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FOREWORD

This book provides practical information for engineers and con-
tractors involved in the design, cost estimating, and construc-
tion of solar energy systems. The material covered in the book
will enable a professional engineer to design buildings that are
more energy efficient. It provides the information necessary to
integrate solar features, such as hot water heating, passive
design, and photovoltaics, into the development of individual
homes or commercial buildings.

The topics covered in the seven chapters of the book begin
with an overall description of the solar design process, followed
by a chapter on the solar energy resource that includes maps
and equations for solar positions as a function of time, location,
and orientation. Basic material is provided on the use of solar
energy for producing electricity, hot water, and space heating.
The last chapter contains case studies of successful solar build-
ings in Colorado and Nevada.

The overall level of presentation makes the material acces-
sible to anyone with a basic engineering education. Although a
background in heat transfer, fluid mechanics, and economics
will be helpful, the book does cover the elements of these top-
ics and gives references for the reader to obtain more detailed
background information.

A most useful feature of the book is that it approaches the
design not from an academic but from a practical engineering
perspective. It includes both simple calculations and descrip-
tions of more sophisticated computer tools to analyze solar
systems, including performance and economics. Many neo-
phytes in the design of solar systems will find these practical
features and tools to estimate the performance of different
systems, such as, for example, a photovoltaic electric system,
most useful. The book is clearly written and amply illustrated
with both schematic diagrams and photographs that will help the
designer visualize the end-product in a realistic setting.

In summary, Solar Energy: Technologies and the Project
Delivery Process for Buildings combines the expertise of the
author’s thirty years of experience with up-to-date data on cli-
mactic resources and current computer programs useful to the
practicing engineer for analysis and design of solar buildings.

vii

With climate change and energy efficiency becoming the focus
of the future of buildings and energy planning, this book will be
an immensely useful reference for practicing engineers to inte-
grate solar thermal and photovoltaics into building design.

Frank Kreith
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PREFACE

In this book | draw upon thirty years of experience in solar en-
ergy engineering to prepare the practicing engineer to deliver
solar energy systems in their projects. | try to include between
the covers of this book all of the information specific to solar en-
ergy needed to supplement the general project delivery process
of a mechanical, electrical, or plumbing engineering company.
When used with conventional design processes, codes, and
standards, this book enables a design professional to include
photovoltaics, solar water heating, solar ventilation air preheat-
ing, and passive solar heating features in the design of buildings.

As associate editor of the Journal of Solar Energy Engineer-
ing and more recently as technical and general program chair for
the ASME Energy Sustainability Conference in 2009 and 2011,
| have studied a lot of literature on the topic of solar energy
engineering. I've tried to limit the material in this book to only
the information that the practicing engineer needs to incorporate
solar energy measures into building energy systems. The first
chapter is an introduction to the process by which solar projects
are delivered and issues to think about when integrating the in-
termittent solar resource into the conventional energy systems
of a building. The topics covered in the subsequent chapters of
this book include the quantity, timing, and quality of the solar re-
source and descriptions of technology and applications specific
to photovoltaics; solar water heating; solar ventilation air pre-
heating; passive solar heating, and cooling load avoidance. Many
practical examples have been included. Each chapter covers the
operating principle of the technology, the major components and
how they are arranged in systems, simple calculations of system
cost and performance, recommended software for more de-
tailed design and analysis, sample procurement specifications,
and case studies of each technology deployed in different appli-
cations. Example calculations are included in each section. Each
chapter ends with case studies specific to the technology of that
chapter, and the book includes a special chapter in color that

highlights the features of three solar buildings in more detailed,
multi-disciplinary case studies. The intent is to provide compre-
hensive information through all stages of implementing a solar
energy project.

I've done my best to provide accurate and useful information
in this book. But codes and standards change frequently and
are subject to differing interpretation. Therefore, all information
here must be presented as my opinion, or my understanding of
a situation and its requirements, rather than as instructions or
guidelines for a user to follow specifically. All sources of detailed
information are referenced, but the reference may be incorrect
or my interpretation or use of the information may be incorrect.
The possibility of errors or omissions in the equations, tables,
and text of this book may not be eliminated. Therefore, when
using this book to help you deliver solar projects, it is your re-
sponsibility to make sure that the information of the book is
applicable to your situation and applied correctly. Consult the
authority having jurisdiction in your area for all requirements and
questions related to applicable codes and standards.

To the extent possible, I've tried to include the names of
companies and products, as well as information that might re-
late to the cost and performance of these products. Please be
advised that no list of companies can be complete or up-to-date.
Mention of a specific company or product should in no way be
understood as an endorsement of any product, and there is no
attempt to state that any product is superior or inferior to any
other. Performance parameters listed may not be the best or
most recent offered by a supplier. New companies come into
business, and existing ones go out of business every day, so
including mention of a particular company is just to represent
a snapshot of a particular experience or reference, with the
intention of familiarizing the reader with specifics of the current
marketplace. Prices are reported in general and may not be
representative of the cost encountered in the context of your
project.
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Delivering Solar Energy
Projects

Blazing overhead, the sun has always been an obvious
source of energy. Early humans struggled against nature’s
numbing cold and wilting heat, flood and drought, preda-
tion and starvation. Newton and Einstein’s understanding of
force and energy has harnessed nature to elevate the life
of the common man to a level of comfort that would have
been envied by a prince of old. But the scale of this energy
consumption has unintended consequences—the extent to
which we are just now starting to find out about. All evidence
is that primitive man bested nature in his struggle, and now,
in a reversal, modern man must struggle to save nature’s
fragile life.

Solar energy contributes to that preservation effort, and
this book can help you make a difference by using solar
energy to reduce a building’s demand on resources and its
impact on the environment. Solar is clean and inexhaust-
ible. It is distributed over the globe. Its availability is greater
in sunny locations, but much of the world’s population and
expected growth is in those sunny areas. And in cold loca-
tions, there may be less sun, but there is a greater need for
heating, so it is possible to use more of what solar heat is
available.

HISTORY AND CURRENT USE OF
SOLAR ENERGY

Solar has been used as a source of useful energy from ear-
ly man, to the industrial revolution, and on into the space
age. Hero of Alexandria is credited with inventing the first

solar-powered water pump in the first century AD. A French
inventor named Augustin Mouchot demonstrated a focusing
solar reflector at the Universal Exposition in Paris in 1878
that he used to pump water, distill alcohol, cook food, pow-
er a printing press, and affect an absorption cooler to make
ice. Remarkably, this same nineteenth-century inventor later
used solar heat focused on junctions of dissimilar metals
to create electricity and split water, producing hydrogen,
which he stored as fuel. The inventors of semiconductor
diodes at the dawn of the electronics age investigated solar
photovoltaic cells as one of the first applications (Butti and
Perlin 1980). And now, we find solar powering space satel-
lites and vehicles exploring Mars. We take a closer look
at the history of each technology at the beginning of each
chapter.

Nowadays, the world runs on fossil fuels: coal, petroleum
liquids, and natural gas. Figure 1-1 displays data from the
International Energy Outlook 2011, an analysis published by
the US Energy Information Administration, showing energy
consumption of oil, natural gas, coal, nuclear, and other fu-
els from 2005 to 2012. Natural gas is seen to gain market
share because it is a cleaner burning fuel and two extraction
technologies (directional drilling and hydraulic fracturing) have
increased supplies. Solar energy is counted among the “other”
fuels and is increasing as well.

Of the 542 quads of energy consumed in 2012, solar ac-
counted for only 0.1 quad. Figure 1-2 shows how that consists
of solar thermal and photovoltaic applications in utility electricity,
commercial uses, and residential buildings.
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Figure 1-1. This chart of global annual energy consumption
by fuel type (10° GJ, quadrillion Btu/year) shows the recent in-
creases in the use of natural gas and renewable energy. (Figure
by the author using data from US Energy Information Administra-
tion 2012)
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Figure 1-2. Global annual consumption of energy from
solar energy applications has been increasing rapidly, with residen-
tial and utility-scale photovoltaics showing the most rapid growth.
(Figure by the author using data from US Energy Information
Administration 2012)

One may surmise that solar energy’s contribution to world
energy use is small, but what is exciting is that it is increas-
ing rapidly. In 2012, solar electric generation increased 24
percent, a rate that has been sustained for several years now.
On a percentage basis, solar is the fastest growing electric-
generation resource. Figure 1-3 shows recent growth in solar
electric generation capacity (GW of installed capacity) by coun-
try. For the years from 2010 to 2035, the US Energy Infor-
mation Administration (EIA) predicts an average annual growth
rate of 16 percent for utility photovoltaics and 11 percent
for residential photovoltaics. According to this projection we
should be busy designing and installing solar energy systems
for some time to come.
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Figure 1-3. The cumulative generating capacity (GW) of solar elec-
tricity has demonstrated exponential growth, led by Japan and coun-
tries in Europe. (Figure by the author using data from US Energy
Information Administration 2012)

ADVANTAGES OF SOLAR ENERGY

The main disadvantages of solar energy systems on a build-
ing are the high initial cost to purchase and install, ongoing
operation and maintenance, and the risk of a failure in equip-
ment performance. Solar also has many advantages that oc-
cur in a variety of ways to help us preserve the environment
and meet our financial goals. In discussions among various
stakeholders, the following advantages of solar energy are
often cited:

Provide a Financial Return
on Investment

Solar energy can be the least-cost option in a place where
conventional energy is very expensive, such as in a location
that relies on oil as a source of energy. Sunlight is delivered
to even remote locations for free, so a solar project saves the
cost of fuel, delivery costs, and cost of operating the conven-
tional energy system. It is expensive to operate an electric gen-
erator in a remote location, and until 2004 such remote power
applications were the largest part of the solar energy market.
Since 2005, tax credits and other incentives have lowered the
cost of solar energy projects to the point where utility cost
savings (in not-remote locations) are sufficient to pay back the
initial cost in the system with a favorable rate of return and
manageable risk to the investor. Sophisticated investors serve
the solar market—they combine utility cost savings, tax cred-
its, and other incentives to construct cost-effective projects.
Large projects involving third-party financing are responsible
in large part for the growth in the solar market from 2005 to
present.



