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Abstract

Innovation is a key economic driver and energy is a critical component of our state and national
economy. Therefore, energy technology innovation is essential as Wisconsin and the U.S. transition from
our legacy high-carbon energy economy to an energy economy emphasizing clean technology solutions.

Energy technology innovation system approaches are a good way to determine what policy promotes
energy innovation and what does not work as well. Research on policies in Europe and around the globe
have been successful in measuring policy effectiveness for technology innovation, but have not been
applied to U.S. energy policy as frequently. Using the energy technology innovation system approach,
this paper considers a wide array of energy policies and potential lessons for Wisconsin and the nation
as a whole. This report will outline how the U.S. can focus on energy technology innovation through
supportive public policy.

Policy Problem Statement

Existing national and state energy policies are inadequate or inconsistent in sending market signals to
more rapidly advance investment and deployment of clean energy technologies and distributed energy
(DE) systems. Under the current energy structure, significant barriers to clean tech energy sources and
distributed energy systems remain. As a result, Wisconsin and the U.S. are falling behind in the
economic benefits in worldwide growth in clean energy technology innovation solutions.

The current energy production and consumption systems control what some call ‘the rules of the game,’
meaning regulations and tax structures favor the status quo and block competition from full
participation in the energy marketplace. Similarly, long-term investments in existing high-carbon energy
technologies and the infrastructure to support them, such as large base load plants and electrical grids,
create so called carbon lock-in or coal lock-in. Wisconsin now has coal energy price lock-in resulting from
high capital costs and long assets life spans from these energy investments. The cost of coal as a
commodity used to generate electricity in base load electricity plants could increase annually by 6
percent during the next decade. *

Wisconsin energy prices have gone up almost every year since 2000 — a trend that will not be reversed
long-term without greater energy portfolio diversification. Fuel switching to natural gas may help short-
term. But, as new domestic shale oil discovery and residual natural gas become traded as global
commodities the price will rise to meet international demand and Wisconsin could repeat the lock-in
cycle.

Wisconsin must set clearer policy goals including a stronger emphasis on energy portfolio diversification,
distributed energy, and new energy technology innovation. For the short-term, policy should promote
more clean energy technology deployment in Wisconsin and the entire U.S. to achieve energy portfolio
diversification. A larger investment in research and development (R&D) and policy to advance energy
technology innovation is needed for the long-term. In order to address these problems, some individual
states and countries around the globe have innovative policies that merit consideration.



Goals of This Policy Paper

The focus of this report is on Wisconsin and its energy innovation opportunities, but many of the
findings and recommendations apply to other states. With the support of a literature review on energy
policy and energy sector trends, this report will:

* Demonstrate that achieving a new energy economy built around low-carbon clean energy
technology will require steady steps of innovation

* Define the energy technology innovation system

¢ Utilize the energy technology innovation system perspective to evaluate, compare, and contrast
policy success in Europe and elsewhere to determine potential policy pathways for Wisconsin
and the U.S. to consider

* Evaluate potential ratepayer and investor risk from high carbon legacy energy systems

* Describe opportunities for Wisconsin and the U.S. to stimulate new investment and growth in
clean energy technologies for long-term energy security.



1.0 The Energy World Can Change Quickly

The dialogue around U.S. energy policy needs to change because the energy world has already changed
and it will continue to do so. Far too often the energy discussion seems stuck between a desire to return
to 1950s energy policy where coal was king, and something called the ‘all of the above’ energy policy.
Saying our U.S. energy policy is the ‘all of the above’ strategy may be politically expedient in the
Washington D.C. ‘beltway’ where status-quo energy lobbies dominate the discussion, but this may not
be a long-term energy strategy. Looking at a few energy trends might be a starting point to find a more

positive and focused path forward:

* The percentage of our electricity coming from the greenest sources—non-hydroelectric
renewables such as solar, wind, geothermal and biomass—has doubled in just four years to
nearly 6 percent. In 2011, renewable generation including hydro made up 13 percent of total

Renewable electricity generation doubles
from 2006 to 2011, construction is under
way on the nation’s first new nuclear plants
in decades, and American manufacturers
have regained market share in advanced
batteries and vehicles. Prices for solar, wind,
and other clean energy technologies fell,
while employment in clean tech sectors
expanded by almost 12 percent from 2007
to 2010, adding more than 70,000 jobs even
during the height of the recession.

- Breakthrough Institute, Brooking
Institute, and World Resources Institute in
the report Beyond Boom and Bust: Putting
Clean Tech on a Path?

Germany in rural areas.’

generation.3

The costs of solar panels have dropped 65
percentin just 18 months.*

The solar business is currently growing at 30
percent per year.’

Renewable technologies generally have had
higher capital costs than fossil-fueled power
plants, but their fuel cost is virtually zero,
their energy price is locked in for decades,
and their capital costs are falling.

Portugal transformed its electric grid from 17
percent renewable energy sources to 45
percent renewable energy sources in just five
years (as of 2010). Germany is now getting
25 percent of its electricity from renewable
energy sources — with a remarkable DE
system of solar, wind and biogas — there are
more than 7,000 anaerobic digesters in

* One example of how technology innovation can change the dynamics of the new energy world is
the General Electric (GE) product line called FlexEfficiency that allows energy system operators
to adjust quickly as energy comes on and off the grid, including a 750-megawat combined-cycle
plant that can vary its output by 100 megawatts in one minute while maintaining an average
end-to-end efficiency of 60 percent. The company says it has $1.2 billion advance orders. This
technology can change the so-called renewable intermittency issue.’

¢ U.S. oil import dependency has gone down in recent years—after peaking in 2006 at over 66
percent, overall U.S. oil dependency declined to about 60 percent in 2011. The trend is expected
to continue for at least the short-term due to aggressive shale gas drilling in the U.S., but
globally traded commodities such as oil are subject to the whims of a global market.



* Natural gas prices in the U.S. went from a high in 2008 of $13 per million British Thermal Units
(mmBTU) and went to record lows around $2 per mmBTU in 2012. While prices are expected to
go higher in the long-term, they could stay low for the short-term with new hydraulic fracturing
technology and discoveries. Some debate is now emerging on the long-term availability of the
newly discovered shale gas, and there is little question that it has changed energy pricing
dramatically, with more utilities switching out fuels of coal for natural gas. As more U.S. supplies
shift to a global market the natural gas price will likely rise. In addition, new drilling seems
focused more on finding shale gas, sometimes even with flaring off the natural gas. The price
and available volumes of natural gas going forward is still a very dynamic energy trend without a
clear definitive conclusion.
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Figure 1: U.S. Electricity Generation by Fuel Type
Long-term Energy Goals are Critical

An energy technology innovation agenda can move Wisconsin ahead of the pack by placing a higher
priority on long-term energy goals, measuring progress toward achieving those goals, rewarding
adaptability, transparency and clarity policy and rules. A strong emphasis on taking an energy systems
approach searching for new technology in energy generation, storage, and distribution can lead to
economic growth for Wisconsin. Using the short-term opportunity for some fuel shifting to the current
lower cost natural gas and a planned steady increase in clean energy technology from renewable
sources will help diversify the Wisconsin energy portfolio and allow for investing in greater energy
technology innovation. According to a report issued by Google, “Energy Innovation is a powerful tool
capable of simultaneously addressing society’s goals of economic growth, enhanced energy security,
environmental health, and de-carbonization.”®

Policy can do four important things to impact the speed of change to a new energy economy:

Create goals

Remove barriers

Make it cheaper

Take an energy systems approach

PwnNPE



The federal government was the key driver in R&D in hydraulic fracturing aka fracking and advanced
drilling technologies for over 30 years.” The amazing results have been seen in just over the last two
years with more and more large scale drilling to get shale oil and gas. Why not have a similar U.S.
investment in clean technology that can ‘level the playing field’ for a true energy technology innovation
system to advance forward? Wisconsin and the rest of the U.S. are candidates to lead this energy
technology innovation agenda. One expert, MIT Professor Richard Lester, sees innovation coming from
the states, “Innovation works better with decentralization...innovation happens faster when there is
competition between technologies and business models, and ample opportunity for new entrants to
compete against incumbent firms. (This is especially important in electricity, where not only startups but
also big companies like Apple and Google should be allowed to challenge incumbent utilities with
innovative new energy systems and services).”*

Investment Risk

A new awareness of long-term investment risk with legacy energy systems, particularly coal generation,
may need to become a greater part of policymakers and electric generation regulators decision-making
process. During this historic period of energy system change other policy changes will be necessary to
manage adaptation. This paper reviews a wide range of literature and recent studies to evaluate what
appears to be working globally and domestically in the policy arena. This paper will suggest that
policymakers look more at energy technology innovation opportunities and integrated resource
planning in a regulatory setting.
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Figure 2: Carbon Lock-In (ORNL)

Coal Lock-In and Rising Coal Prices

Market forces are driving energy system change as some electric utilities and regulators are already re-
thinking their emphasis on large-scale, base-load coal system. This re-evaluation is driven primarily by
coal price economics, high coal shipping costs, environmental and investor risk, and new and coming
regulatory changes for high carbon energy systems. Wisconsin remains very dependent on coal,
especially with new generation sites opening, making it particularly vulnerable to what some call coal
‘lock-in’ resulting from high capital costs and long asset lifespans from these energy investments.
Wisconsin ratepayers have already seen more than a decade of rising energy costs, driven primarily by
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coal plant investments and purchasing of coal. Going forward with increasing coal plant closings across
the U.S., coal sales increasingly are going to the international market. This likely means that domestic
coal price will rise to the much higher international coal price. One analysis sees a projected coal cost
increase of six percent annually over the next decade.™

Distributed Energy Systems Are Here to Stay

The policy and regulatory world will also need to adapt to new technology change. DE systems are
becoming more attractive to the retail business sector as a part of their sustainable business strategy.
Companies like Wal-Mart, lkea, and Wisconsin-based Kohl’s Department stores and others are placing
more solar panels on their big box stores, especially as solar panel prices continue to fall in a
competitive global market.”? Some companies including GE and Johnson Controls are leading the
technology push for energy storage systems, microgrid products that better manage intermittent energy
generations, and nanotechnology with smart grid opportunities partially in response to global
distributive energy systems growth. Wisconsin is well
positioned to take advantage of these technology

| . .
- innovation changes, but may need to look closer at

... It will be profoundly damaging to supportive policy and regulation.

investors to have a debate in which

people can be pro-renewables only if States Play an Important Role in Energy Policy

they are anti-gas, and pro-gas only if

they are anti-renewables: this would It is inaccurate to argue, as some do, that the U.S. has no
introduce the serious problem for federal energy policy or plan.” It is accurate that the
investors of political risk and thermal and electric domestic energy policy and planning

has been mostly left to the states, resulting in what can
look like a patchwork of programs, incentives and

increase markedly the cost of

borrowing.

mandates in search of a goal. What can be seen is a classic
- Stephen Tromans, ThirtyNine incremental policy approach as the states cautiously cobble
Essex Street 1 together energy policies.

Despite more than a decade of renewable energy policy

experimentation at the federal and state level, only a small
portion of our energy mix is renewable. In 2011, renewable energy sources represented about 13
percent of the total U.S. energy consumption by source.'® In Wisconsin, renewable energy sources
climbed to the 7 percent of the total sales due in large part to the Renewable Portfolio Standard (RPS)
mandate.” There is some concern that because Wisconsin utilities have met the current RPS
requirements that there is little incentive to expand the use of clean energy technologies. Therefore,
Wisconsin and the U.S. should continue a strategy of diversification of energy generation portfolios and
moving forward with a policy agenda to advance the energy technology innovation system.

What is the Energy Technology Innovation System Analysis?

The energy technology innovation system comes from the area of innovation studies analyzing the
nature and rate of technology change. The energy technology innovation system includes the agents
working in an economic, social and political, and industrial development area that contribute to the
diffusion and use of a technology. The seven elements of a ‘successful’ energy technology innovation
system are: (1) entrepreneurial activities, (2) knowledge development (learning), (3) knowledge
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diffusion through networks, (4) guidance of the search (sometimes including policy goals and targets),
(5) market formation, (6) resource mobilization, and (7) creation of legitimacy (counteraction to
change). This energy technology innovation system is used for analysis of energy policy that may help or
hinder technology advancement or rate of energy technology change in society.

A Technology Innovation Strategy Paradigm for the Energy Futures Discussion

As the Stephan Troman’s quote shows, policy uncertainty and robust policy debate are occurring around
the globe. In this case, the essay was about the debate in Germany around emission standards and the
decision to close nuclear plants. This is a fundamental problem in the U.S. energy policy debate as
investors don’t know where to put their money as policy zigs and zags and policy uncertainty are
ubiquitous. Reframing our public dialogue is a starting point for economic success in a changing energy
system. Wisconsin and the U.S. will remain stuck in lower gear if the debate over propping up and
subsidizing high-cost, high-carbon, high-risk legacy coal and oil continues, and also similarly if we keep
subsidizing renewable energy technology.

The challenge is rewarding innovation and diversifying the energy portfolio for the future. Clean
technology energy will compete with legacy high-carbon energy sources if we had a truly level playing
field. Legacy energy companies also have a lot of money to invest. So why not find better ways to get
their investment in R&D and more clean technology energy options? It may take new rules or re-
regulation in the marketplace to make this change.

If investments move in the direction of energy technology innovation, there will be a lot of opportunity
for businesses to make money and for state economies to grow. Innovation requires R&D and yet
energy utilities barely invest in it; some estimates say only about one percent of U.S. energy business
revenues go toward R&D."” By combining a systems approach with a portfolio of technology
investments that connect to create a total economic impact puts Wisconsin in a position of advantage
for creating a new ball game in energy. Many barriers exist in getting existing energy firms to invest
more in R&D and promote innovation.

According to the authors of the report, “Beyond Boom & Bust. Putting Clean Tech on a Path to Subsidy
Independence,” these existing barriers include:

Knowledge spillover risks from private investments in research; the commodity nature of most energy
markets, which prevent nascent, higher cost energy technologies from charging a premium; inherent
technology and policy risks in energy markets; the financial scale and long time horizon of many clean
energy projects; and a lack of wide-spread enabling clean energy infrastructure.™

The challenge is breaking down barriers in order to get more focused investments in the private and
public sector on energy innovation. Public policy can and must be a part of the strategy for adapting and
meeting the challenge of a new energy economy. Promoting and rewarding smart private sector
investment and adapting energy systems can be a part of the policy and strategy too.

A national trend toward fuel switching from coal to natural gas is occurring now and can open the door
to a greater diversification of state energy portfolios. Now is the time to start the dialogue necessary for
setting clear energy goals and targets to increase investor confidence and allow utilities and regulators
to adapt to change. Allowing high carbon energy lock-in to continue will impose a heavy restructuring
cost in the future.
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New energy public policy should position Wisconsin-based businesses to get a piece of that $2 trillion
market with an 8 percent annual growth. Failure to advance clean energy technology solutions and
promote energy technology innovation means Wisconsin business leaders will be left standing at the
shores of Superior and Milwaukee wondering why their economic growth ship has not sailed out with
products to Europe and Asia. Wisconsin can be a leader or permanently fall behind the energy
technology innovation growth curve.

Recommendations for an Energy Technology Innovation Agenda

Key components of an energy technology innovation agenda include setting clear long-term energy
goals, measuring progress and rewarding adaptable policy, as demonstrated by the following
recommendations:

* Promote greater investment in energy technology

R&D, possibly including an energy innovation R&D

I — tax credit.
The advent of the emerging clean

energy economy is driven by * Remove regulatory barriers to greater energy

efficiency and consider policy steps to advance
business and individual behavioral steps toward
greater energy efficiency. Wisconsin should
consider a specific policy change to allow greater
investment, including regulated utilities, in
Combined Heat and Power (CHP) systems (see

economic, environmental and security
imperatives. Almost $2 trillion is
projected to be invested worldwide in
new clean energy resources from 2012
to 2018, and companies and countries
are elbowing for market share in an
industry with a projected compound Section 2.4).

annual growth rate of 8 percent.
* Encourage adaptable energy policies such as Feed-

- The Pew Foundation in the report -
Innovate, Manufacture, Compete: A
Clean Energy Action Plan. 16

in Tariffs (FiTs) that can include steps such as rate
digression as technology efficiencies and cost
reduction occur, along with the ability to regularly
review rates for adaptation as markets mature
(see Section 3.3, 3.4).

* Consider policies that can avoid energy technology lock-in such as performance standards
including models such as a low carbon fuel standard (LCFS).

* Encourage short-term adaptable policies that help incentivize private sector investment in clean
energy technologies. These policies can be described as either demand (market)-pull, or
technology-push. Some technology-push policies that can reduce costs for producing clean
technologies include government sponsored R&D, tax credits for companies to invest in R&D,
enhancing the capacity for knowledge exchange, support for education and training, and
funding demonstration projects.”® Some demand-pull government policies that increase
potential payoffs for successful energy innovations include intellectual property, tax credits and
rebates for consumers of new technologies, government procurement, technology mandates,
regulatory standards and taxes on competing technologies.” (see Section 3.3 to 3.7 and

Appendix 4 & 5)
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* Promote and incentivize new public and private partnerships for both clean technology projects
and investments. (see Section 4.3)

* Promote more regional and municipal energy generation incentives.

* Encourage policies and deregulation that allow investor owned electrical utilities (IOUs) to be
business partners in DE clean technologies and mitigating loss of market share (see Section 2.6).

* Create “re-regulation” which means removing regulation that stifles technology innovation and
re-engineer selected rules of the road to create an adaptive ecosystem and adaptive socially
responsible marketplace.

* Encourage integrated resource planning of regulated utilities (see Section 4.0).

* Gather data on policy effectiveness for a
| continuous evaluation process while maintaining
policy consistency by setting clear short-term and
long-term energy goals such as targets for a
specific amount of distributive energy generation
or overall carbon reduction over a period of time
(see Section 4.2).

The 0Oil and coal have built our
civilization, created wealth, enriched
the lives of billions. Yet, their rising
costs to our security, economy, health,
and environment now outweigh their
benefits. Moreover, that long-awaited
tipping point—where alternatives
work better than oil and coal and
compete purely on cost—is no longer
decades in the future. It is here and
now. And it is the fulcrum of economic
transformation.

* Create linkages to energy regulation and reforms
and clean technology energy financing and
investment authorities (see Section 4.3).

1.2 The Energy System in Wisconsin

Wisconsin is a regulated electrical service state via the

Public Service Commission (PSC), and limited biofuels

- Amory B Lovins in the book policy falls under several state agencies:

Reinventing Fire 17

* Wisconsin has little regulation of transportation
fuels/energy or thermal energy for facility heating
and process heat.

* Relevant policies date to the era of Rural Electrification and the broad acceptance of fossil fuels
for transportation. The Wisconsin energy policies and rules need updating and adaptability.

* Around the U.S. and globally, innovations are happening in business models and policies on
energy and fuel production. These innovations have gained momentum and acceptance since
early 2000.

* Policy uncertainty and effectiveness are impeding investment, job creation and innovation.

* Federal concerns regarding the security of energy prices, energy supplies, energy storage and

distribution have increased in importance since 2001. The Department of Defense (DoD) and
Federal Homeland Security are playing a large role in addressing change in the energy world.
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Figure 3: Residential price of electricity in Wisconsin and neighboring states (EIA)
Policy Question: How do Wisconsin energy policies compare to other states and to other countries?
1.3 Living in a Global Energy Economy

Wisconsin has a clear choice: become an economic leader, or be a follower. If you believe energy drives
the economy then you might have pause for concern in Wisconsin. There are signs that energy and
policy decisions in Wisconsin may have already put us at an economic disadvantage, first, to a small
degree with our neighboring states, and second, to a much larger degree with the rest of the world.

The good news is that Wisconsin still probably can right the ship and move in the direction of technology
innovation to position itself for economic growth. The reason Wisconsin will be economically challenged
in the coming years is the likelihood of high-energy costs in our state, due in part, to large investments
in infrastructure powered by legacy high-carbon coal generation electricity facilities and grids, and our
failure to move quicker in the diversification of our state energy portfolio.

Coal and oil will be a part of the U.S. and Wisconsin energy mix for the short and long-term. While this is
also true in many parts of the world, other countries around the globe are making long-term policy
commitments and financial investments toward clean energy technology and leading the world in
energy innovation. We still need energy to power our U.S. and Wisconsin commerce and personal lives
and the investments in legacy energy infrastructure won’t change over night. Yet, the path to energy
technology innovation requires different policies, smarter public-private partnerships and investments,
and most importantly an energy systems view recognizing change must occur at a regular pace.

