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n more than 150 countries, a portion of the energy comes from renewable
resources, but only a few of these countries have started major infrastructure investments to implement smart grids [1]. Successful stories are from
countries that have developed and implemented working incentives to promote and encourage renewable energy microgeneration and smart grids.
Among them, the United States and some of the major countries in the European Union (EU) have made significant shifts in their short- and long-term
energy-generation targets and investments. China, Brazil, Canada, and India have
also made significant increases in their renewable energy investments. Table 1
illustrates the worldwide renewable energy leaders and their investments in 2010.
According to Pike research, by 2020, there will be 63 million individual energymanagement users worldwide. To properly manage the power for these customers, governments have provided support and investments in various aspects of
smart grid technology, which will be used in about 2,000 projects by 2015 and will
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TABLE 1–TOP COUNTRIES FOR RENEWABLE ENERGY CAPACITY [2].
2010
Rank

Country

% of GDP

2010 Investment
(billions of US$)

2009
Investment

Increase

1

China

.55%

54.4

39.1

28%

2

Germany

1.4%

41.2

20.6

100%

3

USA

.23%

34.0

22.5

34%

4

Italy

.79%

13.9

6.2

124%

5

Brazil

.35%

7.6

7.7

–1%

6

Canada

.42%

5.6

3.5

60%

7

Spain

.35%

4.9

10.5

–53%

8

France

.15%

4.0

3.2

25%

9

India

4.0

3.2

25%

generate revenue of US$1.7 billion.
The installation of more than 2.4-GW
building-mounted solar panels will generate about US$4 billion in annual sales
by 2016. By 2020, various smart grid
projects will be accomplished worldwide, which include the following:
■■ To distribute the power in smart
grids, transmission line renovation
projects will account for US$600 billion of the investments worldwide.
■■ A “Smart City Technology Infrastructure” project has already been started and is expected to attract a global
investment of about US$108 billion.
■■ Smart grid storage projects will
reach a worldwide investment of
US$35 billion.
As the smart grids grow, their associated markets, such as grid and
meter security, grid and residential energy-management systems, and maintenance personnel, will grow as well [3].
Table 2 illustrates the smart grid and
microgeneration investments worldwide. The economic downturn, starting
in 2008, took a great toll on renewable
energy investments. Some countries
were impacted more and have nearly

stopped their renewable energy projects. The data provided in Table 2 were
less affected by the economic circumstances, as most of these smart grid
projects and some of the renewable energy goals were set after 2008.

Renewable Energy Policies
Although all governments have developed somewhat similar types of strategies to promote and guarantee the
growth of renewable energy, they have
set various targets and achieved notably different outcomes. The commonly
adapted strategies are mainly in the
form of tax reliefs, certificates, and purchase agreements [5]. These strategies
have resulted in policies that motivate
private sector investments. Among
them, ecotaxes, renewable energy certificates (RECs) [6], and feed-in tariffs
are widely used.
Feed-In Tariffs
Feed-in tariffs are common incentives
that the majority of countries have
implemented in their existing economic
models. These policy mechanisms are
designed to encourage small business

TABLE 2–INVESTMENT ON SMART GRIDS AND MICROGENERATION.
PROJECT

INVESTMENT

TARGET

Residential energy-management users

63 million homes

2020

Electrical distribution systems

US$600 billion

2020

Smart grid annual investment

US$35.8–US$200 billion

2013–2015

Smart city technology infrastructure

US$108 billion

2020

Solar power

US$4 billion annually

2016

Energy storage

US$35 billion

2020
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owners to implement, build, and maintain renewable energy sources. These
tariffs include three main factors:
1) guaranteed grid access, 2) long-term
electricity purchase contracts, and
3) trading energy at market value for
business owners or individuals. The
feed-in tariffs obligate the utility companies to purchase renewable energies
from the eligible participants [6]. A
well-adapted feed-in tariff is probably
the most efficient and effective support for promoting renewable energy.
Ecotax
The ecotax system provides tax breaks
and grants to communities and utilities
that build microgeneration units. To enforce this system, an increased tax or fine
is imposed on those utilities that cause
pollution and harm the environment.
Renewable Energy Credits
RECs guarantee high penetration of
renewable energy by allocating mandatory generation capacities. These certificates are mainly used in the United
States and can be traded among companies to ensure generation of power from
renewable energy sources. RECs have
been used under several names, including renewable energy credits, renewable
electricity certificates, green tags, and
tradable renewable certificates [7].
Multipliers
To promote a particular renewable energy generation, a multiple, i.e., multipliers, of RECs may be awarded to
producers of each MWh. For instance,
a wind multiplier of three means that
1 MWh of wind electricity production
will be three RECs. In reality, the multipliers have had no significant impact
on solar energy growth. This the reason
not many states and countries listed in
this article have used them [7].
Renewable Portfolio Standard
As multipliers were applied to a specific type of renewable energy promotion and have not been as successful
as predicted, policy makers promoted
a portfolio of renewable energy sources with predefined percentages. An
RPS is designed to regulate the mix of
renewable energy systems. California

along with several other states and
European countries have developed
specific RPSs [7].
Solar Renewable Energy Certificates
The RPS that promotes solar power has
to have special credits, known as solar
renewable energy certificates (SRECs).
REC multipliers and SRECs differ in the
amount of credit they receive for solar
power. SRECs have two to three times
as much as any other RECs. SRECs are
more effective than both RECs and
RECs with multipliers in promoting solar power [7].
Tiers and Set Asides
Meeting RPS requirements, companies
use set asides or tiers to group several
types of technologies together.