Safety and Security of the Energy System

Solar is often added as a second source of energy along with
conventional fossil-fuel systems. Depending on how the system
is configured, this may serve as a redundant energy source. For
example, the pump on my natural-gas-fired boiler recently failed,
but | didn't have rush to get it fixed because the solar heating
system provided the heat we needed. Solar electric systems
may also be configured with batteries to provide power to dedi-
cated circuits in a utility-power outage.

Recent news has been filled with tragedies related to energy.
An offshore drilling rig exploded in the Gulf of Mexico, killing
11 workers and ruining the habitat with over 170 million gallons
of toxic crude oil in 2010 (NRDC n.d.). Based on tracking plumes
of isotopes such as iodine-131, accidents at nuclear plants in
Fukushima, Japan in 2011 and Chernobyl Russia in 1986 will
each be blamed for 500,000 deaths all over the world, mostly
among infants less than one year old (Mangano and Sherman
2012). Little doubt remains that emission of carbon dioxide into
the atmosphere from fossil-fuel use is causing a warming of the
planet, with consequential changes in the climate. These cata-
strophic failures expose systemic distortions that high profits
insert into the equation of risk versus reward (the profit being
private, the risk being public).

| can't think of any way that solar could ever cause a disaster
of such proportion. It is distributed and not concentrated into
one facility. And while there are general safety issues related
to electric systems and some hazardous materials in batteries
and some types of solar collectors, solar involves no risk of
explosion or of large release of toxic contaminants. While most
solar systems are not designed to operate independently, they
certainly can be, and if they are they contribute essential power
in an emergency. Solar power systems don't require delivery of
fuel in an emergency, such as a diesel-fueled generator would.
Solar energy systems are located at the use of the energy, thus
avoiding risk associated with failure of a large transmission and
distribution system. The issue of safety and security spans all
the way from an electrical outlet in a home in America to the
Middle East. A complete calculation of the cost and risk of fossil
fuels would have to include national security and international
actions to secure stability in energy markets.

As a technological society, the tools that we have include
education, incentives, and regulations; and we can use these
tools to correct extreme risks before catastrophic failures occur
and to limit the damage when things do go wrong.

Less Pollution than Fossil Fuel

The myth persists that environmental damage may be “exter-
nalized” from cost in such a way that the profits are private
but the damage is to the commons. The related deception is
that the environment is limitless in its capacity to absorb pollu-
tion. The truth is that the environment is already at its capacity,
and any further mistreatment has traceable consequences to
human health. We are a technological society, so we can invent
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WARNING

Safety First

Solar energy systems involve hazards encountered in any heat-
ing or electrical system, plus some encountered uniquely in solar
systems. Safety should be considered during site visits, and in
considering features of the design, special measures during
construction, safety in long-term operation maintenance proce-
dures, and safety in disposal of materials. General safety require-
ments on the worksite include helmet, safety glasses, vest, and
work boots. Solar work requires long-sleeved shirt, long pants,
sunscreen, and that the helmet be opaque and reflective. Roof
safety is of particular importance. Roof safety usually limits ac-
cess to the roof during site visits and requires different “fall pro-
tection” systems (railings, ropes) during rooftop activities and
construction. Roof access for firefighters must be considered in
consultation with your fire marshal when locating the solar col-
lectors on a roof. Electrical safety applies to all parts of a photo-
voltaic system and entails two special characteristics of PV: 1)
they are energized and cannot be turned off whenever the sun is
shining and; 2) the short circuit current is not much greater than
the expected operating current, so an arc can be sustained as
electrical connections pull apart without tripping the breaker pro-
tecting that circuit against high current. “Arc-flash” protection is
required when working on energized circuits and involves special
gloves, as well as face and body coverings. “Lock-out tag-out” is
a procedure to make sure nobody energizes a circuit someone
else is working on. Sanitation is key to solar water heating sys-
tems, as they are often used to preheat potable hot water, and
large volumes of water at tepid temperatures provide a media
for bacteria, a risk that can be reduced by use of a load-side
heat exchanger that does not store potable water. Some com-
ponents used in solar energy systems involve toxic materials.
The acid used in flooded batteries may be the most dangerous,
but lead in batteries, cadmium in some types of photovoltaics
modules, and spent heat-transfer fluid require custody over the
life cycle of the material to properly recycle.

solutions to how processes interact with their surroundings. And
we are civilized, so we can work together for the common good.

After hiking up to a rise above Everest base camp in Nepal,
at 5.5 km above sea level (18,200 ft), | could look down on as
much of the mass of the atmosphere as up. Almost half of the
atmosphere’s mass is below that elevation. The thinness of the
atmosphere was visible on the horizon. Air pollution and radia-
tion released anywhere are global in their reach and impact. This
thin, fragile layer of air is our cabin-air on this spaceship earth.
Pollution from technological activity has put a hole in the ozone
layer, made rain more acidic, and warmed the atmosphere, risk-
ing the delicate balance that our only atmosphere has achieved
and that we depend on. We need to take measures to check and
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reverse this degradation. Solar energy systems entail air pollu-
tion in their manufacture, shipping to the site, and installation
effort. But once installed, every unit of solar heat or electricity
delivered saves an equivalent amount of fossil fuel burned and
associated emissions, plus it also saves losses in generating
and delivering energy to the point of use. Solar energy may be
viewed as one key strategy to reduce air pollution and asso-
ciated climate change. Coal is mostly carbon, C, and a CO,
molecule is released into the atmosphere for each carbon atom
burned. Natural gas is CH,, so for each molecule of methane,
one molecule of CO, is also added to the atmosphere—but we
also get the energy of the hydrogen converted to water so natu-
ral gas is the cleanest-burning fossil fuel. Reduction of carbon
emissions may be attributed to solar energy delivery based on
the heating value and the carbon content of the fuel avoided and
the efficiency of the fuel-burning equipment. Utility companies
report this performance data to regulators and often sharehold-
ers. Values vary from 1 kgCO,/kWh (2 IbsCO,/kWh) for lignite
coal with a heating value of 10 MJ/kg in a 33% efficient thermal
steam cycle to 0.3 kgCO,/kWh (0.7 IbsCO,/kWh) for natural
gas with a heating value of 50 MJ/kg in 60% efficient combined
cycle power plant. These calculations include that the CO, mass
is higher than the fuel mass by the ratio of the molecular weight
of CO, to that of C only: 44/12. Nuclear and hydropower gen-
erators don't have any carbon emissions. Standard values are
adopted to administer uniform incentive and trading regimes,
and are often calculated according to the mix of different types
of generators in a utility interconnect, where the power is shared.
A more sophisticated approach would identify the specific utility
operation that changes as a result of the solar, often a move
down the fuel consumption curve of a “peaking” gas turbine.
Collecting a tax on the carbon emissions from the combustion
of fossil fuels (S/ton of carbon) is one key strategy that is being
implemented for mitigation of global climate change.

Statutes and Mandates

One good reason to consider solar energy is if a law tells
you to. Language in the Energy Independence and Security
Act, 2007, requires any new US federal government building
to derive at least 30 percent of its hot water from on-site
solar energy systems, and sets a declining scale for fos-
sil fuel use such that by 2030 a new federal building would
have to offset all of its energy consumption with on-site re-
newable energy. A previous law set a goal that the federal
government get 7.5 percent of its electricity from renewable
energy by the year 2013. Many other units of government
have renewable energy goals or, more likely, carbon reduc-
tion goals, which on-site solar energy systems can contribute
cost-effectively to.

Marketing Green Buildings

Solar energy systems differentiate sustainable buildings from
the competition, and can increase demand over conventional

construction. Many building owners are interested in incorporat-
ing solar energy for altruistic reasons, but energy cost savings
and marketing help the bottom line. In a survey, 55 percent of
buyers were willing to pay $5,000 to $10,000 more for green
features in a new home (RS Means, 2006).

