


About  ECECP

EU-China Energy Cooperation Platform was launched on 15 May 
2019, to support the implementation of activities announced in the “Joint 
Statement on the Implementation of EU-China Energy Cooperation”.

The Joint Statement was signed during the 8th EU-China Energy 
Dialogue that was held in Brussels on 9th April between Commissioner 
for Climate Action and Energy Miguel Arias Cañete and the Administrator 
of the National Energy Administration of China Mr ZHANG Jianhua, 
back-to-back with the 21st EU-China Leaders’ Summit on 9 April 2019 
and was witnessed by Jean-Claude Juncker, President of the European 
Commission; Donald Tusk, President of the Council of Europe and Dr Li 
Keqiang, Premier of China.

The start of the implementation of the EU-China Energy 
Cooperation Platform (ECECP) was included in the EU-China Leaders 
Summit Joint Communique.

The overall objective of ECECP is to

“enhance EU-China cooperation on energy. In line with the 
EU’s Energy Union, the Clean Energy for All European initiative, the 
Paris Agreement on Climate Change and the EU’s Global Strategy, 
this enhanced cooperation will help increase mutual trust and 
understanding between EU and China and contribute to a global 
transition towards clean energy on the basis of a common vision of 
a sustainable, reliable and secure energy system.” 

ECECP is implemented by a consortium led by ICF, jointly with 
National Development and Reform Commission- Energy Research 
Institute and China Energy Conservation and Environment Protection 
Consulting.
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Dear Friends and Colleagues,

During the last two months when COVID-19 rages in China and now in EU and the 
rest of the world, we at ECECP have been trying to carry on as normal as possible to 
support EU China cooperation in energy and show solidarity during this global public 
health crisis.

ECECP team is now distributed in Europe (Denmark, Belgium, Germany, Czech 
Republic, Austria, UK), China and USA. Meanwhile the work of ECECP is moving 
full steam ahead. We are finishing three reports agreed in the Joint Statement on EU 
China Energy Cooperation on Renewable Energy and Electricity Market Design, and we 
successfully kicked-off the ENTSO-e Grid Planning Cost Benefit Analysis Showcasing 
in China workstream and held a three-day Kick-off and Initation Workshop. Of course 
last but not least, this double issue ECECP Newsletter. 

Finally, on behalf of ECECP, I would like to thank our colleagues at the EU 
Delegation in China, DG ENER and NEA for their support and flexibility during the 
past three months and to our colleagues and experts who continued unfailing to deliver 
quality work despite very difficult personal circumstances. 

Please stay safe, stay positive and stay creative, and we will meet again soon.

Yours sincerely

Flora Kan
ECECP Team leader
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Intro

Throughout his young career, Markus demonstrated dedication for solving global 
environmental challenges. He can count on international work experience from clean 
technology and renewable energy companies, the United Nations and the European Union. 
Markus holds a bachelor’s degree in international business from WU Vienna, a master’s 
degree in Environmental Policy from Sciences Po Paris, and is currently studying his second 
master’s in International Relations at Peking University.

Building on his academic and professional experience, Markus’ research interest lies 
in the role of energy companies in contributing to international relations. For his thesis, 
Markus is investigating how the international business community has become a strong voice 
for climate action, addressing the question why a majority of utilities and several oil & gas 
companies have shifted their communication and positioning and are playing an ever more 
supportive role in global climate governance. He is also analyzing to what extent the growing 
importance of sustainable finance and the strong performance of ESG investments has 
contributed to this trend. Further, Markus has looked into the business opportunities that 
both industrial and oil & gas companies can capture when making strategy transitions in line 
with a low-carbon future, finding that mid-term returns from reorientation largely outweigh 
short-term gains.

Kristina Schagane is currently a UC Berkeley 
undergraduate majoring in Environmental Economics 
& Policy, and minoring in Chinese Language. She spent 
two consecutive summers in China, in 2018 completing 
Princeton in Beijing at Beijing Normal University and 
in 2019 interning at ICF International. During her time 
at ICF, she worked on a variety of climate change and 
clean energy projects, among which included the 
development of the Future of Hydrogen Takeaway for 
ECECP. At present, Kristina’s work is related to reducing 
the environmental impact of fashion companies. 
Her interests lie in the intersection of sustainability 
and business, sustainable development, and energy 
cooperation between countries.

Markus Fischer   
Austrian

Kristina Schagane   
American

Introducing ECECP Junior Postgraduate Fellows
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Helena is currently a PhD candidate at the Center for Energy and 
Environmental Policy Research at Beijing Institute of Technology (CEEP-BIT), one 
of the leading energy research institutes in China. In the context of power market 
reforms in China and the EU, Helena’s research focuses on the integration of 
distributed energy resources through market-based solutions on a local level. 
Aiming to develop solutions that meet both technical and socio-economic 
criteria, her work combines qualitative and quantitative approaches. Helena 
tracks regional, national and local power market legislation in China and the EU 
to determine the impact of changing regulations on use cases, business models 
and design options of power markets. She conducts semi-structured interviews 
with relevant stakeholders and utilizes agent-based modeling and optimization 
techniques for the simulation and analysis of local power markets. Her recent 
research projects include a comparison of local electricity market concepts in 
China and the EU and an efficiency assessment of a decentralized peer-to-peer 
mechanism vs. a centralized auction for distributed energy.

Prior to starting her PhD, Helena gained experience in project management 
for water treatment projects. In that role, she was responsible for the project 
coordination, in close cooperation with German partners, as well as partner 
organizations and government authorities in China. Helena has a background in 
Economics, Governance and Chinese and holds a Master degree from University 
of Bayreuth and a Bachelor degree from University of Hamburg.

Veronika graduated from SOAS, University of London with a 
bachelor’s in Chinese and Korean studies. Currently she is pursuing a 
master’s degree in China Studies focusing on Politics and International 
Relations at the Yenching Academy of Peking University. Her academic 
and professional interests revolve around the agricultural commodity 
trade at the intersection of energy, food security, and climate 
challenges. In particular, she is researching the global value chains of 
tropical commodities such as palm oil and the soybean in relation to 
biofuels and livestock feed. She is also exploring how the agricultural 
sector can fit into broader bio-economic decarbonisation pathways in 
the context of sustainability initiatives such as certification schemes, 
corporate commitments, technological upgrades, and policy landscapes 
in the EU, China, and Latin American countries. At present, she is a co-
director of the Beijing Energy Network where she organises talks about 
energy and environmental topics by experts in the field.

Helena Uhde   
German

Veronika Spurna
Czech
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Fatima Zahra Ainou, native Moroccan, has been living and studying in China since 
2008, at present, Fatima is a PhD student in the program of Energy & Environmental 
Economics at Center for Energy & Environmental Policy Research, Beijing Institute of 
Technology, (CEEP-BIT), her doctoral research sheds light on Energy Security, Renewable 
Energy & Sustainable development, through her dissertation project, she investigates 
the Energy Security Assessment using an indicator system analysis, and a developed 
framework demonstrated in a particular case study for Morocco, she takes a multi-
dimensional approach that encompasses the fields of Economics, Technology, Socio-
Politics  and Environment, by implementing modeling technique, her research aims 
at forecasting the energy security level in the future perspective toward different 
development pathways of the energy security system. Fatima is also interested in North-
Africa and Europe energy interdependency studies, seeking technology cooperation and 
greater access of electricity between the two ends.

Fatima received a Master of Economics degree from University of Science and 
Technology Beijing, and a Bachelor of Economics and International Trade degree from 
Zhongnan University of Economics and Law. During her Bachelor and Master studies, 
she grows her personal skills and competencies in International Trade and Marketing 
through her training in Chinese trading Companies having a partnership with Africa 
and Middle East, she has also served as volunteer junior lecturer at Hankou University 
(2012-2013) and Beijing College of Finance & Commerce (2014) for Business English 
Communication program.

Xinchun (Br ian)  Yang is  current ly 
pursuing his MA degree in econometrics and 
quantitative economics at New York University. 
Xinchun graduated from Tsinghua University 
with a BS in electrical engineering and Peking 
University with a BA in economics. He has 
studied in Paris, and had research experience 
in academic institutions in Beijing, Hong Kong 
and New York. His research interest lies in the 
fields of renewable policies and electricity 
market. Xinchun has worked for think tanks to 
work out published reports on climate change 
and sustainable development, and he has 
also initiated several social impact events on 
renewable energy.

Fatima Zahra Ainou   
Moroccan

Xinchun (Brian) Yang 
Chinese
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China Optimizes Subsidy Measures 
 for Renewable Industry Upgrading

Policy
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At the start of 2020, China issued 
several key guidelines and measures 
concern ing  the  rev i sed  subs idy 
measures as well as the construction 
plan for wind and PV power generation 
projects in 2020. These guidelines 
aimed at further reducing the sector’s 
reliance on financial support, paving 
the way for a healthy development of 
renewables in the new era.

After years of rapid develop-
ment, non-hydro renewable energy 
is now not only an essential part of 
China’s energy supply, but also an 
important part of energy security. 
As the documents pointed out, the 
renewable energy industry has entered 
a critical period of transformation 
amid technological progress. Wind 
power, photovoltaic and other forms 
of  renewable energy generat ion 
have almost reached gr id par ity 
with coal-fired generation and other 
conventional fuels. Therefore, policies 
supporting renewables will have to 
evolve to adapt to the new normal 
and ensure a future that creates more 
room for healthy development. This 
is what the Chinese government is 
currently trying to accomplish.
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1

A Little Background

Ever since the introduction of 
the Renewable Energy Law in 2006, 
China has gradually established a 
series of policies including the FIT 
subsidy scheme, purchase guarantee 
and market mechanisms to support 
the development and utilization of 
renewable energy. As for financing 
support, a renewable subsidy fund is 
raised by levying a renewable surcharge 
in the power tariffs, in order to reward 
the green power feed-in to the grid. 
This has been co-managed by the 
Ministry of Finance and the National 
Development and Reform Commission 
and the National Energy Administration 
since 2012. China’s central government 
has allocated a total of more than 
450billion RMB to support the rapid 
development of China’s renewable 
energy industry, fueling the country’s 
energy transition.

Blessed with the government’s 
clean energy transition ambitions and 
generous support, by the end of 2019, 
China had installed an accumulated 
capacity of more than 210GW of 
wind power, 200GW of solar power, 
and 22.54GW of biomass power, 
keeping steadily on track to achieve 
the target of 15% non-fossil energy 
share in China’s total primary energy 
consumption in 2020. 

At the same time, large-scale 
application of PV and wind energy has 
constantly driven down the technology 
and construction costs of renewable 
power generation projects, establishing 
a basis for renewables to compete at 
a level playing field with conventional 

fossil energy. Renewables have come 
a long way and have now become an 
important force in transforming China’s 
energy structure. 

2

A Tricky Issue: 
Renewable Subsidies  

For years, renewable subsidies 
have played a key role in fostering 
the prosperous development of the 
industry in China. The country has 
long established a subsidy scheme 
to incentivize renewable generation 
projects under the Renewable Energy 
Deve lopment  Fund  (REDF) .  The 
original purpose of the subsidies was 
essentially to offset the higher costs of 
renewable generation when compared 
to conventional fuels such as coal and 
gas. However, the financial support 
is clearly becoming less relevant as 
the costs of renewables continues to 
fall and the industry becomes more 
economically competitive.

However, with more and more 
projects constructed, the renewable 
subsidies have placed a major financial 
burden on the central government. 
In  the past  few years ,  the REDF 
has witnessed an ever-expanding 
deficit currently amounting to RMB200 
billion.

Due to the deficit, the govern-
ment has had to delay the subsidy 
payment to renewable producers. 
So far, China has only issued seven 
batches of the renewable projects 
catalog for eligible subsidies, in which 

only 52GW solar power projects were 
covered, representing less than 25% of 
the total solar power installed capacity. 
This means there is still  a sizable 
portion of China’s operating renewable 
projects that has not been included in 
the subsidy list, and accordingly, has 
not secured a subsidy payment. Even if 
they made the list, the projects often 
encounter an average of 1-1.5 years 
delay for subsidy payment, and in some 
cases, after sending electricity to the 
grid, projects faced a payment delay of 
4 years. 

Undoubtedly, the delayed sub-
sidy issue has restricted the cash 
flow of many renewable companies, 
especially medium and small private 
companies. The unfulfilled government 
support has not only brought on higher 
financial costs for most companies, 
but also weakens the investment 
confidence for developers.

