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NAVIGANT

SECTION

Introduction

Solar Water Heating Systems

Solar water heating (SWH) systems use solar energy that is absorbed by a thermal collector to
heat water. SWH systems are available in many configurations and are used in multiple
applications; they provide water heating solutions to residential, commercial, and industrial
customers, as shown in Figure 1.

% Aportion or all of the water heating requirement for homes can be

) provided by solar thermal systems/SWH systems. SWH generally
2 provides50+ A Y G wb DUl wUl | wUl OEBPOEIT UwOI w
& needs met by an auxiliary heating system.

'g Commercial buildingsthat have a large demand for water heating are
GE) the best candidates for SWH systems. The most common applications
£ are in apartment buildings, nursing homes, hotels, hospitals and

Q restaurants.

O

s

2 SWH can be integrated into some industrial processes. Some

= examples are meat processing, canned foods, and largescale laundry.
=

Figure 1. Applications for Solar Hot Water Heating

SWH systems can be up toten to fifteen times more efficient than photovoltaic (PV) systems
that generate eledricity. Most SWH systems in the U.S. today are used for residential and pool
applications and are typically installed by local installers. However, larger commercial and
industrial systems for customers who use large amounts of water such as water parks, hotels,
and laundromats are a growing segment of the market. With more customersrealizing the
potential savings and larger installers, such as energy services companies (ESCOSs), expected to
enter the market and offer SWH as part of their comprehensive solution offering , the

commercial segment of the market is also expected to grow.

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc. 1
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Solar Hot Water Temperature Categories

Solar thermal systems are generally divided into categories of low, medium, and high
temperatures, as shown in Figure 2. Systems designed for SWH applications are generally
either low - or medium -temperature systems, with high -temperature systems used for
electricity generation through the production of steam.

o0 Low temperature solar thermal collectors include an absorber
=26 material which is not covered by glass. Aglass covering would
% g: prevent some heat loss and heat gainsputadds cost and rigidity. |
-1 29 311 Ul w2UOI OE4al EwWUOOEUWEOOOI EUOUU
E,,Q x OOOwi 1 EUPOT wUauUl OUwWET EEUUT woi w

modest temperature requirements.

To obtain higher temperatures the absorber materialis covered by

T OEUUWOOwWUT EVUET wi 1 ECwOOUUT U wsi
commonly used to heat domestic water heating systems. Also
included in this category are evacuated tube collectors and
concentrating (focusing) collectors.

Medium
Temperature
(110t0 180 F)

High temperature solar thermal electric technologies concentrate
large amounts of sunlight onto a smaller area to achieve high
temperatures, which are then converted to electricity by various
means, including conventional steam -cycle technology. Parabolic dish
and trough collectors are the main type of high temperature collector.

High
Temperature
(>180F)

Note: High temperature CSP systems are used in area that receive direct sunlight radiation such as deserts. Attractive area are in the U.S
include AZ, NV, and southern CA. This technology will not work in the Wisconsin due to low direct sunlight conditions.

Figure 2. Temperature Categories of SWH

At least 80 percent of the U.S. marketis dominated by low -temperature systems as shown in
Figure 3. Thesesystems are mainly used in pool heating applications. The low-temperature
market leads with respect to area shipped due to the size of solar water heating systems
needed in pool heating, the simplicity of the system, low cost, and ease of installation.

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc. 2
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f Total US Shipmentsby Temperature, 2008

Med Temp
15%

Low Temp
83%

Total Area Shipped = 16.9 million ft?

Source:Energy Information Administration (EIA)

Figure 3. Share of Total U.S. Shipments by Collector Temperature

Collector Types

There are three main types of collectors used in SWH applications: flat-plate, evacuated-tube,
and concentrating collectors, as shown in Figure 4.

A flat -plate collector contains a dark absorber inside an
insulated, weatherproofed box, under a transparent or
translucent cover. The cover, or glazing, is used to minimize
the amount of heat escaping, while still allowing sufficient
sunlightto pass through and reach the absorber. Thisis the
most prevalent type of solar thermal collector for water
heating systemsinthe U.S.

Flat Plate
Collector
(70to 110 F)

An evacuated-tube collector is made up of rows of parallel,
transparent glass tubes. There are many different
configurations used in ET design, but generally each tube
consists of a glass outer tube with an absorber inside of the
tube. Some models have a second, inner glass tube. A vacuum
within, or between, the tubes inhibits heat loss, making this
type of solar thermal collector less-restricted by ambient
temperatures

Evacuated Tube
Collector
(110t0 180 F)

A concentrating collector for residential applications utilizes
EwOPUUOUI EwxEUEEOOPEWUUUI EEI
on an absorber tube (called a receiver) containing a heat
transfer fluid.

Collector
(>180F)

Concentrating

Source:Homepower, NREL

Figure 4. Types of SWH Systems

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc. 3
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The collector is the primary component in a SWH system and accounts for almost half of the
cost of all system components (not including labor). Flat-plate collectors are most used due to
their lower cost and high efficiency at low er temperatures.

Solar Water Heating Benefits

There are three key benefits thatSWH systems provide: reduced traditional energy
consumption, reduced emissions, and life-cycle cost savings:

¢ Reduced traditional energy consumption: The energy used by conventional water heating
methods| electric, natural gas, or oil heat| is reduced by using a solar thermal system. For
appropriately sized solar thermal collectors, a residential homeowner or business owner
can expect to reduce theirwater- heating-related energy consumption by as much as two-
thirds.

¢ Reduced emissions: The conversion of solar energy to thermal energy does not produce
emissions. By installing a SWH system, a customer avoids emitting carbon dioxide,
nitrogen oxides, sulfur dioxide, and other air pollutants that are generated by traditional
sources of energy.

e Life -cycle cost savings: Over the life of the SWH system, the customer will see cost savings
compared to conventional water heating systems because the fuel is free. Inaddition, solar
energy can be used as a hedge against traditional sources of energy, which are subject to
price fluctuations.

Confidentiahd Proprietary2@0Navigant Consulting, Inc. 4
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SECTION

Milwaukee Area SWH Opportunities Analysis

The purpose of the Milwaukee area SWH opportunities analysis is to determine whether
Milwaukee area advantages and its current industrial base provide a good location for
manufacturing of components for the SWH industry. Three basic criteria were looked at when
assessing the SWH manuéacturing opportunity. First, the region was evaluated based on what
it hasto offer for manufacturing and support of a manufacturing industry. Next, common
SWH components were identified and their potential value was determined. Finally, the
Navigant team conducted a survey to understand the interests and capabilities of existing
manufacturers in the area.

After researching the greater Milwaukee area, many advantages were identified and it was

determined to have a solid foundation for manufacturing. 2 O 01 wOi w, POPEUOI 1 z UwU
include a strong manufacturing base, solid transportation infrastructure, strong state incentives

for manufacturing and solar installations , local interest in entering the solar industry , and

opportunities to attract existing or new manufacturing to expand or relocate to Milwaukee . A

summary of Milwaukee strengths is presented in Table 1.

