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Introduction
This report serves as one component of a multi-part
series of publications that SEPA plans to produce
throughout 2015. The purpose of this effort is to
provide a broad introduction to several facets of the
solar industry, including: a discussion of different
technologies; an update on the current state of the
U.S. market; a summary of project financing options;
and, an overview of some of the solar integration
challenges that utilities are encountering (or soon
will be).
SEPA undertook this effort to assist in educating those
seeking to become more familiar with the solar industry.
Whether you are reading this publication as a new
utility regulator seeking information to better inform your
decision-making process or as a student researching
potential career paths, the goal of this series is to distill
information into short publications that any individual
can use to gain practical knowledge of the industry.

This portion of the series introduces solar technologies,
explaining each technology’s applications. There is a
brief section that describes the ancillary components
that make up a photovoltaic system and explains how
these components can be used to optimize energy
generation. This report also describes solar insolation,
explaining how it impacts energy generation and
illustrating where solar energy is a viable option. A final
section highlights important considerations in siting
a solar project including opportunities to maximize
system production and avoid unexpected project
development challenges.

Disclaimer:
This material is based upon work supported by the U.S. Department of Energy under Award Number DE-EE0003525. The report was produced by the
Solar Electric Power Association (SEPA) with the support of the following organizations as part of the SunShot Solar Outreach Partnership: ICLEI-Local
Governments for Sustainability; International City/County Management Association (ICMA); North Carolina Clean Energy Technology Center; Meister
Consultants Group, Inc.; Interstate Renewable Energy Council, Inc. (IREC); The Solar Foundation (TSF); American Planning Association (APA); and National
Association of Regional Councils (NARC).
This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor
any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe on privately owned
rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof.
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types of technology
Solar generating technologies can be generalized into two groups: photovoltaics and concentrated solar
power. Photovoltaics (PV) are semiconducting materials used to convert sunlight into direct current (DC)
electricity. Concentrated solar power (CSP) uses a collection of mirrors to concentrate solar thermal
energy, which in most cases drives a steam turbine, thus producing alternating current (AC) electricity. This
section will describe both technologies in detail, examining the various options available for each and their
potential market applications.

Photovoltaics
Put simply, PV cells are composed of semiconductor
materials that exhibit the photoelectric effect – that is,
materials that display properties that allow them to absorb the photons in sunlight and, in turn, release electrons which can be captured to generate electricity. As
indicated in Figure 1, individual PV cells are combined
to form PV modules (or panels), and modules are connected to form PV arrays.1 PV arrays are connected to
accessory components to form a solar system (see the
Balance of System section for further discussion).

PV technologies are primarily differentiated based on
the nature of the absorber material responsible for
converting light into electricity. This section will focus on
crystalline silicon and thin film PV technologies, which
represent the most commonly used PV technologies
as of this date. A brief discussion of emerging PV
technologies is also included.

Figure 1: Illustration of PV cells, modules, and arrays
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Crystalline Silicon
Crystalline silicon (c-Si) is the most commonly used
PV technology in the world. This prevalence is due,
in part, to a mature process technology that greatly
benefited from the knowledge of the semiconductor
industry. Typically, a c-Si module consists of a dozen
or more individual PV cells electrically wired together.
Crystalline silicon PV can further be divided into four
broad categories — monocrystalline, multicrystalline
(or polycrystalline), ribbon, and ‘super’ monocrystalline.
Mono- and multicrystalline technologies accounted
for approximately 90 percent of the total global PV
manufactured in 2013.2 Monocrystalline cells are
composed of a uniform material grown from a single
crystal of silicon, while multicrystalline cells are made
up of materials from several, smaller crystals. The
process of “growing” a monocrystalline cell is slower
and more expensive than the process used to create
multicrystalline cells. Because the composition of
monocrystalline cells is uniform throughout, they are
generally more efficient at converting sunlight into
electricity than multicrystalline cells.3

Figure 2: Left, monocrystalline PV module. Right,
multicrystalline PV module.

Thin-film
Unlike crystalline silicon, where the substrate is nearly
always glass, thin-film PV can use a range of both
rigid and flexible substrates, such as metal foils
(steel or aluminum) or plastics. Also unlike c-Si, which
requires a manufacturing process that produces modules batch by batch, thin-film manufacturing processes
can, in principle, continually produce modules at higher
speeds. Thin-film can be grouped into three categories:
amorphous silicon (a-Si), cadmium telluride (CdTe),
and copper gallium indium diselenide (CIGS). In 2013,
CdTe accounted for approximately 54 percent of global
thin-film production, while a-Si and CIGS accounted
for 23 percent each. Collectively, thin-film technologies
account for approximately 10 percent of the global PV
market share.4
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Figure 3: Example of a thin film PV module.
Source: First Solar

What is the
approximate
capacity of most PV
modules?
PV modules (or panels) range in
size and capacity, with some of the
advanced, high-efficiency products
rated as high as 440 Watts, and
some of the smallest, special use
products rated for as few as 6 Watts
(roofing tiles). The California Energy
Commission maintains a list of PV
modules that have met strict safety
and reliability standards.5 The
median capacity on that module list is
approximately 217 Watts; however, it
is not unusual to find monocrystalline
modules that exceed that rating.

