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International Trends in
Energy Transition
Global warming affects all countries and can only be tackled in a joint international effort. The Paris
agreement was a crucial milestone in the fight against climate change. For the first time, virtually all
countries worldwide acknowledged the threat of global warming and commonly agreed on “holding
the increase in the global average temperature to well below 2 degree above pre-industrial levels and
pursuing efforts to limit the temperature increase to 1.5 degree above pre-industrial levels.” To date,
over 180 countries have submitted their so-called Nationally Determined Contributions (NDCs) to the
United Nations and published national greenhouse gas (GHG) reduction targets.

Figure 1: Overview of Key cCountries’ GHG Reduction Targets a

Denmark
• minus 48% by 2030
• minus 80-95% by 2050
Germany
• minus 55% by 2030
• minus 80-95% by 2050

China
• peaking of CO 2 emissions
around 2030
• lower CO 2 emissions per
unit of GDP by 60% to 65%
from the 2005 level

EU28
• minus 40% by 2030
• minus 80-95% by 2050

USA
• minus 4.6% by 2030
• minus 14.9-17.3% by 2050

Key Elements for a Successful Energy Transition Worldwide:
• International exchange of experiences and mutual learning.
• Clear long-term vision, elaborated and regularly revised mid-term targets and flexible mind-sets
for short-term adjustments.
• An integrated approach that allows for a cross-sectoral optimization of the energy

In the past years, many countries have begun to transition their energy systems towards a more
sustainable energy supply based on renewable energies (RE). The transition of the Chinese energy
system takes place in the context of similar developments around the world. The paths all these
countries have undertaken so far vary and depend on a number of variables, such as their different
starting points, geographical locations, or political and social setting. This report provides a short
summary of the current status of the energy transition in China, followed by case studies to illustrate
this variety:
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a

The data shown
in the graphic are
based on either
Nationally Determined
Contributions (NDCs)
submitted to the United
Nations (UN) or, in the
case of Denmark and
Germany, additional
national targets. Unless
stated otherwise, the
base year for all targets
is 1990. In order to allow
for comparability, for the
U.S., official NDC targets
with base year 2005 have
been converted to a base
year 1990 using data
from the Environmental
Protection Agency
(EPA). The Danish GHG
reduction target for
2030 is based upon the
preliminary Danish nonETS reduction target of
39% compared to the
2005 level and is not an
official Danish target.
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• The European Union (EU) as the world’s biggest market is a leading global player and a strong
advocate for the fight against climate change. With the “Clean Energy for all Europeans” package,
significant legislation for the European energy transition has currently been passed.
• Germany, as Europe’s biggest economy and most populous country, is a particularly good example of
a highly industrialised nation that aims at decarbonising its economy. The results of the so-called coal
commission setting the way for a coal phase-out are being observed worldwide.
• Denmark is widely considered a pioneer when it comes to RE, particularly wind energy, and the
transition of its electricity and heating system. Recently, Denmark’s political parties reached an
ambitious new energy agreement.
• The United States, being a vast territorial state with a complex political system, is another example
for the wide variety of the variables mentioned above.
These countries all have in common the experience of acting in a highly dynamic and internationally
intertwined context while transforming their energy systems from a rather centralised approach with
continuous energy generation based on fossil fuels to a more decentralised system with fluctuating
energy generation from thousands of energy production facilities (wind, solar, and biomass). This
requires that politics and regulation are governed by a clear long-term vision, with elaborated and
regularly revised mid-term targets and continuous concrete adjustment steps on a short-term basis.
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1. China
Building a Clean, Low Carbon,
Safe and Efficient Energy System
China is in the beginning of an energy transition with the aim of building an energy system for the
future. At the 19th National Congress of the Communist Party of China, President Xi Jinping confirmed
that China will promote a revolution in energy production and consumption. The country’s plans
emphasize shifting economic development from high growth to high-quality growth, a paradigm shift
that also applies to the energy sector. With the important milestones for 2020, 2035 and 2050, China
plans to develop a “clean, low carbon, safe and efficient energy system”.1
This chapter summaries the energy transition achievements of China in 2018 and future trends towards
2030. After a brief review of 2018 energy consumption, carbon emissions and power mix changes, we
review recent changes and newly announced policies, especially concerning renewable energy and
the upcoming phase-out of subsidies. China has begun to introduce a renewable energy obligation,
renewable tendering policies, and subsidy-free wind and solar pilots. Chinese policy-makers have faced
delays in building out the national Emissions Trading System (ETS) and regional spot power markets.
The chapter concludes by summarizing challenges facing China’s energy transition overall.

China is Still under Pressure of Carbon Reduction
China’s carbon dioxide emissions intensity (CO2 emission per unit of GDP) fell by 4.0% and energy
intensity (energy consumption per unit of GDP) decreased by 3.1% in 2018. Although both intensities
decreased, electricity generated from thermal power plants grew 6.7% and secondary industry’s energy
consumption grew 7.6%, implying that carbon- and energy-intensity improvements are primarily the
result of economic output outpacing growth in carbon emissions and energy use. Growing secondary
industry energy consumption could pressure China’s policies on coal caps and carbon reductions.

Energy Consumption Continues to Transform
China has seen progress in its efforts to transition away from coal, which includes scaling up other
energy sources as well as restricting coal use in key regions. In 2018, China had total primary energy
consumption of roughly 135.98 PJ, representing annual growth of 3.3%. Although raw coal production
increased by 4.5%, its share in total primary energy consumption declined below 60% for the first time.
Meanwhile, 2018 consumption of crude oil rose 6.5% and natural gas consumption grew 17.7%. China
is increasingly reliant on imports of oil and gas: imports accounted for 70.9% of oil consumption and
45.3% of gas consumption in 2018.

Electricity Consumption Continued to Increase
China’s total electricity consumption in 2018 reached 6846 TWh, an 8.5% annual increase, the highest
annual growth since 2012. Secondary industry contributed five percentage points of this growth, led
by high technology and equipment manufacturing industries, whose electricity consumption grew
9.5%. Tertiary industry consumption also increased sharply, led by telecom, software, and information
technology. As the trends of urbanization, electrification of heating, and rising living standards
continue, residential electricity consumption as also continued to show strong growth.2
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Renewable Energy Continues to Grow, Though Coal Power Rebounded
In 2018 China added 120 GW of new power capacity, reaching 1,900 GW total capacity. Non-fossil energy
resources took up 73% of this newly added capacity. In 2018, the power sector in China generated 6,990
TWh, 30.9% of which was from non-fossil energy sources, of which 26.7% was renewables and the
remainder from nuclear.3 China added 20.59 GW of new wind capacity, of which 47% was in East Central
and South China, diversifying wind power development across more of the country.4 China added
44 GW of new solar PV, 17% below the amount added in 2017 but above market expectations. The
proportion of incremental power capacity of distributed solar PV accounts for 47% which shows parallel
development of centralized and distributed solar PV markets.