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc. 5
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Milwaukee Area Strengths

Table 1. Milwaukee Strengths

, POPEUOI 1 zUw Ul Ew20U1 O1T 0T U

Existing manufacturing and Milwaukee's manufacturing employs 16% of areas workforce, the third highest
engineering base percent of manufacturing employees in the country.
Skilled manufacturing workforce Milwaukee is a leader in the production of medical electronics, mining machinery,

power trains, forgings, and internal combustion engines.

University engineering programs Marquette University, Milwaukee School of Engineering ,and University of
Wisconsin Milwaukee are just three of the engineering schools in the Milwaukee
area.

Abundant high -quality water supply Located on the coast ofLake Michigan, Milwaukee has access to an abundance of
usable water.

Competitive electrical rates Wisconsinz Uwi O1 EOUPEEOQWUEUT Uwi OUwbOEUUOUDE
national average.

Good transportation/distribution Lake Michigan provides water transport in addition to the railways and highway

channels and facilities infrastructure to supports Milwaukee's distribution.

Public/private enthusiasm and support | Many stakeholders within the state support solar development.
for creating solar product

Milwaukee -area companies already Examples include: A.O.Smith, Caleffi, Helios USA, Hot Water Products, and
involved in solar product supply chain Johnson Controls

We Energies committed to developing We Energies supports the development of renewable energy and supports their
solar generation manufacturers. Workforce, development and incentive programs are available to

the SHW industry.

Federal, state and city incentives Wisconsin offers property tax exemption on SWH systems. Focus on Energy offers
utility incentives for SWH property to eligible customers, Federal incentives include
tax credits, depreciation and loan programs.

, DPOPEUOI I z UwU U U Olixseis 6n 6 thé raokelnypardnddirengths related to this
study. Having an existing base isadvantageous as manufacturing facilities require a
significant amount of start -up capital for machinery and tools. The local manufacturers also
have ahigh pool of skilled labor they can draw on, with more than 16 percent of the total
workforce employed in the manufacturing industry. Local employees are highly pro ficient,
with diverse skill sets that can be leveraged for SWH component manufacturing.

In addition to a strong manufacturing base, t he Milwaukee area is also home to several
engineering schools. These technical schools help provide the manufacturing industry with
engineers and skilled labor as well as keep the industrial base up to date with new
manufacturing methods and tools. In addition , the schoolsprovide a great resource in terms of
reseach and development. Many of the schools have technology transfer programs to

promote the commercialization of new technologies. Such transfer programs are highly
beneficial to the local manufactures and provide them with opportunities to manufacture

prod ucts using state-of-the art technology.

, DPOPEUOI 1 ZUwWOEOUI EEVUUUDPOT WEEUT wPUWEOUOwWUUXxxOUUI E
provides access to an abundance of usable water In addition, the Great Lakes provide a route
for shipping supplies an d products in and out of the city. For faster shipping methods , there

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc. 6
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are two large interstates that intersect the region as well as several large commercial railroads.
Finally, for fast shipping and personnel transportation needs , there is General Mitchell
International Airport. Due to high - quality shipping solutions | local manufacturers can
compete in markets throughout the U.S. and globally | location is less of a factor when
choosing a new market.

3TT wUl TPOOZUWEOOOI UE D E Owih hé restddtbefc@ubtey. uTteEe@dtridip E U1 w O (
rates provide a solid and affordable energy base for manufacturers. We Energies also shows

support for the SWH industry by providing a percentageOEUET wOi wHOEUU w@d ws O1 U
for installing SWH systems. Such programs are instrumental in helping to grow the SWH

market locally.

In addition to We Energies, Milwaukee Shineprovides support for the local SWH industry. T he
Milwaukee Shineprogram and We Energies partially funded this study in addition to previous
studies to help identify new revenue streams for manufacturers within the SWH industry.

Several Milwaukee-based companies are highly active in various segments of the SWH value
chain, as shown in Figure 5.

e Large manufacturers such as A.O. Smith, who makes water heating tanks, also provide
complete SWH system solutions. Caleffi is another leading company that offers solutions
for the SWH industry and has its North American headquarters located in Milwaukee.

e Johnson Controls, a globalESCO, is trying to offer more customers SWH as part of a
comprehensive solution offering. As system sizes increase ESCOs andother large installers
will drive the industry forward.

e First Supply and Hot Water Products are local distributers of SWH systems that have been
highly involved in the industry for many years. Local installers benefit from these
distribution channels as pr oduct is easier to obtain.

In addition , there are many local installers and several smaller component manufacturersin
Milwaukee and in other parts of the state that serve the SWH industry exclusively.
Manufactures of SWH components could benefit from lo cal distribution channels and local
demand. There are high quality education and training program, such as the Midwest
Renewable Energy Association, that train and support the installer and site assessor base.

Confidentiahd Proprietary2@0Navigant Consulting, Inc. 7
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Solar Hot Water Value Chain

Financing (1. | Banks, 2. Pension Funds, 3. Financial
Advisory/Placement ); R&D

System
Component Integrator/

>Manufacturer MEG
Selected Local Businesses

Bubbling Springs (Collector)

Distributor/

Wholesaler Contractor

IMC Instruments (Controller)

A.O. Smith
Caleffi

First Supply

Hot Water Products

Johnson Controls

Access Solar

American Renewable Power, LLC
Castleman & Sons Plumbing, Inc
Heiden Plumbing Company, Inc
JM Brennan, Inc

Mared Mechanical

Milwaukee Solar

Figure 5. Milwaukee Area Solar Hot Water Value Chain

Beyond the manufacturing base and infrastructure, there are also various incentives available
for manufacturers of SWH components. These incentives come in the forms ofcash back
rewards, grants, tax credits, and loans. The incentives are provided by a wide range of sources
such asthe State ofWisconsin, City of Milwaukee, the federal government, utilities such as We
Energies. Table 2 and Table 3 summarize these incentives.

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc.
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Table 2. Milwaukee A rea Incentives for SWH

Summary of Key Incentives and Policies for Solar Hot Water

County or Program Program Features Description
Agency Customer | Incentive Max Budget ol
. Other Notes
Class Type Incentive
State Industry C, I Loan 25% of Loans at 2% interest rate for 510
Recruitment project costs years (equipment) or 5-7 years
Loan (working capital) - EXPIRED
State Energy C, I Loan/ Unspecified $150 M Grants: 50% costshare required;
Independence Grant (over10 | Loans: 4% interest rate for up to
Fund years) 15 years, maximum of 25% of
Program project cost
Utility Focus on Served by Rebate 25%of costs | $8.2 MM | Performance-based incentive
Energy participati (2010, all
Incentives ng utility RE)
We RE CashBack All Rebate 30- 100% % Rebate | Match of Focus on Energy (FOE)
Energies Rewards Match of Dependin | Programs for NFP or 7.5% bonus
(CBR) FOE CBR gon forR, C, | customers.
Customer
Class

Source: DSIRE Database: September 2010
Rt Residential, C+ Commercial, | ¢ Industrial, NP ¢+ Non-Profit, A + Agricultural, MF ¢ Multi -Family, G + Government, S- Schools