What is PV degradation, and
how will it impact system
performance over time?
Over time, PV technologies
become less effective at
converting sunlight into
electricity. The rate at which
this decline occurs is called
a module’s degradation rate.
Degradation rates vary by
technology, but the median
rate for both crystalline and
thin film thin-film modules is
approximately 0.5 percent per
year.6 This means that if during
the first year of installed use,
one assumes that a module
produces electricity at 100
percent, then applying the
median degradation rate would
suggest that it would produce
electricity at 99.5 percent in
its second year, 99.0 percent
in its third year, and so on.
Not all products degrade at
the same rate, but most
module suppliers guarantee
products will degrade no more
than 20 percent within their
warranted lifetime.

PV Efficiencies
Efficiency describes the effectiveness of a technology at capturing the
energy in sunlight and converting it to usable electricity. The highest
recorded efficiency in a laboratory environment for a c-Si PV cell is
approximately 25 percent, but commercially available modules have
efficiencies closer to 20 percent.7 The highest observed laboratory thin
film efficiencies have surpassed 21 percent, but commercially available
technologies range from approximately 10 to 15 percent. Monocrystalline
modules maintain a sizeable efficiency advantage to thin-film products,
but some thin-film technologies have started to surpass multicrystalline
modules in efficiency.

Why are Laboratory Cells More Efficient than Commercially
Available Technologies? What’s the Difference?
In a laboratory environment, it is possible to make efficiency gains through
the testing of small-scale R&D products. Scaling these laboratory-tested
improvements into commercial mass production while maintaining efficiency
gains can be technically complex and economically prohibitive. In some
cases, the economic challenges outweigh the potential production benefits
of laboratory technologies. Improvements in commercially available
technology efficiencies tend to lag behind the efficiencies of laboratory test
improvements by several years.

When comparing efficiencies of modules, it is important to take into
account the price compared to the estimated lifetime generating capability.
Purchasing a nominally more efficient module for a significantly higher
price is not necessarily a sound investment. It may be worth exploring
whether lower-cost, lower-efficiency modules will produce a more attractive
return on investment over a project’s lifetime. The National Renewable
Energy Laboratory (NREL) has several tools that help users estimate PV
production. PVWatts is a simple tool that quickly and easily estimates
production based on location and efficiency assumptions.8 The System
Advisor Model (SAM) is a more advanced tool capable of modeling both
the performance and economics of a PV system, based on inputs such as
location, specific system components, and system costs.9

What is the average cost of a PV module?
Module costs vary based on several factors, including order volume,
manufacturer, and efficiency. According to GTM/SEIA, third quarter 2014
pricing ranged from $0.72-$0.80 per Watt.10 As a frame of reference, module
prices in 2006-2007 were in the range of $4.00 per Watt.11 Significant
advancements in manufacturing efficiency have aided decreasing prices.12
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Table 1: A summary of PV technology efficiency records
and module prices.
Module Efficiency
(Best, Laboratory)13

Price, per Watt
(SEPA Market Research)

What’s on the horizon for
PV technologies?

Monocrystalline

22.9%

$0.72 to $0.80

Technologies of the future

Multicrystalline

18.5%

$0.60 to $0.68

Cadmium Telluride Thin Film

16.1%

$0.55 to $0.63

Copper Gallium Indium Diselenide
Thin Film

15.7%

$0.55 to $0.63

There are several innovations
within the PV family of
technologies that SEPA
considers emerging, or in some
cases, not quite commercially
viable. These include
concentrating PV (CPV), dye
sensitized PV, organic PV
(OPV), and nanotechnologies.
Several of these technologies
are undergoing significant
laboratory advancements, but
extremely short degradation
times have limited wide-spread
commercial adoption.

Technology

PV Applications
Applications for PV technologies vary widely. This technology is easily
scaled to suit energy needs of any size. In some of its smallest-scale uses,
PV is used to power calculators, street lights, and water pumping stations,
but it is also commonly used to meet larger energy needs. PV is widely
deployed to generate on-site energy for residential and commercial users.
It is also increasingly deployed through utility-scale power projects —
projects that can range from five to hundreds of megawatts in capacity
and directly supply power into the electric grid (similar to a traditional power
plant). PV projects can easily be built and powered up in phases, making it
convenient to expand projects over time as demand increases. While most
PV projects are interconnected to the electric grid, off-grid PV systems
are possible with proper use of storage technologies (albeit often cost
prohibitive for significant energy needs).
PV can be mounted for use on rooftops or at ground-level, and is
increasingly incorporated into accessory structures, such as parking
canopies and pergolas. Some of the emerging technologies directly
integrate PV into building materials, such as windows, roofing tiles
and shingles.

CPV is a commercially
available technology, but it
requires direct sunlight and
accurate tracking that limits its
geographical possibilities and
adds to its cost and reliability
(through increased O&M
needs). CPV utilizes mirrors
and lenses to concentrate
direct sunlight onto small but
highly efficient solar cells.
CPV is best-suited for largescale energy projects, and is
not a viable technology for
smaller, residential-scale power
generation.

Figure 4: An example of a
CPV solar array (Credit:
Bill Timmerman/NREL)
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Concentrated Solar Power
Concentrated or concentrating solar power (CSP)
refers to the general technology of redirecting sunlight
via mirrors and concentrating it to a focal point, where
it is used to form thermal energy. Mirrors used in
CSP have specified reflectivity and are set in strategic
shapes/placement. They serve as the “collector”
of sunlight, and reflect it to a central “receiver.” The
receiver absorbs the focused solar thermal energy,
becoming a heat source. This heat source may boil
water or other fluids to form steam that spins a turbine

to generate electricity. Turbine-generated electricity from
CSP works in a similar manner as coal, nuclear, oil and
natural gas turbine generators with the only significant
difference being the heat source.
There are three main established CSP technologies,
easily distinguished by their mirror configurations. In
increasing complexity, these technologies are linear
concentrators, dish/engines and power tower systems.