With the rapid development 
of the renewable energy industry 
and as renewable generation began 
to perform economically, clearly the 
relevant management and subsidy 
m e c h a n i s m s  b e ca m e  u n a b l e  to 
adapt to the changing situation. In 
fact,  the additional income from 
renewable energy surcharges seems 
far from enough to meet the needs 
of renewable energy generation, and 
the enlarged subsidy fund gap has 
brought about a series of problems. 
Acknowledging that there is no way 
to fulfill the gap by raising renewable 
surcharges, because the government 
has already made the firm decision to 
lower energy bills in order to stimulate 
the industry ’s  development and 
economic growth, China resolved to 
adjust management mechanisms to 
better adapt to the current status of 
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the renewable energy industry and 
realize the smooth transition from 
renewable energy to parity.

In the past two years, China 
has struggled in its transition from 
FITs to subsidy-free projects, setting 
timelines to gradually phase out feed-
in tariffs for future projects, while 
giving subsidy-free projects with more 
favorable policy conditions. On the 
other hand, the country tried to further 
limit the subsidy payout to existing 
projects, sending a clear signal to avoid 
enlarging the subsidy payment gap. 

Moving away from subsidies all 
at once will certainly scare away many 
enthusiastic developers. Therefore, 
to force the move to grid-parity, the 
government also introduced the 
renewable auction approach with 
subsidy levels acting like a cap. In order 
to encourage developers competing 

for zero-subsidy projects, a generous 
package of  eight key support ing 
policies was also proposed, including 
long term PPA contracts, full acquisition 
of generation, and guaranteed grid 
connections,  paving the way for 
entering the grid-parity era after 2020.

As the industry evolves, the 
shortfa l l  in  subsidy funds keeps 
g ro w i n g ,  c a l l i n g  fo r  a n  u r g e n t 
improvement in government subsidy 
policies. Therefore, on January 23rd, 
the Ministry of Finance, the National 
Development and Reform Commission, 
and the National Energy Administration 
jointly issued their official Opinions on 
Promoting the Healthy Development 
of  Non-Hydro Renewable  Power 
Generation, specifying some basic 
principles to guide further transitions, 
while bringing new ideas to solve the 
issue of delayed subsidy payments.
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The document introduced a 
new principle: that the scale of new 
subsidy projects should be determined 
by revenue of newly added subsidy 
funds, to ensure that new renewable 
projects will no longer suffer from 
subsidy payment delays, as a means to 
safeguard the sustainable development 
of renewables. In other words, starting 
2020, the overall subsidy quota might 
no longer be a fixed number, but rather 
based on the actual fund collection. 

A c c o r d i n g  t o  t h e  o f f i c i a l 
statement, taking into consideration 
electricity consumption growth and 
other factors, the additional subsidies 
to support new wind power, solar and 
biomass power generation projects 
are expected to be kept within 5 billion 
RMB, further cutting subsidy scales. 
New offshore wind power and solar 
thermal projects will only receive 
subsidies from local governments 
based on local conditions, rather than 
from the central government, getting 
ready for embracing grid-parity era.

On the same day, NEA issued 
the notice concerning matters on wind 
and PV power generation construction 
for 2020. Within the assumed 5 billion 
RMB new subsidy fund, 1.5 billion 
will be allocated to PV generation 
projects, in which 1 billion is allocated 
for bidding competit ion projects 
including ground PV and commercial 
distributed projects, with the other 
0.5 billion reserved for residential PV 
projects. Subsidy quotas for wind and 
biomass power projects are yet to be 
determined. 

As for the stock projects in 
the subsidy payment waiting list, the 
document also specifies that all eligible 
renewable projects should be covered 
by the subsidy system. In a follow-

up document issued by the relevant 
department on Feb 5th, which mainly 
specified the revised measures on the 
management of additional funds for 
renewable energy electricity prices, it 
clearly noted that the subsidy catalog 
scheme will be scrapped from 2020, 
and that all eligible renewable projects 
not included in the former seven 
catalogs will also be subsidized with no 
further limitations. However, since the 
overall fund is relatively limited, the 
new move may imply fewer subsidies 
for renewable energy projects that 
made the first seven lists. 

N e w  p o l i c i e s  a l s o  s e e k  to 
increase the subsidy income and 
reduce expenditure through various 
approaches, trying to reduce the 
demand for non-compliant subsidies 
while easing the subsidy pressure on 
stock projects. The Ministry of Finance 
will allocate subsidies for renewable 
energy power generation projects to 
power grid enterprises and provincial 
financial departments in accordance 
with the above principles.

3

Hurray for the PV Sector

Many industry players believe 
that  the  new subs idy  measures 
show strong positive signals for the 
PV industry in particular, which may 
greatly ease the cash burden and 
distress for PV developers. 

I n f l u e n c e d  by  t h e  s u bs i d y 
payment delays, many PV plant owners 
have to sell their plants to ease the 

cash flow pressure, which has been a 
common industry practice in the past 
few years. In addition, at least 150GW 
of PV projects were left out from the 
previous subsidy list and suffered 
severe financial risks, leaving them hard 
to trade because buyers had difficulty 
building their investment decisions by 
judging the potential payoff. 

Under the new principles, the 
unfulfilled subsidy issue is more likely 
to be solved gradually by making sure 
no new subsidy gap is added, which 
may help further release PV industry 
demand. Moreover, the scrapping 
of the subsidy projects catalog by 
incorporating all eligible projects under 
the subsidy system will contribute 
to resolving the untradeable issue of 
a large number of PV stock projects 
by providing a much wider subsidy 
authorization channel, which may 
effectively facilitate the financing 
process while helping to revitalize 
these stock projects. 

By Jieqiao Chi
The views and opinions expressed 

in this article are the author’s own, 
and do not represent the views of ECECP.
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Stranded Assets in China and the EU
– Exploring Policy Measures for a “Just Transition”
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It was not just recently that 
researchers, think tanks and decision 
makers started warning about the 
wasted investment into coal power 
plants. There is political consensus 
in the EU and in China that a shift 
towards a low-carbon economy is 
necessary. Leading financial institutions 
are increasingly backing out of coal 
investments and reports show that 
existing coal mines are sufficient to 
cover demand. According to an analysis 
by Carbon Tracker (2015), projects with 
a total value of USD 2 trillion globally 
are at risk of becoming stranded 
assets. And in policy workshops and 
articles, terms like “stranded assets”, 
“overcapacity crisis”, “coal bubble” 
and “just transition” are repeated 
constantly. But what does this mean 
and how did we get here?

1

Stranded Assets

The term “stranded assets” is 
used to describe investment projects 
that are unable to recover their 
investment costs,  leading to a loss for 
investors. In the energy context, we 
mainly talk about coal power plants 
that are not operated as intended 
due to climate policies and decreasing 
costs of renewable energy. If the 
international community wants to 
comply with the targets set in the Paris 
Agreement, a large part of the coal 
resources used for value estimations 
must not be monetized, leading to a 
“coal bubble.”

for overcapacity, reached more than 
70% in Gansu, Heilongjiang, Shanxi, 
Liaoning, Jilin and Inner Mongolia in 
2015. The small coal power plants with 
capacities below 300,000 t/a tend to 
use backward technologies and do not 
comply with industry regulations (Fei, 
2018). In order to cut overcapacity by 
at least 25%, China started to merge 
state-owned coal power assets in 
Gansu, Shaanxi, Qinghai, the Xinjiang 
Uygur autonomous region, and the 
Ningxia Hui autonomous region.

In  December the European 
Commission presented the European 
Green Deal,  which aims to make 
Europe a climate-neutral continent 
by 2050. If the EU takes its 2°C target 
seriously, it will have to deal with an 
estimated 85GW of stranded asset 
capacity, which sums up to about 
EUR 50 billion in investment losses. 
Regions that depend on economic 

Drivers for this development 
include slowing demand growth, 
env i ronmenta l  po l i c ies  and  the 
decreasing cost of renewables, which 
make coal power less competitive. 

2

The Situation in China and the EU

China decided it would reach 
its carbon peak by 2030, and during 
the 19th National Congress of the 
party determined the “battle against 
pollution” to be one of the three 
major challenges. The mitigation of 
overcapacity in the coal sector is an 
important step towards cleaner energy 
supply. Reserve margins, as an indicator 

Figure 1 Drivers for coal transitions. Source of icons: Freepik.com.
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monostructures, such as the North of 
Great Britain, the South of Italy, Eastern 
Germany and large parts of Eastern 
Europe are especially vulnerable. 

3

Reducing the Risks

There are two types of risks that 
need to be addressed with adequate 
policies: coal power plants as stranded 
assets and mining regions. If stranded 
assets are not addressed properly, they 
could affect social stability and have 
a negative impact in the international 
efforts against climate change. In 
mining regions, governments face 

three challenges: security of supply, 
loss of jobs in the coal sector, and 
regions economically affected by the 
transition.

How can we reduce the future 
risk of stranded assets in the coal 
sector? The first step for governments 
is to provide investors and other 
stakeholders with more transparent 
information on the risks associated 
with investing in fossil fuels, taking 
into account  the background of 
climate policies. By creating a standard 
practice for climate-related reporting, 
investors and other stakeholders can 
be protected. On the decision-makers 
side, more rigorous project planning 
and approval are necessary to avoid 
further overcapacities. The emissions 
trading systems (ETS) in the EU and 
China are important instruments for 

internalizing the environmental costs 
of coal-fired power generation. In the 
long run, market mechanisms can 
be used to help signal the real value 
of assets, so that further investment 
into loss-making coal power plants is 
avoided.

In order to ensure the security 
of supply, coal power needs to be 
replaced by a portfolio of renewable 
energy and flexibility mechanisms. 
Fitting coal power plants with carbon 
capture and storage (CCS) or carbon 
capture utilization and storage (CCUS) 
technology could extend the lifetime 
of coal power plants. Due to the high 
costs of technology development, 
forecasts expect though, that even 
with CCS and CCUS, coal power plants 
will only remain as a minor parts of the 
energy mix.
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Structural Policies to Tackle 
Unemployment and Empower 

Vulnerable Regions

Drawing on experiences from 
the past, three elements of structural 
policies have been proven successful 
to tackle unemployment and empower 
vulnerable regions: 1) Participation 
and dialogue forums, 2) Support and 
compensation schemes for workers 
in affected sectors and 3) Regional 
support schemes to promote economic 
diversification and reorientation. Figure 
2 shows a collection of examples for 
each of the different support schemes.

In  order  to  reach  po l i t i ca l 
consensus for the implementation of 
structural policies, open discussions 
with different stakeholder groups 

Figure 2 Examples of structural policies for coal transitions. Concept based on Schulz and Schwartzkopff (2016).

are useful to collect ideas and make 
informed decisions on how money 
should be spent. A recent example 
in the EU is the Growth, Structural 
Change and Employment Commission 
appointed by the German Federal 
Government, which worked from 2018 
to 2019 to formulate measures to 
reach the 2030 emissions target and 
to develop a policy mix for affected 
regions. Stakeholder discussions are 
also important in the China’s residential 
sector, where households, especially 
low-income households, rely on coal to 
meet their energy needs. 

Support and compensation for 
workers, including remunerations for 
those who lost their jobs and funds for 
trainings, are a common policy tool. In 
China, after a policy that required three 
million households to switch from coal 
to gas or electricity for heating, cooking 
and hot water supply was implemented 

in 2017, subsidies to compensate these 
households for equipment installation 
and higher energy costs were provided. 
Drawing on experience from coal phase 
outs in the German energy sector, the 
authors in a recent report suggest not 
only to offer compensation to younger 
employees in the coal industry, but 
also to address innovations and the 
economic potential of all sectors in a 
specific region. 

Regional support schemes are 
important to help a region restructure 
its economic potential. Structural 
deve lopment  measures  inc lude 
investments in the economy, science, 
infrastructure  and soft- locat ion 
factors. The promotion of soft-location 
factors, such as standards of living and 
attractiveness of a location, are needed 
to keep workers in the region, so that 
companies investing there can find the 
skilled personnel they need. Measures 
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to support soft-location factors include investments into cultural and leisure activities, 
childcare and other services for young families. With its initiative “Coal regions in transition”, 
the EU aims to establish transition strategies for regions that rely on coal and to identify 
and implement innovative solutions. And in China, the government can rely on extensive 
experience from its cluster policy in technology and innovation parks. Since each region has 
its own specificities, participation and stakeholder dialogue should always be the first step in 
finding tailor-made solutions and using resources most effectively.

5

Exchange Between the EU and China Can Foster New Ideas

Both in the EU and China, underutilization of coal fired power plants brings great 
challenges, such as energy substitution, finding other sources of employment and economic 
challenges for coal-dependent regions. In order to avoid further investment losses, the 
construction of new coal power plants needs to be re-evaluated, and stopped if a stranded 
asset is foreseeable. Transparency measures, such as the creation of reporting guidelines, 
can help inform investors about the risk of their investments. Stakeholder dialogues, 
compensations for workers and regional support schemes can help to absorb the negative 
effects. And finally, an intensive exchange between the EU and China about new ideas for 
regional support schemes and lessons learned from the process can bring benefits to both 
sides.