Table 3. Wisconsin Business Incentives

Summary of Key State Business Incentives

Program Program Features Description
q Or
Incentive Marf Budget Other Notes
Type Incentive
Community Loan N/A $50+M The averagelocal RLF loanis about
Development $75,000; "tailor-made"loans, which
Block Grant may include deferred payments
and interest rates.
Industrial Bonds $10M $200M Interest rates may be 1.5-2.5% below
Revenue Bond corporate bond rates & payment term
(IRB) program is negotiable.
Early Planning Grant $3,000 N/A The programtypically provides grants
Grant(EPG) for 75% of eligible project costs up to
program $3,000, there are limited funds
available.
Economic Tax Credit N/A N/A Tax credits vary for businesses with the
DevelopmentTax following eligible activities: job
Credit creation, capital investment, employee
training, & corporate HQ location.
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Milwaukee Area ¢ Opportunities Analysis

The next step of the analysis of the Milwaukee area SWH opportunities required
understanding the components that make up a SWH system, the manufacturing that goes into
each component, and the potential value in each component, as shown in Figure 6. On the
Milwaukee side, it was necessary to determine the capabilities of local manufacturers and their
respective interest in manufacturing components for the SWH industry. In order to

incorporate all of these criteria, a screening process was created to narrow down the list of
SWH components to a few attractive components.

All SWH Components Description of Screens
|

The manufacturing processes for each component were

: compiled and then compared with the capabilities of the
ManUfaCt_l’!rmg Milwaukee manufacturers as determined by the survey results.
Capablllty This filtered out components that could not easily be
manufactured by a majority of the existing manufacturers.

Interest of The survey also provided a gauge of the interest of Milwaukee
manufacturers in each of the SWH components. Low interest
components were filtered out.

Manufacturers

Potential Interviews with industry experts provided information
Value of regarding the potential value of each component. Low potential
Component value components were filtered at this step.

|

Recommended Components

Figure 6. SWH Component Attractiveness Screening Process

The first step in determining the most attractive SWH components for Milwaukee was

determining the required manufacturing processes usedto make each component. Industry

experts provided the necessary information to create the matrix shown in Table 4. A list of the

most common SWH components is in the first column and common manufacturing capabilities

EUI wOPUUI EWEEUOUUWUT T wUOxdww Ow?27~2 wElI OOUI Uwbi 1 U
needed for each component. However, due to the variety of types, some components may

require all the processes that are noted by the Xs. For example, a heat exchanger can simply be

a coil of pipes or a series of parallel plates. These two different types of heat exchangers

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc. 10
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require very different manufacturing processes | pipe bending versus stamping and rolling , as
shown in Table 4.

Table 4. SWH Component Manufacturing Matrix

g p i g p B
SWH Component Z g = £ E %
rEu = 5 = o =
SWH Water Storage Tank X X X X X X X X X X X X
Heat Exchanger for potable water X X X
Electronic Controls X
Fractional Horsepower Pumps X X
Pump Motor Flanges X X X
Hydronic Valves X X
Expansion Tank X
Air Elimination Valve X X
Piping X
Pipe Fittings X
Assembly — Pump Stations
Temperature Gauges X X X
Pressure Gauges X X X
Drain back Tank X X X X X X X X X X X X
Pipe Insulation
Dirt and Air Separators X X X
Thennal Mixing Valves X X X
Solar Thermal Collector X X X X X

The matrix helps show that storage and drain -back tanks require the largest variety of
manufacturing processes due to the number of different parts and complexity of the process.
In addition, it shows that the most commonly used manufacturing proc esses for the SWH
industry are machining, stamping, and casting.

%OO0O0OPPOT wUIT 1T whbEI OUDPI PEE U pféeasésiNavigdhtthiatchedthesez U wOE O (
processes to capabilities of local manufacturers. A survey of the local manufacturing base was
conducted to obtain this information. The survey was sent to alarge number of manufacturers
in the greater Milwaukee area. Recipients were asked to identify their current manufacturing
capabilities as they relate to the SWH industry and if they plan to develop these capabilities
over the next one to three years. According to the survey , the most common capabilities are
machining, stamping, turret punching , and welding. Machining and stamping match up with
the more common processes needed for SWH component manufacturing, putting Milwaukee
in a good position to man ufacture components for the SWH industry. Milwaukee -area
manufacturers have a wide variety of capabilities ; however, despite the variety, there is a
limited amount of casting and enamel coating, which limit sthe possibility of manufacturing

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc. 11
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some SWH components, as shown in Figure 7. Enamel coating for example is used mainly by
tank manufacturers, other manufacturers will not have this capability.

Milwaukee Manufacturers Capabilities

Stainless
Process Steel Brass Copper Iron
PP Steel

Machining

Stamping
Rolling

Turret Punching
Welding (TIG & MIG)
Laser Cutting

Casting

Pipe Bending
Sandblasting
Painting
Coating
Molding

Enamel Coating

Current .
Capabilities

Low
Next1-3 Years

No Current or Near-term

Figure 7. Milwaukee Manufacturers Capabilit ies

The components that could feasibly be made in the Milwaukee area without extensive
retooling were determined by combining the manufacturing processes needed for the
components and the Milwaukee -area manufacturing capabilities. The results are shown in
Table 5.
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Table 5. Components that Can be M anufactured in Milwaukee

&
g
|

5
5

&
=

Laser
Cutting

SWH Component

Machining
Stamping
Welding
(TIG & MIG)

»¢ Sandblasting

X

X
P
P

SWH Water Storage Tank

Heat Exchanger for potable water

Electronic Controls

Fractional Horsepower Pumps

Pump Motor Flanges

Hydronic Valves

Expansion Tank

Air Elimination Valve

Piping

Pipe Fittings

Assembly — Pump Stations

Temperature Gauges

Pressure Gauges

Drain back Tank

Pipe Insulation

Dirt and Air Separators

Thermal Mixing Valves

Solar Thermal Collector

Solar Thermal Collector - Frame

Collector Mounting system

Current
Capabilities
X:
Manufacturing process
Medium or assembly needed for
component

Components that have Xs in high- and medium -capability columns in Table 5 are currently the
most feasible to manufacture in the Milwa ukee area. Components such asvater pumps,
valves, gauges, and pipe insulation were considered less feasible than other componentsand
were filtered out. Although these components remained in the list as comparison in the
following filters, they were not considered for the final group of attractive components for the
Milwaukee area. Some of the more attractive components include the collector frame,
mounting system, and expansion tank.
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The three screening criteria are summarized in Figure 8, leading to seven components that
were selected based on scoring in all three screens. Components with a low score were not
considered. However, they may be applicable for certain manufacturers on a caseby-case
basis. Collectors did not receive any low scores, however, they were not considered an
attractive component due to the relatively high amount of Intellectual Property ( IP) required
for manufacture. In 2008 about 70% of the collectorarea used in U.S. installations was
produced domestically with t he majority of imports coming from Israel and Europe. However,
as the U.S.market grows, more European companies are expected to enter the market
presenting an opportunity for the Milwaukee area . Milwaukee could leverage local high
guality manufacturing to attract international companies.