The United States
U.S. Legal Frameworks
The U.S. Federal government and individual states use several mechanisms
to promote renewable energy growth.
These mechanisms enjoy policies developed to consider the states’ resources
and potentials for generating renewable
energy. RECs, RPSs, and set asides are
the major techniques used in the United States. The following illustrates the
country- and statewide policies [8], [84].
Federal Characteristics
of Renewable Energy Policies
Federal Government
Currently, in the United States, the
American Clean Energy and Securities
Act is designed to create a cap-andtrade policy to limit and reduce the production of greenhouse gases. This bill
provides tradable allowances that may
be distributed to power suppliers. Over
time, there will be a reduction in these
caps to eventually lower carbon emissions throughout the country. Through
the American Clean Energy and Security Act, a mandatory renewable energygeneration rate will be required from all
energy-generation companies. Hence,
utility companies must generate 20%
of their power from renewable sources
by 2020. The U.S. government has also
adapted other incentives and subsidies

in this bill for clean and energy-efficient
technology that includes a US$90 billion investment by 2025 for renewable
energy, a US$60 billion investment for
carbon capture and sequestration, a
US$20 billion investment for electric
and other advanced technology vehicles, and a US$20 billion investment for
scientific research and development.
This bill also includes renewable electricity standards by requiring power
companies to supply more than
4 TWh of energy, equivalent to 20% of
their power, produced from renewable
sources by 2020. According to the Congressional Budget Office, this bill will
balance the costs and benefits to eliminate an impact on the budget deficit of
the United States [8], [9].
The federal government also offers
loans, grants, tax credits, and feed-in
tariffs for the installation, operation,
and maintenance of renewable energy
systems [10]. In 2010, the Rural Utilities
Service (RUS) provided more than US$7
billion in loans for the modernization of
the rural electric infrastructure and more
than US$152 million for smart meters.
In 2010, US$37.2 billion was paid as federal energy subsidies, an almost 200%
increase from US$17.9 b
 illion in 2007 [11].
Presidential Goals
President Obama set a national goal of
80% renewable energy penetration to
be reached by 2035. This bill includes
the production of 1 million electric
vehicles by 2015. Grid modernization
and smart grid demonstration and
implementation projects will be funded for about US$4.5 billion through
the American Recovery and Reinvestment Act of 2009, and about US$8 billion from public–private investors.
Department of Energy
The Department of Energy (DOE) offers grants to state and territory energy offices for the development of
renewable energy and energy-efficiency
projects through the State Energy
Program (SEP). The Energy Efficiency
and Renewable Energy (EERE) office
of the DOE awards financial assistance
(about US$2.2 billion by 2009 [12]) for
the research and development of renewable energy and energy efficiency.

From September 2009 to November
2011, the DOE guaranteed US$35.9 billion in loan guarantees [13].
Statewide Characteristics
of Renewable Energy Policies
Many states have instituted several
renewable energy goals and methods
to achieve a balance of generation and
consumption. Renewable energy power
plants, energy efficiency, and smart
grids are all part of their initiatives, but
some states have developed more rigorous methods and goals to be achieved
in long-term plans [14], [80]–[82]. The
existence of more than 3,000 utility companies in the United States makes it difficult to reach a nationwide agreement on
the rules and rights of renewable energy
generation and grid and smart grid developments. For instance, the installed
wind power plants and the wind energy
resources are demonstrated in Figure 1
[15]. The proposed transmission lines
for 2030 and beyond demonstrate the
plans of the United States to increase
the power generation from renewable
energy sources. Biomass power generation units are shown in Figure 2.
Figure 3 illustrates the hydropower
plants installed in the United States.
Solar power plants are being installed
in several states including Arizona,
California, and New Mexico.
Individual states have developed
policies to contribute to this goal. The
following are the top ten states using and supporting renewable energy:
California, Oregon, Massachusetts,
New York, Colorado, Washington, New
Mexico, Minnesota, Connecticut, and
Vermont [16]. In 2010, the top ten states
for smart grid development and implementation were California, Colorado,
Florida, Massachusetts, New Jersey,
New York, North Carolina, Ohio, Pennsylvania, and Texas [17].
California
The energy-generation demographic of
California shows 47% gas, 20% hydro,
18% nuclear, 7% geothermal, 3% biomass, and 2% wind [15]. Yet, California
consumes 259 TWh of power per year,
which is more than the energy consumed
by all of its four neighboring states and
the states of New Mexico, Idaho, and
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Proposed Lines
Wind Power
Transmission
Lines in 2030
New Wind Power
Transmission Lines
Projected After 2030
Existing Capacity
Wind Speed
At 50 m (164 ft), in mi/h
Superb: 19.7–24.8
Outstanding: 17.9–19.7
Excellent: 16.8–17.9
Good: 15.7–16.8
Fair: 14.3–15.7
Wind Power Plant

FIGURE 1 – Wind energy resources and installed wind power plants [15]. (© 2009 National Public Radio, Inc. Illustration from NPR ® news report
titles “Visualizing the U.S. Electric Grid” was originally published on NPR.org on April 24, 2009, and are used with permission of NPR.)

FIGURE 2 – Installed biomass power plants in the United States [15]. (© 2009 National Public Radio, Inc. Illustration from NPR ® news report titles
“Visualizing the U.S. Electric Grid” was originally published on NPR.org on April 24, 2009, and are used with permission of NPR.)
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Note: Data for this map comes from the U.S. EPA’s eGRID database.
Not all power-generating facilities in the United States are plotted on this map.
FIGURE 3 – Installed hydropower plants in the United States [15]. (© 2009 National Public Radio, Inc. Illustration from NPR ® news report titles
“Visualizing the U.S. Electric Grid” was originally published on NPR.org on April 24, 2009, and are used with permission of NPR.)