Our state can wait and constantly play catch up to the change that is occurring elsewhere or we can
accelerate energy technology innovation in the U.S. and Wisconsin. Again, Wisconsin can lead or follow
in economic growth based on decisions around energy technology innovation.
1.4 Changing the Rules of the Game
* Wisconsin and many parts of the U.S. have coal lock-in resulting from high capital costs and long
asset life spans from their high carbon energy investments. Potential impacts include:

a) Difficulty breaking away from these investments.
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b) Higher energy prices for a longer period of time.
c) Stifled investment in new energy technology innovation.

Coal as a commodity used to generate electricity in base load electricity plants may increase
annually by 6 percent per year (or two percent more than the rate of inflation, whichever is
greater) over the next decade given trends with coal transportation costs, operations and
infrastructure costs, and new environmental compliance of aging plants. Future impacts include:
a) Increasing ratepayer burden and added constraints on business growth.
b) Limited capital for new clean energy technology investments.

Wisconsin energy prices have gone up every year since 2000 and the trend will not be reversed
until energy portfolio diversification occurs.

Citizens of Wisconsin and the U.S. subsidize significant public health and environmental damage
costs of burning coal — paying somewhere between two to twenty times as much for these
external costs of coal compared to other energy generating sources. Potential spillover effects
include:
a) Ratepayers and some businesses paying too much for high carbon energy.
b) Limited investment in clean energy technology when high carbon energy receives
massive subsidies for the high public costs of high carbon energy health and
environmental damage.

Wisconsin and most states in the U.S. do not adequately address risk in regulating the energy
utility sector (see Section 3.4). Steps to address risk in the energy utility sector include:
a) Having regulators use expanded or enhanced integrated resource planning.
b) Diversifying energy resource portfolios rather than ‘betting the farm’ on a narrow
set of options.
c) Placing a greater emphasis on clean energy technology including wind, solar,
biomass, and biogas.
d) Placing more emphasis on energy efficiency, which is the lowest cost and lowest risk
option.

The federal government was the key driver of R&D in hydraulic fracturing and advanced drilling
technologies for over 30 years and a similar investment in clean technology can ‘level the
playing field’ for true energy technology innovation to advance. Lessons learned from
technology investment in hydraulic drilling include:
a) Government investment and support for new energy technology can work and is

critical to commercialization of innovation.

Now is the time to have a similar government investment and support for clean

energy technology innovation.

Fuel switching to natural gas may help short-term, but as this new domestic shale oil discoveries
and residual natural gas are traded globally the price will rise to the international price. Diverse
energy portfolios will matter more in the future because:
a) We don’t know how much natural gas is available for the future and it could be less
than currently projected.
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b) Natural gas as an energy commodity has historically been volatile and price will
definitely go up in the future, especially if shale oil and gas are traded on the
international markets.

The U.S. utilities are repeating history with coal lock-in by creating a natural gas
lock-in scenario. The ratepayer and investor will be the loser in this scenario.

¢ Solar and wind energy — which have no cost for the generation source — have dramatically fallen
in price as a technology. Wisconsin and other states can be leaders in waste-to-energy solutions
such as anaerobic digesters creating biogas for energy solutions in electricity, heat, pipeline
quality gas and compressed natural gas for vehicles. Wisconsin may not be a leader in wind and
solar energy, but it could take advantage of the falling prices in this sector to diversify its energy
portfolio. Likewise, Wisconsin could have a lot more solar energy generation given the lessons
from Germany with its global leadership in solar power installations. Finally, Wisconsin can be a
biogas energy leader, a combined heat and power leader and a microgrid unit and energy
storage leader.

* Wisconsin and many parts of the U.S. need to recognize that there is a changing paradigm in the
customer relationship in the energy sector:

a) Some of the strongest change in the electricity sector is coming from customers. For
example, Wal-Mart, IKEA, Kohl’s are leaders with sustainable business programs and
solar panels on their store roofs.

b) Other customer driven changes such as demand response programs and energy
efficiency programs will continue and grow.

c) The business model for distributed energy generations will grow.

d) The advent of technology around microgrid systems, combine heat and power,
energy storage and others will drive change.

1.5 The Big Energy Challenge: How to Create a Sustainable Future

Maintaining a sustainable future for Wisconsin and the U.S. requires facing many challenges, particularly
with our energy system. To keep the next generation prosperous and able to enjoy the high quality of
life available to many will require an energy system needing changes in how energy sources are
extracted, processed, generated and used across a large supply chain. Many current energy uses are
strongly tied to processing that requires large quantities of water, adversely impacts our air quality, and
results in too high a volume of greenhouse gas emissions, to name just a few major issues. It is going to
take innovation to create better energy systems and the technology of the future. All of these challenges
in the energy system will require better efficiency and less polluting of our environment while staying
relatively affordable. Energy technology innovation can meet these challenges, but will require
supportive public policy, economic support during critical early stage market development. This paper
will look at an energy technology innovation system as the paradigm for consideration of public policy.
Using a systems perspective, i.e. trying to address the whole problem, and considering how innovation
must consider all aspects of energy (supply and demand); all stages of the technology development
cycle; and all innovation processes, feedbacks, actors, institutions and networks, points to many changes
on the horizon. Wisconsin and the U.S. must act now and must be adaptable going forward versus
building barriers and resisting change.
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In recent years, many scientific studies have increased global concerns about the severity of the adverse
environmental impacts of greenhouse gas emissions. There is a growing understanding that emissions of
greenhouse gases (GHG) will need to be reduced in order to mitigate the impacts of climate change.”®
The most prevalent source of GHG emissions in the U.S. is carbon dioxide from fossil fuel combustion,
contributing over 94 percent of the U.S. emissions in 2009, according to the U.S. Environmental
Protection Agency (EPA).** The electric power sector is the leading source of carbon dioxide emissions —
in 2009 emitting 2100 million metric tons (Mt) of carbon dioxide through the generation of electricity,
accounting for 39 percent of overall carbon dioxide emissions and 42 percent of emissions from fossil
fuel production, according to the U.S. EPA.*> Policymakers in Congress have failed to take any action to
get the electric power sector to reduce these GHG emissions. Likewise, there are many more clean

... Existing companies in energy-
related industries—those that
produce energy, those that
manufacture the equipment that
produces, converts, and uses energy,
and those that distribute energy—can
have substantial incentives to delay
the introduction of new technologies.
This can happen if their technologies
are more profitable than the new ones
that might be (or have been) invented,
or if they are in explicitly (oil and gas)
or implicitly (electric generation
equipment producers and
automakers) oligopolistic industries,
or if they are imperfectly regulated
(electric and gas utilities).”

-John Weyant in Accelerating the
development and diffusion of new
energy technologies: Beyond the
valley of death 20

decade create risk and technology lock-in.

energy low-GHG-emitting technology solutions for energy
generation, but their adoption is limited be the current
energy production and consumption systems controlling
the rules of the game in the marketplace. A carbon tax
would be the policy to help level the playing field in the
energy sector, but it appears highly unlikely that the U.S.
Congress will act on meaningful GHG reduction policy in
the near future. In lieu of more direct policy action, the
development of energy technology innovation becomes
more critical to balance the environmental factors,
economic factors, and security factors that shape up
energy policy in Wisconsin and the U.S. as a whole.

“There are at least three motivations for government
intervention in GHG mitigation:

1) Inducing the private sector to reduce GHG
emissions directly by setting a price on emissions.

2) Increasing the amount of innovative activity in
GHG mitigation technology development.

3) Educating the public regarding GHG reducing
investment opportunities, allowing consumers to
make better private decisions.”?®

1.6 Future Impacts of Wisconsin Legacy Energy Trends

Wisconsin ratepayers and investors need to monitor how
energy planning and utility decisions made in the past

The cumulative pattern of Wisconsin energy decision-making both on the private sector utility side and
the past public equation indicates some degree of concern:

1) To address concerns in the 1990s and early 2000 about energy reliability (enough energy for
primarily large industry needs) the state went on a large coal generation building campaign. This
included the We Energies Oak Creek Power Plant — the biggest construction project in state
history that went 8 percent over budget. The extra $177.6 million for the power plant, tacked
onto a $2.191 billion was recently a part of the rate case before the Wisconsin PSC. The
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2)

3)

4)

5)

commission on Nov. 27, 2012 granted We Energies most of what they asked for in a rate
increase reducing it by a small amount. Customers in the We Energies service area have seen
rate increases since 2005 due primarily to the Oak Creek Power Plant construction.”®

Just a few weeks earlier on October 22, 2012 Dominion Resources Inc. announced its plans to
permanently close the 556-megawatt Kewaunee nuclear generation plant. The facility that
currently generates about five percent of the electricity that originates in Wisconsin was
primarily closed due to the company’s inability to secure long-term power purchase
agreements. Among the factors in the marketplace today is that natural gas prices remain low
and utilities seem confident that supplies will remain strong. But there is some strong risk in the
calculation that natural gas will remain cheap and abundant.”

The Wisconsin Public Service Commission announced that Wisconsin electricity providers have
met the state Renewable Portfolio Standard (RPS) mandating a 10 percent renewable target by
2015.The law passed in 2006 was met primarily with utilities purchasing out of state wind power
(43 percent), Wisconsin hydropower (19 percent), Wisconsin wind (16 percent), Wisconsin
biomass (14 percent), and about a 9 percent total of non-Wisconsin hydro (5 percent), non-
Wisconsin biomass (3 percent) and non-Wisconsin solar (<1 percent) and final Wisconsin solar
was (<1 percent). With the state mandate met, and current state energy reserves projected to
remain above 11.6 percent through 2018, the Wisconsin regulated utilities desire to acquire
more renewable generation will be minimal to none.*

Wisconsin energy rates are the highest in the Midwest states and have climbed every year for
over a decade. That energy rate increase trend will likely continue for Wisconsin because of the
high cost of coal, over-building of coal plants that must now be paid for over the next 20-30
years, large investments in transmission lines that will be paid for over time, and other factors.
For Powder River Coal coming to Wisconsin the transportation cost represents about 55 to 65
percent of the total delivered costs per ton, according to the Public Service Commission. These
high transportation costs are due, in part, to what is called ‘captive rail,’ meaning U.S. rail
monopolies have little competition especially for shorter runs such as Wyoming/Colorado to
Wisconsin where much of our coal comes from. Likewise, diesel fuel costs are high and all
transportation is subject to volatile fuel costs.*

The summer of 2012 was extremely hot for Wisconsin and the entire U.S. Much of the country
saw these bouts of heat and drought place pressure on utilities (it takes a lot of water to make
energy). There is uncertainty about how climate adaptation and energy planning dovetail, but at
this point little is being done. Extreme weather results in power outages — witness the East
Coast and Hurricane Sandy effects — and these outages have major impacts on the economy.
The stress on water resources such as delivering and treating clean drinking water, combined
with providing safe sewerage and waste water treatment systems, will also require high energy
demand and may further test the energy production system.*?

The silver bullet solution may not be natural gas despite Wisconsin utilities betting heavily on it.
One certainly can hope natural gas stays low and all energy users benefit to some degree from
the current low price. But some factors point to natural gas not always being a low cost option:
a) Historic commaodity pricing, including natural gas, shows what goes down must come up
and vice versa. In 2008 U.S. natural gas prices were extremely high and in 2012 there
were record low prices.
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b) The U.S. currently is over-producing natural gas and that has driven the price to historic
lows. That won’t continue since drilling companies have been losing money all year and
at some point investors want to recoup money. Higher natural gas prices are the only
way to recover these investments or the companies go under.

c) Ifthe U.S. shale gas is sold on the international market, then the price will go up to the
much higher international price.

d) Drilling companies have shifted to drilling more for shale oil versus shale gas. That would
reduce the gas supply and shale oil is traded on the global market.

e) Increasing regulation on hydro-fracking will potentially increase costs.

f) Itis possible that natural gas is not as abundant as some project. The U.S. Geological
Survey (USGS) did re-estimate the Energy Information Administration (EIA) amount of
undiscovered technically recoverable natural gas in the Marcellus Shale formation by 80
percent. These large discrepancy estimates have prompted debate over strategic energy
planning. One reason is the dramatic fall in shale gas well production as soon as one
year after a well is drawing gas, falling between 50 and 60 percent. It is a dynamic
market with many unresolved questions.*®

1.7 Other Important Factors for Wisconsin Energy Policy

Wisconsin may be locked in to higher energy prices because of our over dependence on coal energy
generation and misguided energy planning in the past. The Wisconsin PSC issued its final Strategic
Energy Assessment in November 2012. The report documents that Wisconsin has not only seen steady
increases in electrical energy costs over the last decade, but that residential, commercial and industrial
rates are higher than the seven surrounding Midwestern states.

Three big energy costs drivers over the last decade are coal generation costs, building too many coal
plants and transmission line upgrades. There are also lesser factors impacting costs including overall
sales decline, primarily due to the economic downturn, and regulatory requirements.** The Wisconsin
RPS has had a negligible impact on rising prices, possibly one percent or less.* Further, more than half
the renewable energy sales were from other states in 2011, according to the PSC. Looking forward to
potential energy costs for Wisconsin, the news is not good.

One recent study says that greater financial risk must be built into coal plant operations and related
energy generation costs. According to the Sierra Club, “Domestic coal costs will rise to international coal
prices over the next 10 years and that international coat costs will increase at the rate of at least 6
percent per year (or two percent more than the rate of inflation, whichever is greater).”*® These
probable price increases do not include the health and environmental costs associated with coal plants.

Another study also places Wisconsin high (top seven nationwide) for the number of costly coal plants
that should be considered for closing. Wisconsin may have 18 coal generators with a 2,450 MW capacity
that are costly facilities that should be considered for closure. While this was the study’s high estimate,
Wisconsin only went down to the eighth position in its low estimate for costly coal plants.?’ Shipping of
coal is a major cost factor and with overall high-energy prices these costs will not likely go down.
Wisconsin utilities could roll the dice and hope they are not going to be subject to future regulation
proposed by the Environmental Protection Agency (EPA) although that would not be prudent.

Shifting to natural gas generation may help short-term to lower some of Wisconsin’s energy costs, but as
a historically volatile commodity natural gas is not a long-term guaranteed savings. Global natural gas
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prices remained high throughout the time period that the U.S. saw low prices. The over drilling
investments are showing signs of losing money already. The pressure to sell internationally will grow
and that alone could send up U.S. domestic natural gas prices. If natural gas prices remain low, then of
course Wisconsin utilities should try to take advantage of that price point. One could also argue that is
the perfect time to diversify the Wisconsin energy portfolio with a larger use of renewable energy
sources.

Another reason why a diverse energy portfolio makes sense for the U.S. and individual states is the
concept of a hedge against fossil fuel price shocks going forward. A study done in the United Kingdom
concludes that greater use of clean tech energy sources could reduce fossil fuel price shocks by 50
percent.*® The report, “Fossil fuel price shocks and a low carbon economy,” notes that when oil prices
rose to nearly $150 barrel in mid-2008 it impacted the prices of all products and had a crippling
economic effect —the impact of 50 percent increase in oil and gas prices reduced the overall gross
domestic product by a full one percent by 2010.

For their study the authors model both reductions in high carbon oil and coal, including a reduction in

coal use by 50 percent. Various clean tech energy options such as wind, solar and biogas are basically
low to zero cost fuels and therefore result in a significant
hedge on coal and oil price increases, and the conclusion

————————————————————— that. “Hedging against fossil fuel price shocks is a

0Oil subsidies in the United States compelling reason to ensure sustained investment in
started in 1917. One hundred years is developing domestic renewable energy sources.”**

a long enough time. You don’t want to

go with the idea that you’re going to 1.8 The True Cost of Electricity

be subsidizing any industry forever.
The true cost of electricity is a topic that will likely

-Steven Chu, former US Secretary of generate a fair amount of debate, yet it is not a topic that
Energy 27 can be ignored. Although they are sometimes difficult to
=, document, some electricity cost calculations include

subsidies and some are hidden in obscure sections of the

tax code or administrative rules. Similarly, many argue
that society pays the bill for external costs of electricity environmental damage and health care costs
from well-documented high-carbon air pollution. There is little question that long-time infrastructure
investments in coal plants, electrical grid connections and other structures always advantage incumbent
technologies. Further, a regulated utility business model allows for large investments that can have
ratepayers cover the costs over a significant time period and the utility can always ask regulators to
cover cost over-runs. The bottom line is that all energy sources get some kind of subsidy; it can just vary
by type of subsidy, longevity, and of course size of cost buy-down.

Policymakers constantly weigh tradeoffs in policy decisions and the future of energy investments have
their good and bad factors to consider. A recent report titled, “The True Cost of Electric Power” by the
Center for Energy Economics and Policy reviews a large number of studies and attempted to document
relevant factors impacting cost.*! Three categories of studies were reviewed: primary studies that were
either local or regional on the benefits or liabilities of a power plant; benefit transfer studies that adapt
engineering, health, environmental, or economic data from one energy site compared to another energy
site; and meta-studies that look across on the literature and show directionality the likely result of any
attempt to estimate the true costs.
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The authors note that market prices (what many use to compare costs between traditional energy
generation and renewable generation) don’t take into account external costs to society. Because these
are real costs to society and energy generation costs are passed onto to society in terms of utility rate
payments, the authors determine that these are “true costs” of energy (either an abatement cost or
damage function cost). The data from the numerous studies were then modeled to assist regulators in
planning for new energy investments and understanding operational cost of existing utility facilities.*’
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Graph 2: The relative levelized cost of electricity (LCOE) of different technologies. The left bar of each pair
represents LCOE under today’s subsidy regime, and the right bar represents a scenario in which subsidies
are replaced by a $20/ton tax on CO..

Figure 4: Levelized Cost of Electricity (The Breakthrough Institute)
Some consistent findings in looking across all the cost of electricity studies did emerge, including a
ranking order for fossil fuels. The coal fuel cycle is more damaging than the oil fuel cycle and the oil fuel
cycle is more damaging than the natural gas fuel cycle. Coal was in one study 20 times higher in
damages than oil on the upper end.** Another study found what economists call a “shadow price” of
$6.90—527.80 per ton of carbon dioxide (CO,) if climate change is included in the calculations of
damages.

A little more consistently across the studies, the external cost of coal was twice that of natural gas,
suggesting that coal external costs might translate as eight cents higher than private market costs for
coal.** Studies in Europe cite coal external costs as even higher amounts. Over a range of 63 external
costs estimates in published reports the median values found hydropower, wind power and solar power
had the lowest external costs of renewable non-carbon energy sources. Biomass power had the highest
external costs of renewable sources places about equal to carbon-based natural gas energy sources.

When the externalities are included in the analysis the cheapest energy sources in the world currently
are wind power and solar power, at least according to one report, which states that, “One kilowatt
hour(kWh) of electricity produced by wind power stations on the coast or in the countryside costs an
average (of about $0.09) of 0.07 euro.”*
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New solar plants in central and southern Europe produce electricity for an average (of about $0.12) of
0.14 euro per kWh. Solar parks in Germany are even cheaper at about 0.10 euro per kWh.*®

Like any set of studies there are some limitations and areas needing further study. The location of an
energy generation facility, such as a coal plant in a city, can significantly increase the health and
environmental damage calculation versus a rural or more remote site. Variation also involves the
damage pathways and ultimate endpoints, the pollutant burdens included in any specific study, and the
degree to which estimates of damages to occupational and public health throughout the fuel cycle are
calculated. The latter factor could be very significant for future studies using fracking to produce natural
gas.

This type of analysis should be used in energy regulations planning and permitting for new utility
investments or upgrades for environmental compliance. New regulations often have reach back to
address emissions at existing facilities as well as new facilities. These studies show why utility regulators
must consider risk in cost analysis.*’

1.9 Understanding Risk in the Electric Utility Sector

According to a recent report, better calculations of risk are needed when electric utility regulators
evaluate upgrades, expansions or new electrical facilities. In the report, “Practicing Risk-Aware
Electricity Regulation: What Every State Regulator Needs to Know,” risk is defined as addressing the
expected value of potential financial loss. Higher risk means an increasing likelihood of financial loss.*®
Making sure tthe risk calculation is included in electric sector regulators evaluation of energy projects
takes on a greater importance given the long-term payment of utility investments and the new for more
infrastructure investments in the U.S.*°

Many factors of change are occurring in the electric and gas delivery systems in the U.S. and one of the
most significant is the shifting of higher costs in the fossil fuel price futures. Other factors that will
influence change in the utility sector include smart grid and consumer technologies, the increasing
demand for energy efficiency, and the growth of distributed energy renewable sources. Risk comes
about when there is the probability that potential harm from an adverse event can occur and it includes
both cost-related risk and time related risk.