SWH Component Capability Interest Value-Add Sl s s

SWH Water Sf Tank di igh di Assembly ¢
ater Storage Tan Me- ium H!g Me !um Pump Station
Heat Exchanger for Potable Water High High Medium -
: : Collector Mounting/

Electronic Controls Low Low High f

- Racking System
Fractional Horsepower Pumps Low Low Low

: Solar Thermal
Pump Motor Flanges Medium Low Low
Collector Frame
Hydronic Valves Low Low Low
Expansion Tank High Medium Medium Expansion Tank
Air Elimination Valve Medium Medium Low Heat Exchanger for
Piping Medium Low Low Potable Water
Pipe Fittings Medium Low Low .
: - : : Drain back Tank

Assembly + Pump Station Medium Medium High
Temperature Gauges Low Low Low SWH Water Storage
Pressure Gauges Medium Low Low Tank
Drain back Tank Medium High Medium
Pipe Insulation Low Low Low
Dirtand Air Separators Medium Low Low
Thermal Mixing Valves Medium Low Low
Solar Thermal Collector Medium High Medium
Solar Thermal Collector Frame High High High

Collector Mounting/Racking System High High High

The recommendations above are for the entire manufacturing base.
Specific company recommendations will vary depending on interests and capabilities.

Figure 8. Component Selection Summary

Potential Opportunities for Milwaukee Manufacturers

The prioritized components for Milwaukee manufacturers include the pump station, collector
mounting system, collector frame, drain -back and storage tanks, expaision tank, and heat
exchanger.
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FirstTier @mponents:

The first components are components with a lower barrier to entry, as shown in Table 6.

e The pump station is a high-value component, as it is made from purchased parts and
requires the molding of a case, pipe brazing, and assembly. The pump stations arecrucial
in the advancement of the SWH industry , as they have potential to reduce the system
installation cost. Installation costs represent roughly half of the total system costs. With
limited or no foreseeable decrease in labor costs, the pump station provides a way to cut
down on labor time and cost. The pump station also helps promote system standardization
and reliability. Currently, many installers use a mix of various system components , leading
to a variety of system components and designs. Consequettly, this has led to many poorly
engineered systems that tend to break or underperform, giving the industry a poor
reputation. Pump stations are reassembled and will help reduce nonstandard systems and
increase reliability.

e The collector mounting/racking system and the collector frame were chosen as attractive
components due to their manufacturing compatibility with the current capabilities of the
Milwaukee manufacturing base. These components are generally madeby stamping and
machining sheet metal, a very common manufacturing process in the Milwaukee area.
Also, similar to the pump station, universal mounting systems will help to standardize the
industry, lowering costs an d increasing reliability.

e Expansion tanks are currently manufactured for the general plumbing industry. However,
with the increased use of glycol SWH systems, more robust expansion tanks are required.
The glycol in the SWH systems can break down the material used for the air bladder in
current expansion tanks. Thus, unique tanks can be made for the SWH industry with
higher grade bladders to resist the glycol.
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Table 6. Milwaukee Component Recommendations ¢ Tier 1

Component Picture Comments
Assembly . ) - Pump stations are high value add components, as they
Pump Station : g reduce the installation costs of SWH systems which

constitute nearly half of the total cost. The pump station is
made up of manufactured parts and requires assembily,
pipe brazing and a molded plastic case.

Collector Mounting/ Collector racks are currently made by the collector
Racking System \ N\ manufacturer. A metal fabricating shop could easily
2 produce collector racks using metal stamping and
- ) N\ machining.
=
@)
(all Solar Thermal The collector frame is typically aluminum and serves to

Collector Frame encase the absorbing pipes, glass and insulation. The

frame could be made using sheet metal stamping.

Expansion Tank Expansion tanks are another product that is currently
made for the general water heating market, however with
the growing use of glycol, expansion tanks for the SWH
industry must be manufactured with tougher inner
bladders to resist deterioration due to the glycol. The
tanks can be manufactured by stamping and assembly.

SecondTier Components:

The secondtier components, as shown in Table 7, are more complex to manufacture, and local
manufacturers may not have all the capabilities to make the entire product. However, there are
attractive opportunities for local manufacture rs to act as subcomponent suppliers to
manufacturers.

e The drain-back and storage tanks are fairly similar in manufacturing needs and value
added. Drain-back tanks and certain types of storage tanks are unique to the SWH
industry. Storage tanks for SWH require a second heat exchanger to transfer the heat from
the collectors to the potable water. There are few storage tanks currently sold in the U.S.
market that have a heat exchanger for the collectors and a seconcheat exchanger or a
heating element for the backup heater.

e Finally, heat exchangers match up with the manufacturing capabilities in the area and there
is an interest for manufacturing them. They provide an adequate value add and are an
integral component for SWH systems.
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Table 7. Milwau kee Component Recommendations ¢ Tier 2

Component Picture Comments

Specialty SWH Although hot water storage tanks are currently made for
Water Storage the general water heating industry, some applications for
Tanks the SWH industry may require tanks with two heat
exchangers, one for the back up heater and one for the
solar collectors. The major requirements for
manufacturing are stamping, rolling, painting and
assembly. However, coating techniques are a substantial
barrier for entry

Drain -back Tank ‘ Drain-back tanks areused to drain the fluid out of the
solar collectors when there is not enough sun to prevent
< freezing in cold weather. The tanks are specific to the
e SWH market. The major manufacturing requirements
a are stamping, rolling, machining, and painting.

Teir 2
B

Heat Exchanger for Heat exchangers are an important part of the SWH
Potable Water market and are required to be made out of stainless steel
with the growing use of glycol. The plate exchangers

5 can be manufactured using machining, stamping, rolling
] and welding but are mostly used in double walled tanks
that are mandated by building code in certain areas.

¥y

&

TheNaviganT e a Assesssment of SWBpportunitiedor Milwaukee Manufacturers

The Navigant team believes the SWH market could be an attractive opportunity for Milwaukee
manufacturers:

A Milwaukee manufacture rs have the capabilities to manufacture high-quality components
for the SWH industry.

A The size and highly fragmented nature of this emerging market present opportunities for
new players, but also risks.

A The Navigant team recommends Milwaukee manufacturers concentrate on producing
high -value components that customers are willing to pay a premium for such as
components that are currently imported from Europe.

A In the past, Milwaukee manufacturers have focused on one customer. However, to be
successful in the SWH market, the Navigant team recommends targeting multiple
customers.

N The SWH industry is more fragmented , with smaller customers that could quickly exit
and leave manufacturers with stranded assets.

Local manufacturers could potentially capture about 2 ¢ 5% of the total U.S. market share

($10t 20 million) in the short term.

A With increased market adoption and industry recognition, local manufacturers could
potentially gain higher market shares of 5¢10% in the medium to long term.
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SECTION

Milwaukee Area Case Study

Scope and Approachfor Case Study

The Navigant team conducted a case study on Res Manufacturing, a local manufacturer that
has successfully retooled in the past and is considering retooling for the SWH industry. The
scope and approach to the case study are detailed inFigure 9.