Figure 2: 2018 Incremental Installed Capacity (Left); 2018 Incremental Power Generation (Right)
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Renewable Energy Curtailment Decreasing
China has improved uptake of renewable energy in the past two years. In 2018, China experienced
wind power curtailment of 27.7 TWh, a rate of 7%, a 5-percentage-point improvement versus 2017. In
2018, China saw solar power curtailment of 5.49 TWh, or 3%, 2.8 percentage points lower than in 2017.
Officials cited various explanation for high curtailment in certain regions, including high proportion of
renewable energy concentrated in certain provinces, competition with large scale thermal power plants
for operating hours, and inadequate transmission capacity.7

Biomass

Figure 2
Notice: Thermal power
= thermal in CEC
datasheet – biomass
in NEA datasheet.
Source: Biomass data China National Energy
Administration, January
20195; the rest date China Electricity Council,
December 20186

Figure 3
Source: China National
Energy Administration,
from March 2014 to
February 20198

Figure 3: China 2018 Curtailment of Wind (Left) and Solar PV (Right)
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Release of Renewable Energy Obligation Draft
China plans to adopt provincial level targets for renewable electricity consumption in 2019. The
implementation mechanisms consist of a renewable obligation enforced by provincial grid companies,
and green certificates that enable compliance entities to meet their obligation. The government
kicked off the development of China’s renewable energy obligation policy in 2001.9 Due to provincial
objections and other factors, the policy has experienced delays lasting nearly two decades. In 2017,
National Energy Administration (NEA) relaunched the process and issued a third renewable obligation
policy draft in November 2018.10 The policy sets an explicit goal of encouraging renewable electricity
consumption, especially to increase short-term uptake of existing wind and solar. It also aims to address
wind and solar curtailment, inadequate transmission of renewable energy between provinces, and
bilateral power trading that might discourage large customers from purchasing clean energy. NEA sets
renewable electricity consumption targets by province and provides measures to achieve them. Those
entities include provincial grid companies, stated-owned and private distribution grid companies,
electricity retail companies, industrial enterprises owning their own power plants, and large end-users
participating in bilateral electricity trading. Present plans call for the policy to go into effect in 2019.

New Wind Power Projects Required to Participate in Tenders Since 2019
As NEA pushes to wind down feed-in tariffs for new projects, since the beginning 2019 China has
required all new provincial centralized onshore wind and offshore wind power projects to participate
in tenders to receive construction quotas and feed-in tariff subsidies. The weight of price in assessing
bids is at least 40%. In December 2018, wind-rich Ningxia province announced the bidding results for its
first wind power auction.11 The auction results show that price was not the only factor in determining
winning bids.
Figure 4: Ningxia Onshore Wind Power Auction Results
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A Nationwide Unified Solar Tendering System is under Discussion
China has long experience with renewable energy tenders: NDRC launched the first renewable tender
in 2003.13 Since 2016, the government allowed all utility-scale PV projects to participate in tenders. As a
reward for regions that have used competitive bidding to reduce FiT subsidy payments, the government
grants proportionally higher annual provincial PV construction quotas.14 This policy, designed to lower
costs and reduce the subsidy burden, has partially achieved these objectives.15 Policymakers are now
discussing a nationwide solar tendering system to replace provincial feed-in tariff capacity quotas. One
possibility is an annual national tendering process, in which provincial governments would provide a list
of local tendering projects to NEA, and NEA would select projects based on accepting projects starting
from the lowest price until the amount of annual subsidies is used up. Provincial governments would
have to confirm that local consumption is adequate to integrate the added capacity.
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Figure 5: Solar Tendering Policies in China
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Plans to Scale up Subsidy-free Wind and Solar Projects
In January 2019, NEA and NDRC jointly announced a plan to launch subsidy-free wind and solar pilots
in regions with superior wind or solar resources and high local electricity consumption.16 Since these
pilots will not receive national government subsidies, their capacity won’t affect the annual provincial
wind and solar feed-in tariff project construction quotas. The tariff of the pilots must be the same or
lower than the local benchmark feed-in tariff for coal plants.17 By providing another tool to promote
renewable energy and bring down costs, the pilot policy should help scale up wind and solar in the most
cost-effective regions, and thereby accelerate the phase-out of subsidies. China anticipates wind and
solar will generally no longer receive subsidies in the early part of the 14th Five-Year Plan period (2021
to 2025).

China’s National ETS Marks First Anniversary
China’s national ETS was officially launched at the end of 2017. At the time, the schedule for establishing
the ETS called for a preparation phase, followed by trial operation, and then official operation. The
ETS currently remains in the preparation period; China has been making efforts on regulation system
building, infrastructure construction, verification of historical emission data from major emissions
entities, capacity building, and initiating carbon trading in the power generation industry. A national
data reporting system has been established with industrial emissions data from 2016 and 2017.
Although the design of the allocation system has yet to be published, an anonymous expert cited by
Energy Observer stated that policymakers plan to tighten carbon allowance allocation principles and
put into place an allowance distribution mechanism using baselines.18

Spot Power Market Pilots Delayed
NDRC and NEA jointly announced the first batch of spot power market pilots in August 2017. These
pilots covered eight regions and aimed to complete market designs by the end of 2018.19 Almost
all pilots have faced delays due to various difficulties in 2018. For instance, the pilot in Zhejiang
saw disagreements among policymakers and grid officials concerning grid participation in market
organization and annual account settlement. Provincial restraint of coal use will also affect the market
position of thermal power plants.20 The government has required the eight spot market pilots to
accelerate the research and preparation for initiating spot markets and drafting market operation
regulations.21 Pilots should start commissioning by the end of June 2019 provided no special obstacles
arise, and provinces should report progress monthly to responsible government departments. At
present, three pilots have already started the process: Guangdong, Gansu and Shanxi.22 The spot market
in Guangdong is well underway, although electricity from outside the province cannot participate
in trading, influencing its capability of reflecting actual power demand and supply information. The
system also lacks support mechanisms such as ancillary services markets and financial futures.23
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Spot Market Situation Affecting Competitiveness of Wind and Solar
During the first operating period of spot power markets, renewable power may face a bigger challenge
to be competitive with coal power. The 13th Five-Year Plan (2016 to 2020) stipulates that without
subsidy, wind power should be competitive with coal benchmark tariffs and solar PV should be
competitive with retail electricity prices by 2020.24 While wind and solar are likely to easily reach current
benchmark coal tariffs, market trading may result in still lower prices for coal power, reducing the
competitiveness of wind and solar. Environmental taxes and prices for other externalities are currently
too low to have a major impact on the price of coal power relative to renewables.25

Outlook: Three Revolutions are the
Future Development Trends in
China Energy Sector
At the 19th CPC National Congress, the central government proposed three revolutions to promote
economic development, covering economic quality, efficiency, and dynamics.26 NEA applied this
concept to the energy sector in its 2018 work guidance as follows.27 Quality Revolution is about the
optimization of existing and incremental energy mix by coal phase out and renewable expansion.
Efficiency revolution promotes synergetic development of energy industries, as a result to improve the
efficiency of the whole energy system. The dynamics revolution relies on technological and marketoriented innovative strategies to drive and diversify energy sector development.
Based on the projection of China National Renewable Energy Centre (CNREC), China should add 150350 GW wind and solar power capacity annually in 2020’s, of which 65-183 GW for wind and 71-183 GW
for solar, in order to achieve the below 2 degree target. In the long-term, wind and solar will dominate
power supply in the power sector, under this scenario.28

Annual Growth of Wind and Solar
Power Capacity (GW/year)