INCENTIVE PROGRAMS
Often an incentive program is what compels a consumer to in-
stall a solar energy system. Incentives are offered by units of
government in the form of tax credits, tax exemptions, and tax
depreciation and may be offered by utilities as rebates (S/Watt)
or production incentives (S/kWh). Incentive programs are de-
signed to make a project just barely cost-effective from the
perspective of the building owner. Trends are for incentives to
pay for production (S/kWh), rather than a rebate upon installa-
tion; programs phase out as they achieve their goals (often over
3 to 7 years); and programs require projects to compete for
the available incentive amount. A liquid market has developed
for Solar Renewable Energy Credits (SRECs), which utilities pur-
chase from solar project developers or brokers to satisfy their
regulatory requirements to use solar energy.

A very good resource to begin researching incentives avail-
able to a project is the Database of State Incentive for Renew-
able Energy at www.dsireusa.org.

Social Equity

In a technological society we realize that access to energy is
a crucial interest, and in that way might be considered a hu-
man necessity, a human right, along with the way clean air and
clean water might be. Every effort is made to deliver energy to
those that pay the most for it, but there are almost 2 billion poor
people on Earth without access to electricity. The well-being of
society as a whole depends on affordable energy. As a resource
distributed equitably to all, solar energy is able to meet the mod-
est energy requirements of the least fortunate and provide some
measure of social equity to the fabric of society. A distributed
energy industry and infrastructure has social advantages, and
solar, by virtue of being available directly to all, is less subject
to cartel in the way an oil well or a nuclear power plant may be.

Economic Development

Every community has people working in the utility sector, but sig-
nificantly more money collected through utility bills flows out of a
community. The same amount of money spent on solar energy
might involve local manufacturing and would necessarily employ
local trades (electricians and plumbers) to install and maintain
the systems. In 1925, the Miami Herald listed the Solar Water
Heater Company as the seventh-largest construction company
in Miami, an early example of the potential of the solar energy
industry to create jobs (Butti and Perlin 1980). Many economic
development authorities have high hopes for solar to bring jobs
back into communities, and if solar were to be on every building,
local jobs would certainly result.


http://www.dsireusa.org
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Interview with Solar Entrepreneur Patrina Eiffert

Dr. Patrina Eiffert (pictured in Figure 1-4) is an internationally
recognized expert and thought leader in the field of build-
ing integrated photovoltaic (BIPV) and field integrated pho-
tovoltaic (FIPV™) technology and holds numerous patents
for related products. Dr. Eiffert was a pioneer in developing
third-party financing for projects and she serves on the board
of directors of four organizations: Women in Sustainable En-
ergy (WISE), SolarFrameWorks Co., Imaginlt Inc., and Solar
Angels.

Figure 1-4. “Solar Sisters” Patrina and Annett Eiffert at an in-
stallation of their “CoolPly” roof-integrated photovoltaic system
at a football stadium in New England. (Photograph by Chris Bills,
courtesy of Solar Frameworks.com)

You did your PhD dissertation on building integrated PV and
now you are making a career in that field. What conclusions
were you able to draw in your dissertation?

In the 1990s there were very few graduate programs
specific to renewable energy, so | had to combine an un-
dergraduate degree in economics with an architectural pro-
gram to conduct research for my dissertation, “An Economic
Assessment of Building Integrated Photovoltaics.” The pri-
mary question was “Why would a building owner want to
invest in a BIPV system?” In my research, | focused on the
concept and value impact of avoided environmental emis-
sions. This was probably the first doctorate in BIPV as
well as the first identification of a potential market value
for avoided environmental emissions for photovoltaics on
buildings.

Did you know back then, when you were doing your dissertation,
that you would start your own company someday?

My grandparents were Italian immigrants that came to Amer-
ica to start a new life in the 1920s. As a child | was always
around the back rooms of commercial businesses such as
a trucking business, grocery store, clothing boutiques and

factories. Business was a part of life. Serving on the Inter-
national Energy Agency Task on PV in the Built Environment
gave me global exposure to multibillion dollar businesses
and starting a business was a natural extension of that
career. It has been more challenging and rewarding that |
anticipated.

You've heard the saying “doing well by doing good”; how much
are you motivated by profit versus saving the planet. Would
you still do this if you weren’t so successful?

Not only “doing well by doing good"—I was raised in the era of
“dreaming big and making it happen.” As a young girl | saw a
man walk on the moon and tens of thousands of Peace Corps
volunteers go to remote places in the world to contribute to
improve the lives of others. Intellectually, I've always under-
stood that solar must be a smart economic investment for
the technology to be commercially viable. Fortunately, Solar-
FrameWorks has been consistently profitable from the begin-
ning and also now in a very difficult economy. My motivation is
based on the desire to contribute and help change the world.
My sister and | were raised feeling empowered with a “can-
do” attitude and the American spirit of innovation. We thrive
on being technology leaders and working with the early adop-
ters in different market segments. However, at the end of the
day, we want our most important contribution to be through
our 501 3-c nonprofit, Solar Angels, where we provide solar-
powered lights, phones, and electronic equipment to remote
health clinics.

Your products include roofintegrated PV (BIPV CoolPly
Plus®), PV mounts that cover a landfill or brownfield (FIPV
CoolPly Plus™), and special soap (PowerBoost®) to keep PV
modules clean. Did these ideas come to you and then you
found a market for them or did you see a need and then
invent a solution?

Annett and | are strategic, and our goal is to assist in the
commercialization of photovoltaic technology. The key
question we ask ourselves every year is “What's next?”
The ability to understand the needs of key stakeholders,
understand where the technology and markets are now
and where they may be going, presents Annett and | with
all types of great product ideas. Years ago, as mothers
of young children with solar careers, we got the idea for
PowerFrames™, a plastic racking system, from the Lego®
snap together toy. Investing dollars into market research,
product development, market development is something
we take very seriously. We are leading the way with Field
Integrated Photovoltaics™ (FIPV) as we have done with
Building Integrated Photovoltaics (BIPV CoolPly Plus®).
When we created PowerBoost® solar panel cleaner, we
laughed and called ourselves the “Molly Maids® of solar.”

(continued)
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At that time we saw that the market was going to incentives
based on power production [S/kWh delivered], and keep-
ing the panels clean with engineered detergent helps power
production a lot. We have now sold over 20,000 bottles
in the US, Australia, and Europe. Our next goal is to get
this product on the shelves of big box retailers. We have a
number of additional product ideas in our portfolio that we
look forward to bring to the market. It's a shared passion
for us.

Can you provide any advice to readers that might be thinking about
starting their own company in the solar energy field?

There is so much work and innovation still to be done to com-
mercialize solar technology. Everyone is born with certain
God-given gifts and talents. It's your responsibility to truly un-
derstand who you are and share your gifts with the world. The
competition is brutal and the work is hard. However, if you live
in your talent, you can contribute to the solar industry and reap
the personal as well as financial rewards.

SOLAR ENERGY PROJECT
DELIVERY PROCESS

Goal-setting

Some organizations have set a goal as to what percentage
of their energy they want to obtain from renewable energy,
such as the 7.5 percent goal for the federal government set
by the Energy Policy Act of 2005, or a goal of 15 percent set
by a major brewer. But more often, solar energy projects are
considered because they contribute to a more general goal,
such as to minimize operating cost or to reduce carbon emis-
sions. Any planning should have a goal in mind, and the nature
and ambition of the goals usually shapes the development of
any solar energy project. Goals are often designed to meet
an optimal condition under constraints. For example, minimize
carbon emissions under the constraint of same or lower cost;
or minimize life cycle cost under the constraint of 20 percent
carbon reduction. Planning can then figure out a way to ap-
proach that goal, but a thoughtful and inclusive process to set
the goal comes first.

Team Building

A diverse team is essential to complete a solar energy pro-
ject. Solar projects involve an energy manager or sustainability
advocate who champions a solar project, a team, including a
contracting official, facility planner, or facility manager, to con-
tract for the system, and a team to install a system, including
design engineer, equipment suppliers, installing contractors,
and other agents. The goal and the plan to meet the goal de-
cides who needs to be on the team, and it might involve a wide
range of stakeholders, including other property owners in the
area who can see your solar system, the local utility company,
local planning and code officials, neighborhood associations,
and any others depending on the particular situation. Every
team member should state their understanding of the goal and
their commitment to work toward it. A deer can easily outrun a
lone wolf, but in a phenomenon called “heading off,” one wolf
chases the deer while another runs the hypotenuse to where
the deer could turn. By running a shorter distance they are
sure to catch the deer.

Screening

Some organizations operate a lot of real property in different
locations, each with different solar resources, different utility
rates, and different incentives such as tax credits. Many can
point to successful solar projects on some of the buildings, of-
ten resulting from the interest of an on-site champion, but few
have taken a structured approach to plan which set of solar
technologies at which facilities can achieve their goal at the low-
est cost. Simple calculations to screen a large number of sites
for cost-effective project opportunities—photovoltaics, solar
water heating, and solar ventilation air preheating separately—
are described in (Walker et al. 2006). Subsequent work includes
combining the effect of multiple technologies at a site, consider-
ing that you can't save the same kWh twice, and considering
interactions between the technologies. An example of such in-
teraction is that pumps and fans involved with the solar heating
systems will be additional electric load and that a photovoltaic
system could supply that electricity (Walker, 2009a). RETScreen
is a free online tool for screening that is referred to repeatedly
in this book (www.retscreen.ca). A screening calculation does
often result in some details like how big a system should be,
how much it might cost, and how much it might save—but the
calculations are not detailed and not confirmed with a site visit,
so a screening is not sufficient to inform a decision of whether
to do a project or not. That requires a full economic feasibility
study to establish the economic details and an engineering fea-
sibility study to confirm that there are no technical issues that
could prevent a project at the site.