By Helena Uhde, ECECP Junior Postgraduate Fellow
The views and opinions expressed in this article are the author’s own, 

and do not represent the views of ECECP.
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Tracking the Impacts of Coronavirus on 
the Energy Sector

The 2019 Novel Coronavirus, officially known as COVID-19, began to spread all across China 

beginning in December 2019, reaching its peak in February. Having spreading to over 200 countries, 

with confirmed cases spiking exponentially over the past few days, the crisis has caused a series of 

political, economic and social impacts all over the globe, threatening to trigger the greatest economic 

downturn and human health crisis in recent history.
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Tracking the Impacts of Coronavirus on 
the Energy Sector
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Since the outbreak, the black 
s wa n  i n c i d e n t  h a s  s t ro n g l y  h i t 
China’s economy. According to Zhang 
Yansheng, a senior researcher at 
the China Center for International 
Economic Exchanges, the economic 
downturn threatens to bring down the 
full-year 2020 GDP growth rate to an 
estimated 5.6%. Nevertheless, Zhang 
is optimistic that the economy could 
rebound back through the second 
quarter.

The sudden disruption to the 
Chinese economy is mainly caused by 
business activities coming to a standstill 
in the wake of government measures 

such as mass quarantine and travel 
restriction. Unpredicted consumption 
demand due to customer behavior 
changes, supply chain interruptions 
and environmental uncertainty of 
potential investments, noted by the 
British Chamber of Commerce in China 
(BCCC), are just some of the changes 
China has faced this year. 

Economists predict that eco-
nomic activities will quickly normalize 
pretty fairly in the second-quarter as 
progress in domestic outbreak control 
continues and that China’s policy 
settings may keenly support pushing 
activity levels above trend in the 

second half of the year. 
Undoubtedly,  the outbreak 

has already caused severe economic 
a n d  m a r ke t  d i s r u p t i o n  i n  m o st 
economies. As COVID-19 turns into a 
global pandemic, its damages to the 
global economy have already been 
felt in numerous sectors, resulting in 
sharp demand drops for a majority of 
products. Countries and regions that 
depend on both Chinese-made supply 
chain components and sales to Chinese 
consumers are being affected very 
strongly, especially considering that 
China contributes 16% to the global 
economy.  

COVID-19 Global Cases by Johns Hopkins (CSSE)

Source: Johns Hopkins (CSSE)/ 07/04/2020

How Is Coronavirus Affecting the Global Economy?
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The  pandemic ’s  impact  on 
the global economy will  l ikely be 
significantly greater in comparison to 
SARS in 2003. Since China’s economic 
lockdown starting from the Spring 
Festival, China’s output contractions 
and its catalytic effects are being felt 
around the world. According to OECD, 
these economic shocks reflect the 
key and the rising role China has in 
global supply chains and travel and 
commodity markets. The magnitude 
of economic losses to be faced is 
unable to predict and depend on how 
the outbreak evolves. Yet, the recent 
performance of financial markets has 

already reflected the extraordinary 
uncertainty of the situation and panic 
l ingering in most markets. Major 
economic  organizat ions  such as 
World Bank and OECD are forecasting 
sequential declines without exception 
in global as well as regional GDPs in 
the first half of 2020. Immediate and 
coordinated powerful actions among 
countries must be undertaken to bring 
the global economy back on track for a 
vigorous restart. 

Because energy is regarded 
as the main driver of the modern 
economy, it comes as no surprise 
that energy demand has dramatically 

decreased in the short term, leading to 
volatility in global energy prices. The 
longer-term challenges that energy 
producers and product manufacturers 
will face remain uncertain.

Coronavirus will have a signi-
ficant impact on the energy sector 
through numerous channels. Which 
parts of the energy sector are most 
vulnerable to the market disruptions 
caused by coronavirus? And what are 
the impacts are these sectors already 
facing?

Oil Market in Chaos: The Whammy of Decades 

As COVID-19 explodes rapidly 
all over the world, oil demand is facing 
the most difficult period for the first 
time since 2009. This is due to the 
deep contraction in oil consumption 
in China, followed later by the rest 
of the world, and because of major 
disruptions to global travel and trade.

In a shocking revision of Rystad 
Energy‘s forecast at the beginning of 
March based on updated simulations 
of the virus’s growth patterns, global 
annual oil demand is predicted to crash 
down to 97.1 million bpd in 2020 from 
99.9 million bpd the previous year. 

This marks a decline of 2.8%, and the 
prospects of further decline have not 
been ruled out.  

With new lockdowns spreading 
to Europe and state of emergency 
declarations in countries such as the 
US, India, and Russia, the global oil 
market is now facing the hardest hit in 
April, with a projected demand drop 
of as much as 11 million bpd year-on-
year. 

Specifically, global demand for 
road fuels is expected to fall 2.2%, 
while jet fuel demand, unfortunately, 
will likely face the hardest impact of 

roughly 20% this year. By looking at 
China alone, demand for road fuel went 
down by 1.5 million bpd in February, 
we can anticipate that the rest of the 
world will follow this downward path.

According to Rystad Energy’s 
latest forecast under the “effective 
prevention” scenario (see Figure 
below),  the negat ive impacts  of 
COVID-19 on global oil demand could 
amount to a decrease as much as 10 
million bpd in the coming weeks.

The widely applied containment 
measures being used among countries 
to control the spread of the outbreak 
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are restraining people’s movements 
and socia l  act iv i t ies,  a l l  causing 
downward pressure on oil prices that 
has experienced its largest fall in 30 
years.

Wood Mackenzie estimates that 
oil consumption in the first quarter 
will be 2.7 million bpd less than the 
same period in 2019. While a proposal 
calling for an additional 1.5 million 

b/d reduction in supply through at 
least Q2 2020 was agreed upon, the 
OPEC+ group has shown a failure to 
fulfill the said agreement. This left 
Saudi Arabia and Russia at a tense 
meeting in Vienna pledging to increase 
production, resulting in a dramatic 
plunge in Brent crude to nearly $37 per 
barrel, with West Texas Intermediate 
(WTI) at around $33 per barrel. 

Source: Rystad Energy
*Nam: North America, **RoV: Rest of the World
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According to Trading Economics 
data, Brent crude has shifted nearly 
to $20 a barrel by the end of March. 
Market analysts have already warned 
of (this) further declines in oil prices: 
the global oil market will certainly be 
facing one of the most turbulent times 
of the century.

IEA Executive Director Fatih 
Birol and OPEC Secretary-General 
Mohammed Bark indo expressed 
their deep concern over the current 
situation, especially for vulnerable 
developing countries that heavily 
depend on oil and gas production 
incomes for essential services. These 

Source: TRADING ECONOMICS, 07/04/2020

locations may face major risks of 
market volatility, with a potential 
income drop of 50% to 85% in 2020, 
hitting the lowest levels in over two 
decades. 

As for the impact of low oil 
prices on the upstream sector, if low 
prices remain unchanged, high-cost 
producers may exit the market. In 
other words, less money might go 
towards investments, new projects 
will face delays, and projects already 
underway will experience expenditure 
cuts. 

Pess imist i c  case  scenar ios 
reveal that if controlling the spread of 

coronavirus takes longer, and demand 
from other major players outside China 
such as Europe and the United States 
remains subdued in the next quarter, 
global oil demand could face a further 
decline.

T h e  f u t u re  o u t l o o k  o f  t h e 
oil sector is extremely difficult to 
predict given the fluid situation of 
the pandemic. It will depend on how 
quickly governments move to contain 
the pandemic, how successful their 
efforts are, and the impact the global 
health crisis has on economic activity.

Brent Oil Prices Fluctuation in One Month During the Outbreak
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The pandemic is also posing major challenges to a gas market that is already struggling 
and facing plummeting prices. According to Rystad Energy’s revisions to March forecasts, 
in the most likely scenario, gas prices in Europe for 2020 are expected to go down 0.7% 
compared to previous forecasts, while the annual growth in gas demand will be limited to just 
2 billion cubic meters (Bcm), a 4 Bcm drop from pre-corona forecasts.

Gas demand in the next two months is expected to experience a combined loss of 
4.1 Bcm, 4.4% less compared to Rystad Energy’s pre-coronavirus forecast. In the case of a 
projected 30-day lockdown, Europe’s total gas demand is likely to be limited to 89.2 Bcm 
versus the previous forecast of 93.3 Bcm, and countries like Germany, Italy, the United 
Kingdom, France, the Netherlands, and Spain will take the biggest hits in absolute volume.

Gas-consuming sectors will probably have big impacts on demand, as most activities will 
be shut down. Europe’s gas demand in the power sector is projected to drop by 7%, while the 
commercial sector may face an even steeper drop of 20%, as shown in the figure above. 

Short Term Gloomy Gas Market



21

Market 

To add insult to injury, these 
lockdown measures come in a period 
in which Europe had already been 
experiencing low gas demands due to 
the mild winter. This has been coupled 
with regional gas prices running at 
a low record due to the availability 
of regional supplies availability and 
sufficient underground stocks.

According to Carlos Torres Diaz, 
Rystad Energy’s Head of Gas and 
Power Markets, “With TTF front-month 
prices currently trading below $3 per 
MMBtu, we see limited downside risk, 
given that at a lower price, exporters 
of US spot LNG cargoes would not 
be covering their short-run marginal 
cost and would rather divert cargoes 
to other regions, or adjust down 
production.”

Yet, Rystad Energy is still seeing 
the prices at risk of falling to a level of 
$2.3 per MMBtu for the short term. 
Without necessary adjustments to 
stabilize the market, the emergence 
of gas price recovery before next 
winter is  unl ikely.  However,  the 
current low natural gas price assures 
its competitiveness against coal, 
which may attract Asian buyers such 
as China, Japan, and South Korea to 
import additional LNG supplies. This 
could favor prices to remain stable at 
$3 per MMBtu throughout the second 
quarter of the year. The lower-running 
gas price is believed to promote the 
coal-to-gas transition in economies 
such as Japan and South Korea in the 
case of policy support, whereas the 
European market could see a different 

scenario since renewables are already 
cost-competitive as gas. However, for 
some economies, the current situation 
may on the contrary trigger a switch 
away from oil and gas due to rising 
price volatility. 

Delays in equipment supply 
and panics among workers on the 
platform are causing gas projects 
to be postponed, similar challenges 
facing the oil industry. This is what 
i s  happening  in  the  North  Sea , 
which encountered difficulties in 
transporting infected employees from 
offshore platforms by helicopters, 
putting operations under risk. As 
long as the virus continues to spread, 
g a s  c o m p a n i e s  m a y  f a c e  e v e n 
worse impacts that could end up in 
bankruptcy.

Power Supply-Demand Takes a New Shape

T h e  p o w e r  s e c t o r  i s  a l s o 
e x p e r i e n c i n g  u n p r e c e d e n t e d 
disruption. Reduced demand, project 
delays as well as shrinking utility 
revenues are among many industry 
concerns. 

A s  m o r e  c o u n t r i e s  b e g a n 
instituting quarantine measures 
along with remote working directives 
to l imit the spread of COVID-19, 

electricity demand in the affected 
regions has seen steep declines. IEA’s 
analysis found that countries that have 
imposed lockdowns have typically 
seen their electricity use drop about 
15%.

In  the f i rst  two months  of 
2020, during which China was going 
through the hardest times fighting 
the pandemic, statistics show that 

China’s  e lectr ic i ty  consumption 
declined 7.8% compared to the same 
period of last year. Similarly in Italy, 
one week after imposing a national 
lockdown, the nation saw significant 
reductions in peak demand and energy 
use, of 18% to 21% from last year, 
according to EPRI data. 

Also, the electricity demand 
pattern is expected to take a different 
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shape: many experts believe that the 
electricity demand in the weeks and 
months after lockdowns will largely 
resemble the consumption pattern 
seen on the weekends, as more people 
stay at home. Take China for example—
statistics show that electricity con-
sumption in the residential sector 
increased 2.4%, while those industrial 
and commercial sectors saw decreases 
of 12.0% and 3.1% respectively, in the 
first two months of 2020. 

Given the fact that the situation 
is already well under control in China, 
and that more and more factories have 
begun to recuperate unscheduled 
shut-downs, the power consumption 
of the industrial sector may slowly 
recover in the second quarter.

On the supply side, China’s elec-

tricity output in the first two months 
of 2020 also fell 8.2% compared to 
the same period of last year, amid 
an economic and power demand 
slowdown. Specifically, thermal, hydro, 
and nuclear generation declined by 
8.9%, 11.9%, and 2.2% respectively, 
while wind generation was only down 
0.2%, and solar generation increased 
by 12%, reflecting the more resilient 
performance of renewable energy. 

For China, COVID-19 is reportedly 
only having limited impacts on power 
projects, with only minor construction 
postponements anticipated mainly 
due to equipment delivery delays 
and short-term labor shortages. After 
all, utility-scale power projects are 
usually on the top of the government’s 
agenda, enjoying top priority. The 

latest news shows power projects 
construction is already back in full play 
in China by the end of March.