Wyoming combined [18]. California has
a long history of supporting renewable
energy projects. In 1998, the Californian
Energy Commission set new renewable
energy programs to increase the electricity produced by renewable energy
throughout the state. From 1998 to 2006,
the Energy Commission’s Emerging Renewable Program (ERP) funded many
solar thermal and grid-connected photovoltaic (PV) systems for residential
and commercial sites with power less
than 30 kW. The California Public Utilities Commission also funded many larger projects for businesses interested in
generating their own electricity. In 2006,
the California Renewables Portfolio set a
goal to increase the electricity produced
from renewable sources to 20% by 2010.
To help reach this goal, in early 2007, the
California Energy Commission funded
US$400 million to be used for the construction of solar power on new houses.
California reached the 20% renewable
energy goal in 2009 by generating 11.6%
of all electricity from renewable sources

and another 9.2% from hydropower
plants. The state currently has more
than 87,170 solar projects, generating
890 MW of electricity. In April 2011, the
California Governor signed legislation
requiring that 33% of its electricity be
generated from renewable sources by
2020 [19]. As the leader of not only the
United States, but also other countries
around the globe, California has set an
RPS that regulates increased generation from renewable energy sources, as
shown in Table 3 [20].
The California Solar Initiative (CSI)
also offers rebates and grants for solar PV and heating systems installation and development [21]. The rebate
is provided for projects that consider
enhancing the power generating capacity and the effectiveness of solar
panels. As an example, US$2.17 billion
was allocated for rebates and grants
from 2007 to 2016, with the goal of installing 1.94 GW of generating capacity [22]. The ERP provides financial
incentives for the installation and

operation of fuel cells up to 30 kW and
small wind turbine systems up to 50 kW.
These systems must be new equipment and grid connected [23]. The
New Solar Homes Partnership (NSHP)
is a program that provides incentives
to home builders to build highly energyefficient homes with solar panels to
generate power. This also has a benefit to the homeowners in the form of
state and federal incentives [24]. The
demographic of the state’s renewable
energy share is shown in Table 3 [20].
The state continues to develop
plans and procedures for the development and implementation of a smart
grid. Smart meter deployment in California began in 2006, and by the end
of 2010, 11 million meters had been
installed. A full deployment was expected by the end of 2012. In 2009, the
state also received US$185 million from
the federal Recovery Act. Three smart
grid demonstration projects received
a combined amount of US$111 million, and five energy storage projects
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Table 3–California Renewable Energy Generation Breakdown by Type [20].
1. Renewable portfolios (MW) assumed in the CallSO study
Reference case

Biogas/biomass

Geothermal

Small hydro

Solar

Wind

2006 actual

701

1,101

614

420

2,648

2012 20% RPS

701

2,341

614

2,246

6,688

2020 33% RPS

1,409

2,598

680

12,334*

11,291

*Solar thermal, 6,902 MW; PV, 5,432 MW

received a combined amount of US$74
million [25]. Even in the current economy and the states’ large budget deficit,
the states’ renewable energy goals set
for 2012 were almost reached. However, the 2020 goals can be reached only
if the proposed programs progress as
planned. If not, the state may need to
import renewable energy from Nevada
and other states that have not set renewable energy mandates.
Colorado
The energy-generation demographic of
Colorado shows 72% coal, 24% gas, 3%
hydro, 2% wind, and 1% biomass [15].
The only federal renewable energy lab
in the country, the National Renewable
Energy Laboratory (NREL), is located
in Colorado and is operated by the
U.S. DOE. The NREL site has more than
54 MW of installed solar power, 10.2 billion Btu of solar thermal energy, 4.8 billion Btu of biomass thermal energy, and
5.39 MW of installed wind turbines and
has maximized efficiency in their use
of energy. In 2009, the site’s entire energy consumption came from renewable
sources [26], [83]. The Governor’s Energy Office (GEO) has established finance
options to help increase renewable
energy production. The Green Colorado
Credit Reserve (GCCR) provides 15% of a
loan for renewable energy systems. This
money is provided to the lender to help
offset loan losses, since the repayment
of these loans is usually based on energy
production and can have slow returns.
The Direct Lending Revolving Loan
Program (RLP) provides loans of more
than US$100,000 that will have a large
impact on renewable energy economy.
Qualified energy conservation bonds
(QECBs) are provided for projects to
reduce energy use in public buildings,
start green community programs, develop rural renewable energy, and