A screening study involves collecting information without
visiting the site. Information includes solar resource data, util-
ity bills showing consumption and rates, incentives, true-south
and orientations of building roof areas, land area, net-metering
limits (kW), electrical panel rating and breakers, and any other
information that can be collected without sending staff to actu-
ally visit the site. You should be able to estimate the electric
load, hot water load, or ventilation air requirement before visit-
ing the site. You might also be able to find out what require-
ments relate to wind speed and exposure at the site as well
as seismic requirements. A screening should determine which
jurisdiction a project is located in and what requirements of
that jurisdiction apply (which versions of which codes). Much of


http://www.retscreen.ca

this data may be found in an organization’s real-property man-
agement database and in its utility-purchase database, or in
publicly available data resources—which is fortunate because
collecting original data is very difficult. The results of screen-
ing studies are often presented on a map with symbols that
indicate “go” for properties where photovoltaics, solar water
heating, and solar ventilation preheating would reduce life-cycle
cost below those currently paid; and “stop” at locations where
solar projects would result in higher cost. This calculation re-
quires a value for the solar resource (kWh/m2/day), which for
screening purposes is accessed from databases such as those
found at www.nrel.gov/gis.

Site Evaluation

The purpose of the site evaluation is to collect first-hand infor-
mation and to observe site conditions. A detailed checklist is
used to collect information from a site without visiting it, but a
site evaluation is required to see the things you didn't know to
ask about. A “task analysis” by NABCEP provides detailed lists
of tasks that sales and technical staff would conduct (NABCEP
2011). Many companies have tried to save money by sending
new staff to do the site evaluation, but have had to repeat the
site evaluation with more experienced staff because information
was incorrect or not obtained on the first trip. Preparation is
key to an effective site visit. It is important to have a checklist
of all the information that needs to be collected and the instru-
ments to collect all that information ready to go with all required
accessories and batteries charged. ltems to remember include
safety glasses, flashlight, pen with waterproof ink, pad with fill-
in-the-blank checklist and adequate paper, sunscreen and hat to
protect against sunburn, magnifying glass to read small labels,
camera, current meter if you need to measure electric loads,
noninvasive flow meter if you need to measure hot water use,
heldheld wind-speed meter if you need to measure ventilation air
duct velocity, roller wheel to measure distances, infrared ther-
mometer or temperature probe, and a device (such as Solar
Pathfinder or Solmetric SunEye) to measure effect of shading
objects. Some general considerations and considerations re-
lated to photovoltaics, solar water heating, and solar ventilation
air preheating are as follows:

Roof array locations: material, type, age, and condition of
roof; area, tilt, and orientation of available roof areas; meas-
ure shading; document structural framing of roof and condi-
tion/integrity. Obtain terms of roof warranty.

Ground array locations: type of soil; area, degree and ori-
entation of slope to the ground; location of underground
utilities and obstructions (gas and electric lines, water pipes,
and so on); measure shading.

Location for balance of system: area for PV inverter, discon-
nects, and transformer; for solar hot water tank, pumps, and
controller, for solar ventilation preheat fans; identify path
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and measure length for conduit or pipe runs from array to
balance-of-system location; identify source of electric power
for pumps and fans.

Interconnection with conventional systems: identify volt-
age and current rating of electrical panel or other location
where photovoltaic solar power could feed into building;
record current rating of breaker protecting that panel; de-
termine limits on solar power that can be supplied to panel
or specify other interconnection based on code limits; iden-
tify additional equipment requirements such as new box
for interconnection or transformer as required by utility in-
terconnection policies; determine if network configuration
will be compatible with back-feed of power at this location.
Confirm level of solar penetration on the utility circuit and
that the utility will accept power on that circuit when avail-
able from the solar.

Installation issues: Determine access routes and hours for
delivery and staging (lay-down) of materials, equipment, and
tools. Identify any special crane access for lifting solar water
heating collectors, and palettes of PV modules onto the roof.
Consider means of moving heavy water tanks or inverters
into a room in the building.

Solar Energy Projects in
New Construction

It is much easier to integrate solar energy systems into the de-
sign of a new building than it is to retrofit an existing building.
NREL has published a guide for making buildings “solar-ready,”
detailing a checklist of general and technology-specific consider-
ations (Lissel, Tetrault, and Watson 2009). Provide for the safety
features required to install and maintain the solar collectors in
the design of the building. For example, if the roof is sloped, har-
ness connections should be permanently built into the ridge of
the roof. Careful layout of buildings on the site can leave unshad-
ed areas for ground-mount of solar collectors. Arrange rooftop
mechanical and communications equipment to leave unshaded
areas on the roof for placement of solar collector arrays. Provide
roof structure to support the loads of the solar collectors, on the
order of 30 kg/m? (6 Ibs/ft?) weight, but often less. Specify a
roof type that is easy to mount solar collectors on. Ballasted
systems install easily on flat membrane roofs, and generally any
required roof penetrations may be sealed by standard products
and methods. For sloped roofs, standing seam metal roofs are
expensive initially but have a low maintenance cost. They also
are very easy to attach solar collectors to because of clamps
that are used for attaching mechanical and electrical equipment
to the seams without penetrating the metal pan of the roof. Shin-
gles or tiles must be removed around a roof stanchion, and the
stanchion flashed in to mate with the shingles or tiles, making
these types of roofs the most difficult and expensive to attach
to. Install any required blocking between rafters of a roof, for the
solar mounts to attach to, before the ceiling is installed.


http://www.nrel.gov/gis
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In new construction we can designate locations for the com-
ponents of a solar energy system: water storage tanks, controls,
valves, inverters, electrical switchgear. This space would be in opti-
mal proximity to the solar collectors and the point of utility intercon-
nection. Electrical conductors and water pipes should be arranged
in the shortest route possible to save on initial cost and improve
efficiency. Pipe chases may be made to connect the roof to the
building electrical and plumbing systems with pipe or conduit, with-
out having to run them in exterior walls or be surface-mounted.

Consider vertical wall area facing toward the equator for
a solar ventilation air preheating system. Avoid placement of
sources of pollution, such as boiler flue or truck loading dock,
near transpired collector. Arrange openings in wall (windows) to
allow easy layout of transpired solar collector. Add additional
opening in the first stage of air-handling unit to allow introduction
of solar preheated ventilation air.

Feasibility Study and Life-Cycle
Cost Analysis

A feasibility study establishes that the project is viable financially
and also able to be constructed with regard to any physical or
technical constraints. An evaluation of costeffectiveness in-
volves a cost estimate of how much it will cost to install the sys-
tem, an estimate of utility cost savings and operation and main-
tenance cost, and a life-cycle cost to reduce all these cash flows
to their present value according to the discount rate. Some key
elements affecting feasibility of a project include:

e Solar resources: evaluation determines the amount of solar
energy available at the site.

o Utility rates: details of the utility rate structure determine the
actual energy cost savings.

e Incentives: payments from utilities, state and Federal tax credits

e Load: load to serve directly or other “off-taker” of the solar
energy such as an agreement with serving utility to accept
solar power from a system.

o Authority to improve the property: Permits from local build-
ing authority; compliance such as historic preservation or
viewsheds.

e Site control: Ownership, Lease, or Easement to the land or
roof area; any rights-of-way that may be required to access
the location.

e Interconnect agreement: terms under which the solar system
may be connected to the larger utility system and operated.

e Financing: low interest rates are required when financing solar
systems due to the high initial cost and long financing period.

¢ Bonds and insurance: availability of construction and payments
bonds, and insurance—and at what price—affect project fea-
sibility. Construction bonds are insurance that the contractor
has sufficient resource to build the project and payment bonds
are insurance that any subcontractors will be paid.

e Maintenance: local expertise must be available to perform
maintenance and repairs

Life cycle cost analysis (LCCA) is the only way to evaluate
solar energy projects because they are characterized by a high
initial cost but then a low operating cost over the life of the
system. Key terms involved in life cycle cost analysis include
discount rate, d (percent/year); inflation rates for various fuels
and operation and maintenance costs, i (percent/year); and the
analysis period, N (years). Future costs are “discounted” down
to their present value according to the discount rate, so that a
solar project which has a high initial cost but a low operating
cost may be compared to an alternative fossil fuel system that
may have a low initial cost but a high fuel cost over its lifetime.
Like all things in life, there is an ASTM standard on how to do
life cycle cost analysis, and it entails: Standard Practices E 917,
E 864, E1057, E1074, and E112; and Standard Guides E1185
and E1369. These standards have been codified into federal
regulation 10CFR436, which requires federal agencies to use
specified rates and methods so that life cycle cost estimated
by different people in different agencies in different parts of the
country could be compared. Many other agencies have adopted
these standards or use them as the basis of their own methods.
Siglinde Fuller, Amy Rushing and the Office of Applied Econom-
ics at NIST provide guidance and software products to imple-
ment life cycle cost analysis (wwwl.eere.energy.gov/femp/
information/download_blcc.html). Costs considered include

e Initial investment cost, Cigitia (S)

e Energy cost savings, Csaings (S/year)

e Operating and maintenance cost, Cogy (S/year)

e Costs to replace equipment (based on Ciyia)

¢ Salvage value of equipment at the end of the analysis period
(based on Cijtia)

e Costs related to financing (based on Ciitia)-

Economic parameters involved in the analysis include

e Discount rate, d (percent/year), rate at which future costs are
discounted to present value. If you would rather have $0.95
today than $1.00 a year from now, then your discount rate is
5%. If you would settle for $0.90 today, then your discount
rate is 10%.

e Inflation rate, i (percent/year), rate at which costs escalate
from year to year.