Other countries will probably 
encounter similar power supply-
demand patterns.  Furthermore, 
as a consequence of lower energy 
use and lower capacity demands 
for power systems, the pandemic is 
also leading to potential shrinking 
revenues for power utilities, which is 
already being seen in the US. How the 
power sector will perform this year 
will largely depend on the severity 
of the economic downturn and the 
government’s response.
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For the renewables sector, 
the long-term implications of the 
fast spiraling COVID-19 pandemic 
remain unclear, although supply chain 
constraints and worker shortages are 
already being felt.

China, once the storm center of 
the first wave of COVID-19 pandemic, 
is not only the biggest renewable 
market in the world, but it is also the 
world’s largest renewable product 
manufacturing superpower.  The 
world’s renewable sector is undergoing 
tremendous ripple effects under the 
threat of the virus, most prominently 
on the supply side. The actual impact 
of  the virus on these industr ies 
will depend on how quickly China’s 
enormous supply chain can return to 
full production.

Ripple Effects on the Renewables Sector

Global  so lar  supply  chains 
are suffer ing s igni f icant ly,  with 
underperformance being seen at 
every step along the chain. According 
to BNEF, China accounted for 72-
96% of the global manufacturing 
capacity  for  s i l icon-based solar 
products, also processing more than 
95% of the bottleneck silicon wafer 
production. The entire supply chain 
of global silicon-based solar products 
is extremely vulnerable due to the 
unpredictable lower supply, which 
has resulted from labor shortages, 
understock of key materials and 
restricted logistics and shipping. 
Nationwide work stoppages coupled 
with fuel and material shortages due 
to low transport capacity have led to 
factory utilization rates slumps. These 

slumps could cause delivery delays of 
solar products and their components, 
consequently pushing prices to jump 
in the short-term.

This delay in supply may have 
significant effects on both upstream PV 
manufacturers and the downstream 
installers all across the world. The 
potential for delayed product delivery 
could likely push back China’s solar 
project  construct ion  t imel ines . 
Already,  the China Photovoltaic 
Industry Association (CPIA) has urged 
the government to postpone grid 
connection deadlines for large scale 
solar projects, as late completion 
would affect the amount of subsidies 
received. 

Since China’s central and local 
governments have already proposed 
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incentives such as subsidies and tax 
reductions to kick-start the domestic 
economy after the virus is generally 
contained, full production recovery is 
likely to be seen in the second quarter. 
According to an industry survey carried 
out by CPIA, the average utilization 
rate of PV manufacturing facilities in 
China has already bounced back to 
63% as of February 20th. Given this 
optimistic figure, production recovery 
may speed up shortly, which would 
help ease the tension on global solar 
power market.

Overseas solar markets have 
already seen shortages of solar module 
supplies and price fluctuations. Take 
India’s solar market for example—the 
country, which depends heavily on 
Chinese imports of silicon products, 
has already faced a shortage of 
3 G W  fo r  s o l a r  p ro j e c t s  d u e  to 
late delivery. India MNRE issued a 
notification stating that the outbreak 
would be covered under the force 
majeure clause and that solar project 
developers could apply for legitimate 
project delays. The government also 
allows for the movement of material 
and staff to ensure the renewable 
sector functioning well during the 
nationwide lockdown.

In the US, however, coronavirus 
is putting billions of dollars at risk in 
the U.S. renewable energy sector, 
slowing down utility solar projects 
due to a “domino effect” of delays 
throughout the supply chain and 
workforce shortages. According to a 
recent American Council on Renewable 
Energy survey, the solar industry is 
already at risk of losing 50% of its jobs 
in the following weeks or months. 
Unlike India’s proactive measures to 
safeguard the renewables industry, the 

US’s $2T stimulus package to combat 
COVID-19 did not include direct aid 
for the renewables sector, bringing no 
relief for the US solar industry.

As it is probably that some of 
the solar demand of this year will shift 
to 2021, BNEF has adjusted its global 
PV demand forecast for 2020 to 108-
143GW, down from 121-152GW in its 
previous forecast, and warned that the 
industry might encounter dropping 
new installation rates for the first time 
since the 1980s.

In terms of the wind industry, 
while challenges still exist, the impact 
of COVID-19 is by far believed to be 
relatively limited compared to those 
facing solar. As Chinese companies play 
a key role in turbine manufacturing 
worldwide, making up over half of the 
world’s top 10 players, the outbreak 
has brought much of China’s wind 
turbine production to a standstill. 
This has already begun to exacerbate 
tension in an existing supply shortage.

Research firm Wood Mackenzie 
e s t i m a t e s  t h a t  t h e  v i r u s - l e a d 
production delays across the wind 
turbine supply chain would cause 
a 10% to 50% decline in 2020 wind 
installations in China, compared to its 
former forecast. Components such as 
generators and converters will be able 
to recover from first-quarter delays if 
the epidemic is contained in the next 
few months.

The direct impact of the out-
break on other international wind 
markets has been more subdued 
compared with the effects in China. 
Other wind markets can rely on its 
domestic supply chains or imports 
from other low-cost regions, said 
WoodMac. The US wind market is at 
the greatest risk of damage outside 

China itself. Wind developers are 
hastening to complete projects by 
the end of the year to be eligible for 
government subsidies, and the highly 
anticipated PTC extension has yet to 
be approved by the government. Fears 
that the virus will slow or stop work 
throughout the supply chain are also 
present in the European wind market, 
as the number of infections has spiked 
sharply in recent weeks.

Despite these negative effects, 
BNEF noted that the wind industry 
might be one of the few sectors 
that  would be exempt from the 
catastrophic impacts of the pandemic. 
Its revised forecast for global new wind 
installations remains at 75.4GW, which 
they believe could hit a new record 
in 2020. While possible downside 
risks still exist, the use of strategic 
approaches and flexible policies will 
be crucial to minimize disruptions and 
cushion potential blows.

China is also a hub of lithium-
ion battery manufacturing. Utility 
Dive notif ied that the country ’s 
battery storage production capacity 
could decrease by nearly 10% in 2020 
compared to the pre-coronavirus 
forecast for the year. The battery cell 
supply constraint could further convey 
to global EV markets as well as grid-
scale energy storage development, 
notably in the form of project delays 
and increases in cost. 

As manufacturing operations 
in China are beginning to return to 
normal, with 80% capacity utilization 
across the supply chain already 
reported in March,  the broader 
impacts that COVID-19 will have on 
the global renewable energy sector 
remain too soon to tell.
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Beyond Disruptions

COVID-19 is turning into an 
unprecedented international crisis 
infecting every corner of the world 
economy, creating massive impacts 
on energy markets. The efforts that 
governments have made so far to 
contain the epidemic have proved very 
effective at keeping the spread under 
control, yet inevitably have led to 
reductions in demand for oil, gas, and 
electricity. Moreover, it has slowed 
down manufacturing and project 
construction in the renewable sector, 
causing supply tensions all across 
the world—most notably in the solar 
industry.

Even though the current market 
disruptions are widely regarded as 
limited within the short term for 
most sectors, it’s much too easy for 
global trade, business, supply chains, 
financial markets, and even geopolitics 
to go into a panic,  which would 
thereby result in longer-term impacts. 
So, what are the potential risks that 
we cannot easily see?

IEA executive director Fatih Birol 
predicts that the world may see the 

first full-year decline in oil production 
in over a decade, and points out that 
“the impact of the coronavirus on oil 
markets may be temporary, but the 
longer-term challenges facing producer 
countries are not going to go away, 
especially those heavily dependent 
on oil and gas revenues.” Sustained 
low energy prices could cause energy 
companies to find it impossible to 
finance certain key areas, and might 
cause diff iculties for oi l  and gas 
companies to pay for their part in the 
clean energy transition.

T h e  c o m p e t i t i v e n e s s  o f 
renewable power costs is becoming 
more vulnerable in the face of lower 
oi l  and gas prices,  leaving us to 
ponder a series of questions. Will 
global  progress towards a c lean 
transition encounter an unpredictable 
slow-down during this pandemic, 
or will it become a major incentive 
for economies to shift from coal to 
gas for power generation? Will the 
crisis pose a historic opportunity 
for low-carbon energy investment 
in the future? Given the changes in 

supply/demand, will certain energy 
technologies or subsectors flourish in 
this global epidemic incident? What 
role will clean technologies play in 
post-COVID-19 economic stimulus 
packages? What are the opportunities 
lying in the foreground that have yet 
to be figured out by players in the 
energy industry? 

O n e  t h i n g  i s  fo r  s u re :  w e 
have to think far more about global 
specialization and cooperation in every 
industry link and evaluate the need 
to diversify our global supply chains 
while tracking the changing trade 
and consumption patterns closely in 
order to foresee how they impact our 
business strategies. Doing so well help 
us better prepare for the unknown. 

By Fatima Zahra Ainou, 
ECECP Junior Postgraduate Fellow 

and Jieqiao Chi
The views and opinions expressed in this 
article are the authors’ own, and do not 

represent the views of ECECP.
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Hydrogen’s 
Future: 
  Reducing Costs, 
     Finding Markets
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Although 100Mt/year of hydrogen is produced globally and at scale, it’s 

overwhelmingly for the chemical industry. So there’s a long way to go for it to play 

a role in the energy transition. It’s not even clear whether hydrogen will be best 

used directly as a power source or through further conversion into other powerfuels. 

That’s why Dolf Gielen and Emanuele Taibi at IRENA are scoping out the challenges 

of reducing production costs and finding markets. The cost of the clean electricity 

used to power hydrogen manufacture  (making it emission-free, as producing it from 

coal plants would be pointless without CCUS) is crucial. The cost and efficiency 

of the electrolysers used to create it, too. The cost of liquefying this highly volatile 

gas for transportation and storage adds substantially to the lifecycle efficiency 

losses. Although costs will come down, the authors predict a high carbon price will 

still be needed, even in 2050, to make it competitive with gas. Those costs are 

indeed falling which explains why, along with the urgency of climate change, clean 

hydrogen is gaining political and business momentum, explain the authors. And 

with lower costs will come the markets: vehicle fuel cells, conversion to powerfuels, 

utilising the spare capacity of renewables, and replacing gas.
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H y d r o g e n  i s  h i g h  o n  t h e 
a g e n d a  o f  t h e  n e w  E u r o p e a n 
Commission. Frans Timmermans (EC 
Executive Vice-President for the 
European Green Deal) spoke at a 
stakeholder forum of the Fuel Cell and 
Hydrogen Joint Undertaking on 21st 
November.

He stated that Europe should 
extend its lead in clean hydrogen 
through quick successes. Hydrogen 
in existing gas infrastructure can go 
hand-in-hand with increasing the 
share of electricity in Europe’s energy 
system, allowing storage of renewable 
electricity surpluses.

The hydrogen appeal is global.
Countries such Australia ,Germany, 
France, Korea and Japan have issued 
a roadmap or are in the process 
of  issuing one.  The growing and 
s ign i f icant  number  of  hydrogen 
conferences is an indicator for the 
widespread interest. Stocks of OEMs 
with a hydrogen link ride high. There 

are various reasons for this positive 
attention:

◆ The widespread recognition 
that energy transformation towards 
zero carbon emissions is needed, much 
faster than anticipated at the time of 
the adoption of the Paris agreement.

◆ Electrification of half of all final 
energy use leaves us with the problem 
of the other half. Hydrogen can play 
a key role there. This includes freight 
t ra n s p o r tat i o n  b u t  a l s o  e n e rg y 
intensive industries and building 
heating.

◆ Whereas hydrogen can be 
used directly, there is also increasing 
attention for hydrogen derivatives 
such as  ammonia  and synthet ic 
hydrocarbons, so-called e-fuels or 
powerfuels. Such solutions circumvent 
hydrogen logistic issues.

◆ Hydrogen can develop into an 
internationally traded commodity. This 
offers an opportunity for today’s fossil 
fuel exporting countries. The first green 

hydrogen was delivered from Australia 
(a major fossil fuel consumer, producer 
and exporter) to Japan in 2019. Far 
offshore wind or pipeline imports 
from the Middle East and North Africa 
(MENA) region are a possibility for 
Europe. For example, the latest Italian 
Roadmap considers this option.

◆ I t  can be transported in 
pipelines, possibly by retrofitting 
e x i s t i n g  n a t u r a l  g a s  p i p e l i n e 
systems. Pipeline transportation is 
comparatively cheap. It may be easier 
to build a pipeline than an electricity 
transmission line, a consideration 
for hydrogen plans in connection with 
North Sea offshore wind.

◆ Hydrogen production units 
can help to increase the flexibility of 
power systems and may create a new 
opportunity to utilise the seasonal 
availability of excess renewable power, 
as hydrogen can be stored seasonally, 
similar to natural gas.