J Identify a local or regional company, if J Navigantworked withthe City of
one exists, that has overcome barriers and Milwaukee to identify a local/regional
successfully entered the SWH industry. EOOxEOQawli E0wi PUUwWU|
however, no such company could be

J Discuss the decision making process, . .
steps to re-tool/reinvest and market identiied.
success. 3/ 1T Uwl0T T w"PUazUwUIl gU|

alocal company that is currently

evaluating such a decision to re-tool, but
has not fully committed yet.

3 Presentbestpractices and lessons learned
for other companies considering a similar
investment decision.

J Navigantinterviewed the candidate
company, RES Manufacturing, and
documented the key questions and
answers the company is currently facing.

Figure 9. Case Study Scope and Approach

Res Manufacturing was chosen as the subject of the case study due tats location in the

Milwaukee areaand POUWEUUUI OUWUUEUUUWOI wi YEOQOUEUDOT wOT 1 w?
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the company to provide relevant information regarding the steps taken to evaluate a new
market.

Background

Res Manufacturings a metal-stamping manufacturer in the process of determining whether or

not to enter the SWH component space. The company ismore than 100 years old and has

OEOQOUI EEUOUUI Ewi OUWEWYEUDPI UDawdi wbOEUUUUDI UwoOYI UwUOI
commercial cookware and has since transitioned to having most of its business based in the

automotive industry. Res does not focus on a single industry and continues to make products

for the commercial cookware industry as well as the automotive industry. More inf ormation

OOwli UZUWEEEOT UOUOEWE OE wE U BigureQW wUPUUEUDPOOWEEQuWEI

RES Manufacturing e

A Metal stamping manufacturer founded in J Res has performed well in the past few
1907 years despite the recession.

A Privately held organization owned by 3 Currently, >80% of its business is based
DLSM, Inc. on automotive work; Reswantsto move

A Currently have about 75 employees towards a higher non -automotive mix.

3 Resis in the process of determining if the

. o . SWH market offers a strategic fit for their
N Progressive die stamping company.

A Specializingin:

N Design assistance
N Tool build
N Prototypes

N Heattreating, welding, tapping &
machining, finished coating

N Automated assembly

Figure 10. Rest Company Background and Cu rrent Situation
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Manufacturing Capabilities

11 Uz UwEUUUI 60 wEtErm mtEmsOibraw eapahilfias (3 toBcentrated on stamping,

welding, and machining processes. Table8UT ObP UwUT | wEOOxEOaz UwWEUUUI OU w
processes and their planned future capabilities.

Table 8. Res Manufacturing Capabilities

Stainless .
Process Steel Brass Copper Iron Plastic

Steel
Machining

Stamping

Rolling

Turret Punching
Welding (TIG & MIG)

Laser Cutting

Casting

Pipe Bending

Sandblasting

Painting
Coating

Molding

Enamel Coating

Current Capabilities

Near-term Interest

No Capability/Interest

Component Match

' EUI EwOOw1lil Uz Uwx U O BHe NavigehtReas Bedtiidl (igel SWH EoM@dAeht©
that represent current or near-term opportunities. Table 9 shows how the following
components could be produced by Res currently or in the near future.

Current or near-term opportunities for Res:
e Heat exchanger for potable water
e Expansion tank
e Pipe fittings
e Solar thermal collector ¢ frame
e Collector mounting system/rack
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The additions of rolling, turret punching, and welding will greatly expand their capabilities
allowing them to produce more of the SWH components.

Table 9. Manufacturing Requirements of SWH Components Compared to Res Capabilities

op

]
£z
.8

5
=

SWH Component

SWH Water Storage Tank

Heat Exchanger for potable water
Electronic Controls

Fractional Horsepower Pumps

Machining
Welding
(TIG & MIG)
b=y Sandblasting
tsd Molding

-

Pump Motor Flanges

Hydronic Valves

Expansion Tank

Air Elimination Valve

Piping

Pipe Fittings
Assembly — Pump Stations

Temperature Gauges

Pressure Gauges
Drain back Tank

Pipe Insulation

Dirt and Air Separators

Thermal Mixing Valves

Solar Thermal Collector

Solar Thermal Collector - Frame

Collector Mounting system/rack

| Current Opportunities - | Current Capabilities - | Near-term Interest | | | No Capability/Interest | X = required process
-~ for COl]]pOI‘lE‘IIt

Component Priorities for RES

&DYI Owll UzUwxUOEI UVUWEEXEEDPOPUDPI UWwEOEwWDLOUI Ul U0UOL
frames, mounts, and expansion tanks. Res expressed specific interest in the manufacturing of

collector frames and mounts. There are few companies that currently produce universal

mounting systems for the solar thermal industry. A universal mounting system would help to

reduce the high installation costs involved with SWH systems and would also improve

reliability. The mounting syst em and collector frame require manufacturing processes that are

held by Res, making them a good candidate for new revenue stream.

$RxEOUDPOOWUEOOUWPT Ul WEOUOWDPOEOUET EwPOwUT T wul EOOC
current capabilities and offer a high value add product. Although expansion tanks are

currently made for the general hot water market, they require more durable inner bladders to

resist deterioration when used with glycol in SWH systems. This would enable Res to

manufacture a unique product for the SWH industry at a higher value.
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Pipe fitting and heat exchangers were not chosen as attractive components for Res because of
Uil PUWOOPWYEOUI wE E E wkEeSdeatively. Uz UWOEEOwWOI wbOUI Ul UU

Porterds 5 Forces

Res is currently evaluating the collector mount as a potential manufacturing opportunity and
T EUwUOUT EwOT T w/ OUUT Uz Uwk wunO U Eab shows i Eighde WH/ OO ul zYUEWK
Force is a tool that companies across the country use to evaluate new strategic directions.

Porter’s 5 Forces analysis guides the determination
of the attractiveness of an industry

* Economies of scale/scope
Threat of + Differentiation

* Capital
Entrants * Switching costs

+ Distribution channels

* Concentration of suppliers
* Concentration of industry
* Switching costs

* Substitute products

Industry
Competition
(rivalry)

* Concentration of buyers
* Concentration of industry
* Substitute products

* Number of players * Switching costs

* Industry growth * Availability * Determinant of output price?
+ Differentiation * Switching costs
* Exit barriers + Willingness to pay

* Tacit collusion

Figure 118 w/ OUUI U % AnalksisiobRe$sE 1 U w

e Suppliers: It is important to Res to look into the material and retooling cost sfor
OEOQOUI EEQOUUDOT wOl PWEOOXxOOI OUUwWiI OUWUT 1 w26 whbOEUU
made up of material costs, such as a pipe, would not be an attractive product for Res to
manufacture. Additionally, re -tooling costs must be low, especially for a small potential
market, in order to minimize risk.
e Threat of New Entrants: Res chooses products to manufacture based on whether or not it

\\\\\\\ ~ S

will have a unique advantage, or there is a difereOUDE UDOT wi EEUOUS ww. O woi
EPIi i1 UI OUPEUPOT wi EEVOUUwWPUwWPUUWET UPT OwUI UYPEIT U
design for manufacture service sets them apart and allows them to differentiate themselves

in the market. In order to enter a new mark et, Res would have to offer this service to a new
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client in addition to finding other competitive advantages in order to minimize the
potential for competitors to enter their space.