Figure 6: Annual Growth of Wind and Solar Capacity from 2017 to 2050
under the Below 2 Scenario
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Conclusion
In 2018, China saw various changes in energy transition process as well as in renewable energy policy
formulation. The energy consumption of the country continued to gradually shift away from reliance
on coal, but carbon emissions rose due to strong growth of secondary industry. Electricity consumption
also grew faster due to the improved economy. In power sector, wind and solar power generation rose
rapidly, and the longstanding problem of curtailed energy from these sources began to improve.
To build a clean, low carbon, safe and efficient energy system, the government adopted a series of new
policies and regulations for the sustainable development of renewable energy. In 2018, NEA required
all new wind power projects to participate in tendering since 2019, and it kicked-off subsidy-free wind
and solar power pilots that will receive incentives. Currently the renewable obligation mechanism and a
nationwide solar tendering system are under discussion. These efforts will be helpful for a cost-effective
renewable power expansion. In the future, China’s energy transition will focus on quality, efficiency and
dynamics’ improvement.
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Figure 6
Source: China National
Renewable Energy
Centre, December 201829
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2. European Union (EU)
Main Drivers and Long-term Energy Targets for
a European Energy Transition
The EU has ambitions to be the leading force in the fight against climate change. The EU has agreed
to spend at least 20 percent of its budget for 2014-2020 – as much as €180 billion − on climate
change-related actions.30 An EU-wide energy system transition is seen as an important driver for
the decarbonisation of the economy. Decarbonisation could be achieved by implementing common
targeted policies and advancing the structural integration of the EU.
In addition to the decarbonisation of its economy, the EU pursues two other important goals with its
energy transition: first, reducing the EU’s dependency on energy imports, which currently amount to
more than 50% of total energy consumption31, by increasing the share of renewable energies while also
increasing energy efficiency. Second, bolstering growth and employment in new industries considering
the developing global need for clean energy supply and the development of new technologies for a
sustainable energy system.
The long-term goal of reducing GHG emissions by 80-95% by 2050 compared to 1990 levels was set in
October 2009 by the European Council. In October 2014, the EU agreed on more concrete, EU-wide
targets for 2030. In August 2018, the targets for both energy efficiency (non-binding) and the share of
renewable energy (binding at EU-level) were reviewed and increased (see table below) according to this
strategy update.
The targets are to achieve a more competitive, secure and sustainable energy system and to meet the
long-term 2050 greenhouse gas reduction target. The targets are set at EU level, but do not prevent
Member States from pursuing their own, more ambitious targets.

Table 1: EU Energy Targets for 2030 and 2050

GHG Emissions Reduction
Compared to 1990 Levels
Energy Efficiency Increase
Compared to “Business-as-usual”-Projections
Share of Renewable Energy
of Total Energy Consumed

2030

2050

>40%

80-95%

>32.5%

--

>32%

--
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The “Clean Energy for all Europeans” Package
Arguably the most far-reaching change in European energy policy currently comes from the Clean
Energy for all Europeans legislative package (also called the Winter Package): Eight legislative acts aim
at shaping a new framework for the European energy policy in order to reach the EU energy targets for
2030 and 2050. They are grouped into the following three topics: the governance of the Energy Union
after 2020, the design of the electricity market, and the market conditions for renewable energies and
energy efficiency.32

Governance of the Energy Union after 2020
Regulation (EU) 2018/1999 on the Governance of the Energy Union and Climate Action 33
The regulation introduces a reporting mechanism for all Member States, obliging them every ten years
to set out national objectives, targets and contributions for the five dimensions of the Energy Union (see
figure below) in their respective “integrated national energy and climate plan”. Every two years, each
Member State shall report to the European Commission on the status of implementation of that plan.
Updates to the plan can be made if the result is an increase of the level of national ambition. In addition,
the new regulation contains detailed provisions on public consultation and regional cooperation and in
particular establishes a formal multi-level climate and energy dialogue.
Figure 7: Five Dimensions of the EU Energy Union

Energy Security
The Internal Energy Market
Energy Efficiency
Decarbonisation
Research, Innovation, Competitiveness

Furthermore, every ten years each Member State shall submit its long-term national energy and climate
strategy with a perspective of at least 30 years and update that strategy every five years.
The role of the EC is to monitor and assess the progress made by the Member States on a biennial basis.
If the national targets and/or actions of the Member States prove to be insufficient to reach the EU
targets and if recommendations by the EC to fill this gap are not considered by the Member States, the
EC shall be able to introduce measures on EU level in order to make sure the EU targets are reached.

Design of the Electricity Market34
Recast of the Regulation Establishing an EU Agency for the Cooperation of Energy Regulators (ACER) 35
The new regulation reforms and reinforces the Agency for the Cooperation of Energy Regulators (ACER)
as an independent European regulator that can counterbalance national (political) interests, creating
a more powerful agency that oversees the integrated energy market and decides on regulatory issues
with cross-border relevance. This includes adopting and implementing electricity network codes as well
as amending and approving methodologies developed by the European network of transmission system
operators (ENTSO-E) for generation adequacy assessments and electricity supply crisis scenarios.
Recast of the Directive on Common Rules for the Internal Market in Electricity 36
The new directive lays down key rules relating to the organisation and functioning of the European
electricity sector, in particular rules on consumer empowerment and protection, on open access to the
integrated market, on third party access to transmission and distribution infrastructure, unbundling
rules, and on independent national energy regulators. Several measures are included to empower
consumers and prosumers to actively take part in the internal electricity market, such as by introducing
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the right for consumers to demand dynamic price schemes from their energy supplier. The directive also
defines the roles of aggregators and specifies the tasks and responsibilities of both transmission system
operators (TSOs) and distribution system operators (DSOs) and sets out modes of cooperation among
Member States, regulatory authorities and TSOs towards the creation of a fully interconnected internal
electricity market.

Recast of the Regulation on the Internal Market in Electricity 37
The new regulatory framework for the European internal electricity market sets fundamental principles
for well-functioning, integrated electricity markets as well as fair rules for cross-border exchanges in
electricity. By that competition shall be enhanced within the internal market in electricity while taking
into account the particular characteristics of national markets.
The regulation contains:
• General rules for balancing markets, day-ahead and intraday markets;
• A framework for a more market-based dispatching of power plants, limiting priority dispatch for
renewables and high-efficiency cogeneration to small installations, pre-existing installations and
demonstration projects;
• A process for defining regional electricity markets (bidding zones) in order to improve cross-border
trading and hence economic efficiency and security of supply;
• New rules on network tariffs that shall prevent discrimination against energy storage and demand
response;
• Tasks and responsibilities of the European Network of Transmission System Operators for Electricity
(ENTSO-E) and the framework for so-called Regional Coordination Centres with the goal to further
develop the regional coordination of TSOs and to increase reliability and efficiency of cross-border
grid and system operation;
• A framework for a new European entity for DSOs in order to raise efficiencies in the electricity
distribution networks in the EU and ensure close cooperation with TSOs/ENTSO-E.

New Regulation on Risk-preparedness in the Electricity Sector 38
An assessment of the earlier Security of Supply Directive revealed significant shortcomings regarding
the interconnectedness of national energy systems. The EU has thus replaced the directive with a new
regulation that lays down rules for the cooperation between Member States in view of preventing and
preparing for managing electricity crises (such as due to extreme weather conditions, cyberattacks or
shortage of fuel) in a spirit of solidarity and transparency. It also takes into account the requirements of
a competitive internal market for electricity.
Notably, the new regulation contains the following measures:
• Establishing a methodology for identifying cross-border electricity crisis scenarios at a regional level
(to be developed by ENTSO-E);
• Developing a European methodology for short-term and seasonal adequacy assessments in order to
regularly assess the security of supply (to be developed by ENTSO-E);
• Implementing mandatory national risk-preparedness plans including mechanisms for cross-border
exchange of information and reporting obligation in case of crisis;
• Developing an approach to utilize all market-based options before triggering other measures of crisis
prevention.

