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by making in-depth analyses of the 
status quo, and studying typical cases, 
of green and low-carbon energy 
development in Chinese counties 
on one hand and drawing on the 
experience of German counties in 
developing green and low-carbon 
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Dear readers,

Climate change is a significant 
challenge that deserves earnest 
response from all countries in the 
world. As a responsible major country, 
China attaches great importance to 
climate change and is actively and 
effectively dealing with the issue. At the 
general debate of the 75th Session of 
The United Nations General Assembly, 
President Xi Jinping declared that 
“China will scale up its Intended 
Nationally Determined Contributions 
by adopting more vigorous policies 
and measures. We aim to have CO2 
emissions peak before 2030 and 
achieve neutrality before 2060”. 
Following the path, China has set forth 
and implemented a series of climate 
change-related strategies, measures 
and actions to take an active part 
in the global climate governance, 
thus highlighting the strong sense 
of responsibility of China as a major 
power in the world. 

At present, the carbon emissions from 
the energy sector account for 43% 
of the world’s total, and the figure 
reaches as high as 80% or so in China. 
Therefore, energy transition becomes 
a preferred solution to climate change 
for both China and the world at 
large. Focused on energy transition, 
the Chinese Government has made 
a slew of important arrangements, 
including the new energy security 
strategy characterized by “energy 
consumption revolution, energy supply 
revolution, energy tech revolution 
and energy system revolution, as well 
as international cooperation”. The 
aim is to develop large-scale wind 
and photovoltaic power generation 
bases, build a new power system 
dominated by new energy, and 
advance high-quality, innovation-led 
and transformational development 
of the energy sector through energy 
production, consumption, technology, 

Foreward by Qian Zhimin

system, international cooperation 
and more. The Report to the 20th 
National Congress of the Communist 
Party of China explicitly pointed out 
the need to “thoroughly implement 
the new urbanization strategy, speed 
up the planning and development 
of a system for new energy sources 
and get actively involved in global 
governance in response to climate 
change”. As counties are pivots that 
link up the higher and lower levels 
of government, energy transition in 
counties is therefore important pillars 
and links of the national efforts to 
facilitate changes in climate response 
and promote green, sustainable 
development. In this vein, the Chinese 
Government has made several 
strategic deployments to accelerate 
energy transition and development 
across counties and the rural areas 
in particular and to assist with the 
rural vitalization strategy. Thus far, it 
has scored significant achievements 
in terms of building green and low-
carbon energy systems at county level, 
promoting the application of clean 
energy such as distributed wind power, 
distributed photovoltaic power, smart 
photovoltaic power and so on.

Nowadays, SPIC 1 is the world’s largest 
photovoltaic power, new energy and 
clean energy producer; it aims to 
become a global leader in the green, 
smart energy sector. In the background 
of a great change unseen in a century 
for the energy sector, SPIC has been 
the first central government-owned 
enterprise of China to put forward 
the goal of achieving carbon peaking 
in 2023. To that end, we vigorously 
advocate the energy innovation, 
transition and development concept of 
“creating a great future for the world 
through innovation, green development 
and integration” and pushes the user 
side-to-consumption side transition 

1 State Power Investment 
Corporation Limited

for the energy sector, thus blazing 
a new path for energy enterprises 
to achieve paradigm revolution and 
transformational development. We 
have actively facilitated the innovation-
led transition and cross-industry 
integrated development of the 
energy sector. One after another, we 
have successfully made deployment 
and led the development of such 
emerging industries as smart energy, 
the convergence of the government, 
energy and community networks, 
integrated smart zero-carbon power 
plants, green energy-powered zero-
carbon transportation, green power to 
X, eco-governance, the combination of 
hydro, wind and photovoltaic power, 
etc. What’s more, we have developed 
many scenarios for new energy 
application, created a brand-new 
landscape for energy development, 
and contributed SPIC’s solution and 
practices for energy transition and 
development all over the world. More 
specifically, we have opted to promote 
energy transition, integration and 
development at county level and even 
at household level. Therefore, we have 
given top priority to more than 2,000 
counties across the country in seeking 
energy transition. While advancing 
the green transition of production, life 
and ecology at county level, we have 
promoted the creation of a new energy 
development landscape at county level 
where governments, enterprises, the 
general public and many other players 
join forces and share benefits.   

Meanwhile, we have noticed that 
the European Parliament adopted a 
Renewable Energy Directive (REDII) 
on September 13 this year, lifting the 
share of renewable energy in final 
energy consumption to 45% by 2030. In 
Germany, particularly, the goal of lifting 
the share of electricity from renewable 
sources in the total energy consumption 
to 100% is expected be attained in 
2035, in advance of the previously 
planned 2050. European countries, 
represented by Germany, are both 
supporters and forerunners of green 

and low-carbon energy. They have thus 
far built up a rich array of characteristic, 
feasible energy development models 
and experience, which can serve as 
beneficial revelations for China to 
promote healthy development of green 
and low-carbon energy at county level. 
As a global leader offering sustainable 
energy technologies, Siemens Energy 
is making contribution to the green 
and low-carbon development in China, 
too, taking advantage of its innovative, 
integrated energy solutions.

It is a great pleasure for SPIC to have 
compiled this document entitled 
China County Green and Low Carbon 
Energy Development Report in 
partnership with Siemens Energy 
under the auspices of think tanks from 
both China and Germany. From an 
international perspective, the report 
summarizes experience at home and 
abroad, provides practical examples 
for green and low-carbon energy 
transition at county level, and shares 
ideas and technological paths for 
such transition. Hopefully, the report 
will make positive contribution to the 
green, low-carbon and sustainable 
economic development, the Beautiful 
Countryside initiative, and the building 
of a harmonious society with common 
prosperity for all in China, as well as to 
the cooperation between China and 
Germany in energy transition.

SPIC is willing to cooperate with all 
parties to provide users with affordable, 
reliable and sustainable modern 
energy. Moreover, we are willing to join 
forces with the international community 
to advance the transition toward low-
carbon energy and the construction of 
ecological civilization in order to protect 
the Earth, our home, and to benefit 
China and Germany, as well as people 
across the globe.

Qian Zhimin
Chairman, SPIC



Dear readers,

Today, we all are facing a historic task. 
The implications of climate change, 
coupled with a steadily increasing 
demand for energy, are creating 
fundamental challenges for our 
planet. At the time when this report is 
published, the earth has just recorded 
a "burning summer", with a global 
average temperature in June hitting 
a record high ever since 1979. The 
Intergovernmental Panel on Climate 
Change (IPCC) raised the warning that 
global warming is likely to reach 1.5° C 
between 2030 and 2052 if it continues 
to increase at the current rate. The 
result would be weather events will 
be more extreme than we have ever 
experienced before.

We have to act now, and the energy 
sector holds the key to averting a 
climate disaster. Properly designed and 
implemented, the energy transition 
will ease progress towards all 17 
Sustainable Development Goals of the 
United Nations. It will enhance energy 
independence for most countries, 
promote prosperity and job creation, 
and improve sustainability and equity. 
The energy transition of Germany, 
or "Energiewende", initiated at the 
beginning of this century, is probably 
one of the most massive and ambitious 
experiments worldwide. Amid different 
voices and setbacks, over the past 
two decades, renewable energy has 
already grown to account for over 40% 
of the energy mix of Germany and the 
goal is to achieve100% by 2035. Along 
this journey, rural area, an element 
that is often overlooked and rarely 
examined, has been playing a critical 
and unique role.

For this purpose, Siemens Energy and 
State Power Investment Corporation 

Limited, decided to conduct this joint 
study into green development and low-
carbon energy transition of counties 
in China. The two companies share 
the belief that rural areas are key 
success factors of energy transition, 
and their economic growth and climate 
protection are two sides of the same 
coin. In China, the nearly 2,000 county-
level economies, with two-fifths of 
the country’s GDP and more than 
700 million population will make an 
indispensable contribution to China’s 
"3060" goal.

Today, the majority of the population 
in both Germany and China live in 
cities, but rural areas often have great 
potential to achieve a high degree of 
energy self-sufficiency using renewable 
energy sources and have ample room 
for applying flexible energy systems 
and business models. The China 
County Green and Low-carbon Energy 
Development Report is the first of its 
kind that provides a holistic overview 
of the status of energy transition in the 
vast rural areas in China, deep-dives 
into policy, social and economic factors 
behind different development patterns 
leading to sustainability at counties 
and presents a comparative analysis 
with their German counterparts.

We see successes with county-level 
climate protection efforts in Germany. 
While overall, Germany has the 
ambition to reach climate neutrality 
by 2045, a number of rural areas, as 
showcased in this report, are much 
more advanced than others and 
some have already achieved climate 
neutrality now or will achieve it in 
the course of the decade up to 2030. 
They act as pre-cursors for solutions 
to spread out over Germany in the 

next two decades and therefore are 
seen as the "laboratory" for the energy 
transition of Germany.

I wish this "laboratory", with the 
publication of this report, will go 
beyond the border and serve as a 
practical reference for the energy 
transition work of China’s counties. The 
energy transition is a complex task and 
takes place at different speeds in China 
and Germany. It is even much so in rural 
areas where fundamental institutions, 
such as rural land ownership and rural 
governance structure, are diverse. There 
is no "silver bullet" that is applicable 
to all. Nevertheless, both countries 
have a profound legacy of agricultural 
civilization and attach great importance 
to rural development in the process 
of urbanization. It is our sincere hope 
that those findings in the report, either 
best practices or lessons learned, in the 
process of low-carbon transformation 
of Germany’s rural areas will help bring 
forward carbon neutrality at the county 
level in China in its great endeavor to 
build the "beautiful countryside".

The most noteworthy feature, and 
probably also the most essential 
success factor of energy transition 
in rural areas of Germany, is in my 
opinion public participation. Through 
"energy communities", different people 
come together to participate in the 
energy system and take ownership of 
their energy consumption, becoming 
stakeholders of energy transition and 
paving the way for climate neutrality. 
This is also what we, both Siemens 
Energy and SPIC, believe: On the road 
to sustainability, politicians, society at 
large, and the business world must 
create alliances and work closer 

together.

I therefore very much respect Chairman 
Qian and his team at SPIC for their 
vision and commitment to creating 
a better future for the world through 
innovative, green, shared, and smart 
development. With sustainability 
at the core of the strategies of both 
companies, Siemens Energy and SPIC 
have forged comprehensive strategic 
cooperation since 2019. This joint 
study report will open a new horizon 
of our cooperation and provide a new 
perspective to further substantiate 
the China-EU Green Partnership. 
We together present this report to 
policymakers, research institutes, and 
the energy industries of both countries 
and advocate for a regular dialogue 
platform in support of the green and 
low-carbon energy development of 
counties in China and Germany.

I also send the highest regards to the 
scholars from the two prominent think 
tanks: China’s Development Research 
Center of the State Council and 
Germany’s Fraunhofer-Gesellschaft, 
the whole expert panel and the joint 
editorial team from SPIC and Siemens 
Energy, for their commitment and hard 
work to put our vision into reality.

The publication of this report 
reconfirms our conviction: On the way 
to sustainability, no one can do it alone. 
Let’s energize the society, together!

Christian Bruch
President and CEO
Siemens Energy AG

Foreword by Christian Bruch
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Background of the Green and 
Low-carbon Energy Development 
at County Level in China

Since the 18th National Congress 
of the Communist Party of China 
(CPC), General Secretary Xi Jinping 
has attached great importance to 
the development and governance of 
counties. He emphasized that "counties 
are pivots that link up the higher 
and lower levels of government, and 
are important foundations for us to 
develop economy, secure the people’s 
livelihood, maintain stability, and 
promote long-term peace and order 
in the country". Therefore, he pointed 
out that "we must correctly understand 
the unique features and rules of county 
governance, aim at both developing 
counties and enriching the people, 
coordinate reform with development, 
and integrate urban areas with 
the countryside". These important 
statements offer basic guidelines for, 
and inject great impetus into, the green 
and low-carbon energy transition and 
development at county level in the new 
era. 

In this Chapter, Section 1 examines 
the trend of policies for energy 
development across counties in China.

CHAPTER 1

Section 2 proceeds from the status 
quo of energy development at county 
level and looks into the problems 
encountered by counties in their green 
and low-carbon energy transition.

Section 3 points out the great 
significance in promoting green and 
low-carbon energy development at 
county level.

Section 1 丨 Trends of Policies for Energy 
Development in Counties

At several important conferences, 
General Secretary Xi Jinping proposed 
to promote "rural vitalization", 
"common prosperity", and "clean, 
low-carbon, safe and efficient use of 
energy". Accordingly, the State Council, 
as well as its various ministries and 
commissions, issued a basket of 
policies to advance the development of 
green and low-carbon energy across 
counties.

At the fifth plenary session of the 19th 
CPC Central Commission for Discipline 
Inspection held on January 22, 2021, Xi 
stressed the need to put in place the 
CPC Central Committee’s policies aimed 
at benefiting or enriching the people 
and promoting common prosperity, 
and to address corruption and other 
misconducts in education, health care, 
retirement pension, social security, 
poverty alleviation and environmental 
protection spheres. All these boil down 
to giving the people a sense of fairness 
and justice by resolving the most 
pressing difficulties and problems of 
great concern to them. 

At the National Poverty Alleviation 
Summary and Commendation 
Conference held on February 25, 2021, 
Xi further pointed out that "the key to 
governance of a country is to improve 
its people’s lives". He continued that, 
standing by the people, we always 
stressed that eliminating poverty, 
improving the people’s livelihood 
and seeking common prosperity are 
essential requirements of socialism, are 
important manifestations of our Party’s 
fundamental mission to serve the 
people wholeheartedly all the while, 
and are important responsibilities of 
both the Party and the government. In 

this vein, the efforts to fully implement 
the rural vitalization strategy is no 
less than the battle against poverty 
in terms of their width, depth and 
difficulty, he emphasized. Therefore, 
we must take more forceful measures, 
such as improving the policy, work 
and institutional systems, and gather 
greater strength to accelerate the 
modernization of agriculture and rural 
areas, making agriculture better and 
more efficient, the countryside friendlier 
to both businesses and residents, and 
farmers more affluent.

At the 29th group study session of 
the Political Bureau of the CPC Central 
Committee organized on April 30, 2021, 
again, Xi stressed the need to promote 
clean, low-carbon, safe and efficient 
use of energy and to lower the intensity 
of carbon emissions on an ongoing 
basis. Meanwhile, he proposed to 
support the innovation of green 
technologies and the application of the 
results of such innovations.

On September 22, 2021, one day before 
the fourth Chinese Farmers’ Harvest 
Festival, Xi underscored the historic 
shift of the focus of the "agriculture, 
rural areas and farmers" work into 
advancing rural vitalization in all 
respects amid efforts to achieve the 
second centenary goal [of building 
China into a modern socialist country 
that is prosperous, strong, democratic, 
culturally advanced, and harmonious 
by the centenary of the People’s 
Republic of China]. Therefore, the Party 
committees and governments at all 
levels must carry out the CPC Central 
Committee’s policies, guidelines and 
decisions on the "agriculture, rural 
areas and farmers" work, give priority 
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Table 1-1: National policies for green and low-carbon energy development in counties

Name of the policy Issued by Date of issuance

Action Plan for Technological Revolution and Innovation in Energy Sector
National Development and Reform Commission, 

and National Energy Administration
April 2016

Several Opinions on Innovation-driven Development in Counties State Council May 2017

Guiding Opinions on Promoting Industrial Vitalization in Rural Areas State Council June 2019

Guiding Opinions on Accelerating the Establishment of a Sound Economic 
System in Favor of Green, Low-carbon and Circular Development

State Council February 2021

Outline of the 14th Five-Year Plan (2021-2025) for National Economic and 
Social Development and Vision 2035 of the People’s Republic of China

The fourth plenary session of the 13th National 

People’s Congress
March 2021

Opinions on Strengthening Green and Low-carbon Construction at 
Counties

15 authorities represented by the Ministry of 

Housing and Urban-rural Development
May 2021

Notice on Submitting Pilot Plans for County/City/District-wide Rooftop 
Distributed Photovoltaic Power Development

National Energy Administration June 2021

The Plan for Promoting Agricultural and Rural Modernization during the 
14th Five-Year Plan Period

State Council November 2021

Implementing Opinions on Accelerating Energy Transition and 
Development in Rural Areas to Boost Rural Vitalization

National Energy Administration, Ministry of 

Agriculture and Rural Affairs, and National Rural 

Revitalization Administration

December 2021

Opinions on Improving the Systems, Mechanisms and Policies for Green 
and Low-carbon Energy Transition

National Development and Reform Commission, 

and National Energy Administration
February 2022

Opinions of the CPC Central Committee and the State Council on 
Performing the Key Tasks in Advancing Rural Vitalization in All Respects 

in 2022
State Council February 2022

The 14th Five-Year Plan for a Modern Energy System
National Development and Reform Commission, 

and National Energy Administration
March 2022

to the development of agriculture 
and rural areas, and accelerate their 
modernization, thus continuously lifting 
the standards of living for farmers. 

At the central economic work 
conference convened during December 
8 to 10, 2021, Xi pointed out the need 
to correctly understand carbon peaking 
and carbon neutrality, to scientifically 
appraise the performance of the 
energy sector and secure energy 
supply on the basis of the dominance 
of coal consumption in China, and 
to advance the energy revolution to 
accelerate building China’s strength in 
energy. In the meantime, he urged the 
use of resources in a sparing, intensive 
and circular manner and the capacity 
building in assuring production of 
resources in China. 

When inspecting Duan Village, 
Sengnian Town, Fenxi County, Shanxi 
Province on January 26, 2022, Xi 
made the point that following the 
achievement of the first centenary 
goal, we would still have a long way to 
go as we had begun the new journey 
towards the second centenary goal 
of building a modern socialist country 
in all respects. Modern agriculture 
and rural areas are an integral part 
of a modern country. Therefore, we 
must align efforts to consolidate the 
outcomes of the battle against poverty 
with the rural vitalization drive, so as to 
speed up the modernization of rural life 
and give farmers a promising future.

The following table presents national 
policies that are of great significance 
in guiding the market development 
at county level. For details of these 
policies, please see the Annex section 1 
below. 
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Figure 1-1: Energy consumption in rural China 2018

Section 2 丨 Status Quo of the Green and Low-
carbon Energy Transition and Development at 
County Level in China

I. Status Quo of Energy Development at County Level in China

According to China Building Energy 
Conservation Annual Development 
Report 2020 [1], the residential energy 
consumption in rural areas across the 
30 provinces (autonomous regions 
or municipalities) of China adds up 
to 311 million tons of standard coal 
equivalent on a yearly basis. The 
energy consumption reported includes 
the energy used for heating, cooking 
(water heating for living purposes 
included), air conditioning and other 
living purposes, including lighting and 
the powering of household electric 
appliances. The energy sources 
covered by the statistical analysis 
include coal, liquefied petroleum gas 

Energy resources are abundant in the 
rural areas of China. On a yearly basis, 
the biomass resources available for 
energy utilization total 460 million tons 
of standard coal equivalent or so2; the 
developable potential for distributed 
photovoltaic power technology is over 
1,000GW and that for dispersed wind 
power technology is 250GW3; and the 
exploitable geothermal resources, 
excluding petrothermal ones, are 

Energy administrative agencies in 
rural China and their staff members 
are insufficient. By the end of 2018, 
there were only 10,467 rural energy 
administration and promotion 
agencies with 28,254 staff members 
across the country; and the 
government-funded rural energy 
service outlets tasked to provide public 
services covered only 28.42 million 
families, just accounting for 21% of 
Chinese farmers supposing one family 
has four members. What’s worse, 
given the wide variety of the types of 
energy production and consumption 
in rural areas, the management 
of county-level energy data is 
decentralized in China5.

The energy mix in rural China 
includes electricity, LPG and natural 
gas, among other premium energy 

i. The ability to secure energy supply has been strengthened, 
but clearly, the structure of energy consumption remains 
unreasonable

ii. Energy resources are abundant, but utilized at 
a low efficiency

iii. The energy service system develops slowly, and 
the statistics system is yet to improve

(LPG), electricity, natural gas and other 
commercial energy, as well as non-
commercial energy such as firewood 
and straws. The commercial and non-
commercial energy accounts for 69.6% 
and 30.4%, respectively, of the total.[2]

Take 2018 for instance. Coal, electricity, 
petroleum, firewood and straws 
respectively accounted for 36.9%, 
17.4%, 14.9%, 11.7% and 8.8% of the 
total energy consumption. Therefore, 
there is still large room for the increase 
of renewable and commercial energy 
consumption, and the structure of 
energy consumption urgently needs to 
be optimized.[3]

tantamount to 2.6 billion tons of 
standard coal equivalent annually4. 
In general, however, these energy 
resources are utilized with relatively 
low efficiency, which goes against 
the effective supply of energy in rural 
areas, particularly clean energy.[4] 

sources. However, in the rural areas 
the share of non-commercial energy 
remains relatively high in the rural 
areas, and both the level of energy 
commercialization and the quality of 
energy supply are significantly lower 
than in the urban areas. Moreover, 
non-commercial energy still covers 
around one third of the total energy 
consumption in the rural families. In 
some major agricultural provinces, 
particularly, a majority of rural 
households are still relying on straws 
and firewood as their fuel. The current 
energy statistics in China are primarily 
based on commercial energy, while 
the statistical systems and methods for 
non-commercial energy are not well 
established yet. This checks the energy 
transition in rural areas to some extent.

2 Source: China 
2030/2060-Goal Low-
Carbon Biomass 
Development Blue Paper

3 According to the 
calculations of the State 
Grid Energy Research 
Institute

4 According to China 
Geological Survey’s 
preliminary assessment of 
the geothermal resources 
across the country

5 According to the 
calculations of the State 
Grid Energy Research 
Institute
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II. Problems Encountered by Counties in China in the Green 
and Low-carbon Energy Transition

Given the fundamentals of energy 
development in counties in China, 
the county-level transition to green 
and low-carbon energy will remain 

Rural infrastructure at county level 
is relatively less developed. At 
present, there is still a gap between 
the urban and rural areas within 
counties in terms of the development 
of infrastructure and energy services. 
Overall, county levels are plagued 
with poor energy infrastructure 
and inadequate investment in tech 
development. Therefore, the supply 
of fuel gas, LPG and natural gas is not 
yet available to all villages and towns. 
In some remote areas, particularly, 
the network of supply equipment is 
aged and out of mode, resulting in 
the insufficient supply of commercial 
energy. Meanwhile, some areas are 
still suffering from energy poverty 
and finding it hard to fully satisfy their 
energy demand. In respect of the use 
of clean energy, the share of non-
commercial energy sources such as 
straws and firewood in the residential 
energy consumption in rural areas 
remains fairly high. In other words, 
the utilization rate of clean energy 
is still relatively low. Due to relatively 
poor infrastructure development, 
the installed capacity of wind and 
photovoltaic power generation 
in the rural areas in counties still 
accounts for a small proportion of the 
developable capacity. That’s to say, 
there is a vast potential for counties 
to tap their clean energy. In the field 
of information infrastructure and 
digital development, the imbalance 

an arduous task that must take a 
long time to fulfill. To sum up, the 
task is confronted with the following 
challenges:

of development remains salient. 
Information technologies are still 
insufficiently applied in county-based 
industries, and the fiscal investment 
in information infrastructure 
development is in obvious shortage, 
affecting the digitalization of rural 
governance at county level. Therefore, 
the potential for integration of 
digitalization in energy sector and that 
in rural governance is enormous. 