Buyers: The number of potential buyers is a very important aspect to any company looking
to enter a new market. The number of buyers or the requested production volume of a
single buyer must be able to sustain a reasonablenternal rate of return (IRR) and pay off
the re-tooling costs.

Substitutes: Due to the switching costs involved with entering a new market, it is important
that a competitor does not sell a substitute product in the near term. The ease of creating
substitutes is thus a very important aspect. Res would not want to enter a market where a
product has already become a commodity.

Competition : Res plans to enter a market where it can differentiate itself from competitors,
allowing them to avoid a price war. Barriers to entry are also important as they will help to
prolong the time before competitors enter the m arket.

SWOT Analysis

Res is currently in the process of understanding whether manufacturing collector mounts for

the

SWH industry fits within their core competencies. To evaluate this, a SWOT (strength,

weakness, opportunities, and threats) analysis was performed, as shown in Figure 12

Internal to Company

External to Company

A Company is not located near major SWH
markets (CA, HI, & FL).

A No experience with channels to market in
the industry.

A Company is highly risk averse. While the
technical aspects of the product are low risk
market risk exists.

A U.S-based manufacturing company
(supports re-shoring trend in U.S.)

A Experience with lean manufacturing and
efficient cost structures leveraged from
success in the auto industry

A Highly adaptable manufacturing capabilities

A Inhouse manufacturing design capabilities

A Ability to attract highly qualified
employees.

Opportunities

A Wisconsin has a commitment to supporting
the SWH industry with incentives and other
programs.

A Strong Wisconsin-based manufacturing
culture could provide partnership
opportunities along SWH value chain.

A High quality US based products are sought
after in the SWH industry

A SWH is small and fragmented.

A Potentially no room for standardized
product

A SWH systems lack standardization leading
to a mix of products.

A Midwest market primarily uses cheap
natural gas to heat water, creating less
attractive SWH economics

Figure 12. SWOT Analysis t Res
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. Ol woOi wll Uz Uwi Uthelr thihabgewéesigrifor tbd manutacing ueam. Although
the team does not do any original design, it provides design advice for more efficient and cost -
effective manufacturing. Simple changes in the design of the component have saved clientsaa
significant amo unt of money.

Res does have a weakness in the sense that it is a highly risladverse company. This poses a
problem with a relatively new industry that has not yet been tested for its sustainability, such
as the SWH market.

The SWH market offers some opportunities for a manufacturer looking to enter the SWH
market. State, federal and private incentives exist for manufacturers in the SWH industry.

The incentives are in place to boost the consumer market in addition to providing direct
incentives for the manufacture of SWH components. Additionally, Res is located in a dense
manufacturing region that offers a variety of capabilities. Thus, Res could partner with other
facilities to harness the necessary manufacturing process for nearly all of the SWH conponents.

Although the SWH ind ustry is growing, there are threats that exist to manufacturing
companies such as Res. There is a lack of standards for the industrywhich makes it difficult to

manufacture universal components such as a mounting system. The market is currently
volatile and dynamic . As the market takes shape in coming years manufacturers like Res
should diversify their exposure to a single customer.

Investment Perspective
In additionto the11 Uz Uw2 6 . 3theENGvg&ana t8am@Ow i Uwli 1 wEOOxEOaz Uwb ¢
perspective, which is a conservative plan to ensure a sustainable IRR for the owners. This plan

makes investments in unproven, new industries relatively unattractive. The company also
expects short payback periods on invesiments.

Conclusions

The case study helpedidentify the important criteria that manufacturers consider when
evaluating a new market. When evaluating a new market, Res weighs the potential IRR and
payback period heavily. Thus, if other manufacturers use similar evaluation methods as Res,
few of them will retool and risk a low IRR or long payback period if there is not a stable
industry.
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In addition, other criteria such as value add potential, differentiation , and competitive
advantage impact the decision to manufacture parts for a new industry. Value add is
important to the SWH industry as many of the components used in the industry are also used
in the general water heating industry , and thus are produced in large quantities with relative ly
small margins. Res would not manufacture something for the general water heating market
with a profit margin that had already been minimized. Products such as pipes and fittings fall
into this low value add component area. Unique products to the SWH in dustry that require a
large amount of manufacturing would be more attractive to a company such as Res. SeeFigure
13for key takeaways that apply more broadly to Milwaukee -area manufacturers.

Key Takeaways from Res Manufacturing

A Res is using a systematic approach to evaluating a new market, including:
N understanding its own unique capabilities,
N selecting a potential product for investment, and
N evaluating the attractiveness of the industry.

A Payback and IRR threshold requirements are of utmost importance in determining
the attractiveness of the investment.

A Investment in undifferentiated, low value -add products will not result in a sustained
competitive advantage in a new market.

Figure 13. Key Takeaways from Res Manufacturing Case Study

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc. 25



NAVIGANT

SECTION

The Solar Water Heating Industry

U.S. Market

The first U.S. installations were deployed to provide water heating in areas inaccessible to
other energy supplies or to complement them, especially prior to World War II. After World
War Il, consumers began to expect higher quality water heating (i.e., water of consistently high
temperature that would be available at any time) and as a result, the U.S. solar water heating
market declined.

With the energy crises of the 1970s, the SWH market rebounded and several hundred
companies entered the industry. The Solar Heating and Cooling (SHAC) program provided a
40 percent federal tax credit and state-level incentives were available and helped jum p-start the
industry. Unfortunately, the policy did not support long -term, sustainable development. When
the incentives were discontinued in 1986, the U.S. market quickly collapsed.

The Energy Policy Act of 2005 provided a 30 percent federal tax credit up to $2,000 for
residential SWH systems (no cap for commercial systems) that were certified by the Solar
Rating and Certification Corporation (SRCC), through 2008. This was extended through 2016
by the Energy Improvement and Extension Act of 2008 and the $2,000 cap on residential
systems was lifted. In parallel with the recent federal tax credits, several utilities and states
have introduced SWH programs (either incentive or building code based) that have driven
renewed interest in the industry.

Figure 14illustrates some of the policy and economic impacts on annual solar thermal collector
shipments in the U.S. during the past 30plus years. During the 1970s when incentiveswere
high, the U.S. market experienced a strong growth period. However, when incentives expired ,
the strong growth disappeared as well. The market is only now returning to similar annual
shipment levels that were present in the early 1980s. The SWH market growth is rising, while
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the pool segment of the market is continuing to grow around 6 percent annually . The hot water
segment of the market is growing much faster, around 30 percent annually.

Total U.S. Shipments of Solar Thermal Collectors
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Figure 14. Total U.S. Shipments of Solar Thermal Collectors

During the past 30plus years the U.S. market has been highly susceptible to growth and
contraction periods. These periods are highly correlated with incentive programs. As they are
introduced (for example, in the 19709, we see high growth, and as they expire or are
withdrawn (for example, in the early 19809, the market contracts. The SWH market is
currently experiencing a growth period due to attractive federal and state incentives. While the
pool segment of the market is continuing to grow modestly due to the slowing in the housing
market, the hot water segment of the market is growing much faster, at around 30 percent
annually.