¢ Analysis period, N (years), number of years in the analysis pe-
riod, usually 25 years for mechanical systems and 40 years
for building systems.

Life cycle cost analysis reduces all future costs to their pre-
sent value so that they can be compared. The factor used to
discount the costs depends on the discount rate. Continuing
with our d = 5 percent example, a dollar of savings one year
from now would be worth $0.95, one two years from now would
be worth $0.9025, and one three years from now would be
worth $0.8573. The present value of an annually reoccurring
cash flow that starts at Csyings in Year 1 and persists for the
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Definition
Discount Rate, d (percent/year)

Would you rather have $0.95 today or $1.00 one year
from now? If you said you don't care, that they are the
same, then your discount rate would be 5 percent. If you
say you would rather have $0.90 today than $1.00 one
year from now then your discount rate is 10 percent. The
discount rate is the “time value of money” and represents
the opportunity cost of not having that money to invest in
other investments if you have purchased a solar energy
system. The discount rate chosen by an organization or an
individual depends on the alternative uses that they have
for investment capital. The federal government has a very
low discount rate of around 4 percent, as determined by
Treasury bills of a term similar to that of the solar project
(25 years); financial institutions that finance solar projects
have discount rates between 6 and 12 percent. Most cor-
porations considering solar projects on their own facilities
tell me to use a discount rate of 15 percent, and some re-
lax that to 12 percent as a special consideration in pursuit
of carbon reduction goals to help solar projects look more
cost-effective. Homeowners vary quite a bit, but may use a
discount rate of at least 20 percent to inform a decision to
buy a solar system. College students tell me they have dis-
count rates over 100 percent—they need their cash now
to pay rent.

entire analysis period of N years, and escalates at a rate of i
as the cost of fuel increases, and that is discounted to present
value at the discount rate d is

<1+1){ B (1+i)N}

PV = Csavingsm 1 (1+d)

(1-1)

The present worth factor, PWF (years), is a factor that we
can multiply by the first year's savings to get the present value
of the life cycle of savings.

PWF =

. W N
(1+:)[1_ (1+i) } 12)

(d-iL (1+d)

Example of Calculating Present
Worth Factor

For example, the present worth factor for N = 25 years with a

discount rate of d = 5%/year and an inflation rate of i = 2%/year
is calculated according to the equation above

PWF = ((1 +0.02))/(0.05 — 0.02))*(1 — ((1 + 0.02)/
(1 +0.05))A25) =17.5 years
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The present worth factor has units of years and reflects
that the time-value of money reduces 25 years of savings to an
equivalent 17.5 years.

The life cycle cost is calculated as the net present value of
an alternative. The life cycle cost of a solar energy system would
be the sum of its initial cost and its operation and maintenance
cost times a present worth factor.

LCC = Cinitial + PWF* Cogm — PWF” Csavings (1-3)

The levelized cost of energy, LCOE (S/kWh), is the annual
cost of the alternative divided by the associated annual solar
energy delivery, Egojar annual (KWh/year).

Cinitial

LCOE = (W + CO&M] / Esolar,annual (1-4)

The savings to investment ratio (SIR) is the ratio of life-cycle
savings to life-cycle investment

(PWF*Csavings _PWF*CO&M)

SIR =
(Cinitial)

(1-5)

Where the energy cost savings Csaings and the operation
and maintenance cost Cqgy could inflate at different rates. The
return on investment (ROI) is the interest rate that would have re-
sulted in the same net present value from the same initial invest-
ment. The ROl is best determined iteratively using a spreadsheet
or computer program like BLCC.

Indicators of costeffectiveness include lowest LCC ($)
among alternatives, LCOE ($/kWh) lower than conventional en-
ergy, savings to investment ratio greater than 1.0, or rate of re-
turn greater than the discount rate. The feasibility study should
determine if the results from a project could meet the owner’s
financial expectations.

A feasibility study should also confirm technical feasibility,
including physical space on the ground or roof to mount solar
collectors; condition and strength of roof; paths for conduit
and pipe runs are feasible; construction may be completed
considering on-going operations at the building; technical
feasibility of feeding solar electricity into the existing electri-
cal service, of supplying solar heated water into the building
water heating system; and of saving fuel by preheating ventila-
tion air. Aesthetic considerations are also technical, especially
when they involve preservation of historic buildings or cultural
resources such as viewsheds.

Secure Funding or Financing

The first place to find funding for a solar energy project is an
organization’s own capital improvement or operations budgets.
However, many organizations have limited capital investment
funds, and they apply a high “hurdle rate,” or minimum accept-
able financial rate of return, to decide whether to invest the
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funds that they do have. Most of the solar projects that I've been
involved in have a return-on-investment of less than 10 percent.
If an organization has a hurdle rate of 15 percent, as many com-
panies would, there are two remaining possibilities: the organiza-
tion could consider a return less than their hurdle rate in order
to realize other benefits from the project, such as environmental
benefits; or the organization could seek a financier with expec-
tations less than 15 percent that may be able to finance the
project. Such third-party financiers often take advantage of the
tax credits and accelerated depreciation associated with a solar
project, thus they are called tax equity investors. Because they
can monetize the tax benefits and are satisfied with a return on in-
vestment lower than other organizations, such financiers are in-
volved in most large solar projects.

When all the parties to the contracts are private parties, any-
thing that does not violate law may be proposed. But when one
of the parties is a government agency, that agency can only
operate under “prescribed powers” and may only have certain
specific legal authorizations to enter into certain types of financ-
ing arrangements. The Federal Energy Management Program fa-
cilitates different financing vehicles available to federal agencies
(www1.eere.energy.gov/FEMP/financing/mechanisms.htmi).
These include:

Power purchase agreements (PPA): Building owner pays for
power delivered from an on-site solar energy system owned
and operated by a third party.

Energy savings performance contract (ESPC): Payments to
an energy service company (ESCO) for providing and installing

a solar energy system are guaranteed to be less than savings
in utility cost and associated operation and maintenance.

Utility energy service contract (UESC): The same contract
used to procure conventional power from the utility is
amended to provide other energy services such as an on-
site solar energy system.

Enhanced use lease (EUL): Land-owner receives electric
power or thermal energy from an on-site solar energy pro-
ject as in-kind payment for lease on unused land.

Some details of tax equity financing arrangements are listed
in (Walker 2009b). There are many choices to be made in struc-
turing any kind of financing arrangement. A source of other
funds, such as a rebate, may either be subtracted from the cost
basis of the system, and thus not be subject of tax credit or de-
preciation, or if it is not subtracted from the cost basis, it would
be taxed as ordinary income. Often a choice must be made to
take a tax credit initially as an investment tax credit (ITC, S) or
over a period of time as a production tax credit (PTC, S/kWh),
which delays the tax on income into future years. A project de-
veloper may “sell” the project to the financing partnership and
pay taxes on the difference between the fair market value and
the cost basis as income, or the developer may “contribute” the
project to a partnership in exchange for distributions paid by the
partnership over time. Distributions are often taxed at a lower
rate than ordinary income and defer the tax to future years, so
the tax can be paid out of the distributions themselves and may
improve the after-tax ROl of the project developer without reduc-
ing the ROI of the investor partner.

Marc Roper (pictured in Figure 1-5) is vice president of sales
and marketing for Tioga Energy, a solar PPA provider based
in California. Prior to joining Tioga, Marc led the sales, mar-
keting, and external affairs for Turner Renewable Energy; was
vice president and board member for photovoltaic manufac-
turer SCHOTT Solar; managed residential market development
for photovoltaic manufacturer AstroPower; and headed up re-
newable energy programs for the State of Colorado’s energy
office. Marc earned a master’s of civil engineering with focus
on renewable energy and building systems design, a BS in
engineering physics, and a BA in music from the University of
Colorado in Boulder. He is a member of the boards of direc-
tors of the Interstate Renewable Energy Council (IREC), the
Solar Energy Industries Association (SEIA), the North American
Board of Certified Energy Practitioners (NABCEP), the Solar
Rating and Certification Corporation (SRCC), and PowerMark
Corporation.

Interview with Solar Financier Marc Roper

Figure 1-5. Marc Roper speaking at the opening of 4 MW
power purchase agreement PV project at Hemet Unified School
District in California. (Photo courtesy of Timothy Clark, Johnson
Controls, Inc.)
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Your company, Tioga Energy, doesn't sell solar systems but
rather sells energy from solar systems under power purchase.
Why?