Cost-related risk includes:
¢ Construction costs higher than anticipated,
* Availability and cost of capital underestimated,
* Operation costs higher than anticipated,
*  Fuel costs exceed original estimates.
* Investment so large that it threatens a firm,
* Imprudent management practices occur,
* Resource constraint (e.g. water),
* Rate Shock: regulators won’t put costs into rates.

Time-related risk includes:
¢ Construction delays occur,
* Competitive pressures; market changes,
* Environmental rules change,
* Load grows less that expected; excess capacity,
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* Better supply options materialize,

¢ (Catastrophic loss of plant occurs,

¢ Auxiliary resources (e.g. transmission) delayed,
e Other government policy and fiscal changes.>

The report points out that utility investors are probably the most vulnerable to the financial impacts of
not addressing risk because regulators are less likely to place all the burden on cost recover onto the
rate-payers. Still, everyone is vulnerable to decision-making by regulators who ignore risk. As the
authors of “Practicing Risk-Aware Electricity Regulation” state:

Ignoring risk is not a viable strategy. Regulators (and utilities) cannot avoid risk by failing to make
decisions or by relying on fate. Following a practice just because ‘it’s always been done that way,’
instead of making a fresh assessment of risk and attempting to limit that risk, is asking for trouble.””

Making matters more complicated for this necessary change to risk assessment in regulated energy
utilities are long-term biases built into this system. Some of these biases include the bigger-is-better
syndrome of past utility business models, which holds that building large base load generation facilities
is how they make their best money. This blinds utility management, and sometimes regulators, to
smaller scale resources, distributed resources or programmatic solutions to energy efficiency.

Another bias cited in this report is the throughput incentive which means the utility business model and
“rules of the game” regulation of utilities drive the motivation to sell more electricity and ignore
efficiency. There are several more institutional biases summarized in the report to regulators.

The authors of the study then look at energy resources for generation and evaluate them for risk
exposure. The study took the lists from above on cost-risk and time related risk and compressed them
into a smaller subset. A ranking was used, with zero being no risk and four being a very high risk, to
compare the relative costs and risks of new generation sources. One big challenge coming for regulators
is the question of approving pollution controls to keep a plant running in the face of future EPA
regulations or to close the plant. Regulators are urged in the report to use the integrated resource
planning (IRP) and require utilities to present multiple scenarios of cost and risk in closing a coal plant.
Wisconsin regulators do use a variation of the IRP in their various analyses of regulated utilities. An
improved IRP is recommended (see Section 4.0 of this paper).
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Figure 5: Energy Risk Aware Regulation (CERES)

Utilities and states with aging energy infrastructures will need large investments. In addition, changes in
the energy sector will require adaptation. Wisconsin is already well into substantial upgrades and adding
new transmission lines. The WI PSC issued its Final Strategic Energy Assessment (Energy 2018) in
November of 2012 (see PSC Docket 5-ES-106 for a full record). The PSC Summary report of this strategic
assessment details the American Transmission Company (ATC) 10-year transmission assessment and
highlights some current projects before the commission.”® Along with infrastructure investments, this
report recommends that utilities be deploy new technologies and support R&D. These investments in
R&D are needed to address current and future environment regulations, particularly to reduce high
carbon greenhouse gas emissions, look to new renewable energy and efficiency technologies, and
develop electric storage technologies. Currently, Wisconsin needs to improve its R&D in these areas;
however, it does have private sector business partners in a University-based consortium called the
Center for Renewable Energy Systems (CRES) and a sister organization the Wisconsin Energy Research
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Consortium (WERC). Two priority areas for these Wisconsin organizations are microgrid research and
development and energy storage.

Another risk driver is utility investment in the “natural gas outlook.” Wisconsin and many other utilities
have been making a lot of investment decisions on moving toward natural gas due to the current low
prices. Shifting large amounts of energy generation to natural gas may involve some risk as well. The
authors of the report, “Practicing Risk Aware Regulation,” indicate some concern with the long-term
trend of natural gas prices, noting:

In January 2012, the U.S. Energy Information Administration (EIA) sharply revised downward its
estimates of U.S. Shale gas reserves by more than 40 percent and its estimates of shale gas from the
Marcellus region by two-thirds. Reduced long-term supplies and a significant commitment to natural gas
for new electric generation could obviously lead to upward pressure on natural gas prices. >4

There are many valuable recommendations in this report

R e e e e for regulators. Some simple key takeaways concerning
safe investment strategies include:
Wisconsin’s recent price increases

(2000-2009) were due to three main * Diversifying energy resource portfolios rather than
factors: higher fuel costs, the building ‘betting the farm’ on a narrow set of options (e.g.,
of new electric generation, and fossil fuel generation and technologies and
transmission upgrades...With over nuclear),

60% of the state’s electricity

generated at coal-burning units, * Emphasizing renewable energy resources such as
Wisconsin ratepayers are more onshore wind and distributed and utility-scale
impacted by rising coal prices than solar,

those in states where less coal is used.

Recent volatility in coal purchasing * Emphasizing energy efficiency, which the report
and transporting cots has been a shows is utilities’ lowest-cost, lowest risk
significant factor in rising prices here. resource.’>

-Wisconsin Taxpayer Newsletter 32 .
Potential Reach of U.S. Coal Plant Closures

|

Studies indicate that coal plant closures could make

Wisconsin among the most vulnerable states to future
trends. Nearly a quarter of the nation’s coal power generation capacity could shut down by 2035,
according to the U.S. Government Accountability Office (GAO).*® The GAO, which is the auditing and
evaluation arm of the U.S. Congress, issued a report in October 2012 stating that the power industry
could retire between 15 percent and 24 percent of its coal-fueled power generation capacity over the
next 22 years. The report notes that the two big trends affecting power company decision-making are
the changing environmental regulations and shifts in the market conditions such as the decrease in the
price of natural gas. It also points out the EPA has documented that coal used to generate electricity is
associated with health and environmental concerns such as emissions of sulfur dioxide, a pollutant
linked to respiratory illnesses, and carbon dioxide, a greenhouse gas. Overall, coal’s share to electrical
generation nationwide has dropped from 50 percent in 2002 to 42 percent in 2011.>’

If producing energy from natural gas sources is compared to producing energy from coal, how do the
economic scenarios play out for the future? The Union of Concern Scientists (UCS) recently completed a
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study evaluating the future of coal plants when factoring in the price of natural gas and environmental
regulations to protect public health.’® In their modeling, a low and a high scenario were used in the
evaluation to determine coal plants that might be candidates for closing.

The study found that in the high estimate 353 coal generators were candidates for closing and 153 coal
generators were candidates for closing in the low estimate. This would represent a nationwide
reduction in the high estimate of 59 GW for 6.3 percent of total U.S. electricity consumption or the low
estimate of 16.4 GW or 1.7 percent of total U.S. electricity consumption. More than 70 percent of the
goal generation facilities that feel into the studies ripe for closing category lacked at least three of the
four major pollution technologies that reduce mercury, soot, sulfur dioxide, or nitrogen oxides.>
Midwestern states of Wisconsin, Indiana and Ohio all have uneconomical coal generation, while
Michigan may be in the top five U.S. states for most-coal plant retirements.

Wisconsin ranked seventh in the nation as most “ripe-for-retirement” coal generation states with 2,450
MW capacity, average on line year of 1962, and average capacity factors of 47 percent. % When this
analysis was combined with Wisconsin’s eight coal generators and 377 megawatts already announced
for closure, the state ranked 14™ in the nation by total capacity as vulnerable to closure.®* The UCS
report also had some words of caution about the shift from coal to natural gas. The authors noted that
between 2000 and 2008, nearly 260 gigawatts (GW) of new natural gas power plant construction had
occurred in the U.S., representing a 28 percent increase in natural gas use.

As the report concludes:

This increase in natural gas use, which was larger than in any other sector, contributed to monthly
wholesale natural gas prices of more than 511 per million Btu in 2005 and 2008. Uncertainties in the size
of available supplies combined with potential increases in natural gas demand for electricity, heating,
factories, vehicles, and exports could put significant upward pressure on natural gas prices in the
future.”

Age and capacity of electric generators by fuel type, as of year-end 2012
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Figure 6: Age and capacity of electric generators by fuel type (EIA)
2.0 Causes of Coal Plant Retirements

The trend toward more coal plant closures is not new; closures began in the early 2000s and continue
today. While the trend will likely escalate going forward, many factors combined to increase the number
of coal plant retirements, especially in the past few years. Some in the industry point to regulations
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issued by the EPA as the primary reason for plant closures, but a recent paper by Sue Tierney, “Why Coal
Plants Retire,” documents that economic factors trump regulation:

A closer examination of the facts reveals that the recent retirement announcements are part of a longer-
term trend that has been affecting both existing coal plants and many proposals to build new ones. The
sharp decline in natural gas prices, the rising cost of coal, and reduced demand for electricity are all
contributing factors in the decisions to retire some of the country’s oldest coal-fired generating units.
These trends started well before EPA issued its new air pollution rules.®?

The author notes that the price difference between coal and natural gas is the biggest factor in the
economic motivation for a utility to retire an aging coal plant. Natural gas prices briefly in the 2012 went
below $2.00/mmBTU and the natural gas price in 2010 was $4.37/mmBTU and dropped in 2011 to
$3.98/mmBTU.* This contrasts with a steady 10-year increase in delivered coal prices to the electric
power sector including a 5.8 percent hike from 2010 to 2011. Coal exports have been a factor in keeping
the price high when demand declined, but some Wisconsin utilities may have seen periods where coal
prices were lower than the overall national price averages.®® According to Sue Tierney, “The tighter price
differentials between natural gas and coal in recent years have squeezed the financial performance of
many coal plants, especially the older and less efficient ones.”®®

Other factors including electricity demand decreases, related to a sluggish economy and mild winters in
places such as the Midwestern states impacted the price market. The author of the report does
acknowledge that new EPA regulations will put financial pressure on coal plant operators (although
regulated utilities (IUPs) can seek rate increases due to regulation). Still, these economic factors relative
to electricity demand, low natural gas prices compared to coal, and for Wisconsin transportation cost
relating to shipping coal are paramount. The challenge for utilities and regulators will be evaluating
necessary upgrades at plants relative to the changing economics.

2.1 U.S. Government Support of New Energy Technology

Some critics of clean energy technology innovations, specifically renewable energy generation sources,
focus on government policy support as picking favorites in the private market. The report, “Where the
Shale Gas Revolution Came From: Government’s Role in the Development of Hydraulic Fracturing in
Shale” documents that the U.S. government has in the past provided large and long-term subsidy to
coal, oil, nuclear and other legacy energy systems.®’

If the government has been picking winners, then the long-term energy winner pick was coal. The U.S.
government has also recognized that given global and domestic energy demand, some energy sources
are finite, and that if the economy runs strongest with low cost energy, then it should invest in energy
portfolio diversification. Therefore, it should not be surprising that since 1970 the U.S. government,
especially the Department of Energy, has been a heavy investor in technology to develop hydraulic
fracturing in shale and promote efforts to get at shale gas reserves. Today, the U.S. is seeing record low
natural gas prices because of recent aggressive private sector investment in drilling for shale gas. But
this started with many public-private partnerships, including the Eastern Gas Shales Projects starting in
the 1970s with a range of shale drilling demonstration projects. During this same period of time, U.S.
government funding helped formed industry research consortia and provided R&D with oversight by the
Federal Energy Regulatory Committee (FERC) — which also oversees electric utilities nationally. Shale gas
obtained by these new drilling techniques is also called ‘unconventional gas.” From 1980 to 2002, the
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federal government subsidized work in this area even further by allowing unconventional gas to qualify
for Section 29 production tax credits.

Other federal support for advancing shale gas included support for three-dimensional microseismic
imaging — which was initially developed for the coal mining industry — by the Sandia National
Laboratories. These federal investments, coordinated in close concert with gas industry representatives,
were predicated upon a single mission: the commercialization of shale gas extraction technology. As a
result of these efforts carried out over the course of 30 years, shale gas went from inaccessible deposits
locked in unfamiliar geologic formations to the fastest growing contributor to the nation’s energy
portfolio.®®

2.2 The Shale Gas Boom: Duration and Consumer Cost

When the FERC Commissioner speaks, utilities usually sit up and listen. So when Commissioner John
Norris told state regulators in July of 2012 that the price of
renewable energy technology would continue to go down
and that the price of natural gas would go up, you would
expect utilities to listen.”® But if actions speak louder than
words, price might not be the only motivator for utilities
fuel switch from coal to natural gas. Natural gas is still a
carbon-based energy source and it fits into the large base
load generation business model. Many of the current

Just how much (natural) gas supply do
we have? We can’t make policy on the
basis of an assumed 100 years of
supply. If you only have 30 years of
resource left, that doesn’t take us

through the midcentury mark. If it’s
130 (years), you have a lot more
options, you can think about gas
exports...We're really operating in a

energy production businesses continue to block any
potential competition from clean energy technologies and
distributed energy by having complicated interconnection
requirements, trying to weaken net metering laws and

state of ignorance. offering only low renewable generation buy back prices

rates to new market entrants. In Wisconsin, the utilities
even raised the price to customers buying green power in
what can best be described as a further tax on ratepayers
wanting to support renewable energy.

-Richard Nehring, chairman of the
Committee on Resource Evaluation
for the America Association of
Petroleum Geologists.*0
| FERC Commissioner Norris told regulators at the National
Association of Regulatory Commissioners that utilities
(and regulators) should not abandon state commitments
to renewable energy generation just because natural gas prices are low.

“Some of you may think this is time to bail [on renewables],” Norris told the gathering. Norris praised
state efforts with RPS and that federal tax laws such as the production tax credit (PTC) and these state
efforts were bringing down renewable energy prices. Norris emphasized the value of renewable energy
generation in diversification of the national fuel supply.”*

The euphoria over shale gas took on a life of its own during the pre-November US election cycle and
now reality may set have to set in. First, gas drillers did not make money in 2012. That is because with
the so-called lowest-cost shale gas plays the producers need at price of at least $4 per thousand cubic
feet (cf) to turn a profit and the higher-cost plays need a price more like $9 or $10 per cf. The price in
2012 stayed below $4 and the Energy Information Agency sees the spot gas price averaging $3.35 in
2013. Even though prices will go up in the future, there are plenty of other signs for concern.”?
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Not surprisingly markets moved, producers shifted to ‘wet’ gas plays which have more profitable natural
gas liquids (NGLs). Also, new drilling moved to drilling from ‘tight oil’ plays like those in the Bakken
Formation in North Dakota. With increasing fracking for oil, the fracking for dry gas takes a back seat in
the market. In 2012, shale gas production was actually flat, which again might not be surprising in a low
price market. Still, the real numbers trump the rhetoric and speculation in this market caused a lot of
drilling. This leads to the questions concerning how much shale gas exists and how much it will cost to
obtain it.

Likewise, if the global market wants NGLs that result in more exports of the product around the world
for Asia and Europe and that will raise prices. On the global market, the prices go up from the current
domestic prices. With a changing market the competition is with manufacturing of petrochemicals,
fertilizers, and plastics, all with significant market power. Again, there is risk in relying entirely on natural
gas resources for energy generation for the U.S. electric grid power market. Simply put, natural gas price
volatility will return anytime a commodity hits the global market.

Many in the energy market remain bullish on the supply question, but not everyone. The decline rates
on shale gas wells are deep, and definitely can vary greatly from play to play. There is growing evidence
that shale gas wells output commonly decline 50 to 60 percent after the first year. Much drilling has
taken place in the last 12 to 24 months, as smart drillers likely found some of the best locations. Still,
there is a treadmill effect for more drilling to keep output even flat. In the United States, the aggregate
decline of natural gas production from both conventional and unconventional sources is now 32 percent
per year, meaning that 22 billion cubic feet per day of new production must be added every year to
keep overall production flat, according to experts.”

Since most consumers benefit from cheap energy, this natural gas skepticism is guarded. Cheap natural
gas can replace coal. Cheap natural gas could open the door to greater energy diversification including
renewable and clean energy options. But one could question how closely electric utilities and energy
regulators are watching the investments and fuel switching to make sure we don’t go from one energy
lock-in with coal to a new energy lock-in with natural gas at the exact time prices starting go up to the
global market level. Further, utility decision-making on fuel switching from coal to natural gas is being
done while government and private entities are making it clear that the overall natural gas supply is still
relatively unknown.

How Much Natural Gas Can the U.S. Produce?

A team of around 100 geologists and engineers was formed to research the question of how much
natural gas is buried in the U.S. shale rock formations. The Potential Gas Committee, a nonprofit
founded in the early 1960s, has been assisting in the training of geologists and engineers for many years.
Their work is in collaboration with the Colorado School of Mines and receives some support from the
American Gas Association, the American Petroleum Institute and Independent Natural Gas Association
of America.

The Potential Gas Committee reports its assessment of potential gas sources in three categories of
decreasing geological certainty:
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1. Probable resources (discovered but unconfirmed resources associated with known fields and
field extensions; also undiscovered resources in new pools in both productive and
nonproductive areas of known fields).

2. Possible resources (undiscovered resources associated with field/pool discoveries in known
productive areas); and

3. Speculative resources (undiscovered resources associated with new field/pool discoveries.”

Two years ago, the committee found that the most likely amount of U.S. natural gas that could be
produced from all sources with today’s technology was 1,898 trillion cubic feet (tcf). With the addition
of the 273 trillion cubic feet of reserves reported by the energy industry, the committee estimate for the
U.S. was 2,100 tcf at the end of 2010. Given that the U.S. annual consumption of natural gas was at the
time around 24 tcf some people speculated that the U.S. had a resource supply that might last a
century. But it was not this committee that speculated about any 100-year supplies.

“The ‘100-year supply’ is often attributed to us, which is not correct,” John Curtis, who chairs the
Potential Gas Committee, told reporter Peter Buhr of Energy and Energy Policy news service.”® Curtis, in
the interview, elaborated on how the committee builds its estimates of “probable,” “possible,” and
“speculative” gas supply estimates. The probable supply numbers come from where the gas supply is
not confirmed, but near or connected to fields where gas is currently being produced. There is a fair
amount of uncertainty even in these probable estimates because of rock structure variation within the
same geological formation. While the committee has expressed some confidence about “technically
recoverable” supplies of natural gas for the coming decades, they still admit to many unknowns and that
factors change with market demand and the costs to extract from these reserves.

“We have decades and decades of technically recoverable natural gas as we see it...a large endowment
of natural gas in the U.S. that can contribute more to its energy policy, but it is not the solution to the
needs of the country,” Curtis said. “It isn’t a bridge to the hydrogen future. It is part of the future as we
transition off of fossil fuels.””®

Several more challenges lie before the drive to natural gas energy as it moves to a more dominant role
in the overall energy picture. Long-term supply is currently the biggest unknown, followed by how much
it will cost to extract this fuel. Finally, the amount water needed in the process and the long-term
environmental sustainability is also a remaining question. At the World Shale Oil & Gas Summit held
October of 2012 in Houston, Texas, the issue of water usage was addressed during many discussion
sessions. Even the oil and energy executives acknowledge water as a challenge.

“To give you perspective, I'd say that a Marcellus well, a $6 million well, about $1.5 million is just moving
water on that well,” said Steve Mueller, chief executive office of Southwestern Energy.77

While more and more research and technology innovation may result in ways to use less water with the
next generation of hydraulic fracking, it remains in high demand. With the existing technology, millions
of gallons of water will be necessary to meet project well drilling and processing.

“The water scarcity issue is something that has to be in everybody’s mind,” said summit attendee

Salvador Ayala, vice president of marketing and technology for Schlumberger’s well production services
division.” Similarly, the costs of drilling and extracting will go up beyond today’s levels because there is
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a feeling that the low-cost natural gas has been found. There are many energy market factors that come
into play on price including rising costs from unproductive geology, the water demand, new government
regulations, the interplay of oil prices, the changes in coal prices (up or down) and long-term even the
prices of renewable energy generation options.