Linear Concentrator System
The linear concentrator system features a set of linear
collectors and receiver tubes. The collectors face the
sun to focus its energy on the receiver, which is placed
in parallel above the collector. The linear receiver tube
contains water or another heat-transfer fluid, which
absorbs the heat of the focused sunlight. The heated
fluid is used to generate steam, which, in turn, powers
a turbine to generate electricity.

The second, newer type is called the linear Fresnel
reflector system. In general, linear Fresnel systems
operate similarly to parabolic trough systems; however,
this system uses a shared receiver placed higher above
multiple rows of mirrors, which use tracking and are
flat or nearly flat. The equipment setup of the linear
Fresnel reflector system is simpler than the parabolic
trough system.

There are two types of linear concentrator systems.
The most common and proven is the parabolic trough
system. It consists of parabolic, or near u-shaped,
mirrors placed in rows that run north-south and make
use of single axis tracking to maximize sun exposure.
A linear receiver tube is placed parallel to each row of
mirrors. The curvature of the u-shaped mirrors collects
sunlight and reflects it onto the dedicated receiver tube.
Figure 6: An illustration of a linear Fresnel power
plant. (Credit: DOE/NREL 2000)

Figure 5: An illustration of a parabolic trough power
plant. (Credit: DOE/NREL 1996)
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Dish/Engine System
The dish/engine system describes the combined usage
of a dish-shaped collector (or “concentrator”) attached
with a centrally mounted engine unit that serves as a
receiver and electricity generator. Each dish apparatus
tracks and concentrates sunlight onto an engine,
similar to the operation of a satellite dish, and can be
made of large concave mirrors or many small, flat
mirrors mounted into a dish shape (often the cheaper
of the configurations). The engine absorbs the thermal
energy of the concentrated sunlight through its receiver,
where a heat-transfer medium is heated. The heated
medium then drives a spinning generator, commonly
through moving pistons in an electricity-generating
Stirling engine.

Figure 7: An illustration of a dish/engine power plant.
(Credit: DOE/NREL 1996)

Power Tower System
The power tower system also concentrates sunlight
like the dish/engine system, but on a massive scale. It
collects sunlight via many large, flat, ground-mounted
mirrors, called heliostats, placed in a circular pattern
around a receiver tower that can be hundreds of feet tall.
Each heliostat tracks and concentrates sunlight onto
the receiver tower, where the absorbed heat produces
steam to power a conventional turbine generator.
Because the scalable configuration demonstrates favor
in economies of scale, the power tower system exhibits
the largest deployment on a per-system basis, to as
large as 200 megawatts.

Figure 8: An illustration of a solar power tower plant.
(Credit: DOE/NREL 1996)

CSP Efficiencies and Advancements in Technology
The Department of Energy’s SunShot Vision Study
compares the annual average efficiencies as well
as technology improvement among CSP system
designs.14 Both are important factors because they
directly affect project viability and upfront investment
ultimately influencing delivered cost of electricity
and annual revenue.15

Average annual efficiencies are used as a comparison
by the Department of Energy (DOE) because they are
closer to actual, rather than ideal, design-point, solarto-electric conversions of an operating CSP facility. The
table below identifies the average annual efficiencies
for the CSP technologies discussed in this section.

NREL CSP experts identify that a 1 percent improvement in optical efficiency for a typical CSP plant is valued at
about $600,000 in annual revenue.15
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Table 2: A summary of CSP technology average
annual efficiencies.
CSP Technology Type

Average Annual Efficiencies

Linear Concentrator16

13% - 15%

Dish/Engine

>20%

Power Tower

14% - 18%

Structural setup and operational limitations of each
CSP type cause the noted variations in average annual
efficiencies. Often, collector efficiency (i.e., from optical
coating) and operating temperature are directly related
to differing efficiencies across technologies.
To increase collector reflectivity and allow the receiver
to capture more sunlight, researchers began replacing
traditional mirrors with polymeric optical coating or
thin-glass reflectors. Generally, increasing operating
temperature by using better heat transfer fluids,
thus creating a higher thermal-to-electric conversion
ratio, is a major driver of performance advancement.
Conventional CSP heat exchange fluid is synthetic oil;
newer systems may use water/steam, molten salts and
even experimental organic silicones to operate at higher
temperatures (from less than 400ºC to, in some cases,
well over 500ºC).

Applications and Applicable Market Segments
Compared to PV, applications of CSP tend to remain
within commercial and utility use, although there is a
small portion of residential CSP systems. The dish/
engine system exhibits the most scaling flexibility,
because the technology allows for easy small-scale
deployment through the use of a single system.
Still, CSP is typically more viable for larger commercial
or utility deployments - even if hardware is simpler and
cheaper than that of PV modules. Recall that most CSP
systems (except the dish/engine type) operate with the
use of steam turbines. Often, CSP systems are close
to, and sometimes co-located with, conventional power
generating facilities such as coal or natural gas.

In order for CSP to effectively concentrate sunlight,
every piece of CSP equipment within a facility must be
precisely set up and optimally operating to generate
electricity, whereas some PV arrays more closely
resemble “plug and play” systems with simplified,
standard installations.
CSP can be configured to be a “firm” source of
power generation - meaning that it can be paired
with other technologies to provide power, even during
periods without sunlight. This can be done by adding
thermal energy storage or through conventional power
integration. With thermal energy storage, the heat is
conserved so that power generation can continue well
into the evening. Another alternative is to co-locate
CSP with another generating facility to create a hybrid
system. CSP can be integrated with either natural
gas or coal facilities, which can fuel the turbine while
sunlight is lacking.