Hydrogen production is already “at scale”, 
though not yet clean

Although hydrogen is  not a 
primary energy source it  can be 
produced from fossil fuels without 
C C S  ( g re y  hyd ro g e n ) ,  w i t h  C C S 
(blue hydrogen) or from renewable 
power through electrolysis (green 
hydrogen) .  Both  foss i l  fue l  and 
renewables industries see hydrogen 
as an opportunity. Hydrogen is not 
inherently low carbon: today 99% of all 
hydrogen is produced from fossil fuels 

or from electricity that is generated 
from fossil fuels, and the CO2 footprint 
is substantial.

Hydrogen is already an industrial 
commodity today. More than 100Mt 
per year of hydrogen is produced 
and consumed. Dedicated hydrogen 
pipelines have been in operation for 
decades.

In a European context Norwegian 
hydrogen produced from natural 

gas with offshore CO2 storage is a 
noteworthy option. Although the 
production of green hydrogen is small 
today it is growing rapidly. About 4% 
of hydrogen is a by-product from 
electrolysis for chlorine and soda 
production. New dedicated hydrogen 
e lectro lysers  are  a  more recent 
development. Today less than 0.2 GW 
capacity exists. However the scale 
of electrolysers is increasing rapidly 
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from MW to 100 MW or even GW 
scale, as highlighted by the recent 40 
GW Hydrogen Alliance, which aims at 
deploying 40 GW of electrolysers to 
produce green hydrogen in Europe by 

2030, and the 5 GW Murchison green 
hydrogen project in Western Australia, 
which combine some of the best solar 
and wind resources with electrolysis to 
produce green hydrogen.

As it stands Alkaline and Proton 
Exchange Membrane electrolysers 
dominate the market but other designs 
are being pursued that can reduce cost 
and increase electric efficiency further.

Capacity and cost targets

Hydrogen production cost challenges

The IRENA REmap scenario 
suggests 8% of electricity production 
i n  2 0 5 0  w o u l d  g o  t o  hy d ro g e n 
production in a scenario compatible 
with the climate agreement. Two thirds 
of all hydrogen produced would be 
green. That would imply around 1,700 
GW hydrogen electrolysers by 2050, 
an annual growth rate of 35% over 
the next 3 decades. The modularity of 
electrolysers is reminiscent of that of 
PV modules and the spectacular cost 
reduction seen there may be repeated.

Green hydrogen is today more 
expensive than the conventional 
p r o d u c t i o n  f r o m  f o s s i l  f u e l s . 
However, the cost of green hydrogen is 

falling rapidly to the point where it can 
compete with blue hydrogen.

The cost of renewable power 
(used to make the green hydrogen) and 

the cost and efficiency of electrolysers 
d e te r m i n e  t h e  g re e n  hyd ro ge n 
production cost. Efficiency is a key 
aspect for the economics. Electrolyser 

Figure – Role of clean hydrogen in IRENA Remap scenario. Source:IRENA
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systems operate at 65-67% efficiency 
for  hydrogen product ion (Lower 
Heating Value based). 75% is the 
theoret ica l  max imum e lect r i ca l 
efficiency. Higher values could be 

achieved if DC electricity can be used 
directly and AC/DC conversion can 
be avoided. The fact that hydrogen 
is a highly volatile gas that needs 
to  be  compressed  for  l iquef ied 

transportation and storage adds 
substantially to the lifecycle efficiency 
losses.

Hydrogen v gas?
 A higher carbon price will be needed

Production costs of around 3 
USD/kg for green hydrogen seem 
feasible in the coming decade in the 
best locations. The cost could halve 
again by 2040-2050. Even at that price 
hydrogen will be more expensive than 
natural gas.[1] Today’s carbon price 
of 25 EUR/t CO2 makes only a 5% 
difference and cannot close the gap. A 
higher carbon price would be needed 
to make it competitive.

Future markets…

For economic 
reasons there is  a 
need to find applica-
t ions where there 
is an efficiency gain 
over  a  compet ing 
technology, for exam-
ple fuel cell vehicles.

…fuel cell vehicles

W h e r e a s  E u ro p e a n  m a n u fa c -
turers are largely focused on battery 
e l e c t r i c  c a r s ,  i n  E a s t  A s i a  w o r k 
c o n t i n u e s  o n  h y d r o g e n  f u e l  c e l l 
vehicles. Korean and Japanese manu-
facturers are focusing on passenger cars 
using hydrogen, and Chinese manufacturers 
are eyeing the bus and heavy truck market. 
The US is also showing interest in hydrogen 
for transport.

…remotely located renewables

Alternatively, lower cost can be achieved 
at remote locations with good renewable 
energy  resources .  A s  a  consequence , 
certain energy intensive industries may in 
the future be located at sites that meet 
such criteria. The boom of renewables and 
green hydrogen in Australia is an example. 
The first plant producing ammonia from green 
hydrogen will open there in 2020. Iron making 
may follow suit later.

[1]NOTES
Around 8 kg of hydrogen has the same energy content as a GJ of gas (around 30 m3). The target cost per unit of delivered clean hydrogen energy (15-25 
USD/GJ) is 2-3 times that of pipeline natural gas (at 5-10 USD/GJ).
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Hydrogen can be processed 
further into hydrocarbons or ammonia. 
I n  t h e  ca s e  o f  hyd ro ca r b o n s ,  a 
CO2 source is needed. That source 
can come from Direct Air Capture or 
biomass combustion processes that 
yield carbon neutrality by capturing 
a n d  re u s i n g  c a r b o n .  C a p t u r i n g 
CO 2 f rom foss i l  fuel  combust ion 
processes only halves emissions. 
In an earlier brief we have outlined 
the efforts in the shipping sector to 
use fuels produced from hydrogen. 
The aviation sector is also looking into 
powerfuels.

…powerfuels …greening the gas system

The missing link or more hype?

The gas industry is looking at 
hydrogen as a promising solution 
for greening the gas system, extending 
the life of existing infrastructure and 
ultimately staying in business. In 
the Netherlands and the UK, large 
scale projects are being developed. 
However, more work needs to be done, 
and barriers related to economics and 
standards must be overcome.

The current drive towards the 
hydrogen economy has a remarkable 
momentum and wide scope. It is likely 
that we will see a shift from grey to 
a mix of blue and, more importantly, 
green hydrogen.  The successfu l 
appl icat ions wi l l  depend on the 
economic performance and competing 
low-carbon solutions, with a global 
divergence of interests. Today’s role 
of clean hydrogen is modest, but the 
growth potential is significant.

Clean hydrogen growth wil l 
depend on the global commitment 

to meet cl imate objectives. Both 
electrif ication and hydrogen wil l 
be needed for achieving our 2050 
decarbonisation target.  Whether 
hydrogen is used directly or through 
further conversion remains to be 
seen. Any hydrogen industry strategy 
must look beyond technology, into 
the supply, economic and financing 
aspects. The European Investment 
Bank (EIB) recently announced strategic 
f inanc ia l  adv ice  and support  to 
companies preparing to deploy large-
scale hydrogen projects through 

the InnovFin Advisory program.
H o w e v e r,  t h e  p r o m i s e  o f 

hydrogen is  not yet ful ly part of 
national energy and climate plans. 
Countries must mandate and enable 
c l e a n  hy d ro g e n  u s e  a n d  g re e n 
hydrogen from renewable power 
deserves special  attention as an 
emerging supply option.

By Dolf Gielen and Emanuele Taibi
→ Re-posted with permission 

from Energy Post and IRENA

https://energypost.eu/hydrogens-future-reducing-costs-finding-markets/
https://energypost.eu/hydrogens-future-reducing-costs-finding-markets/
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Biofuels 
      Outlook in 

China
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Biofuels are a promising, yet currently underdeveloped alternative to fossil fuels. As a renewable energy 
source, they have the potential to limit greenhouse gas emissions, reduce dependence on imports, utilise local 
resources more effectively, and promote rural development. If this potential is realised, biofuels could bring 
significant benefits to China as it is the world’s first in terms of the size of its economy, net crude oil imports, CO2 
emissions, and vehicle fleet. Globally, China is the third largest producer of ethanol and eighth of biodiesel with 
a steady commitment to promoting advanced biofuels.
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Starting in the early 2000s, 
the Chinese government introduced 
s e v e r a l  p o l i c i e s  r e g a r d i n g  t h e 
implementation of biofuels. In an 
effort to take advantage of large corn 
reserves and reduce air pollution, China 
introduced a policy to use ethanol as 
a fuel made from agricultural crops 
unsuitable for human consumption in 
2001. Due to food security concerns, 
however, the initiative was limited to 
only six provinces.

Subsequently,  bui lding new 
ethanol plants was banned in the 11th 
Five Year Plan (2006-2010). Instead, 
using 1.5 generation feedstocks such as 
sweet potato, cassava, sweet sorghum 
was promoted. Nonetheless, grains 
have persisted as the main source of 
ethanol-based blends due to the lack 
of progress of other technologies. 
According to the USDA, in 2018 fuel 
ethanol production consisted of 87% 
corn, 11% cassava and sugar cane, and 

Ethanol

2% cellulosic feedstocks. 
In 2017, China set a 10% fuel 

ethanol mandate (E10) by 2020, and set 
the goal of commercializing cellulosic 
ethanol production by 2025 as part of 
the Implementation Plan Regarding 
the Expansion of Ethanol Production 
and Promotion for Transportation Fuel. 
However, meeting the 2020 target 
would require a 5-fold increase in 
the current level of production (see 
Figure 1). Moreover, the OECD-FAO 

Table 1. Global Biofuel Production Rankings and Major Feedstocks
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Agricultural Outlook 2019 predicted 
that only 4% of this target could be 
achieved by 2028. In practice, only 
three northeastern provinces and the 
municipality of Tianjin met the E10 
target in 2019. Against this backdrop, 
the E10 nation-wide mandate was 
reversed in December 2019 on the 
grounds of food security.

Since 2018, multiple projects 
in synthetic and waste gas-to-ethanol 
were announced with the estimated 
nominal capacity of 3 billion litres using 
sewage waste or flue gases. Moreover, 
plants for gas-to-ethanol from waste 
or acetic acid (used for plastic drink 
bottles, packaging, adhesives etc.) that 
can add 3.3 million litres annually are 
being constructed.

Biodiesel

The biodiesel sector is overall 
underdeveloped—alongside feedstock 
shortages, there are no mandates or 
other supporting policy mechanisms 
beyond tax breaks, inhibiting the 
development of biodiesel supply 
chains. As such, the market penetration 
rate has consistently hovered at 0.2-
0.3%. Only Shanghai is  currently 
implementing a B5 mandate, with over 
200 stations and 110 million litres of 
biodiesel consumed. 

Figure 1: China Fuel Ethanol Market.
Source: Ward, Michael, and Gene Kim. “China Will Miss E10 by 2020 Goal by 
Wide Margin.” USDA Foreign Agricultural Service, July 26, 2019.

According to IEA, most of China’s 
biodiesel  is  produced from used 
cooking oil, as there are around 500 
million tons of ‘gutter oil’ available 
annually. Yet only approximately 10% 
of used cooking oil gets converted 
into biodiesel due to demand from 
other sectors. The oil-rich jatropha 
was introduced as a ‘1.5 generation’ 
biodiesel source to alleviate feedstock 
pressures without interfering with 
food security; however, success has 

been limited. At present, imports 
of biodiesel, such as palm oil-based 
biodiesel from Indonesia and Malaysia, 
are more economical than domestic 
production. Additionally, exporting 
waste-based biodiesel to the EU is 
emerging as a profitable option.
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There are two kinds of advanced biofuels in China’s classification system: i.) 1.5 
generation biofuels consisting of non-grain materials such as cassava, sweet sorghum or 
jatropha, and ii.) second generation biofuels made from cellulosic feedstock. The Chinese 
government provides strong support to the development of advanced biofuels in the 13th 
Five Year Plan for Biological Innovation (2017) as well as through various pilot projects. These 
include successful past trial long-haul flights on biojet fuel or synthetic ethanol development. 
However, widespread deployment is still stymied by the same challenges facing other 
countries: high costs, technological constraints, limited commercial scale, and low oil 
prices to name a few. It is therefore still to be determined just how these obstacles will be 
surmounted in order to achieve China’s plan to roll out commercial cellulosic production by 
2025.

As stipulated in the 2019 Catalogue of Encouraged Foreign Investment in Industries, 
foreign investment in non-grain based ethanol production is encouraged, which presents a 
potential opportunity for cooperation.