Local consumption of clean energy 
is impeded by limited connection to 
the power grid. For the time being, 
the connection of power generated 
from clean energy in counties relies 
heavily on the margin of capacity 
made available by the old power 
grids. When such margin runs out, 
the development of clean energy will 
end up in a dilemma. With the feed-
in of new energy, e.g., distributed 
photovoltaic power, the county-level 
power distribution system represented 
by rural grids will shift from a passive 
radial network to an active one with 
large numbers of distributed power 
sources, resulting in a fundamental 
change in the physical properties of 
the power grids. In this sense, the 
traditional power grids in counties can 
no longer consume the widespread 
connection of distributed power 
sources on a large scale and of an 
intermittent nature. This situation 
crimps normal energy development 
at county level and thus pressingly 

requires renewed upgrading of the 
existing power supply systems. Reform 
policies for the electricity market still 
find it hard to materialize in reality. 
As the market trading of distributed 
generation (MTDG) is restricted, local 
clean energy cannot be directly 
sold to industrial and commercial 
businesses in its surrounding areas. 
In consequence, a benefit sharing 
mechanism is hard to be established 
between county-based developers 
of clean energy and local enterprises 
as their potential users. To some 
extent, this affects local governments’ 
understanding of and support to 
county-wide development of clean 
energy. At present, the county-wide 
power grids and the rural networks 
in particular need to be further 
upgraded. It is already imperative 
for us to deepen the reform of 
power supply systems, advance fair 
competition in the energy sector and 
remove policy barriers to clean energy 
production and consumption.

Technical conditions and business 
models cannot yet meet the 
development needs of counties. As 
the endowment of resources varies 
fairly greatly from place to place 
and the conditions for development 
of the resources are intricate and 
complex, existing technical plans and 
development models cannot yet satisfy 
the diversified development needs of 
counties. From the perspective of tech 

application, county-level clean energy 
development is still using the technical 
standards systems suitable to 
traditional energy development, and 
county-level universal standards for 
technologies, construction, operation 
and maintenance have not yet taken 
shape, hence the lack of guidance 
for clean energy development across 
counties. To make matters worse, 
energy businesses are not familiar 
with the production processes of high 
energy-consuming industries such 
as cement and building materials 
and therefore lack pertinent plans 
to advance the transition of energy-
intensive industries. As a result, 
green energy fails to play a full role 
in supporting the shift of county-level 
energy mix through local consumption. 
With regard to business model, 
advanced information and energy 
technologies need to further penetrate 
to the rural areas of counties. So far, 
the value of energy data at the county 
level has not been fully tapped, and 
the energy network has not been 
perfectly integrated with the networks 
of government services and social 
community. In consequence, the 
governance of counties and rural 
areas cannot be effectively improved.
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Section 3 丨 The Significance of Promoting Green and 
Low-carbon Energy Development at County Level

Promoting the development of 
green and low-carbon energy 
at county level is an important 
initiative to put the vision of 
green development into practice 
and promote the construction of 
ecological civilization. Promoting 
green development in all respects 
is an important part of Xi Jinping’s 
thought on ecological civilization. 
The 14th Five-Year Plan (2021-2025) 
for National Economic and Social 
Development and Vision 2035 of the 
People’s Republic of China specifically 
discusses this topic in a special part 
"Green Development and Harmonious 
Co-existence between Humanity and 
Nature". At primary level for ecological 
progress (civilization) in China, 
counties are tasked with the important, 
strategic mission of promoting 
sustained and healthy regional 
and national development across 
the country. Under the new normal 
of economic development, county 
economies not only have enormous 
vitality for change and innovation, but 
also face the strategic task of achieving 
higher quality, better efficiency and 
upgrading of development. Therefore, 
there is the need to revisit the status 
quo of economic development at 
county level in order to identify the key 
difficulties facing the green industrial 
development in counties, promote the 
integration of "production, life and 
ecology" and, in turn, chart the way for 
county economies to lead and adapt 
to the new normal and plan for green 
development.

Promoting the development of 
green and low-carbon energy is a 
solid foundation for achieving the 
high-quality development at county 

level and for solving the issues 
relating to agriculture, rural areas 
and farmers. The 14th Five-Year Plan 
(2021-2025) for National Economic 
and Social Development and Vision 
2035 of the People’s Republic of China 
proposes, on one hand, to give priority 
to the development of agriculture 
and rural areas and promote rural 
vitalization in all respects, and on the 
other hand, to enhance the ability of 
county seats to provide comprehensive 
services and coordinate the planning 
and construction of towns and 
villages in counties. By 2035, the gap 
between the urban and rural areas 
in terms of development level and 
standards of living be significantly 
narrowed, the quality of the people’s 
life be greatly improved, and the all-
round development of individuals 
and the common prosperity be 
materially boosted. Therefore, 
counties have taken on new functions. 
They are not only the bedrock of 
rural vitalization, but also important 
hubs that function to ameliorate 
the "big city diseases"6and help to 
achieve coordinated development 
between the urban and rural areas. 
Developing green and low-carbon 
energy at county level can improve 
the efficiency of energy use, promote 
the upgrading of agricultural products 
and increase the value added from 
industries. Therefore, achieving green 
and low-carbon transition of the 
energy sector to help resolve the high 
energy consumption, make the best 
use of clean energy and make local 
energy consumption possibly become 
an inevitable means for counties to 
secure high-quality development and 
particularly improve the quality and 

efficiency of agriculture, make the rural 
areas livable and friendly to business, 
and enable farmers to live an affluent 
life.

Promoting the development of 
green and low-carbon energy at 
county level is an effective means 
to propel rural vitalization and 
realize common prosperity. During 
the 14th Five-year Plan period, China 
embarks on the new journey to its 
second centenary goal and lays 
down the ultimate goal of achieving 
common prosperity across the country. 
Centered on that goal, the national 
government has made emphatic, 
detailed arrangements for rural 
vitalization since 2017. Over the past 
one year or two, moreover, it issued a 
flurry of guiding documents regarding 
"green and low-carbon construction 
at counties", "energy transition and 
development in rural areas", and 
"green and low-carbon energy 
transition systems and mechanisms", 
among other things. As the basic unit 
where political, economic and social 
goals are implemented, counties will 
be the key battlefield for our struggle 
for ecological civilization, rural 
vitalization, common prosperity and 
energy security and will play a pivotal 
role in helping to promote high-quality 
development across our country. 
Green and low-carbon energy will 
be of great use in terms of improving 
the quality and increasing the supply 
of public services, advancing the 
digital transition, and improving the 
disaster alert and response system 
at county level. It can effectively help 
to break out of the poverty formation 
mechanism, consolidate the outcome 
of the poverty alleviation campaign 
and achieve common prosperity. It 
follows that green energy market 
development at county level will be an 
important means to grab opportunities 
and gain advantages in the new stage 

of development. 

Right now, China is at a crucial stage 
of its transition from the poverty 
alleviation strategy to the rural 
vitalization strategy, at a window of 
opportunity to develop its energy 
security strategy, and also at the 
hardest time to attain the carbon 
peaking goal. Under the guidance of 
Xi Jinping Thought on Socialism with 
Chinese Characteristics for a New Era, 
promoting the development of green 
and low-carbon energy at county level 
is the only way for us to put in place 
the major strategies and decisions of 
the central and local governments, 
invigorate the new urbanization drive, 
promote integrated development 
of the urban and rural areas, 
push forward the rural vitalization 
campaign, and realize the common 
prosperity and Dual-carbon Targets.[5]

6 The "Big City diseases" 
refer to various drawbacks 
such as environmental 
pollution, traffic 
congestion and resource 
constrains caused by the 
excessive concentration 
of the urban population, 
industries and transport.
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County Area/km2 Residents/10,000 
people

Per capita 
GDP/10,000 yuan Characteristics

Anji County 1,886 58.64 9.70 Omni-chain service system for bamboo forest carbon credit collection and trading at 
county levels

Chongming 
Island 1,269.1 63.90 6.41 A demonstration area for "carbon neutrality" across the city to integrate regional functions 

and achieve coupling and integration of urban and rural areas

Lankao County 1,116 76.46 5.30 Investing land as capital stock under the "new energy + biomass particle" plant model

Gonghe County 17,209 13.30 7.26 A 10GW new clean energy demonstration base and a "west-to-east power transmission" base

Weichang 
County 9,219 53.10 3.61

Carbon peaking and carbon neutrality capacity building + carbon peaking and carbon 
neutrality technology commercialization + ecological and environmental trade + wind-

photovoltaic-energy storage-hydrogen-integrated clean energy industry

Chaoyang 
County 3,758 53.90 2.00 Centralized clean energy + rooftop photovoltaic power systems + the Beautiful 

Countryside initiative + convergence of the government, energy and community networks

Weichang Manchurian Weichang Manchurian 
and Mongolian and Mongolian 

Autonomous CountyAutonomous County

Chaoyang CountyChaoyang County

Gonghe CountyGonghe County

Lankao CountyLankao County

Chongming IslandChongming Island

Anji CountyAnji County

Practices of Green and Low-carbon 
Energy Transition and Development 
at County Level in China

CHAPTER 2

Under the guidance of national and 
local policies, the county-level pilot 
projects on green and low-carbon 
development in China produced 
fruitful outcomes. As China is a vast 
country, its counties vary greatly 
from one another in terms of their 
resource endowment, geographic 
location, climate, social and economic 
development and energy demand. 
So do they in terms of their ecological 
conditions, cultural characteristics 
and policy orientations. From the 
perspective of resource endowment, 
solar resources are the richest in 
the northwest, while wind energy is 
concentrated in the southeast coastal 
regions, Three-North Areas7, and the 
plateau areas. Therefore, these areas 
enjoy huge potentials in developing 
renewable energy and installing 
distributed power generation capacity. 
From the geographic location’s point 
of view, land forms, latitude, and 
seasonal temperature differences 
are the primary factors affecting 
the heating demand of a particular 
region. From the perspective of 
development needs, the size, leading 
industries, economic development, 
energy consumption targets and 
carbon emission requirements of a 
county bear on the enthusiasm of 
local authorities to make decisions 
on the transition toward green and 
low-carbon development as well 
as on the orientation of supporting 
industries. Moreover, local demand 
for ecological governance and the 
guidance of national policies for pilot 
and demonstration projects, among 
other things, also have multi-faceted 

impacts on the energy transition and 
development at county level. As a 
result, the transition to green and low-
carbon development at county level 
must draw on good practices, on one 
hand, and base scientific planning 
and systemic implementation on local 
conditions following a case-by-case 
approach, on the other hand. 

Based on the characteristics, sizes, 
geographic locations, resource 
endowment and economic 
development of different counties, this 
chapter selects six energy transition 
and development cases at county 
level for reference purposes. With 
differentiated characteristics, these 
cases illustrate ecological advantages, 
the integration of regional functions, 
the new-energy + agriculture model, 
the clean energy base, the carbon 
credit + green energy + poverty 
alleviation model, and the new-energy 
+ convergence of the government, 
energy and community networks 
+ commercial model practices, 
respectively.

7 Three-North Areas refer 
to the Northeast, North 
and Northwest China.

Table 2-1: 

Legend
Undefined national boundary

1:32 000 000

Boundary of provinces, autonomous regions and municipalities
Boundary of special administrative regions

Drawing review No.: GS (2016)1579
Made Under the Supervision of the Ministry of Natural Resources
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Section 1 丨 Case Studies of Green Counties in China

In the northwest 
of Zhejiang 
Province
586,400 

1,886km2

Per capita GDP

Industrial structure in 
terms of the primary, 

secondary and 
tertiary industries:

97,000 yuan

4.9:48.4:46.7

(1) Endowment of resources

(2) Challenges to green energy transition and development

Figure 2-1: Geographic location and profile of Anji County, Zhejiang Province

Anji CountyAnji County

I. Anji County, Zhejiang Province

Anji County was established as an 
administrative territory in 185 A.D. 
Its name is derived from the line 
"peaceful (" 安 ") and auspicious 
(" 吉 ")" in the Book of Poetry . It is 
the hometown of the master artist 
Wu Changshuo. In the County’s Yu 
Village, General Secretary Xi Jinping 
made the scientific statement that 

In recent years, Anji was committed 
to building the most beautiful county 
across China by advancing the 
"Beautiful Countryside, Beautiful Towns 
and Beautiful Counties" initiatives. 
Nowadays, its "well constructed, 
managed, maintained and operated 

Anji County boasts a good ecological 
environment. It owns 673km2 of 
bamboo forest and hosts the 12.44km2 
Hynobius Amjiensis National Nature 
Reserve. The County is also the site 
of Tianhuangping Pumped Storage 

The contradiction between 
expanded needs of and limited 
resources for the Beautiful 
Countryside initiative. Anji County 
does enjoy relatively high economic 
growth, but as the growth rate is from 
a small base, the County still lags quite 
significantly behind its neighboring 
counterparts in terms of the economic 
aggregate. Due to various factors, the 
County has tended to use farmland 
for non-agricultural purposes for 
a long time. In consequence, the 
arable land keeps diminishing not 
only in size, but also in quality. The 
room for agricultural development is 
being heavily squeezed. Therefore, 
how to maintain the harmony and 
unity between economic growth and 
ecological protection has become 

i. Characteristics of county development

ii. Paths to low-carbon energy transition and development

"lucid waters and lush mountains 
are invaluable assets" on August 15, 
2005. Since then, the County has been 
following and practicing Xi’s theory 
and making focused efforts in reform 
and innovation. Today, it has blazed 
a path to green development that 
is characterized by eco-friendliness, 
industrial prosperity and affluence. 

rural roads" have become a national 
model, and its Guidelines for Building 
Beautiful Countryside a national 
standard. Moreover, the county has 
seen the New Era Pilot Area of Zhejiang 
Province for Comprehensive Reform 
and Innovation in Practicing at County 

Power Station, the largest of its kind in 
Asia and the second largest across the 
world. Over the years, the County has 
seen its ratio of days with excellent air 
quality remaining at or above 85%, its 
compliance rate of surface, drinking 

a big challenge to the Beautiful 
Countryside initiative in the new era.

The types of business under the 
Beautiful Countryside initiative are 
monotonous. Diversifying consumer 
needs provide more possibilities for 
building the Beautiful Countryside. 
The types of business across Anji’s 
rural areas have already seemed out 
of date. This means that fostering 
new types of business has become 
another major item on the agenda of 
the upgraded Beautiful Countryside 
initiative there. For that reason, 
Anji needs to create a new path of 
industrial development where it can 
not only complement the advantaged 
urban industries, but also achieve 
green ecological environment.

and transregional water all stand at 
100%, and its rate of forest cover and 
woody plant cover each exceed 70%. 
Currently, it has 1,354km2 of forest, 
including 658km2 of bamboo forest. 
As a result, it is the first Eco-friendly 
County designated by the Chinese 
government and the first county 
winner of the UN Habitat Scroll of 
Honor Award across the country. So 
far, Anji has formed a "2+5" modern 
industrial system. More specifically, the 

number "2" represents green furniture 
and eco-friendly tourism property, 
two of its advantageous traditional 
industries, and "5" stands for life 
and health, high-end equipment, 
electronics and information, new 
materials, and general aviation, 
five emerging industries of strategic 
importance. Today, the county is 
striving to upgrade the former two in 
all respects and accelerate developing 
the latter five.
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Level the Theory that "Lucid Waters and 
Lush Mountains Are Invaluable Assets" 
located and kicked off in its territory.

Make guiding policies and scientific 
decisions. Anji has issued multiple 
policies to promote green transition 
and development. In July 2010, the 
Party committee of Anji County made 
the Decisions on Advancing the 
Construction of Ecological Civilization 
to specify eight action plans regarding 
"Beautiful Countryside, economic 
transition and actions to promote low-
carbon development" and to explore 
the lifestyle featuring "low energy 
consumption, low pollution and low 
emission". In August 2017, it formulated 
the Upgraded Strategic Plan of Anji 
County for the Beautiful Countryside 
Initiative, laying down the key tasks 
to be completed in improving the 
development, operation and outcome 
sharing of Beautiful Countryside. In July 
2019, it released the Key Work 2019 for 
Construction of the Ecological Civilization 
Demonstration Zone in Anji County, 
systematically breaking down the 2019 
green development targets set by the 
higher-level government of Huzhou City 
and assigning the responsibilities for 
implementing six priority tasks. On May 
7, 2020, the People’s Government of Anji 
County issued the Opinions of the CPC 
Anji County Committee and Anji People’s 
Government on Promoting High-quality 
Rural Vitalization to Secure the Building 
of a Moderately Prosperous Society in All 
Respects at a High Level. The document 
set out such requirements as making 
agriculture greener and increasing the 
application of agricultural technologies, 
optimizing the layout of industries, 
building Beautiful Countryside in the 
new era and improving the environment 
across the county, so as to promote 
low-carbon energy transition and 
development. Also, it made detailed 
arrangements for satisfying these 
requirements.

Saving energy and reducing carbon 
emissions by enterprises. In active 
response to the policies and decisions, 
the enterprises in Anji County formulated 
solutions for carbon peaking and 
carbon emission in light of the reality of 
their development to conserve energy 
and cut back on carbon emission. 
Tianzihu Thermal Power Company 
and Schaefer Kalk Calcium Carbonate 
(Hangzhou) Co., Ltd. conducted 
joint research on carbon dioxide 
mineralization and on carbonates of 
high added value. In practice, Tianzihu 
Company processed its exhaust gas 
to capture carbon dioxide in the gas, 
which is then provided for Schaefer 
Kalk as raw materials, and Schaefer 
Kalk in turn collected and provided 
its waste calcium carbonate slurry 
for Tianzihu as production input. The 
practice significantly reduced emissions, 
generating both economic and social 
benefits. Zuming Soybean Foodstuff 
Company’s 19.08MW distributed 
photovoltaic power project was sped up 
and, once completed, was expected to 
generate 1.82 million kWh of electricity 
and save 557.57 tons of standard coal 
equivalent on a yearly basis. Southern 
Cement Co., Ltd. managed to generate 
an additional 4,000kWh of electricity per 
hour, raise its energy efficiency by over 
50% and save 3,000 tons of standard 
coal equivalent per year by transforming 
its waste heat power generation 
technologies. Additionally, it managed 
to decrease its comprehensive coal 
consumption per unit product by 
1.5% by renovating preheaters. For 
another example, Rainbow Greening 
Engineering Company, which engaged 
in deep processing of waste straws from 
cash crops, achieved zero emissions 
by turning dust and leftovers produced 
in the production process into organic 
substrates.8

Starting with carbon credit for 
carbon sequestration in forestry. 

As a pilot county in Zhejiang Province 
for carbon sequestration in the 
forestry sector, Anji set up Liangshan 
Carbon Credit Collection and Trading 
Center for Bamboo Forest in 2021 to 
introduce "measurable, mortgageable 
and tradable" carbon credits and to 
"capitalize on the fresh air in bamboo 
forest" at the same time. Under the 
trading model, village authorities 
transferred their forest tenure to 
cooperatives for concentrated operation 
according to the methodology for 
bamboo forest operation projects to 
constantly generate carbon credits. The 
establishment and operation of the 
Center meant that Anji had basically 
created an omni-chain service system 
for bamboo forest carbon credit 
collection and trading at county levels 
and improved the mechanism to realize 
the value of ecological products. So far, 
the county has extended the practice to 
95km2 of bamboo forest (including those 
acquired as reserve), with the price of 
contracts amounting to 72.308 million 
yuan.9 In an effort to realize the goals of 
"carbon peaking and carbon neutrality" 
earlier and boost common prosperity 
through green development, it set up 
the Forestry Bureau of Anji County (Forest 
Carbon Credit Management Bureau 
of Anji County), the first county-level 
authority in charge of forest carbon 
credit across the country, in March 2022.
[5]

Mobilizing all people to participate. 
In early 2022, the Government Offices 
Management Center of Anji County 
made a proposal in collaboration with 
other government departments to "hold 
low-carbon conferences", reminding 
meeting participants not to waste 
bottled water. In addition, it launched 
a series of green actions such as "low-
carbon offices", "low-carbon meals" and 
"low-carbon vehicle use". Nowadays, 
all star hotels, quality restaurants, 
characteristic cultural-themed hotels 

and government-rated homestay within 
the county’s territory have removed the 
six necessities for hotel guests, including 
toothbrush, tooth paste, soap, bath 
lotion, slippers and comb. County-wide, 
325,000 sets of such disposable supplies 
have been saved to date.

Optimizing energy structure. By now, 
Anji has completed 4,417 distributed 
photovoltaic projects, with the power 
generation capacity totaling 265MW 
and the annual generation expected 
to sit at 265GWh. Fully availing itself of 
local resource advantages, it is actively 
promoting cascaded use of multiple 
energy sources, including straws, waste 
and marsh gas, among others. In 
2015, Anji began to serve as a national 
pilot county for green transportation. 
The project had eight elements, 
including new energy, non-motorized 
transportation, public transportation, 
green hubs, green ports, green 
transportation, traffic management, 
and traffic services. Through 38 sub-
projects, it tried to construct convenient, 
unobstructed and comprehensive 
transportation networks, develop 
green and low-carbon transportation 
infrastructure, promote energy-saving 
and environment-friendly transportation 
equipment, create intensive and efficient 
transportation organization models, 
and improve green transportation 
technologies and management 
capabilities. By 2018, the County had 
invested 1.56 billion yuan over five 
years to construct "well constructed, 
managed, maintained and operated 
rural roads". As a result, it became the 
country’s sole pilot county for green 
transportation and a model county for 
the roads mentioned above. Today, the 
County has 77 new energy public buses, 
which have all upgraded from diesel 
vehicles to natural gas buses or electric 
trams.

8 Source: relevant data are 
from the official websites 
of local governments.

9 Source: relevant data are 
from the official websites 
of local governments.
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II. Chongming Island, Chongming District, Shanghai

Figure 2-2: Geographic location and profile of Chongming Island
In the north of 
Shanghai

639,000

1,269.1km2

Per capita GDP

Industrial structure in 
terms of the primary, 

secondary and 
tertiary industries:

64,100 yuan

5.7:26.2:68.1

Chongming Island is a strategic land 
reserve of Shanghai. Therefore, it 
owns good ecological resources and 
environmental conditions. During the 
11th Five-Year Plan period, the Island 
had more than 100 tech projects, with 
the investment nearing 600 million 

i. Characteristics of county development

yuan. As a result, it has a sound 
foundation in terms of science and 
technology. As a world-class eco-
island, it aims to create Shanghai’s 
first carbon neutrality demonstration 
area.

(1) Endowment of resources

(2) Achievement of green energy transition

Abundant renewable energy, such as 
wind, solar, biomass and tidal wave 
energy, is an advantage of Chongming 
Island. Overall, the island is ideal for 
building demonstration zones for 

According to the work report of 
Shanghai municipal government, the 
city’s energy consumption per unit 
of the GDP declined further in 2021, 
and the annual concentration of 

  Wind energy

On Chongming Island, the annual 
average wind speed sits at 6.7 meters/
second, and the energy density 
at 329W/m2. Dongtan, part of the 
Island, is one of the areas with the 
highest annual average wind speed 
in Shanghai. At the maximum, the 
area is capable of generating wind 

  Low-carbon society, life and culture

Chongming has established an eco-
friendly industrial system highlighting 
organic agriculture, environment-
friendly industry and eco-friendly 
service sector. At the same time, it has 
created an intensive urban and rural 
development system using hi-tech 
and renewable energy, put in place a 
green building system according to the 
"low-carbon building guidelines" for 
sea islands and the building energy 
conservation and environmental 
protection assessment and testing 
system. Building on its ecological 
advantage, it fully taps cultural 

  Management of solid waste

Chongming Island has devised 
several measures and plans to 
enhance the reduction, collection, 
transfer, transportation, processing 
and disposal of solid waste. The 
comprehensive management of 
solid waste on the island follows the 
"reduce, recycle and reuse" principle. 
Over the past five years, the domestic 
waste recycling rate there rose from 
26.7% to 41.8%, making the Island 

  Solar energy

Chongming Island has high 
atmospheric transparency and fairly 
sufficient sunshine. Its sunshine 
duration is the longest in August and 
the shortest in February, totaling 2,104 
hours on a yearly basis. The gross 
radiation intensity per annum stands 
at 4.2-5.0GJ/(m2a), with the potentially 
available energy amounting to 2×105 
tonnes per annum (t/a), as measured 
by standard coal equivalent.