What is Solar Water Heating?
Solar water heating (SWH) is another commonly
adopted solar thermal technology. SWH takes
advantage of the sun’s heat, instead of conventional
fuel, to supply hot water for water heating systems.
Similar to CSP technologies, SWH systems come
in many different variations. The basic components
of a SWH system include a solar collector, a heat
exchanger, and a storage system. See below for an
example of how a SWH system can be configured.
SWH is commonly used to heat water on a small
scale, such as residential water heating needs.

Figure 9: An illustration of one possible solar
water heating configuration.
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Balance of System (BOS)
The balance of system, or BOS, is a term that refers to all ancillary components that make up a solar
project. BOS is not a term that is commonly used for CSP systems. For PV systems, BOS components
typically include inverters, wiring, the racking or mounting system (including tracking systems), and in
some cases, monitoring equipment and energy storage systems.The simple graphic in Figure 10 below
demonstrates how all components of a PV system are connected.

Inverters
With a primary responsibility of converting the DC
electricity produced by the PV system into AC, the
inverter is arguably the most critical system component
after the PV modules. There are essentially two options
for inverters: centralized or micro. Centralized inverters
are one or several (in the case of utility-scale projects)
large appliances that serve multiple PV modules within a
system. Microinverters are small units containing power
electronics that are situated under individual PV modules.
Each option has unique benefits and challenges.
Inverters can fail and require replacement(s) within a PV
system’s expected overall lifetime. Especially for utility-

scale projects, the process of replacing centralized
inverters is simpler than replacing microinverters; thus,
replacements are streamlined by limiting the number of
inverters. On the other hand, PV system production can
be greatly impacted by shading of individual modules.
Microinverters ensure that each module is producing
energy at its best capability at any given point in time.
With a centralized inverter, one bad apple can spoil the
bunch - meaning shading of one or several modules can
drag down the energy production for all of the modules
connected to a shared inverter. Microinverters, on the
other hand, prevent this phenomenon.

Figure 10: A simple illustration of all of the components of a PV system.
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What’s the difference
between DC and AC
and why is it important?
Most PV modules produce
energy in units of DC, but
most energy is transmitted
through the electrical grid
and consumed in units of
AC. Therefore, it is necessary
to convert a PV module’s
electricity to AC for both onsite consumption and grid
connection purposes.
What does that really mean?
Most PV modules are rated in
Watts DC. The comparable AC
rating of a system is lower than
the DC rating due to a number
of system losses, including
but not limited to: shading
and soiling, module efficiency,
wiring mismatch, and inverter
efficiency. As mentioned above,
a PV system’s inverter serves
the purpose of converting
DC electricity into AC. When
it comes to the total efficiency
of a solar PV system, NREL’s
PVWatts tool can be used
to calculate the AC energy
produced, and users can even
click on “derate factor help”
to change the assumptions.
SEPA uses a DC-to-AC derate
factor of 84 percent for a
typical PV system. This means
that if the nameplate capacity
of the typical PV panels is 2
kW, the system will produce
just 84 percent (or 1.68 kW) of
that amount of power in a
typical installation.

In addition to converting electricity from DC to AC, inverters include
important safety mechanisms that prevent grid-connected PV systems
from feeding electricity onto the grid during power outages — a process
known as anti-islanding. Anti-islanding is an important feature for utilities
because it ensures that utility lineworkers can safely work to restore
power without threat of electrocution from PV systems back-feeding
energy onto power lines.17

Smart inverters
inverters and
and their
their added
added system
system benefits
benefits
Smart
Smart inverters
inverters not
not only
only convert
convert DC
DC to
to AC
AC for
for grid
grid connectivity,
connectivity, they
they also
also
Smart
have
advanced
functional
capabilities
that
support
the
stability,
reliability,
and
have advanced functional capabilities
efficiency
of
the
electric
power
grid.
This
is
especially
important
to
utilities
efficiency of the electric power grid. This is especially important to utilities as
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gains
a significant
share
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utility’s
system-wide
generation
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gains
a significant
share
of the
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generation
capacity
capacity
(referred
to
as
high
penetration
of
solar).
Higher
penetration
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(referred to as high penetration of solar). Higher penetration levels along
with
along
with
the
intermittent
power
production
in
PV
systems
can
stress
the intermittent power production in PV systems can stress the electric the
grid
electric grid
thechange
output faster
can change
faster
than other
resources
because
the because
output can
than other
resources
that
are trying
that
are
trying
to
compensate.
The
following
enhanced
capabilities
are often
to compensate. The following enhanced capabilities are often discussed
in
discussed
in
conjunction
with
smart
inverter
capabilities:
reactive
power
conjunction with smart inverter capabilities: reactive power support, voltage/
support, voltage/frequency
ride-through,
modification
ramp rates, and
frequency
ride-through, modification
of ramp
rates, andofcommunications
communications
capabilities.
For
a
deeper
dive
on
these,
SEPA’s
capabilities. For a deeper dive on these, please see SEPA’splease
reportsee
Unlocking
report
Unlocking
Advanced
Inverter
Functionality:
Roadmap
to
a
Future
of
Advanced Inverter Functionality: Roadmap to a Future of Utility Engagement
18
18
Utility
Engagement
and
Ownership.
and Ownership.