Advanced biofuels 

Conclusion

China’s biofuel policies primarily focus on ethanol, but the framework for 
implementation is still limited. At the moment, biofuel production in China faces numerous 
challenges such as feedstock shortages, the high costs of opening or upgrading plants, and 
lack of financial incentives. Biofuels could play an important role in solving China’s energy 
challenges alongside other important measures, such as increasing energy efficiency and 
electric mobility as well as deploying information and communication technologies (ICT). 
At present, in order to realise biofuel ambitions such as the missed E10 mandate or the 
2025 cellulosic target, extensive support policies are necessary to facilitate a productive 
environment for investments in developing biofuel capabilities and supply chains.

By Veronika Spurna, ECECP Junior Postgraduate Fellow
The views and opinions expressed in this article are the author’s own, 

and do not represent the views of ECECP.
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Innovative Practices 
Bring New Life to End-of-Life Wind Blades

Technology

I n  ou r  l a s t  i s sue ,  we 

posted an interesting ar ticle 

about the recycling of end-of-

life wind turbines, in which an 

innovative material approach—

an easily recyclable resin—was 

introduced by a French company 

named Arkema. Are there any 

other accessible options for end-

of-life wind blade recycling?

http://www.ececp.eu/en/2020/01/19/ececp-newsletter-2019-christmas-double-issues/%20
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Unfortunately, tens of thousands 
of aging wind blades are being torn 
down around the world, of which the 
majority end up in landfills. Take the 
case of a Wyoming landfill housing 
over 870 retired wind turbine blades, 
each to be chopped up into pieces 
for easy transport. A recent news 
article published by Bloomberg about 
the blades soberingly  descr ibed 
the colossal hunks of metal as even 
resembling “bleached whale bones 
nestled against one another.”  

Seeing such a waste of materials 
piling up in a wind turbine graveyard 
is truly melancholy. If the purpose of 
those turbine blades was to deliver 
clean energy their whole lives, doesn’t 
it strike as a contradiction that they are 
creating an environmental burden at 
end-of-life? 

Many European countries have 
already imposed strict bans on the 
disposal of these kinds of untreated 
solid waste. There, it is standard for 
wind turbine blades to be appropriately 
included in the circular economy. 

Recognizing that blade recycling 
is a top priority for the wind sector, 
the EU wind industry has already 
teamed up with the chemical and 
compositor industries to find effective 
ways to tackle the issue. WindEurope, 
European Chemical Industry Council 
(Cefic) and the European Composites 
Industry Association (EUCIA) have 
created a cross-sector platform to 
advance novel approaches to the 
recycling of wind turbine blades. 

Moreover, at the corporate level, 
companies all around the world such 
as Arkema are trying to find better 
solutions to tackle that problem, by 
either separating resins from fibers 
or by making new products out of 

chopped up and grinded blades. With 
technology advancement, the issue 
of wind blade recycling may very well 
open up new business opportunities in 
the wind power industrial chain. 

In this second article on end-
of-life wind blades, let’s take a look at 
some other creative practices being 
used to extend the useful life of retired 
wind blades.

Holland: Old Blades in Urban 
Architecture Esthetics

Back in 2012, the Netherlands 
led the charge in renovating end-of-life 
wind turbines, creating play structures 
at parks and other public facilities 
(see figure below). While beautiful, 
the consumed volume of turbine 
blades being repurposed for children’s 

https://www.bloomberg.com/news/features/2020-02-05/wind-turbine-blades-can-t-be-recycled-so-they-re-piling-up-in-landfills
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play structures is hardly enough to 
make a dent in the vast need for 
waste disposal in the wind power 
industry. Moreover, Dutch architecture 
design firm Superuse Studios tried to 
incorporate the retired blades in city 
infrastructure such as public seating 
and bus shelters, and is currently 
waiting for planning permission to 
turn two 55m blades into a bridge in 

Denmark’s city of Ålborg.

D e n m a r k :  W i n d  K i n g d o m ’s 
Chemical Attempts

In the wind kingdom Denmark 
widely known as a pioneer for circular 
solutions, the wind turbine industry 
has provided invaluable knowledge 

about wind energy for the world.
Starting in 2016, a joint research 

project named Dreamwind by Aarhus 
University,  Danish Technological 
Institute and Vestas, takes a more 
chemical approach to the challenge 
of wind blade recycling by developing 
new composite materials, and adding 
a chemical agent which can separate 
the glass from the plast ic  f ibres 

Source: 
© Allard van der Hoek

http://www.dreamwind.dk/en/
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in the composites, so they can be 
easily recycled. The project is due to 
complete March 2020. Their research 
may create a far more economical and 
sustainable approach, providing the 
industry with the ability to create new 
products out of these used blades, in a 
true a display of innovation.   

Another Danish startup company,  
Miljoskarm,  takes a different approach 

to incorporating the wasted fiberglass 
blades into city construction, reusing 
the recycled materials into noise shield 
products for use in the industrial sector 
or on heavy roads (see figure below). 
Their shields contain granules from 
retired wind turbine blades, which 
are said to insulate against noise quite 
effectively. Blade repurposing can drive 
down the entire energy demand of the 

shield production process by 40%, and 
cut the CO2 production 60% compared 
with traditional means. Their noise-
canceling screens are already in use on 
one of Copenhagen’s busiest roads. The 
company is now thinking of enlarging 
its product portfolio, using the recycled 
fiberglass from wind blades in other 
applications. 

What is  ironic is  that noise 

Source: Miljoskarm

Source: Dreamwind

http://miljoskarm.dk/english/
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pollution has always been regarded as 
one of the largest environmental issues 
associated with wind turbines, yet in 
this application, wind blades are being 
used to help resolve noise problems 
during their afterlife.

France: Testing Pyrolysis and 
Solvolysis Methods

Paris-based Veolia, a global 
waste management group, is also 
showing an attempt at curbing the 
issue of massive wind blade waste. 
The group is especially interested in 
recycling the carbon fibers of blades. 
Compared with fiberglass composites, 
which are commonly used in older 
blade models, carbon fibre has proven 
to be an enabling technology for 
producing the bigger and lighter wind 
blades of the future, with its higher 
stiffness and lower density features 
making it  an improved material . 
However, these features do not make 
the blades easy to dispose of. At the 
present time, there is no matured 
recovery process for retired carbon 
fibre based products. 

Veolia has already pitched to test 
a range of solutions, including pyrolysis 
and solvolysis approaches. The former 
method recovers fibers by heating up 
chopped up wind blade composite 
fibers in ovens with inert atmospheres, 
while the latter method appears more 
promising, as it targets recycling fiber 
and resins at the same time.  

T h e  p r o b l e m  w i t h  t h e 
pyrolysis approach is that significant 
amounts of energy are needed to 
activate the process, which might 
limit its environmental usefulness. 
Nonetheless, experts are hoping to find 
a viable solution in the coming years.
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US: Make Full Use of Recycled 
Materials, and Data Matters Too! 

A m e r i c a n  s t a r t- u p  G l o b a l 
Fiberglass Solutions, which is the first 
US-based company to recycle wind 
turbine blades at an industrial level, 
has developed a method which grinds 
up blades into tiny pellets that can 
then be pressed to make a wide range 
of “green” products. 

According to GFS, by trans-
forming fibreglass composites from 
decommissioned wind turbine blades 
into manufacture-grade pellets, the 
thermoplastic fiberglass pellets can be 
further turned into injectable plastics, 
or to produce various products that 
can be used in construction and 
flooring applications such as boards 
and pipes. The pellets can even be 
tailor-made composite products based 
on a customer’s manufacturing needs. 

Moreover, GFS also developed 
a material tracking system named 
B l a d e  Tr a c ke r.  E n h a n c e d  w i t h 
Blockchain technology, the software 
can track the parameters and locations 
of end products manufactured with 
GFS’ recycled material throughout 
their new life cycle. By recording 
the processing and manufacturing 
process of the materials with digital 
data and tracking the data real time, 
the software can provide valuable 
information for future manufacturing 
efforts ,  because  i t  enables  GFS 
materials to be recycled over many life 
cycles.

Considering all  of the inno-
vations being presented above, what 
is  the most  promis ing approach 
to address the issue of wind blade 
recycling? There is unlikely a one-size-
fits all solution. One way or another, 

we should avoid disposing them at 
all costs, and should even consider 
developing new composite materials 
for wind turbines that can deliver zero 
waste.

These are not problems to be 
confronted solely by policy makers 
and regulators. The future of upcycling 
retired wind turbines will require 
innovative collaboration across many 
sectors.  

For more information about 
different approaches in wind blade 
recycl ing,  click here  to check an 
overview of this topic published by 
ETIPWind®.  

By Jieqiao Chi
The views and opinions expressed in this 

article are the author’s own, 
and do not represent the views of ECECP

Recycled fiberglass pellets made from wind turbine blades
Source: Global Fiberglass Solutions

https://www.globalfiberglassinc.com/
https://www.globalfiberglassinc.com/
https://etipwind.eu/files/reports/ETIPWind-How-wind-is-going-circular-blade-recycling.pdf
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 The Search for “Thin Film” Solar PV: 
Stable, Efficient, Non-Toxic, Abundant

Around 95% of the world’s solar modules are 

made with silicon. It’s stable against temperature 

and humidity fluctuations and we’ll never run 

out of it. But it’s quite  inefficient at absorbing 

sunlight, and very brittle. So the silicon layers 

in PV have to be quite thick to capture sunlight 

and resist cracking, leading to heavy and bulky 

solar panels. The remaining 5% of solar modules 

are “thin fi lm”, opening the way for game-

changing lightweight and flexible applications. 

But they’re made from rare elements, slow to 

process, and can be highly toxic. Samantha Hood 

at Imperial College’s Energy Futures Lab  runs 

through the “thin film” challenges and describes the 

research looking into  the creation of stable, light-

to-electricity efficient, non-toxic modules made from 

abundant materials  that will make terawatt scale 

solar PV a commonplace so that we can increase 

today’s 600GW of solar photovoltaic capacity a 

hundredfold by 2050.

https://www.imperial.ac.uk/energy-futures-lab/
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Solar power has tremendous 
capacity to provide society with clean 
energy by displacing coal and oil used 
for electricity generation and transport. 
One key technology is photovoltaics 
(PV), which is used in the solar panels 
you see on the roofs of building and 
in large farms. Currently there is 
about 600 GW of solar photovoltaic 
c a p a c i t y  i n s t a l l e d  w o r l d w i d e , 
with estimates of up to 63 TW (100 
times present day) being installed 
by 2050 thanks to the continuing 
reduction in price of solar modules, 
rapid technological advancement and 
progressive renewable energy policy in 
the face of climate change.

C u r r e n t l y,  e l e c t r i c i t y  a n d 
transport emit approximately 25 
billion tonnes of CO2 per year. For 
each terawatt (TW) of PV installed, it 
is estimated that 1.5 billion tonnes of 
CO2 can be displaced from electricity 
and transport industries annually. If we 
could install a TW of PV each year over 
the next 16 years, this would eliminate 
CO2 emissions from these sectors.

Light-to-electricity conversion 
efficiency target: 15-20%

Improving the efficiency and 
reducing the energy intensity involved 
in making conventional solar panels 
will accelerate this transition towards 
terawatt scale PV. For a solar cell to 
be efficient you want to convert as 
much light from the sun into electricity 
as possible — simply put, solar cells 
operate by taking photons in, and 
letting electrons out. Commercialising 
a solar material generally requires light 
to electricity conversion efficiencies to 
be around 15-20%.

Silicon: pros and cons

Currently, around 95% of the 
solar modules installed worldwide are 
made with a silicon absorber layer. 
Silicon is stable against temperature 
and humidity fluctuations as well as 
being earth abundant (the second 
most common material in the earth’s 
crust), however silicon is actually 
quite inefficient at absorbing sunlight 
and it is very brittle. This means 
that silicon absorbing layers in PV have 
to be quite thick to raise the likelihood 
of  captur ing sunl ight  and res ist 
cracking, leading to heavy and bulky 
solar panels.

“Thin-film” solar cells

In contrast, thin-film solar cells 
can have much higher absorption 

coefficients than silicon and can be up 
to hundreds of times thinner, resulting 
in lightweight solar cells that can be 
made on flexible substrates. This makes 
them attractive for novel applications 
such as building integrated PV, such 
as coating windows for powering 
offices and commercial spaces during 
the day without the need for structural 
reinforcement.

Tandem cells for terawatt scale PV

In addition, placing a thin-film 
of solar absorbing material on top of 
silicon could boost the efficiency of 
solar panels without hugely increasing 
processing costs. This tandem cell 
design can increase the amount of 
light absorbed and is a promising path 
towards the goal of terawatt scale PV.

Multi-junction solar cells developed in the Department of Physics
at Imperial College London
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To d a y ’s  “ t h i n  f i l m s ”  h a v e 
drawbacks

D e s i g n i n g  m a t e r i a l s  f o r 
th in  f i lm PV  has  been exp lored 
for decades. After silicon, second 
g e n e r a t i o n  P V  m a t e r i a l s  s u c h 
as gallium arsenide (GaAs), cadmium 
telluride (CdTe) and copper indium 
gallium selenide (CIGS) were developed 
for use in thin-film solar cells.

