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Due to the heavy stress on environmental deterioration and the excessive consumption of fossil resources, the
transition of global energy from fossil fuel energy to clean energy is significantly accelerated in recent years. The
power industry and policymakers in almost all countries are focusing on clean energy development. Thanks to
progressive clean energy policies, significant progress in clean energy integration and greenhouse gas reduction
has been achieved around the world. However, due to the differences in economic structures, clean energy
distributions, and development models, clean energy policy scope, focus, and coverage vary between different
countries, states, and utilities. This paper aims at providing a policy review for readers to easily obtain clean energy
policy information on various clean energies in the U.S. and some other countries. Firstly, this paper reviews and
compares some countries' clean energy policies on electricity. Then taking the U.S. as an example, introducing the
clean energy policies of some representative states and utilities in the U.S in perspectives of renewable energies,

electric vehicles, and energy storage.

Clean energy renewable energy energy policies clean energy target

| 1. Introduction

In the recent decade, various types of clean energy witness continuously growing shares in the electricity
generation mix W2, With the increase in clean energy penetration and the retirement of conventional fossil fuel

plants, clean energies are expected to provide almost 50% of total electricity globally by 2050 [,

To realize the ambitious objective of the energy shifting from fossil fuels towards clean energy technologies, nearly
all utilities and countries worldwide have formulated renewable energy development goals and supporting policies
BIBIEIE, pue to the trend of using electricity as the major form of energy delivery, the electric grid has been the
focus of clean energy policies in recent years. With the decrease in power equipment investment costs, these
renewable energy policies are helping to increase clean energy penetration in electric grids. In the Nationally
Determined Contributions (NDCs), which was submitted by 181 countries under the United Nations Framework
Convention on Climate Change, approximately 3/4 of NDCs particularly pointed out that renewables can be used
for mitigating climate change, and more than 50% of them have set up clean energy goals. Some countries and

many more utilities have also set aggressive targets at 100% electricity from clean energy 8,

Due to the differences in economic structures, clean energy distributions, and development models, clean energy

policy scope, focus, and coverage vary between different countries, states, and utilities. Some papers have
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reviewed the clean energy policies in some countries or compared specific types of clean energy [ILOIL1I12]13]
The authors of & made a summary of the various solar power policies implemented in different countries around
the world. The obstacles to clean energy development and the Indian government’s relevant policies to promote
clean energy throughout India are introduced in 19, The authors of LU summarized clean energy development in
Iran. Moreover, the deployment plan of clean energy generation and related technologies has been investigated. A
summary of the solar power policies, which have been planned or taken effect in some developed countries and
Malaysia, was introduced in 22, The authors of 13 examined policy options for promoting a shift to clean electricity
in Africa. However, most papers just focus on one country or one type of clean energy. A comprehensive review
and comparison for different governments and on various clean energy-supporting measures are needed to

understand global clean electricity policies.

| 2. The Clean Energy Policy of Countries
2.1. United Kingdom (UK)

Up to the end of the first quarter of 2020, the energy mix of the UK is shown in Eigure 1 141, According to the report
from the National Infrastructure Commission (NIC), the United Kingdom plans to run 50% of clean energy by 2030
to realize the target of zero-emission at the end of 2050 through a cost-effective path (the cost-effective path is
comprising measures that cost less than the projected carbon price across their lifetimes, together with measures
that may cost more than the projected carbon price, but are necessary in order to manage costs and risks of

meeting the 2050 target.) 13, To achieve the zero-emission target, four sub-targets have been set, as shown in
Eigure 2 [1_6]@[@][1_9][@][&]

Energy mix of UK 2020

3 9%6‘!"02‘!]%“.

1 Gas = Wind O Nuclear = Imports O Biomass = Coal O Solar = Hydro
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Figure 1. The energy mix of the UK by the end of the first quarter of 2020.

= The UK is expected to install 980MW wind power compared to 2.476W in 2019,
Wind energy in UK In 2020, the electricity generation cost of UK offshore windfarm is 70 £/MWh,
the electricity generation cost of UK onshore windfarm is 112 £/MWh. The U.K.

government and industry have jointly set a target to generate one- third of

‘F the nation’' s electricity from offshore wind farms by 2030, up from 8% today.
The 30,000-MW target by that date will represent about one-fifth of the
global installed capacity. which is forecast to grow by 17% annually till then.