  Biomass energy

Straws of cash crops- Chongming 
Island is an important agricultural 
area in Shanghai and has ample 
straws from cash crops. It is estimated 
to produce 3.69×105t straws every 
year, with the energy potential totaling 

integrated smart power grids in that 
it is relatively secluded, moderately 
sized and has a relatively independent 
grid. A high proportion of renewable 
energy is one of its characteristics. 

PM2.5 dropped 15.6% to 27μg/m3 in 
the same year. The improvement of 
ecological environment across the city 
is impossible without the contribution 
of Chongming.

power for 2,300 hours per year. The 
northern coastal areas, northern shore 
of Hengsha Island, and eastern tidal-
flat areas of the Island all have the 
conditions to build 100MW onshore 
wind farms. Additionally, the Island has 
the conditions to develop 50-150MW 
offshore wind farms. 

1.64×105t/a, as measured by standard 
coal equivalent.
Animal waste- The livestock on 
Chongming Island includes cattle, 
sheep and poultry. Their waste 
amounts to 767,617t/a, 6,071t/a 
and 56,228t/a, respectively, with the 
total energy potential tantamount 
to 3.96×105t/a of standard coal 
equivalent.
Wood waste- The three Islands at 
Chongming have 352km2 of forest and 
Chongming Island alone has 316.7km2 
of it. Assume that each square 
kilometer of the forest produces 45-
70t of wood waste, then the total such 
waste is estimated to sit at 13,200-
19,000t/a. If the median value is taken, 
the energy potential is estimated to 
stand at 11,099t/a.[6-7]

heritages and therefore creates a 
characteristic unique to the Island.

Chongming IslandChongming Island
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one of the first demonstration areas 
for domestic garbage classification in 
Shanghai. Today, a recycling-oriented 
solid waste treatment framework is 
established on the Island.

  Low-carbon economy and energy 
efficiency improvement

Nowadays, a low-carbon 
development strategy and model 
has been preliminarily established 
in Chongming. The Island has 
created a low-carbon energy system 
supplemented by the coordinated 
development of renewable energy 
and smart power grids. By the end of 
2021, Chongming District had installed 
564MW capacity of power generation 
from renewable energy, lifting the 
share of power generation from 
renewable energy to 26.4%.

  Sustainable transportation

Chongming Island encourages 
private motor vehicles to be replaced 
by non-motor vehicles and public 
transportation. This is part of its 
efforts to develop a low-carbon 
transportation system. As a result, 
the Island took the lead in achieving 
100% coverage of new energy 
public buses and taxis, laying a 
solid foundation for the creation of 
a comprehensive, modern and eco-
friendly transportation system to link 
up the three islands of Chongming 
District and connect the District with 
the city proper of Shanghai.
By the end of 2021, Chongming Island 
had topped all territories of Shanghai 
in terms of the share of self-generated 
"green electricity". More than half 
of Chongming District’s renewable 
energy is wind power. In the future, 
the Island will moderately develop 
onshore wind power and explore the 
exploitation of biomass energy.

Following an "ecology +" strategy, 
Chongming Island maintained its 
ecological advantage in the years, with 
a view to creating a world-class eco-
island and exploring paths or models 
of turning its ecological edge into low-
carbon development advantage.

More specifically, it gave priority to 
the modern service industry focused 
on ecological tourism to improve 
the quality of its tourism products, 
promote the participation of all, 
deeply integrate relevant industries, 
and in the end, make itself a leading 
and demonstration zone for ecological 
tourism across the Yangtze River Delta 
area.[8] On top of that, it advocated 

ii. Paths to low-carbon transition and development- converting 
ecological advantage into low-carbon development advantage

iii. Experience summary

a low-carbon consumption style 
featuring the harmony between man 
and land and helped locals to realize 
low-carbon lifestyle by walking, riding 
bikes and taking fuel cell buses and 
so on. The project perfectly aligned 
ecological protection with economic 
and social development, thus boosting 
the local transition to low-carbon 
development. 

In terms of core values, the creation 
of an eco-friendly Chongming Island 
aligns closely with the United Nations 
Environment Programme (UNEP)’s 
green economic concept. Experience 
shows that the Island’s development is 
a gradual process and offers a circular 

model for eco-island construction. 
The model consists of the following 
steps: forming the shared vision of 
building a world-class eco-island 
→ investigating into resources, 
environment, industries, infrastructure 

Today, Chongming Eco-island has 
seen the formation of a system of 
ecological industries, including 
organic, environmental protection 
and ecological service, and a low-
carbon industrial pattern with 
eco-friendly, efficient agriculture 
and service industry as its pillars. 
Meanwhile, it has put in place a green 
building system and a low-carbon 
transportation system based on new 
energy vehicle technologies. Moreover, 

Built on its advantages in resources, 
Chongming actively pushed forward 
the green and low-carbon transition. 
The construction of an eco-island 
was just the starting point. In this 

and public services → setting targets 
for the vision → making feasible action 
plans → implementing plans and 
establishing safeguard systems → 
monitoring and evaluating outcomes.

it has created a natural carbon sink 
system dominated by forest and wet 
land, and on this basis, a low-carbon 
human settlement highlighting the 
idea that "Heaven and Man Are United 
as One". Facing the trends of low-
carbon transition and integration of 
industrial and urban development, 
Chongming Eco-island will strive 
to integrate regional functions and 
couple urban and rural areas to "get 
into the top echelon" of its kind.

way Chongming demonstrated its 
enormous value of such natural capital 
as land, wet land, forest, birds, air and 
farmland and its significant role in 
ecological services. 

Figure 2-3: Circular development model for the eco-friendly Chongming Island

1. Reaching consensus on vision

2. Investigating resources, environment, 
industries, infrastructure and public 
services

6. Monitoring and evaluating results 4. Making action plans

5. Implementing plans and establishing safeguard systems

3. Setting short-term goals

(1) Building on resource base and setting ambitious goals to elevate the world-
class eco-island construction to a higher level
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Chongming constructed an indicator 
system with its own characteristics for 
the development of a world-class eco-
island to maintain the structure and 
functions of natural ecosystems. After 
identifying core indicators, it carried 
out performance evaluation against 
the indicators phase by phase to give 
an objective view of the progress and 

Chongming is on the skirts of 
Shanghai metro area. Given this 
advantage of geographic location, 
it has built up a lot of experience in 
developing eco-islands highlighting 
the integration of urban and suburban 
areas of metropolises. While offering 
ecological security for metropolises, 
it achieved a win-win outcome for 

The governments of Shanghai and 
its Chongming District attached great 
importance to the construction of 
the eco-friendly Chongming Island. 
Accordingly, it incorporated the world-
class eco-island construction into the 
municipal government’s performance 
appraisal system, and set up a leading 
group and a special coordination 
group for the development of the 
island, respectively. Meanwhile, 
enterprises such as China Railway 
Rolling Stock Corporation (CRRC) and 

Guided by the national strategy of 
promoting integrated development 
across the Yangtze River Delta area, 
Chongming advanced a coordinated 
development plan for the "Dongping-
Haiyong-Qilong" town cluster that 
crosses administrative territories, and 
in the meantime, and cooperated 
with Haimen and Qidong in creating 
a joint procuratorial mechanism for 
ecological environment protection at 

Chongming is deployed with such 
industries as agriculture, marine 
equipment, smart island data, 
solid waste disposal, wind power 
generation, etc. It assists rural 
vitalization through ecological 
construction. By combining growing 
with animal husbandry and 
aquaculture, it has basically put in 
place a circular economic system for 
the new countryside. At the industrial 
development zone in the central 
and south part of the Island, it gives 
priority to building a green industrial 
park by adjusting industrial structure. 

effectiveness of its planning, and to 
put forward measures to improve 
planning and implementation. In 
addition, it turned the outcome of 
evaluation into concrete ideas and 
initiatives to propel economic and 
social development, thus boosting 
development of the world-class eco-
island.

economic growth and ecological 
protection by developing ecological 
industries. To secure ecosystems for 
metropolitan areas, it enforced the 
most stringent measures to manage 
ecological space, prohibiting all forms 
of development activities incompatible 
with its functional positioning. 

Shanghai Electric Group were deeply 
involved in the island’s development 
in an effort to deliver corporate 
social responsibility. Universities 
and research organizations based 
in Shanghai also gave stalwart 
support to Chongming in terms of 
talents, resources and technologies. 
For example, East China Normal 
University founded the Institute of 
Eco-Chongming in partnership with 
a group of other higher education 
providers in Shanghai.

the estuary of Yangtze River, ushering 
in innovations across the judicial chain. 
Further, it strengthened exchange 
and cooperation with Nantong in 
terms of water system management, 
garbage classification, environmental 
treatment, flood and typhoon control, 
transportation interconnection and 
more.

All enterprises there are classified 
into three categories, i.e., producers, 
consumers and waste processors, 
based on their ecological functions. 
Moreover, the carbon emissions across 
the industrial zone were effectively 
reduced. Chongming’s circular 
economy finds expression also in the 
use of green energy, changes in the 
means of mobility, the promotion of 
low-carbon lifestyle and so on. They 
have all contributed to the green 
integration of the urban and rural 
areas.

(2) Establishing suitable indicator systems to evaluate and improve 
development paths

(3) Positioning itself correctly to implement a well suited development model

(4) Pooling wisdom of "governments + enterprises and think tanks" to create a 
participation mechanism involving multiple parties

(5) Conducting regional cooperation to treat and share environment together

(6) Optimizing green industries and enhancing the recycling of solid waste to 
enable circular economy
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III. Lankao County, Henan Province

Figure 2-4: Geographic location and profile of Lankao County, Henan Province
In the east of 
Henan Province

764,600

1,116km2

Per capita GDP

Industrial structure in 
terms of the primary, 

secondary and 
tertiary industries:

53,000 yuan

13.7:43.9:42.4

Lankao is a national pilot county for 
rural energy revolution, a point of 
contact for General Secretary Xi Jinping 
to participate in the second batch of 
educational and practical activities on 
the Party’s mass line, and one of the 

The Master Urban Planning (2013-
2030) of Lankao County  was finalized 
on June 9, 2013 and enacted on 
October 20, 2014 upon the approval 
of the People’s Government of Henan 
Province. According to the planning, 
the county’s fuel gas penetration 
rate, sewage treatment rate and non-
hazardous waste treatment rate for 
urban areas will have hit 40%, 95% 
and 90% by 2020, and 80%, 100% and 
95% by 2030, respectively. This points 
out the path to low-carbon transition 
and development for the county.

In cooperation with developers, local 
government has advanced green 
transition through the following 
measures: fully tapping the potential 
of biomass resources in their 
primitive forms; deepening the use 
of domestic waste and solid waste 
in particular for energy purposes; 

i. Characteristics of county development

ii.Paths to low-carbon transition and developmentfirst national demonstration areas for 
ecological protection and construction. 
Additionally, it is the place of origin 
of Jiao Yulu Spirit, which represents a 
code of conduct advocated by the CPC 
for its members.

developing distributed renewable 
energy to source energy locally; 
empowering energy infrastructure to 
secure the import of clean energy; 
and simultaneously promoting clean 
replacement and energy conservation-
oriented renovation.

As of the end of 2020, Lankao had 
fed a total of 776MW new-energy 
power (excluding fired power) to its 
grid, including 474MW of wind power, 
290MW of photovoltaic power, and 
39MW of power from waste and 
biomass. In 2020, the County’s power 
generation from renewable energy 
stood at 1.12TWh, accounting for 67.8% 
of its total electricity consumption; and 
its clean heating rate reached 97%. 
An energy supply and consumption 
system dominated by clean energy is 
already in place by and large.

Lankao County is a traditional 
agricultural area. While lacking fossil 
energy, the County is fairly rich in 
renewables, such as wind, solar 
and geothermal energy, as well 
as agricultural and forest residue 
and animal waste. According to 
investigations of relevant enterprises, 
the County’s annual average wind 
speed ranges from 5.8 meters/
second to 5.9 meters/second, with the 
economically available wind energy 
totaling 1,200MW or so. Its solar energy 
resources fall into type III, with the 

Imperfect energy management 
system- The County lacks rural 
energy data systems, and its county-
wide energy data management is 
decentralized. This is not conducive to 
grasping the current state of energy 
development across the rural areas.

Low energy consumption- The 
County sees a relatively low share of 
clean energy in its energy mix, and a 
low coverage ratio of central heating. 
Worse, the quality of rural energy 
consumption is poor.

Traditional new-energy 
development models are yet to 
be renewed. Under traditional 
new-energy development models, 

gross radiation intensity per annum 
standing between 4.8-5GJ/(m2a), the 
annual equivalent utilization duration 
of photovoltaic energy sitting at 1,105 
hours, and the economically available 
photovoltaic resources approximating 
2,000MW. In terms of organic waste, 
the County produces nearly 850,000 
tons of straws and 1.44 million tons 
of animal waste per year. Finally, its 
exploitable geothermal resources 
stand at 6.8×1013kJ or so, with a 
geothermal water temperature of up 
to 72° C.

it is hard to bring "the benefits of 
energy revolution" to local people 
through energy development. Under 
the existing model, new-energy 
enterprises are introduced to develop 
local resources. Such development not 
only increases fiscal revenue, but also 
bring farmers some compensation for 
land use. Enterprises do reap subsidy 
income from the government, but fails 
to generate sustainable income for 
locals. 

The operation of energy internet is 
to be improved. Energy internet is 
a new thing. It is right now exploring 
commercial models. So mature 
operating models are not available 
today.

(1) Endowment of resources

(2) Challenges to green energy transition and development

Lankao CountyLankao County
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iii. Experience summary

On Lankao’s platform that integrated 
the government, energy and 
community networks, farmers 
made up the community network; 
power generators the energy 
network; and county government 
departments the government service 
network. A key characteristic of the 
convergence of those networks was 
to establish long-term relations of 
interest. The duration of cooperation 
between farmers and developers 
in a photovoltaic power project 
was 30 years. With government’s 
authorization, developers could make 
such top-level design as county-wide 
development plans and implement 

In cooperation with local urban 
investment and construction authority, 
developers built a comprehensive 
zero-carbon smart energy 
demonstration park focused on new 
energy. The two sides founded a 
special company to operate the park 
with an aim of securing the interest of 
either party in the long term. Under 
a "1+1+1+N" operating model, the 
government of Lankao County was 

Henan Province decided to include 
Lankao County into the Zhengzhou-
Kaifeng city integration plan and build 
a special cooperation zone under 
the plan. Accordingly, it planned 

In combination with the household 
photovoltaic power project, Lankao 
took advantage of the new countryside 
and rural vitalization initiatives to 
renew income generation models 
for farmers. While bringing benefits 
to locals, it added to the income of 
village collectives. In an effort to carry 
out the central rural work conference’s 
decision "to earnestly adjust 
structure, increase the growing area 

The county built a clean energy 
operation center to provide services 
for photovoltaic power generation 
and asset-light operation projects. It 
consumed the power generated from 

There are two energy storage 
integration models for green 
electricity-powered transportation 
systems:

① the model of photovoltaic power 
generation + parking sheds/smart 
sockets + energy storage + charging 
piles that shares charging services

② the model of photovoltaic power 
generation + smart garages + energy 
storage + V2G charging piles that 
explores "consuming power through 
vehicles used for carpooling purposes" 
in zero-carbon parks

The carpooling vehicles power 
consumption model has three 
application scenarios:

① parking sheds integrating 
photovoltaic power generation, 

demonstration projects for carbon 
peaking and carbon neutrality goals. 
In view of the dispersed household 
power stations, Lankao’s photovoltaic 
project employed Optical E chain, 
a digital management tool for 
implementation of the project. The 
tool put village filing, commencement 
application, commencement filing, 
project acceptance, completion and 
application for settlement all online, 
thus effectively enabling information 
entry and project approval, 
standardizing the management and 
raising the efficiency of power station 
construction.

responsible for issuing policies; 
the local urban investment and 
construction authority for developing 
infrastructure and providing 
operational services and guiding 
funds for the park; the developer for 
participating in the operation of the 
park and developing smart energy; 
and N industrial companies would be 
introduced given the advantage of the 
industrial chain available at the park. 

to construct an incremental power 
distribution network and rely on 
industrial parks to consume new 
energy-generated power locally.

of soybean and oil-bearing crops, 
and produce measurable outcomes", 
it implemented an agricultural 
photovoltaic power generation 
project at Yifeng Horticulture Farm. 
Allowing village collectives or villagers 
to invest their land as capital stock 
and therefore get dividend, it helped 
to increase their employment and 
income.

new energy and raised the utilization 
rate of straws by the new energy + 
biomass particle plant model, thus 
contributing to a new model for the 
rural energy revolution experiment. 

storage and charging: all types of 
electric vehicles can be charged on the 
photovoltaic sheds to lower the cost 
of electricity. The surplus power can 
be fed into the grid, with the income 
shared with the village collectives. 

② V2G energy storage: load is 
regulated through the interaction 
between electric vehicles and the 
power grid. Electricity is obtained at 
low cost. When the load of the power 
grid is high, electricity is then released 
to cash in on price differences 
according to supporting policies.

③ timeshare rental: V2G shared 
electric vehicles are rented out to 
generate rental income.

(1) Leveraging advanced digital-intelligent transformation

(2) Building comprehensive zero-carbon smart energy demonstration park

(3) Building incremental power distribution networks

(4) Developing new energy and modern agriculture

(5) Using new energy and biomass for heating purpose

(6) Developing green electricity-powered transportation
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IV. Gonghe County, Qinghai Province

Figure 2-5: Geographic location and profile of Gonghe County, Qinghai Province
In the northeast of 
Qinghai Province
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17,209km2

Per capita GDP

Industrial structure in 
terms of the primary, 

secondary and 
tertiary industries:

72,600 yuan

12.5:53.5:34

Gonghe County has many ethnic 
groups, with the ethnic minorities 
accounting for a large share of its 
total population. With a vast territory, 
it is rich in wind and solar resources, 
among other things. Traditional 
agriculture and animal husbandry are 
less developed in the County. Industry 

To achieve rapid economic 
development, improve ecological 
environment and advance the battle 
against poverty, Gonghe County 
accelerated industrial transition 
and upgrading, overhauled energy 
structure, and promoted low-
carbon development in key areas. 
More specifically, it sped up the 
development of wind, photovoltaic, 
hydro and thermal power projects 

i. Characteristics of county development

ii. Paths to low-carbon transition and development

and new energy in particular plays 
a predominant role in its economic 
development. It has relatively better 
conditions to consume and export 
new energy power. In 2020 alone, the 
County sends out electricity equal to 
5.86×106t standard coal equivalent.

and the Qieji wind power, Talatan 
photovoltaic power and Longyang 
Gorge pumped storage power station 
projects in particular. In addition, it 
implemented one of the country’s first 
demonstration projects for optimizing 
hydro, wind and photovoltaic energy 
complementary systems in China, 
and developed a 10GW clean energy 
demonstration base and a "west-to-
east power transmission" base. 

Primary industry Residential consumptionSecondary industry Tertiary industry

1.59（2%）

26.48

17.28

23.59

Figure 2-6: Gonghe County’s terminal energy consumption 2020 by industry (unit: 104t standard coal equivalent) 10

（34%）

（39%）

（25%）

10 Source: Statistical 
Yearbook 2020 of Hainan 
Tibetan Autonomous 
Prefecture.

11 Source: Gonghe News, 
http://www.gonghenews.
com/system/2014/03/10
/011327893.shtml

In Gonghe County, the intensity of solar 
radiation is fairly high; the annual 
average air temperature hovers at 
4℃ ; the gross radiation intensity 
stands at 6,564.26MJ/m² and the 
number of availability hours at 1,695.5 
on a yearly basis. The wind power 
is available for over 60% of the total 

Gonghe County has large swaths 
of desert land, which gives rise to 
frequent sand storms. Therefore, 
it is under fairly big pressure from 
desertification control, forestation 
and forest restoration. Moreover, the 
ecological environment and water 
ecosystem protection across the Yellow 
River basin is the focus of governments 
at all levels, and the eco-environment 
at mines and Longyang Gorge Dam is 
also in urgent need of restoration. Due 
to the impact of natural environment 
and the policy of putting both energy 
consumption and the intensity of 
such consumption under control, the 
development of traditional industries 

time, or over 5,000 hours per year, 
making the County one of the richest 
areas in Qinghai Province in terms of 
the wind resources. About one third 
of the County’s territories, including 
Daotanghe, Talatan and Qiejitan, have 
exploitable solar and wind resources11.

is restricted in the County. At the same 
time, the grazing ban has considerable 
effect on animal husbandry, too. 
During the 13th Five-Year Plan period, 
14,547 poor residents from 4,488 
families across 40 poverty-stricken 
villages in the County needed to get 
out of poverty, and 19,100 people from 
low-income families or those that 
had just got above the poverty line 
were susceptible to poverty. Therefore, 
the need for employment gradually 
increased. As new energy grew fast, 
local power consumption capacity 
began to decline. On the other hand, 
the capacity to send power out was 
yet to improve.

(1) Endowment of resources

(2) Challenges to green energy transition and development

Gonghe CountyGonghe County
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In September 2021, Gonghe was 
selected to pilot a rooftop distributed 
photovoltaic power project county/
city/district-wide, increasing the 
county’s power generation capacity 
of this type to 243.54MW. The 
county went all out to implement 
the project and raised the share 
of clean energy locally consumed. 
Meanwhile, it actively introduced new 
energy equipment manufacturers to 
develop photovoltaic and wind power 
equipment manufacturing, cleaning 
and maintenance, and servicing 
industries, with a view to producing 
such equipment locally and extending 
the value chain of the new energy 
industry.

Today, new energy has become a 
key point of growth for the industrial 

economy of Gonghe. In the past few 
years, the eco-power generation park’s 
sales revenue and taxes covered more 
than 50% of the total industrial output 
value and taxes of the prefecture to 
which it was affiliated, respectively. 
Moreover, the two items each rose at a 
rate of 20% or so on a yearly basis. In 
2018, the total production of the new 
energy industry in the County grew 
by 22.09% on a year-on-year basis, 
lifting the County’s industrial growth 
rate by 13.89 percentage points 
and accounting for 69.9% of its total 
industrial value added. In 2021, the 
industrial value added of photovoltaic, 
hydro and wind power generators 
across the County grew 19.91% year on 
year, covering 94.18% of the County’s 
total12. 