These different materials make 
up the remaining the 5% of solar 
modules installed worldwide, and 
despite their high efficiencies (all over 
20%), they aren’t more widespread 
commercially due to the rarity and high 
cost of constituent elements (Te and 
Ga), slow processing conditions (GaAs) 
or highly toxic components (Cd). 
Moving to a terawatt scale solar 
industry requires making new solar 
panels from materials that are not 
under threat of running out in the next 
100 years.

In the last decade, a class of 

materials known as thin-film lead-
hal ide perovskites have led to a 
frenzy of activity which is expected 
to result in tandem perovskite-silicon 
cells sometime this year. Perovskites 
are solut ion processable,  which 
makes them suitable for large-area 
applications, but there is concern that 
the materials are unstable. In addition, 
perovskites contain lead, which may 
limit opportunities commercialisation 
in markets where lead is banned due 
to toxicity.

Stable,  ef f ic ient ,  non-toxic , 
abundant

In my work,  I  am searching 
for stable, high efficiency thin-film 
materials composed of non-toxic, earth 
abundant materials for solar absorbers 
u s i n g  c o m p u ta t i o n a l  m a t e r i a l s 
science. To understand whether a 
given material will be a good solar 
absorber, we can use first-principles 
techniques to model material features 

Schematic of a defect (sulfur vacancy) in the crystal structure of CZTS 
which may reduce device efficiencies by trapping electrons

such as band gap (what colour light a 
material absorbs), absorption strength, 
and charge transport properties. In 
particular, we want to know whether 
defects in a crystal will have a large 
impact on the possible efficiencies from 
an absorbing material. Having defect 
tolerant materials is essential for 
creating easily processable, efficient 
and inexpensive solar cells.

Kesterite solar cells

My work, supported by the 
H2020 project STARCELL, is primarily 
focussed on developing a better 
understanding of  kesterite solar 
cells. These solar cells are made of 
copper, zinc, tin and sulfur or selenium 
(also known as CZTSSe). The record 
efficiency of CZTSSe of 12.6% was set 
in 2013 — a record which has proved 
difficult to overcome over the past few 
years.
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Crystal defects block electrons

Our work suggests that the main 
obstac le  in  th i s  mater ia l  i s  the 
presence of defects in the crystal. In 
particular, sulfur vacancies (missing 
sulfur atoms) in the crystal act as traps, 
capturing charges and limiting the 
maximum possible efficiency of CZTS. 
Now, we are investigating the role of 
these electron trapping defects in a 
range of emerging earth-abundant 
absorbers to see whether defects may 
limit efficiencies of these materials. 
With our computational insights, we 
want to work with experimentalists 
to accelerate the development of 
promis ing  defect- to lerant  so lar 
absorbers.

By screening candidates for 
solar absorbers with our computation 
materials techniques, we hope to 
design the next generation of thin-film 
earth abundant materials for a terawatt 
PV industry. We can enhance existing 
silicon modules by incorporating a 
thin layer of these new materials 
on top of silicon (which allows us to 
absorb in different regions of the solar 
spectrum), and maybe one day, we 
can replace silicon altogether with 
an ultra-thin sandwich of non-toxic, 
cheap thin-films to further increase 
efficiencies of solar panels per area. 
This will help us scale up our solar 
industry to allow for PV to generate 
energy for years to come and to 
help displace carbon emissions from 
alternative, unsustainable energy 
sources.

By Samantha Hood
→ Re-posted with permission from 
Energy Post and IMPERIAL College

https://energypost.eu/the-search-for-thin-film-solar-pv-stable-efficient-non-toxic-abundant/
https://energypost.eu/the-search-for-thin-film-solar-pv-stable-efficient-non-toxic-abundant/
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2019-2024: 

Competitive Auctions 
Will Launch Over 2/3rds of 

Utility-Scale Renewables, Says IEA

Researches

Government support for new utility-scale capacity is being replaced with competitive 

auctions, the surest sign that the commercial appetite for renewables – particularly  solar 

PV and onshore wind – is growing strong. This article by the IEA pulls out the essential 

numbers from their annual  Renewables 2019 report  (their 5-year market analysis and 

forecast for renewable energy and technologies in the electricity, heat and transport sectors). 

The IEA says that by 2024 over two-thirds of utility-scale renewable additions will be 

competitive.  Last year they predicted it would be half, so the upward trend is clear. Most 

of that change is driven from faster progress than expected in China. Solar and onshore 

wind lead, though hydro, offshore wind, bioenergy and geothermal will still see continued 

dependence on government-set tariffs. The other positive sign is that wind and solar PV 

contracts are getting shorter  (i.e. the revenue protection provided by long term contracts 

is declining in importance) where electricity markets are partially or fully liberalised and 

competitive financing exists, such as North America and Europe.
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For  ut i l i ty-scale  renewable 
electricity technologies, many countries 
are transitioning from support schemes 
based on administratively set tariffs 
to competitive auctions for long-term 
power purchase agreements (PPAs). 
If they are well designed, auctions 
create a beneficial situation for both 
governments and developers.

For many governments, com-
petition results in price reductions 
throughout the supply chain and lower 
total subsidy costs for renewables. For 
developers, PPAs provide long-term 
revenue certainty, which reduces 
project risks for capital-intensive 
renewable technologies such as wind 
and solar photovoltaic (PV).

Latest report lifts the predictions

Renewables 2019 expects that 

remuneration for more than two-
thirds of all new utility-scale renewable 
capacity over the next five years will be 
competitively set. This is significantly 
higher than the Renewables 2018 
estimate of half of additions, mainly 
because the transition to competitive 
auctions for onshore wind and solar 
PV is happening more quickly than 
anticipated in China.

Wind, Solar PV

Competitively set remuneration 
therefore covers almost 75% of all 
wind and solar PV capacity to be 
commissioned during 201924. While 
the majority  wi l l  be determined 
t h ro u g h  gove r n m e nt- o rga n i s e d 
auctions, a growing number of PPAs 
with large corporate buyers and 
utilities is also expected.

Hydro, Bioenergy

For hydropower, though, admini-
stratively set tariffs will continue to 
stimulate development, as vertically 
i n te g rate d  u t i l i t i e s  a re  u s u a l l y 
responsible for developing large-scale 
hydro projects for which the technology 
has a much longer lifespan and offers a 
range of services that are not rewarded 
through an auctioning scheme.

Furthermore, most hydropower 
expansion is expected in emerging and 
developing economies, where vertically 
integrated utilities predominate. For 
most bioenergy capacity, remuneration 
will be set administratively, as China 
remains the largest growth market 
owing to its feed-in tariff (FIT) system.
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Regional trends

Regional remuneration policy 
trends vary across markets. In the 
European Union, renewable capacity 
growth is driven mostly by competitive 
auctions after the European Com-
mission’s proposal to phase out FITs.

In the United States, remunera-
tion for wind and solar are usually 
set competitively through corporate 
or utility purchases, but projects also 
receive production and investment 
incentives (production tax credits 
[PTCs] and input tax credits [ITCs]) that 
are set administratively.

Except for large-scale hydro-
power, most Latin American countries 
have adopted auctions schemes for 
all renewable technologies. In Africa, 
countries are switching from FITs to 
competitive auctions, but hydropower 

st i l l  dominates  capac i ty  growth 
and its remuneration is mostly set 
administratively.

Less need for long term contracts

Long-term contracts covering 
more than 75% of the economic 
l i fe t i m e  o f  re n e wa b l e  p ro j e c t s 
dominate the forecast.  However, 
government pol ic ies have begun 
to expose wind and solar PV to more 
market and price r isks,  as these 
technolog ies  have matured and 
become more competitive with fossil 
fuel-based alternatives.

Overal l ,  wind and solar  PV 
contracts are becoming shorter in 
most countries where electricity 
markets are partially or fully liberalised 
and competitive financing exists, 
such as North America and Europe. 

In these markets, some developers 
are switching to multiple revenue 
streams from corporate PPAs, auctions 
and merchant activities. Bioenergy-for-
power contracts are usually shorter 
than those for  other  renewable 
technologies due to fuel cost variability.

By International Energy Agency
→ Re-posted with permission 

from Energy Post and IEA

https://energypost.eu/2019-2024-competitive-auctions-will-launch-over-2-3rds-of-utility-scale-renewables-says-iea/
https://energypost.eu/2019-2024-competitive-auctions-will-launch-over-2-3rds-of-utility-scale-renewables-says-iea/
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Peak Energy by 2030: 

Efficiency Gains Will 
Make the Transition Affordable
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We can’t afford the energy transition? Next time you hear that 

from someone, perhaps you can show them this. Sverre Alvik at DNV 

GL explains that, according to their latest Energy Transition Outlook, 

although annual global energy expenditure will have to increase from 

$4.6tn in 2017 to $5.5tn in 2050, its share of growing world GDP 

will almost halve from 3.6% to 1.9%. That’s because continuing energy 

efficiency gains are making sure that total global energy costs are 

growing more slowly that global wealth. The difference is big enough 

such that peak energy will happen as soon as 2030, when global 

primary energy use will start to reduce as energy intensity improvements 

exceed the sum of population and economic growth. Alvik sets 

out what’s included in their strict definition of “total energy costs”, 

noting that even if it’s extended to include other things, like subsidies, 

the effect on the totals is too small to change the conclusions. So if the 

transition is not happening fast enough, the savings described here can 

be deployed to speed it up and meet the Paris goals.
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It is not too good to be true, it 
is the economic reality that lies ahead 
of us. The energy transition facing us 
in the coming decades is an affordable 
one. In fact, the future energy system is 
not only affordable, it is cheaper than 
the energy system we have today. And 
this creates an opportunity to invest 
more to achieve the future we want.

Let me be more precise: in just 
one generation, humanity will be 
spending a much lower share of its GDP 
on energy than it does today. The main 
reason is not energy prices, but energy 
efficiency. Whether you believe in the 
phenomenon of peak energy, as DNV 
GL does, or just increased efficiency, 
the conclusion is the same, and it is 
robust.

Affordability is reward enough, 
but there is an even more important 
win – we are heading towards a 
decarbonised energy future. But do not 
pop the champagne yet. Our Energy 
Transition Outlook outlines the most 
likely future as DNV GL sees it. The 
energy transition, modelled to the best 
of our ability, is far too slow; we are not 
on track for a Paris-compliant future.

S o m e  o f  t h e  s a v i n g s  t h a t 
therefore accrue from a much more 
efficient energy system need to be 
ploughed into speeding things up, 
investing in R&D, technology support, 
policy incentives and other activities 
increasing the pace of the transition.  
And even if society does invest and 
achieve Paris ambitions, the transition 

i s  a f fo rd a b l e ,  p u re l y  i n  e n e rg y 
economic terms. The stakes beyond 
energy economics are of course far 
larger; the costs of runaway global 
warming are close to incalculable.

Total Energy Expenditures: what’s 
included?

What should count as ‘energy 
expenditures’ is open to debate. 
DNV GL’s Energy Transition Outlook 
uses a strict definition, including 
only fossil-fuel extraction, refinement 
and conversion,  instal lat ion and 
operation of renewable energy plants, 
and all costs incurred by the power 
sector. The definition could have 
been extended with energy efficiency 

Figure 1. World energy expenditures will increase from 4.6 trn USD today to 5.6 trn USD in 2050. The present 
expenditures are dominated by 70% fossil energy expenditures, while in 2050 grid and non-fossil energy will 
represent 30% each.
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measures, energy transport costs, and 
energy support and subsidies. Using 
our definition, present expenditures 
are at 4.6 trn USD annually, and will 
grow in absolute terms to 5.6 trn USD 
annually in 2050, as illustrated in Figure 
1 (above).

Unit costs of energy will rise 
slowly

T h e re  a re  d i f fe re n t  v i e w s 
of the unit costs of energy going 
forward. Renewable energyproduction 
will inevitably be cheaper, while grid 
complexity increases and will be more 
expensive. Fossil energy extraction is 
helped by technology improvements, 
but is also moving to more challenging 

conditions. Without going into details, 
it is likely that the relative costs of 
a unit of energy will stay within the 
same range as today. On a global 
accumulated level, DNV GL figures 
show average energy costs slowly 
increasing from 8 to 10 USD/GJ over 
the next 30 years.

…but global GDP will rise much 
faster

B u t  t h e  wo r l d  e co n o my  i s 
growing at a much faster speed than 
energy expenditures. With an average 
expected growth in global GDP of 
2.6% per year the global economy 
will be 130% larger than it is today. 
Illustrated in Figure 2 (below), this is a 

story about affordability.
Would this conclusion change 

if we included costs that are excluded 
f r o m  o u r  e n e r g y  e x p e n d i t u r e 
definitions? No. The costs would add 
to the absolute costs and percentages, 
e.g. fossil fuel subsidies today are in 
the range of 400 bn USD, renewable 
subsidiesat 150 bn USD, and energy 
efficiency costs at 240 bn USD . The 
first is likely to decrease the coming 
decades, the two latter to increase, 
but the change in the figures will 
remain too small to alter the overall 
conclusion.