* The electricity generation cost of UK solar is 74 £/MWh in 2020. The latest
Committes on Climate Change analysis of pathways te achieving the UK’ s
legally-binding 2050 Net Zero target suggests that 54 GW of solar capacity
could be needed by 2035 to accommodate rapid uptake of electric vehicles
and hybrid heat pumps. This is equivalent to more than 2.5 GW in net
additional PV capacity deployed each year, or more than 40 GW by 2030.This
cannot be achieved without significant policy intervention.

J==t

Energy Storage

e * As electricity generation is decarbonized in line with the system operator’ s
in UK

e forecasts, there will be more need for frequency regulation-type grid-
+ balancing services. By 2050, National Grid ESO forecasts installed electricity-
4} generation capacity to exceed 200GW, with renewables accounting for 150GW
of this, and energy-storage capacity amounting to 30-50GW. Peak demand
= will barely increase,
Pure-electric cars on UK roads at the end of July 2020 - and over 330,800
plug-in models including plug-in hybrids (PHEVs). The UK Government has
released its new strategy to reduce carbon emissions from the transport
Electrie Vehicle sector to support the automobile industry in the transition to electric and
in UK low-emission vehicles. This includes a push to make all new homes in England

come with electric vehicle charge points and street lamps to be fitted with
& charging technology. The government has reaffirmed its intention to ban the

sale of all petrol and diesel cars by 2040, resisting calls to bring forward the
date to 2030. Instead, it is setting a target for at least 50 percent of new car
sales to be ultra-low emission by 2030, with an ambition to raise this to 70
percent, alongside 40 percent of new van sales. At present, the UK has 14,000
public ¢charging peints and around 150,000 ultra-low emission vehicles on the
road. While sales of electric vehicles are increasing year-on-year, there remain
over 37 million vehicles on Eritish roads which are climate polluting.

Figure 2. The zero-emission targets from the National Infrastructure Commission (NIC) report.
2.2. Germany

Up to the end of the first half of 2020, the energy mix of Germany is shown in Figure 3 (22l |n 2016, the Climate
Action Plan (CAP) 2050 was announced by the Germany government, in order to set a long-term pathway for
reducing the greenhouse gas emission of utilities and emissions industries 23!,
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Energy mix of Germany 2020
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Figure 3. The energy mix of Germany by the end of the first half of 2020.

In the CAP 2050, the targets of greenhouse gas emission reduction are to achieve a 40% cut by 2020, 55% cut by
2030, 70% cut by 2040, and 80-95% cut by 2050. To reach the target for 2020, the federal government of
Germany proposed a plan to realize 65% generation from clean energy sources by 2030 and requires an increase

in the wind and solar capacity from 120 to 215-237GW. To achieve the CAP 2050, four sub-targets have been set
as shown in Figure 4 [241[25](26][27][28]

Wind energy in Germany
By July 2020, aboult 88GW anshore Electric Vehicle in Germal‘lf

windfarms were in operation across To help achieve an overall B8% cul in
Germany. For land.based wind, Germany COzZ emissions on 1930 levels by 2030,
cxpects to install 2.8 GWiyr from 2017 to some 10 million EVs are needed on
2019 and 2.8 GWiyr after 2020. Offshore Germany's roads to achieve this, The
wind power capacity Is expected to reach government's 1 million EVas by 2020
15 GW by 2030 (0.5 GWiyr in 2021 and 2022, target has been moved back to 2022,

and 6.7 GWiyr from 2023-2028). Land-based
pilet RED twrbines with 8 power capacity of
up to 125 MW/ yr are exempted from the
obligatory call Ter kids within the EEG 2017,
Those wind energy capacities will
contribute to the overall goal of providing
B5% to B0% renewable eleciricity by 2036
and at least 80% by 2080,

Energy storage

in Germmany

The total power sflorage capacity
available In Germany could grow
Immensely over the next decade, the
German government says. In a response
to a parliamentary inguiry by the pro-
business FOP, the government said that
the combined capacity of pumpoed-hydro
slorages, big batteries, home slorage
systems and power-lo-gas facilities
TPRE alar PV instalied could rise from the current 0.42

THE ) glgawatls (GW) to more than 24 GW by
2030,

Figure 4. The clean energy targets from the Climate Action Plan (CAP) 2050.