12 Source: official 
website of the People’s 
Government of Gonghe 
County, http://www.
gonghe.gov.cn/html

13  Source: official websites 
of local governments

14  Source: official websites 
of local governments

15  Source: official websites 
of local governments

iii. Experience summary

The site of Talatan Photovoltaic 
Industrial Park was once highly 
desertified, with the desert land 
accounting for 98.5%. But today, it is 
covered by solar panels and grass. 
By October 2021, the park had seen 
the wind speed dropping 50%, the 
air temperature falling 0.5℃ on a 
daily average basis, the soil moisture 
evaporation decreasing 30%, and the 
average air humidity rising 2.8% on a 
daily basis. Moreover, its soil nutrients 
had significantly increased; its soil 
20cm deep had been 43% moister 
than before; and its vegetation 
coverage had recovered to 80%. In 
comparison with non-project areas, 
the park had seen plant height 
increasing 14cm, plant frequency 

Talatan Photovoltaic Industrial 
Park is the first 10GW solar power 
generation park in China and also 
a comprehensive park integrating 
photovoltaic, wind and solar-thermal 
power generation. In a planned area 
of 3,028.5km2, the park is divided 
into two parts, including the new 
energy power generation zone 
(photovoltaic power generation area 
and wind power generation area) 
and the industrial processing and 
manufacturing zone. The photovoltaic 
power generation area is in the size of 
609.6km2. By the end of 2018, the park 
centered on Talatan had registered 

In 2018, Gonghe County fought 
poverty through photovoltaic projects 
in 40 impoverished villages. In 2020, 
it renewed those projects to help 
registered poor villagers increase 
their income. Taking advantage of the 
major opportunity of building 10GW 
clean energy bases and of developing 
photovoltaic industrial clusters at 
Talatan, 40 registered poor villages 
realized more than 1.2 million yuan 
of annual income, benefiting 1,381 

By January 2019, Gonghe had 
completed the construction of 
seventeen 110kV power transmission 
lines, four 330kV booster stations and 
two 750kV transformer substations. 
Qinghai-Henan ultra-high voltage 
direct current transmission project, 
a ±800kV power line with a rated 

and coverage rising 20% and 17% 
respectively, and vegetation biomass 
increasing 303.75kg per hectare.13

While helping to control desertification, 
the photovoltaic power projects 
offered herdsmen large swaths of 
high-quality ranch land. At the end 
of 2015, the photovoltaic park began 
to raise 600 sheep and effectively 
freed itself from the weeding labor. 
Subsequently, Gonghe County 
authorities communicated with 
developers, secured 3,333 hectares 
of grassland from the latter to graze 
sheep, and created the brand "Sheep 
Raised on Photovoltaic Farms". Later, a 
total of 4,000 Tibetan sheep owned by 
village collectives were fed across the 
photovoltaic farms.14

57 resident enterprises dealing 
in photovoltaic and wind power 
generation, with their total installed 
capacity reaching 12,219MW and 
accounting for 51.2% of the provincial 
total. Moreover, they had fed 4,958MW 
of electricity to the power grid15. Today, 
the park has become the country’s 
largest congruous photovoltaic 
power generation area and a globally 
leading, national-level 100MW solar 
power generation base for empirical 
study. By March 2021, the area of new 
energy power plants that were mainly 
photovoltaic had expanded beyond 
240km2.

formerly registered poor families. 
Rapid development of the photovoltaic 
industry provided more employment 
opportunities. Such jobs as security 
protection and greenery management 
could each enable an increase of 
35,000 yuan in per capita annual 
income, making it possible that "a 
single person who gets employed can 
lift his/her entire family out of poverty". 

capacity of 8,000MW, managed to 
transmit 40,000GWh of electricity 
on a yearly basis if operating in full 
swing. By "consuming power locally 
through direct purchase of big users" 
and "taking advantage of the one-on-
one assistance initiative to increase 
the outbound supply of energy", 

(1) Photovoltaic desertification control and animal husbandry-combined 
photovoltaic power generation

(2) Large new energy bases (Talatan Photovoltaic Industrial Park)

(3) Poverty alleviation through photovoltaic projects

(4) Increasing power transmission capacity (ultra-high voltage direct current 
transmission projects)
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the project has helped to consume 
5,400GWh clean energy power within 
its host province and export 2,200GWh 
to Jiangsu Province on a cumulative 
basis. By February 15, 2022, the 
County’s phase modifiers for ultra-high 
voltage direct current transmission 
projects had cumulatively increased 
785GWh of new energy power. 

When 21 distributed phase modifiers 
are all put in operation, they can 
directly increase the County’s power 
transmission capacity by 3,500MW 
and added roughly 7,020GWh of new 
energy electricity on a yearly basis. 
That means to reduce 318.9×104t of 
fuel coal and 574.2×104t of carbon 
dioxide per annum.16

Hainan Tibetan Autonomous 
Prefecture’s big data industrial park 
was inaugurated in Gonghe County 
on November 30, 2017, with a goal of 
building China’s first demonstration 
base for the big data industry that is 
100% powered by green energy. Phase 
1 of the park was put in operation on 
May 7, 2020. It consisted mainly of the 
Huawei-Hainan Tibetan Autonomous 
Prefecture Big Data Center, the Smart 
City Functional Center and Energy 
Center of Hainan Tibetan Autonomous 

Pumped storage power station- 
Harnessing the hydropower resources 
and renewable energy curtailment of 
power plants on the mainstream of 
Yellow River, Longyang Gorge pumped 
storage power station stores energy 
by pumping water from the dam of 
Laxiwa Hydropower Station to the 
dam of Longyang Gorge Hydropower 
Station, innovatively resolving the 
new energy curtailment problem. 
Therefore, it is the world’s first energy 
storage demonstration project that 
circularly makes use of the hydropower 
between cascade power plants. In 

Prefecture. The big data center, in 
particular, had 527 cabinets distributed 
across four computer room modules, 
capable of hosting 6,800 standard 
servers. When the park completes all 
three phases of its construction, it is 
expected to have a total of 100,000 
racks at its big data center. By then, 
it will have had the capacity to host 
1.33 million standard servers, with the 
annual power consumption reaching 
5,700GWh.17

2021, the project was incorporated into 
the 14th Five-Year Plan of China. 

Hot dry rock and geothermal 
resources- Gonghe County 
integrated the goals to reduce energy 
consumption intensity and carbon 
emission intensity, cooperated in 
tech development for hot dry rock 
exploitation, accelerated formulating 
plans to develop and utilize geothermal 
resources, explored the "geothermal +" 
development model, and tried to build 
the first demonstration city for zero-
emission heating. 

(5) Developing hi-tech zero-carbon industries (big data industrial park)

(6) Comprehensive energy use (Longyang Gorge pumped storage power station 
project)

16  Source: official websites 
of local governments

17  Source: official websites 
of local governments

18  Source: official 
website of the People’s 
Government of Weichang 
Mongolian Autonomous 
County.

V. Weichang Manchurian and Mongolian Autonomous 
County, Hebei Province

In the north of 
Hebei Province

531,000

9,219km2

Per capita GDP

Industrial structure in 
terms of the primary, 

secondary and 
tertiary industries:

36,100  yuan

39.2:25.3:35.5

Figure 2-7: Geographic location and profile of Weichang County, Hebei Province

Weichang is an underdeveloped 
agricultural county. But it enjoys 
rich wind and solar resources and a 
fairly good ecological environment. 
In addition, it is an old revolutionary 
base of the Communist Party of China, 

i. Characteristics of county development

as well as an ethnic autonomous 
area and one of the first national 
demonstration counties for green 
energy. Its government is actively 
implementing the "Saihan Carbon 
Valley" strategy.

Weichang is rich in wind and solar 
resources. Its annual sunshine duration 
averages 3,000 hours; its annual 
radiation intensity is 5,598MJ/m2 on 
average; and its annual available 
sunshine duration ranges from 
1,200 hours to 1,400 hours, and even 
reaches 1,500 hours in the Bashang 

Weichang is blessed with significant 
ecological advantages. Organic 
agriculture and clean energy enjoy 
vast potentials there. With increasing 

area. In terms of wind resources, its 
annual average wind speed sits at 1.4-
4.6 meters/second; its average wind 
energy intensity at 98.7-885.3W/m2; 
and its annual duration of effective 
wind speed at 5,475 hours. 2,400km2 
of the County is suitable for building 
wind farms.18

feed-in of new energy, the county 
is now confronted with a fairly big 
challenge in terms of consuming the 
increased power.

(1) Endowment of resources

(2) Challenges to green energy transition and development

Weichang CountyWeichang County
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The government of Weichang County 
vigorously implemented the "dual-
carbon +" campaign. It signed a 
strategic cooperation agreement 
with Tsinghua University on research 
on carbon neutrality, and partnered 
with the Ministry of Ecology and 
Environment and Saihanba 
mechanized forest farm to build the 
"Saihan Carbon Valley". Moreover, 
it implemented a number of green 
and low-carbon demonstration 
projects covering clean energy, new 
manufacturing, waste treatment, 
agricultural development, and capital 
construction by way of "carbon 
peaking and carbon neutrality 
capacity building + carbon peaking 
and carbon neutrality technology 
commercialization + ecological 
and environmental trade + wind-
photovoltaic-energy storage-
hydrogen-integrated clean energy 
industry". The aim is to achieve carbon 
neutrality at the county level.

Furthermore, it developed a national 
green energy base to promote high-
quality development of hydrogen 
generation and storage through 
wind and photovoltaic power. To 
date, the county’s installed capacity 
of power generation from clean 
energy has exceeded 4,000MW. At 
the same time, it actively explored 
the new way of poverty relief through 
photovoltaic industry. Following a 
model of "joint construction + poverty 
alleviation subsidy + self-fundraising 
+ poverty alleviation loans", the 
County implemented 257 household 
distributed photovoltaic power 
stations that generated 1,866KW of 
electricity for the grid and steadily 
increased the income of 1,789 poor 
families. In addition to that, it built 
22 village-level photovoltaic power 

ii. Paths to low-carbon transition and development

stations that added 3,000 yuan to 
the annual income of 1,320 poverty-
stricken families, and advanced the 
construction of 133 photovoltaic 
power stations of the same kind 
that represented an investment of 
314 million yuan and would benefit 
6,560 impoverished households. 
Furthermore, it completed five 
photovoltaic power stations for 
poverty alleviation purposes. With 
total investment of 770 million yuan, 
these stations installed 100MW of 
power generation capacity and would 
enable 3,400 poor families to steadily 
increase their income by 3,000 yuan 
per year and for 20 years.19

Shenyuan 300MW animal husbandry-
combined photovoltaic power 
generation project, was included in 
the grid connection security program 
as a supporting energy initiative 
for the Winter Olympic Games 2022 
held in Beijing. After completion, it is 
capable of contributing 595.3GWh of 
electricity on average to the grid on a 
yearly basis. That means to cut down 
on the consumption of standard coal 
equivalent by 187,500 tons and on the 
emission of carbon dioxide by 467,400 
tons every year. By exploring viable 
business models under the technical 
approach that combined animal 
husbandry with photovoltaic power 
generation, the County helped to 
improve the structure of energy supply 
and, in turn, promote economic and 
social development locally. As a result 
of the county government’s efforts 
to develop power grids, Yudaokou 
500kV power transmission and 
transformation station, among others, 
was completed and put in operation. 
The project eliminated the constraints 
on power transmission and therefore 
greatly increased the capacity of the 

Bashang area to send out its new 
energy.

Weichang spared no efforts to build 
dual-carbon demonstration areas, 
experiencing zones and industrial 
parks, including the demonstration 
area at Saihanba, the experiencing 
zone at the county seat and the 
industrial park at Lanqi Kalun. 
It implemented the low-carbon 
settlement reconstruction and carbon 
neutral town demonstration projects, 
developed the Saihan Carbon Valley 
and executed the "ecology +" strategy 
to accelerate the restructuring of its 
industries, energy, transportation and 
land use, and to create a role model 
for realizing the value of ecological 
products. Meanwhile, it carried out 
zero-carbon hotel and carbon-neutral 
shared factory projects to coordinate 
emission reduction in the industrial, 
energy, transportation and building 
sectors with a view to accelerating 
carbon peaking.

Additionally, it piloted a regional 
carbon credit trading mechanism, 
enhanced the building of carbon 
peaking and carbon neutrality 
capacities, the commercialization of 

relevant tech research outcomes and 
the regional trading of environmental 
productive factors, and tried to put 
in place a development model of 
"increasing the value of carbon 
credit, the premium of brands, 
the operating revenue and the 
dividend income through carbon 
emissions reduction". As part of the 
experiment, the County helped the 
state-owned Luanhe Forest Farm 
become one of Chengde City’s first 
entities eligible to engage in carbon 
credit trading. As a result, a synergy 
effect was achieved between the 
carbon peaking and carbon neutrality 
initiative and rural vitalization, and 
between pollution abatement and 
carbon reduction. Also, the county 
treated ecological environment 
through various measures, including 
"eliminating unapproved occupation, 
sand excavation, waste dumping 
and construction" in river/lake 
basins, restoring mine environment, 
greening, rolling out clean heating, 
marketing biomass boilers and more. 
Ultimately, it aimed to improve the 
quality of ecosystems and the ability to 
ecologically sequestrate carbon in all 
respects.

iii. Experience summary

Weichang deeply integrated the 
development of clean energy with 
the farming of crops, including 
by combining photovoltaic power 
generation with agriculture, fishery, 
animal husbandry or forestry, treating 
ecological environment through 
photovoltaic projects, comprehensively 
using land, improving the quality of 
soil, integrating the management of 

water and fertilizer, increasing carbon 
sink through photosynthesis and so 
on. It fully explores scenarios where 
"new energy +" can be exploited 
together with other things, such as 
planting, animal husbandry, forestry 
and aquaculture, to ensure that land 
can be used for several purposes at 
the same time.

(1) Fully exploring "new energy +" application scenarios

19 Source: official 
website of the People’s 
Government of Weichang 
Mongolian Autonomous 
County.
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As Weichang carries forward the 
spirit of Saihanba and constructs 
ecological civilization more vigorously, 
forest farms across the County have 
expanded from 160km2 to 766.7km2 
today, including 53.3km2 of seedling 
bases. In recent years, the County 
received about 600,000 visits person-

Weichang adopted suitable technical 
approaches and business models to 
avoid and solve such problems as 
roof leaking, noise from wind power 
generation, late-stage maintenance, 
conflict between residents, etc., in 
an effort to help governments and 
local people better understand new 

For the development of Weichang, 
the government of the County 
implemented the "photovoltaic + 
poverty alleviation" strategy and 
adopted the model under which 

times per year. Ecological tourism 
generated more than 600 million yuan 
in total income for surrounding areas. 
With the development of tourism, it 
began to use distributed clean energy 
to offer clean, smart power supply 
solutions for local shopping facilities 
and hotels.

technologies and models. At the same 
time, it enhanced communication 
with governments at the village, town 
and county levels, as well as with 
local residents, through illustrations, 
explanations, videos, field visit, door-
to-door visit, etc., to address key 
concerns to villagers.

"a project is wholly funded by 
government". While growing the clean 
energy industry, it consolidated the 
outcome of the battle against poverty.

(2) Applying distributed clean energy to green shopping malls and hotels, 
among other circulation players

(3) Publicizing green consumption more energetically

(4) Integrating clean energy development with carbon peaking and carbon 
neutrality, rural vitalization and revolutionary base revitalization

VI. Chaoyang County, Liaoning Province

In the west of 
Liaoning Province

539,000

 3,758km2

Per capita GDP

Industrial structure in 
terms of the primary, 

secondary and 
tertiary industries:

20,000  yuan

35.6:21.2:43.2

Figure 2-8: Geographic location and profile of Chaoyang County, Liaoning Province

Chaoyang is relatively underdeveloped 
as an agricultural county. But it is rich 
in solar resources that have been 
developed quite well. As its industries 

i. Characteristics of county development

are mostly energy-intensive, its 
potential to consume new energy is 
fairly large.

Figure 2-9: Total installed power 
generation capacity and its 
composition 2020

Figure 2-10: Energy consumption 
by industry 2020
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Wind power Secondary industry

Biomass power Tertiary industry
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According to Chaoyang’s 
meteorological station, the County’s 
annual sunshine duration across 
30 years stands at 2,583.3 hours on 
average; the equivalent utilization Smart energy technologies, such 

as distributed photovoltaic power, 
building integrated photovoltaic 
(BIPV), breeze turbine, smart charging 
piles, photovoltaic parking lots, 
electric heating, geothermal heating, 
hydrogen energy technology, energy 

Rooftop rental agreements can be 
signed with both town governments 
and property owners to make them 
more reliable and credible. When 
signing such agreements with 

The energy management contract 
model is preferred for smart energy 
projects at hospitals, schools and 
government agencies. The projects 
may operate under the model of 

Project owners, villager committees 
and local urban investment and 
construction authorities should 
create rural vitalization funds. For 
public welfare projects, such as those 
aimed to improve the standard of 
living and protect environment, the 
funds should seek financial support 
from governments, and hand them 

Chaoyang has rich manganese and 
vanadium titanium resources, among 
other minerals. Nowadays, it has seven 
pillar industries, including mining, 
metallurgy, new energy, automobile 
and spare parts, agricultural 
processing, new building materials, 
and pharmaceutical chemicals. Most 
of them are energy-intensive. In 
addition, the County has been selected 

duration of photovoltaic and wind 
energy averages 1,400 hours and 
2,800 hours on a yearly basis, 
respectively.

storage technology, battery-swap 
electric heavy-duty trucks, should be 
used to standardize and modularize 
solutions, develop "exemplary" 
projects, and provide governments 
with "service package" construction 
plans. 

residents, the contract should describe 
the status quo of the property, and 
specify the party responsible for roof 
leaking.

generating power for self-use and 
feeding surplus to the grid. The 
benefits distributed to landlords 
may take the form of electricity price 
discount or rooftop rental.

over to villager committees free of 
charge once they are completed. 
For commercial projects, the funds 
should establish project companies 
with project owners. The profit of such 
projects includes the part distributable 
to shareholders and the part to the 
fund and the farmers who contribute 
their land as capital stock.

a national e-commerce demonstration 
county for supply and marketing 
purposes. There are 51 e-commerce 
and 74 logistics businesses across its 
territory today. According to statistics, 
the County had a gap of 1,309MW 
in power generation capacity and 
5,140GWh in power supply in 2020. 
Overall, the County enjoys good 
conditions to consume new energy.

(1) Endowment of resources

(1) Systematically improving standardization and modulization in light of local 
conditions

(2) Specifying rights and responsibilities for rooftop photovoltaic projects across 
county territories

(3) Selecting reasonable business models in light of application scenarios and 
stakeholder appeals

(4) Taking full advantage of finance to promote long-term, high-quality 
development of green and low-carbon energy in county territories

(2) Challenges to green energy transition and development

In view of the county government’s 
need to attract investment, increase 
taxes and promote development, 
Chaoyang tapped its potential in 
exploiting wind and solar resources, 
integrated energy exploitation with 
industrial development and urban 
construction, and implemented a 
batch of new energy projects, such 
as centralized new energy, rooftop 
distributed photovoltaic power, smart 
energy for public buildings (zero-
carbon schools and buildings), and 
smart energy demonstration for 
the Beautiful Countryside initiative. 
Following the model of "county-wide 
rooftop photovoltaic power + Beautiful 
Countryside + protected agriculture 
+ convergence of the government, 
energy and community networks + 
universal access", it achieved self-

ii. Paths to low-carbon transition and development

iii. Experience summary

sufficiency in power supply, with 
the surplus electricity fed to the 
local grid at the voltage of 380V or 
10kV. Chaoyang Nenghuan biomass 
combined heat and power (CHP) 
generation project, covers 0.2km2 
of land and installs dust removal, 
desulfurization and denitration 
facilities for environmental protection 
purposes. After completion of the 
phase 1 construction, the project 
generated 174.5GWh and supplied 
158.8GWh of electricity every year. 
Concurrently, it offered 500,000 
tons of industrial heat, and heated 
300,000m2 of space, on a yearly basis. 
As it annually utilizes 300,000 tons of 
agricultural and forest waste per year, 
it saves 82,500 tons or so of standard 
coal equivalent per annum.
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Tianshu 1 smart operation and 
maintenance (O&M) management 
system may be deployed to optimize 
O&M models, lower the labor cost of 
such processes, and enable remote 

centralized monitoring, regional 
inspection, mobile inspection and 
diagnosis by drones or by smart 
wearable devices, mobile smart O&M, 
etc.

(5) Deploying smart management systems if conditions permit

Section 2 丨 Summary

I. Characteristics Analysis

Anji has a good ecological 
environment. Traditional green home 
furniture, eco-tourism property, and 
strategic emerging industries have 
all been integrated into a system 
of coordinated development in the 
county. These are all advantages for 
it to advance green transition further. 
The county’s transitional measures are 
good practices in terms of government 
leadership, business response 
and universal participation. Local 
governments have issued a slew of 
plans and work priorities that attached 
importance to the setting of goals 
and the breakdown of tasks. Guided 
by such documents, enterprises 
respectively engage in joint research 
of processes and raw materials, the 
development of distributed new 

Chongming Island is a strategic 
land reserve of Shanghai. Relatively 
secluded and moderately sized, it 
enjoys favorable ecological, resource 
and environmental conditions, in 
addition to a sound scientific and 
technological foundation. More, it is 
rich in wind, solar, biomass and tidal 
wave energy resources, and has a 
relatively independent power grid. 
Following an "ecological +" strategy, 
Chongming Island takes advantage 
of its ecological conditions to create a 
world-class eco-island and promotes 
a development model that integrates 
regional functions and achieves the 
coupling and integration of urban and 
rural areas. Advocating low-carbon 
society, life and culture, it has improved 
the management of solid waste, and 
created a low-carbon energy system 
supplemented by the coordinated 

Lankao is a national pilot county for 
energy revolution in rural areas, one 
of the first national demonstration 
areas for ecological protection and 
construction, and the place of origin 
for the Jiao Yulu Spirit. It is lacking 
in fossil energy, but is fairly rich in 
renewables, such as wind, solar 
and geothermal energy, as well as 
agricultural and forest residue and 
animal waste. Against the goals 
set in the Master Urban Planning 
(2013-2030) of Lankao County, 
local governments have formulated 
and issued a series of measures 
to facilitate green transition across 
the county. The measures include: 
building a clean energy operation 
center to provide services for 

All the cases have formed their own 
differentiated paths to green transition 
based on their development needs 
and resource advantages.

i. Anji County, Zhejiang Province

ii. Chongming Island, Chongming District, Shanghai

iii. Lankao County, Henan Province
energy, the renovation of waste heat 
power generation technologies, and 
the in-depth exploitation of waste 
crop straws, among other things. A 
string of actions, including low-carbon 
conferencing, low-carbon offices, low-
carbon dining, and low-carbon vehicle 
use, have all brought about social 
benefits and played communicative 
and exemplary roles. In addition, 
an omni-chain service system for 
bamboo forest carbon credit collection 
and trading at county level has 
taken shape in the county, helping to 
optimize its energy structure on one 
hand and to explore an eco-friendly 
economic development pattern 
against the dual energy consumption 
and carbon emission requirements on 
the other hand.

development of renewable energy 
and smart power grids to develop 
sustainable transportation. In 
addition, it has ushered in innovations 
across the judicial chain by planning 
coordinated development in the 
"Dongping-Haiyong-Qilong" town 
cluster that crosses administrative 
territories, and by creating a joint 
procuratorial mechanism for 
ecological environment protection 
at the estuary of Yangtze River. On 
the outskirts of Shanghai metro 
area, which is a great advantage, 
it has built up a lot of experience in 
developing eco-islands highlighting 
the integration of urban and suburban 
areas of metropolises, and given 
rise to a multi-party participation 
mechanism including "governments + 
enterprises + think tanks".

photovoltaic power generation and 
light asset operation projects; using 
a new-energy + biomass particle 
plant model to accommodate the 
consumption of power generated 
from new energy and utilize solid 
waste for energy production purposes; 
constructing an incremental power 
distribution network to help consume 
new energy locally revolving around 
industrial parks; building platforms 
that integrate the energy, social and 
government services networks, and 
employing Optical E-chain, a digital 
management tool, to optimize key 
processes of project implementation 
in view of the dispersed household 
power stations; implementing an 
agricultural photovoltaic power 
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generation project at Yifeng 
Horticulture Farm, which allows village 
collectives or villagers to invest their 
land as capital stock and therefore 
get dividend, thus helping to increase 

their employment and income. Thus 
far, a energy supply and consumption 
system dominated by clean energy 
has largely been established in the 
county.