Figure 2. The forecasted transition is affordable as the share of world GDP devoted to energy is reduced from 3.6% 
to 1.9% over the forecast period. There will be a massive shift of investments from fossil to renewables and grids.
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Energy Efficiency and Peak Energy 
are the key

T h e  o ve ra rc h i n g  d r i ve r  o f 
affordability is energy efficiency. This 
is best illustrated as improvement 
in global energy intensity – the global 
primary energy consumption per unit 
of GDP. Energy intensity has improved 
1.6% per year over the last decades. 
With increased electrification and more 
efficient energy end use in all sectors 
and all regions, we expect global 
energy intensity reduction to be 2.5% 
per year on average towards 2050.

The shift gives us the watershed 
m o m e n t  o f  p e a k  e n e rg y,  w h e n 
humanity – in spite of population 
and economic growth and great 
improvements in energy access for 
poorer populations – will start to use 

less energy.
T h e  m a i n  r e a s o n  f o r  t h e 

affordable transition is the reduction – 
both absolute and relative to economic 
growth – in global energy use, not 
changes in energy costs.

Enforce specific decarbonisation 
targets? It’s still affordable

The market,  left  to its  own 
devices, tends to be short-sighted. 
Unless forced by rules and regulations, 
m o st  e n e rg y  d eve l o p m e nt s  a re 
economically rational in the short term. 
What if we forced the energy system to 
achieve Paris ambitions, would this be 
costly? Yes and no.

Various references exist on the 
cost of achieving Paris ambitions. 
M o st  o f  t h e m  a l s o  i n c l u d e  t h e 

benefits of reducing climate change 
damages. However, if  we confine 
ourselves narrowly just to the extra 
costs involved in decarbonising the 
energy system, that could add up to an 
additional annual cost of 0.4-0.8% of 
GDP. If we add this number to the GDP 
share for energy expenditures shown 
in Figure 2, we see that the transition is 
still affordable, with a clear margin.

The conclusion that the energy 
transition is affordable is valid even 
without considering the benefits of 
avoiding the dangerous consequences 
of global warming, which obviously are 
compelling.

By Sverre Alvik
→ Re-posted with permission

 from Energy Post and DNV GL

Figure 3. From 2030 onwards, global primary energy use will start to reduce as intensity improvements are higher 
than the sum of population and economic growth.

https://energypost.eu/peak-energy-by-2030-efficiency-gains-will-make-the-transition-affordable/
https://energypost.eu/peak-energy-by-2030-efficiency-gains-will-make-the-transition-affordable/
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                                                 The Oil and Gas Industry in Energy Transitions

The oil and gas industry is facing increasing demands to clarify the implications of 
energy transitions for their operations and business models, and to explain the contributions 
that they can make to reducing greenhouse gas emissions and to achieving the goals of the 
Paris Agreement.

The increasing social and environmental pressures on many oil and gas companies 
raise complex questions about the role of these fuels in a changing energy economy, and the 
position of these companies in the societies in which they operate.

The IEA special report discussed a key question, that should today’s oil and gas 
companies be viewed only as part of the problem, or could they also be crucial part in solving 
the puzzle.

 Find out more

                                    Research Report on Global Electricity-Carbon Market 

Market-based strategy is the most efficient way for climate and energy resource 
allocation. An increasing number of countries are actively developing electricity market and 
carbon market. The two markets are showing a trend of coupling development with mutual 
influences in many ways. 

After carrying out in-depth research and analysis on the global electricity market and 
carbon market, GEIDCO has proposed in this report with a concept of Global Electricity-
Carbon Market (GE-CM) and studied the overall design, development priorities, development 
paths and benefits. Applying the strategy in coordinated climate-energy governance is of 
great importance to promote global clean energy transition and carbon emission reduction 
simultaneously through market mechanism.  Moreover, cross-border and inter-continental 
Electricity-Carbon trading will promote large-scale exploitation, wide-range allocation and high 
penetration of clean energy worldwide.

Find out more

Featured Reports

https://www.iea.org/reports/the-oil-and-gas-industry-in-energy-transitions%20
https://en.geidco.org/2020/0107/1900.shtml
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                  The Power Sector in the EU 2019 

The power sector is playing a leading role in the decarbonisation of Europe, so it is 
critical to track the progress of the electricity transition as accurately and timely as possible. 

For the third year in a row, Sandbag and Agora Energiewende have joined forces to 
update on the European electricity sector transition. Key topics include renewables growth, 
conventional power generation, electricity consumption, and CO₂ emissions.

The report reveals that energy transition in EU is taking off. Coal generation continue to 
collapse by 24% in the EU in 2019, cutting the CO₂ emissions in Europe’s power sector fell by 
a record 12%. The vanished coal generation was substituted by rising renewable generation 
for the most part, which is now supplying 35% of EU electricity, reaching the highest level in 
history. 

The report also provides best-views of 2019 electricity consumption, generation and 
emissions by country. Statistic data is also available to download in order to facilitate further 
up-to-date analysis.

Find out more

                 China PV Industry Development Roadmap (2019) 

In recent years, driven by policy and market demand, China's PV industry has rapidly 
developed and expanded in scales. Almost in every link of the PV industrial chain, China has 
ranked the first in its market share of the world for many years.

The road map was jointly prepared by the China Photovoltaic Industry Association (SPIA) 
and CCID Think Tank under the direction of the Department of Electronic Information of the 
Ministry of Industry and Information Technology. 

Overall, the content of this 4th edition of the road map covers all aspects of the 
upstream and downstream Chinese PV industry chain, with a close examination of 62 key 
indicators including polysilicon, silicon rods/silicon ingots, wafers, cells, components, inverters, 
as well as systems.

While listing annual development goals in 2020, 2021, 2022, 2023 and 2025 for 
PV industry, based on the industry and technological development realities as well as PV 
enterprises' technological transformation, the road map provides valuable forward-looking 
reference by analyzing the key trends of technology and market development for everyone 
interested in Chinese PV sector.

Find out more

https://www.agora-energiewende.de/en/publications/the-european-power-sector-in-2019/
http://www.chinapv.org.cn/road_map/802.html
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China Power Industry Statistics 2019

2019

Year-on-Year
Change (±, %)

Electricity Consumption TWh 7225.5 4.5
---- Primary Industry TWh 78.0 4.5
---- Secondary Industry TWh 4936.2 3.1

Including: Industrial TWh 4847.3 2.9
---- Tertiary Industry TWh 1186.3 9.5
---- Residential TWh 1025.0 5.7

Generating Capacity of Power Plants GW 2010.66 5.8
---- Hydro GW 356.40 1.1
---- Thermal GW 1190.55 4.1
---- Nuclear GW 48.74 9.1
---- On-Grid Wind GW 210.05 14
---- On-Grid Solar GW 204.68 17.4

Average Coal Consumption of Power Plants of 6000kW and Above g/kWh 307 -0.7
Line Loss Rate % 5.9 -0.4
AUHs of Power Equipment of 6000kW and Above Hour 3825 -54

---- Hydro Hour 3726 119
---- Thermal Hour 4293 -85

Power Generation Projects Investment Billion RMB 313.9 12.6
---- Hydro Billion RMB 81.4 16.3
---- Thermal Billion RMB 63.0 -20
---- Nuclear Billion RMB 33.5 -25

Power Grid Projects Investment Billion RMB 485.6 -9.6
Newly Installed Generation Capacity GW 101.73 -20.4

---- Hydro GW 4.17 -51.4
---- Thermal GW 40.92 -6.6

Newly Added Substation Equipment Capacity of 220kV and Above GVA 230.42 3.7
Newly Added Transmission Circuit Length of 220kV and Above km 34022 -17.2

                                                                                                                                                               Source: China NEA
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Statistics of  China Grid-Connected Wind Power

Provinces
Total Installed 

Capacity
 (GW)

Generation
(TWh)

Wind 
Curtailment

(TWh)

Wind 
Curtailment 

Ratio (%)

Utilization 
Hour(hour)

Total 210.05 405.7 16.86 4.0% 2082
Beijing 0.19 0.3   1816
Tianjin 0.60 1.1   1965
Hebei 16.39 31.8 1.60 4.8% 2144
Shanxi 12.51 22.4 0.26 1.1% 1918
Inner Mengolia 30.07 66.6 5.12 7.1% 2305
Liaoning 8.32 18.3 0.08 0.4% 2300
Jilin 5.57 11.5 0.30 2.5% 2216
Heilongjiang 6.11 14.0 0.18 1.3% 2323
Shanghai 0.81 1.7   2065
Jiangsu 10.41 18.4   1973
Zhejiang 1.60 3.3   2090
Anhui 2.74 4.7   1809
Fujian 3.76 8.7   2639
Jiangxi 2.86 5.1   2028
Shandong 13.54 22.5 0.03 0.1% 1863
Henan 7.94 8.8   1480
Hubei 4.05 7.4   1960
Hunan 4.27 7.5 0.14 1.8% 1960
Guangdong 4.43 7.1   1612
Guangxi 2.87 6.1   2385
Hainan 0.29 0.5   1645
Chongqing 0.64 1.1   1996
Sichuan 3.25 7.1   2553
Guizhou 4.57 7.8 0.03 0.4% 1861
Yunnan 8.63 24.2 0.06 0.2% 2808
Tibet 0.008 0.02   2173
Shaanxi 5.32 8.3 0.50 0.6% 1931
Gansu 12.97 22.8 1.88 7.6% 1787
Qinghai 4.62 6.6 0.17 2.5% 1743
Ningxia 11.16 18.6 0.36 1.9% 1811
Xinjiang 19.56 41.3 6.61 14.0% 2147

                                                                                                                                                            Source: China NEA
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Statistics of  China Grid-Connected Solar PV Power

Province

Total Installed Capacity (GW) Newly Installed Capacity (GW)

Including: Utility Scale 
PV plants

Including: Utility Scale 
PV Plants

Total 204.30 141.67 30.11 17.91
Beijing 0.51 0.05 0.11 0
Tianjin 1.43 1.04 0.15 0.07
Hebei 14.74 9.62 2.40 1.06
Shanxi 10.88 8.57 2.24 1.76
Inner Mongolia 10.81 10.01 1.53 0.88
Liaoning 3.43 2.46 0.41 0.27
Jilin 2.74 2.05 0.09 0.02
Heilongjiang 2.74 1.95 0.59 0.54
Shanghai 1.09 0.06 0.20 0
Jiangsu 14.86 8.21 1.53 0.29
Zhejiang 13.39 4.14 2.01 0.52
Anhui 12.54 7.73 1.36 0.96
Fujian 1.69 0.38 0.21 0.01
Jiangxi 6.30 36.7 0.93 0.73
Shandong 16.19 67.7 2.58 0.29
Henan 10.54 60.0 0.63 0
Hubei 6.21 41.9 1.11 0.84
Hunan 3.44 15.5 0.52 0.29
Guangdong 6.10 30.2 0.83 0.20
Guangxi 1.35 10.5 0.12 0.11
Hainan 1.40 12.7 0.04 0.04
Chongqing 0.65 0.58 0.22 0.20
Sichuan 1.88 1.69 0.07 0.02
Guizhou 5.10 4.91 3.40 3.30
Yunnan 3.75 3.50 0.33 0.19
Tibet 1.10 1.10 0.12 0.12
Shaanxi 9.39 7.78 2.23 1.65
Gansu 9.08 8.36 0.79 0.57
Qinghai 11.01 10.86 1.45 14.0
Ningxia 9.18 8.44 1.02 0.82
Xinjiang Autonomous Region 10.41 10.27 0.88 0.75
Xinjiang Corps 0.39 0.39 0 0

                                                                                                                                                 Source: China NEA
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 The European Green Deal

Presented by Jan Steinkohl from DG Energy

Presented by Jan Steinkohl, DG Energy

Inforgraphics from ECECP Renewable Energy Integration Workshop
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Presented by Monique Voogt, SQ Consult 

Presented by Roberto Lacal Arantegui from Joint Research Centre
(Credit: John Lowry, EirGrid Group)

Promoting Investment in Renewable Generation
Lessons Learned from EU Member States

2030 Challenge-Future System Operation Complexity
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Presented by Christian Romig, AFRY

Presented by Christian Romig, AFRY

Figure Source: ECECP Renewable Energy Integration Workshop

Multiple, Interacting Sources of  Value in Play Across the “Five C’S”
In Electricity Market Designing

A Framework for Market Design to Enable the Energy Transition
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