2.3. Denmark
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In 2018, the government of Denmark announced an energy agreement to fulfill the target set by the government
that makes Denmark independent of coal fuels by 2050 and transformed into a low-carbon society. The funding
has been allocated to achieve 55% of the total energy needs of Denmark from clean energy. Some highlights of the
Denmark energy agreement are shown in Figure 5 291,

By 2030, three offshore A
WII‘IFi fa rms.wﬂf be e h-fll:rlrE t1han EUR 537
established with a total million is allocated to
n of the .
of 2400 MW expand the production of

heating reen biogas
sector g g

From 2021 to 2024, EUR A reserve of EUR 54 million in 2025 and
subsequently EUR 67 million annually
will be allocated to further enhancing the

67 million will be
allocated annually to a
market-based grant pool
focused on energy
savings

use of renewable energy after 2026

target of EUR
134 million

EUR 67 million is
annually by

allocated to green
Phase-out of coal in the  transportation in 2020- s ford
Danish electricity 2024 energy an

production by 2030 climate
research

Figure 5. The highlights of the Denmark energy agreement.

To achieve the energy agreement of Denmark, three sub-targets have been set as shown in Figure 6 39[31132],

Wind energy in Denmark
The government has set a target of
50% wind energy In electricity
consumption by 2020 as part of its
leng-term strategy to achieve a
100% renewable energy mix in the
electricity and heat sector by 2035,
and in all sectors by 2050.

EV in Denmark
In 2018, Prime Minister of Denmark
decided in parliament that
Denmark will ban the sale of new
fossil-fueled cars in 2030 and aims
to have more than 1 million
electric or hybrid vehicles on its
roads by 2030.

P

Figure 6. The clean energy policies for realizing the Denmark energy agreement.
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2.4. Australia

The energy mix of Australia in 2020 is shown in Figure 7 [3l. The federal government of Australia announced a
Mandatory Renewable Energy Target (MRET) in 2001, in order to increase the new 9500 GWh clean energy
generation until 2020 4. In recent years, the federal government of Australia updated its MRET to make sure at
least 33,000 GWh of electricity is from clean energy generation at the end of 2020. In the updated MRET, about 50
percent clean energy by 2030 and 75 percent clean energy by 2040 must be ensured by utilities and electric
providers 3336l To realize the MRET, some clean energy policies have been put forward as shown in Figure 8 7]
(38][39]40]

Energy mix of Australia 2020
2%

m Renewable energies m Gas-fired generation

m Coal-fired generation m others

Figure 7. The energy mix of Australia in 2020.
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Solar power in Australia

As of June 2020, Australia’s over 2.4 million solar PY installations had a combined capacity of 16 883 MW photovoltaic [PY)
solar powerThe Coalition government expecis large-scale solar 1o grow from SGW to AGW in the ten years betwesn 2020 and
2030 and smaller solar systems of less than 100kW to more than double nation-wide over the same period, from 11GW o
FEGW. Mid.-scale salar [between 100kW and BMW) i3 expected to grow from OGW to 2GW in 2030,

EV in Australia

The Australia government analysis
forecasts that half the new cars sald in
Australla in 2038 will be electric vehicles.
The government has sald it will intreduce
a national electric vehicle strategy to cut
carbon dionide emissions by 10m tonnes
by 2030. Modeling suggests the electric
vehicle share of new Car sales in
Australia will rise from abouwt 0.34%
today 10 8% im 2028, It is predicted 1o
then leap (o 27% of new car sales in 2030
amd 0% in 2035 as prices of eleciric car

Energy storage in Australia

Ausiralia is set to add 1.2 gigawatt-
hours of energy storage capacity in
2020. The Clean Energy Councll has
released a report, Energy Storage in
Australia = Commercial Opportunities,
Barriers and Policy, which suggested
the market for energy storage
technology in Australia will be
approximately 3000MW by 2030, The
report added that energy storage is
!I‘ﬂ!l'ﬂl-l'lﬂ A% a Pﬂl!l‘lliﬂ.l means 4
support existing electricity networks
and it will also Tacilitate the efficient
aperation of eleciricity markets, improve

technology fall. the stability of the eleciricity grid, and
moet the Aeads of residential and
commercial cusiomers,

Figure 8. The clean energy policy for realizing the Mandatory Renewable Energy Target (MRET).

2.5. China

The energy mix of China by the end of 2019 is shown in Figure 9 1 The China State Economic and Trade
Commission (SETC) in 2001 published the 10th Five-Year Plan for Sustainable Development. The 10th Five-Year
Plan for Sustainable Development clearly stated the detailed clean energy development and commercialization
plan. In addition, the Center of Renewable Energy Development (CRED) has given a draft law named “Renewable
Energy Development and Utilization Promotion Law”. The aim of the “Renewable Energy Development and
Utilization Promotion Law” is to reduce pollution emission and protect the environment. With the 10th Five-Year
Plan for Sustainable Development and the “Renewable Energy Development and Utilization Promotion Law”, some
incentive policies, such as the subsidy to feed-in tariffs of renewable energies, the tax deduction for both renewable
energies generators and consumers, and the priority natural resource supply for renewable energies infrastructure
installation, have been structured to encourage clean energy development and stimulate the market for providing
more opportunities to clean energy providers 2243l Under the booming of clean energy in China, in 2014, the
International Renewable Energy Agency (IRENA) published a report called “Roadmap 2030—A Renewable Energy
Roadmap for China” 4443, The report indicates that the proportion of clean energy could be up to 35 percent by
2030, which will make China become the largest clean energy user, about 20 percent of global clean energy. The

planned development pathways of wind, solar, electric vehicles, and energy storage in China are summarized in
Eigure 10 [481147]48][49]
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2.6. India