Potential Resources (Additive “Most Likely” Values, Bef)
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Figure 7: Potential Natural Gas Resources in the U.S. (Potential Gas Committee)
2.3 Transition to Greater Use of Renewable Energy in the U.S. and Wisconsin

Does a transition to greater use of renewable energy in the U.S. and Wisconsin create or reduce risk in
the utility sector? The authors of a report on risk regulation urged for greater portfolio diversity in
energy generation sources and more emphasis on renewable energy generation.”” The least risky
approach is to also increase energy efficiency measures, according to the authors of that report.

The authors of a UCS study used natural gas for comparison in their analysis, and that could argue for
using this as a transition fuel to greater renewable energy sources. Instead, the UCS study calls for a
greater use of wind, solar, geothermal and biomass sources for energy generation calling it a “boon for
public health.”®° The authors note that regional transmission organizations (RTOs) and independent
system operations (ISOs) are required by the federal government (FERC order 1000) to consider all
relevant state and federal energy policies and pollution standards in determining investments needed to
meet customer demand and reliability. These organizations can delay coal plants closures if it impacts
reliability. Likewise, in states that regulate utilities the regulators could conduct system wide planning to
evaluate if greater use of energy efficiency and clean energy technologies can better help a state meet
energy needs.?

Wisconsin’s Final Strategic Energy Assessment indicates the state has adequate energy generation for

several years, but some combination of the Kewaunee Nuclear Plant closing in October 2012 and
decisions on the retirement of older coal plants versus environmental emission control upgrades may
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change that.®? Wisconsin’s situation is not dramatically different from that of the U.S. as a whole, where
it is projected that excess capacity is above and beyond the 12.5 to 15 percent capacity reserve margins
to maintain reliability.®® This does allow for coal plant retirements without needing significant capacity
to replace it.

2.4 Combined Heat and Power

Now is the time to be smarter and more efficient in energy generation systems, and combined heat and
power (CHP) is an attractive option. The U.S. announced a major commitment to more CHP systems
when President Barack Obama issued an executive order in September 2012 calling for a goal of 40 GW
of newly installed CHP by 2020—up from just over 82 GW in operation at the end of 2012. Combining
this national initiative with other changing dynamics in electricity generating systems including the
retirement of more US coal fleet creates a great opportunity for CHP. If states with retiring coal fleets
develop policy to reward the use of CHP they can make a very cost-effective investment in clean
technology and value energy generation efficiency. The levelized cost of a new 20 MW natural gas
powered CHP system is about 6.0 cents/kWh, while a new natural-gas-powered combined cycle gas
turbine system ranges from 6.9 to 9.7 cents per kWh.?

The most obvious electric energy generation change is that coal as a commodity continues to increase in
cost, while the primary alternative fuel of natural gas is currently at record low costs. Even if natural gas
costs increase, it is expected to be the fuel switch of choice for many utility scale projects. Several
different studies are projecting increased coal plant closures including a high scenario of 59 GW or
around 6.3 percent of total U.S. consumption, or lower ranges including the Bipartisan Policy Center at
29-35 GW, and the EIA at 19-45 GW.®> The Midwest Independent System Operating Region that includes
Wisconsin and the states of Minnesota, lowa, Indiana, Michigan and much of lllinois is an area that may
be hit particularly hard by coal plant closures.

Going forward, Wisconsin and the entire U.S. should consider a much greater use of CHP systems,
especially as more and more coal plants close. Where appropriate, CHP makes the most sense for the
generation of electricity and thermal energy because it is much more efficient. A CHP system generating
both electricity and thermal energy operates at total efficiencies of 64-80 percent while traditional
electricity generation in the US is about 33 percent efficient.®

Wisconsin has the opportunity to use CHP in biomass and biogas systems with anaerobic digesters on
dairy farms. Other strong opportunities including using anaerobic digesters to produce biogas in the
abundant food-processing sector, and at waste facilities including landfills and wastewater treatment
plants. A CHP system can be particularly attractive to hospitals, universities, factories, and other facilities
including multifamily housing structures and commercial buildings.

There are opportunities in Wisconsin and around the U.S. for innovative partnerships. Examples of these
partnership might include a small municipal wastewater treatment plant and food processor, or a larger
dairy and nearby dairy processor who might have a greater need for excess heat. A short distance
pipeline could be cost-effective, especially if the energy production is co-located near an industrial park.
Data centers might be a good candidate because of their high energy needs.

At the present time, both regulation and utility business models do not benefit the growth of CHP

systems. With the increase in CHP systems, utilities will feel threatened by the loss of market share with
reduced concept of the base-load energy generated by the utility. But if state policies and regulations of
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utilities were changed so that utilities could be rewarded for energy efficiency and encouraging CHP
systems, the utility would be a good candidate to support investments. Utilities have experience making
longer-term investments (a longer payback horizon). It would allow the utility to have a more clean
technology portfolio and still address reliability with robust CHP to fill-in any coal plant closure
generation. Some states, such as Massachusetts, have already recognized the value of energy efficiency
and CHP by having supportive public policy in place.

The Massachusetts Green Communities Act of 2008 recognizes CHP projects as energy efficient
measures that are eligible for a rebate incentive. The programs in Massachusetts were tied to state
restructuring effort that started in 1997. The state has decoupling in place for all its gas and electric
utilities separating rates and energy efficiency. The utility companies can earn a shareholder incentive of
approximately 5 percent of energy efficiency program costs for meeting their energy saving, benefit-
cost, and efficiency goals. The state also provides front-end capital for feasibility studies, procurement
and installation. Also, the state Renewable Portfolio Standard includes CHP as a category with the
incentive programs. Further, the state net metering and interconnection laws are move favorable to
renewable energy distributive generation sources.®’

2.5 The Fall of Wind and Solar Energy Generation Prices

The last decade has seen the U.S. start a shift to greater renewable energy generation. The biggest
driver has been that 29 states have renewable portfolio standards that require utilities to meet a set
percent of their sales using energy generated from renewable sources by a certain date. Likewise, some
27 states have energy efficiency policies or goals. But, the two sets of state policies provide only small
incremental change overall because of the great variation from state to state. For Wisconsin the RPS is
already met by utilities and no more renewable generation will occur without some new policy or major
market shifts. In 2012, the U.S. energy market hit the 50 GW of wind generated power capacity — that is
the equivalent of the generating power of 44 coal-fired plants (AWEA 2012).% In the U.S., 13 states get
more than 5 percent of their generation from wind, and the top four are the Midwestern states of South
Dakota, lowa, North Dakota and Minnesota.*

The average prices for operation and maintenance costs in the wind sector have dropped 38 percent
from 2008 to 2012.%° In a similar fashion wind turbine prices have declined by nearly one-third since
2008, according to a study done by the Lawrence Berkeley National Laboratory (LBNL) in conjunction
with the National Renewable Energy Laboratory (NREL). The wind-levelized cost of energy is now
between $33 and $65 per MWh. Prices in the wind energy sector are declining and at the same time
performance is continually improving. This is very indicative of the learning curve improvements found
in the energy technology innovation systems analysis category. This means that adding wind power to
the energy market may be driving down energy costs overall.

A recent study of the Midwest Independent System Operation (MISO), for example, found that large
amounts of wind could save consumers $200 per year in 2020.”* Wisconsin is a part of the MISO
footprint and the reason wind power can save ratepayers money is because of “price suppression” —
where power is sold through an auction. When the system is functioning properly the price is the
marginal cost of operating a power plant. For a wind turbine the marginal cost is effectively zero
because there is no cost for the fuel and minimal operating expense. This of course will require more
wind power energy projects to be developed in the MISO footprint to achieve the savings forecast by
2020.
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Figure 8: Declining Costs of Solar Energy (NREL)

Solar energy is, at least to one large investor-owned utility that rate-case filed with the California Public
Utilities Commission (CPUC) in spring of 2012, now cheaper to generate than natural gas in the
California energy marketplace. The implications of the latest (CPUC) filing are two-fold:

* First, solar PVs have reached grid price parity with conventional fossil-fuel technologies, at
least in sunny California; and

* Second, while the price of natural gas has been falling, the price of PVs must have been falling
even faster, resulting in a critical crossover.” %2

As pointed out elsewhere in this paper, California has one of the most ambitious goals for renewable
energy and the widest array of policy incentives to encourage renewable energy. California’s RPS has a
target of 33 percent renewable generation by 2020. One way the state is encourage its regulated
utilities to move faster to renewable energy generation is through a Reverse Auction Mechanism (RAM)
which encourages the state’s IOUs (regulated independent operator utilities) to solicit bids for
renewable energy contract by holding competitive auctions twice a year.

Other states are finding solar energy generation very competitive beyond California. This is due to the
price of photovoltaic panels falling 75 percent over the past five years; a decline resulting largely from a
Chinese-made panel glut in the market. Nationally, the average cost of residential installations went
from S9 a watt in 2006 to $5.46 a watt in 2012 with the price going to $3.45 a watt if industrial
installations are added into the mix, according to the Solar Energy Industries Association.” That trade
organization also said that 52,000 rooftop systems were installed in 2011 throughout the U.S.
representing a 30 percent jump over the previous year. Still, installations in Germany are even lower
cost falling to $2.24 per watt in the past year.

Part of the concern cited by U.S. solar industry advocates is that more than 18,000 state and local
government jurisdictions have a say in rooftop solar rules, and that is a large part of the price differential
between the U.S. and Germany. Some argue that the U.S. focus on wind and solar renewable energy
generation causes a threat to the electrical grid due to the intermittent generations, but technology may
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make that less of an issue. GE has a product line called FlexEfficiency that allows energy system
operators to adjust quickly as energy comes on and off the grid, including a 750-megawatt combined
cycle plants that can vary its output by 100 megawatts in one minute. GE said that in the fall of 2012 it
had over $1.2 billion in advance orders for the FlexEfficiency product line.**

Again, these price reductions in wind power generation around the U.S. and solar energy generation are
making it much easier for states to look toward energy generation portfolio diversity. “Solar energy is a
natural hedge against rising costs — a hedge that regulators and utilities are turning to lower electricity
costs for their customers. Solar PV is a mature and proven renewable energy technology,” said Rhone
Resch, CEO of the Solar Energy Industries Association.”

2.6 A New Paradigm for Profit and Regulation in a Distributed Energy World

Some of the strongest support for change in the electric utility sector is coming from customers. In some
cases, large retail outlets such as Wal-Mart, lkea, and Kohl’s Department stores are implementing
corporate sustainability programs by placing solar panel arrays (solar photovoltaics or PV) on their roofs
to power the facility with renewable energy. This is creating pressure for more third party energy
generation and advances DG systems, which has met with resistance from some utilities.

A more common step was the creation of demand response (DR) programs, where large and small
commercial and residential energy users would install switches that could reduce or even shut off power
of lights or air conditioners when the overall grid energy demand is high. This reduces the pressure on a
utility during peak demand times and some utilities welcome this mechanism. Societal and policymaker
pressure for greater energy efficiency (EE) can show up in changes in building codes as well as utility
regulations. In most states, the current utility rate and regulatory structure does not favor utility
encouraging EE, but that has been changing with a particularly success model in California.”®

More and more businesses are recognizing that opportunities for DG using wind, solar, fuel cells, and
CHP can greatly enhance meeting their energy business needs. Utilities, in some cases, view all these
changes as a threat to market share, and in other cases have adapted to change. Policymakers and
regulators like the electric utility business sector must also plan for these changes.

The State of New York passed utility restructuring legislation in 1999 and over the more than a dozen
years of implementation and regulation, change has been able to work through many of the issues in
the electric utility market. With restructuring, utilities were required to divest most of their power plants
and allow for customers to purchase power from third parties. The New York State Public Service
Commission oversaw the change where utilities primary responsibility became ensuring the adequacy of
the distribution system and working with New York Independent System Operator (NYISO) on the
energy planning process. The NY utility, Con Edison, has been a leader in creating new programs for
implementing energy efficiency measures and has now built distributed resources into its long-term
planning mechanism.

Of particular note is how Con Edison has been able to adapt customer use of combined heat and power
into the portfolio.”” According to Con Edison staff in an essay published in a utility journal:

Customer adoption of DG—both renewable and natural-gas-fired—has seen a dramatic increase in Con

Edison’s territory over the last five years, and this trend is expected to continue. Some of this is due to
technological developments and customer interest in green energy, but most can be attributed to market
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and policy changes—particularly low, stable natural gas prices; state incentives, including property and
other tax incentives; and the inherent efficiency of CHP.*

The State of New York Public Service Commission and private sector energy industry leader Con Edison
experience with managing for these changes demonstrates success can be achieve in dealing with a
world of increasing distributive energy and third party generation. In a similar fashion, public policy can
be crafted to help with this success. New York has used public incentives to target DG installations to
areas where the distribution system could benefit from increase generation capacity by creating Solar
Empowerment Zones.

New York State also legislated for high carbon fuel switches, phasing out #4 and #6 fuels oils, and
replacing them with renewable sources and natural gas, especially with combined heat and power
systems.” Con Edison has also received a DOE-funded Smart Grid Demonstration Project that helps the
utility in piloting distribution control room dispatch of demand response—including start, stop, and load
control of customers’ emergency and baseload generators. The Con Edison staff, in their essay titled
“Capturing Distributed Benefits,” acknowledges challenges remain for the utility in the proper design on
incentives and rates, and with data and technology management in fully implementing widespread
distributive energy systems.

Most importantly, Con Edison utility staff members working with New York utility regulators have also
shown the knowledge and insight to power through the transition to a distributive energy world.'®

2.7 Microgrids: A Technology Game Changer?

When millions of East Coast homes and businesses lost power, most for many days, because of
Hurricane Sandy the questions arose again about the weakness and vulnerability of the U.S. electrical
grid system. The elaborate transmission system called the grid is both a historical tribute to large-scale
engineering infrastructure success connecting power to many across the land, and now an inadequate,
inefficient, technology needing upgrades and refinements for the future. The headline of a Scientific
American article shortly after Hurricane Sandy said it well: “If You Had a Microgrid, You Wouldn’t Be
Waiting for the Power Company.”*°* While the headline may not be accurate for all storm and disaster
scenarios, the key point is accurate that a microgrid resilience and strength come from not being a part
of the electric grid that goes down frequently in many types of storms. A critical feature of the microgrid
is it has the ability to ‘island’ itself from the large power grid and keep the energy flowing at a local site.

Some definitions of a microgrid say it is a miniature version of today’s sprawling transmission and
distribution grid, except much smaller in scale. But the microgrid system is more than that. The
University of Wisconsin-Madison and UW-Milwaukee are national leaders in microgrid research and
development. The recently opened UW-Madison Wisconsin Energy Institute (WEI) building has a high-
bay lab with a microgrid research facility. Microgrids can play a dual role of providing highly reliable
power of commercial buildings and residential neighborhoods, but it has many flexible capabilities
including the ability to export power to the grid as well as operating independently as an island when
utility blackouts happen.

Some utilities might perceive microgrids as a threat because they facilitate distributed energy sources

versus the large base load centers popular with most energy companies. Other utilities have seen how
microgrids can deliver unique benefits to certain customers, especially customers with large energy
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needs and critical reliability needs. These customers may include data centers and hospitals and the
military.

To go back to Hurricane Sandy and the critical systems failures witnessed on the East Coast, among the
disturbing events was hospitals losing power and patients being rushed in the worst possible conditions
to other health facilities. The back-up energy generation at these sites may have been subject to failure
by being in the basements or on the roof, but it does illustrate how critical structures can have greater
energy security going forward with microgrids.

The U.S. military, an organization that understands risk pretty well, is already deploying the microgrid
technology at some of its sites. One example is the Marine Corps Air Station in San Diego that is
powered by a methane power plant with a microgrid.’®* The military is also looking at mobile microgrid
applications as a critical safety function. The hospital design of the future, especially with a campus
design, would greatly benefit from a microgrid to be used as a critical structure to maintain power when
the big grid goes down as well as deliver safe, clean and reliable energy. The microgrid will greatly
benefit DE and clean technologies such as solar, wind, biogas sources.

The Sacramento (CA) Municipal Utility District (SMUD) is using a microgrid at its corporate headquarters
powered primarily by solar photovoltaic panels, small combined heat and power units — which generate
both electricity and heat from natural gas — and zinc flow batteries.'® Microgrids in early forms
operated with manual controls and usually the historic back-up generation favorite of diesel engines.
Now the systems are improving and the preferred energy source is clean technology of solar, wind and
biogas.

In addition to being a potential tool for more mobile energy generation the fact that microgrids are the
most direct pathway to net zero energy goals attracts the military. With new technology platforms there
is an easy microgrid connection to the movement toward DR — the system where individual homes and
businesses have great latitude with energy use and then lower payment for energy. A recent Federal
Energy Regulatory Commission (FERC) ruling requires that grid operators compensate DR energy
providers at a rate equivalent to other generators. Like any technology, improvements can still be made
with microgrids in strengthen the ability to manage variable, bidirectional resources. ZBB Energy out of
Milwaukee is combining its zinc bromide flow battery technology with microgrids.'® The U.S. has now
made a commitment to CHP development — which is the ideal anchor resource for microgrids. Markets
for microgrids are already aligning and Wisconsin could take advantage of its technology leadership.

First, Wisconsin utilities, state-based private companies and Wisconsin universities are well positioned
to drive leadership in microgrids. A critical step is for utilities to embrace microgrids rather than see
them as a threat to market share. A smart utility could actually find creative partnerships to market
microgrids and support services to customers with high-energy demand and a critical need for reliability.
Ideally, the utility would offer up renewable energy generation versus high carbon sources like coal,
diesel or even a slightly better option of natural gas.

Second, improved research and commercial development are needed with inverter technology that can
convert solar panel output in DC current to AC current, and shoot down the PV system when necessary.
The new generation of microgrid inverters will help keep the ‘island’ needing back-up energy powered
while disconnecting it from the macrogrid. By having a utility company partner with commercial product
developers and Wisconsin universities, utility sector confidence in microgrids’ interface with the
macrogrid will grow and improve.
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Finally, as the price for renewable energy generation, particularly solar and wind today, continues to go
down, the opportunity for utilities to diversify their generation portfolio and still maintain market share
can continue. For utilities to fight microgrid deployment and diversification of the energy source
portfolio is tantamount to shooting oneself in the foot. Societal drivers for demand response, clean
source generation technology, and the greater efficiency of using combined heat and power systems,
make the growth of microgrid technology inevitable.
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3.0 An Energy Innovation Agenda for Wisconsin

To stay competitive in a changing economy — including a rapidly changing energy economy —requires a
focused, coordinated, and adaptive innovation agenda for Wisconsin. An energy technology innovation
agenda looks to new technology solutions and promotes entrepreneurial activity. It is well understood
that energy drives an economy and, therefore, energy innovation is a critical link to economic vitality.
There is little question the United States and Wisconsin are in transition to a new energy economy
focusing more on renewable energy solutions, yet the legacy high carbon economy will remain a part of
the mix. This becomes a question of balance and supportive public policy is critical during the transition
period. Wisconsin will fall behind in global and domestic economic competitiveness unless it moves
towards a balanced energy portfolio with less reliance on high cost coal and more reliance on clean
energy technology solutions. That is not the case today in Wisconsin, and in fact, there are troubling
signs Wisconsin has slipped behind other states in the path to long-term energy innovation and
economic success.