Even with strong U.S. market growth, the total value of the market rem ains modest. The total
U.S. market value in 2010 was around $800MM(millions) . The Navigant team considered two
growth scenarios| Business as Usual (BAU) and High Growth Rate (High) between 2010 and
2017, as shown in Figure 15. In both scenarios the compound annual growth rate s (CAGRS) of
the pool segment and SWH segmentwere varied separately. In 2017 the market is likely to be
valued between $2-4B, whic h is still small compared to other related industries such as solar
PV.
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Market Value Projection for the U.S. SWH Industry
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Figure 15. Market Value Projection for the U.S. SWH Industry

Although the pool heating segment of the market dominates the total collector area shipped in
the U.S. market, the domestic water heating market represents most of the market value. When
we convert the data from total area shipped to the number of systems shipped, we see that
about half the systems are pool heating and half are used for heating andhot water
applications. Upon further correction to account for the value of each system, we determine
that heating and hot water applications represent up to 70 percent of the market value, but
only 16 percent of the area of collectors shipped, as shown in Figure 16. The higher capital cost
of a domestic versus pool heating system is due to the collector type used and specific system
configuration.

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc. 28



NAVIGANT

Domestic Air and Water Heating vs. Pool Heating, 2008

Area of Collectors Number of Systems Market Value by Use
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Source: Navigant Consulting, Inc. based on data from Energy Information Administration, Solar Thermal and Photovoltaic Collec tor
Manufacturing Activities 2008 and Renewable Energy Annual.
Note: Pool Heating System size was assumed to be 358100sdft; Non-pool heating systems were assumed to be 5664sqft.

The dashed line represents the level of uncertainty in the calculations and should be considered as a range.

Figure 16. Domestic Air and Water Heating vs. Pool Heating, 2008

The U.S. SWH market valuewas about $800 million in 2009. Roughly half of the total market
value is labor costs and the rest is attributed to system component costs, which is dominated by
collector-related costs.Figure 17 shows a breakdown of the total market value by the value of
each component.

Solar Water Heating + U.S. Component Values

2009 SWH Component Market: $400MM
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Source: RS Means, Navigant Consulting, Inc. based on data from Energy Information Administration, Solar Thermal and
Photovoltaic Collector Manufacturing Activities 2008 and Renewable Energy Annual and Industry Interviews.

Figure 17. SWH ¢ U.S. Component Values
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The U.S market is dominated by a small number of states. Between 2006and 2009, Hawaii and
Florida remained the top U.S. markets. The restof-the-U.S. (ROUS) market segment illustrated
the most obvious jump in terms of U.S. SWH market share.

Figure 18illustrates the following:

A On the order of 35% of all new U.S. solar domestic water heating systems are installed in
Hawaii.

A Six states continue to account for almost 70% of all domestic SWH systems.

A On the order of ~8,500 SWH systems were sold in the U.S. in 2006, and ~25,000 in 2009.

2006U.S. Domestic SWH by State 2009 U.S Domestic SWH by State

Mid - 8,500 Systems 25,000 Systems
AZ,
Atlantic ROUS, CO, 250 1000 Mid - ROUS, AZ, CA
250 400 Atlantic 000 __1500 '
CA, 1000
OR, 250 1000 1500
New FL, 5000
England \ OR, 500
250
FL, 1000 New.
HI, 4000 England
1500 HI, 8750

Source: Navigant Consulting, Inc. based on interview with Les Nelson, SRCC, Statelncentive Programs (CA, HI, FL)

Figure 18. 2006 and2009 U.S. Domestic SWH by State

Confidentiahd Proprietary2@ 0Navigant Consulting, Inc. 30



NAVIGANT

U.S. Policy

Although the U.S. SWH market has grown during the past 30 years is has been subject to
typical policy/incentive expirations . However, the past few yearshave shown signs of promise.
From 2006 to 2009, U.S. shipmentgrew about 40 percent each year. Market share erosion
indicates an increase in supplier competition, which should drive system price declines.

The U.S. market is experiencing nearterm growth because of the emergence of new incentives
at the state and federal levels. A U.S. federal tax credit is available for SWH systems installed
through December 31, 2016. Consumers can claim a tax credit equal to 30 percent of the costs,
with no cap for commercial or residential systems. The SWH systems must: be used exclusively
for purposes other than heating swimming pools and hot tubs, utilize panels that are certified
by the SRCC, and produce 50 percent or more of the water heating needed by the residence. In
addition, 30 states have one or more incentives for SWH as shown in Figure 19. The types of
incentives include: (number of states)

¢ Income tax credits (11)

¢ Rebates (21) or production incentive s (2)

e Sales tax exemptiors (7). Sales taxes range from #7% of the system cost.

e Grant programs (4)

e Loan options (11)

e Other programs include building requirements (1) and leasing program (1)

States that Provide Incentives for SWH

- State provides rebate or tax credit incentive(s)

|:| State only provides loans or atax exemption

[ state does not provide additional incentive

Source: hitp://www.dsireusa.org = database of RE incentives, Jan. 2009

Figure 19. U.S. States that Provide Incentives for SWH
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Global Market

China and Europe lead the global demand for SWH systems for different reasons.
In Europe, many countries have successfully implemented SWH incentive programs. The main
factors for successful programs are

1. Continued long -term support of SWH incentives. This helps industry plan long term,
reducing the risk that the incentive program wi |l disappear.

2. Education campaigns . Awareness of SWH systems is lacking in most markets.
Campaigns targeted at raising awareness and pointing out the benefits of SWH systems
create more demand from customers.

3. Performance-based incentives. This encourages proper system design and sizing and
puts the needs of the customer first.

4. Policy. Some municipalities are requiring SWH systems to be installed in local building
codes.

In China, however, SWH adoption has grow n with limited intervention by the government .
Low -cost systems and limited availability of electricity and natural gas around the country
have driven industry growth. In contrast to most other markets around the world, the Chinese
government does not offer incentives for manufacturers or end users. Industry growth in
countries that have limited incentive programs usually occurs in mild climates where the solar
resource is good and there is no need for freeze protection.Most global markets have seen
recent growth, with the Chinese leading the global market with respect to collector area
shipped, as shown in Figure 20.

Newly Installed Solar Thermal Collectors in 2008, by Area

Greece

Austria

United

China, 75% Europe, 12%

United States

Source: International Energy Agency Solar Heating and Cooling Programme, Solar Heat Worldwidd Market and
Contributions to the Energy Supply 2008, Edition 20May, 2010.

Figure 20. Newly Installed Solar Thermal Collectors in 2008, by Area
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However, cheap systems dominate the Chinese market and market value is ona par with that
of Germany, the second largest market. Europe is the largest SWH market with nearly half ($6
billion) of the global SWH market value. The impact of the cheaper systems in China can be
seen inFigure 21

2008World Solar Water Heating Market, $12.4 billion

India

Austria

World Market |
(inmilions) United

France Kingdom

Switzerland

Europe, 49%
China, 22%

.................................................... European Market
............................ (in millions)
Israel Australia ——United States Total = $6 Billion

Japan T Turkey

Brazil

Source:

1. International Energy Agency Solar Heating and Cooling Programme, Solar Heat Worldwidé¢ Market and Contributions to the
Energy Supply 2008, Edition 201May, 2010.