Generally, commercial and institutional energy consumers
want less-expensive electricity, a way to hedge against electric
utility rate increases, and a means of operating in a more en-
vironmentally sustainable manner. PPAs offer these benefits,
while eliminating the need to come up with the significant capi-
tal required to build a solar power system and then manage
the construction, operation, maintenance, repair, and removal
of that system over its lifetime.

We use the term power purchase agreement as if it is single
agreement but it is really several, right?

The power purchase agreement is the core contract that
relates to the long-term sale of solar electricity by the PPA
provider to the consumer. However, there are numerous
ancillary agreements that are often needed in order to se-
cure incentives, protect an investor's interest in the solar
power system, and ensure the unhindered operation of the
system over the life of the PPA contract. Depending on the
situation, these can include utility interconnection and net-
metering agreements, site lease or license agreements,
easements, state and/or local government incentive con-
tracts, consents to assignment, and subordination and non-
disturbance agreements with site lenders, and contracts for
the sale of renewable energy certificates (RECs). Coordinat-
ing and developing this suite of agreements is another of
the benefits of the PPA model (although some of them are
necessary only for PPAs)—the PPA provider generally takes
care of all of this.

The term of the PPA is long enough to pay back the inves-
tors, yet at the end of the term a customer does not own the
system and has to renew or buy the system at fair market
value. Why is that? Fair market value might be pretty high
for a PV system that is still producing power right? Have you
determined fair market value on any systems yet?

One of the things that make the economics of a PPA work
for both investors and consumers is the IRS’ 30 percent in-
vestment tax credit. This credit is available to the first owner
of a new solar power system, and it effectively reduces the
cost to build a solar power system and therefore reduces
the rate that the investor must charge the consumer for
electricity in order to achieve acceptable returns. However,
in order for an investor to claim this credit, it must be clear
that they own the system according to the rules of the IRS.
Provisions in a PPA that would effectively allow the sale of
the system in the future at a fixed price could cause the
PPA to be viewed as an installment purchase agreement,
and cloud the interpretation of who owns the system and
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who is eligible to take the tax credit. For this reason, every
well-crafted PPA stipulates that future purchases cannot be
made at less than fair market value. With regard to future
fair market value, the farther into the future you gaze the
harder it is to predict. Factors such as remaining life and
projected future cash flows, replacement value, and resale
value. It's too early to tell what this will look like at the end
of a 20-year solar PPA, but I'd bet there will be a strong
market for refurbishing and redeploying second-hand solar
equipment emerging in about 15 years.

Stuff happens. What happens if your company goes out
of business? What happens if my company goes out of
business?

Power purchase agreements are based on the concepts
of structured project finance, where the suite of contracts
comprise the assets of a special purpose entity formed
solely to carry out the obligations of the PPA and attendant
agreements. The investor retains the right to step into the
contract to cure defaults of the provider, and assign the
contract to a new provider if necessary. The investor does
take on the risk that the consumer will go out of business
and won't be able to continue to purchase electricity. In
order to reduce this risk, the investor typically has a very
high standard of credit, and sometimes will seek ease-
ments that further protect its ability to continue to operate
the system and collect revenue from incentives, the sale
of electricity to the utility company or a new tenant of the
building.

How do you see the market for PPAs evolving in the future?

PPAs have great potential to deliver distributed solar gener-
ation to a significant portion of the commercial and institu-
tional electricity market. However, PPA financial structures
are still relatively new and complicated by tax laws, the
long-term value of solar power systems as an asset class is
not well established, transactions and contract documents
are not yet standard, and the regulatory environment for
PPAs is not yet stable. In order for PPAs to become truly ef-
ficient and pervasive in the market, the market must mature
to the point where entering into a PPA is more like getting a
mortgage for a commercial building and less like financing
a big power plant. We are making good progress on a num-
ber of fronts: standardizing contracts, lowering installed
system costs, establishing more favorable policies for grid
interconnection at the state level. These things, along with
increased consumer and investor comfort with the technol-
ogy and long-term value proposition of distributed solar
generation, will ultimately lead to enormous opportunity and
market presence for the solar power purchase agreement
and derivative products.




12 ¢ SOLAR ENERGY

Figure 1-6 shows the many relationships between parties in a
large solar project and the various agreements between each. A
project developer and a financier form a partnership agreement
with the investor as the general partner and the project developer
as the minority shareholder. This partnership collects payment (S)
from an “off-taker” of the power (kWh) in a power purchase agree-
ment, and the utility company may also buy excess power from
the project. There would be an agreement with the utility company
to allow electrical interconnection with the larger utility system.
There would be a lease or an easement associated with use of
the land on which the solar collectors are installed. The project
developer may sell the renewable energy credits (RECs) to a bro-
ker or a utility company that needs them to progress toward their
regulatory goals, and RECs are an important source of revenue
to make solar projects financially viable. Taxes are paid on the
dividends paid to each of the partners. The project developer
and financier may switch positions in the partnership in a partner-
ship flip. The investor can use the tax credits (“monetize” them)
because she has many sources of income which result in a tax
liability. The project developer, on the other hand, may not have
other significant sources of income and may even be a special-
purpose corporation set up just to do the solar project. Thus, in
the early years of the project financing term, the investor will hold
all the shares and exploit the tax credits and depreciation. After all
the tax depreciation is claimed (currently six years), the partners
switch positions so that the project developer holds most of the
shares and receives dividends which enjoy a lower tax rate than
income in the US. Thus a partnership flip delays payment to the
project developer, but results in less tax being paid.

The important thing about approaching any financing ar-
rangement is to have qualified legal and tax advice. The deal
must be optimally structured in order to compete with other
project developers, and that requires specialized knowledge of
the tax code and each party’s tax situation. Analysis requires

Project
Developer

utility or other
Excess Electricity
Purchaser

Figure 1-6. An example of the many relationships between par-
ties in a financing arrangement for a large solar energy project is
illustrated in this conceptual diagram. (Figure by the author, follow-
ing those of Chandra Shah, National Renewable Energy Laboratory.)

complete cash-flow analysis and a model of each party’s tax li-
ability. All available alternatives should be considered, and each
party agrees to participate based on the benefits to them.

Request for Proposals

A request for proposals (RFP) is a document issued by the build-
ing owner or project developer to solicit bids from solar suppli-
ers and installers. The RFP may be advertised widely or may be
sent only to invited offerors. The federal government advertises
its project opportunities for bidders at Fed Biz Opps website
(www.fbo.gov) with the intention of getting as many competitive
bids as possible. This is how most suppliers find out about the
sales opportunity, but it also frequent for suppliers to seek cus-
tomers out with unsolicited proposals. A request for proposals
should include:

Issuer: a clear definition of who is soliciting proposals and
their authority to bind the owner of the building.

Performance requirements: what the project is trying to
achieve in terms of delivered energy, emissions savings, or
other desired outcomes.

Interface requirements: a description of the existing electri-
cal, mechanical, plumbing, and other system that the new
solar energy system must interface with in order to be able
to delivery energy cost savings.

Compliance: who is responsible for complying with any regu-
lations related to environmental, historic preservation, plan-
ning commissions, or any other compliance procedures?
Who is responsible for obtaining any permits for construction
and interconnection agreements for operation of a system?

Schedule requirements: required timeline to project com-
pletion. Urgent projects with short timelines should expect
to pay a premium.

Information requested from offerors: technical approach to
achieve the project objectives; technical qualifications (edu-
cation, professional registration, certifications); past experi-
ence; references to contact from previous projects.

Selection criteria: offerors will address in their proposals the
selection criteria stated in the RFP. An RFP may list out five
or six different selection criteria, which may include technical
approach; qualifications; and past performance. Selection cri-
teria is perhaps the most important part of a project because
if an owner gets a qualified and experienced team, then suc-
cess of the project is almost certain; the obverse is also true.

Statement of work, also called scope of work: the state-
ment of work must include all the tasks that the building
owner expects the solar installer to perform. If an important
activity is not in the statement of work, then the cost to
perform that won't be in the bid, and the contractor won't
have funds to complete that activity. To rectify that problem
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requires an expensive “change order.” Language to make
sure everything is included sounds like: “Contractor shall
supply all services including design, construction manage-
ment, installation labor and commissioning; and all hard-
ware, supplies, materials, and appurtenances to make the
solar energy system complete and operational.” The state-
ment of work should make it clear if the contractor is to
manage compliance processes and associated permits or if
the building owner will do that. The statement of work should
make it clear who is responsible for improving any existing
infrastructure to allow for the solar project. Any work that
needs to be done to complete the solar project should be in
either the statement of work document or among the expec-
tations of what the building owners plan to do themselves or
contract from other parties.

The proposals should be evaluated by a team according to
the criteria laid out in the RFP. Careful review by very interested
parties is essential to ensure that a good contractor is selected.
One or more offerors would be requested to submit a “best and
final offer” based on the details of the review and subsequent
negotiations. Acceptance of an offer by the building owner sig-
nals the end of selection and the beginning of contracting.