Research on innovation systems is robust and there are some key steps to success that Wisconsin can
encourage policymakers to adopt to promote energy innovation today. Innovation systems are defined
as networks of institutions, public and private, the
| activities and interactions of which initiate, import, modify
and diffuse new technologies.’® One of the characteristics
of a system is that it has a function.'®’ Utilizing the energy
innovation systems approach requires more proactive
steps in taking away risk around renewable energy
solutions and adapting quickly to innovations that
combine new solutions and ultimately reduce costs. We
have both a blessing and curse with new domestic shale
oil discoveries that can lessen the U.S. and Wisconsin
S —— dependency on foreign oil and domestic coal, but also can
stymie new clean energy technology solutions. Navigating
this short-term may include an “all of the above” energy
policy, but that is not a long-term fix. As the authors of the paper, “On Picking Winners: The Need for
Target Support of Renewable Energy,” state bluntly, “As every gambler knows, backing every horse only
benefits the bookmaker.”*%

Energy is the foundation of every
economic process and transaction
that takes place in the world. Because
of this, energy is, arguably, the most
important sector of the economy

-Seth Crawford in Energy Policy.>*

For the United States and Wisconsin to foster energy innovation systems solutions requires some candor
about limits in the power production business world. First, the status quo always looks attractive to
regulated utilities because it is a business model they designed, built and solidified through controlling
the ‘rules of the game’ by current laws and regulations enhancing their monopoly control. Some may
argue for deregulation as a solution, but that is unlikely in Wisconsin, although some states such as
Texas have seen success in a deregulated energy market. A more likely solution for Wisconsin is letting
energy innovation occur by loosening the command and control authority over the energy market place.
This will not be easy for several reasons:

1. The energy power market functions on long timescales.

2. There are multiple levels of political risk — large energy installations can attract opposition and
the incentives of carbon pricing are slow to non-existent at the present time.
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3. The power production world has very weak market drivers -- there is a marginal price
differentiation for a homogenous product (electrons) which are sold into a primarily regulated
market in which government entities (such as the PSC) regulate profits.*®

This creates a tension where policy change is likely to be only incremental versus disruptive — which may
be needed to change a high carbon energy system to a more clean energy system.

As stated earlier in this report, the most important thing energy policy can do to impact the transition to
a new energy economy are create goals, remove barriers, make it cheaper, and use an energy systems
approach. While there is value in all of these policy outcomes, this may not be adequate to encourage
energy innovation as change advances. The key is to view this as an energy system and innovation is part
of an evolutionary process of change driven by policy and market activities. Carefully considering actions
(and the actors involved) throughout the system facilitates an understanding of the dynamics impacting
success or failure for new energy technologies.

3.1 Innovation Technology System Perspective

Wisconsin policymakers should care about innovation because it is the principal source of economic
growth'® and can be the link to new job opportunities in the state. Innovation systems are the process
for developing new technologies creating these economic opportunities. Bengt-Ake Lundvall in
“National Innovation Systems: Towards a Theory of Innovation and Interactive Learning” defines an
innovation system as: “the elements and relationships which interact in the production, diffusion and
use of new, and economically useful knowledge.”*** Steps in this process include basic laboratory
research, market ideas from companies, learning and information exchange, and going through
commercialization of the new technology.

An innovation technology system involves a knowledge transfer or process of learning that includes
learning by doing,™** learning by using,'*® and learning-by-interacting.'* There are multiple actors and
institutions that can be involved in this innovation technology system including small and large business,
a product or service end users, government and regulators, universities, and non-government
organizations. Study of the innovation technology system has resulted in a body of knowledge about
what can lead to success or failure, and how public policy can be a critical part of the system process.
Renewable energy is an area ripe with new technology, but knowledge transfer and supportive public
policy is needed to advance this sector.

Historically, the innovation technology system perspective has characterized supportive policy in a
traditional linear model creating market push and pull — meaning a policy that creates a technology push
into the market place or a policy that creates a demand pull on the market. Pull policies are incentives or
regulations that are intended to attract private and/or public sector activity in developing ‘projects,” and
are often referred to as ‘market makers.” Another dimension in this traditional innovation technology
system view is that in cultivating R&D there are steps of basic research, applied research and product
development and diffusion.

Renewable energy solutions may differ from recent thinking about innovation technology systems when
short-term government must appear to be ‘picking winners’ with current technology while maintaining
an environment for adaptive innovation. That is why some policy solutions like advanced renewable
tariffs are more attractive to create a catalyst for investment while trying to avoid technology solution
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lock-in. Systems theory has been used much longer in the natural sciences than the social sciences, but a
combination with technology innovation systems may strength this analytical approach.'*> With today’s
focus on job creation and revenue growth these innovation systems are important to advancing
technology.

Many believe that using this innovation system framework for analysis, especially in the context of
sustainability transitions (such as is occurring in the energy technology system), allows for policy makers
to identify system weakness.™® More specifically, using these analysis tools help to identify a policy
intervention that could solve a problem in the technology innovation system or influence technology
success.

While this technology innovation analysis framework has a more limited application in environmental
innovation, a smaller body of knowledge is emerging in this area. When looking at environmental
innovation, and in this case a sustainable transition in the energy technology system, it is important to
recognize the diversity of the technologies and how the challenges are different in each. As Simona
Negro and Marko Hekkert put it, “It is thus important that policy is ‘joined up’ and supports innovation
through the various stages, targeted if necessary to address specific barriers in the innovation cycle.” **’

Below are seven key functions involved in energy technology innovations, as summarized from a list
found in Simona Negro and Marko Hekkert’s article in Technology Analysis & Strategic Management: **®

Function 1: Entrepreneurial activities

It is the entrepreneur who plays the key role in the innovation system. Entrepreneurs, as the
cornerstone of innovation systems, can be new businesses entering the marketplace or existing
businesses wanting to diversify their portfolio to take advantage of new market opportunities. The
role of the entrepreneur is action oriented taking new knowledge, technology, and dealing with
uncertainty in the marketplace by moving forward the knowledge transfer toward a commercial
viability.

Function 2: Knowledge development

New knowledge is fundamental to technology development. The new knowledge whether adapting
existing technology or creating something new is shaped to address a problem in a modern
economy that is not currently addressed. The knowledge base and learning aspects of an innovation
system can come from basic R&D, search and experimentation, learning-by-doing, and hybrid
models that combine older existing understanding or technology and adapting new innovation.

Function 3: Knowledge diffusion through networks

The exchange of information comes through networks. This is called the diffusion of information and
makes new knowledge accessible to both market participants and a wider audience. Negro and
Hekkert point out that, “when discussing the prospects of establishing renewable energy industries,
one could argue the importance of a widespread know of renewable energy technologies as well as
the awareness of recent energy and environmental concerns.”**® For example, as more individuals in
society recognize the need for sustainable solutions through renewable energy versus legacy high
carbon energy sources, then the R&D agenda starts to change.
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Function 4: Guidance of the search

Public policy can play a large role in this “Guidance of the Search” for example with RPS, Renewable
Fuel Standards (RFS) or other forms of energy source generation targets or goals. These can be the
activities within the innovation system that can positively affect the visibility and clarity of specific
needs among technology users in this area.’® This is important for giving a government market
signal that the technology and research has credibility or legitimacy in being a step toward achieve a
goal. Sometimes the actors are more likely to search for new knowledge or technology within their
current business paradigm.*** This would partially explain why fossil fuel based energy business is
drawn to fracking for natural gas versus new technology of renewables.

Function 5: Market formation

As has been seen in the early stages of renewable energy technology development, it is often the
case that new technologies often have difficulties competing with long-term entrenched
technologies (fossil-fuel sourced energy). Therefore, the likelihood of technology success is
improved if protected spaces are created for these new technologies. One possibility is the
formation of temporary niche markets for specific applications of the technology.'?> Another
possibility is to create a temporary competitive advantage by favorable tax regimes or minimal
consumption quotas.’”® Adding to the complexity in markets is that societal costs, sometimes called
externalities, are often not reflected in the economy. For example, burning coal and petroleum
causes many public health issues that society pays for in health care costs. The energy prices of
renewable generation sources can look higher than fossil fuel based sources such as coal and
petroleum because the externalities costs are not reflected in the energy purchase price contracts.
According to the European Commission, “the cost of producing electricity from coal or oil would be
double...if the external cost such as damage to the environment and to health were taken into
account.” ***

Function 6: Resource mobilization

A broad array of resource mobilization is necessary for a successful innovation system including both
finance and human capital. More specifically, resources also include services and network
infrastructure, which are abundant in the existing energy system to the advantage of incumbent
energy generation with coal. For a biomass technology the availability of biomass feedstock is also a
resource mobilization criterion.

Function 7: Advocacy coalition

For a new technology to development well it is likely that it must become a part of the incumbent
business model or change it significantly. The parties with a vested interested in the status quo
business model will typically oppose the new technology if it threatens their profit structure. “In
such a case, advocacy coalitions can function as a catalyst; they put a new technology on the agenda
(F3), lobby for resources (F6), favorable tax regimes (F5) and by doing so create legitimacy for a new
‘technological trajectory.” **°

It is important to consider the interdependence of the seven functions in the technology innovation

system, and that factors change depending upon whether it is an early stage or later stage of technology
development. There may be some unique factors in a specific country that differ, and there even may be
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some unique factors in the technology that might alter one of the functions in the system. Also, when a
technology is in the early stage or formative stage, there can be mechanisms to block its further
development. For example, with many new technologies in the energy system, connection to the
electrical grid is key. Policy around net metering and interconnection—the so-called ‘rules of the
game’—can often block the growth of wind, solar, biomass and biogas energy systems from advancing
to a more robust stage of development.

The technology innovation system has a series of steps during which a technology advances to a more
robust place in a market and it could be argued this is an evolutionary process. Sometimes a new
technology can revolutionize a societal function such as computers and nanotechnology. Through the
evaluation lens of using a technology innovation systems approach it can be seen that even rapid
change evolved through that sector.

When placing a role for public policy to shape this technology innovation system it must be recognized
that policy itself can be a series of experiments. This has historically been defined as the ‘science of
muddling through’ in public policy where the objectives continue to change, and new policy
experimentation follows with a modified objective. It requires some thinking about what policy might
speed up this technology innovation system process,

O especially with the knowledge diffusion. Energy systems
may need innovation technology systems more than ever
as issues of environmental quality, water, land use,
greenhouse gas reductions and dwindling energy
resources interplay. Combined with rapid global
population growth and emerging economic growth in new
regions, the overall energy demand is rising and

Absent policy action, clean energy will
continue to expand in the United
States and around the world, but the
competitive position of the U.S.
industry is very likely diminished

—Pew Charitable Trusts report, traditional high carbon fuel options decreasing. This
“Innovate, Manufacture, Compete: A complexity creates a nasty problem for the policy
Clean Energy Action Plan.18 network, as energy is the driver for the local, domestic

and global economy.
3.2 Is the U.S. Falling Behind in Clean Energy Technology?

The numbers on renewable energy growth in other parts of the world illustrate how all the states,
including Wisconsin, may be falling behind in renewable energy generation and innovation. Relative to
its population and energy demand and usage, the United States is well behind in the development of its
solar, wind, biogas and geothermal energy compared to many other countries. While the U.S. has seen a
steady, strong growth in wind energy power installations the last few year, as of the end of 2011 it
ranked seventh globally behind Denmark, Spain, Portugal, Germany, Ireland and Canada when a
comparison using populations is made to those countries. **’ Denmark has almost five times the wind
capacity per capita than the U.S. and is a leader in local ownership of wind power. In a similar fashion,
the U.S. overall ranks only 12" in solar photovoltaic renewable energy power per capital trailing
Germany, ltaly, Czech Republic, Spain, Greece, Australia, Japan, France, Denmark, Great Britain.

Even more telling in this comparison is that individual states of New Jersey and California are per capita
competitive with these global leaders (ranking the equivalent of fifth and tenth). This means that other
states are deeply behind, and Germany has 20 times and Italy 14 times the install solar capacity per
capita of the U.S. Most important to Wisconsin would be the opportunity for biogas energy given our
large dairy and food-processing sector. Germany has a whopping 181 times the biogas energy capacity
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of the U.S. and even Austria has 63 times the biogas energy per capita of the states. If there is a pattern
to the leadership in other parts of the globe for renewable energy, all signs point to their use of policy
tools such as the FiT.'*®

The tension in creating supportive policy for renewable energy to get into the market and eventually
scale-up in market share derives from the concept of ‘picking winners’ in contrast to creating status quo
energy production lock-in or too narrow a range of new technologies. Again, the critical measure is with
balance as the U.S. and Wisconsin transition to the new energy economy. A carefully targeted support of
new energy technologies is vitally important in early markets.

As the authors of the report, “On Picking Winners: The Need for Targeted Support of Renewable Energy”
state:

Looking forward, targeted support can create early markets for emerging technologies. This is
because they have what innovation economists call dynamic effects: They foster innovation,
yield increasing returns to adoption and help low carbon technologies move along their learning

CUfV€.129

In order to get renewable energy technologies established in the marketplace the demand-pull and
supply-push policies are needed to allow costs to fall and performance improvements. The demand-pull
policies demonstrating the most success are FiTs and renewable portfolio standards. There are
differences and advantages to each policy separately or together. Evidence shows that the global policy
choice for creating a catalyst in renewable energy generation is the FiT.

3.3 Toward Transparency, Longevity, and Certainty in U.S. Energy Policy

The evidence is abundant that legacy high carbon coal and oil, and now to an increasing degree natural
gas, have all the energy market advantages stacked in their favor. *° Taxpayers and ratepayers have
invested billions over decades into the high carbon energy infrastructure and the rules of the game
regulating utilities have been written by the utility industry or worse often abdicated to industry. Clean
technologies have many documented barriers to this legacy energy market system including unfavorable
power pricing rules, limited transmission access and perceived risks to operating systems.”*! Further,
the capital investments needed for clean technology are constrained by recalcitrant U.S. energy
leadership.

When the true cost to society of high carbon coal is exposed, clean technology will win if a true level
playing field is created in the market place. The shroud covering most legacy energy operations could be
lifted and policy encouraging transparency, longevity and certainty (TLC) will allow clean technology
better access to the energy market place.

FiTs have proven, across the globe, to expedite the development of clean technologies and renewable
energy generation. The issue of a predictable and transparent support framework to attract investors is
the key factor highlighted in a study done by the Deutsche Bank Group, “Paying for Renewable Energy:
TLC at the Right Price: Achieving Scale through Efficient Policy Design.” Transparency, longevity and
certainty are identified as the critical factors that support investor confidence in renewable energy
markets. This study gives extremely high markets to FiTs for meeting these criteria established for
investor confidence.
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Accomplishing these factors allows investors to better predict the returns of renewable energy projects.
A more rapid development of renewable energy options is likely to occur under FiTs, according to the
study authors, who state, “Using (FiTs) to support renewable energy accelerates the process of
technology development. It enables these clean, low-carbon technologies to reach grid parity and
provides a part of the solution to climate change mitigation.”**

According to NREL, globally, an estimated 75 percent of all solar PV and 45 percent of all wind energy
electricity capacity installed before 2008 can be linked to this policy tool.'* This astonishing amount of
global clean tech electricity capacity is due to the varieties of FiT policies. It is an extremely flexible
policy tool that can be adapted to local energy generation sources and local energy production needs.
Even with regional differences in policy designs some core elements of FiTs contracts are that they have
transparency, longevity and certainty. Germany has realized the most success with this policy tool and
has utilized it for the longest period of time. Between 2000 and 2008, Germany’s national share of
renewable electricity generation more than doubled from 6.3 to 15.1 percent with the FiTs being a
critical driver.”®* The FiTs contracts offer a long-term, fixed payment to renewable energy generators. In
comparison, the RPS seeks to create price competition between renewable generators to meet defined
targets at least-cost, and typically defines maximum cost through a price cap instrument.

How FiTs function?

These tariffs allow a renewable energy generator to feed the power of their solar panel, wind turbine,
methane digesters, biomass fueled boiler, or other renewable generation into the larger energy system
‘power grid’ and receive a government-prescribed price/unit generated (typically, $/kWh). This
prescribed price is typically referred to as a buy-back, or off-take rate.

Laws can differ, but essential principles include that the utility company must provide access to the grid
to anyone or any group producing renewable energy. The buy-back rate is established for a set amount
of time (say 15 — 20 years). This guaranteed long-term payment reduces the financial riskiness of the
project. The stable buy-back rate is why banks and other financial lenders have more willingness to
finance renewable energy projects.

Prices can vary according to the type of technology, the size of the system and its location. Any potential
increased costs to the utilities are paid for by adjustments to all customers’ bills. The utility gains
increased energy generation capacity without having to invest in the cost of new generation under the
FiTs.

A system can be established to adjust policy or rates as needed. Some countries phase down the rate a
little each year over time, under what is sometimes called ‘rate degression.’

3.4 Conventional Energy Generation Gets Cost-Recovery

It is important to remember that the U.S. utility sector currently gets cost-recovery plus a profit for its
conventional generation (now primarily high carbon coal). The FiT policy is doing exactly the same thing
saying distributive energy renewable clean technologies should get cost-recovery plus a profit just like
regulated utility monopolies receive for conventional generation. In fact, Wisconsin utilities do have
some experience with voluntary FiT, so it is not a ‘foreign policy’ that could not work in the U.S. But it is
equally important to remember these voluntary FiTs were not cost based and the goal was not to create
large amounts of distributed energy generation from renewable clean technology sources.

46



Some comparison and contrasting of policies such as FiTs and net metering are also valuable to consider.
The goal of a FiT is to provide transparency, longevity and certainty to investors by making sure the
project owner has adequate revenues to invest and advance clean energy technology. The net metering
goal is to credit customers with the value of the power generated to a utility. The FiT represents critical
cash flow over longer length of time, strengthening investor confidence; net metering provides a credit
for excess generation, usually re-sets or zeros out at the end of each year. A strong net metering policy
can be complementary to a feed in tariff policy, but is not a substitute in terms of promoting
investments and larger scale up of a technology. The FiT can be a capital magnet which strengths a state
or regional investment community by allowing for profits or return on investments in themarketplace.**

The technology innovation system analysis perspective looks closely at a range of functions or actions
contributing to advancement of technology. The functions have been categorized and include important
public policy actions. A thorough review of the literature on a variety of renewable energy policies by
the authors Pablo del Rio and Mercedes Bleda using this technology innovation system analysis
concludes that FiTs are far superior to any other policy action in advancing renewable energy technology
innovation.**® The authors note that renewable energy technologies have different maturity levels and
costs and so flexible, adaptable policies are more favorable for promoting innovation. They argue for
energy source diversity because at the company level this creates a diversity of capital bases,
experiments and innovation strategies.137

Early stage development of clean energy technologies is critical and the market formation consists of
three stages; learning-by-doing; learning by using; and learning by interacting.'*® This development
process is, therefore, aided by “nursing markets” to allow for these learning stages to progress. Along
the time period of this market development success occurs with a broad and aligned network for actors
in the innovation system including a variety of businesses, technology users, policymakers,
entrepreneurs advancing the technology.®® When successful the technology has a stronger chance of
becoming institutionalized and more widely accepted.**

There is increasing evidence that feed-in tariffs can advance the energy technology innovation system.
Further, feed-in tariff policy may lead to lower risks that other renewable electricity policy tools. The
study by Pablo del Rio and Mercedes Bleda titled, “Comparing the innovation effects of support schemes
for renewable energy technologies: A function of innovation approach,” extensively review other studies
and academic papers to document feed-in tariff policy leadership in these categories. (See Appendix 2
for more details).

* FiTS lead to lower costs than other renewable electricity policy tools (14 studies).

* FiTS are more effect in resulting in renewable energy deployment than other policies (19
studies).

* FiTS lead to higher diversity of technologies (24 studies).

*  FiTS spur private R&D investment (7 studies).

* FiTS positive impact on seven actions in a technology innovation system (15 studies)

The evidence is abundant that globally countries with the public policy tool of FiTs are world leaders in
renewable energy deployment (see Figure 9 for wind in the European Union). Equally important as FiTs
success in renewable energy generation deployment is the contribution this policy tool makes to
advancing the energy technology innovation system.

47



Installed Price in Support

capacity, wind ct/kWh. instrument
lonshore), end
of 2011 [MW]
Germany 29,060 8.9 Feed-in tariffs
Spain 21,674 7.8 Feed-in tariffs
France 6,800 8.2 Feed-in tariffs
Italy 6,747 14.9 Quota obligation
UK 6,540 10.8 Quota obligation
Portugal 1..083 7.4 Feed-in tariffs
Denmark 3,871 71 Feed-in tariffs
Ireland 1,631 6.8 Feed-in tariffs
Poland 1,616 1.4 Quota obligation
Belgium 1,078 14.2 Quota obligation

Figure 9: European Union Wind Capacity Installed and Policy Support Tool (Prices for Renewable
Energies in Europe (2009) and German Renewable Energy Agencies (2012)

Differences Between FiTs and Renewable Portfolio Standards

FiTs are often contrasted with the RPS. Wisconsin has an RPS that requires utilities to provide 10 percent
of their energy from renewable sources by 2010. The RPS does not specify that 10 percent of renewable
energy be from a homegrown renewable energy source. The RPS does not require buying renewable
energy from distributed energy sources. The RPS leaves the requirement of procuring certain
percentages of electricity in the sales mix of utilities at the utilities discretion.