Renewable Energies and Energy Efficiency
Directive (EU) 2018/2001 on the Promotion of the Use of Energy from Renewable Sources39
The directive establishes an EU-wide 32 % binding target for the share of RES in final energy
consumption by 2030. Different to the 2020 strategy, individual targets per Member State were not
defined. However, the national targets for RES share for 2020 have now become a binding baseline. By
2023, the EC is required to re-evaluate the 32 % target and, in case of need, to introduce gap-fillers—
additional measures to reach the common target.
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Furthermore, a number of concrete measures are set, such as:
• Opening of RES support schemes to cross-border capacity providers as an option for Member States
while setting indicative targets (2023-2026: 5 % of the newly-supported capacity per year; 2027-2030:
10% of the newly-supported capacity per year);
• Setting a binding EU minimum target of a 14% RES share in the transport sector with advanced
biofuels rising from low levels to a minimum share of 3.5 % by 2030;
• Reducing existing barriers for prosumers to consume their self-produces energy and to participate in
the energy market;
• Increasing the Member States’ share of heating and cooling from RES by 1.3 % per year (non-binding),
with a lower target (1.1 %) set for Member States where waste heat and cold is not used;
• Establishing higher GHG emissions savings criteria for biofuels and bioliquids.
Member States are required to transpose the revised directive into their national legislation by 30 June
2021.

Directive (EU) 2018/2002: Amended Directive on Energy Efficiency 40
A key element of this directive is the replacement of the current non-binding target of at least 27%
reduction of energy consumption by 2030 (compared to projections made in 2007) with a more
ambitious target of 32.5 %. This headline target may be revised upwards (but not lowered) on the basis
of a new legislative proposal in 2023. Additionally, indicative targets for all Member States shall be
formulated. The revised directive sets the new yearly energy savings obligation of 0.8 % of annual final
energy consumption between 2021 and 2030. The EC is required to assess whether the EU as a whole
has achieved its 2020 headline targets in energy efficiency and to evaluate the functioning of the revised
directive.
Further measures included are:
• Introducing a new methodology for calculating energy savings as well as more far-reaching energysavings obligations covering more sectors than under the previous directive;
• Strengthening existing provisions on individual metering and billing based on real consumption, and
introducing a new remote reading requirement;
• Introducing requirements for new, advanced meters for district heating, cooling and domestic hot
water to be remotely readable by 2020 (old meters will have to be replaced by 2027 unless this is
proven not to be cost-efficient);
• Improving transparency regarding the personal energy consumption of energy consumers by setting
clear rules for better billing information and by strengthening the consumers’ rights to receive
accurate information.

Directive (EU) 2018/844: Amended Directives on the Energy Performance of Buildings and on Energy
Efficiency 41
The revised directive contains a number of concrete steps for the buildings sector, such as:
• Expanding the provisions for Member States to establish a long-term renovation strategy to support
the renovation of the national stock of residential and non-residential buildings, both public and
private. Long-term renovation strategies will need to be accompanied by a roadmap for a highly
efficient and decarbonised national building stock by 2050, with indicative milestones for 2030, 2040,
and 2050;
• Formulating more clear requirements for the minimum energy performance of new buildings;
• Introducing e-mobility requirements for new non-residential buildings (as well as those undergoing
major renovation): Generally, buildings with more than ten parking spaces should have at least one
charging point, while pre-cabling should apply to at least one in five parking spaces. In addition, the
EC is required to publish a report on the promotion of e-mobility in buildings by 1 January 2023, which
could lead to further measures being introduced;
• Establishing a common scheme for rating the smart readiness of buildings. The rating shall be based
on an assessment of the capabilities of a building or building unit to adapt its operation to the needs
of the occupant and the grid and to improve its energy efficiency and overall performance;
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• Setting various thresholds (and some exemptions) for determining the needs for regular inspection of
heating and air-conditioning systems.
The EC should review the revised directive by 1 January 2026, with the possibility of proposing further
changes. Member States will be given until 10 March 2020 to transpose the revised directive into
national legislation.

Transfer to China
Subsidiarity – a Political Decision-making Process that Allows for
Regional Differences
As set out in the Paris Agreement, China and the EU both have the same overarching goal: to develop a
low-carbon, clean and efficient energy system as a basis for economic development.
The inherent value of a comprehensive policy approach for the whole of Europe is now clear. This is
a very important conclusion that can be drawn from the past years of energy policy in the EU which
now culminated in the Winter Package. Instead of looking separately at the different sectors and
fields of action, the Winter Package has aligned all policy measures regarding energy efficiency, RE
development, energy market development as well as R&D and innovation under one umbrella.
In addition, the example of the Winter Package highlights the role of the EU institutions in the pursuit
of defining common policies of Member States that may come from rather different starting points.
Similarly, China faces the challenge how to do two things at a time: following a consistent energy
policy and at the same time taking into consideration the differences between its regions and take into
account geographical or climate conditions due to historic developments of the structure of energy
supply.
The general approach of the EU is following the principle of subsidiarity: on the one hand, the EC as
a central entity focuses on setting and monitoring clear common targets and on making sure that
the general framework (market structures, regulations, infrastructure etc.) allows for a dynamic
development towards a new energy system. On the other hand, the Member States have both the right
and the duty to implement such policies that contribute to the common targets while at the same time
respecting their specific national conditions and potentials.
Besides obvious differences between the political and administrative systems of China and the EU, it
should be highlighted that integrated energy markets are the key instrument for a successful energy
transition. Regional and/or sector specific characteristics can and should be taken into account within
the general framework of such energy markets.