Racking
A PV array’s racking system provides structural support for the modules
and can also be integrated with tracking systems for increased power
generation. There are a variety of options for both rooftop systems as
well as ground-sited systems. For example, some racking systems
might penetrate the ground or rooftop to ensure structural integrity.
Ballasted options also exist for both system types to avoid penetrations.
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Solar Irradiance
An area that receives a larger amount of sunlight, or solar irradiance, will more effectively generate solar
power. Solar irradiance measures the instantaneous intensity of sunshine. Certainly, areas closer to the
equator have climatic and geographical advantages over those closer to the poles.

Remember that at any given location, sunlight varies
for many reasons. As a result of weather conditions,
solar irradiance changes minute to minute. The intensity
and angle of sunlight in the morning differs from the
afternoon. Cloud cover and precipitation can also

impact solar irradiance. In addition, seasonal changes
affect the length of day and amount of sunlight
received, measured as solar radiation, at a particular
location as depicted in Figure 11, below.

Figure 11: Average daily solar radiation maps for the U.S. during the months of January (left) and July (right).19
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Solar insolation measures irradiance over a period
of time, which accounts for fluctuations caused by
seasonal and weather variations. Thus, experts use
solar insolation, instead of irradiance, to describe
potential for solar energy production at a location.

Figure 12 shows a comparison shows a comparison
of average annual solar resource between the U.S.
and Germany. The figure shows continental U.S.
and Hawaii having moderate to high solar potential,
whereas the solar resource in Alaska is comparable
to Germany. However, at the end of 2013, Germany
owned more than 35 gigawatts of total PV capacity,
almost three times that of the U.S. Over the course
of the year, Germany generated more than 30,000
gigawatt-hours of electricity from solar energy21 22.

Figure 12: The annual solar PV resource for the U.S., as compared to Germany and Spain.20 (Source: NREL)
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Photovoltaic versus Concentrated Solar Power Requirement
In practice, solar energy production will also depend
on the type of applied technology. As mentioned in
previous sections, PV and CSP technologies work
differently to convert sunlight to electric power; and
given the same solar resources, they would produce
different energy output. See Figure 13 for annual
average solar insolation comparisons between PV
technology23 and CSP technology24, respectively.

In the U.S., solar resources for PV are generally
very good. PV can be sited in any state. However,
because the southwest region receives more intense
sunlight compared to other regions, it is the most
geographically and climatically advantageous location
for CSP in the country.

Notice when compared to CSP, PV technology
generally needs less sunlight to produce an equivalent
amount of solar power. This is because CSP requires
prolonged collection of direct, concentrated sunlight
to produce the intense heat necessary for the system
to produce electricity, while PV power production
is instantaneous, and does not necessarily require
direct sunlight to produce power. Despite being able
to generate electricity from both diffuse and direct
sunlight, PV production can dramatically decrease with
temporary fluctuations in sunlight (e.g. due to passing
clouds). CSP systems are typically not impacted by
brief fluctuations in sunlight; once the system has built
up enough thermal mass to produce steam, it takes
prolonged periods without sunlight to slowly dissipate
the system’s heat – an effect similar to touching
concrete in the evening after a hot, sunny day.

Figure 13: Maps displaying U.S. solar resource for PV (left) and CSP (right). (Source: NREL)
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Siting Considerations
Proper siting of a solar project is important to ensure optimal power generation. Siting is determined by
the situation or physical condition of a location, as well as the method of equipment mounting. PV and
CSP each have unique siting limitations and challenges.This section will describe estimated land use
requirements for various technologies, how system orientation might affect performance and how tracking
can be used to improve power generation. It also highlights any particular limitations or challenges for
specific technologies, including land gradation requirements and impacts of obstructed sunlight.

Site Location and Scale
Rooftop sites lend themselves to both small and
medium-scale PV projects. However MW-scale
development is possible on large, commercial rooftops
such as warehouses and retail distribution facilities.
In some communities, rooftop sites may have simpler
permitting and zoning requirements than would be
required for ground-mounted systems; however,
rooftop siting may require some specific considerations,
including, but not limited to:
»» Structural condition: How old is the roof and what is
its current state of repair?
»» Building codes: Are there any local roof set-back
requirements for solar systems? In particular, there
might be restrictions in place for fire safety purposes.
»» Orientation and slope: What is the roof orientation
and slope? (See the below subsection on tilt and
orientation for a further discussion of how these
attributes impact system production.)
»» Aesthetics: Is the building located within a historic
district? If so, there may be restrictions against
making visible changes to the building.
Flat, unobstructed ground-mounted sites are suitable
for both PV and CSP systems of all sizes. In fact, utilityscale solar facilities require this type of siting. Some of
the considerations to keep in mind for ground-mounted
projects include:

»» Land preparation: Does the project require specific
land preparation activities, such as building
maintenance roads, land grading, or dust control
during construction? If developing on a brownfield,
are there restrictions that prohibit disturbing the
ground or are there remediation requirements prior
to land use?
»» Neighboring properties: Does the local community
support the project?25 If not, are there ways that the
project developer can work to proactively address
the needs and concerns of the community without
adversity? It is not uncommon for neighbors to raise
safety concerns or inquire about property value
impacts for properties adjacent to solar facilities.
»» Site security: Measures should be taken to ensure
the security of the facility. It is important to protect
the project from theft and vandalism, but it is also
desirable to prevent unwanted guests from entering
the facility for safety reasons.
»» Water access and management:26 Does the local
community have water use restrictions? If so, does
that impact either the project’s development or its
long-term operating plan? What about stormwater
management requirements?
»» Endangered/protected species concerns: Is the
selected site a habitat for endangered or protected
species - both flora and fauna? If so, there are
likely options for developing the project while also
protecting the local species.
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»» Incentives: For large-scale development, are there
incentives available for developing on underutilized
land, such as brownfields? Similarly, are there
disincentives for developing on greenfields, such
as land that could otherwise be farmed?
»» Electrical infrastructure: For large-scale project
development, is the appropriate electrical
infrastructure in place for the project?
»» It will be important to ensure adequate access
to transmission or distribution infrastructure for
project viability.