Some Wisconsin utilities in past offered higher renewable energy buy-back programs, but these
programs were often limited to the utility’s voluntary green energy programs, and only in their service
area and also were not uniform across the state. These programs often have limits on the type and
eligible size of the generator and the total capacity of the program. The benefits typically go to the
larger scale projects and often to out-of-state projects and investors (see Figure 8). Small-scale
distributed energy generators are often disadvantaged under the current RPS.
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Figure 10: WI 2011 Renewable Sales by Resource (PSC)
3.5 Renewable Portfolio Standards

The Renewable Portfolio Standard (RPS), also known as the Renewable Electricity Standard (RES), is a
popular policy instrument in the U.S. for advancing renewable energy generation. An RPS sets a
percentage of electricity generation in an electric utility’s portfolio to come from renewable energy
resources by a certain date. An RPS generally starts out small in the near-term and steadily increases the
percentage of required renewable electricity into the portfolio over time. Energy sources that can be
used to meet the RPS in Wisconsin include tidal and wave action, fuel cells using renewable fuels, solar
thermal electric and PV, wind, geothermal, hydropower less than 60 megawatts, and biomass including
landfill gas and biogas. Wisconsin’s current RPS has a statewide target of 10 percent by 2015, with
statutory requirements varying by utility. Specific requirements are as follows:

* Each year from 2006-2009, a utility cannot decrease its renewable energy percentage below the
average renewable energy percentage for 2001, 2002, and 2003.

* |n 2010, each utility must increase its renewable energy percentage by at least two points above
the average percentage for 2001, 2002, and 2003.

* Each year from 2011-2014, a utility cannot decrease its renewable energy percentage below the
average renewable energy percentage for 2010.

* In 2015, each utility must increase its renewable energy percentage by at least six points above
the average percentage for 2001, 2002, and 2003.

* For each year after 2015, a utility cannot decrease its renewable energy percentage below the
percentage for 2015.'*
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The Wisconsin PSC must determine by June 1, 2016 if the state met the renewable energy goal of 10
percent by December 31, 2015. If the PSC determines that Wisconsin did not meet the state goal, it
must determine how the goal can be achieved with additional actions. The PSC has determined that
Wisconsin utilities are on track to achieve the state RPS, according a June 15, 2012 PSC staff report.

Several national studies indicate that states having an RPS did make a contribution to new clean tech
energy generation. But there are other studies that give the RPS policy a mixed record of success.
Currently, there are 29 states with an RPS and the policy has driven the creation of one third of current
U.S. non-hydro renewable electricity.'*?

The potential elimination of federal production and investment tax credits combined with states starting
to meet their RPS likely means diminishing returns going forward. According to Mark Fulton and Reid
Caplino of the Deutsche Bank Group:

...Annual new renewable generating capacity needed to meet RPS mandates through 2030 amounts to
3.25 GW for 61.5 of new generating capacity total, this level of ‘RPS demand pull’ is slightly below its
average level for 2008-2011 and is equal to roughly only 1/3 of total new U.S. renewable generating
capacity in 2011 (9 GW) — which was supported on the supply side by federal incentives. Hence, going
forward RPS programs will continue to make a valuable but limited contribution to deployment of new
renewable generating capacity in the US.**?

The authors of the Deutsche Bank study argue that the RPS alone is not adequate to develop a diverse
portfolio of clean technology renewable energy solutions. Other research supports the thesis that in the
U.S., the state RPS has been successful, but in some cases it appears the policy tool may work better for
some renewable energy sources. An increasing number of empirical research studies and case studies
on the state RPS are providing useful information on best practices in the design of these policies.***

The authors of a study looking at the Texas RPS found that one of the effect components of the state
RPS was clarity in defining the utility capacity requirements for renewable energy generation.'* In this
same study, the authors criticize voluntary renewable requirements as being ineffective and note that
best practice designs for an RPS include:

First, well-designed RPS should ideally apply equally and fairly to all load-serving entities in a state;
second, it should require that it must be filled with generation from new investments in renewable
sources; third, it should limit the amount of sale requirements fulfilled by sources external to the state;
finally, it should have credible and significant penalties in case of non-compliance.**

Another study devised a method of comparing effective of state renewable policies and found a
“significant correlation” of renewable portfolio standards with increase renewable energy generation.**’
An earlier study looked at datasets for 39 of the United States between 1998-2002 and found that the
RPS had a statistically significant effect on wind capacity generation, but could not find the same
validation of state public benefit funds.**

One study looked at state level data for 1998-2006 and used what is called a “standard fixed-effects
model” which allowed for comparing a wide range of factors in the state and other state policies.**® The
first finding in the study was that RPS alone was not a significant factor in increasing the state renewable
energy generation resources, although the longer a state had an RPS the greater impact it had on
renewable energy generation.”® More significantly, other factors including political institutions, natural
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resource endowments, deregulation, gross state product per capita, electricity use per person,
electricity price, along with the presence of the state RPS contributed to renewable energy generation.
Another recent study™’ that validated that an RPS can “significantly impact” increase state renewable
energy generation notes further that an important RPS policy design element is that if the state allows
the “free trade” of RECs—it can significantly weaken the impact of the RPS in promoting in-state
renewable energy generation. >

Finally, the authors of another report'>® looked across all existing RPS studies and also studied energy
generation data of all 50 states over a longer period of time (1991-2007) to measure state RPS
effectiveness as well as state clean energy funds or public benefits programs. The authors used a fixed
effects and time-trend model over the period of time study and measured the increase in wind, solar,
biomass and geothermal energy. Overall, the study found both policies of a state RPS and public benefits
program were effective in increasing total state renewable energy generation, but found it more
significant for solar and geothermal generation. This model also found other potential variables of state
electricity price, natural gas price, share of coal generation, and per capita GDP to be generally
insignificant, highlighting that the state policy of RPS and public benefits were more significant. The
academic research on state renewable policies is still relatively new, although becoming more robust,
and the impacts over time may become more critical especially in light of other federal and state policy
sunsets or changes.

3.6 Production Tax Credit and Investment Tax Credit

The federal policies called the production tax credit (PTC) and energy investment tax credit (ITC) have
been critical to the growth of the wind energy generation sector and other renewable energy. The two
tax credits were on track to expire, but were included in the American Taxpayer Relief Act of 2012
signed into law by President Obama on January 2, 2013.

The PTC is production-based, meaning the more megawatts of energy produced the more credits it
generates. U.S. wind projects with larger turbines, generating greater than 100 kilowatts (kW) are
eligible to receive the PTC and accelerated depreciation. As written, the production credit would be for
the first ten years of the project. The ITC is equal to a percentage of the projects qualified capital
expenditure and is not linked to production. A project owner must be able to utilize the credit and some
developers who not easily use the credits made arrangement with third-party providers to invest in
projects to take the tax credit.

The PTC dates back to 1993 and then starting in 2009, producers of wind and other renewable energy
have been able to elect to take the ITC in lieu of the PTC. The ITC is a tax credit equal to 30 percent of
capital expenditures for the construction of qualified projects. In addition to wind projects the credits
could include closed-loop biomass, open-loop biomass, geothermal energy, landfill gas and qualified
hydropower facilities. The wind industry has been the most visible advocate for these tax credits and the
U.S. Congressional Service issued a report in October 10, 2012 to discuss the impacts to the wind
sector.”™*

According to the Congressional Research Report:

Proponents of extending the wind PTC point to the potential loss of manufacturing and construction jobs
that will result if the tax incentive were to expire, the environmental benefits of U.S. wind development,
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and the potential to re-establish the United States as a global leader in the emerging industry.
Opponents of a wind PTC extension argue that all electricity generators should be subject to market-
based competition, wind electricity generation has been incentivized for a long enough period of time,
and wind projects should compete on their own economic and environmental merits without the support
of federal incentives. **

Historic impact of PTC expiration
on annual wind installation

12,000
&-40006 100%
s Drop
2
S 8.000
g
>
g 6,000
3 73% 77%
£ <000 93% Drop Drop
& Drop
2
£ 2000 I I
R P

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012e2013e
DOE ELI

Sources: AWEA, EIA EForecas
Figure 11: Historic Impact of Production Tax Credit on Installed Wind Capacity
Concern over the possible expiration of the federal tax credits, and other factors including lower costs,
lead to 2012 being a record year for U.S. wind installations at 13.2 GW of new generating capacity. This
was an increase over 2011 U.S. wind installation of more than 100 percent. The total U.S. wind energy
generation is at 60 GW, comprising 6 percent of the U.S. capacity, according to Bloomberg New Energy
Finance.™® The leading states to complete projects in 2012 according to this report were:

California (1,738 MW)
Kansas (1,589 MW)
Texas (1,532 MW)
Oklahoma (1,224 MW)
Oregon (845 MW)
Illinois (803 MW)

lowa (790 MW)
Michigan (700 MW)

. Pennsylvania (568 MW)
10. Colorado (496 MW)*’
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3.7 Net Metering Laws: Opening the Door to Clean Energy Technology Competition?

One challenge for any new energy project is connecting with the existing electrical grid system. Some
states have tried to make it easier through a net metering law — a policy for consumers who generate
smaller amounts of renewable energy through, for example, a home solar panel and receive a retail
credit for a portion of the electricity. Other states have rules for interconnection or plugging-into the
electrical grid that is more favorable to smaller-scale renewable generation. Net metering is a billing
arrangement where a unit of energy, a kilowatt-hour (kWh) generated would have the same value a
kWh consumed by the customer.
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Both the rules and met metering are critical to enabling DE generation versus the base-load single
source generation common to most large electrical utilities. The interconnection rules and net metering
laws in our state come from federal law change (Energy Policy Act of 2005) modifying the Public Utility
Regulatory Policies Act (PURPA). Net metering laws date back to the 1980s and while more than 43
states now have adopted these interconnection laws great variation does exist.

Wisconsin Net Metering Policy

The current net metering policy in Wisconsin allows several different types of renewable energy
technologies to receive a net metering contract if the renewable energy system has a capacity of 20 kW
or less. For example, We Energies customers have a 100 kW system capacity limit for wind projects.*®
The Wisconsin net metering policy applies to investor-owned and municipal utilities. The Wisconsin
interconnection rules apply only for systems up to 15 MW. Wisconsin’s net metering policy is on par
with most other states in the Midwest, but lowa has a 500 kW system capacity limit and Kansas has a
200 kW system capacity limit for non-residential customers. The lowa and Kansas net metering policies
only apply to investor-owned utilities. The Kansas policy also has an aggregate capacity limit of one
percent of the utility’s peak demand during the previous year.

Where does Wisconsin rank for net metering and interconnection policy compared to other states? A
coalition of advocacy groups published a national ranking called, “Freeing the Grid. Best Practices in
State Net Metering and Interconnection Procedures.”**® The study ranks Wisconsin with a D grade for its
net metering law and a similar D grade for interconnection rules. The report suggests the Wisconsin law
be changed to remove system size limitations to allow customers to meet all on-site energy needs and
that it adopts safe harbor language to protect customer-generators from extra or unanticipated fees.
For the Wisconsin interconnection laws the study suggests that Wisconsin drop its requirement for
redundant disconnect switches and drop requirements for additional insurance for interconnect.

Net Metering Outside of the Midwest

States outside of the Midwest have used net metering policies to specifically drive adoption of biogas
systems. The State of Vermont explicitly includes biogas from sewage-treatment plants and landfills, and
anaerobic digestion of agricultural products, byproducts and wastes in the definition of renewable
energy.'®® Renewable energy systems up to 250 kW can qualify for a net metering contract. The policy
does put in place an aggregate capacity limit of 2 percent of the electric utility’s 1996 peak demand or
peak demand during the most recent calendar year (whichever is greater). The policy applies to all
electric utilities in Vermont.

In August of 2010 New York State made changes to their net metering law to drive adoption of biogas
projects. The maximum system capacity for farm-based biogas systems was increased from 500 kW to 1
MW.'®* Since the statutory change is fairly recent, implementation of the policy will require tariff
revisions, which have yet to be determined. The New York net metering policy applies to investor-
owned utilities and there is an aggregate capacity limit of 1 percent of the utility’s 2005 demand for
solar, agricultural biogas, residential micro-CHP, and fuels cells. In August of 2012, Massachusetts
strengthened its net meeting law. First, the new law doubled existing net metering capacity from 3
percent of a utilities peak load to six percent. The law change also allows half the increase to go to
private projects and half to government entities. Equally important the new law directed regulators to
develop and implement a standard interconnection timeline for distributed energy generation facilities.
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Finally, the Massachusetts law change extended the mandate that utilities purchase long-term
renewable energy generation (10-year and 20-year contracts) for an additional four percent of its
historic peak load. Of the additional mandated renewable energy generation requirements, 10 percent
must be reserved for “newly developed, small, emerging, or diverse renewable energy distributed
generation facilities.'®?

Changes to Wisconsin’s Net Metering Policy

Wisconsin could consider changes to the existing net metering statute by raising the capacity limit for all
types of renewable energy, or implement specific language to drive biogas system development. An
increase in the system capacity limit could be coupled with an aggregate capacity limit for an individual
utility based on electric demand in a previous year. Increases in the net metering system capacity limit
would be specific for biogas-to-electricity projects and would not address incentives for other
utilizations of biogas. Increasing the system capacity limit of current net metering policies could drive
development of additional biogas projects. Receiving retail rates for excess generation can help to
improve the investment payback.

Figure 2 (a) — Under net metering, the homeowner uses power to offset domestic use and gets paid at the
wholesale rate for excess power
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Figure 2 (b) — Under a feed-in tariff, the homeowner sells all their power to the grid for a premium price,
but buys all their power from the grid at retail rates
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Figure 12: Net Metering Compared to Feed-in Tariff (ISLR)
3.8 Other Issues to Consider

The Wisconsin Public Service Commission is very sensitive to its broad regulatory mission, particularly a
growing public debate on energy rates, and now even the future of regulated utilities. A good indication
comes through in the PSC “Final-Strategic Energy Assessment” issued in November of 2012. Included in
the report is a brief history of the utility deregulation debate in Wisconsin. There are at least two groups
again publicly calling for utility deregulation: the COMPETE Coalition and the Retail Energy Supply
Coalition (RESA).™ These two groups are based out of Washington D.C. and see that the combination of
high Wisconsin utility electricity rates, driven by coal prices and over building coal plants and the current
low natural case prices, might revive a statewide utility deregulation debate.

News coverage in the Milwaukee Journal Sentinel noted that the recent deregulation debate probably

would not undo 100 years of utility regulation.'®* The PSC notes in the SEA following the discussion on
deregulation history that, “The Commission continues to be concerned about rates, and as one of the
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ways to help address the issue, the Commission has, through rate proceedings, adopted innovative rate
structures, including economic development rates.”*®

Unfortunately for the PSC Commissioners, these so-called innovative rate structures, including economic
development rates may have likewise got them in some hot water with the public. Two recent regulated
utility rate hikes, We Energies and Madison, Gas & Electric, document that the PSC Commissioners, two
appointed by Governor Scott Walker and one remaining appointee from former Governor Jim Doyle, are
divided over policies to raise green power rates. These green power programs were set up by the
regulated utilities to create a separate class of ratepayer who is ‘volunteering’ to purchase renewable
energy, at a higher price, for their residential billing.

The PSC granted We Energies a 4.2 percent overall electric rate increase for 2013 and 2.6 percent
increase for 2014, which was less than the utility request of 5.5 and 3.6 percent for the two years,
respectively. The rub for some was the big energy users, primarily industrial users, got a smaller rate
increase and the average ratepayer a larger rate increase. ** Further, the PSC allowed for a 74 percent
increase in the rate charged green power users.

The same pattern was true for the Madison Gas & Electric rate increase with a 60 percent increase for
green power program. PSC Commissioner Eric Callisto, a former Governor Jim Doyle appointee, objected
to the green power program increases suggesting they could have at least been phased-in over time.
Another subtle change in the recent residential rate hikes approved by the PSC is that the fixed charge
increases more. The fixed charge increased by 20 percent in the Madison Gas & Electric case. This means
residential owners have less of an incentive to decrease energy use, because these fixed charges are not
impacted by energy usage.*®’

In a similar pattern, the PSC rate hikes also punish other state energy efficiency and renewable energy
efforts. The Wisconsin Legislature approved a law change in 2005 that capped how much the state’s
largest energy users have to pay into the Focus on Energy program, which provides energy-efficiency
incentives and funds for renewable energy projects. According to reports in the Milwaukee Journal
Sentinel, these large industrial energy users will have paid at least $68 million less on their electricity
bills since 2010 because of what was to have been a temporary cap on their payments into the Focus on
Energy program. This shifts the burden to pay for these programs to small business and residential
payers. A 2011 audit by the Legislative Audit Bureau found that some of these industrial companies
received the benefits of Focus on Energy discounts paid nothing at all for the program.*®®
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Figure 13: Wisconsin Electricity Rates Higher Than Other Midwest States (PSC)
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3.9 Wisconsin Coal Lock-In Means High Utility Bill Rates

Lost in the ever-increasing utility rate hikes for Wisconsin customers is the issue of increased risk from
large coal plant building and coal usage. Wisconsin faces coal lock-in, resulting from high capital costs
and long asset lifespans associated with coal fired plant investments. We Energies customers are on the
hook to pay for the Oak Creek power plant that came in 8.7 percent over budget—adding $191 million
to the price tag for coal plant. The utility plant is allowed to build into its rate increases the cost of the
plant over a long period of payback time and to build a profit for the company into that same rate.

Since Madison Gas & Electric customers also get power from the We Energies plant they will likely

continue to see price hikes. The PSC can modify the utility increases, but current rate decision patterns
show only small decreases for residential portion of the overall rate increase.™®
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4.0 Integrated Resource Planning

Two Wisconsin stakeholder organizations that monitor utility rate issues and policy, Citizen Utility Board
(CUB) and Clean Wisconsin, submitted comments into the PSC Strategic Energy Assessment process
calling for more of an integrated resource planning (IRP) framework in the future. This is a small, but not
at all insignificant policy change request from these organizations.

Given the increasing factors of risk with the current energy portfolio mix in Wisconsin, strong
dependence on fossil fuels of coal and natural gas, this process would require utilities to consider
alternatives and regulators to monitor these energy factors.

The PSC Wisconsin Strategic Energy Assessment 70 summarizes the integrated resource planning (IRP)
framework thus:

* Madison Gas & Electric Company (MGE), Wisconsin Electric Power Company (WEPCO),
Wisconsin Power and Light Company (WPL) and Wisconsin Public Service Corporation (WPS)
would each file individual integrated resource plans with the Commission every two years.

* The purpose of the process would be to identify a future portfolio of resources that offers
the best combination of cost and risk, taking into account factors such as environmental
impacts, fuel supply availability, price volatility, resource diversity, and the ability of
available resources to reliably meet demand.

* The process would be separate for each utility and would be on staggered schedules so that
commissioners, Commission staff, and intervenors could participate in each process at a
reasonable pace. It would not be a contested case process and would be facilitated in the
early stages by a series of monthly public meetings between stakeholders and the utility.

* At the monthly meetings, participants would offer input as to the content of the plan
(including whether any particularly pressing issues should be brought to the forefront) and
would identify the range of modeling inputs to be used in the planning model. Following
these meetings, the utility would perform the modeling and draft an IRP. Each utility’s
written plan would show future long-term (20 years) resource needs, its analysis of the
expected costs and associated risks of the alternatives to meet those needs, and its near-
term four-year action plan to select the best portfolio of resources to meet those needs. The
draft would then be distributed to parties informally for technical edits (e.g., typos, errors in
reporting of figures) and would then be formally filed with the Commission for more
substantive comments.

* Once the draft is filed at the Commission, technical workshops would be held at the
Commission to discuss substantive issues with the draft (e.g., if certain stakeholders

believed the utility failed to properly take into account certain items).

*  Written initial and reply comments would then be filed with the Commission on any
remaining issues.

57



¢ The Commission would then consider comments and recommendations on a utility’s plan at
an open meeting before issuing an order “acknowledging” or “not acknowledging” each
aspect of the utility’s proposed four-year action plan. An “acknowledgement” is an
assessment that the action item is reasonable at the time, but it is not a final, binding
determination and does not equate to pre-approval. The Commission would provide the
utility an opportunity to revise the IRP before issuing an acknowledgment order. The
Commission would also provide direction to a utility regarding any additional analyses or
actions that should be undertaken in its next IRP.