The EU-China Energy Cooperation Platform (ECECP)
The ECECP is a €3.5 million project funded by the EU with the overall objective to enhance the
mutual understanding between EU and China in each other’s energy sector and to contribute to a
global transition towards clean energy. Guided by the draft Joint Statement on the Implementation
of the EU-China Cooperation on Energy (July 2018), the main theme of the platform’s activities is the
transformation of the energy system. It will include exchanges in energy system modelling, energy
efficiency, LNG market development, and how to accelerate the commercialization of innovative
energy technologies. ECECP will also support EU energy businesses regarding market access in
China (communicating common market entry barriers; showcasing of EU competencies; information
on known issues and work-arounds, new regulations, incentive policies, standards, compliance
requirement etc. related to the energy sector).
The project is being implemented over three years by a consortium led by ICF Consulting, Energy
Research Institute of China (ERI) and China Energy Conservation and Environmental Protection
Consulting (CECEP). ECECP is financed under the Partnership Instrument which underpins new
relationships with countries that have graduated from bilateral development aid and for which the
EU has a strategic interest in promoting links with. Overall steering is provided by the European
Commission and in co-operation with the National Energy Administration (NEA) in China.
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3. Germany
Status 2018: RE Power Production
Caught up with Power Production from
Hard Coal and Lignite42
38.2 percent of the power consumed was generated by wind, photovoltaics, biomass and hydropower.
Among the renewables, especially photovoltaics has seen above-average power production, thanks
to a very long and sunny summer. The increases in PV power production offset a below-average year
for wind and hydro energy. Especially the capacity expansion of wind power fell back behind previous
years’ track record.
In 2018, renewables produced 228.7 TWh electricity, which is 12.4 TWh or 5.6 percent more than in the
previous year. Largest increase showed the power production from photovoltaics with 17.5 percent
compared to 2017, now at 46.3 TWh. This is mainly due to a very sunny year with around 30 percent
more sunshine hours than on average. The increase in power production from wind fell back behind due
to less capacity additions and a less windy year: wind onshore produced 93.9 TWh electricity and wind
offshore 19.4 TWh. Power production from hydropower decreased by 20 percent to 16.9 TWh, mainly
due to drought.
Power production from conventional energy sources decreased to 420 TWh. Hard coal decreased the
most, by 11 percent or 10.6 TWh, reaching 83 TWh. The reasons for this were unit shut-downs, increasing
commodity prices for hard coal and CO2 emissions, and an increased rate of renewables feed-in. Power
production from gas also decreased by 4.3 percent, now at 83 TWh. Here, decreasing factors include
increased import prices for gas, as well as in increased renewables power production. The higher CO2
prices in the EU-ETS, however, partially led to a substitution of hard coal power production with gas
power production, due to gas power’s beneficial position in the merit order at times of high ETS prices.
Nuclear power production remained on the same level as in the previous year, contribution 76.1 TWh
electricity. The shut-down of one plant at the end of 2017 was compensated with higher full-load hours
for the remaining fleet of nuclear power plants. The next power plant will shut down in December
2019 in line with the German nuclear phase-out plan, in which all nuclear plants will phase-out until
December 2022.
Lignite power production remained on a high level with 146 TWh, decreasing only by 2.4 TWh or 1.6
percent.
Due to a lower energy consumption because of a warm winter, high commodity prices and a slight
decline in production, the share of renewables in total energy consumption increased from 13 percent
to 14 percent. Furthermore, Germany’s greenhouse gas emissions declined significantly by 5.7 percent
or 51 million tonnes CO2-equivalent. Additional to the low primary energy consumption in industry,
heating and transport sectors, due to the increased prices for emissions certificates in the EUETS, power production from hard coal decreased and now contributes to 14.3 percent of the power
production.
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The Grand Coalition is Expected to Advance the Framework for
Further Transformation of the Energy System
Politically, Germany looks back at the first year of the newly reinstated grand coalition between the
conservative parties CDU and CSU and the social democrats SPD. In this new government, some
cornerstones for the future of the energy system are to be set: the coalition treaty agreed to increase
the target for the expansion of renewables in power consumption to 65 percent in 2030. Further, grid
expansion was made a priority by introducing a new law that allows accelerated approvals for power
lines.
Most public attention focused on the Commission on Growth, Structural Change and Employment – the
so-called Coal Commission.

Germany’s Coal Phase-out According to
Recommendations from the Commission
for Growth, Structural Change and Employment43
The Commission for Growth, Structural Change and Employment was initiated in the coalition treaty
of the coalition among CDU, CSU and SPD. The commission’s mandate was to agree on a phase-out for
coal and the necessary measures to be taken in coal (lignite) mining regions, namely Lusatia and the
Rhineland. It was set up with stakeholders from mining regions, science, business and industry, energy
industry, unions and civil society and accompanied by the board of state secretaries.
Currently, about 22 percent of the German primary energy consumption is covered by hard coal and
lignite. Nearly all of lignite is mined domestically, while 7 percent of hard-coal was mined domestically
in 2018. Hard coal mining, however, has been phased-out end of 2018, so that all hard coal consumed
has to be imported starting 2019.

Four Pillars of the Coal Compromise
In January 2019, the commission concluded its work with a proposal which has yet to be transferred
into legislative measures. The proposal includes four pillars: phasing out coal, building strong and
sustainable regions, modernizing the power and energy system as well as absorbing negative effects on
vulnerable affected groups.

Phasing out Coal
Phasing out coal includes renouncing new coal-fired power plants as well as opening new mines. It
further concludes a step-by-step phase-out of coal until 2038 with two intermediate step stones in
2023, where only 30 GW coal (15 GW lignite, 15 GW hard coal) remain in the system and 2030, where the
coal capacity is reduced to 17 GW (9 GW lignite, 8 GW hard coal). In the commission’s base year 2017,
Germany had 43 GW coal capacity (23 GW lignite, 20 GW hard-coal).
In order to prepare the affected regions for the future, the commission established three pillars for
structural development: building strong and sustainable regions, modernizing the power and energy
system as well as reducing negative effects on vulnerable interest groups.

Building Strong and Sustainable Regions
The commission proposes to incentivize the creation of new jobs by modernizing the affected regions
as energy regions with a focus on research and development in future energy technology such as
power-to-X and storage. Additionally, modernized infrastructure such as railways and mobile internet
infrastructure help to make the regions attractive locations for new businesses and could help attract
new private investment.
Modernizing the Power and eEnergy System
Modernizing the power and energy system in Germany ensures system stability and security of supply
with reserves and new gas capacity. To allow effective climate mitigation, the expansion of renewable
energy is crucial as well. Making the energy system more flexible allows for efficient integration of
variable renewables.
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Absorbing Negative Effects on Vulnerable Affected Groups
Transitioning vulnerable affected groups is eased by securing competitiveness with the compensation
of grid costs for affected industries as households. Additionally, a non-dismissal clause and labor market
measure are to ensure a smooth transition for workers in the affected industries and businesses.

Implementation of Suggested Measures
Short-term measures are suggested to be implemented until 2021, so that effects of the structural
management are immediate. The commission further suggests that the government frees financial
means to help especially large infrastructural measures. They assume an amount of 1.3 billion euros to
be invested over the course of 20 years.
To monitor, evaluate and adapt the phase-out plan as well as the structural measures, the commission
suggests continuous monitoring and progress reports as well as evaluations in 2023, 2026 and 2029 by
an independent expert panel. The commission’s proposal shall be translated into legislative measures in
the first half of 2019.

Transfer to China
Energy Generation Capacities in Germany and China
Germany and China face similar challenges regarding the fulfilment of their climate protection targets:
CO2 emission-intensive lignite is the dominant domestic energy source and important heavy industries
need access to reliable and affordable energy. Both countries are increasing their renewable energy
capacities considerably. In contrast to Germany, coal capacities in China were further expanded in
recent years due to the high level of economic growth. However, similar to the suggestions of the
German coal commission, the China Renewable Energy Outlook 2018 (CREO) shows how coal power
generation in China can be significantly reduced by 2035 and be compensated by further dynamic
installation of renewables.

Figure 8: Projection of the Development of
Energy Generation Capacities in Germany and China (2015-205o)44

Employees in the coal and renewables industry
Furthermore, in both countries the energy transition has effects on the amount of employees in the two
sectors. In China, many people are employed in the coal industry, so a quick transition in order to reach
climate protection goals is a challenging task. In Germany, the structural change of the coal industry has
developed over several decades. In comparison with China, in Germany there are proportionately fewer
jobs affected by the transformation. The trends of the scenarios show that there are more new jobs
generated in the renewables industry than existing jobs lost in the coal industry, provided that the right
political course is set.
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Figure 9: Projection of the Development of Employees in
the Coal and Renewables Industry in Germany and China (2015-205o)45
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4. Denmark
Higher Share of RE in Energy and
Power Consumption
In 2017, Denmark continued to add renewable capacity to the system, which along with a good wind
year lead to a new record in the share of renewables in both energy and power consumption.
32.4 percent of the energy consumption where covered by renewables in 2017. In terms of power
generation Denmark set a new world record of covering 43.8 percent of the Danish power consumption
by wind power generating 14.8 TWh by onshore and offshore installations in Denmark. Power
production from solar power plants has increased again and now contributes 2.3 percent to the total
power production. Including the increasing usage of biomass for the power sector the average carbon
emission per produced kWh went below 200 gram compared to more than 500 grams in 2005.
With 32.3 percent of the final energy consumption coming from renewable source including biomass
in 2017 and with the planned additional renewable capacity to be installed in the next couple of years,
Denmark will surpass its obligations to the EU of 30 percent of final energy consumption with good
margin by 2020.
After a slight increase in the carbon emission from the energy sector in 2016 the emission again went
down in 2017 with a decrease of more than 5 percent. Since 1990 the carbon emission related to energy
has reduced by 33 percent despite that the final energy consumption has only been reduced by 1
percent in the same period. The transition toward renewable energy sources and improved efficiency
in the energy sector including combined heat and power generation are the key factors behind this
development.