Energy mix of China 2019
5%

Thermal

s renewables

mHydro mWind mSolar = Nuclear

Figure 9. The energy mix of China by the end of 2019.

* China it approaching the end of its 13th Energy Technology Innovation Five-Year Plan.
R * Tros plan Spacifically inantions wind anenay ot & focus point, dantiying wind turbines with

in CHINA a megawatt (MW) production capacity of between 8 and 10MW as a key technology. By
the end of 2020, China afms to have 210 gigawatts (GW) of grid-connected wind energy
capacity. Its capacity at the beginning of 2018 led the world with arcund 157 GW,
compared to 87 GW for the US in second place and 56 W for Germany in third. The
MIT-Tsinghua team finds that the projected ganeration of wind energy in china would be
26 parcant of anticipated demand in 2030,

S LR 2L L] - China is the largest market for selar PV in the world with a cumulative installed capacity

in CHINA that amounted to 35.4% of the global market in 2018, Solar PV capacity in the munhﬂ
increased significantly from 864 MW fn 2010 to 174.8 GW in 2018 at a compoun

annual growth rate of 34.2%. China's target of 105 GW of cumulative installed

photovoltale powar, which was originally planned for 2020. For now, China has inereased

its target for renewables to account for at least 35% of electricity consumption by 2030,

ELECTRIC Ty roadmap on the auto industry was announced in 2017 when the government
VEHICLE said new energy vehicles -- all-electric, fuel-celled autos and‘p[qgr'n hybiids -~ would
in CHINA account for more than 20 percent of the country's total vehicle sales by 2025, China's
Ministry of Industry ana Information Techaology is spearheading the government's latest
auto industry plans for 2021 through 2035, Under the latest proposal, the NEV target for
2030 is 40 percent.

ENERGY * Policy incentives have been the main drivers behind China's rapid growth in storage
Y deployrments. in 2018, Chinag has become the second-largest market bohind South Korea
STORAGE in terms of annual deployrments. The market deployed 580 megawatts (1.14 gigawate-
in CHINA hours), reaching a cumulative market size of .07 g{iamm (1.98 gigawatt-hours) last
year, Front-of-the-metér (FTM) storage led growth, up fivefold in térms of installed
power capacity compared to 2017, State Grid Corporation of China, a state-owned utility,

has deployed 452 megawatt-hours of grid-connacted FTM pilot projects, which ace
for 83 percent of FTM market grewth natisnwide Fu.s:rgmr. These pilot prajects were
a

supported by rament research grants. China's cumulative energy storage capacity is
projected to skyrocket from 489 megawatis or 843 migawatt-hours in 2017 to 12.5
gigawatts or 32.1 gigawatt-hours in 2024, This rapresents a 25-fold increase in the
imstalled base.

Figure 10. The clean energy policies in China.
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The energy mix of India by the end of 2019 is shown in Figure 11 [50]. As one of the biggest countries in the world,
India has more than 1.3 billion people, and it also has a vast economy and a huge military. For maintaining the
normal operation of this huge country, India’s energy requirement is large and increasing rapidly. In 2018, the
primary energy consumption of India reached 809.2 million tons of oil equivalent in 2018, which made it become
the third-largest energy consumer country that is only behind China and the U.S. For keeping energy and
sustainable development, India has set aggressive targets to realize an energy transition. The Indian government
has set a target to realize 175GW of clean energy capacity by the end of 2022 B1IB2I53] The planned development

pathways of wind, solar, and energy storage in India are summarized in Figure 12 [541[55156]

Energy mix of India 2019

= coal
Gas 2.70%. 0.04%

®m nuclear

9.60%

= lignite
m diesel
= hydro
= wind power

m solar

= Biopower
0.10%

= waste /
1.80%

1.80% -

6.70%

Figure 11. The energy mix of India by the end of 2019.
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Wind
Power

Wind power generation
capacity in India has
significantly increased in
recent years. As of 29
February 2020 the total
installed wind power
capacity was 37.669 GW,
the fourth largest installed
wind power capacity in
the world. In the
government clean energy
plan, India targeted to
achieve 60 GW of power
from wind by 2022,

Solar power in India is a
fast developing industry.
The country's solar
installed capacity was
35,122 MW as of 30 June
2020, which has
increased the amount of
solar power it has
installed 10-fold from
2015. The government is
hoping to triple that in the
next few years and
realize the100 GW of
solar capacity (including
40 GW from rooftop solar)
by 2022.