* The utility would then issue the final IRP and submit an annual update that describes what
steps the utility has taken to implement the action plan, and that assesses what has changed
since the acknowledgement order.*”* The PSC did not officially take a position on the
request for an integrated resource planning framework only indicated it was “noted” and it
would “continue its dialogue with both the Executive and Legislative branches.”

4.1 Policy Consistency is Key

Public policy can be a critical step in providing greater investor confidence in new technologies. The
wind energy industry sees growth when the federal Production Tax Credit is in place and then when
Congress lets it lapse the production, not surprisingly goes down (see Figure 11). The federal renewable
energy tax subsidies, PTC and ITC and accelerated depreciation have been very effective at growing the
wind energy sector in recent years. Interested parties can debate for how long new technologies need
subsidies and support. In a similar fashion some may argue that energy subsidies are a fairness issue in
which legacy energy has been historically subsidized for dozens and dozens of years compared to the
length of time for new energy technologies.

4.2 Goals, Metrics and Measures for an Energy Technology Innovation System

Wisconsin and the U.S. must set goals for increasing clean energy technology in a more diverse energy
portfolio and then build policy around meeting the goals. Creating state and national clean energy
technology goals, and then following with some additional measures and metrics, allows for a
continuous evaluation of energy public policy effectiveness. The policymakers in the U.S. regularly
debate both the amounts, and even whether to use public dollars for subsidies for an array of programs
and technologies. Ideally, subsidies for a new technology should be time limited, allowing enough time
to grow a new technology and surrounding business supply chain, but not have to keep a subsidy in
perpetuity. Therefore, some strategic energy system thinking should be applied to the policy creation
for advancing an energy technology innovation.

When advancing energy technology innovation it is important to clarify it is necessary to have more than
just a better R&D pipeline. As this paper points out, robust research has documented seven functions of
completing a “successful” energy technology innovation system including entrepreneurial activities,
knowledge development, knowledge diffusion through networks, guidance of the search (sometimes
including policy goals and targets), market formation, resource mobilization, and creation of legitimacy.
Simultaneously, there are many actors, networks and institutions active in the energy technology
innovation systems that ultimately play a critical role in taking clean energy technologies to full market
success.
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There are other important areas in the energy innovation system, starting with basic science that
includes fundamental research in fields like chemistry, biology and physics. The University of Wisconsin-
Madison’s Great Lakes Bioenergy Research Center (GLBRC), funded by the DOE Office of Science, is an
example. GLBRC is regional DOE research center focused on breaking bottlenecks in the development of
cellulosic ethanol and advanced biofuels. At the Center, work involves basic science in microbial biology,
agronomy, chemistry and many other areas in a portfolio of research to advance cellulosic ethanol
opportunities.

Similar steps in the area of R&D may involve either public or private entities, such as Virent Energy in
Madison, Wisconsin that is a commercial spin-off of UW-Madison research. This company has a different
pathway to an advanced biofuel, called BioForming, which is now in a demonstration project stage.
Virent Energy has trademarked its platform that is based on a combination of aqueous phase reforming
technology with modified conventional catalytic processing.’’? The R&D pathways may take lab bench
innovation and take it a step further to a proof of concept prototype. This is then a technology transfer
from a university to private R&D to commercialization phase.

During the technology demonstration phase it is not uncommon for government support, subsidies and
grants be provided for commercial advancement. Virent Energy has received both state and federal
funds for various stages of their work. This can be a very critical stage of work because the technology
demonstration can be moving a business operation to position itself for a scaling up of production and
preparing to cross the so-called ‘valley of death’ for new business starts and full commercial or industrial
level of production. In this case, Virent Energy formed a business partnership with Shell to determine if
this technology demonstration is ready for scaling up to commercial biorefinery stage. It may be at this
stage that government procurement because an important step in nurturing a new technology forward.
If the Department of Defense can purchase advanced biofuels it can create a pathway for the product to
build a market. Finally, the technology innovation or product moves on to larger-scale manufacturing. At
this stage, a favorable government tax incentive for manufacturing equipment or materials might be
complementary. A government investment of infrastructure, such as railroad lines or roads for
transportation at the manufacturing site, might be an example of supportive public policy.

As one looks to advancing clean energy technology it is critical to follow the innovation entirely through
the path to commercial success. Research on technology innovation has looked at metrics and measures
such as total dollars invested in R&D, the total increase in the market of a specific energy technology,
and the number of patents filed around a technology innovation to measure a policy effectiveness in
advancing innovation. There remains some debate on which are the best set of measures, and others
asking if better public accessible data is needed for private R&D investments, or even question whether
new data is necessary for accurate determinations. When designing policy for an energy technology
innovation system a great opportunity exists to measure policy success by improving and reaching some
agreement metrics to gather. It is helpful to start with a publicly agreed upon policy goal.
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4.3 Smarter, Better and Affordable Public Private Partnerships for a Sustainable Energy Future

Investing in a sustainable energy future is going to take new and creative ways to finance projects. There
may not be one single best solution and it may take a variety of approaches. Policy can be helpful and
public investments will be necessary, but some leverage of existing resources should be a first step.

First, Wisconsin needs an energy policy goal such as a promoting a greater diversification of the state
energy portfolio. The European Union has its 20-20-20 policy goal and the investment community can
understand that goal for the longer-term investing strategies. The policy is designed to reduce the
European Union greenhouse gas emissions by at least 20 percent below the 1990 levels; derive 20
percent of the European Union energy consumption from renewable energy sources, and create a 20
percent reduction in primary energy use compared with projected levels through improved energy
efficiency.

Second, there needs to be greater recognition that energy investments have longer time lines, probably
at least 30 years and in some cases 50 years. When we live in times when energy policy changes with
the two-year and four-year election cycles the investment community just freezes. Third, Wisconsin and
the U.S. need to encourage smarter, better and affordable public private partnerships with a focus on
securing financing for clean technology energy development.

State government has done a pretty good job of creating a variety of clean energy technology programs
with more than 20 state clean energy investment programs, according to study done by the Brookings-
Rockefeller Project on State and Metropolitan Innovation. The report titled, “Leveraging State Clean
Energy Funds for Economic Development,” suggests four steps to improve the existing programs
(including in Wisconsin):

1. Reorient a significant portion of their funding toward clean energy-related economic
development.

2. Develop detailed state-specific clean energy market data.
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3. Link clean energy funds with economic development entities and other stakeholders in the
emerging industry.

4. Collaborate with other state, regional, and federal efforts to be leverage public and private
dollars and learn more from each other’s experiences.'’®

Wisconsin has a wide array of programs for investment in economic development, but not such a strong
focus on clean energy technology and innovation. One option might be to combine segments of the
private entity, the Wisconsin Economic Development Corporation, the existing privately contracted out
Focus on Energy program (especially targeting the dollars available) and better matching with
programming and policy by merging portions of existing State Energy office, a subunit in the Department
of Administration, and the energy research expertise in the existing regulatory agency of the Public
Service Commission.

While the regulators may need to maintain their independent status, a lot of energy knowledge at the
PSC staff level could help as critical background and analysis for energy investment. The purpose is not
to just shuffle the chairs at state agencies, but the current very disparate energy expertise in state
agencies and programs needs to be a more coordinated effort. Getting this organized would not be easy,
but it might merit further discussion.

Beyond combining energy analysis and expertise, targeting the existing funding could also occur. Again,
some recommendations came from the Brookings-Rockefeller study, including the following:

A broader economic development strategy by state Clean Energy Funds would encompass the following,
in addition to project finance and development:

* Innovation — Support R&D of new clean energy technologies.

* Investment — Use state loans and equity to provide initial investment in clean energy
companies and projects.

* Industry development — Employ a range of marketing support, business incubators,
manufacturing and export promotion, supply chain analysis and enhancement, and
workforce training programs to facilitate clean energy market transformation.'”

Wisconsin could, for example, immediately remove the cap placed on its largest energy users for what
they should pay into the Focus on Energy program. According to reports in the Milwaukee Journal
Sentinel, these large industrial energy users will have paid at least $68 million less on their electricity
bills since 2010 because of what was to have been a temporary cap on their payments into the Focus on
Energy program. This shifts the burden to pay for these programs to small business and residential
payers.

The discount that goes to the companies, the equivalent of more than $18 million this year alone, could
be used for an enhanced, targeted clean energy technology fund.'’® These dollars could likely create
more economic growth and new jobs than the existing companies receiving the break and would not
require a new infusion of taxpayer general funds.
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Wisconsin could look to success funds including the California Public Interest Energy Research (PIER)
program—administered by the California Energy Commission (CEC); the Massachusetts Renewable
Energy Trust Fund (RETF) and the Alternative and Clean Energy Investment Trust—both programs
administered by the Massachusetts Clean Energy Center (MassCEC); or the Clean Energy Business
Incubator Program—administered by The New York Energy Research and Development Agency, as the
best models for investment in energy innovation.'”®

Finally, some other key suggestions for improving state efforts found in the Brookings-Rockefeller study
include that state should:

* Improve ongoing data collection and monitoring on clean energy industry strengths and
weaknesses in the state.

*  Work with universities and research institutions to focus their intellectual attention on clean
energy development research.

* |dentify clean energy industry clusters, value chains, jobs, and finance, their gaps and needs
within the state.

* Establish program metrics to measure program support, identify the best programs to advance,
and which to modify or improve.*’”’

Another model from other states is the Connecticut Clean Energy, Investment and Finance Authority
(CEIFA), which uses public funds to attract private investors, especially for start-up small renewable
energy projects. Wisconsin is likely to have more small projects especially given its unique opportunities
in biogas and biomass energy generation. Pension funds — which are frequently looking for new
investments- have not participated in non-traditional energy investments because they have not
packaged into tradable securities. More steps need to be taken to reduce risk on these projects, usually
government programs or funds, and allow for greater leveraging with private company or pension fund
investment.

It is interesting that state and local governments have a long history of securing investment for
infrastructure such as roads, bridges, and buildings, but can get the same success with energy
infrastructure investments. This too may call for more creative public-private partnerships to allow
businesses to partner, say with a municipality, on the energy project financing and allow for the sale of
energy where there demand is located. Wisconsin likewise has strong constraints on third party
investment in energy generation. There are more than 20 states that expressly allow third-party
ownership of renewable energy systems on a customer’s business site.

The limits in third-party ownership make no sense because the new renewable generation does not cost
the taxpayer or ratepayer any money for the investment. The small business, retail store, or smaller
industry decides to make the investment on its own in renewable energy generation for the onsite
facility. This is a classic example of where the regulated utilities set the rules of the game by restricting
third-party ownership of energy generation. This restriction clearly strains state economic growth and
takes away the chance for a cleaner environment in the state.
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4.4 U.S. and Wisconsin Progress in the Clean Energy Competition

There is no clear consensus yet on best measures of success in clean energy technology advancement.
Progress is being made on a set of measures globally and some conclusions can be reached now.
Sometimes interpreting the measures for the U.S. depends upon whether you are a glass is half empty
or half full person. A positive clean energy advocate could point to the fact that electricity from
renewable energy sources doubled from 3 percent to 6 percent in four years. Another positive person
might cite a U.S. record $48.1 billion worth of private clean energy investments in 2011.*® Yet, others
who are trying to develop measures of clean energy technology advancement would cite some signs
that the U.S. is lagging behind the rest of the world.

The Pew Charitable Foundation in partnership with the Bloomberg New Energy Finance firm has recently
been putting out an annual study titled, “Who’s Winning the Clean Energy Race?” The report focuses on
the G-20 member nations with an emphasis on investment dollars, but also measures clean energy
annual installations and other data. For example, on clean energy installations the U.S. ranks 10" in the
world in its installed clean energy capacity growth since 2006. On another measure, the U.S. was 8"
among the G-20 nations in what is term investment intensity, which compares clean energy investments
with national economic output. Despite some good individual years, the U.S. over the past five years
was not in the top 10 countries in clean energy technology investment growth rate.'”

Another organization, The Information Technology and Innovation Foundation (ITIF), has developed an
online tool called, the Energy Innovation Tracker. This tool allows for looking a database of federal
investment in energy innovation. The ITIF put out a press release with the more recent update of their
database on March 7, 2013, stating, “American energy innovation ecosystem is underfunded and heavily
focuses on deployment incentives over research and development, demonstration, and
manufacturing.”*® The ITIF news release also criticized the U.S. for lacking a comprehensive energy
policy and overall lack of support for energy innovation funds. What may be even more troubling for the
U.S. is the recent battle in Congress and with President Barack Obama that triggered federal budget
sequestration means even fewer dollars will be available for energy technology innovation research and
development activities.

State level data on clean energy technology investments seems to be even leaner than comparison
among nations. The National Association of State Energy Officials (NASEO) issued a report titled, “State
and Industry Partnerships: Advancing U.S. Industrial Competitiveness through Energy Efficiency and
Advanced Energy Technology Investments” issued in January 2012. The report was not a state-by-state
comparison although it listed in aggregate energy efficiency investments by state for the industrial
sector and multiple sectors. Wisconsin listed its Clean Energy Business Loan Program as having over $53
million available in the NASEO study.'®" A few years earlier NASEO issued a report titled. “Models of
Energy Innovation: Best Practices Study for State Energy Officials,” which provided case studies for the
states of North Carolina, New York, and Colorado. This NASEO study also expanded on State Research
and Development Initiatives in California, New York, Ohio and Pennsylvania.'®?

A private consulting firm, Clean Edge, issues several proprietary studies for clients including State and
Metro Clean Tech Index studies. The Clean Edge executive summary reports are available for review at
their Web site: www.cleanedge.com under the research tab menu. Their tool uses some 27 indicators
under technology, 30 indicators under policy, and 24 indicators under capital for their state-by-state
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analysis. Without providing full details of their consultants’ analysis and measures the firm of the Clean
Edge then ranks each state on a 100-point scale. Wisconsin was tied for 21 and 22™ position with
Delaware in their 50 state ranking. lllinois and Minnesota were in the top 10 states, while Michigan and
lowa were ranked ahead of Wisconsin.

The Clean Edge group did provide a more detailed analysis on the state of Oregon, which ranked second
only behind California of the 50 U.S. states. State policies and incentives appear to impact the overall
score by at least one-third of the total score. Some interesting nuances in their ranking of policy
included points for not allowing large hydro in a state RPS law (which the Wisconsin Legislature later
added to its RPS) and not allowing nuclear in a state RPS (which the Wisconsin Legislature may consider
in the current session due to a recent bill introduction). Other policy factors that might negatively
impact the Wisconsin score would be not having a Climate Action Plan, a Low Carbon Fuel Standard, and
weak Net Metering and Interconnection laws.*®®

More than 20 states did a better job in 2012 than Wisconsin by diversifying their energy generation
portfolio to protect consumers and ratepayers from the long-term environmental costs of legacy high
carbon coal and oil, according to the U.S. Energy Information Administration final annual totals.

Top Five Top Five Top Five Top Five Top Five Top Five
Solar States Wind States Biomass Geothermal Hydropower | Non-Hydro
for 2012 for 2012 States for States for States for Renewable
2012 2012 2012 States for
2012
California Texas California California Washington Texas
Arizona lowa Florida Nevada Oregon California
Nevada California Maine Utah California lowa
New Jersey Oklahoma Georgia Hawaii New York Minnesota
New Mexico Illinois Alabama Idaho Idaho Oklahoma
Figure 15: U.S. Energy Information Administration's leading states for increased annual renewable
energy for 2012:

4.5 Creating an Environment for Technology Innovation in an Uncertain Future

Dealing with uncertainty might be the only given in the U.S. energy future. Not surprisingly, current
energy regulators, energy businesses, and new technology investors are not comfortable with this era of
energy uncertainty. So the challenge is creating a space where energy technology innovation can
advance and prosper at the same time our energy systems transition from a legacy high carbon to clean
energy technology model. It is going to take flexible policy models and diverse private investments for a
degree of trial and error common with technology innovation and change.

The current energy production and consumption systems will be inclined to resist change and with their
strong hold on the ‘rules of the game’ in energy today it will be difficult to move the owners of large
base load facilities and the electrical grid toward a new energy system. But as the discussion shows (in
Section 2.6) regarding Con Edison in New York, it is possible for big energy companies to adapt to
distributed energy and make money in the transition to a new energy economy. In the years ahead,
public-and private sector stakeholders will need to change the rules of the game for the U.S. electricity
sector in order to:'®*

* Open the market to new actors

* Realign utility business models
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* Coordinate power markets and systems operations

Large private sector investments are likely necessary to develop long-term solutions in the new energy
economy. The existing energy production and consumption systems will likely need new “re-regulation”
and more positive market signals to invest in new technology. It is debatable whether the existing state-
by-state electricity regulation model can work for the long-term, but for the short-term it is the model
and it must be made to adapt. The new re-regulation or policies and rules must give existing energy
companies incentives to invest in new technology, and permission to be business partners in innovative
new system models involving combined heat and power and microgrids. They must make energy
efficiency solutions part of the profit model. In exchange, the new re-regulation or policies and rules
must open the market to new energy business or ‘players in the game’ because new dollars are needed
along with new ideas.

It is critical that the electricity sector be allowed to evolve and a part of this must be a bottom up
approach to empower “prosumers” and third parties in conjunction with a broader and accelerated
program of competition and innovation. Local units of government could also be an important part of
the energy delivery mix and non-regulated energy cooperatives might also be encouraged to evolve and
change to meet the needs of modern customers.

Some energy analysts say the existing energy model cannot remain the same for the longer term. If the
U.S. energy policy today is the so-called “all of the above” approach, then that only works for the short-
term or a transition period of time. Energy expert Amory Lovins and the other Rocky Mountain Institute
authors of the book Reinventing Fire, say that new technology solutions from renewable energy and
steps of energy efficiency can replace the legacy system, and that over the long-term, “all of the above”
approaches are a recipe for failure:

First, central thermal plants are too inflexible to play well with variable renewables, and their
market prices and profits drop as renewables gain market share. Second, if resources can
compete fairly at all scales, some, and perhaps much, of the transmission built for a centralized
vision of the future grid could become superfluous. Third, big, slow, lumpy, costly investments
can erode utilities’ and other providers’ financial stability, while small, fast, granular
investments can enhance it. Competition between those two kinds of investments can turn
people trying to recover the former investments into foes of the latter—and threaten big-plant
owners’ financial stability. Fourth, renewable, and especially distributed renewable, futures
require very different regulatory structures and business models. Finally, supply costs are
independent of scale of deployment, so PV systems installed in Germany in 2010 cost about 56%
to 67% less than comparable U.S. Systems, despite access to the same modules and other
technologies at the same global prices. **°

Other energy analysts say adapting the current system is the pathway to change. The author Peter Fox-
Penner, in his book Smart Power suggests a couple of new business models of evolution as the “energy
services utility” and/or the “smart integrator.”*® It might take some measured steps of transition for
large vertically integrated energy systems to go to the “smart integrator” which Fox-Penner defines as
“a utility that operates the power grid and its information and control systems but does not actually
own or sell the power delivered by the grid.” **’
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This model still has regulator approving market transactions but the smart integrator still guarantees
reliability whether the power comes from upstream energy plants or the individual homeowner. The
other model of energy service utility would be the focal point for energy expertise on diverse matters
for customers including end-use equipment, computer software, design of heating and lighting systems,
energy financing mechanism, in addition to still selling power. It might be too early to tell if these
models or other models or new combinations of companies and services might emerge. Clearly, new
training and education is needed for regulators under this evolving and changing regime.

In the short term, the trend toward democratization of the electricity systems should not be stifled by
protectionist regulation and maintaining the status quo. Small businesses, homeowners, and even larger
businesses that want to invest in their own energy generation should be allowed to make personal
investments in energy and not have heavy handed interconnection rules or arbitrary barriers in net
metering stop this growing trend. Investment capital for energy must be allowed from all. Similarly,
third-party energy players should be allowed to compete in an open and fair market.

To what degree this requires some level of de-regulation, re-regulation or just fewer rules is going to
need some sorting out. But there are already models in the energy system and regulatory structure that
can be a starting point for building changes into the energy system from today and into the future.