Gonghe County has many ethnic 
groups. Minority ethnic groups account 
for a large share of the county’s total 
population. With a vast territory, it 
is rich in wind and solar resources, 
among other things. Traditional 
agriculture and animal husbandry 
contribute a relatively lower share 
to its GDP. The secondary industry is 
therefore the mainstay of its economy. 
Particularly, the new energy industry 
plays a predominant role, thanks to 
relatively better conditions to consume 
and export new energy power. Gonghe 
County is in urgent need of ecological 
improvement. Due to the pressure from 
the requirement to limit both energy 
consumption and intensity and from 
the ban of grazing, the development 
of traditional industry and animal 
husbandry is heavily checked, 
resulting in an increasingly wider gap 
in employment on the part of local 
villagers. As new energy grows fast, 
local capacity to consume electricity 
begins to decline, leading to the need 
to increase the capacity to send power 

Weichang is an underdeveloped 
agricultural county. But it enjoys 
rich wind and solar resources and a 
fairly good ecological environment. 
In addition, it is an old revolutionary 
base, as well as an ethnic autonomous 

Chaoyang is relatively underdeveloped 
as an agricultural county. But it is 
rich in wind and solar resources and 
has a relatively sound foundation 
for clean energy development. As its 
industries are mostly energy-intensive, 
its potential to consume new energy 
is fairly large. Chaoyang County has 
identified a development model 
characterized by "centralized clean 
energy + rooftop photovoltaic power 
systems + the Beautiful Countryside 
initiative + convergence of the 
government, energy and community 
networks + universal access" to build 
centralized new-energy and rooftop 
distributed photovoltaic projects, 
thus securing its energy supply and 
enabling carbon dioxide emission 

Overall, the green development in 
the county territories of China is led 
by government plans or policies, 
implemented by developers in 
the form of clean energy projects, 
and supplemented by supporting 
industries. It gains recognition of the 
general public gradually in the process 

iv. Gonghe County, Qinghai Province

v. Weichang Manchurian and Mongolian Autonomous County, Hebei 
Province

vi. Chaoyang County, Liaoning Province

out. Based on its development needs 
and resource advantages, Gonghe 
County actively practices a unique 
green development model. Measures 
include the following: building a 10GW 
clean energy demonstration base and 
a "west-to-east power transmission" 
base; vigorously implementing the 
rooftop distributed photovoltaic 
project; advancing photovoltaic 
desertification control and animal 
husbandry-combined photovoltaic 
power generation; reasonably 
developing pumped storage power 
station, hot dry rock and geothermal 
heating projects; introducing new 
energy equipment manufacturers to 
extend the value chain of the new 
energy industry; developing hi-tech 
zero-carbon industries like big data 
industrial parks; building ultra-high 
voltage direct current transmission 
projects to increase power 
transmission capacity; and fighting 
poverty through photovoltaic projects 
in 40 impoverished village at the same 
time.

area and one of the country’s first 
green energy demonstration county. 
It has a vast potential in developing 
green organic agriculture and clean 
energy industries. However, the 
problem of new-energy consumption 

reduction. Meanwhile, it implements 
zero-carbon campus and zero-carbon 
building projects as examples to help 
with its publicity efforts and increase 
social recognition of green production 
and lifestyle concepts. In an effort 
to explore commercial development 
models, it employs the model of 
generating power for self-use and 
feeding surplus to the grid, with the 
benefits due to landlords taking the 
form of electricity price discount or 
rooftop rental. By promoting the 
Beautiful Countryside initiative and 
the convergence of the government, 
energy and community networks, 
it tries to attract small industries to 
increase employment and income for 
local farmers.

of project implementation. In terms of 
benefits, it enables farmers to share 
the outcomes of energy transition and 
development, helps to put the rural 
vitalization and common prosperity 
policies in place, and provides good 
practices for green development 
across county jurisdictions.

and export is acute in the county. 
The county’s government actively 
implements the "Saihan Carbon Valley" 
strategy to create a national green 
energy production base, to explore 
a regional carbon credit trading 
mechanism and to advance the 
ecological governance. Following a 
model of "joint construction + poverty 
alleviation subsidy + self-fundraising + 
poverty alleviation loans", it develops 
household distributed, village-

level and centralized photovoltaic 
power stations to help poor families 
increase their income. Also, it builds 
dual-carbon demonstration areas, 
experiencing zones and industrial 
parks. As a result of its efforts to 
develop power grids, Yudaokou 
500kV power transmission and 
transformation station, among 
others, has been completed and put 
in operation, thereby eliminating the 
constraints on power transmission.

II. Experience and Lessons
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Typical counties with rich wind and 
solar resources in the northwest of 
China can avail themselves of the 
west-to-east power transmission 
project and the east-to-west 
computing resource transfer project to 
develop new energy. More specifically, 
they can augment their transmission 
capacity through phase modifiers, 
build energy-consuming big data 

The "new energy +" ecological 
governance model reflects the 
principle of giving priority to 
ecological protection. In counties 
with large swaths of desert land, 
abandoned mines or subsidence 
areas, rich wind or solar resources 
or strong power consumption or 

Although the battle against poverty 
is already over, photovoltaic power 
stations can still be used to provide 
jobs or dividend for villagers, thus 
increasing their income. The policies 
and pilot projects to develop rooftop 

Counties should take full advantage 
of their energy resources to develop 
multi-energy complementary 
systems, as well as wind, solar and 
hydro energy integration, pumped 
storage power station, hot dry rock, 
geothermal heating, solar/thermal/

Counties on the outskirts of 
metropolises can take advantage 
of their geographic location to 
develop new agricultural tourism 
represented by happy farms that 
integrates experiencing, recreational 
and popular science functions. In 
addition, they can develop themselves 
into the back garden of big cities and 
grow into distinctive county-wide 
rural complexes that focus on leisure 
tourism. Moreover, they can host local, 
national and even international sports 
events and build towns with sports 
characteristics. Also, they can develop 
the "eco-benefits insurance" business 
to enhance residents’ sense of 
happiness and gain and build public 
consensus on green development. 

A global analysis of the cases above 
reveals many inadequacies in the 
county-level green transition and 
development across China. Counties 
still need to enhance their delicacy 
management, such as elaborating and 
systematically rolling out their plans or 

centers, and in the meantime, 
optimize their power grids to facilitate 
cross-regional transmission and 
local consumption of new energy by 
allowing big users to directly purchase 
their power and taking advantage of 
the one-on-one assistance initiative 
to increase their outbound supply of 
energy.

transmission capabilities, photovoltaic 
desertification control and animal 
husbandry-combined photovoltaic 
power generation can be bolstered to 
create development patterns where 
ecological governance and economic 
growth go hand in hand.

distributed photovoltaic power county/
city/district-wide can all be used to 
roll out such new energy across the 
countryside, hereby contributing to the 
rural vitalization drive.

terrestrial/electrochemical energy 
storage projects that take local 
conditions into account. What’s more, 
they should reduce energy curtailment, 
stabilize the output of new energy, and 
raise the comprehensive utilization 
rate of energy resources.

policies, appraising their performance 
against targets, generalizing 
experience, making feedback and so 
on. They need to play a guiding role in 
reaching public consensus on green 
production and life for all; to optimize 
energy structure and industrial 
pattern with a view to striking a 
balance between power generation 
and consumption; and to improve 
the standards for various skills and 
business so as to establish scientific 
and standardized regulatory systems. 
Counties also need to develop digital 
and smart technologies in order 
to sharpen their ability to manage 
energy county-wide and make 
statistical analyses, and raise energy 
efficiency and reduce carbon emission 
in all respects of production and 
life. They have to create the market 
mechanisms, business models and 
financial environment that cater to 
the needs of green development and 
secure the sustainable and high-
quality implementation of the green 
and low-carbon energy transition with 
economic benefits. 

(1) Balancing power generation and consumption

(2) Integrating new energy development with ecological governance

(3) Applying the photovoltaic poverty alleviation model to reinforce the 
outcome of the battle against poverty and advance rural vitalization

(4) Reinforcing the comprehensive use of energy resources

(5) Introducing new models of industrial integration
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Counties as a Laboratory for the 
Energy Transition in Germany

Section 1 丨 Overview of Energy Development in 
Germany

The Federal Republic of Germany is 
governed at three administrative levels, 
i.e. states, regions (Kreise) and towns 
(Gemeinden). The federal republic 
consists of 16 states (Länder) that 
enjoy a fairly high level of autonomy. 
These states (Länder) are made up of 
regions (Kreise) in types of so-called 
"Landkreise" and "Kreisfreie Städte" 
in German. There are 106 "Kreisfreie 
Städte" and 294 "Landkreise" with 
towns (Gemeinden) and municipalities 
as the underneath administrative 
levels. In this report, "Landkreis" is very 
close to counties in China in terms 
of administrative scope and setup. 
Therefore, it is targeted as the subject 
matter of research in German case 
studies.

Chapter 3 introduces and analyses 
the role of counties in the transition 
to carbon neutrality in the German 
context. Germany, like the European 
Union as a whole, has the objective to 
reach carbon neutrality by 2045. The 
role of counties in reaching this target 
is very important. A number of counties 
are laboratories to work out and reach 
climate neutrality even earlier than 
2045 and to explore solutions which 
are relevant for other counties, as well 
as for Germany as a whole. 

In the following sections we first 
introduce an analysis of the current 
situation of the energy system in 
Germany, as well as of the energy 
transition path of Germany towards 

Germany and China share a number 
of features with respect to their energy 
systems while there are also clear 
differences.

Features which are in common 
between the Chinese and German 
energy systems include that:

both countries have climate or carbon 
neutrality targets for 2045 and 2060 
respectively;

both are lacking natural gas and 
petroleum and rely highly on energy 
imports; 

both are endowed with coal resources, 
which are strongly contributing to the 
greenhouse gas effect.

I. Current Situation of the Energy System in Germany

Primary energy consumption in 
Germany has been decreasing by 
about 20% between 1990 and 2020 
(Figure 3-1). 

Up to 2019, the decrease in primary 
energy consumption was 14%. In 
the year 2020, such decrease was 
all the more significant due to the 

i. Primary energy consumption

CHAPTER 3 

climate neutrality. We close this section 
with a short comparison of energy 
structures between China and Germany. 
Next, we provide insights into the 
planning and policy on the construction 
of green counties in Germany via 4 case 
studies on green counties in Germany, 
with a view to offering a reference 
for China’s counties’ green and low-
carbon developments.

Differences are notably that:

the Chinese energy system is still 
increasingly linked to the growing 
economy, while primary energy 
consumption in Germany already 
began to decrease 30 years ago;

both countries have embarked on 
renewable energy development but 
Germany has hardly any hydropower 
and is already reaching high shares 
of renewables, notably in electricity 
generation; 

coal and nuclear energy are still 
options in the Chinese energy system 
while Germany has clear phase-out 
plans for nuclear power (postponed to 
2023 due to Russia-Ukraine war) and 
coal (by 2030 at the latest). 

impact of the COVID-19 pandemic. 
Further, strong changes occurred 
in the energy sector with the rise of 
renewable energy sources and the 
decrease in coal, nuclear and oil. Gas 
still expanded its share in the first half 
of the period but then remained stable 
for the next 15 years.



China County Green and Low Carbon Development Report 4847  /

Renewable energy sources in Germany have respectively reached in 2021 
(Figure 3-2): 

19.2% in gross final energy consumption;

41.1% in gross final electricity consumption (for 2021 was a low wind energy year);

18.8% in district heating;

16.5% in heating and cooling (including district heat); 

6.8% in final energy consumption in the transport sector.

ii. Renewables

Figure 3-2: Evolution of renewable energy sources in Germany 1990-2021 (%) 21

20 Source: Evaluation 
Tables on the Energy 
Balance, 
https://ag-
energiebilanzen.de/
en/data-and-facts/
evaluation-tables-on-the-
energy-balance/

21 Source: https://www.
umweltbundesamt.de/
themen/klima-energie/
erneuerbare-energien/
erneuerbare-energien-in-
zahlen#uberblick
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Figure 3-1: Evolution of primary energy consumption in Germany 1990-2020 20 Note: 1PJ = 1E15 J
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The ruling parties in Germany agreed at 
the end of 2021 that 80% of electricity 
is to come from renewable energies 
by 203022. In addition, 50% of the heat 
required in Germany is to be generated 
from renewable sources by 2030. 
Figure 3-3 shows the investments in 
renewable energy capacities over the 
past 20 years. This reflects not only the 
increasing capacities installed but also 
the strong cost degression achieved 

Figure 3-3: Annual investments (mill. Euro) in renewable energy plants from 

2000 to 2021 23

22 assuming an increase in 
electricity demand from 
680 to 750 TWh in 2030, 
notably due to electric 
cars and heat pumps

23 Source: https://www.
umweltbundesamt.de/
themen/klima-energie/
erneuerbare-energien/
erneuerbare-energien-in-
zahlen#uberblick
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for different types of renewables, 
notably for photovoltaics. The peak of 
investments was around 2010/2011 
but have been halved compared to 
a decade years ago. This provided 
opportunities for renewables to expand 
further in Germany though investments 
were considerably reduced. In the 
future, this increasing margin can be 
used for further capacity expansion.
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Figure 3-4: Evolution of renewable electricity production in Germany 2000-
2021 (TWh24 ) 25

Figure 3-5: Daily evolution of renewable electricity in Germany 26

The electricity system of Germany 
is already highly dominated by 
fluctuating renewable energy sources 
(Figure 3-5). At some time periods, 
renewables contribute to nearly 100% 
to the coverage of the load curve (red 
line). 

The largest contributions to 
renewable electricity generation came 
from onshore and offshore wind, 
photovoltaics, biomass in various 
forms. Hydropower plays a smaller role 
but still is important as a stabilizing 

May 2021 to April 2022 (average 41% in 2021),
(a) renewables in comparison to the load curve (red line)

b) conventional power plants (nuclear and fossil power generation)

26 Source: https://www.
agora-energiewende.
de/en/service/recent-
electricity-data
/chart/power_generation
/26.03.2021/26.03.2022
/today/
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element in a highly variable electricity 
system.

For nuclear power, the 3 units switched 
off at the end of 2021 are clearly 
visible. The last three nuclear units still 
contribute in 2022 but will be switched 
off at the end of 2022 (postponed 
to 2023 due to Russia-Ukraine war). 
Gas and hard coal power plants have 
already relatively low annual running 
hours as evidenced by graph (Figure 
3-5 (b)).

24 1 TWh = 1,000,000,000 
kWh

25 Source: https://www.
umweltbundesamt.de/
themen/klima-energie/
erneuerbare-energien/
erneuerbare-energien-in-
zahlen#uberblick

*  regular hydroelectric 
and pumped storage 
power stations

** includes: Solid 
biomass fuel, Liquid 
biofuel, Biogas, 
Biomethane, Sewage 
gas, Landfill gas, and 
Biomass fuel gas

The production of renewable electricity was a particular success story (Figure 3-4). 

Renewable electricity
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Energy efficiency for final consumers, 
as measured by the so-called 
technical ODEX27, has improved 
by around 1.4%/year since 2000. 
Larger gains have been registered 
for households (2.2%/year), against 
1.0%/year for transport and 1.6%/

iii. Energy efficiency progress by sector in Germany

Figure 3-6: Evolution of sectoral energy efficiency in Germany 2000-2019 

(based on ODEX) 28
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27 Note: ODEX is the index used 
in the ODYSSEE-MURE project 
(www.odyssee-mure.eu) to 
measure the energy efficiency 
progress by main sector and 
for the whole economy. ODEX 
measures the energy efficiency 
progress by main sector 
(industry, transport, households, 
services) and for the whole 
economy (all final consumers). 
Source : Source ODEX Germany 
https://www.odyssee-mure.
eu/publications/other/odex-
indicators-database-definition.
html

28 Source: ODEX Germany, 
https://www.odyssee-mure.eu/
publications/efficiency-trends-
policies-profiles/germany.html

year for the services sector. A lower 
annual rate of improvements has 
been achieved in the industry sector 
(0.77%/year). Energy efficiency 
improvement was slowing down 
in the last decade, particularly in 
industry.

The Federal Cabinet of Germany adopted in April 2022 the so-called "Easter 
Package" . The Easter package is an omnibus bill, which includes the following 
specific laws: 

iv. Recent policy developments in Germany

● the Renewable Energy Sources Act (RES Act, or EEG);

● the Offshore Wind Energy Act;

● the Energy Industry Act;

● the Federal Requirements Plan Act;

● the Grid Expansion Acceleration Act (NABEG);

● further laws and ordinances in the field of energy legislation.

In detail, the following reforms will be carried out in a timely manner:

  At the heart of the package is the 
principle that the use of renewable 
energy is in the overriding public 
interest and serves public security. 
By 2030, at least 80% of German 
gross electricity consumption is to 
be covered by renewables.

  Comprehensive measures will be 
taken to drive forward the expansion 
of renewables. For example, new 
areas will be made available for 
the expansion of photovoltaics; the 
participation of municipalities in 
onshore wind and photovoltaics will 
be extended; more low-wind sites 
will be developed; and the policy 
environment for the expansion of 
roof-top PV installations will be 
improved.

  In future, the expansion of 
offshore wind energy will be based 
on two equal pillars. In addition to 
the invitation of bids for sites that 
have already been investigated, 
bids will also be invited in future for 
sites which have not been subject to 
a preliminary investigation.

  The expansion of renewable 
energy and the grids will be sped 
up as barriers are removed and 
planning and approval procedures 
are streamlined.

  The Federal Requirements Plan for 
the expansion of the transmission 
systems is being updated and new 
projects are being included in it so 
that the grids can keep pace with 
the expansion of renewable energy.

  The abolition of the EEG surcharge 
(which subsidizes renewable 
energy via the electricity price) 
will also massively simplify the 
rules for consumption of self-
produced electricity and make a big 
contribution to reducing red tapes in 
energy law.

  The rights of the end-users 
and the supervisory powers of 
the Bundesnetzagentur (Federal 
Network Agency) over energy 
suppliers will be strengthened in 
order to give even better protection 
to electricity and gas consumers.

By 2030, installed onshore wind 
capacity should reach 115GW. 
Annual capacity additions therefore 
have to reach 10GW as of 2025. 
Solar PV installations will amount to 
22GW per year as of 2026 to achieve 
a total capacity of 215GW by the end 
of the decade. This includes notable 
expansion of PV into rural areas and 
counties.29 Offshore wind additions 
are increased as well to reach a 

minimum of 30GW by 2030 and 
40GW by 2035, and 70GW by 2045. 

While the government wants to 
incentivize the production and use 
of bio-methane in highly flexible 
plants by increasing tender volumes, 
the use of biomass for power 
production will be exceeded by its 
use in transport and industry.

29 Source: https://www.
bmwi-energiewende.
de/EWD/Redaktion/EN/
Newsletter/2022/02/
Meldung/topthema.html
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Figure 3-7: Gross renewable capacity additions (wind and solar) as 
expected from the "Easter Package", April 2022 30
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30 Source: https://www.
bmwk.de/Redaktion/EN/
Downloads/Energy/0406_
ueberblickspapier_ 
osterpaket_en.pdf ?__
blob=publicationFile&v=5

31 Enertile is an energy system 
optimization model developed 
at the Fraunhofer Institute 
for System and Innovation 
Research ISI. The model focuses 
on the power sector, but also 
covers the interdependencies 
with other sectors, especially 
heating/cooling and the 
transport sector. It is used mostly 
for long-term scenario studies 
and is explicitly designed to 
depict the challenges and 
opportunities of increasing 
shares of renewable energies. 
A major advantage of the 
model is its high technical and 
temporal resolution. Source: 
https://www.langfristszenarien.
de/enertile-explorer-de/index.
php
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II. Energy Transition Path of Germany towards Climate 
Neutrality - the Future Energy Structure of Germany

In this section we briefly reveal how 
the future energy system on its path 
to climate neutrality by 2045 could 
look like. With the help of ENERTILE 
model 31 , the future energy structure 
of Germany has been analyzed, 
and the "technical and economic 
benefits" of various decarbonization 
paths to the energy system have 
been predicted and researched. In 
summary, the future German energy 
system is characterized as follows:

  It will highly rely on renewable 
energy;

  The traditional power grid will 
have to make changes, in order 
to become more flexible to adapt 
to a high portion of renewable 
energy in the future. The "flexibility 
enablers" required include energy 

III. Comparison of Energy Structure between China and 
Germany

The most striking difference between 
the energy consumption structure 
between China and Germany is the 
large use of coal by the former: 
57% (Figure 3-8(b)) versus 15% 
(Figure 3-8(a)) by the latter. The 
coal share in Germany will further 
decrease, following plans to phase 
out coal from power generation 
and efforts to replace coal in large 

industrial sectors such as steel and 
cement by hydrogen produced from 
renewable energy sources. On the 
other hand, oil and gas represent 
nearly two-thirds of primary energy 
consumption in Germany, while it is 
less than one-third in China. Finally, 
non-fossil energy consumption 
(renewables and nuclear) represents 
22% in Germany and 16% in China.

efficiency and demand response, 
green hydrogen development 
(hydrogen production through water 
electrolysis), different forms of short 
and long-term energy storage, 
sector coupling (in particular with 
electric cars and heat pumps) and 
other techniques to pitch peak.

In this context, new types of micro-
grid systems and tenant power 
systems will contribute largely to 
balancing the power and heat 
grids at a micro-level but also to 
experimenting the future climate 
neutral energy system over the 
next thirty years while the whole 
of Germany will move to climate 
neutrality.

Energy consumption structure

Figure 3-8: Primary energy consumption in Germany and China 2020

a) Germany32 b) China33 , 34

32 Source: Evaluation 
Tables on the Energy 
Balance, https://ag-
energiebilanzen.de/
en/data-and-facts/
evaluation-tables-on-the-
energy-balance/

33 Non-fossil energy: 
shares of primary electricity 
and other energies in total 
energy consumption

34 Source: National Bureau 
of Statistics (China), 
https://data.stats.gov.cn/
easyquery.htm?cn=C01
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Figure 3-9: Carbon intensity (per capita CO2 emissions) in Germany and China 202035 , 36

35 Note: Carbon dioxide (CO ₂ ) 
emissions from the burning 
of fossil fuels for energy and 
cement production. Land use 
change is not included.

36 Source: Our World in Data 
(https://ourworldindata.
org/co2/country/
germany?country=DEU~CHN)
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Section 2 丨Planning and Policy on the Construction 
of Green Counties in Germany

In Germany, Energy Communities, as 
the most prominent element of green 
counties, are conceived to develop a 
decentral and flexible energy system as 
a major element of carbon neutrality. 
What is particularly noteworthy is 
the fact that at the EU-level, the 
Renewable Energy Directive and the 
Electricity Directive include a number of 
enabling measures which allow energy 
communities to thrive.