Transition in Close Cooperation between
Public and Private Sector
Several long-term plans and strategies have been setting ambitious goals for the development in the
energy sector in Denmark. There has been broad political consensus about both the goals and the
implementation of the most important initiatives. The involvement and stimulation of both the private
sector and academia has also been very important for the changes in the Danish energy sector. It set
the basis both for the development of new technologies like renewable energy and energy efficiency,
and for the transformation of energy systems and planning including exploiting synergies like combined
heat and power generation, utilization of exceed heat from the industry, etc. The private sector has
provided important stepping-stones for policy makers to reach and even surpass energy targets and
ambitions.
Denmark started this journey without having all the solutions and answers. Both the public and private
sector have been able to mobilise funding for the development of new energy solutions in close
cooperation with universities and other part of Danish academia. However, as an open economy in
international competition all solutions have to pass the test of offering economically viable energy
services to companies and consumers going forward. A strong focus has been on maturing and reducing
costs of new energy technologies and systems to serve the Danish society with both economically and
environmentally sustainable products and solutions.
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Holistic Long-term Energy Planning
For a sector characterised by major long-term investments like power plants, grid, etc., it was
important to provide visibility on long-term policies and thus business certainty which reduces risk
premiums and funding costs. For new and immature energy technologies, Denmark has been offering
economic frameworks like feed-in premiums securing the financial viability of the projects. These
support mechanisms have been closely monitored to make sure energy consumers would benefit from
improvements of the economic efficiency of emerging technologies.
An on-going dialogue between politicians, lawmakers, regulators and key stakeholders in the energy
sector including major utilities, technology companies and energy system operators has been key
factor in the development of energy policies and regulation in Denmark. The dialogue has ensured good
and effective decisions and solutions as well as a high level of investor certainty. Major changes in the
energy market have been analysed, discussed and in most cases some level of compensation has been
offered for disruption of traditional business models toward a low carbon future of the Danish energy
supply.
The transition of the Danish energy system has also included smaller consumers and private households.
This was done by using a combination of energy standards, incentives and public campaigns focusing on
energy efficiency, common energy solutions like district heating and changes in everyday behaviour to
secure a more energy efficient society. One of the biggest efficiency gains has been made in the heating
of Danish households with an 80% reduction in energy consumption per square meter since the 1960s.
Part of the stimulus of energy efficiency has come from introducing energy taxation for businesses and
private energy consumers. Raising the price of energy has improved the business case for investing in
energy saving technologies and systems.

Setting and Meeting
Ambitious Energy Targets
As a member of the EU since 1973, Denmark actively follows EU targets for the transformation of
the energy sector. Denmark has rapidly implemented the market and sector transformation of the
energy sector, including international energy trading and unbundling of the power sector. Denmark’s
“early mover advantage” also meant that the country specific targets in the EU’s energy strategy
2020 approved in 2009 were significantly higher than the EU average despite the lack of traditional
renewable energy options like large-scale hydro power. Denmark’s 2020 target includes a 31 percent
GHG reduction compared to 1990 level46 and as mentioned before getting 30 percent of Denmark’s final
energy consumption from renewable energy source – both well above the overall EU targets for 2020
that aim at a 20 percent GHG reduction compared to 1990 level and a 20 percent share of renewable
energies. Projections made by the Danish Energy Agency show that Denmark will most likely surpass
both targets with a GHG reduction of 32 percent in 2016 and renewable energy generation share already
at 32 percent in 2017.

New Ambitious Energy Agreement
Unanimously Approved
Not surprisingly Denmark is set to have more ambitious targets with respect to the EU energy targets
for 2030.47 Based upon these targets, the political negotiations on a new Danish energy agreement
began earlier this year in order to set the course and targets for the period beyond 2020 for the Danish
energy sector. High on the agenda was a further transformation away from fossil fuel based energy
sources, a further improvement of energy efficiency and the advance of a market based energy
sector securing a cost effective transformation and thus competitive energy prices for consumers and
enterprises.
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Textbox 1: Key Elements in New Danish Energy Agreement
• Focus on ways and means to reach Danish energy target of covering 55 percent of gross
final energy consumption by renewable energy sources by 2030
• Further expansion of offshore wind power generation through tender for additional three
800 MW projects to be built before 2030
• Funding for technology neutral renewable energy tenders for additional onshore wind and
solar PV capacity and support scheme for biogas
• Support further electrification of Danish energy sector by lower and adjusted electricity
taxation
• More market-based energy systems in order to reduce the level of public support including
more competitive based and focused support for energy efficiency initiatives, further
liberalisation of the heat sector, etc.

In late June 2018 an agreement that includes all of the political parties represented in the Danish
parliament was reached aiming for more ambitious targets set by EU and responding to a call for
additional effort by the Paris Agreement to secure the 2 degree target. The Danish government is now
aiming at a renewable energy target of 55 percent of the gross energy consumption by 2030 responding
to the increase of the overall EU renewable energy target by 2030 from 23 to 32 percent. The current
“frozen policy scenario”48 shows that Denmark will be 15 percentage points off this target without
new political and regulatory initiatives. The new Danish energy agreement includes a target of adding
additional three 800 MW offshore projects by 2030 and funding of EUR 563m for technology neutral
renewable energy tenders. At the same time spatial planning for up to 10 GW of offshore wind capacity
in Danish waters will be conducted to insure that further offshore wind capacity can be established
quickly if so decided.
One part of the new energy agreement is also the explicit target to eliminate coal consumption in
the Danish power sector altogether by 2030. Coal accounted for almost 30 percent of Danish power
generation in 2016. The increase in wind and solar based power generation along with a further
transition toward biomass and biogas power generation is the main element in this transition toward a
zero coal based power sector in Denmark.
To support the electrification of the Danish energy supply including the use of more electricity in the
heating sector a reduction of taxation of electricity and a revision of other energy related taxes have
been proposed. The proposal also includes a reallocation and more specific support for certain energy
efficiency measures in the industry and for R&D of green energy solutions.
In the late autumn of 2018 the Danish government presented a climate and clean air act (Together for a
greener future) focusing on climate and air pollution from especially the transportation and agriculture
sectors. The main headlines of the plans are:
•
•
•
•
•

Phase out the sale of new petrol and diesel cars in 2030
Zero carbon emissions and air pollution from busses and environmental zones by in cities 2030.
A climate- and environmentally-efficient agricultural sector, with a strong focus on research.
Lower emissions from industry and housing including behavioural campaign with climate labelling
Research efforts to develop carbon capture and storage technologies for use in Denmark’s fields and
forests