4.6 Policy Development for Wisconsin in the Emerging Bioeconomy

While overall progress has been made in the United States over the last decade in substituting
renewable energy for legacy high carbon energy sources, success will not continue without a favorable
policy environment. In fact, much of the progress to date is likely due to even modest policy measures in
place today. Wisconsin, like many states, has taken a cautious approach to renewable energy policy and
therefore remains a high carbon coal and petroleum state. This creates tremendous vulnerability in
Wisconsin as coal and petroleum prices continue to rise in the future and the regulatory steps to limit
greenhouse gases are likely to continue. The market in renewable energy has tremendous room for
growth and it remains to be seen who will lead and who will follow in capturing this new economic
opportunity. If Wisconsin wants to be a winner in the bioeconomy, then creating policy certainty for
renewable energy is required.

The Wisconsin competitive advantage in the bioeconomy is with biomass and biogas versus wind and
solar energy generation. Our state has rich forests and woodlands in the North while agriculture remains
a strong sector in the South and East non-urbanized sections of Wisconsin. The state’s leadership
tradition in the food and fiber sector and paper and pulp sector bodes well for generating adequate
biomass as well for the bioeconomy. The three leading biomass feedstocks of wood residues, corn
stover and manure total more than 10.1 million dry tons available per year.'®® With encouraging policy
steps enough biomass could be annually collected to create the energy equivalent of a coal plantin
Wisconsin. In addition, Wisconsin’s leadership in biofuels research, energy storage technology and
microgrids create new business models and opportunities for the new energy economy.

One strategic step for Wisconsin might be to encourage smaller scale distributive energy projects with
biomass and biogas to create a bioeconomy supply chain that could adapt as larger scale opportunities
such as integrated biorefineries mature sometime in the future into the energy market. The existing
woody and agriculture supply chains would allow for some adaptation as smaller-scale distributive
energy projects grow. Wisconsin already leads the nation in on-farm anaerobic digester to biogas energy
generation with 31 systems. Although barriers exist today in the electric generation market, over
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capacity and poor utility energy buy-back rates, anaerobic digesters create thermal energy opportunities
and the conversions to pipeline quality gas and compressed natural gas (CNG) for vehicle fuels.
Wisconsin already has a manufacturing and distribution anaerobic digester sector that could serve this
market further with continued growth opportunities. In a similar, fashion Wisconsin has growth
opportunities in the small-scale thermal energy market for home and small business heating needs.

Wisconsin and the rest of the U.S. can move more swiftly in adopting new energy policy in this changing
world. The energy technology innovation system approaches do show that nurturing new technology
during a time of change is critical. Wisconsin remains in a position to be a leader in anaerobic digesters
and biogas energy, compressed natural gas, combined heat and power, energy storage systems and
microgrids. Our research potential is world class with the Wisconsin Energy Institute including the Great
Lakes Bioenergy Research Center, Wisconsin Bioenergy Initiative, along with partners including the
Wisconsin Energy Research Consortium and Center for Renewable Energy Systems, Wisconsin Electric
Machines and Power Electronics Consortium, the UW System, UW Extension, and our technical colleges.
To create a catalyst for energy innovation favorable public policy is critical. A starting point is policy that
will diversify the Wisconsin energy generation portfolio and bring more businesses into a competitive
energy environment.
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Appendix 1
Factors Influencing Clean Energy Technology Development are (NREL):'®

Resource availability

One of the most obvious influencing factors affecting renewable energy development is resource
availability. If a physical resource is not available, development cannot progress. In the case of
renewable resources, however, a more relevant question is that of the economic feasibility of tapping
the resource. States that import electricity or the fuels to produce electricity, as well as states that have
high electricity costs, may have more incentive to develop the local renewable resources. This factor is
inexorably linked to the issues of technology availability and cost.

Technology cost

Even in areas of excellent resource, technology price can be the limiting factor in development. As
resource availability decreases, the cost of developing incremental units of a technology becomes more
expensive, even if technology cost remains constant. This is the link between resource availability and
technology cost. Policies can bring down costs through incentives or by encouraging research and
development. Cost of renewable technologies, as well as those they compete with in also linked to the
broader economic context.

Economic context

The broader economic context may influence the development of renewable energy in several ways.
High costs of traditional generation may make the economics of renewable energy more favorable.
States with higher gross state products may choose to direct more funds to clean energy development,
even when issues such as the high cost of importing fossil fuels or electricity is not a driving factor. The
ability to pay for clean energy is tied to the willingness to pay, which is an issue of social acceptance of
the technologies.

Social acceptance/opposition

The level of public support can greatly influence renewable energy development. It has been
demonstrated that organized opposition efforts with strong leadership can seriously hinder renewable
energy development. Opposition may focus around issues such as aesthetics, effects on wildlife, or land
and water use. Early involvement of relevant stakeholders and attention to a democratic decision
making process can ease public concerns around renewable energy projects. The leadership of an
influential champion who identifies mutually beneficial opportunities and rallies public support is also
valuable.

Ownership structure

The ownership structure of proposed projects can affect whether owners are able to obtain necessary
financing and take advantage of incentives. The ownership structure may even affect the acceptability of
the project in the public view; locally owned and community-owned projects may be more favorably

received.

Financing
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The design and availability of financing mechanisms can great affect renewable energy project
development. There are several common barriers to obtaining financing for renewable energy projects.
Financing institutions may view new or rapidly developing technologies as overly risky; project
developers may be new in the market and, thus, have little credit worthiness; and financing fees and
administrative procedures may be prohibitive to small developers. Policy measures can address these

barriers and make financing available to a broader spectrum of projects representing a variety of
ownership structures.
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Appendix 2

Authors Del Rio and Bleda discuss six ways that feed-in tariffs are the best policy for advancing energy
technology innovation steps discussed below:'*

* Knowledge development and diffusion: FITS have proven more effective in encouraging
deployment of immature renewable energy technologies, triggering learning effects to a greater
extent. In addition, private R&D may have been encouraged better with FITS than with tradable
green certificates, given the higher profit margins and the existence of a market immature
renewable energy technologies under FITS.

* Influence on the direction of the search: Expectations of a large future market for immature RETs
positively affect the direction of search and FITS have proven superior in this regard. The
ineffectiveness of tradable green certificates and bidding in the past suggests that large markets
may not be created. Furthermore, in countries with successful FITS (Germany and Spain for on-
shore wind), long-term contracts, the stability of revenue and policy stability have proven critical
to reduce risks for investors. In contrast, tradable green certificates price volatility generates
substantial risks and greater risk premiums. Substantial bidding policy occur before the
procedure is resolved. Large firms and incumbents have been promoted under tradable green
certificates and bidding, whereas small actors have encouraged under FITS (except in Spain). FITS
have favored new entrants and diversity of actors to a greater extent than tradable green
certificates (TGCs). The direction of the search is likely to be different renewable energy
innovations: FITS direct innovation efforts towards an improvement in the production efficiency
of the technologies (higher revenues), whereas tradable green certificates and bidding encourage
lower technology costs. Public R&D policies and other factors have a crucial role to play.

* Entrepreneurial experimentation: Again, FITS have proven superior in encouraging new entrants,
diversity of actors and niche markets for immature renewable energy technologies. A significant
degree of entrepreneurial dynamism can be observed under FITS. There is no evidence on the
number of experimentation activities with the new technology. Important role of public R&D
funding encouraging diversity.

* Market formation (creation of niche markets): FITS have promoted market formation better since
they have been more effective to encourage all renewable energy technologies (mature and
immature). They have triggered greater diversity of technologies through niche creation.

* Legitimation: Given their greater effectiveness and their greater profit margins for immature
renewable energy technologies, which can be reinvested domestically, FITS have generated
greater local benefits. In contrast to TGCs, FITS have not led to concentration of projects in places
with the best renewable resources. Thus, they have generated lower negative externalities and
local rejection. FITS have been less costly in terms of energy per kilowatt hour (EC 2008), the total
costs of the scheme have significantly increased in some countries (Spain and Germany for solar
PV), reducing its social acceptability. Advocacy coalitions and the difficulty in predicting the costs
reductions of more expensive renewable energy technologies have led to too generous support
compared to technology costs. Other factors (education and information about renewable
energy technologies) may affect legitimacy.
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Resource Mobilization: FITS have proven less risky (lower risk premium than TGC and bidding)
and investors prefer FITS. This has facilitated the mobilization of financial capital, as shown by the
larger deployment in the countries with FITS. The impact of renewable energy innovations on this
function is modest, however since there are other factors and policies in play (education and

general innovation level).
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Appendix 3

Recommendations for net metering guiding principles and best practices (Freeing the Grid):***

* Right to self-generate and connect to the grid: Every retail electricity customer has the right to
install solar generation equipment at the customer’s site, and interconnect to the utility grid
without discrimination.

* Right to reduce electricity use: Any reduction in a customer’s energy use due to onsite solar
generation should not be imputed as a stranded cost to the utility.

* Properly valuing solar electricity, and adequately compensating solar customers: Customer-sited
solar generation offers many benefits to the electric grid system and by extension to non-solar
customers, including but not limited to: reduction in utility energy and capacity generation
requirements, reduction in system losses; avoidance or deferral of distribution and transmission
investments; localized grid support including increased reliability benefits; fuel-price certainty;
and reductions in air emissions and water use. The aforementioned benefits should be
quantified, and solar customers should be adequately compensated for the value their solar
energy is delivering to the grid.

* Non-discriminatory practices within cost of service recovery: Any utility charges created
specifically for the purpose of recovering embedded fixed costs from net-metering customers
should only recover net fixed costs, after accounting for all utility benefits and offsetting cost
reductions due to the distributed solar. Similarly, any utility credits created for the purpose of
assuring that economic benefits resulting from the deployment of net-metered solar systems
are properly assigned back to the net-metering customer(s) should only reflect net benefits,
after accounting for all utility costs.

* Statewide application: Net metering rules, regulations, and practices should be standardized
statewide.

* Transparency, access to data: Customers, or solar companies on customers’ behalves, should
have access to load data (including hourly profiles) to ensure that customers can understand the
economic implications of adopting onsite renewable energy technologies. Customers should
have access to data regarding their own electricity consumption, with transparency into the
tariffs available to them. Billing statements from utilities should clearly show the net energy
consumed from the utility, and any energy or dollar credits carried forward as a result of solar
generation in previous billing periods.

* Specific net metering best practices:

o Total program/state capacity limits: There should be no aggregate or statewide capacity
limit for net metering.

o Individual System Capacity: Any individual system size limitation should be based only
on the host customer’s load or consumption (e.g. AZ & CO).

o REC ownership: The owner of a net-metered system should retain ownership of
renewable-energy credits (RECs) produced by their owned system, unless transferred to
the utility or another party in exchange for acceptable compensation.

o Restrictions on “rollover”: Indefinite rollover, effectively or actually credited at retail
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rate, should be an option for net-metered customers. The only exception is allowing for
payments for annual net excess generation at a price no lower than the average daytime
wholesale price for the prior year.

Metering equipment: Retail electric customers utilizing net metering must not be required to
purchase new metering equipment. Smart metering and other digital technology for energy
management should be made available by the utility to solar and other customers on a non-
discriminatory and open-access basis. Integrating smart meters or other advanced metering
technologies would promote more accurate data on solar energy customers. More detailed and
reliable meter data would result in more efficient planning and energy use.

Customer classes: All customers should be able to participate in net metering.

Aggregation: Virtual net metering and meter aggregation options should be available.

Recommendations for Interconnection Best Practices

10.

11.

All utilities (including municipal utilities and electric cooperatives) should be subject to the state
policy.

All customer classes should be eligible.

There should be three or four separate levels of review to accommodate systems based on
system capacity, complexity and level of certification.

There should be no individual system capacity limit. The state standard should apply to all state-
jurisdictional interconnections.

Application costs should be kept to a minimum, especially for smaller systems.
Reasonable, punctual procedural timelines should be adopted and enforced.

A standard form agreement that is easy to understand and free of burdensome terms should be
used.

Clear, transparent technical screens should be established.

Utilities should not be permitted to require an external disconnect switch for smaller, inverter-
based systems.

Utilities should not be permitted to require customers to purchase liability insurance (in addition
to the coverage provided by a typical insurance policy), and utilities should not be permitted to

require customers to add the utility as an additional insured.

There should be a dispute resolution process.
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Appendix 4

A Select Set of Other Clean Energy Technology Policy Tools*®

Renewable Energy Carve-outs or Set-asides

Within an RPS policy, states can choose to carve-out or set-aside a specific percentage of renewable
energy generation to be derived from a specific renewable technology. Very few examples of resource
carve-out or set-aside exist in current RPS policies, but the examples that do exist are for solar and wind
or allow electric utilities to use a small percentage of energy efficiency to meet renewable energy
requirements. An RPS allows electric utilities to select from a large menu of renewable energy options to
meet the requirement, which can help to bolster development of large renewable generation projects,
which benefit from economies of scale. However, biogas projects that are mostly distributed and have
smaller energy generation can have a more difficult time securing power-purchase agreements when
competing with larger generation projects. A carve-out or set-aside would require that a small
percentage of an RPS be met with renewable electricity derived from biogas projects. A carve-out or a
set-aside is more difficult to amend to an existing RPS. However, if the state of Wisconsin considers
increasing the RPS requirement, a biogas carve-out could be a part of the discussion.

Compliance/Credit Tracking

In order to determine utility compliance with an RPS policy, states use some form of credit calculation
and tracking. Most states call these credits renewable energy certificates or renewable energy credits
(RECs). In Wisconsin these credits are referred to as Renewable Resource Credits (RRCs). Although the
names are slightly different they are used to demonstrate RPS compliance and track voluntary
renewable electricity purchases to ensure the same credit is not used in both the compliance and
voluntary market. RRCs enable utilities in Wisconsin to buy and sell credits among utilities with excess
renewable generation to utilities needing additional generation to demonstrate policy compliance.
Wisconsin is also a member of the Midwest Renewable Energy Tracking System (M-RETS) which tracks
renewable energy generation and assists in verifying compliance in lllinois, lowa, Manitoba, Minnesota,
Montana, North Dakota, Ohio, South Dakota, and Wisconsin.

Credits contain information about the environmental and non-power attributes of renewable electricity
generation including type of renewable energy resource, date when energy generation began, date
when the renewable energy generation was built, generator’s location, eligibility for certification, and
greenhouse gas emissions associated with the generation.'”® Credits can monetize the value of
renewable electricity by allowing renewable generators to sell credit attributes into the compliance or
voluntary market. However, there is price volatility associated with the sale of renewable energy credits
that presents some risk to the holder of the credit.

Utility Green Pricing Programs

Green pricing programs for different forms of renewable electricity make up a large share of the
voluntary market for renewable electricity. A utility green pricing program offers an option to utility
ratepayers to purchase renewable energy above standard electricity rates. Voluntary purchases by
customers require electric utilities to supply enough renewable electricity to meet customer demand.
Tracking systems, such as MRETS verify compliance and voluntary market transactions. MRETS assists
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participating states to follow the REC’s path through a voluntary or compliance market and retire the
credit once it has been used to avoid counting the credit again in the future.® In Wisconsin, the law
allows utilities to count green pricing sales towards the RPS, but utilities do not double count these
credits as a best practice.

Green Pricing for Biogas Projects

Few models exist in the U.S. for utility green pricing programs focused on electricity generated from
biogas projects. Central Vermont Public Service (CVPS) operates of the most successful green pricing
programs for biogas electricity in the country. CVPS serves approximately 18,000 retail customers across
the state of Vermont and created a program known as “CVPS Cow Power™.” The CVPS Cow Power™
program was the first manure-based, farm-to-consumer green power purchasing program in the U.S.
CVPS customers who sign up to participate receive all, half, or a quarter of their energy through the
program, which support renewable energy development and Vermont dairy farms. Utility customers
who opt into the program pay a four-cent premium per kWh,100 percent is paid to cow power-
producing farms. The program currently has six participating farms that receive a premium price for
their electricity.

Voluntary and compliance markets are both important to driving renewable electricity development and
could become even more important with tailored programs for biogas-to-electricity voluntary purchases
or statutory requirements such as carve-out or set-aside within an RPS policy or adopted of an enhanced
renewable energy portfolio.

Renewable Fuel Standards

RFS policies require a specified percentage of fuel sold in a state or the United States to come from
defined renewable sources. Twelve states have RFS policies, such as lowa’s requirement that begins at
10 percent renewable fuel by 2010 and increases to 23 percent by 2018. Most activities for RFS policies
waned following the large expansion of the federal RFS program passed in the December 2007 (Energy
Independence and Security Act) and recently promulgated by the EPA as the RFS2 program. This policy
specifies a specific volume of renewable fuels that must be sold in the United States, reaching a total
volume of 36 billion gallons by 2022. The RFS2 program further divides the volumetric goal into
subcategories for advanced biofuels and cellulosic biofuels, and fuels for each subcategory must meet
greenhouse gas reduction targets and other definitions. A producer of biogas CNG must petition the EPA
to generate credits under the RFS 2 program and these credits are further limited to the advanced
biofuels sub-category, the smallest portion of the RFS2 program. Thus, the RFS program may provide
some incentives for biogas CNG, but it is more difficult for a biogas CNG producer to generate credits
than producers of conventional liquid biofuels (e.g., ethanol or biodiesel).

Low Carbon Fuel Standards (LCFS)

An LCFS rates different types of transportation fuels by their energy content and carbon footprint and
allows fuel providers to choose what mix of fuels will be used to meet the requirement. The flexibility of
an LCFS is unique among fuel policies, allowing all transportation fuels, including ethanol, biodiesel,
natural gas, electricity for electric cars, and biogas CNG, to compete with petroleum to meet the
standard. By increasing the diversity of fuels in a market, an LCFS will also reduce fuel price volatility that
comes from over-dependence on petroleum. LCFS policies have been enacted in California; proposed at
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the federal level; and proposed in 11 northeast states, Washington, Oregon, British Columbia, and
Europe.

LCFS policies have significant benefits for biogas CNG. Biogas producers that supply biogas CNG to
vehicles, such as bus fleets, would generate credits that could be sold to petroleum suppliers that must
meet the overall carbon footprint requirement of the policy. Since biogas CNG has been found to have
the lowest carbon footprint of available fuels, credits generated by biogas CNG vehicle use are likely to
have significant value to an LCFS credit market. Under California’s LCFS policy, the carbon footprint for
various biogas CNG sources has been established making it easier for producers to generate credits
under this policy.

The Energy Title in the Federal Farm Bill

In the 2002 Farm Bill, the first ever Energy Title was created with strong bipartisan support in the
Congress. The concern about energy security was strong and many saw this as a value added economic
opportunity for farmers and other landowners. In 2008, these Energy Title provisions were expanded
and more mandatory funding commitments were put in place. The Congressional emphasis was on
advanced biofuels and energy crops. Overall the energy title had some $1.12 billion in mandatory
funding for a wide range of clean energy programming.

Some of the 2008 Farm Bill Energy Title programs included:

* Rural Energy for America Program (REAP) with incentives for on-farm and business renewable
energy and energy efficiency systems. The appropriation was $255 million.

* Biomass Crop Assistance Program (BCAP) with incentives for establishing energy crops on the
landscape and for a portion of related costs for the collection, harvest and storage of these crops.
Initially, the appropriation was “such sums as necessary” and later some overall caps were placed
onto the program.

* Repowering Assistance with incentives to encourage conversion of existing ethanol plant boilers
from fossil fuels to renewable biomass. The appropriation was for $35 million.

* Biorefinery Assistance Program with incentives to develop and construct pre-commercial and
advanced biofuel production plants. The appropriation was for $320 million.

* Biobased Markets Program took an existing USDA initiative to expand biobased products and
made some changes along with a $9 million appropriation.

* Biodiesel Fuel Education took an existing program and provided another S5 million appropriation.
* Bioenergy Program for Advanced Biofuels with incentives for advancing non-starch biofuels and a

$300 million appropriation.

Of these Energy Title programs, REAP has been one of the most popular and generated the broad range
of users. Rural small businesses and agricultural producers were the eligible recipients and it is the only
significant program targeting these audiences. The eligible technologies include energy efficiency
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measures, wind, solar, geothermal, anaerobic digesters, biomass energy, biofuels and small
hydroelectric.

It was both a grant and loan program with the grants limited to 25 percent cost-share with a maximum
of $500,000 for renewable energy and $250,000 for efficiency projects. The program also had a 20
percent set-aside for small size grants. The program could also cover costs for energy audits and
feasibility studies. The loan guarantees could go up to $25 million. From 2002 to the present the

program saw sturdy growth in the number of applicants funding some 6,000 projects through 2011. **°
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