2. Sensors Report, 2008hitp://www.mdpi.org/sensors/papers/s8021252.pdf
3. NClanalysis

Figure 21. 2008 World Solar Water Heating Market, $12.4 Billion

The majority of solar thermal collector area is used for single-family houses. As discussed

previously

, the U.S.market is dominated by pool systems. However, when we calculate the

total number of systems in each country, we find that most installed systems are single-family
home SHW systems which dominate the global market. The value of domestic SWH systems is
larger than pool systems due to higher end collectors because of the high temperature
requirements and more complex system design asshown in Figure 22 and Figure 23.
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Solar Thermal Collectors End Users - Top 20 Countries (by Collector Area)
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Figure 22. Solar Thermal Collectors End Users ¢ Top 20 Countries (by Collector Area)

Solar Thermal Collectors End Users - Top 20 Countries (by Number of Systems)

LIS B DS N R B

g% — — — — — — —~ " """ — - - —

(/= EEE T W I TEE TR I T T TE TN EN I W T B B .
7 i T W TN T = N T EE W= T BN I O T B B .
50% +— — — — — — — — — — — — — —
40% 3 M B B N B N N N N N N N B N

30% R B B B B B B B B EE B EE B B

20% +— — _— — — - — - — — —
1o 7$7777777777
0% — .

& o & 8w SN e 2 N2 N~ 2 o > SR
S & &S LS & & & & EFE S F LT
¢ \&0} Q‘bé\ < \29%6 Sl Vv"é ¢ VY@ R h S SR .*&v ¢ & O
& of o
M Single Family Homes - Heat and Hot Water W Multi Family Homes, Hotels and District Heating

Single Family Homes - Hot Water B Pool Heating

Source: International Energy Agency Solar Heating and Cooling Programme, Solar Heat Worldwidd Market and
Contributions to the Energy Supply 2008, Edition 20May, 2010.

Notes: This assumed that the Average sizes of the systems were: 158qft for SFH + Heat and Hot Water; 500sqft for Multi
Family Homes, Hotels and District Heating; 50 sqfr for SFH ¢ Hot Water; and 400 for Pool Heating

Figure 23. Solar Thermal Collectors End Users ¢ Top 20 Countries (by Number of Systems)
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Drivers/Barriers

A variety of drivers influence the solar water heating market.

¢ Incentives: To counter high paybacks in some areas, governments have established
capacity-based (i.e, $/kWth) or performance -based (i.e, $/kWhth or $/MMBtu) incentives
to encourage adoption.

¢ Regulation: Several jurisdictions (e.g., Hawaii, Israel, and Spain) have created SWH
regulation. Regulation typically takes the form of building code requirements th at SWH be
included in a certain percentage of new construction.

e Marketing: To counter lack of consumer awareness, governments or national trade groups
have conducted large marketing campaigns.

¢ Infrastructure: Rural areas in some countries have no access telectricity or natural gas for
water heating, so SWH systems are the only option for domestic hot water (beyond boiling
over a fireplace).

However, key barriers continue to prohibit strong growth in the U.S.

e Consumer Awareness: Most consumers are not aware that SWH is an option for their

e Labor Supply: SWH installation requires skills of both plumbers and roofers, but many
contractors are not trained in both. As a result, installers have trouble finding the right
talent in order to expand their workforce.

e Economics: Water heaters are typically replaced when one breaks and is an unexpected
expense.Becausethe building owner is not expecting this expense, they opt for the regular
water heater with a lower up -front cost (~$1,000 vs. ~$6,000). Many potential customers
focus solely on payback (as opposed toreturn on investment [ROI] or IRR) and paybacks
are greater than sevenyears in most of the U.S.

¢ Regulations: Many incentive program s require system-level SRCC OG 300 certification.
The certification is for a fixed set of components, so an installer would have to get
certification for every variation in component choice. The certification process currently
takes 12 to 18 months.

In the past, improving economics drove market uptake. Domestic water heating has been
successful in states with high incentives, high electricity or natural gas prices, and high solar
insolation. Payback is most attractive in states where water is heated usingelectricity, as
electric water heating is less efficient and more expensive than natural gas.

Pool heating economics are more favorable than for domestic water heating systems.
Recirculation pumps are included in most pools, so one simply has to pay for a few unshaded
collectors (1/2¢ 1 times the pool area) to obtainthree- to four -year simple paybacks. However,
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solar collectors areten times more expensive than electric heaters. This high up-front cost limits
market penetration. Additional market trends are listed in Table 10.

Table 10. SWH Expected Market Trends

e Larger commercial projects are expected to increase over
the coming years.

e Funding from the American Recovery and Reinvestment
Act (ARRA) is being used to finance many energy
efficiency and alternative energy generation projects.

Increased Number of While these projects are typically larger government or

Commercial Projects public facilities, ARRA funds are likely to impact the
industry only in the short term until funds are depleted.

e As system prices decrease and the SWH industry
matures, project economics will become more attractive.

e The market will depend on available financing for
projects

e Natural gas (NG) prices drive electricity prices. Current
forecasts are not as high as several years ago as a result
Reduced Natural Gas of shale gas. Lower NG prices may not increase
Prices electricity prices as much asonce expected.
e Carbon tax or cap and trade could lead to an increase in
electricity prices.

e As the industry matures and manufacturing volume
grows, prices are likely to decline.

Reduced System Prices e Streamlining installation cost and time is expected as

installers gain more experience. Innovative components

and preassembly will also reduce cost.

e More states may adopt strict incentive reporting

Stricter Incentive requirements, similar to HI and CA, which may hinder
Reporting Requirements market adoption by installers. But, this will result in
higher quality and better design installations.
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Economics:

Most consumers evaluate SWH purchase decisions on payback period, andfour variables
dominate the payback period calculation: solar insolation levels, federal and local incentives,
energy prices and installed system costs

Solar Insolation

In terms of insolation, the southwestern U.S. has the best solar resources for SWH systemsas
shown in Figure 24.

Solar Resource for a Medium Temperature Applications

contiguous states are a 10 km satelite
‘modeled dataset (SUNY/NREL, 2007)
representing data from 19982005,

The data for Alaska are 3 40 km

i

‘Author Bl Robers - October 20, 2008

Source:National Renewable Energy Laboratory

Figure 24. Solar Resource for a Flat-Plate Collector

Energy Prices

Hawaii has the highest residential electricity price in the U.S.; New England, California, Texas,
Nevada, and Alaska follow , asshown in Figure 25.
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Figure 25. 2009 Average Residential Electricity Rates ¢ by State

Hawaii also has the highest residential natural gas prices in the U.S.; Florida, Alabama,
Georgia, Arizona, and the northeastern states follow, as shownin Figure 26.

Figure 26. 2009 Average Residential Natural Gas Rates ¢ by State
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