Project Footprint
How much land does a solar project require? It
depends largely on the size of the project, the
technology used, and whether a tracking system
is used. The table below provides some estimated
footprints for a variety of options.
Table 3: Estimated area requirements
for different solar technologies
and configurations.27
Technology*

Required Area

Rooftop PV, without tracking

100 sq. ft./kWdc

Ground-mounted PV, without tracking

7.5 acres/MWac

Ground-mounted PV, single-axis tracking

8.5 acres/MWac

Ground-mounted PV, dual-axis tracking

13 acres/MWac

CSP, Parabolic Trough

9.5 acres/MWac

CSP, Linear Fresnal

4.7 acres/MWac

CSP, Dish/Engine

10 acres/MWac

CSP, Power Tower

10 acres/MWac

*Note: PV technologies include c-Si and thin-film only.
CPV is not included.

18

Siting for Optimal Performance
Solar access of a solar power system changes
according to the sun’s position in the sky. Properly
orienting a system will help to maximize power
generation. In the Northern hemisphere, facing a PV
array due south will ensure that the system receives
the maximum amount of solar radiation throughout
the entire year. In the U.S., the sun shines longer and
sits higher in the sky during the summer months; thus,
those are the months when solar energy production
is highest. For PV systems, tilting is a method used
by installers to adjust the angular placement of PV
modules to receive more sunlight — and thus increase
energy generation. For a fixed tilt PV system, the
optimal tilt of the panels is just slightly less than the
local latitude.28
Obstruction of sunlight, for PV or CSP, can lead to
significantly lower overall system production. The exact
impact of obstructed sunlight varies depending on the
time and duration of shading. In the case of rooftop PV,
sometimes minor shading of panels from surrounding
objects, such as HVAC systems, trees, power lines,
or neighboring buildings, is inevitable; however, for a
well-designed solar system, shading obstructions are
kept to a minimum, if not prevented completely. If it is
not possible to eliminate or minimize major sources
of shading, then the selected site is likely not a viable
candidate for a solar project.
In the case of ground-mounted PV, tracking
mechanisms can be integrated with a PV system to
boost power generation. Tracking systems allow a
solar array to follow the sun’s path throughout the day.
Tracking can be either single- or dual-axis. Dual-axis
tracking ensures the highest energy generation, but
also adds to the project’s cost and, as noted in Table
3, land requirements. CSP projects always include
tracking because of the need for prolonged, focused
sunlight to generate enough thermal mass to ensure
project viability. Tracking on PV systems is more
common for utility-scale projects. It should be noted
that tracking systems are mechanical, and therefore
create an additional maintenance need for a project.
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Estimating a project’s anticipated performance can
get complicated, but NREL’s SAM is a useful tool that
provides a quick estimate of system production based
on a series of user inputs. The model integrates various
data libraries to assist with its calculations, including
solar resource, weather, and equipment performance
data. Users input location, equipment, and system
siting details, and the model calculates estimated
system performance. Users can take it one step
further, and input project costs and financing to receive
financial modeling. SAM is publicly available and can
be used to model the performance of all of the solar
technologies described in this report.
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The Orientation Debate: South or West?
Traditionally, the solar industry has preferred southfacing placement of PV panels because in much
of the U.S., that orientation produces the highest
cumulative energy production on an annual basis.
But what happens when you introduce time-of-use
pricing into the equation? Many utilities have peak
demand during late afternoon and early evening
hours, and peak demand equates to higher energy
costs. Some have raised the question as to whether
a west-facing orientation provides greater value
to utilities by allowing customers to produce more
energy at a time that they are more likely to consume
it on-site or when the utility’s normal system peak
demand occurs. (See Figure 14.) Even though a
west-facing system produces less energy on a
cumulative basis, the economic savings to both the
utility and the customer may make up for the lower
overall generating potential.29

19

Reference Library
This report is intended to provide a quick crash-course on the basics of solar technologies, system siting
considerations, and some of the factors that influence energy generation from these systems. If you would
like more advanced understanding of the topics included in this report, please see below for a list of
recommended resources for additional reading and research.