conduct research on renewable energy
[27]. The purchase of equipment for
the production of renewable energy
and solar thermal energy is eligible for
state sales tax exemptions. Grants and
rebates are available for installed renewable energy systems in residential
and commercial sites [28]. In September 2009, Xcel Energy completed the
world’s first functioning smart grid in
Boulder, calling it smart grid city. This
long-term test system required extensive electrical and communication infrastructure upgrades and smart meter
deployment. This system allows operators to predict and prevent outages
[29]. Therefore, in March 2011, a plan
for a 640-acre microgrid energy park
was approved. This project involves
natural gas and renewable energy power generation as well as on-site facilities
for data acquisition and research [30].
Massachusetts
The energy-generation demographic
of Massachusetts shows 43% gas,
25% coal, 15% oil, 12% nuclear, 3%
biomass, and 1% hydropower [15].
Massachusetts’ RPS requires a certain
percentage of energy generation to be
provided from renewable sources. The
Alternative Energy Portfolio Standard
(APS) provides incentives and requirements for alternative electricity. The
state has goals for generating 250 MW
of solar power by 2017 and 2000 MW
of wind power by 2020 [31]. The Commonwealth Solar II Rebate Program
provides rebates based on size and other characteristics of a PV system [32].
In an effort to help alleviate the initial
risk in building a wind-generation plant,
the commercial wind program provides
grants for site assessments and project
planning but not for construction [33].
Another program, Micro Wind, offers
two types of rebates to wind systems
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less than 100 kW based on installed
capacity and actual generation [34].
The town of Concord, Massachusetts,
is currently undergoing construction
of their smart grid infrastructure. This
US$4.5 million project was approved in
2009 and is scheduled for completion
by November 2011 [35].
New York
The energy-generation demographic of
New York shows 29% nuclear, 22% gas,
17% hydro, 16% oil, 14% coal and 1% biomass [15]. The New York State Energy
Research and Development Authority
(NYSERDA) provides requirements and
incentives for renewable energy production and use. New York has a goal that
30% of the required energy be produced
by renewables by 2015. This is facilitated through three routes. The main route
includes large-scale generation plants;
the customer route includes small-scale
generation, such as residential and
other market activities. In this route,
customers volunteer to pay more for renewable energy, and state agencies are
required to use renewable energy. This
has resulted in 53 main-route sites and
has attracted US$429 million in funding
for customer-routed sites [36]. In August
2011, the New York Independent System
Operator (NYISO) launched a partially
DOE-funded smart grid project totaling
US$74 million. This project includes a
new control center, upgrades for better
monitors, and a reduction of power loss
in electricity transmission [37].
Arizona
The energy-generation demographic of
Arizona shows 40% coal, 28% gas, 25%
nuclear, 6% hydro, and 1% biomass [15].
The state of Arizona’s energy plan was
just expanded with US$55.4 million in
funding for projects that will reduce
carbon emissions in that state. These
programs include US$20 million for public schools to implement energy-saving
and renewable energy projects, US$10
million to implement renewable-energy
in state buildings, US$10 million for Arizona’s distribution companies, US$2 million for an existing loan program, US$1.8
million for biofuel programs, US$1.5 million for agriculture, and US$0.65 million
for nonprofit companies [38].

Florida
The energy-generation demographic of
Florida shows 38% gas, 28% coal, 17%
oil, 13% nuclear, and 2% biomass [15].
Florida has many credits available for
consumers and businesses, including
solar tax credits, a biofuels tax credit,
renewable energy funding, renewable
energy tax credits, the Florida clean
energy fund, the Florida consumer’s tax
holiday, guaranteed loans and grants
for renewable energy production, and
preconstruction cost recovery for independent plant owners building renewable energy plants [39], [40].

renewable energy development [41].
Renewable energy will be at least 10% of
the total power generation for the state
by 2015. The state has planned to have
25% of the government needs met with
renewable sources by 2015 and 100%
by 2025. Oregon has many short-term
goals, including creating 300 MW of
power from wind generators, 25 MW of
biofuel generators, 20 MW of geothermal
electric generation, 5 MW of biogas generation, 200 units of 5 kW fuel cells, 500
units of solar and PV systems (totaling
1 MW), and 1–4 MW of hydropower. In
addition, all utilities will offer renewable
energy products at a stable price [42].

Oregon
The energy-generation demographic of
Oregon shows 62% hydropower, 27%
gas, 7% coal, 2% biomass, and 1% wind
[15]. The state of Oregon has made a
few long-term commitments to benefit

Ohio
The energy-generation demographic
of Ohio shows 87% coal, 9% nuclear,
and 2% gas [15]. Ohio has also set forward legislation on creating renewable

energy in its state [43]. The state requires 12.5% of its power to come from
renewable energy by 2025. This legislation also includes standards to reduce
consumption by 22% by 2025. The goal
is to create 5,000–7,000 MW of power
from wind energy by 2025 and a small
amount from solar power [44].
Table 4 illustrates a summary of
adapted policies, renewable energygeneration targets, and outcomes in
the United States.

The European Union
European Union Legal Framework
and Renewable Energy Policies
In 1997, the European Union set a target
of reaching 21% from renewable energy
generation by 2010. An estimate in 2009
showed less than 20% achievement of
that target. Therefore, that year, the

Table 4–Summary of The U.S. Policies.
COUNTRY

STATE

TOOLS AND LOGISTICS

TARGET

United States

Federal Government

•
•
•
•
•
•
•
•

80% from renewable energy
The American Recovery and Reinvestment Act, US$4.5 billion for smart grids
SEP awards state and territory grants for renewable energy development
EERE awarded US$2.2 billion for the research and development of renewable energy
Use of loans, grants, tax credits, and feed-in tariffs for renewable energy systems
RUS loan US$7 billion for grid modernization
DOE loan guarantee US$35.9 billion
200% federal energy subsidies increase to US$37.2 billion from US$17.9 billion

2035
2009
2009

•
•
•
•
•
•

Many residential solar systems were state funded
US$400 million for solar panels on new homes
20% from renewable energy, actual amount was 11.6% renewable energy and 9.2% hydro
US$185 million from federal grants for smart grids and energy storage
US$2 billion for 1.94 GW of solar generating capacity
33% from renewable energy