Political negotiations over the plan are still going on but selective initiatives including lower electrical
vehicles taxation have been enforced.
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Flexibility Key for Renewable Energy Integration
A significant element of the Danish energy transition has not only been introducing new technologies
in energy sources, energy generation and energy transformation but also transforming systems and
markets to accommodate these technologies both from a technical and economic point of view. A
good example of the energy system transformation is how the power sector has been redesigned to
accommodate large quantities of fluctuating renewable power generation, particularly wind power.
As described in more details in China Renewable Energy Outlook 2017 the key elements in the system
transition have been advanced planning and forecasting; improving flexibility of CHP plants; creating
an effective and transparent power market; and establishing a strong domestic transmission grid and
cross-border interconnectors.
Going forward, with the goal of even more fluctuating power in the Danish energy system, further
planning of infrastructure (grid) and market is vital to preserve the high level of system stability and
competitive power prices. Further integration and interconnection with neighbouring countries and
the EU power system is part of the answer. In addition, the ability to store and use electricity in other
sectors like heat through heat converters is being explored. Furthermore, the future electrification of
transportation is part of this plan. The Danish energy planning is closely aligned with the EU plans for a
more deeply integrated Energy Union.49

Transfer to China: Large-scale RE
Integration and Market Transformation
China has already introduced many of the technologies Denmark has been using for the transformation
of the energy sector. Denmark and China are consequently sharing the challenges in terms of system
integration and change in business models for the power sector. Denmark has a lot of good experiences
especially regarding how to convert CHP plants from must-run units to important local flexibility
resources. Focusing on power plant flexibility in the large coal-fired power plant fleet in China is one
way to address the current curtailment issues for fluctuating power sources like wind and solar both
from a technical and economic point of view in China. Conversion of coal-fired power plants into waste
or biomass is another way to maintain thermal power generation in a cleaner and more sustainable
way. It could lead to reducing the carbon footprint and making use of China’s biomass potential. Finally,
methods and experiences made in Denmark in terms of power sector planning and scenario analysis
could be used to facilitate alternative routes for the energy future of China along with more focus on
improving overall energy efficiency and reducing the energy intensity of the Chinese economy as done
by Denmark in many sectors.
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5. United States of
America (USA)
Power System Transition:
Where the U.S. Stands
The power sector transition in the U.S. is primarily driven by considerations of reliability, cost and
resilience. The Trump administration aims to propel America to lead the world in both oil and natural
gas production and in reducing energy emissions.50 In 2018, the U.S. became world’s largest crude
oil and natural gas producer.51 At the federal level, 2017 saw the Trump administration modify or
reconsider many energy-related policies implemented under the Obama administration, including the
U.S. Nationally Determined Contribution (NDC) under COP 21, the Clean Power Plan, and Corporate
Average Fuel Economy standards for vehicles. In addition to these actions at the national level, stateand local-level actions must also be considered. This is due to the division of authority between the
federal government, which has jurisdiction over interstate commerce, and the states, which have
primary jurisdiction over local issues such as customer rates and plant siting. The impacts of federal
policy are often mitigated by market factors not regulated by the federal government, such as the price
of natural gas relative to the price of coal, reductions in the cost of new technologies such as wind and
solar power, and power plant decisions controlled by state authorities.
The U.S. will keep promoting renewable energy development. In January 2019, Daniel Simmons was
officially sworn in as the Assistant Secretary for Energy Efficiency and Renewable Energy (EERE) at the
Department of Energy.

“Renewables, along with energy storage and energy efficiency, are critical elements of our overall
energy and economic strategy, and I am pleased to have Assistant Secretary Simmons on board to
continue advancing our country’s renewable technologies.” Mark W. Menezes, Under Secretary of
Energy52
When Congress signed the Energy Policy Act in 2005, 51.3% of power generation was supplied by coal.53
Since then, innovation in fuel extraction techniques such as hydraulic fracturing in combination with
horizontal drilling has caused a significant increase in the supply of natural gas, leading to lower prices.
Additionally, renewable energy adoption has increased significantly, primarily driven by declines in
capital costs for wind and solar power systems, favorable policies, and increased investor confidence in
the performance of these technologies. Because of these changes, the share of coal generation in the
U.S. power sector dropped to 27.4% in 2018.54 This change has also been reflected in a recent trend of
coal plant retirements—according to AEO 2019, at the end of 2018 U.S. coal generator capacity totaled
240 GW, down from approximately 310 GW in 2008. An additional 101 GW of capacity is projected to
retire by 2050.55 Meanwhile, utility-scale renewables accounted for over 17.0% of total U.S. electricity
generation; notably, utility and small-scale solar net generation increased by 24.4%, and total
renewable generation increased by 4.5% from 2017 to 2018[5]. The transition has also been reflected
in jobs. Solar workforce has grown 159% from 2010 (93,502 workers) to 2018 (over 242,000 workers)
in the U.S.56 Although experienced slightly decline since 2016, the outlook for solar jobs is expected to
improve in 2019 because of the state level policy incentive and the backlog of utility-scale projects.57
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Current Focus Points and Potential
Some key approaches and experiences of the U.S. energy transition are described below, with their
implications for the future of the U.S. energy sector and thoughts about their relevance for the Chinese
energy transition.

Bottom-up Policy Development
Independent of the federal government, several states and cities have formed a coalition—the U.S.
Climate Alliance—to implement the U.S. NDC of economy-wide GHG reductions between 26-28%
below 2005 levels by 2025 at the state level. Members of the Alliance include 19 states and the territory
of Puerto Rico, representing over 40% of the U.S. population and comprising 31.2% of 2015 U.S. energyrelated carbon dioxide emissions.58 59 b
A key policy instrument to achieve GHG reduction goals has been the Renewable Portfolio Standard
(RPS), versions of which have been enacted by 29 states.60 c The Lawrence Berkeley National Laboratory
estimates that in 2018, 55% of retail electricity sales were covered by an RPS in U.S. California,
Connecticut, Massachusetts, New Jersey, and New York made major revisions to their RPS programs
in 2018. For instance, California increased its RPS target to 60% by 2030 and mandated a 100% clean
energy target by 2045.61 Establishing an energy efficiency target is another renewable incentive
approach. For example, in 2018, Colorado regulators boosted Xcel’s annual energy efficiency target
25% (from 400 GWh to 500 GWh, 2019 to 2023) in order to provide increased benefit to customers and
reduce the utility investment costs.62

b

Since these data were
compiled, an additional
state, Wisconsin, has
joined, bringing the total
number of member states
to 20, plus Puerto Rico.

c

29 States + Washington
DC + 3 territories have
a Renewable Portfolio
Standard (8 states and 1
territory have renewable
portfolio goals).