Energy
Storage

The India Energy Slorage
Alliance (IESA) has
estimated over 70 GW
and 200 GWh of energy
storage capacity in India
by 2022, which is among
the highest in the world.
However, the roadmap
for assured supply of
clean energy indicates
the need for a clear-cut
policy and regulatory
framework for energy
storage, similar to India's
policy on renewable

energy.

Figure 12. The clean energy policies of India in wind power, solar power, and energy storage.

Figure 13 summarizes the clean energy policies in these countries.

Crverview Wind power

558 to 60% of

Solar power Energy storage

s B5% renewable 10 million EV's
Germany sources by 2030 "*““;:h:;;sﬂ‘fw SBGW by 2030 may i by 2030 24GW by 2030
- one- third of the ban the sale of all
onited Ry "“:"";3;‘“"9" nation's electricity  54GW by 2035  petrol and diesel “'52';‘;;” By
9 y by 2030 cars by 2040
Eh 1 million electric
Denmark [l "’“:‘";:;; snergy! S0 of “2';‘;_‘0"““"' BY  3400MW by 2030  or hybrid vehicles
¥ by 2030
Large-scale solar
(BMW), smaller
S0% renewable energy salar (26 5:?: :: ::::;E‘:?n 3000MW By
by 2030 GW),Mid-scale 2035 2030
solar 2GW by
2030
354 renewable energy  26% of clectricity by 354 of electricity  40% of electricity  32.1 GW/h by
' by 2030 2030 by 2030 by 2030 2024,
175GW of clean
- T0 GW and 200
energy capacity by 60 GW by 2022, 100 GW by 2022
m the end of 2022 il

Figure 13. Summary of the clean energy policy of some countries.

As given in Figure 13, the difference between the countries on their enacting clean energy policies is enormous
due to the different existing constraints, the variety of clean energy types, and the diversity of economic and social
development degrees, which further leads to a strategy difference for implementing planned scenarios, such as
Denmark focusing on the development of the wind power to realize its clean energy target. The reason that

Denmark adopts wind power as its mainstay of renewable energies is determined by its natural energy resource
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distribution as Denmark has abundant offshore wind energy. Similarly, the social recognition degree is also an
important factor for specific clean energy development in one country. As shown in Figure 13, solar power
developing in Germany is much more prompt than in other countries (98 GW by 2030, which is almost 30 times of
Denmark), because the German public prefers distributed PV panels installed on their roof. The recognition of solar
power by the public greatly facilitates the installation solar power in Germany and the maturity of solar energy-
related industries also prompts the clean energy policies in Germany partially to solar power. In addition, from
Figure 13, it could be seen that the policies for EV promotion in all countries mentioned in this paper are
aggressive and ambitious, because of the stern requirement of carbon dioxide emissions reductions. In the

meantime, these policies also indicate that the EV-related industries will meet great opportunities in the future.

In general, the clean energy policies of countries are more macroscopic and comprehensive, which involves the
development of various clean energy technologies and future energy transition pathways. According to the recent
reports or news, China and Denmark have already met their 2020 targets, but Australia may miss their 2020
emissions reduction target BZB8I5I. The main reason that Australia may miss its clean energy target is due to the
lack of a coherent national energy policy. These results indicate that these clean energy policies are not
guaranteed to be accomplished by the countries like most people thought, further suggesting that the practice and
implementation of these clean energy policies need coordination from various levels of governments and electric

power companies.

| 3. Conclusions

Clean energy policy influences the development of clean energy technologies and markets. The diversity of the
scope, intensity, and comprehensiveness of clean energy policies in different utilities, states, and countries leads to
the different development degrees of clean energy. The clean energy policy formulation for most utilities is based
on the Bills enacted by the state government. Thus, the clean policy pathways of most utilities aim at supporting
clean energy capacities and generation increases in the state, boosting domestic job creation, and reducing carbon
emissions. These observations indicate that a comprehensive review and comparison are necessary and may help
clean energy researchers and practitioners to understand clean energy policy determination, promotion, and

implementation.
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