I. Guiding Principles and Blueprint of 
Construction of Green Counties

Through the Clean energy for 
all Europeans package 37, the 
EU has introduced the concept 
of Energy Communities in its 
legislation, notably as citizen energy 
communities and renewable energy 
communities. These are collective 
actions of citizens coming together 
to participate in the energy system, 
taking ownership of their energy 
consumption

In Germany, there is no single 
definition of energy communities. 
The term "community energy" or 
"citizen energy (Bürgerenergie)" 
is most widely used 38. For more 
than two decades, citizens have 
banded together in various forms 
of ownership to own renewable 
capacity and generate energy. 
At the end of 2016, 1,747 energy 
communities were registered 
in Germany 39. Originally, the 
communities registered focused 
on the production of solar 
energy, but shifted their focus 

to wind power afterward. Most 
community energy projects are 
so-called energy cooperatives 
(Energiegenossenschaften), 
which take the legal form of 
limited liability companies. These 
provide less than one percent of 
total renewable electricity supply 
but are crucial in terms of public 
support 40. There are more than 
1,000 energy cooperatives with an 
average of 296 members. Besides 
this business model, there are about 
100 communities that additionally 
operate their own electricity 
grids, e.g., Bioenergy Villages 
(Bioenergiedörfer). For instance, 
Jühnde is the first Bioenergiedorf, 
and since 2005, it has been getting 
all of its electricity and more than 
half of its heat from a biogas plant 
powered with local crops. Moreover, 
the residents there co-financed a 
district heating network to replace 
their existing heating systems41.

37 Source: https://energy.
ec.europa.eu/topics/energy-
strategy/clean-energy-all-
europeans-package_en

38 Source: https://www.
unendlich-viel-energie.de/
media/file/3591.89_Renews_
Spezial_Community_energy_
LECo.pdf

39 Source: https://www.
buendnis-buergerenergie.
de/fileadmin/user_upload/
wpbl27_BEG-Stand_
Entwicklungen.pdf

40 Source: https://www.
unendlich-viel-energie.de/
media/file/3591.89_Renews_
Spezial_Community_energy_
LECo.pdf

41 Source: https://www.
unendlich-viel-energie.de/
media/file/3591.89_Renews_
Spezial_Community_energy_
LECo.pdf

Carbon emission intensity

Carbon emission intensity (in terms 
of CO2 per capita) in both China 
and Germany has now reached a 
similar level of roughly 7.5 tonnes 
of CO2 per capita (Figure 3-9). Forty 
years ago, there was still about a 
factor of ten in per capita emissions 
between both countries. Germany’s 

per capita emissions peaked around 
1980 at 14 tonnes and have since 
then decreased to around 7.5 tonnes 
of CO2 per capita. Carbon neutrality 
requires reaching per capita 
emissions of less than one tonne of 
CO2 per capita.

At the national level, a support 
programme developed by the German 
Government creates a large number of 
demonstrator projects that showcase 
the energy transition in counties, 
notably the "Smart Energy Showcase 
- Digital Agenda for the Energy 
Transition" (SINTEG), which will come in 
focus in the case study concerning the 
Rhein-Hunsrück County.
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Energy communities can be 
any form of legal entities, such 
as associations, cooperatives, 
partnerships, not-for-profit 
organizations, small- and medium-
sized enterprises, etc. This helps 
community members and other 
market players to engage in 
cooperation and jointly invest in 
energy assets. Meanwhile, energy 
communities can compete with 
other market participants and 
access all appropriate energy 
markets as a single entity on an 
equal footing, thus facilitating the 
creation of a more decarbonized 
and flexible energy system.

Energy communities put citizens on 
the forefront of energy transition 
by organizing a variety of group 
energy activities to create favorable 
conditions for the shift to clean 
energy. These activities are also 
conducive to increasing the 
acceptance of the general public 
with respect to the renewable 
energy projects and to channeling 
more private investment into 
the clean energy transition area. 
Meanwhile, they help to improve 
energy efficiency and, in turn, 
lower citizens’ electricity bills, thus 
bringing direct income to them. On 
top of those, energy communities 
support citizens to help make the 
power system more flexible by way 
of demand response and energy 
storage.

Renewable energy communities 
have the rights to produce, consume, 
store and market renewable energy. 

II. Implementation and Supportive Policies

i. Renewable Energy Directive (2018/2001) 44 , 45

ii. Electricity Directive (2019/943) 46

They can improve energy efficiency 
at the household level, support the 
use of renewable energy, and in the 
meantime, work to eliminate poverty 
by downsizing energy consumption 
and electricity bills.  Given the 
wider goal of climate neutrality, 
energy communities offer a means 
to restructure the energy system 
and generate greater benefits 
by carrying out all-round energy 
governance and allowing citizens 
to participate in energy transition. 
More specifically, according to the 
new rules under the Directive on 
Common Rules for the Internal 
Market in Electricity (EU2019/944) 42, 
consumers can take an active part 
in all market activities, including 
power generation, consumption, 
sharing and marketing, either on an 
individual basis or through citizen 
energy communities; alternatively, 
they can help to build a more 
flexible power market by means 
of demand response and energy 
storage, among others. The directive 
aims to improve the participation 
of energy communities, facilitate 
more effective integration of citizens 
into the energy system and help 
them become active participants. 
In addition, the Renewable Energy 
Directive (2018/2001/EU)43 was 
revised to stress the roles of 
renewable energy producers for 
self-use and renewable energy 
communities and to ensure that 
they have equal access to existing 
support programmes together with 
large players.

The recast of the Renewable Energy 
Directive from 2021 (REDII) includes 
a number of enabling measures 
aiming to increase the renewable 
energy shares in the EU. They 
include the right for renewable self-
consumers and renewable energy 
communities to generate, store and 
sell electricity without being subject 
to disproportionate procedures 
and to be fairly remunerated for the 
electricity they feed into the grid.

According to REDII , Member States 
should ensure that renewable 
energy communities can participate 
in available support schemes 

Distributed energy technologies 
and consumer empowerment 
have made community energy 
an effective and cost-efficient 
way to meet citizens’ needs and 
expectations regarding energy 
sources, services and local 
participation. Community energy 
offers an inclusive option for all 
consumers to have a direct stake in 
producing, consuming or sharing 
energy. Community energy initiatives 
focus primarily on providing 
affordable energy of a specific 
kind, such as renewable energy, 
for their members or shareholders 
rather than on prioritizing profit-
making like a traditional electricity 
undertaking. By directly engaging 
with consumers, community 
energy initiatives demonstrate their 

on an equal footing with large 
participants. To that end, Member 
States should be allowed to take 
measures, such as providing 
information, providing technical 
and financial support, reducing 
administrative requirements, 
incorporating community-focused 
bidding criteria, creating tailored 
bidding windows for renewable 
energy communities, or allowing 
renewable energy communities 
to be remunerated through direct 
support where they comply with 
requirements of small installations.

potential to facilitate the uptake of 
new technologies and consumption 
patterns, including smart 
distribution grids and demand 
response, in an integrated manner. 
Community energy can also advance 
energy efficiency at household 
level and help fight energy poverty 
through reduced consumption and 
lower supply tariffs. Community 
energy also enables certain 
groups of household customers to 
participate in the electricity markets, 
who otherwise might not have been 
able to do so. Where they have 
been successfully operated, such 
initiatives have delivered economic, 
social and environmental benefits 
to the community that goes beyond 
the mere benefits derived from the 
provision of energy services.

42 Source: https://energy.
ec.europa.eu/topics/
markets-and-consumers/
market-legislation/
electricity-market-design_
en

43 Source: https://energy.
ec.europa.eu/topics/
markets-and-consumers/
market-legislation/
electricity-market-design_
en

44 Source: https://
ec.europa.eu/info/sites/
default/files/amendment-
renewable-energy-
directive-2030-climate-
target-with-annexes_
en.pdf

45 Source: https://eur-lex.
europa.eu/legal-content/
EN/TXT/PDF/?uri=CELEX:3
2018L2001&from=EN

46 Source: https://eur-lex.
europa.eu/legal-content/
EN/TXT/PDF/?uri=OJ:L:201
9:158:FULL&from=EN
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Figure 3-10: The five SINTEG Showcase regions 47

47 Source: https://www.
sinteg.de/en/

about EUR 66 million 
project volume

about EUR 30 million 
granted subsidies

  Experienced partners from public 
utilities, business, science and 
research.

  Mixed region of PV and wind 
as well as partly high renewable 
energy surpluses and nearby load 
centres with a strong role model 
function for many other regions.

  Variety of different solutions in 20 
new demonstrators and 10 existing 
leverage projects.

 Many individual solutions are 
combined to form an overall system.

Providing initiatives to promote 
climate neutrality in cities, this plan 
is complementary to promoting 
climate neutrality in counties, 
especially as "cities" are defined 
in a broad manner (see below). 
The proximity of many counties 
to medium and large cities helps 
to develop multiple synergies 
between carbon neutrality plans of 
countries and cities. In this field, the 
European Union has set up the 100 
climate-neutral cities programme 
by 2030. A Mission in this area shall 
support, promote and showcase 
100 European cities in their systemic 
transformation towards climate 
neutrality by 2030 and make these 
cities grow into experimentation and 
innovation hubs for all cities. Cities 

iv. European Union: 100 Climate-neutral Cities by 2030

Section 3 丨 Case Studies on Green Counties in 
Germany

This chapter describes four case 
studies on green counties in 
Germany and how they contribute 
to climate neutrality in Germany. 
The four counties have very 
ambitious climate neutrality targets 
and perform much better than 
average in Germany. Thus, they 
can be considered as laboratories 
for climate neutrality. These four 
cases are: 

are the place where decarbonization 
strategies for energy, transport, 
buildings and even industry and 
agriculture coexist and intersect. 
The climate emergency must 
be tackled within cities and by 
engaging citizens who are not only 
political actors in a governance 
structure, but also users, producers, 
consumers and owners. Through a 
multi-level and co-creative process 
formalized in a Climate City Contract 
and adjusted to the realities of each 
city, the Mission is fully anchored on 
the European Green Deal Strategy 
to make Europe climate neutral by 
2050.

Detailed information of the policies 
is shown in Annex Section 2.

  Case 1: Climate Protection Plan 
of Gießen County (Klimaschutzplan 
Gießen)

  Case 3: Zero Emission County 
Cochem-Zell (Null-Emissions-
Landkreis Cochem-Zell)

  Case 4: Zero Emission County 
Rhein-Hunsrück (Home of the 
energy transition pioneers "Heimat 
der Energiewende-Vormacher")

  Case 2: Climate Protection Plan 
of Munich County (Klimaschutzplan 
Landkreis München) (29++ Climate · 
Energy · Initiative)

iii. Support programme "Smart Energy Showcase - Digital Agenda 
for the Energy Transition" (SINTEG) 

The Support programme "Smart 
Energy Showcase - Digital Agenda 
for the Energy Transition" (SINTEG) 
was a major effort to support the 
decentral and local transformation 
of the energy system. "Show 
Cases" are model regions in which 
application-oriented groups of 
actors come together to carry 
out experimental development 
with extensive resources. The aim 
is to develop and demonstrate 
transferable problem solutions 
(innovations) at system level under 
given technical, regulatory and 
market conditions and to make them 
known to potential further users. 

From 2016 to 2020, five model 
regions in Germany tested the 
energy transition in practice. The 
programme obtained 200 million 

euros in funding and generated as 
much as 400 million euros in co-
investment. Around 300 project 
partners from business and science 
have shown in exemplary fashion 
how the energy supply in this 
country can function if renewable 
energies contribute up to 100 
percent. In the process, challenges 
were identified in the model regions 
from practical work and feasible 
solutions were developed to help 
the energy transition in Germany 
succeed. Results of the Show Cases 
will be published in 2022.

For example, the Show Case 
Designetz with a project volume of 
66 million euros covers North Rhine-
Westphalia, Rhineland-Palatinate 
and Saarland with the following 
characteristics:
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Table 3-1: Characterization of the four case studies with respect to their size, population and GDP (statistical 
data from 2020) 48

48 Source: Federal Statistical 
Office of Germany 
(DESTATIS)

County Size (km2) Population GDP ( € 100mm)

Gießen 854.56 271,667 109

Munich 664.25 349,685 140

Cochem-Zell 692.43 61,578 25

Rhein-Hunsrück 991.06 103,401 41

Gießen County is located in the 
state of Hessen, west of Germany, 
adjacent to Frankfurt city. Composed 
of several medium size towns, it is 
quite a large county. Funded by the 
federal government, Gießen County 
has developed a climate protection 
master plan that enables the 

I. Case 1: Climate Protection Plan of Gießen 
County (Klimaschutzplan Gießen)

participation of experts and citizens 
from all walks of life. In addition, 
it has set up dedicated teams to 
implement concrete measures in 
different industries, making it a great 
demonstrator for green, low-carbon 
energy transition in counties across 
Germany.

49 Sources:
a. https://www.
klimaschutz-lkgi.de/ecm-
politik/lkgi/de/home/
info/id/17

b. https://www.
klimaschutz-lkgi.de/ecm-
politik/lkgi/de/home/
file/fileId/99/name/
Masterplan_100%25_
Klimaschutz

c. https://www.lkgi.
de/der-landkreis/
oeffentlichkeitsarbeit/
pressemitteilungen/3578-
co2-emissionen-im-
landkreis-giessen-sinken-
um-ueber-zehn-prozent

d. https://www.
klimaschutz-lkgi.de/lkgi/
de/home/info/id/60

e. https://www.
klimaschutz-lkgi.de/lkgi/
de/home

f. https://www.lkgi.de/
images/formulare_
downloads/Wirtschaft_
Arbeit-Bildung/
Klimaschutzkonzept.pdf

Gießen County is one of 22 
municipalities across Germany 
which developed and implemented 
a climate protection master plan 
with funding from the Federal 
Ministry of Environment. The so-
called master plan municipalities 
are united in the goal of reducing 
their greenhouse gas emissions 
by 95 percent by 2050 and halving 
their final energy consumption 
compared to 1990. The 22 master 
plan municipalities were supported 
and intensively accompanied over 
four years with funding totalling 12 
million euros as part of the National 
Climate Protection Initiative of the 
Federal Ministry of Environment. 
With their ambitious climate 
protection goals, they have a great 
impact as beacons of municipal 
climate protection.

In Gießen County, the 100% 
Climate Protection Master Plan was 
developed in a one-year process 
with the participation of experts 
and many committed people in 
Gießen County. It describes possible 
development paths up to the year 
2050, and how fossil fuels can be 
replaced as completely as possible 
by the year 2050. This target is in 
line with the development goal 
agreed upon the Paris Agreement 
on Climate Change. The reduction 
in the purchase of fossil fuels will 
also help to ensure that the capital 
invested remains in the district 
and thus increases regional value 
creation.

Gießen County provided holistic 
support for its local energy system 
to transition into climate neutrality 
by the following measures: 
examining the status quo of 
various aspects of the energy 
sector; conducting research in such 
priority areas as climate-friendly 

consumption and production, 
cross-regional cooperation, 
sustainable transportation, 
climate-neutral buildings, soil 
protection and agriculture, 
materials recycling and so on; 
building demonstrator projects; 
discussing and communicating 
low-carbon concepts and 
technologies; and formulating 
industry-specific measures for 
electricity, transportation, building, 
corporate management, resource 
management, agriculture and 
forestry. 

Gießen County added two full-
time staff positions in the field of 
climate protection to its county 
management office. Moreover, it 
created a joint team of members 
from all over the district to promote 
mutual learning, support and 
cooperation among industries. The 
district even conducted an exchange 
with international partners from 
China in November 2018.

From 2010 to 2018, greenhouse gas 
(GHG) emissions in the county fell 
by 10.4 percent, according to the 
results of the first GHG balance of 
Gießen County. The biggest savings 
were realized in the area of private 
residential buildings (-18.9%), 
while industry and commerce also 
achieved savings (-14.5%). The 
inhabitants of the county consume 
19% less energy than the national 
average and GHG emissions per 
capita are also 1.8 tonnes lower 
than the national average. The 
amount of electricity produced in 
Gießen County from renewable 
energies increased by 144.5 percent 
from 2010 to 2018. 

Detailed information of this case is 
shown in Annex Section 3.

Map data © 2022 GeoBasis-DE/BKG(©2009), Google Global

Figure 3-11: Geographic location of Gießen County 49

Gießen CountyGießen County
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Munich County is located in the state 
of Bavaria, southeast of Germany, 
and it refers to a district near and 
surrounding the large city of Munich. 
In the course of green and low-
carbon transition, the county has 
all townships participate in it and 
establishes an "energy governance 
mechanism" that scientifically 
analyses the GHG emissions 

II. Case 2: Climate Protection Plan of the Munich County 
(Klimaschutzplan Landkreis München) 

The county started its efforts in climate 
protection relatively earlier. In 2006, it 
adopted an energy vision aiming for 
a 60% energy demand reduction by 
2050. However, the absolute energy 
consumption in the district increased 
by 25% during the years 2006-2016.

In the course of 2016, the fields of 
action and opportunities in the area 
of energy and climate protection in 
the district were therefore reviewed 
in a comprehensive participation 

50 Source: https://www.
landkreis-muenchen.de/
themen/energie-und-
klimaschutz/29-klima-
energie-initiative/

51 The data for Munich 
County Greenhouse 
Gas Report is collected 
according to the Balancing 
System for Municipalities 
(BISKO). This standard 
was developed under the 
auspices of the Federal 
Environment Agency 
to ensure a uniform 
accounting method 
for all municipalities 
and to avoid double 
counting. According 
to this methodology, 
the greenhouse gas 
emissions per inhabitant 
are calculated on the 
basis of the final energy 
consumption of all actors 
on the territory of a city, 
municipality or district (so-
called territorial principle).

from various industries, regularly 
evaluates and optimizes climate 
protection measures to ensure the 
fulfilment of climate goals across 
the county. On top of that, the 
county attaches great importance to 
the climate protection education for 
children and youths, which is of far-
reaching significance.

process and the climate protection 
goals were revised. At the end of 
2016, the "29++ Climate · Energy 
· Initiative" replaced the previous 
energy vision. Together with the 
entire district population and the local 
businesses, the initiative proposes 
to work intensively towards the 
national climate targets specified in 
the 2015 Paris Agreement on Climate 
Change until the "+++" highest energy 
efficiency level is attained. 

Map data © 2022 GeoBasis-DE/BKG(©2009), Google Global

Figure 3-12: Geographic location of Munich County 50

The name and logo of the initiative 
clearly indicate that all 29 towns 
within the district have been covered. 
Key elements of the resolution are the 
adoption of a joint climate protection 
declaration by the district and its 
cities and municipalities on the "29++ 
Climate · Energy · Initiative", which all 
municipalities in the district have now 
joined. They also include the creation 
of three additional staff positions 
in the area of climate protection in 
Munich County Office, the formation 
of a joint energy agency together with 
the Ebersberg County (Energieagentur 
Ebersberg München gGmbH), the 
cooperation with the Kreisjugendring 
München-Land in climate education 
for children and young people, as 
well as an ambitious programme 
of measures for projects in the area 
of post-fossil mobility and climate 
protection.

For regular evaluation and 
readjustment of the foregoing 
measures, it was decided to introduce 
an energy control system. In March 
2020, the district administration, 
with the cooperation of the 29 
municipalities and in strict accordance 
with the Balancing System for 
Municipalities (BISKO)51, presented 
the first greenhouse gas report for the 
Munich County, which forms the basis 
for the evaluation of the county’s 
climate and energy initiative. 

The figures from 2018 are the most 
up-to-date figures available that 
can be used for a comprehensive 
assessment of the climate protection 
situation in the Munich County. They 
are presented as follows:

  In 2016, per capita greenhouse 
gas emissions in the Munich County 
amounted to 10.4 tonnes. In 2018, 
average GHG emissions per capita 
were 9.7 tonnes, 6.1% lower than 
two years earlier. Since 2010, 
emissions have been reduced by 
about 16%. A further 32% reduction 
is needed to reach the target of six 
tonnes in 2030.

  In photovoltaics, the number of 
systems has increased by 21% since 
2016, and the installed capacity 
by as much as around 28%. This 
indicates that targeted campaigns 
such as the solar potential register 
of the district or the PV bundling 
campaigns of the Ebersberg-Munich 
energy agency are having an effect.

  In private households, 
greenhouse gas emissions have 
been reduced by 0.2 tonnes to 1.7 
tonnes since 2016. The commercial 
sector, municipalities and transport 
contribute 4.1 tonnes, 0.2 tonnes 
and 3.7 tonnes to the overall result, 
respectively.

  It appears problematic for the 
success of the energy transition 
that non-rail transport is still almost 
entirely powered by fossil fuels. The 
share of alternative drive systems in 
motorized vehicles increased by just 
one percentage point from 2016 to 
2018 to a total of 2.1 percent.

Detailed information of this case is 
shown in Annex Section 3.

Munich CountyMunich County
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Located in the state of Rheinland 
Pfalz, west of Germany, Cochem-Zell 
County is relatively smaller in size, 
but it enjoys abundant renewable 
resources. The county strives to 
consume more green electricity 
locally by formulating climate 

Cochem-Zell County is one of 
22 municipalities and districts in 
Germany that have set ambitious 
climate protection goals: By 
2050, the emission of climate-
damaging gases in Cochem-Zell 
is to be reduced by 95%, and the 
consumption of energy is to be 
cut by 50%53. The 100% Climate 
Protection Master Plan for Cochem-
Zell County outlines solutions.

The master plan should not be 
a technical concept alone, but 
should rather form the basis for 
the implementation of concrete 

III. Case 3: Zero Emission County Cochem-Zell (Null-
Emissions-Landkreis Cochem-Zell)

protection master plans, advocating 
participation for all, and making 
the production and consumption of 
electricity generation more flexible 
through the adoption of various new 
technologies.

projects and measures for climate 
protection. The broad dialogue with 
citizens and experts was therefore 
the declared goal of the joint work. 
With three master plan forums and 
a youth forum, concrete offers of 
participation of citizens were made. 
The master plan forums offered the 
opportunity to contribute project 
ideas, to concretize them and to 
prepare their implementation. 
Project examples, workshops, 
exhibitions and discussions formed 
the framework of the events. The 
Citizens’ Award 100% Climate 
Protection also provided concrete 

Map data © 2022 GeoBasis-DE/BKG(©2009), Google Global

Figure 3-13: Geographic location of Cochem-Zell County 52

52 Sources: 
a. https://www.unser-
klima-cochem-zell.de/kv_
cochem_zell_bioenergie/
Masterplan/

b. https://www.unser-
klima-cochem-zell.de/kv_
cochem_zell_bioenergie/
Aktuelles/2021/Cochem-
Zell%20startet%20
Virtuelles%20Kraftwerk/

53 In comparison to 1990, 
which is the base year for 
the Kyoto Protocol.

incentives to promote citizen-driven 
climate protection projects.