1998
2007
2006–2010

•
•
•
•
•

National Renewable Energy Laboratory
The state pays 15% of a loan and provides large loans for very impactful projects
Uses tax exemptions, grants, and rebates for residential and commercial sites
Boulder, Colorado, is the world’s first fully functioning smart grid city
A 640-acre energy park was approved

Massachusetts

•
•
•
•

Goal 250-MW solar
Rebates for PV systems and wind farms under 100 kW
Grants for assessment and planning of large wind power sites
Concord, Massachusetts, is undergoing a US$4.5 million smart grid infrastructure construction

2017

New York

•
•
•
•
•

30% from renewable energy
Small premium for renewable energy
53 large-scale renewable energy-generation sites
US$429 million in funding for residential and small commercial sites
US$74 million for a smart grid project to build a control center and monitoring upgrades

2015

Arizona

• US$55.4 million to reduce carbon emissions is being spread out to many programs

Florida

• Tax credits, grants, loans, and cost recovery to stimulate renewable energy production

Oregon

•
•
•
•

Ohio

• 12.5% from renewable energy
• 5–7 GW from wind
• 22% reduction in energy saving

California

Colorado

10% from renewable energy
25% of government needs from renewable energy
100% of government needs from renewable energy
Many goals for renewable-energy-generation site construction

2010
2009–2011
2007–2010

2011–2020

2011

2015
2015
2025
2025
2025
2025
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European Union enacted the Renewable
Energy Directive, which mandated that
20% of the energy usage be generated
by renewable sources. It also mandated
that 10% of the energy used for transportation be renewable [45], [83]. The current projected goal of renewable energy
is around 1/3 by 2020. During 2011, at
the European Renewable Energy Council
(EREC) conference, the EREC strongly
recommended that the European Union
mandate that 45% of its energy come
from renewable sources by 2030 [46].
The recent economic crunch [4] and
events such as the Fukushima Daiichi
plant have changed the E.U. policies and
diversified their already existing policies
toward renewable energy investments
[47]. Despite the complementary energy
sources, there is a lack of unifying and
coordinated measures among E.U. countries to establish joint renewable energy
policies [7], [49], [48], [72].
Countrywide Characteristics
of Renewable Energy Policies
E.U. countries have taken various actions and have set requirements to
reach this goal. Figure 4 illustrates the
percentage of renewable energy usage
and the 2010 targets in E.U. countries.

France
Although rich in natural renewable energy resources, France has traditionally
been less motivated to invest in renewable energy because nearly 80% of the
country’s power comes from nuclear
energy. To encourage private-sector investment in renewable energy, France
started feed-in tariffs in 2001. These
rules were revised in 2005 to include
PV, hydro, biomass, biogas, geothermal,
offshore wind, onshore wind, and combined heat and power energies. These
tariffs were guaranteed for 15–20 years.
The laws were revised again in 2006
and 2007 to consider the operation and
managing costs of operating microgeneration systems [50].
The 2005 French Energy Law stated
that 10% of the energy consumed would
be from renewable energy sources by
2010. Also, from 2005 to 2010, there was
a 50% increase in renewable energy for
heat generation. France also incorporated biofuels into their energy portfolio. In
2005, the prime minister presented ways
to encourage the production of biofuels.
The government of France also plans
to implement several microgeneration
projects, which will include seven onshore wind sites totaling 278 MW, 14

<1%
<5%
<10%
<20%
<30%
<40%
>40%

Eurostat, 2007
FIGURE 4 – Renewable energy usage and 2010 targets for E.U. countries [85].
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biomass projects totaling 216 MW, an
offshore wind project totaling 105 MW,
and a biogas project totaling 16 MW.
Tax credits were also set up in 2005
(Table 2) for household implementation and use of renewable energy,
which was revised in 2010 to reduce
the percentage of the equipment cost
coverage. This tax credit was called the
sustainable development tax credit.
There is also a tax break for companies
producing biofuels to offset the costs
[6]. The subsidies and tax credits implemented by French government have
mandated that the Electricité de France
(EDF) company purchase solar power
at a rate varying between €0.31 and
€0.58 (US$0.40 and US$0.75) per kWh,
which is well above the market rate of
€0.11 (US$0.14) per kWh.
To promote renewable energy, the
equipment cost and 50% of the installation cost has been provided in the
form of income tax credits. These
subsidies will be decreased over time,
but there have been many companies
established to take advantage of these
rules [51]. In June 2011, the French
government called for smart grid implementation proposals and funded
€250 million for the development of

Austria 62.89%
Sweden 48.47%
Latvia 38.75%
Portugal 29.94%
Denmark 26.59%
Finland 25.54%
Slovenia 23.96%
Spain 18.38%
Slovakia 17.12%
Italy 14.82%
Greece 13.92%
Germany 12.47%
France 12.38%
Ireland 9.67%
Netherlands 5.67%
Czech Republic 5.60%
United Kingdom 4.62%
Hungary 3.88%
Luxemburg 3.60%
Poland 2.99%
Belgium 2.98%
Lithuania 2.83%
Estonia 1.91%
Cyprus 0.02%
Malta 0.00%
European Union 14.65%
0