Looking forward, ambitious policies are anticipated to continue to emerge from the state and local
level.63 In the private sector, 49% of large corporations headquartered in the U.S. were actively sourcing
renewable energy in 2018.64 Globally, corporations signing clean energy contracts have more than
doubled between 2017 and 2018, to 13.4 GW, of which U.S. corporations accounted for 60%.65

Market Structures and Prices
Overall there has been movement away from centrally regulated command and control monopoly
utilities to competitive markets, but these have taken different forms due to regional circumstance,
political commitments, and transmission interconnections. In addition to the numerous regional,
multistate markets which operate under the jurisdiction of the Federal Energy Regulatory Commission
(FERC), other novel approaches to encourage the optimal dispatch of renewables have appeared.
California’s Independent System Operator (CAISO) has operated the Western Energy Imbalance Market
(EIM), implementing the near-real-time trading of energy between utilities since 2014; mechanisms like
this prevent the curtailment of excessive renewable generation by expanding the market’s footprint,
mitigate congestion, increase system flexibility, and enhance grid reliability. Eight states and one
Canadian province are now part of the EIM, with two utilities having joined in 2018, and five more
planning to do so by 2021.66
In New York, there have been additional developments in the state’s Reforming Energy Vision (NY
REV) initiative. Through a series of regulatory changes, NY REV intends to change the role of utilities
from selling power at the distribution level to operating a distribution platform for the participation
of distributed energy resources (DER). In this vision, the distribution system maintained by the utility
becomes a power market for behind-the-meter resources, storage, and microgrids to participate as
producers and consumers. The project represents a significant regulatory effort towards a flexible,
resilient electric grid.67

FERC Policy Update
In 2018, FERC implemented a number of rules to enhance power system reliability, improve regional
market transparency, ensure system security, and reduce customer expenditures. Table 2 illustrates the
main issues FERC addressed in 2018.
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Table 2: EU Energy Targets for 2030 and 2050
DOCKET

DESCRIPTION

RM18-1-000
AD18-7-000

At the federal level, the U.S. Department of Energy proposed a new tariff structure for
RTOs to compensate resources which provide resilience benefits, especially those with
onsite fuel such as coal and nuclear plants. This proposal was rejected by FERC in early
2018, but FERC has since initiated a new proceeding and asked grid operators to provide
details concerning how they are planning for grid resilience.68

RM17-13-000
RM17-12-000

FERC proposed to approve new mandatory Reliability Standards to bolster supply chain
risk management protections for the nation’s bulk electric system.69

RM16-23

FERC issues final rule on electric storage participation in regional markets. This rule helps
remove barriers from traditional market design on energy resources by requiring each
regional grid operator to revise its tariff to establish a participation model for electric
storage resources. This rule will enhance competition and promote greater efficiency in
the nation’s electric wholesale markets and will help support the resilience of the bulk
power system.70

RM17-2-000
RM17-8-000

FERC issues final rules to improve regional market transparency and interconnections.
RM17-2-000 addresses transparency in terms of uplift payment, operator-initiated
commitments and transmission constraint penalty factors in power markets. RM178-000 addresses reform of generator interconnection procedures, promote informed
interconnection decisions and enhance the interconnection process.71

RM18-2-000

FERC directed the North America Electric Reliability Corp to develop modifications to the
Critical Infrastructure Protection Reliability Standards to improve mandatory reporting of
cyber security incidents.72

RM19-5-000
PL19-2-000
AC18-59-000

FERC took future steps on tax reductions for energy customers and provides industry
guidance.73

Evolution of the Baseload Concept
Increasing penetrations of variable renewable energy have changed the nature of what “baseload”
generation means and its contributions to system reliability. Characteristics such as flexibility can
be more useful planning concepts for exploring approaches to minimizing power disruptions.74
With a sufficiently time-resolved understanding of the demand profile and wind and solar forecasts,
operators can assess how much flexibly scheduled power from other sources, including combined
cycle natural gas, coal or nuclear, demand response (DR), or other assets, is needed. In California, novel
approaches to DR are being utilized to reduce the need to turn on thermal plants for peak load. CAISO
has introduced a Proxy Demand Resource market, which allows for aggregators of distributed energy
resources (DER) to participate in real-time and day-ahead energy markets. Aggregators have seen a
high level of adoption through alerting customers in real-time when consumption at their node is high
and compensating them for reducing their load.75 Continuous interaction with customers allows DR
to be utilized by smaller loads at a much higher frequency than typical DR resources. These flexible
resources are enabled by various mechanisms, including specific products or the ability to bid services
into markets such as capacity, demand response, or ramping. 76
Various DER technologies such as PV paired with storage, combined heat and power systems, and
microgrids enhance system resilience during system-wide grid outage events. As the frequency and
intensity of outage events evolve, policy makers at all levels are introducing new interconnection
processes and standards to facilitate the adoption of resilient technologies in the power system.

The Future of Storage
Significant decreases in the cost of battery storage systems have occurred in recent years and continued
cost decreases are anticipated. In the future, variable renewables could increasingly become paired with
battery storage to provide additional grid services in a cost-effective manner. Recent FERC orders could
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significantly alter the landscape for utility-scale battery storage by requiring grid operators to allow
the participation of storage in energy, capacity, and ancillary service markets.77 Additionally, a recent
FERC order requires that all newly interconnected generators provide primary frequency response
capabilities78; this could result in renewable resources susceptible to deviations in their frequency from
wind or clouds increasingly being paired with battery storage to stabilize frequency output.

Barriers to Trade
President Trump announced a four-year tariff (Section 201) on imports of certain PV modules to the
U.S. beginning in 2018.79 The tariff begins at 30% and ratchets down by 5% per year until expiring in
2021. The tariff is designed to inspire additional investment in domestic PV manufacturing; some have
estimated that it could cause a short-term reduction of 11% in new PV installations in next five years.80
Solar project cancellation and interconnection delays in 2017 resulted in many projects spilling over into
2018.81 The U.S. expects 11.1 GWdc of new PV installations in 2018, with virtually flat growth compared
to 2017.82 The uncertainty of the Section 201 tariff caused developers to delay projects, and could be a
reason for increasing utility solar procurement in late 2018.83

Transfer to China
Beyond the obvious systemic differences, China and the U.S. share a number of common challenges on
the path to power sector transformation, each country standing to benefit from the experiences of the
other. A deliberate approach to sharing lessons learned can have a beneficial long-term impact on both
countries and on the international community. Some notable aspects are described below.

Needs for technology research and development
Advances in technology will further enable greater deployment and broader application of advanced
energy technologies. There is still room to achieve higher efficiencies, lower costs, and better
environmental sustainability in manufacturing and disposal of these technologies. Such continued
advances could accelerate energy sector transitions to a lower-carbon-emitting composition. Examples
include PV chemistries not reliant on rare earth minerals, development of new storage technologies
capable of meeting specific power sector needs throughout a range of time scales, and advances in new
technologies such as marine hydrokinetic generation.

Industry maturation: standards
One hallmark of mature industries is the existence of standardization to reduce transaction costs and
increase regulatory certainty. As the renewable energy industry matures, an increasing share of cost
reductions may come from the establishment of these standards. Standardizing the communication
protocols of components such as controllers could reduce project engineering costs associated with
nascent technologies like microgrids. Similarly, establishing standard contracts improves investor
confidence and lowers transaction costs associated with financing. Opportunity for international
standardization of Renewable Energy Certificate (REC) tracking instruments also exists. As China’s own
Renewable Portfolio Standard develops, communication with U.S. states that have implemented REC
tracking schemes is a valuable avenue to share lessons learned.83 As the market for RECs grows globally,
standardization in database management and accreditation methods will become critical in ensuring
the validity of environmental attributes certificates.

Flexible power systems
Perhaps the greatest challenge energy sectors face globally is the effective integration of variable
renewable energy at high penetrations. This challenge will be much more prevalent and pervasive as the
industry grows and countries achieve their policy goals. Effective integration can be achieved through
planning for system flexibility and through power market design. As China looks to fully integrate its
wholesale power market by 2040, lessons can be learned from international experience, including
U.S. ISO/RTOs and jurisdictions like the Western EIM, which have demonstrated an ability to provide
reliability while integrating flexible resources.
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