The district has abundant hydro, wind 
and solar resources. Currently, 66% of 
local demand for electricity can be met 
by power generated from renewable 
sources. However, due to the generation 
and consumption of green power not 
always in sync, there is still room left 
for green electricity to be utilized to 
their full potential. In 2015, for instance, 
electricity consumption in Cochem-Zell 
amounts to 295 GWh/year, compared 
to a total generation volume of 489 
GWh/year (2015). The generation is 
largely fed by three hydropower plants 
as well as installed wind and PV power. 
Above all, the energy generated by 
fluctuating energy sources such as 
wind and PV (and to a lesser extent 
hydropower) requires flexibility for 
increased primary local and economic 
use. Outlook forecast for the period 
up to 2050 indicates that renewable 
energy’s absolute growth will not 
automatically lead to an increase of its 
share in total power consumption and 
that flexible measures are required to 
ensure that electricity production and 

consumption go hand in hand. During 
power shortage, therefore, the region 
must find ways to store electricity 
(through both generation and storage), 
or change consumer behaviours 
to adapt to the volatility of power 
generation.

On one hand, the district stores surplus 
electricity through batteries and uses 
it to regulate load; on the other hand, 
it tries to enable industry coupling 
through interconnection. For example, 
it gives overall consideration to wind 
power generation and the power-to-X 
conversion in the process of generating 
hydrogen through water electrolysis. In 
producing hydrogen with renewable 
energy, the necessary downstream 
methanation remains an important way 
to achieve industry coupling between 
the power and chemical industries and 
to cut down on surplus electricity.

Existing biogas power plants, if 
connected to CHP projects through gas 
storage facilities, can help to alleviate 
the impact of other volatile power 
sources on the grid stability.

Figure 3-14: Over- and under-coverage of demand in Cochem-Zell County during 2015 54

54 Source: Transferstelle 
Bingen TSB (2018)
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Figure 3-15: Scheme of future development (flexibility, sector coupling) 55
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  Flexibility of power generation 
and consumption is crucial for 
increasing local integration of the 
green electricity. Flexibilization 
means that more energy is stored, 
loads are shifted and that electricity 
is increasingly used for heating and 
transport. Domestic heat pumps 
or electromobile are examples of 
this. Producers and consumers can 
be controlled in a virtual power 
plant and thus ensure that more 
green electricity stays in the county. 
Industry and commerce can save 
a lot of money in the process, but 
wind energy and solar power plants 
whose 20-year EEG subsidies are 
coming to an end can also continue 
to be operated economically in a 
virtual power plant. In addition to 
creating flexibility in the individual 
sectors, it is also becoming 
increasingly important to use 
cross-sector balancing options in 
electricity supply. For Cochem-Zell 
County, sector coupling in the future 
means bringing together electricity, 
gas (especially heating) and 
transport (electromobility, as well as 
gas-powered cars). For the future 
and successful implementation of 
the load-responsive 100% coverage 
from renewable energies and the 
linking of the individual sectors, it is 
necessary to leverage and expand 
already existing flexibilities, such 
as CHP plants and power-to-heat 
plants installed on the heating 
side (e.g., heat pumps and heat 
storage). As time progresses in 
the transformation of the energy 
system, more intelligent plants that 
are already prepared for controlled 
operation will be added.

  CHP plants with heat storage 
grids and integrated Power-to-Heat 
plants (e.g., heat-storage-coupled 
electric heating rods or continuous-
flow heaters), pure electricity-led 
and also dual-mode heat pumps as 
well as stationary battery storage in 
households, businesses and public 
facilities, as well as alternative 
mobility with controlled loading 
and also unloading, will all be 
developed.

Detailed information of this case is shown in Annex Section 3.

Figure 3-16: Residual energy system in 2050, without/with new flexibility measures (lower/upper graph)56

55 Source: Fraunhofer 
IWES (2015), https://
www.iee.fraunhofer.
de/content/dam/iee/
energiesystemtechnik/
de/Dokumente/Studien-
Reports/2015_Studie_
Finanzierbarkeit_der_
Energiewende_2204_
WEB_druckdatei.pdf

56 Source: Transferstelle 
Bingen TSB (2018)Note: the lower graph includes notably power-to-heat, power-to-X and electric mobility

4

4

3

3

2

2

1

1

-1

-1

-2

-2

-3

-3

-4

0

0

GW
h/

a
GW

h/
a

Jan

Jan

Feb

Feb

Mar

Mar

Apr

Apr

May

May

Jun

Jun

Jul

Jul

Aug

Aug

Sep

Sep

Oct

Oct

Nov

Nov

Dec

Dec



China County Green and Low Carbon Development Report 7069  /

IV. Case 4: Zero Emission County Rhein-Hunsrück

Located in the state of Rheinland 
Pfalz, west of Germany, Rhein-
Hunsrück County is a small-to-
medium county in size. Rhein-
Hunsrück is one of the most 
advanced German districts in terms 
of climate neutrality, seen by both 
Germany and other countries as a 

The climate protection concept 
adopted by the district council 
in December 2011 includes the 
consistent exploitation of the 
existing local savings and renewable 
energy potentials from biomass, sun 
and wind by the year 2050 with the 
following objectives:

replicable "leading energy transition 
demonstrator". After achieving 
climate neutrality for itself, the 
county is nowadays focusing on 
developing energy interconnection 
demonstration projects to facilitate 
cross-regional energy management 
and collaboration.

  Reducing total energy 
consumption (heat, transport, 
electricity) by 40%;

  Displacement of an annual fossil 
energy quantity equivalent to 210 
million liters of heating oil;

  By 2050, around 250 million euros 
in annual energy procurement 
costs are to be replaced by regional 
investments.

  Halving the energy demand in 
existing buildings;

Figure 3-18: Quantified climate neutrality target for 2020 in Rhein-Hunsrück County58

Since 2015, Rhine-Hunsrück County 
has been climate-neutral in terms 
of its carbon emission balance 
sheet [Note: this excludes, however, 
emissions from transport]. Whereas 
the entire electricity demand had 
to be imported into the district 
25 years ago, 276 wind turbines 
currently produce electricity for 
more than 300,000 households. 
In 2020, around 337% of the total 
electricity consumption in the district 
was generated from local biomass, 

Expected development of Greenhouse Gases emissions in the Rhein-Hunsrück county
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year 1990 Emissions 2010 Emissions 2020 Emissions 2030 Emissions 2050

Waste 1.07 0.31 0.31 0.31 0.31

Transport 203.01 212.05 195.22 174.27 115.63

Heat 362.73 288.69 184.01 99.59 16.46

Electricity 316.26 72.02 -607.05 -455.01 -164.61

photovoltaics and wind power. 
According to expert estimates, 
this makes Rhein-Hunsrück the 
first inland district in Germany to 
become CO2-neutral in the heat, 
electricity and waste sectors. 18 
communal local heating networks 
supply houses on the basis of forest 
residues, and another - larger 
than all the previous ones - is 
currently being built in the village of 
Mastershausen.

Figure 3-17: Geographic location of Rhein-Hunsrück County 57

Map data © 2022 GeoBasis-DE/BKG(©2009), Google Global

57 Sources：
a. https://www.
energieagentur.rlp.
de/service-info/die-
energieagentur-
informiert/aktuelle-
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aktuelles-detail/die-
energiekommune-des-
jahrzehnts-setzt-immer-
noch-eins-drauf

b. https://www.kreis-sim.
de/Klimaschutz/Ziele-
Motto-und-Konzept/index.
php?object=tx,2052.91.1&
NavID=2052.85&La=1

c. https://www.kreis-
sim.de/Klimaschutz/
Projekte-und-
Kampagnen/
B%C3%BCrgernahw%C3%
A4rmenetze/
Umsetzungsformen/

d. https://www.
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custom/2554_1385_1.PDF
?1541408401B%C3%BCrge
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Umsetzungsformen/
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58 Source：
Climate Neutrality Concept 
Rhein-Hunsrück County 
(2011), https://www.
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custom/2052_142_1.
PDF?1360058295
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Figure 3-19: Achievements of Rhein-Hunsrück County until 2020 59
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Since 2010: several pilot 
projects with river turbines 
in the Rhine river at St. GoarTotal electricity demand 2020: 466 million KWh 
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RES electricity 
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The share of renewables in the county was 337% by the end of 2020

The county is also engaged in setting up a virtual power plant demonstrator "Designetz". Aims of the 
demonstrator include:

Through the "Energy Honeycomb" smart distributed power grid, the district 
incorporates local energy transition into the climate neutrality "pyramid" that 
consists of local, regional, cross-regional and even national units.

 realization of a cascaded energy 
management system;

 optimized use of surplus electricity 
from renewable energy sources on 
site;

 connection of rural renewable energy 
system to urban load;

 better integration of renewable 
energy system into the distribution 
grid.

Figure 3-20: Intelligent electricity distribution grid demonstrator "Energy Honeycomb" in Rhein-Hunsrück 
County 60

60 Source: https://www.
kreis-sim.de/media/
custom/2554_710_1.
PDF?14818134651

The intelligent electricity distribution grid of the future is already a reality 
in the Rhein-Hunsrück County

Inauguration of the DESIGNETZ-demonstrator "Energy Honeycomb" on 26 
September 
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59 Source：
direct communication by 
the climate protection 
manager of the county Figure 3-21: Embedded "Energy Honeycomb" structure reaching from local to regional, cross-regional and 

national-wide
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Detailed information of the case is shown in Annex Section 3.
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Section 4 丨 Summary of Experience and Lessons as 
Reference for China

This chapter identified and described 
counties as laboratories for the 
testing and development of concepts 
for climate neutrality in Germany. A 
number of counties are much more 
advanced than others, and while 
overall, Germany has the ambition to 
reach climate neutrality by 2045 (the 
European Union as a whole by 2050). 
Some counties already approach 
climate neutrality now or will reach it 
in course of the decade up to 2030. 
Thus, the counties act as pre-cursors 
for solutions to spread out over 
Germany in the next two decades.

Undoubtedly, Germany’s climate 
protection in the counties is 
successful. For the purpose of climate 
neutrality, it set ambitious GHG 
reduction goals and affirmed the 
counties’ work. In fact, the smooth 
implementation of climate protection 

The following recommendations have 
been derived from the experience of 
counties in Germany but are equally   The counties act in practice as 

laboratories to experience climate 
neutrality. Some counties have been 
very ambitious and nearly achieved 
climate neutrality.

  Support and policy structures 
from national and European level 
is key in enhancing the ambition 
of the countries through support 
programmes and the legal frame.

  A systemic transition towards 
climate neutrality requires holistic 
participation of all industries and 
towns in particular districts.

  Energy efficiency success in all 
demand sectors and in supply 
enhances the achievements in the 
counties.

  The counties profit and consider 
themselves as part of an embedded 
structure reaching from local 
to regional, cross-regional and 
national-wide (see notably Figure 
3-21).

  Heating is an industry facing 
relatively greater difficulty in 
transitioning of green and low-
carbon. Improving energy efficiency 
and increasing the renewable heat 
ratio are both major avenues to 
achieve in-depth decarbonization for 
the heating industry. This includes 
the use of heat pumps in individual 
and district heating systems, power 
to heat, geothermal techniques 
etc., which in turn support a larger 
integration of renewable electricity 
through sector coupling.

  The transport sector poses 
frequently a problem to 
decarbonization but will, at least, 
partly improve with the penetration 
of electric cars, e-fuels (PtG/PtL), fuel 
cells and the decarbonization of the 
power sector. Those technologies 
in turn will again support a larger 
integration of renewable electricity 
through sector coupling.

  The statistics and analysis of GHG 
data are vital to the climate neutrality 
work. Fortunately, the situation in this 
area has been largely improving over 
the last ten years.

  Citizen participation, exchange and 
education are championed. Citizens 
should be responsible for their own 
energy consumption, but also have 
the opportunity to directly participate 
in energy production, consumption 
and sharing, thus reaping benefits 
from it.

In this last section, we first summarize 
the findings on the four replicable 
case studies. These findings, despite 
quite some differences between China 
and Germany, may also help to bring 
forward carbon neutrality at county 
level in China, as the basis for the 
overall decarbonization of China by 
2060.

across those counties is the best 
evidence of success.

By examining four green counties in 
Germany, we have summarized the 
country’s climate neutrality efforts at 
county level as follows:

valid for developing climate neutrality 
at county level in China.

I. Summary Observations on Case Studies 

II. Recommendations for Township/County-level Activities 
for Climate Neutrality

To this end, four steps are 
recommended at national 
environment policy level: 

Firstly, it is recommended to 
include climate protection in 
the "mandatory programme" of 
counties. Institutionalization must be 
safeguarded through corresponding 

funding and requires a legal initiative 
by the federal government and the 
federal states to stop them from 
subsequently extricating themselves 
from their climate protection function. 

Secondly, an increased relevance of 
sustainable consumption for climate 
protection managers is needed 

(1) Push and pull of national environment policy
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through, for example, appropriately 
adapted support programmes. In 
addition, assistance is needed such 
as the provision of training for climate 
protection managers or the creation of 
a platform, for instance, to exchange 
examples of good practice. 

Thirdly, the territorial principle applied 
in formulating GHG statistical rules 
should be de-emphasized; measures 
pertaining to energy consumption 

should be included into the overall 
system; and priority be given to 
simple, economical and promising 
measures. 

Fourthly, practical experience should 
be promoted, for example, through 
sharing activities. And successful cases 
should be identified, complied into 
case studies and used for education 
purposes.

In line with the integration of 
sustainable consumption goals 
in county-level climate protection 
concepts, the climate neutrality 

Activities and measures at county level 
can further strengthen the impetus 
of national environment policy to 
use synergies between regional 
climate protection and sustainable 
consumption. For this purpose, 
the institutionalization of climate 
protection in county-level governance 
is essential. Four elements are needed 
here: 

Firstly, a political mandate is to 
be obtained to ensure long-term 
orientation and to enable the 
mainstreaming of climate protection. 

Secondly, climate protection centers 
should be set up and incorporated 
as permanent institutions into the 
public administration system of 
rural areas (counties) to ensure that 
climate protection agencies have 
opportunities to voice their opinions 

Climate protection managers as 
initiators can draw on their existing 
activities and extend them for 
consumption strategy purposes. To do 
this, a stakeholder analysis is key to 
obtaining an overall view of the player 
constellation, their interest, the existing 
links between them and the necessary 
integration of relevant stakeholders. 

The inclusion of interested citizens 
and civil society organizations is 
also needed to have a wide-ranging 
effect. The exchange of knowledge 
and experiences on county-level 
climate protection matters should also 
take place at the level of the existing 
supra-regional networks. The sense of 
responsibility for consumption aspects 
can be jointly heightened here. 

The participation of citizens and 
civil organizations keen on climate 

objective should be anchored in the 
German National Programme for 
Sustainable Consumption. 

in the process of achieving long-term 
goals. To ensure that all work gets 
done under the mechanism, it should 
be sufficiently staffed as well.

Thirdly, roles and responsibilities 
should be specified for the 
governments of rural areas (counties), 
and their understanding of all energy-
related demand be deepened.

Fourthly, internal administrative 
cooperation must be created and 
communication flows organized. 
Interdepartmental exchange will 
necessitate the establishment of a 
central climate protection center for 
coordination purposes. Lastly, there is 
a need for county-level cooperation, 
which can take place in various ways 
and actively picks up on, promotes 
and disseminates climate-related 
consumption issues.

protection also helps to exert far-
reaching influence. Cross-regional 
exchange of knowledge and 
experience should therefore be 
conducted with respect to the climate 
protection initiatives in townships/
counties to sharpen the sense of 
responsibility for all in the energy 
consumption sphere.

(2) Anchoring of climate neutrality in sustainable consumption

(3) Counties as initiators

(4) Climate protection managers as key stakeholders
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Recommendations on Green 
and Low-carbon Energy 
Transition and Development at 
County Level in China

Both China and Germany encourage 
the development of renewable energy. 
But Germany is more developed in 
this respect. Its rural areas (counties), 
in particular, have given rise to many 
leading technologies, models and 
methods for advancing the green 
and low-carbon transition. Examples 
include the technologies aimed to 
make the power supply and demand 
more flexible, systematic statistical 
methods for GHG emissions, energy 
management models featuring 
regular evaluation and dynamic 
optimization, cross-regional energy 
management and collaboration, 
etc. All of these provide the counties 
of China with valuable practices for 
deepening green and low-carbon 
development in general. From the 
cases of both China and Germany, we 
can see that government guidance, 
business response, and participation 
for all are important means to 
advance green transition at county 
level; driving regional economic 
development through green and low-
carbon transition of the energy sector 
and therefore benefiting the general 
public is an internal driver for the 
green transition at county level; and 
enhancing cross-regional coordination, 
the coupling and integration of urban 
and rural areas, adopting a holistic 
approach to ecological governance and 
environmental protection are effective 
pillars of the efforts to push county-
level green transition forward. With 

CHAPTER 4

shared goals for low-carbon energy 
transition, China and Germany can 
shore up exchange and cooperation in 
key areas, projects and businesses, and 
jointly conduct high-quality publicity 
and training activities, with a view to 
shifting the global governance of the 
energy sector to green and low-carbon 
models. 

Based on the case studies and practices 
stated above, this chapter makes 
recommendations with respect to six 
topics on county-level green and low-
carbon transition as follows: creating 
systems and mechanisms for green and 
low-carbon energy; improving green 
and low-carbon energy infrastructure; 
exploring green and low-carbon 
energy business models; optimizing 
green and low-carbon energy industry 
systems; renewing green and low-
carbon energy technology paths; and 
promoting international cooperation on 
green and low-carbon development.

Section 1 丨 Creating Systems and Mechanisms for 
Green and Low-carbon Energy at County Level

Incorporating energy development 
at county level into local economic 
and social development plans. It 
is necessary to maintain a working 
mechanism whereby the central 
government makes overall plans, 
provincial authorities take overall 
responsibilities, and city and county 
authorities ensure implementation, 
and energy should be seen as an 
"element" of the mechanism. The 
energy plans at county level should 
be better coordinated with the urban-
rural integration plans and the rural 
vitalization strategies at the same 
level. And the energy demand and 
supply at county level should be seen 
as a key part of the regional economic 
and social development plans.

Systematically advancing the reform 
in energy systems and mechanisms 
at county level. For the purpose of 
the goals of carbon peaking and 
carbon neutrality, policy support 
should be increased for reforms in 
green energy transition and power 
systems and mechanisms at county 
level. At the national level, relevant 
laws, regulations and policies should 
be issued, and concrete targets and 
requirements put in place for local 
authorities, to improve the mechanisms 
for performance appraisal and 
promotion. At the county level, efforts 
should be focused on coordinating 
the tasks of various departments, 
formulating implementation plans, 
establishing promotive mechanisms, 
putting funding in place, and guiding 
the general public to participate. 
Examples include issuing guiding 
opinions on expanding electricity 
replacement in width and depth, 

simplifying the procedures to approve 
green and low-carbon projects, 
providing better conditions for land 
transfer or allocation, and promoting 
the development of green finance, 
among other things[9]. 

Deepening the construction of 
energy service systems at county 
level. The energy management 
services at county level should be 
standardized in terms of organizations, 
positions and evaluation standards, 
the size of the energy service staff 
should be increased, and their skills be 
sharpened, to meet the rural demand 
for energy services.

Enabling the formation of consensus 
on building a green and low-
carbon society. Importance should 
be attached to the education of green 
and low-carbon development among 
young children and youths. Training 
should be provided for key industries 
and personnel. The means of publicity 
should be expanded as well to include 
the internet, dialogue platforms, 
scenic spots, experiencing centers and 
more. In addition, the knowledge of 
low-carbon development should be 
integrated into classroom education 
to promote the transition toward 
green and low-carbon lifestyle and 
production in rural areas. Furthermore, 
sustainable development should be 
sought for the energy sector to have 
the energy reform benefit the public 
and therefore spur participation for all.

Improving standardized 
management systems. Efforts 
should include making the county 
development standards of top energy 
businesses the industrial or local 
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standards of the county concerned 
to guide standardized development 
at county level in China. They also 
include accelerating the establishment 
of project management mechanisms, 
standardizing green and low-carbon 
energy management at county 
level, enhancing the prevention of 
security risks, and regulating project 
development and operation. 

Improving the energy statistical 
system at county level. The national 
government should conduct a nation-
wide investigation into the rural energy 
sector with a view to creating a unified 
GHG accounting system. Given the 
demand of the rural areas to integrate 
the primary, secondary and tertiary 
industries, there is the need to enhance 
both overall and industry-specific 

energy statistics at county level. Local 
governments should be allowed to 
play a full role in this process, with roles 
and responsibilities specified for the 
county, town and village authorities. 
Various forms of investigation, e.g., 
questionnaires and door-to-door visits, 
can be adopted to probe the situation 
of energy production and consumption 
in rural areas (including non-
commercial energy). A sound statistical 
system for rural energy production and 
consumption should be established 
in the process. At the same time, the 
energy statistics should be fed onto 
the platforms of governments at all 
levels to support their decision making 
and to help enterprises optimize their 
operations.

Section 2 丨 Building Green and Low-carbon Energy 
Infrastructure at County Level

The effective development and 
utilization of energy resources 
at county level must be based 
on relevant technologies and 
infrastructure. As the share of 
renewable energy in the power 
system grows, there is the need to 
systematically improve flexibility 
on the power generation, grid and 
demand sides, respectively.

Developing various types of 
distributed energy. Various types 
of distributed energy, such as 
photovoltaic, wind, biomass and 
geothermal energy and natural 
gas, should be developed taking 
local conditions into account to 
promote the efficient and tiered 
use of energy of different grades. 

Meanwhile, the development and 
consumption of clean energy should 
be reasonably planned for agriculture 
and rural areas. Development 
models should be improved for 
the respective combination of PV 
power generation with agriculture, 
fishery, forestry and wind power. 
New housing and farmland facilities 
should adopt construction plans and 
standards suitable for the adoption 
of distributed clean energy. Clean 
heating should be promoted in the 
northern areas of the country, while 
centralized cooling be encouraged 
in the southern areas, and heat 
pumps, power-to-heat conversion, 
geothermal heating, and the coupling 
of power and heating industries 
should be employed to help achieve 

those purposes. Parking lots and 
scenic spots, among other places, 
should be deployed with facilities 
integrating wind/photovoltaic power 
generation with energy storage. The 
development of V2G (vehicle to grid) 
model for electric vehicles and other 
energy storage platforms should also 
be supported. Moreover, there is the 
need to improve the biomass waste 
collection and treatment system and 
to build the capacity to collect and 
dispose sewage.

Developing new methods of mass 
energy storage at county level. On 
the generation side, the construction 
of new-energy power plants that 
are friendly to the grid should be 
accelerated to support the outbound 
supply of renewable energy through 
new energy storage technologies, 
promote local consumption, and 
increase the capacity to regulate 
the load of conventional electricity 
such as coal power. On the grid side, 
energy storage capabilities should 
be deployed at crucial locations 
to ensure operational safety and 
stability; power supply be secured for 
areas with relatively weak networks, 
and emergency response be 
improved with respect to major users. 
On the user side, new styles of energy 
storage should be flexibly furnished 
to underscore the construction of 
distributed energy supply systems, to 
provide customized energy services 
and to sharpen users’ ability to help 
regulate load in a flexible manner. 
In the meantime, efforts should be 
exerted to increase the diversified 
use of energy storage, promote the 
integrated, cross-border development 
of generation, grid, load and storage, 
and expand the application of various 
means of energy storage, all at 
county level.

Constructing highly flexible new-

style power grids in counties. The 
campaign to reinforce and upgrade 
power grids in rural area should be 
continued to make power supply 
more secure for rural users. New 
micro-grids and distributed power 
systems can be used to help balance 
district power and heat networks, 
and validate the new grid that is to 
operate under the carbon-neutral 
conditions.