Additional References:

Technology
California Energy Commission’s list of eligible equipment30:
http://www.gosolarcalifornia.ca.gov/links/equipment_links.php

REN21, Renewables 2014 Global Status Report: http://www.ren21.
net/portals/0/documents/resources/gsr/2014/gsr2014_full%20
report_low%20res.pdf

Fraunhofer Institute for Solar Energy Systems ISE, Photovoltaics
Report: http://www.ise.fraunhofer.de/de/downloads/pdf-files/
aktuelles/photovoltaics-report-in-englischer-sprache.pdf

SEPA, Utility Solar Market Snapshot: http://www.solarelectricpower.
org/discover-resources/sepa-research.aspx

NREL, Collector/Receiver Characterization: http://www.nrel.gov/
csp/pdfs/48659.pdf
NREL, Photovoltaic Degradation Rates — An Analytical Review:
http://www.nrel.gov/docs/fy12osti/51664.pdf
SEPA, Photovoltaic Technology Characterization Review: http://
www.solarelectricpower.org/discover-resources/sepa-research.aspx

SEPA, Utility Solar Market Trends Briefing: http://www.
solarelectricpower.org/discover-resources/sepa-research.aspx
Solar Energy Industries Association: www.seia.org

Siting and Solar Resource
Green Power Labs, Solar Rating Online: http://solarrating.ca/
index.php

SEPA, Unlocking Advanced Inverter Technology: Roadmap to
a Future of Utility Engagement and Ownership: http://www.
solarelectricpower.org/discover-resources/sepa-research.aspx

NABCEP, Solar Installer Resource Guide: http://www.nabcep.org/
wp-content/uploads/2012/08/NABCEP-PV-Installer-ResourceGuide-August-2012-v.5.3.pdf

U.S. DOE, Energy 101: Solar PV (2 minute video) https://www.
youtube.com/watch?v=0elhIcPVtKE

NREL, PVWatts: http://pvwatts.nrel.gov/

U.S. DOE, Energy Solar Energy Technology Basics: http://energy.
gov/eere/energybasics/articles/solar-energy-technology-basics
U.S. DOE, Sunshot Vision Study: http://energy.gov/eere/sunshot/
sunshot-vision-study

Codes and Safety Standards

NREL, System Advisor Model: https://sam.nrel.gov/
SEPA, Predicting Solar Power Production: Irradiance Forecasting
Models, Applications and Future Prospects: http://www.
solarelectricpower.org/discover-resources/sepa-research.aspx
U.S. DOE, Solar Energy Potential Map (interactive): http://energy.
gov/maps/solar-energy-potential

The Solar America Board for Codes and Standards: http://www.
solarabcs.org/

General

Policies, Incentives, and Market Updates

ICLEI Local Governments for Sustainability USA, Addressing
Solar Myths and Misconceptions: http://www.icleiusa.org/trainingevents/webinar-presentations/reducing-barriers-to-solar-for-localgovernments

Database of State Incentives for Renewables and Efficiency
(DSIRE): http://www.dsireusa.org/solar/
GTM/SEIA, U.S. Solar Market Insight Report | Q3 2014: http://
www.greentechmedia.com/research/ussmi
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NREL, Photovoltaic System Pricing Trends Historical, Recent, and
Near-Term Projections 2014 Edition: http://emp.lbl.gov/sites/all/files/
presentation_0.pdf

U.S. DOE, Solar Energy Resource Center (advanced): https://www4.
eere.energy.gov/solar/sunshot/resource_center/

Appendix 1: Common Terms

Alternating Current (AC): A type of electrical current, the direction
of which is reversed at regular intervals or cycles; in the U.S.
the standard is 120 reversals or 60 cycles per second; typically
abbreviated as AC.

Inverter: A device that converts direct current electricity (from for
example a solar photovoltaic module or array) to alternating current
for use directly to operate appliances or to supply power to an
electricity grid.

Capacity: The load that a power generation unit or other electrical
apparatus or heating unit is rated by the manufacturer to be able to
meet or supply.

Kilowatt (kW): A standard unit of electrical power equal to one
thousand watts, or to the energy consumption at a rate of 1000
Joules per second. Small and medium-scale solar systems (e.g.
residential and small commercial) are typically rated in kilowatts.

Concentrated Photovoltaics (CPV): A photovoltaic technology
that generates electricity from sunlight using lenses and curved
mirrors to focus sunlight onto small, but highly efficient, multijunction solar cells.
Concentrated Solar Power (CSP): A system that generates solar
power by using mirrors or lenses to concentrate a large area of
sunlight, or solar thermal energy, onto a small area. Electricity is
generated when the concentrated light is converted to heat, which
drives a heat engine (usually a steam turbine) connected to an
electrical power generator.
Derating: The production of energy by a system or appliance at a
level less than its design or nominal capacity.
Direct Current (DC): A type of electricity transmission and
distribution by which electricity flows in one direction through the
conductor; usually relatively low voltage and high current; typically
abbreviated as DC.
Efficiency: Under the First Law of Thermodynamics, efficiency is
the ratio of work or energy output to work or energy input, and
cannot exceed 100 percent. Efficiency under the Second Law
of Thermodynamics is determined by the ratio of the theoretical
minimum energy that is required to accomplish a task relative to the
energy actually consumed to accomplish the task. Generally, the
measured efficiency of a device, as defined by the First Law, will be
higher than that defined by the Second Law.
Interconnection/Interconnect: A connection between two electric
systems permitting the transfer of electric energy in either direction.
Additionally, an interconnection refers to the facilities that connect a
non-utility generator (including a distributed generation facility) to a
Control Area or system.