78.1%
60%
49.3%
39%
29%
31.5%
33.6%
29.4%
31%
25%
20.1%
12.5%
21%
13.2%
9%
8%
10%
3.6%
5.7%
7.5%
6%
7%
5.1%
2006
6%
Target 2010
5%
21%
10 20 30 40 50 60 70 80 90

a smart grid [52]. The project has an
estimated cost of €30 M, €14 million
of which will come from national and
European funds [53]. The government
has mandated installation of 95% of
the smart meters by the end of 2016,
about 35 million meters [54].
Unlike most E.U. countries, France
has not changed policies after the
Fukushima Daiichi power plant di
saster. Two additional power plant
constructions will continue, and after
they are finished, they will be added
to the 58 already operating power
plants. The lifetime of power plants
will be extended to over 40 years [48].
Germany
Germany is the leader of the European
Union in wind, PV, and solar thermal energy. This country has been very successful in developing renewable energy
and microgeneration. This is the result of combined efforts between government agencies and private-sector
banks. Low-interest loans are offered
for the installation of renewable energy
sources on buildings from residential
to commercial. An added incentive is
the reduction of the repayment amount
based on the installed power-generating capacity and type [55].
The German policies include feedin tariffs, market incentives for renewable energy, and tax exemptions on
the production of biofuels. This mix of
policies regarding renewable energy
has been a success and has created
a great market for microgeneration.
On 1 January 1991, the electricity feed
act, also known as StrEG, was enacted.
This policy was amended once in 2004
and again in 2008. The current policy
has several key factors, including
priority access to the grid for renewable energy, priority distribution and
transmission, the necessity for grid
operators to purchase electricity from
microgeneration, a feed-in tariff for
every kilowatt-hour produced from
microgeneration for 20 years, and
the equalization of extra costs to grid
operators and suppliers of electricity
[6]. The actual amount of the tariff depends on the source (wind, solar, biomass, etc.) and is slowly reduced each
year as production increases [56].

Germany has been very successful in developing
renewable energy and microgeneration.
The country’s goal is that 80% of its
energy will be from renewable sources
by 2050. Future legislation must shift
energy suppliers from simply providing renewable energy for a feed-in
tariff to being able to respond to supply and demand [57]. Germany has a
history of trying new technologies
and is rapidly moving forward with
the smart grid. The private sector is
also a large factor, as companies such
as Volkswagen and Lichtblick are going to install microgeneration units in
100,000 residential sites [58].
The German renewable energy policies have drastically changed since the
Fukushima Daiichi power plant disaster. Eight nuclear power plants with
8.5 GW total capacity were taken offline, reducing the nuclear power share
from 22 to 18. Nine other power plants
will be gradually phased out by 2022,
leaving room for 12 GW of power to be
generated from other sources, including a raise in renewable energy from
16% to 20% by 2011 [48]. Measures of
environmental friendliness, reliability,
and affordability will be conducted according to the German government’s
new energy-monitoring process approved in June 2011. This bill will decrease greenhouse gas emissions by
80% by 2050, increase the share of renewable energies by 80%, and reduce
primary energy consumption by 50%
[48]. These changes in power generation will require €20 billion annual investment in renewable energy, grid
technology, and other power plant
modernizations. The cost of renewable
energy must also be competitive without subsidies to prevent high prices
for electricity. The goal is to reduce the
price of wind to that of coal.
In light of these changes in the
German energy policy, their economy
may face some stiff risks in losing incentives in the long-term investments
and lack of reliable planning. This may
result in an increased cost of energy
for German industries. To overcome

this hurdle, the country’s policy makers must choose to make a massive
investment in the expansion of renewable energy and grid expansion with
cogeneration from gas power plant
and energy storage capabilities [48].
One of the challenges to reduce the
cost of energy is to efficiently distribute and use the power, which requires
more attention to smart grid projects
already underway in Germany.
United Kingdom
The United Kingdom is new to creating policies that would allow for microgeneration. In May 2007, the U.K.
government published the white paper “Meeting the Energy Challenge.”
This white paper showed that existing
polices would not allow for the production of enough renewable energy
to keep up with the growing demand
and that newer policies were needed.
In January 2000, the U.K. government announced that, by 2010, 10%
of the energy produced in the United
Kingdom would come from renewable
energy. The United Kingdom put forth
several policies to achieve this goal, including the renewable obligation (RO).
The RO observes a minimum 7.9% power generation from renewable sources.
The penalty for not meeting this goal
is a premium charged per MWh. To enforce this law, the government issued
tradable certificates called renewable
obligation certificates (ROCs) for each
MWh produced by renewable energy.
The government has placed an increasing requirement of ROCs per total energy generated, currently around 0.111
per MWh [59].
Feed-in tariffs are paid to sites under 5 MW that are feeding renewable
energy into the grid. They are set up
at higher rates to offset the loans used
for purchasing and installing the generating equipment. The United Kingdom has set up support for offshore
wind power and innovations in renewable energy [60]. To develop smart
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grids, the United Kingdom has dedicated £500 million to develop the infrastructure for a mass installation of
53 million smart meters. The actual installation phase is scheduled to begin
in 2014 and will be completed by 2019
[61]. The Electricity Networks Strategy
Group (ENSG) has published “A Smart
Grid Routemap,” which provides a detailed guide for smart grid implementation, although national standards
are still forthcoming [62].
Spain
In Spain, the Institute for the Diversification and Saving of Energy [(Instituto
para la Diversificacion y Ahorro de la
Energia (IDAE)] plans, finances, and
installs renewable energy systems.
The IDAE owns the generating equipment until the investment is recouped
by selling the produced energy [63].
Iberdrola, one of the largest international utilities, has begun a smart grid
transformation in the city of Castellón.
It will be the first Spanish city with a
smart grid, and it will include 100,000
smart meters installed for the city’s
175,000 inhabitants. The city’s transformers and power control devices
will be upgraded or replaced with
smart grid-compliant devices [64].
Iberdrola is also collaborating with the
Vasque regional energy agency (EVE)
on a €60 million smart grid project.
This project will further implement
the smart grid, starting with the installation of 230,000 smart meters in
the cities of Balboa and Portugalete.
Endesa, another Spanish utility company, is also installing smart meters
nationwide. The Iberdrola CEO, Ignacio Galan, estimates that the smart
grid implementation in Spain will cost
around €5.5 billion [65]. However, after
the credit crunch in Europe began in
2008, Spain’s total solar power installation declined from 2,760 MW (2008)
to 70 MW (2009), 390 MW (2010), and
430 MW (2011). Spain stopped the registry for new solar projects starting in
2012 [66], [67].
The vulnerability of renewable energy research to the government subsidies has taken a great toll on Spain’s
growth since the economic crunch began in 2008 [4]. The budget has been

