mortgages available to the lending industry
are a first step in recognizing the unique value afforded by energy
improvements and renewable energy sources. Energy efficient mortgages
have not been widely used in the residential market. Reasons cited for this
include:58
-

Need for a knowledgeable lender who is willing to become a
Fannie Mae partner and provide the required documentation
and paperwork.
Need for a HERS rater who can substantiate the energy features
of the home and estimate the expected cost savings.
Active residential real estate market with extremely low interest
rates.
Predicted cost savings are sufficiently low for a residential
property that this may not make a large difference in eligibility
for a given loan amount. In commercial properties, these savings
can be much larger and such loans are more prevalent for these
buildings

KNOWLEDGE GAPS IN GREEN DEVELOPMENT QUANTIFICATION
One of the main issues impeding the acceptance of ZEHs is that there are
not enough comparables on the market for appraisers to confidently
price homes. Appraisals for energy efficient and renewable energy
features are complicated since those “features differ from other amenities
such as hardwood flooring or solid-surface countertops that do have
perceived value in the marketplace”.59 One solution to this misguided
NAHB, 2005.
NAHB, 2005.
58 NAHB, 2005.
59 NAHB, 2005.
56
57
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perception would be to include operating cost in addition to aesthetic
materials when valuing homes. At least energy efficient and renewable
energy systems pay for themselves over time, something that cannot be
said about a marble countertop. This would all take time to gather and
interpret data based on actual figures but, once there are enough
comparables in the market, the appraisal process should eventually
reflect the true value of ZEHs.
The lack of genuine reflection of the value of ZEHs has also made it
difficult for builders to justify the risk involved with the new concept. The
“issue is framed in the context of the appropriate valuation of the ZEH
given the higher cost of the new house compared with similar houses
nearby and the ability of the consumer to obtain a loan value that
recognizes the economic advantage of the ZEH”.60 Although some
builders may not be comfortable with the risk, obvious benefits to market
leaders are: a product that differentiates them from other builders; free
media coverage that is perceived as more legitimate than self-paid
advertising; enhanced reputation as an innovator; and establishment in a
new market that is almost sure to become a societal standard over time.61
COMMUNICATION SHORTFALLS BETWEEN STAKEHOLDERS
Another barrier to the widespread implementation of ZEHs is the lack of
communication between the people involved in the home building,
selling, and buying process. Developers cite a lack of demand from
consumers while consumers typically place higher value on amenities
such as space or finishes over energy efficiency. Those who facilitate the
exchange of property from developer to consumers—brokers, appraisers,
property search specialists—rarely posses the tools or knowledge
necessary to convey the value of green features to buyers or tenants.62
Exhibit 11 in the Appendix demonstrates how unaware many of these
people are. One key component of successful green building projects is
integrated design. Figure 15 shows how involving project stakeholders,
especially those that are involved in appraising, financing, and insuring
the property, improves the process by developing a common vocabulary
to improve communication among stakeholders.

NAHB, 2005.
NAHB, 2006.
62 Choi, 2009.
60
61
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Figure 15| Comparison of Conventional vs. Integrated Design

Source: Choi, 2009

OWNERSHIP STRUCTURE AND OPERATING COST RESPONSIBILITY
One of the biggest challenges in motivating developers to build ZEHs is the
fact that many of the cost-increasing features will only have benefits over
the longer term; and, unfortunately, beneficiaries of cost savings are often
not the decision makers in charge of design, improvement, and
development decisions. There is little motivation for a developer to build of
install energy efficient features if he will be selling the building immediately
after completion of construction. Additionally, under typical short-term
leases where the tenant is responsible for utilities, owners may not want to
go through the hassles or costs of energy-efficient system retrofits.63
However, the building transaction and bidding processes can be adjusted
to encourage the building of ZEHs. On the lease side, agreements can be
structured to motivate tenant behavior, as well as provide opportunities
for owners to invest in green features. Some suggestions include changing
the bidding process to require zero net energy (ZNE) features and
creating model language for lease contracts that includes provisions ZNE
practices.64
There are benefits to be realized across a wide array of sectors from the
implementation of the ZEH concept and its dependence on renewable
63
64

Choi, 2009.
Choi, 2009.

36

energy generation systems. The challenge ahead lies within the inertia of
the established “system” and confronting those who stand to lose money
in the wake of what is hopefully an inevitable paradigm shift in the
building and energy industries.
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BEYOND THE SCOPE: ENERGY AND WATER
Developing new policies that integrate energy and water solutions will become increasingly
vital as populations grow, environmental needs increase and a changing climate continues
to affect our nation’s energy and water resources.
-Senator Jeff Bingaman, 2009

One important issue to briefly mention is the link between water and
energy use. While this discussion is beyond the scope of this analysis,
developers and consumers alike need to be aware of how it is all
connected. Water and energy are essential resources that affect all
aspects of daily life in today’s society. Meeting the needs of future
generations will require massive investments in planning, infrastructure,
operations and maintenance for distribution, as well as procuring the
resources themselves to meet increasing demand. Recent studies project
that “more than $220 billion is needed to update and expand [the U.S.’s]
water treatment and delivery systems over the next twenty years and
more than $400 billion is necessary to meet the growing demand for
electricity over the next twenty-five years”.65
According to a 2008 study performed by ICF International for the Climate
Protection Partnerships Division and Municipal Support Division of the U.S.
Environmental Protection Agency (EPA), some pertinent facts about the
consumption and cost of water and electricity use are:66
-