Megawatt (MW): One thousand kilowatts, or 1 million watts;
standard measure of electric power plant generating capacity. Large
and utility-scale solar systems are typically rated in megawatts.
Nameplate Rating/Nameplate Capacity: The full-load continuous
rating of a generator, prime mover, or other electrical equipment
under specified conditions as designated by the manufacturers. It
is usually indicated on a nameplate attached mechanically to the
individual machine or device.
Photovoltaics (PV): Device that produces electrical current by
converting light or similar radiation.
Power: Energy that is capable or available for doing work; the time
rate at which work is performed, measured in horsepower, Watts,
or Btu per hour. Electric power is the product of electric current and
electromotive force.
Solar Water Heating (SWH): A system that converts sunlight into
renewable energy for water heating using a solar thermal collector.
Thermal Mass: Thermal mass is a material’s resistance to change
in temperature.
Watt (W): The rate of energy transfer equivalent to one ampere
under an electrical pressure of one volt. One watt equals 1/746
horsepower, or one joule per second. It is the product of Voltage
and Current (amperage). Watts are commonly used as the unit for
the nameplate rating of PV modules.
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Appendix 2: Selecting Major
PV System Components

How should you approach selecting components for
a PV system? SEPA advises that you do your homework — research warranty lengths, efficiency ratings,
and supplier history and reliability. It is suggested that PV
modules carry either an ANSI or UL 1703 verification —
meaning they have met basic safety standards. Inverters
should similarly carry a UL 1741 certification, which also
demonstrates safety standards have been met. It is
common for solar incentive programs to require use of
modules that carry a 20-25 year warranty, and use of
inverters that carry a 10 year warranty (both minimums).
The California Energy Commission maintains a list of
eligible PV modules and inverters, which is widely used
by utilities and solar incentive programs in the U.S.31

2014 Top PV Module Manufacturers
(by volume)
2014 Rank

Module Manufacturer

1

Trina Solar

2

Yingli

3

Canadian Solar

4

Jinko Solar

5

JA Solar

6

Sharp Solar

7

ReneSola

8

First Solar

9

Hanwha SolarOne

10

SunPower

10

Kyocera

Source: IHS, December 2014

While SEPA does not make specific recommendations
on suppliers, there are some tools that might be helpful
in guiding your decision-making. The solar analysts at
IHS closely track leading module and inverter suppliers,
meaning those shipping the highest volume of products,
on an annual basis. Please note that the solar industry
is continually evolving — there are frequent mergers
and acquisitions, as well as new market entrants. For
that reason, another helpful tool in selecting a module
supplier might be Bloomberg New Energy Finance’s
tiering system. This system attempts to place manufacturers into three tiers (Tier 1-3), based on estimated
“bankability” — implying which manufacturers would be
most likely to attract financing based on a rigorous due
diligence process undertaken by financial institutions.32

2013 Top Inverter Suppliers (by volume)
2013 Rank

Supplier

1

SMA

2

ABB (inc. Power-One)

3

Omron

4

TMEIC

5

Sungrow

6

Advanced Energy

7

Tabuchi

8

Schneider Electric

9

Enphase Energy

10

Kaco

Source: IHS Technology, April 2014

Chinese Module Trade Concerns
In late 2011, a small group of U.S. module manufacturers filed an anti-dumping dispute against Chinese
module manufacturers. In late 2012, the U.S. began
implementing tariffs on Chinese modules imported into
the U.S. Trade investigations have continued, and focus
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has expanded to Taiwanese products. The Solar Energy
Industries Association is closely following the issue and
sharing important updates with the solar industry. For
more on this topic, please check out: http://www.seia.
org/policy/international-trade/us-china-trade-case

Endnotes
For a more detailed explanation of how electricity is produced
through PV cells, please read more at DOE’s website: http://energy.
gov/eere/energybasics/articles/photovoltaic-cell-basics.
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Especially in the case of utility-scale solar development, it’s not
uncommon to encounter some opposition to the project. These
issues have often been described as “NIMBY” (Not In My Back
Yard), or in extreme cases as “BANANA” (Build Absolutely Nothing
Anywhere Near Anything).
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This can be especially important for CSP facilities, which often
require cooling water.
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NREL, 2013 Land-Use Requirements for Solar Power Plants in
the United States http://www.nrel.gov/docs/fy13osti/56290.pdf
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It’s important to understand that the price of modules are just one
component that makes up the overall installed cost of a PV system.
Further discussion of system pricing will be included in a report in
this series, which will focus on the overall state of the U.S. solar
market.
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org/wp-content/uploads/2012/08/NABCEP-PV-Installer-ResourceGuide-August-2012-v.5.3.pdf
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For further reading, this December 2014 blog by Opower
provides a detailed discussion with useful graphical representations.
http://blog.opower.com/2014/12/solarhomesutilitieslove/
Please note this list is not an endorsement of any particular
equipment. Rather, the list includes equipment that meet minimum
safety and warranty requirements.
Inverter list: http://www.gosolarcalifornia.ca.gov/equipment/
inverters.php PV module list: http://www.gosolarcalifornia.ca.gov/
equipment/pv_modules.php
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NREL 2010, Collector/Receiver Characterization, http://www.nrel.
gov/csp/pdfs/48659.pdf
15

16

Record describes parabolic trough efficiency per publication;
linear Fresnel system efficiency is lower than parabolic trough’s due
to fixed reflectors and/or receiver design.
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It is important to note that because of anti-islanding requirements,
PV systems without battery back-up are not able to operate during
periods of power outage. If a battery system is integrated, it is
possible to continue generating and using power, as long as the PV
system can be temporarily disconnected from the grid.

SunShot, Energy Efficiency & Renewable Energy (EERE), SunShot
Vision Study: February 2012, http://energy.gov/eere/sunshot/
downloads/sunshot-vision-study-february-2012-book-sunshotenergy-efficiency-renewable

17

For more information on Bloomberg New Energy Finance’s tiering
structure, please see http://about.bnef.com/content/uploads/
sites/4/2012/12/bnef_2012-12-03_PVModuleTiering.pdf
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