cut by 95% in the solar and wind sectors in 2011 and 2012. Solar PV energy
investment fell from US$1.5 billion in
2011 to US$870 million in 2012 and
will be around US$107 million in 2013
[67]. Wind energy investments were
US$2 billion in 2012 and will reduce to
US$244 million by 2014 [67].
Italy
In Italy, renewable energy generation
is verified using tradable green certificates (TGCs). The amount of certificates awarded per MWh depends on the
type of renewable energy. Utilities have
a yearly increasing quota of renewable
energy, and if a utility has excess TGCs,
the government will guarantee the purchase. The generators under 1 MW can
either sell their TGCs or receive feed-in
tariffs. The feed-in tariffs also vary by
type and are guaranteed for 15 years.
There are subsidies to partially cover
the cost of natural gas or biomass generators [68]. The government has a tenyear tax deduction based on investment
costs of renewable energy generators
[69]. To facilitate smart grid development, Enel, Italy’s largest utility, started
a five-year, US$3 billion smart meter rollout in 2001. By the completion phase in
2006, the company had saved US$750
million a year, which demonstrates the
already-recouped initial investment.
They provided savings for consumers as well by training them on how to
properly use the new technology, which
has afforded on average a 50% bill reduction [70]. As a result, more than 85%
of Italian residential sites had smart
meters installed by the end of 2010.
Italy opened the largest solar panel site
in July 2011, which uses Sharp’s multijunction thin-film panels with a current
capacity of 160 MW, which will increase
to 480 MW. This was a joint venture between Enel, STMicroelectronics NV, and
Sharp, with a combined investment of
US$428 million [71].

2050 [78]. This lofty goal is not just an
empty promise; the Danish are moving steadily forward. As proof, an average of about 11 wind turbines per
100 km2 provide 20% of the countriy’s
electrical needs. As a world leader
in integrating wind energy into their
electric grid, Denmark forecasts that
by 2020, 33% of the country’s electrical needs will come from renewable
energy. Denmark is also working
closely with other countries on the
North Sea to develop an underwater
electric grid that will eventually provide Europe with an enormous power
supply. Siemens plans to invest €150
million in Denmark and in June 2011
installed its first prototype of a new
6-MW wind turbine [73]. Denmark is
also moving forward with their smart
grid. Echelon has contributed by
having 200,000 homes connected in
February 2011 with an average savings
of 16% on energy costs [74]. Denmark
is also planning to mainstream electric vehicles, both as transportation
and as a combined massive source of
power storage capacity. New charging
stations will be spread out like gas stations currently are, and when an EV
runs out of power, the driver will simply stop in for a battery swap [75].
Switzerland
This country enjoys a natural landscape
suitable for pumped-storage power
plants. However, a large portion of the
energy is currently produced from
nuclear power. In observance of the
Fukushima Daiichi disaster, the Swiss
government has decided to shut down
all nuclear power plants by 2034 and will
probably replace the 40% share of the
energy market with renewable energy.
Table 5 illustrates a summary of
adapted policies, renewable energygeneration targets, and their outcomes in the European Union.

Effects of Policies
Denmark
Denmark has long been committed
to the development of renewable energy. The country was the first with
commercial wind power back in the
1970s, and it plans to be independent
from fossil fuel power generation by
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Effect of Energy Policies on Energy
Bills and the Cost of Energy
National- and state-level energy policies were designed and updated to
meet certain goals. These goals are
often designed to increase energy

security, decrease carbon footprint,
reduce greenhouse gas emissions and
global warming [79], enhance energy
sustainability, and reduce dependence
on imported oil. However, these policies are often driven by oil prices. As
oil prices increase, more policies are
put in place to advance the use of renewable energy, and as oil prices drop,
these projects are put on hold. Therefore, higher fossil fuel prices reduce
the cost of renewable energy policies
and consumer energy bills [76]. Figure 5 illustrates the estimated impact
of energy and climate change policies
on an average domestic energy bill in
2020 under different fossil fuel price
scenarios [76]. The figure shows that
as oil prices increase, they generate a

negative impact on policies passed on
to the bills; the lowest oil prices will
have the highest positive impact.
One study showed that the implementation of energy policies and climate change will increase the energy
bill of domestic consumers by 1% and
medium-size nondomestic consumers by 26% [76]. Energy policies also
impact energy prices. The same study
shows an 18% rise in gas and a 33%
rise in electricity prices for domestic
consumers and 24% and 43%, respectively, for medium-sized nondomestic consumers. As energy efficiency
improves, the charges on the bill for
households and industries decrease.
A 25% bill reduction might be reached
by taking renewable energy and

energy-efficiency approaches rather
than just measuring the impact of the
policies. However, this option might
not be available for all households
with any range of income. The lowerincome households will pay a larger
share of the cost spent on renewable
energy [76], [77]. Carbon tax studies
using analytical general techniques
on consumers and power generation
show that the consumer costs are relatively more burdensome for users of
nongreen products, including electricity, natural gas, gasoline, and heating
oil. This study also shows higher generation costs on families with a higher
than average fraction of their income
from capital incentives (because
carbon-intensive industries tend to be

Table 5–Summary of European union Policies.
CONTINENT

COUNTRY/STATE

TOOLS AND LOGISTICS

TARGET

European
Union (E.U.)