Contract Documents

The statement of work from the RFP will be revised and become
the statement of work for a construction contract. Contract doc-
uments involve many terms and conditions to make it clear how
events or circumstances will be handled. For example, if it is de-
termined during installation that a roof is in need of repair, who is
responsible for that? The solar contractor or the building owner?
Usually the building owner would be, and the roof repair would
require a change order. The terms and conditions of the con-
tract documents involve many important legal concepts includ-
ing indemnification, payment bonds to insure that subcontractors
will be paid, performance bonds to insure that the project is not
left in an incomplete state, and statements of whether specific
performance is required or if liquidated damages are paid when
schedules slip or things go awry. It is essential here, when sign-
ing construction contracts, to have a well-proven document to
start with, and full involvement and review of legal counsel.

Two common ways to structure the contract are “fixed price”
or “time and materials” (also called “cost-plus” type contracts).
In a fixed-price contract the building owner tries to make the
contractor responsible for inaccuracies in the estimated cost
and unforeseen circumstances that might delay work and in-
crease cost. If the project is very simple and well understood, a
fixed-price approach may result in competitive bids. But if there
is any uncertainty in what it will cost to complete the project, a
bidding contractor may either try to mitigate that risk by chang-
ing the contract language so that they are not responsible for it,
or will have to charge extra to pay for that risk should it occur.
In other words, with a fixed-price contract, you pay for contin-
gencies whether they occur or not.
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WARNING

Fraud in the Construction Industry

Fraud is endemic in the construction industry and solar is not
immune. Examples of fraudulent contracting schemes that have
surfaced on solar projects include:

o Accepting a down payment but then disappearing

¢ Accepting a down payment but then trying to find someone
else to do it cheaper.

e Accepting progress payments but then not paying sub-
contractors.

¢ Paying cash to workers, thus avoiding income tax, employment
tax, worker's compensation, and unemployment insurance.

e Inflating bills from subcontractors or forging invoices for cost-
plus type contracts, or to claim a higher solar tax credit.

¢ Signing a request for an estimate that includes “office and
legal” fees in addition to the cost of the estimate—and then
fees ensue if you don't sign the contract.

e Theft from work premises, or personal information such as
account numbers used improperly.

Solar companies are also cheated by fraudulent upper-tier con-
tractors, suppliers, and even building owners. It is common for
solar contractors to hear “you get paid when we get paid,” from
upper-tier or prime contractors, rather than to be paid according
to the agreed-upon payment schedule. A building owner might in-
flate the cost to install a solar system in order to claim a larger re-
bate or tax credit, embroiling the contractor if there is a tax audit.

Investors in a manufacturer or installation company can also
get ripped off—a PV company once sold its equipment and intel-
lectual property to another company, profiting executives, but
leaving investors with nothing.

Fraudsters prey on our own greed. They offer us deals that
are too good to be true; and yet we believe them because we
want to gain an advantage. The best defense against fraud is
to check references. If the parties have a long track record of
completing work on time and within budget, or paying for pro-
jects that they contract for, then that is the best indicator that
they won't try to cheat. Recourse of a contractor against a build-
ing owner is a “mechanics lien,” which gives the contractor an
interest in the value of the improvements on the deed of the
building. However, the best defense against fraud is prevention
up front rather than relying on legal action to recover after dam-
ages have occurred, which is rarely fully effective.

Schematic Design

In a design-bid-build approach, the design is completed and then
construction contractors bid on constructing that design. In a de-
sign-build approach, the installing contractor is also responsible
for the design. Either way the design progresses through levels
of decreasing options and increasing detail. Schematic design
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involves examining alternatives and doing an analysis to deter-
mine the size and type of major components. The design submit-
tal includes drawings and equipment specifications, including a
diagram, called a “schematic diagram,” of all the major compo-
nents and connections and interactions between the components
and any existing building systems. The submittal would include
the size and type of each component, any important component
information such as efficiency, operating and control sequences,
preliminary installation plan, and early identification of any safety
procedures to involve or safety hazards to protect against.

This book should be useful in schematic design because it
describes alternative ways to configure solar energy systems
for electricity, hot water, or heating ventilation air and what ma-
jor components are involved in such systems.

Design reviews should be conducted early in design, about
halfway through design, and at the final design submittal. Com-
ments from reviewers are only useful early in the design pro-
cess; subsequent design steps only add detail to decisions
already made. Reviewers should include building owner's rep-
resentative, objective solar expert, operation and maintenance
staff, utility staff regarding any utility interconnection, and the
commissioning authority that will be responsible for commis-
sioning throughout the duration of the project.

Design Development

Once the schematic design has been reviewed and agreed upon,
the design team fills out detail according to the decisions made
in schematic designs. Where the schematic design had size and
type of components, design development adds specific manu-
facturers and model numbers. Design development reconciles
all electrical or plumbing standards related to interconnections
between components or control protocols used to communicate
with components. The intention of design development is to add
enough detail to the design, through narrative, drawings and
specifications, so that anybody using those drawing would build
the system the same way. Again, the developing design should
be reviewed early in the process to confirm decisions before the
design effort is expended filling out the details. For example,
comments from a fire marshal would modify the access and lay-
down areas depicted in Figure 1-7 as the design is developed.
A checklist to refer to when evaluating a design is included in
(Stoltenberg and Partyka 2010).

Construction Documents

Once the design is completely developed, a final set of con-
struction documents will be prepared by the design team. These
consist of

¢ Narrative: text, photographs, and graphics describing the in-
tent of the design

¢ Drawings: set consisting of site plan, roof plan, and structural,
electrical, mechanical, plumbing, and controls drawings.

¢ Specifications: details of the requirements of each component.
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Figure 1-7. Leaving aisles open on the roof for access to existing
equipment and skylights, and access required for firefighting, are
considerations involved in locating the position of solar collectors
on a roof during design development. (Figure by the author after
those by US General Services Administration)

This set of plans will be used for code compliance and per-
mitting. There are no decisions remaining to be made in the
preparation of construction documents—just adding detail
regarding how the products are installed and connected. The
installing contractor will begin construction using this set of
plans, and will add shop drawings as particular assemblies are
fabricated. The design team may also add “as built” drawings
to reflect the details of the actual installation and any variances
from the construction documents.

Construction Administration

Construction administration is a very detail-oriented pro-
fession. The construction manager will often stay on site and
report back to the building owner regarding daily progress on
construction activities. Proper timing and phasing is critical:
equipment must arrive on site on time and needs to be in-
stalled in the right order. Financial damages may result if a
subcontractor is not able to start work due to delays of an-
other subcontractor. Upon failure of a window wall recently, the
glass manufacturer blamed the mullion supplier, who blamed
the installer, who blamed the window manufacturer. The con-
struction manager must keep all the subcontractors working
together as a team to deliver a successful project, so that they
can all get paid.

The construction manager collects requests for information
(RFls) from subcontractors to clarify questions about how the
design shall be implemented. The construction manager must
also handle change orders, which are changes to the scope



of work that result in changes to the schedule or budget. The
owners may object to changes that cost more money, but quick
resolution of disagreements is needed to keep the construction
moving toward completion. All parties must be available or have
delegates available to quickly respond during the construction
period.

TIP

Change Orders and Requests for Information (RFls)

During the construction process, the construction manager
is busy requesting change orders and information from the
building owner or design team. A change order is requested
whenever any condition is encountered that was not expected
in the RFP or in the contract. Say, for example, water damage
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to the roof deck is discovered during installation of solar col-
lector roof mounts. The building owner may change the con-
tract to pay the solar contractor for fixing the damage or
may argue that repairing such damage was within the original
statement of work and the contractor should fix it without
additional pay.

It is a very common strategy among contractors to bid a low
price, even lose money, to get the contract signed, but with
the intention of making up for the low bid, and profiting more,
with change orders as the project proceeds. Some contractors
openly teach this tactic to their sales staff.

Requests for information are routine as long as they only seek
clarification on design or building details, but they become con-
tentious when the inquiry is to whether a lower cost material or
component may be substituted.

Brett Jackson (pictured in Figure 1-8) manages solar en-
ergy projects as the Energy and Mechanical Engineering
Program Lead for the Construction Facility Management
Office of the Colorado Department of Military Affairs. He
previously served as an Army Corps of Engineers officer.
He has an undergraduate degree in mechanical engineer-
ing from the Colorado School of Mines and a master’s in
engineering management from the University of Colorado
at Boulder. Additionally, Brett is a Professional Engineer, a
Certified Energy Manager (CEM), a LEED-AP, and a Project
Management Professional (PMP).

Figure 1-8. Brett Jackson at the Windsor Readiness Center, site
of one of the solar energy projects that he is managing for the
Colorado Army National Guard. (Photo by Michael Jaurrieta, cour-
tesy of Colorado Army National Guard.)

Interview with Solar Project Manager Brett Jackson

The Colorado National Guard provides defense and emer-
gency services in blizzards, floods, wildfires, search and
rescue, and tornadoes. How does solar energy fit into that
mission?