-

Nationally, annual electricity consumption required for water
supply and treatment totaled about 30 billion kilowatt hours
(kWh) and 21 billion kWh respectively, or nearly one percent of
total electricity generation, at a cost of about $4 billion.
On average across the country each kWh generated consumes
about 0.2 to 0.3 gallons of water

These staggering numbers provide some insight into the amount of time,
effort, and money that is put into making these resources available for
everyday consumption. As the population continues to increase,
conservation of these resources will be just as important as increasing
capacity.
It is naïve to think that humans can continue on the current path of
consumption without the proactive use of resource efficiency programs
like Energy Star and WaterSense. These programs are aimed at energy

65
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efficiency and water conservation. The Energy Star program estimates
that it saved about 69 billion kWh in 2005, thus indirectly saving
approximately 85 million gallons per day (mgd) of water, the amount of
water used by 1.3 million people. Additionally, the total direct water
savings from the program was about 140 mgd, the equivalent use of 2
million people. While the studies of the WaterSense program are still in their
infancy, the cost savings of direct and indirect water savings are
estimated to be in the $1 billion range annually.67 Cooperative efforts
between these programs are necessary to spur innovation and to guide
society towards a sustainable future that can be maintained as
population growth and life expectancy continue to increase.

67
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CONCLUSION
Mankind is beset with a stark choice: To make sustainability work for its own survival, or to
make it fail for its extinction in the long run. Mankind has vested interest in the success of
sustainable real estate and thus, sustainable advocacy as a whole. To this end, there is an
urgent need to grapple with the barriers to sustainable real estate to ensure its success.
-Kwame Addae-Dapaah, 2009

Throughout this analysis, the topics of sustainability, zero net energy, and
barriers to the widespread acceptance of these issues have been
covered. “Sustainability” has such far-reaching implications that it cannot
be thoroughly analyzed in one report. However, one important aspect of
sustainability that deserves critical attention is that of our built
environment. The tools necessary to make an impact are in place and
now our current building standards must be changed in order to solidify
this shift in society’s mantra. With buildings consuming roughly 40% of the
energy and 75% of the electricity generated in the United States,68 the
only viable long-term option is to drastically alter the way we approach
the built environment.
By creating a pro forma that developers can use to identify the cost
breakdowns of zero energy homes (ZEHs), the hope is that those
developers will at least entertain the discussion of ZEHs and consider
altering their current building practices. While most consumers are
probably not willing to pay a 17-26% premium for green features,
confidence can be had in the fact that, with economies of scale and
improvements in technologies, these prices can only go down as the
volatile price of energy continues to rise. As the cost of building ZEHs
continues to make more sense, the opposition toward the concept will
only get weaker.
Resistance to the energy efficient and renewable energy movement has
come from all fronts and the time has come for a unified body to stand up
and lead by example. The benefits of a future where every building is net
zero energy are unimaginable to those who maintain a stagnant mindset
and resist change. “Consumers benefit from more stable, predictable
home energy costs in the near-term and savings on combined mortgage
and utility bills in the longer term (as utility bills rise for non-ZEHs). Builders
benefit from having a new product to offer consumers that enhances
profit due to a higher sales price (but that does not affect affordability to
the consumer). Electric utilities benefit from reductions in peak electric
demand that help avoid expensive investments in new peak generating
capacity. Lastly, society benefits from reduced air emissions and
68
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distributed generation that reduces the vulnerability of our energy
infrastructure”.69

69
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APPENDIX
Exhibit 1| Summary of Studies of LEED and Energy Star Buildings Using CoStar Data

Source: CoStar

Exhibit 2| Comparison of Sustainability, Rent, Occupancy, and Value Results
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Exhibit 3| Top 20 Markets for Green Buildings by Market Penetration as of January 2009

Exhibit 4| Key Research Studies on Economic Impacts of LEED and Energy Star-Rated U.S. Office Buildings
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Exhibit 5| Base Case Building Assumptions (California’s 2008 Title 24 Energy Standards)

Source: Dakin et al., 2010
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Exhibit 6| Single & Multifamily Building Description at West Village - Summary of Final Package

Source: Dakin et al., 2010
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Exhibit 7| Projected Energy & Utility Cost Savings at West Village

Source: Dakin et al., 2010

Exhibit 8| Summary of Economic Results With Proposed Package of Efficiency Measures at West Village

Source: Dakin et al., 2010
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Exhibit 9| Cost Comparison of Conventional Home to Net-Zero Energy Home

Source: Gentry, 2010
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Exhibit 10| Estimated Costs, Savings, and Payback of Green Features by Vision Zero

Source: Vision Zero, 2011
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Exhibit 11| Results of Green Building Familiarity Survey
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Exhibit 12| Map Used by Southern Company to Discount Georgia’s Solar Resource

Source: Southern Company

Exhibit 13| Solar Resource Map Comparing U.S., Spain, and Germany
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