E.U.

•
•
•
•

12% from renewable energy
Renewable energy directive mandated 20% renewable energy
33% from renewable energy
45% from renewable energy

1997–2010
2009
2020
2030

France

•
•
•
•
•
•

Feed-in tariffs
10% from renewable energy
Tax credits to offset startup costs of renewable energy generation
Government mandated solar power purchase prices by utilities above the market rate
Funded *250 million for smart grid research, development, and implementation
95% of all smart meters (35 million) will be installed

2001–2007
2005–2010
2005

•
•
•
•
•
•
•
•

Low-interest loans for installation of renewable energy-generation systems
StrEG was enacted and amended
Policies include feed-in tariffs, market incentives, and tax exemptions
80% from renewable energy and rapidly developing a smart grid
Volkswagen and Lichtblick to install microgenerators on 100,000 homes
Greenhouse gas reduction emissions reduced by 80%
Renewable energy share by 80%
Reduction of primary energy consumption by 50%

1991–2008

United Kingdom

•
•
•
•

10% from renewable energy
Tradable ROCs to enforce renewable energy generation requirements
Feed-in tariffs for small sites <5 MW
£500 million to install and operate 53 million smart meters

2000–2010

Spain

•
•
•
•
•
•
•

IDAE pays for, plans, and installs renewable energy systems
IDAE owns the equipment until repaid by the energy generation
Smart grid transformation in the city of Castellón
Iberdrola is collaborating with EVE on a *60 million smart grid project
Smart grid implementation estimates are around *5.5 B
95% reduction in solar PV
87% reduction in wind energy

Registry for new
solar projects
stopped in 2012

•
•
•
•
•

Small sites can sell TGCs or receive feed-in tariffs good for 15 years
Enel began installing smart meters and completed the project
Saving US$750 million a year through early installation of smart meters
Training customers to use smart meters saved 50% on electric bills
A 160-MW (to be expanded to 480 MW) solar power site was completed

2001–2006

•
•
•
•
•
•

First country to commercialize wind power
Independent from fossil fuel power generation
33% of the country’s electrical needs will come from renewable energy
First installation of a new 6-MW wind turbine
Echelon has expanded smart grid to 200,000 homes and saved 16% energy
Electric vehicle and battery swap stations

1970s
2050
2020

Germany

Italy

Denmark

Switzerland

• Because of Fukushima nuclear meltdown, 40% of electric energy will be replaced by renewable energy

2016

1991–2008
2050
2050
2050
2050

2012–2014
2012–2014

2011

2011
2011
2034
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FIGURE 5 – Estimated impact of energy and climate change policies on an average domestic
energy bill in 2020 under different fossil fuel price scenarios [76].

more capital intensive). This results in
a regressive burden when households
are divided by annual income or annual expenditure [77].
Effects of Energy Policies
on the Economy
The policies developed to expand
renewable energy have had various

impacts on the basic trade positioning of the lead countries. The power
delivered by wind, solar thermal,
and PV was measured to indicate the
economic growth because of renewable energy policies. The export and
import balance was used to measure
the success of energy policies in the
economics of the countries as well.

The orientations of lead renewable
energy countries are shown in Figure 6
[77]. Renewable energy policies in
2005/2006 had various impacts, as the
United States exported PV products
and imported biomass, solar thermal,
and wind energy products. France exported PV and biomass products, and
imported wind turbines. Germany, as
a successful model in the European
Union, heavily exported wind and
biomass products and imported solar
thermal and PV products.
The United Kingdom heavily imported wind power products. Spain
heavily exported wind power and
biomass products, but stayed neutral in PV products. Denmark heavily exported wind power products,
but heavily imported biomass products. Switzerland imported biomass
products.

Summary
The U.S. Government and the European Union have developed policies to
promote microgeneration and smart
grid initiatives. Many projects and significant developments have been accomplished, although the momentum

USA
France
Germany
United Kingdom
Spain
Italy

USA

Denmark

Germany

Export

Import

Export

Import
Solar Thermal

Biomass

USA
France
Germany
USA

United Kingdom

France

Spain
Germany

Italy

Spain
Export

Denmark
Import

Photovoltaic

Export

Import
Wind

FIGURE 6 – Effects of renewable energy policies on the import and export of renewable energy products in 2005–2006. (Reproduced from [77].)
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has just begun. To accelerate the implementation and to include the private sector, the U.S. states and the E.U.
countries have developed their policies to improve their share of green
and economic energy production. The
main policies have guaranteed longterm profits for the private sector and
tax credits for individuals to participate. Although incredible, these policies need to be constantly compared
and modified to keep the green energy progress on track. Liquidation of
the government-supported renewable
energy projects and consequences
for the expected sustained growth of
this sector show that the government
subsidies have not generated enough
incentives for the private sector to decrease the cost of renewable energy
manufacturing and research and development. The timely and rightful intervention of government must create
a strong private sector to achieve the
steady momentum of growth in technical skills and manufacturing infrastructures [57]. This article provided a
brief review of the latest relevant ideas
that central and local governments
have developed with the hope of creating more unified and stronger policies.
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