The Department of Defense has strategic sustainability goals
aimed at lessening our dependence on foreign fossil fuels. In
addition to energy load reduction, we feel that a renewable
energy portfolio for energy source offset provides a robust
approach to achieving this reduction. Regarding our mission
to support the state and local communities during times of
natural disaster, when the likelihood increases that power will
be offline, we and the DOD are exploring ways to allow grid-
connected PV systems that can remain operational when there
is a loss of power.

What goals has the Colorado Army National Guard set with
regard to renewable energy use, and how did you go about
deciding on a goal?

The Colorado Army National Guard has established four
sustainability action plans, one of which is centered on
renewable energy generation. Through this action plan,
it is our intent for our organization to be a net-zero elec-
trical consumer by 2030. Our 2030 date was based on
the Executive Order 13514 requirement that all federal
buildings built by 2030 meet the net-zero-energy building
requirement.

You've completed several solar projects—which are you most
proud of and why?

We are very proud of our 172 kW PV system that was com-
pleted in August 2010 at our Grand Junction Field Maintenance

(continued)
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Shop. This was our agency's first PV system and it was de-
signed and built without a single change order. Additionally,
what makes this PV system special is that when we built the
maintenance building a few years before we installed the
PV, we had designed into the building the necessary con-
duits as well as the upsized electrical switchgear, enabling
all the PV project money to go into the PV panels and not
into the building infrastructure. Through the efficient use
of project funds, we were able to turn what was supposed
to be a net-zero electricity system into a system that pro-
duces 20 percent more electrical energy than the building
consumes.

What would you warn someone starting a solar project to
watch out for?

When a solar project is being considered, be prepared to defend the
project, as there will be many naysayers who raise objections that
the project can't or shouldn't be done. Many times the solar project
will be competing with other corporate projects/priorities. Complete
a comprehensive life-cycle cost analysis and gain all the necessary
stakeholders' involvement and support as early into the planning as
possible. Finally, two items that can totally derail a solar project are
an overestimation of the applicable electrical demand (kW) savings
[as opposed to energy (KWh) savings] and also overestimating the
payments obtained for Renewable Energy Credit (REC) payments.

Commissioning

Commissioning is formally confirming that a system is op-
erating as intended, but the independent, third-party com-
missioning authority should be involved very early in design.
First, the commissioning authority must fully understand
the intent of the design, but also may add to the design in
terms of instrumentation and controls required for monitoring
and operation of the system. The commissioning authority
should be involved in the review of each major design submit-
tal (25 percent design, 50 percent design, etc). Standards
related to commissioning of solar systems are described in
each chapter (photovoltaics, solar water heating, and solar
ventilation air heating), and they usually have three parts:
physical inspection, solar array testing, and whole-system
performance test. Physical inspection is to see that the sys-
tem was installed as designed and that there are no mis-
takes in the installation. Of special interest in the inspection
is to check that all specific code requirements and safety
concerns that apply have been satisfied. This is facilitated
with checklists that are specific to the type of system being
inspected. Array testing measures the energy delivery of the
array and the coincident solar radiation to assess the perfor-
mance of each segment of the solar collector system, and
the whole-system performance test tracks performance over
a period of days to document all changes in modes of opera-
tion and overall solar delivery efficiency.

Long-term Monitoring and Verification
of Performance

Some level of long-term monitoring is recommended for all

projects. In order to deliver their cost-effectiveness, solar en-

ergy systems must operate for a very long performance period

(25 to 40 years). Without some indicator of system perfor-

mance, building owners would not know that their system is in
need of repair.

Guidelines for the monitoring of solar energy systems de-
scribe several options, depending on the needs of the project
participants (Walker et al. 2003). Options are described in four
categories:

1. Determining the capability of the system to deliver solar

energy as designed based on a detailed inspection of the

system;

Measuring the energy delivery of the system with a meter;

3. Inferring the performance of the solar energy systems by
analysis of utility bills; and

4. Calibrating a computer model of a solar energy system
based on a shortterm (one day) test.

N

There are different types of solar energy systems, but they
have one thing in common that distinguishes them from energy
efficiency measures—they supply energy rather than reduce
energy use, and the supply, whether it is electric power, hot
water, or heated air, may be measured directly with the right
instrumentation. To meter the output of a solar energy system
is thus the preferred monitoring option. The power delivery of
each type of solar energy system may be measured as a flux
multiplied by a potential:

e For photovoltaics, current (amps) is multiplied by the deliv-
ered voltage (volts), measured at the location that solar power
is interconnected into the building power system.

e For solar water heating, it is mass flow rate of water, multi-
plied by the specific heat of water (kJ/s/C) and multiply by the
temperature difference (C) between the cold water coming
into the solar preheat system and the preheated water being
delivered to the conventional water heating system.

e For solar ventilation air preheating, it is mass flow rate of
ventilation air, multiplied by the specific heat of air (kJ/
s/C) and the difference between the temperature (C) of
the ambient air and the temperature of the preheated air



being delivered to a room or into the conventional ventila-
tion air heating system.

e The measurement and verification program should be de-
signed with an audience in mind. As much as possible reports
should be “pushed” to interested parties: building owner,
manager, utilities procurement contact, operations and main-
tenance managers, and even to the staff and visiting public
through lobby displays.

INTEGRATION OF SOLAR
ENERGY INTO THE EXISTING
INFRASTRUCTURE

Solar energy systems must integrate into existing systems
on many levels. First, there must be physical integration into
the building, then there must be operational integration so
that the solar energy system actually does result in the maxi-
mum amount of savings in conventional energy; and finally
the solar energy system must be integrated into the larger
utility system in such a way that the entire system is safe and
reliable and economic benefit for the solar system owner is
maximized.

Physical integration refers to space for the solar collectors
on the roof, space for balance-of-system components within the
building, and integrity of the structural connections. Operational
integration refers to the performance of the system, such as
feeding solar electric power into the building electrical system,
preheating water for the conventional heating system, preheat-
ing ventilation air for the conventional ventilation air handler. For
example, a gas-fired furnace would have to be controlled to al-
low a space to be heated by solar energy before heating it with
gas. Making sure that intermittent and somewhat unpredictable
solar energy delivery actually results in a commensurate sav-
ings of conventional energy requires some care in design and
controls (in short, the conventional system must be modified
and reprogrammed to step aside and let the solar energy sys-
tem serve the demand first, and engage only if solar proves
insufficient).

Grid-Integration: Effects of
Intermittent Solar Energy Sources
on the Utility System

Integration of solar energy systems into the larger utility grid
is also a topic of much research currently. At very low levels
of solar energy use (say, for example, 5 percent of a building’s
annual energy use), the conventional energy system could ac-
commodate the intermittent nature of the solar energy without
any problems. However, as solar projects on individual buildings
get larger, and the number of buildings installing solar increases,
there are increasing effects on the larger utility system that spans
all the way from the local meter to the electric generation plant.

Impacts on the local meter include reverse power flow. If
the building is served by multiple power feeds from multiple
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substations, as large buildings often are for reliability rea-
sons, then there may be "network protectors” to prevent a
backflow of power from the building to the grid. These are
often marked with an “NP” on building electrical drawings.
Such an arrangement limits the size of the solar system to
one which never exceeds the load or and may require a pro-
grammable inverter to curtail solar power and avoid tripping
a network protector.

Impacts on the local distribution system include the potential
for voltage fluctuations; problems with voltage regulation equip-
ment, and reverse power flows. Electric current flows from a
high voltage to a low voltage. In order to push their current onto
the utility systems, multiple inverters on a circuit increase their
voltage, causing a high-voltage condition.

Impacts on the transmission system include increase in the
cost of reserve transmission capacity caused by uncertainty
in forecasts in solar power generation. At times transmission
may be insufficient to convey the solar power or inefficient in
its scheduling. Generation resources without matching trans-
mission capacity may be curtailed when transmission capacity
is unavailable.

At the level of the electric generating system (power
plants), the ability to respond to changes in the output of large
amounts of solar energy on the grid is limited by the ramp rate
of generation equipment. The ramp rate is how fast the out-
put of the generator may be increased. Improved forecasting
could inform power plant operators of when clouds will shade
the solar generators in an area, so that they would know to
ramp up conventional generators in advance of the need for
the power. The potential for a sudden decrease in solar power
requires an almost equivalent amount of spinning reserve.
Spinning reserve is generating capacity that is already ramped
up and ready to serve the load. Spinning reserve costs the util-
ity money because it requires fuel to keep the generator spin-
ning and maintenance required of the generator accrues by
the hour not by the kWh. This is one of the arguments invoked
by utilities as to why they shouldn't accommodate solar power
or any intermittent generation. There are strategies discussed
below to reduce the amount of spinning reserve required due
to solar energy generators on the utility system during the day,
due to intermittent clouds.

Utility system operation occurs at several time scales:

Power quality: Power quality refers to power factor (phase
alignment of current and voltage waves), harmonic distortion
(frequencies other than 60 Hz), and tolerances in voltage
and frequency. The time scale of interest in power quality
is less than one second. Electronic inverters are capable of
delivering solar power to the utility with a power quality equal
to or better than that of the utility grid as a whole.

Regulation: As the demand load (kW) on the electric sys-
tem varies, the output of generators is controlled in order
to maintain voltage and frequency. This occurs at a scale
of seconds.