Rolling out smart energy 
management platforms. New 
technologies, e.g., the electric 
internet of things, smart energy 
cloud platforms and energy internet 
ecosystems, should be actively 
demonstrated; the potential of 
integrated intelligent energy, energy 
storage and hydrogen should be 
fully tapped; the micro energy grids 
at county level should be seen 
as an important platform for the 
construction of new power systems; 
and the technological bottleneck 
facing the new power system 
development should be the focus of 
research and development efforts.

Advancing the electrification 
process in agriculture and rural 
areas. Eco-farming should be 
developed by raising the penetration 
rates of electric irrigation and 
drainage on farmland, efficient 
and energy-saving green houses 
and intensive seedling production. 
Electric drying and processing should 
be promoted in the growing, grain 
storage, agricultural and by-product 
processing areas to improve the 
quality and efficiency of production. 
Pre-cooling on the field, storage and 
preservation, and cold-chain logistics 
should be developed in key producing 
areas of fresh agricultural products 
such as fruit and vegetables and in 
areas with characteristic agricultural 
products. Electricity replacement 
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should be advanced in animal 
husbandry and aquaculture to make 
the breeding environment control and 
precision feeding smarter.

Accelerating the formation of 
green and low-carbon lifestyle. 
Green buildings should be rolled 
out by marketing prefabricated 
building, energy-saving doors and 
windows, green building materials 
and green lighting. On top of that, 
green construction should be 
implemented in all respects and 
old communities be renovated to 
make them less energy-consuming 
as well. Electric vehicles should 
be promoted for public means of 
transportation, as well as the logistics 
and municipal sanitation purposes. 
Products consuming less energy and 
water and with low carbon emission 
should be championed, so should 
environment-friendly, recycled 
products. Particularly, disposable 
products and packaging materials 
should be reduced to the highest 
extent possible.

Building clean heating systems that 
feature the combination of heat and 
power and take local conditions 
into consideration. In counties 

across the northern China where the 
share of manufacturing production in 
GDP is high and centralized heating 
grids have been developed, the coal-
fired power plants characterized by 
low efficiency and high emission 
should be reconstructed into natural 
gas CHP plants to provide heat for 
residents on one hand and industrial 
steam for manufacturers on the 
other hand. In counties where the 
share of manufacturing production is 
relatively low, the CHP model should 
be supplemented by other sources 
of heat, and the heat-electricity 
ratios on the supply and demand 
sides should be better matched, 
for example, by installing a certain 
number of heat pumps that help to 
increase the electricity use on the 
demand side and lower the demand 
for heat from the CHP sources. In the 
rural areas with low building density, 
however, priority should be given to 
distributed clean heating systems. 
Efficient and clean heating measures 
should be supported and promoted. 
These include power-to-heat heating 
(air and water source heat pumps), 
biomass heating and geothermal 
heating[10].

Section 3 丨 Exploring Green and Low-carbon Energy 
Business Models at County Level

Section 4 丨 Optimizing Green and Low-carbon 
Energy Industry Systems at County Level

Making innovation in energy 
development models at county 
level. The "company + village + 
farmer" integration model, among 
others, should be employed to 
help exploit distributed energy in 
rural areas. The "photovoltaic +" 
model, e.g., the combination of 
photovoltaic power with agriculture, 

Optimizing industrial structure 
to deploy industries in support 
of green and low-carbon energy 
development in light of local 
conditions. The developed areas in 
the eastern and southern China have 
a relatively low demand for supportive 
industries. The northeastern and 
western areas, to the contrary, have a 
strong demand for industrial support. 
The central areas lie in between. 
For areas endowed with abundant 

forestry or animal husbandry, should 
also be promoted. New energy 
storage business models should be 
expanded, with the stress laid on 
shared energy storage, cloud energy 
storage, energy storage aggregation 
and so forth, to tap systemic and 
commercial value.

resources, public welfare projects 
can be moderately developed on 
the basis of mass exploitation of 
wind and solar resources in a bid 
to increase the value added of the 
transition towards green and low-
carbon energy at county level. 
Meanwhile, the energy resources in 
adjoining counties can be combined 
so that they are attractive enough 
to industrial investors and able to 
bring win-win results for energy 

Ushering in new energy financing 
models at county level. Tailor-
made investment and financing 
models, such as PPP (public-private 
partnership) and self-contained 
special bonds that seek balance 
between return and financing, 
should be created in light of local 
fiscal standing, government debt 
and project profile to facilitate 
their implementation. The role of 
infrastructure REITs should be given 
full play, and preferential loans and 
bond quotas be reasonably allocated, 
to promote green and low-carbon 
energy transition at county level. 
Experiments can be made to establish 
joint-venture energy development 
companies participated in by energy 
businesses and controlled by big 
local energy users to turn power 
generation projects into ones that 
"generate power for self-use" with 
respect to particular users. Under 
the model, energy companies can 
take advantage of their professional 
competences to share the benefits of 
clean energy development[11].

Optimizing profit models based on 
scenarios. In developing household 
photovoltaic power, for example, 
farmers can participate and make 
profit by constructing plants by 
themselves, subscribing capital stock 
or partnering with energy providers. 
In the scenario where "power is 
generated for self-use and the 
surplus power is fed in the grid", the 
consumption of electricity can be 
increased by providing household 
electric appliance free of charge. 
Individual users can be motivated 
to increase consumption and in turn 
add to project revenue. It is also 
possible to increase income and, in 
turn, improve the project return rate 
by enriching the scenarios of project 
operation with the business model 
of shared photovoltaic batteries for 
electric vehicles. The "straw-for-
biomass particle" model, for instance, 
can be employed to expand the 
industry chain, enrich value-added 
scenarios and raise the rate of return.
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developers and supporting industries. 
For areas lacking resources, the 
low industrial support path can be 
adopted due to the relatively poor 
economy of supportive industries. 
Bundled development with adjacent 
counties is also an option. In the final 
analysis, the new energy industry will 
become an important supplement to 
rural economy and a major source of 
income for farmers.

Reinforcing collaboration across 
the industry chain to facilitate 
R&D on key technologies for green 
and low-carbon energy transition 
at county level. Top energy 
enterprises are advised to give play 
to their principal status on their 
industry chain. They are expected to 
organize equipment manufacturers, 
information technology enterprises 
and universities to conduct inter-
disciplinary research on smart energy 
grids, energy internet, virtual power 
plants, generation-grid-load-storage 
coordinated development, etc., taking 
into account the new characteristics 
and needs of both the supply and 
demand sides[12].

Improving innovation support 
systems to improve the application 
of research outcomes in the green 
and low-carbon energy sector at 
county level. Innovation platforms[13] 

should be systematically created 

for six key areas, namely 1) new 
power systems, 2) new energy 
storage, 3) hydrogen and fuel cells, 
4) carbon capture, utilization and 
storage (CCUS), 5) energy system 
digitalization and intelligentization, 
and 6) energy system security. Efforts 
should be made to take on energy 
tech innovation tasks assigned by 
governments. Policy measures should 
be improved to boost the innovation, 
demonstration and application 
of energy equipment based on 
engineering projects.

Taking advantage of geographic 
location to drive industrial 
integration. Counties on the outskirts 
of metropolises can take advantage of 
their geographic location to develop 
a new style of agricultural tourism 
represented by happy farms that 
integrates experiencing, recreational 
and popular science functions. 
In addition, they can develop 
themselves into the back garden of 
big cities and build distinctive county-
wide rural complexes that focus on 
leisure tourism. Moreover, counties 
in the vicinity of industrial parks can 
engage in industrial collaboration 
to create more jobs. Those with 
favorable conditions for international 
exchange can build towns with sports 
characteristics and host international 
sports events.

Section 5 丨 Renewing Green and Low-carbon Energy 
Technology Paths at County Level

Counties in China are advised to adopt a "step-by-step" strategy to push 
forward green and low-carbon energy transition and achieve carbon neutrality 
in the end.

Energy security should be enhanced by 
building multi-energy complementary, 
low-carbon energy systems and 
driving the digitalization process of 
the energy sector. The current energy 
consumption dominated by coal 
should be gradually changed by 
increasing the share of renewables in 
the energy mix, and of natural gas in 
particular, in the energy transition[14-15]. 
The power generation from natural 
gas and that from renewable energy 
should complement each other. 
Natural gas-gas turbine power 
generation systems are stable, quick 

The share of fossil energy consumption 
should further drop in the long run, 
and renewables such as photovoltaic, 
wind, hydro, biomass and geothermal 
energy should predominate the energy 
structure. Zero-carbon distributed 
power generation systems, e.g., 100% 
hydrogen gas turbines and fuel cell 
CHP systems, should be developed 
to make energy supply more flexible. 
Cross-sectoral coupling is to be 
encouraged to create electricity-
heat-gas-transportation-combined 
networks and improve the efficiency of 

in response, and affordable in terms 
of the electricity cost. Therefore, they 
can provide peak load and frequency 
regulation services for intermittent, 
volatile and unstable power 
generation from renewable energy, 
thus ensuring the safety, stability 
and reliability of power systems. 
Hydrogen technologies, e.g., partially 
hydrogen-fired gas turbines, hydrogen 
fuel cell CHP systems and hydrogen 
internal combustion engines, 
should be deployed to help with the 
decarbonization effort in the energy 
system.

energy supply. Efficient, longtime heat 
and hydrogen storage technologies 
should be used to moderate volatility 
and help regulate the grid. At counties 
rich in power generation from 
renewables, Power-to-X technologies 
should be applied to assist with the 
local consumption of electricity. The 
industrial sector should monitor its 
carbon emission real-time and employ 
appropriate CCUS (carbon capture, 
utilization and storage) technologies 
to build zero-carbon energy systems.

(1) Building multi-energy complementary low-carbon energy systems in the 
medium-to-short term

(2) Building zero-carbon energy systems through in-depth decarbonization in 
the long term
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Figure 4-1: Technological roadmap for green and low-carbon energy transition at county level
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• Low-carbon and energy-and water-
saving buildings;

• Building integrated with PV(BIPV);
• Green building materials;
• Intelligent buildings.

• Upgrading and renovation of highly 
energy-consuming equipment;

• Energy conservation and 
optimiation;

• Waste heat recovery;
• In-depth decarbonization of industry.

• V2G;
• Vehicle electrification;
• Wind-PV-hydrogen-storage 

integration;

• Smart transportation systems.

• Combination of PV with agriculture or 
animal husbandry;

• Green energy plants factory;
• Biomass-turned natural gas and 

methane;
• Electric replacement of agriculture, 

rural areas, animal husbandry and 
aquaculture.

SPIC is the world’s largest clean 
energy provider and photovoltaic 
power generator. It has always been 
upholding green, innovation-led 
and shared development. Based 
on its experience and tech build-
up in clean energy development, 
it has developed 15 green energy 
development and innovation tools 
involving over 50 smart low-carbon 
energy technologies, including 
distributed energy, clean heating, 
electric hydrogen replacement, 
"photovoltaic+", "wind power+", 
waste treatment, bio restoration, 
energy storage, distribution grid 
practices, virtual power plants, digital 
technology, smart application, rural 

Creating platforms for China and 
Germany to have dialogues on low-
carbon development at county level. 
In response to the China-EU Green 
Partners initiative, it is advised that 
platforms be established for China 
and Germany to engage in long-term 
exchange and cooperation on green 
and low-carbon energy transition at 
county level. More specifically, the 
two sides can organize county-level 
exchanges of stories, conduct field 
visits, discuss common challenges to 
development, organize technological 
and commercial workshops. Through 
extensive, regular cooperation and 
exchange, the two countries can 
then recommend, select and develop 
"China-Germany Sister Towns" that 
serve as demonstrators of green and 
low-carbon energy transition at county 
level. 

modernization, integrated thermal 
power use, "convergence of the 
government, energy and community 
networks" and so on.

Siemens Energy is one of the 
world’s leading energy technology 
companies. The company works with 
its customers and partners on energy 
systems for the future, thus supporting 
the transition to a more sustainable 
world. With its portfolio of products, 
solutions and services, Siemens 
Energy covers almost the entire energy 
value chain – from power generation 
and transmission to storage. The 
portfolio includes conventional and 
renewable energy technology, such as 

Conducting international 
cooperation on green development 
at county level. Given the needs 
of green and low-carbon energy 
transition at county level in China, 
the country is expected to build 
international partnerships, taking 
advantage of the geographic locations 
and resources of various counties 
as well as their complementarity. 
Moreover, it is advised to make 
international publicity tours on green 
energy transition, provide professional 
training and education for social 
groups and promote the integration 
of production, education and research 
on a global scale, in order to make 
the concept of green development 
popular and facilitate the iteration 
and upgrading of green energy 
technologies.

gas and steam turbines, hybrid power 
plants operated with hydrogen, and 
power generators and transformers. 
More than 50 percent of the portfolio 
has already been decarbonized. 

Based on their repertoire of 
technologies either as a result of 
self-development or integrated 
innovation, SPIC and Siemens Energy 

jointly have summarized successful 
energy transition cases across 
the world, developed systematic, 
modularized and differentiated energy 
transition concepts, and put forward 
key technological routes and help 
contribute to green and low-carbon 
energy transition and development at 
county level. 

Section 6 丨 Promoting International Cooperation on 
Green and Low-carbon Development at County Level
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Concluding Remarks

This report is focused on the energy 
development at county level in China. 
Based on the policy dynamics of energy 
development and realities of green and 
low-carbon energy transition at county 
level, and drawing on the practical 
experience of counties/rural areas at 
home and abroad in transitioning to a 
green and low-carbon energy sector, 
this report puts forward new ideas 
for energy transition in the counties 
of China, and is therefore of great 
significance to promoting green and 
low-carbon energy development at 
county level in China.

Taking characteristics, sizes, geographic 
locations, resource endowment and 
economic development level into 
account, this report selects six counties 
to illustrate the energy transition and 
development practices at county level 
in China. From an international point 
of view, this report also summarizes 
the status quo of the energy system 
and the path to energy transition in 
Germany, and makes comparison 
between China and Germany in 
terms of energy structure and carbon 
emission intensity. Further, it looks more 
closely at the plans, guiding principles 
and support policies of Germany for 
green development in townships 
and undertakes four case studies 
representative of the green energy 
transition efforts across the country.

Based on an analysis of the cases 
and practices, this report makes 
recommendations with respect to six 
elements of the transition to green 
and low-carbon energy at county 
level in China, with a view to providing 
reference for China to fulfill its green 
and low-carbon energy transition and 
development. The recommendations 

are, respectively, creating systems and 
mechanisms for green and low-carbon 
energy; improving green and low-carbon 
energy infrastructure; exploring green 
and low-carbon energy business models; 
optimizing green and low-carbon energy 
industry systems; renewing green and 
low-carbon energy technology paths; and 
promoting international cooperation on 
green and low-carbon development.

This report examines China’s policies 
governing rural vitalization and green 
development, as well as industry reports. 
Based on data collected from field surveys, 
literature research and official websites of 
local governments and following a problem-
oriented approach, it endeavors to make 
the general public value and think about 
energy transition and identify effective paths 
for China to promote green and low-carbon 
energy transition and development at county 
level.

China has a large number of counties, 
which vary greatly from one another in 
terms of regional characteristics, resource 
endowment, demographics, development 
level, industry layout and energy structure. 
Therefore, the country is faced with both 
challenges and opportunities in the 
midst of green and low-carbon energy 
transition at county level. Given the context, 
businesses and relevant organizations at 
home and abroad are encouraged to join 
and cooperate in China’s efforts in green 
and low-carbon energy transition. The 
aim is, through enhanced integration of 
industry, university and research, to enable 
technological breakthrough, promote 
large-scale development of various new 
renewable energies and new energy storage 
technologies, construct highly flexible, 
new-style power grids in counties, build 
clean heating systems that feature the 
combination of heat and power and take 

local conditions into consideration, 
and make the energy sector at county 
level greener and smarter in the end. 
The general public is also called on to 
act by deepening their understanding 
of green production and life styles and 
supporting agriculture and rural areas 
to go more electric. More specifically, 
they are encouraged to use rooftop 
photovoltaic systems, energy-saving 
doors and windows, green building 
materials and green lighting for 
housing suitable for the green and 
low-carbon energy transition, thus 
making the habit of using clean energy. 
In addition, they are encouraged to use 
public transport, energy- and water-
saving goods and recycled products, 
reduce the consumption of disposable 

products and packaging materials, 
thereby helping to create a new ethos 
in favor of the transition to green and 
low-carbon energy. 

Hand in hand, let’s carry out new 
development concepts to promote 
high-quality development in counties 
and to help form green production and 
life styles there, thus contributing to the 
carbon peaking and carbon neutrality 
goals. With the strategic vision of 
building a community with a shared 
future for mankind, let’s also engage 
in exchange and cooperation for the 
sake of green energy transition across 
the world to facilitate sustainable 
development of the human civilization 
at large.
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Annex Section 1: Key Points of National Policies 
on Green and Low-carbon Energy Development at 
County Level

Name of the 
policy Issued by Date of 

issuance Key points

Action 
Plan for 

Technological 
Revolution 

and 
Innovation in 
Energy Sector

National 
Development 
and Reform 

Commission, 
and National 

Energy 
Administration

April
2016

China’s strategic need for energy technologies was identified. 
Energy security tech support was provided for the "two 
centenary" goals; clean energy tech support was provided 
for the environmental quality improvement goal; low-carbon 
energy tech support for the carbon peaking goal; smart energy 
tech support for the energy efficiency goal; and key materials 
and equipment support for the energy tech development goal.

Several 
Opinions on 
Innovation-

driven 
Development 

in Counties

State Council
May
2017

The close tie between technology and socio-economic 
development at county level was strengthened with a view 
to creating a path from strong performance in technology 
and industry to strong performance in socio-economic 
development. Eight key tasks were identified for the innovation-
driven development at county level. Four safeguard measures 
were set forth to secure such development in counties. 

Guiding 
Opinions on 
Promoting 
Industrial 

Vitalization in 
Rural Areas

State Council
June
2019

Rural industries are defined as those that take root in counties, 
build on agricultural and rural resources, rely highly on farmers 
and follow up with the integration of the primary, secondary 
and tertiary industries in the rural areas. They have distinctive 
regional characteristics, active innovation and entrepreneurship, 
rich forms of business and close networks of stakeholders. 
They are the means to improve agriculture, invigorate the 
countryside and enrich farmers. To achieve industrial vitalization 
in rural areas, there is the need to follow the principles of 
taking local conditions into consideration, giving prominence 
to characteristics, being market-oriented, offering government 
support, seeking integrated development, uniting and 
guiding farmers, striving for green development and adopting 
innovation-led approaches. Moreover, the secondary and 
tertiary industries that are based on agricultural and rural 
resources should be retained in the countryside, and the value 
added and jobs across the agricultural industrial chain be left to 
the farmers as much as possible. 

Name of the policy Issued by Date of 
issuance Key points

Guiding Opinions 
on Accelerating the 

Establishment of 
a Sound Economic 

System in Favor 
of Green, Low-

carbon and Circular 
Development

State Council
February 

2021

Stress was laid on China’s plan to develop a green and low-
carbon circular development system and an omni-chain of 
green and low-carbon development, and tasks were assigned 
for various links of the system. In the production system, green 
renovation will be accelerated in key industries; clean production 
promoted in all respects; eco-friendly circular agriculture 
developed; and circular development-oriented renovation of 
existing industrial parks and clusters advanced. In the circulation 
system, green and low-carbon means of transport will be rolled 
out; and classification and recycling of waste be promoted. In the 
consumption system, the certification and management of green 
products and services will be strengthened. The upgrading to 
green infrastructure will be sped up, too, including boosting the 
green and low-carbon transition of the energy system and the 
development level of green transport infrastructure. In the tech 
innovation system, the research and development of green and 
low-carbon technologies will be encouraged.

Outline of the 14th 
Five-Year Plan 

(2021-2025) for 
National Economic 

and Social 
Development and 
Vision 2035 of the 
People's Republic 

of China

The National 
People’s 
Congress

March 
2021

China would take the path of socialism with Chinese 
characteristics to implement the rural vitalization strategy in all 
respects. It would enhance the efforts to nurture agriculture by 
industry and develop rural areas through urban development to 
create a new relationship between industry and agriculture and 
between urban and rural areas featuring mutual reinforcement, 
coordinated development and common prosperity, thus 
accelerating the modernization of agriculture and the countryside.

Opinions on 
Strengthening 

Green and Low-
carbon Construction 

at Counties

15 
authorities 

represented 
by 

the Ministry 
of 

Housing and 
Urban-rural 

Development

May 2021

China would raise the efficiency of energy use in counties, vigorously 
develop the renewable energy adapted to local endowment of 
resources and needs, exploit geothermal energy, biomass energy, 
and air-source and water-source heat pumps on the basis of local 
conditions, and promote clean heating regionally and in northern 
counties in particular. What’s more, China would try to lower the 
share of traditional fossil energy in building energy consumption 
by increasing the share of rooftop photovoltaic power at newly 
built plants and public buildings, developing building-integrated 
photovoltaic power and so on.
China would construct green and low-carbon energy systems 
at county level, promote the application of clean energy such as 
distributed wind and photovoltaic power and smart PV power, make 
the productive and domestic energy consumption cleaner, roll out 
integrated intelligent energy services, and develop more energy 
infrastructure such as power distribution grids, energy storage 
facilities and charging piles for electric vehicles.
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Name of the 
policy Issued by Date of 

issuance Key points

Notice on 
Submitting 
Pilot Plans 
for County/

City/District-
wide Rooftop 

Distributed 
Photovoltaic 

Power 
Development

National Energy 
Administration

June
2021

The share of areas to be installed with photovoltaic power 
generation capacity in the total rooftop areas should, at the 
very least, be 50% for Party or government buildings, 40% for 
public buildings of schools, hospitals or villagers’ committees, 
30% for industrial or commercial properties, and 20% for rural 
residential housing. 

The Plan for 
Promoting 

Agricultural 
and Rural 

Modernization 
during 

the 14th Five-
Year 

Plan Period

State Council
November 

2021

Seven tasks were identified as the focus of the effort to 
advance agricultural and rural modernization during the 
14th five-year plan period, including "Three Improves, Three 
Builds, and One Integrate". Specifically, efforts will be made 
to improve the supply of important agricultural products, e.g., 
grains, to improve the quality, benefits and competitiveness 
of agriculture, and to improve the modernization of industrial 
and supply chains. Efforts will be exerted to build livable and 
business-friendly countryside, and to build green and beautiful 
countryside. And additional efforts will be made to integrate the 
efforts to consolidate the outcome of the battle against poverty 
with the efforts to advance rural vitalization.

Implementing 
Opinions on 
Accelerating 

Energy 
Transition and 
Development 
in Rural Areas 
to Boost Rural 

Vitalization

National Energy 
Administration, 

Ministry of 
Agriculture and 

Rural Affairs, and 
National Rural 
Revitalization 

Administration

December 
2021

The green and low-carbon energy development will be taken as 
an important basis and driving force for rural vitalization. In the 
end, a clean, low-carbon and multi-energy-integrated modern 
energy system will be developed in the rural areas to improve 
the quality of energy use there. By 2025, a batch of pilot green 
and low-carbon energy projects will have been completed 
in rural areas, further fueling the development of distributed 
renewable energy. Self-production and consumption of 
electricity will be advanced across the countryside. Following 
the "company + village/town + household" model, distributed 
wind and photovoltaic power generation capabilities will be 
developed on a county-by-county basis. It is made clear that 
clean energy will be developed on a large scale, and centralized 
wind and photovoltaic power generation bases be built, at 
county level to forge pillar industries for counties that have just 
got out of poverty.

Name of the 
policy Issued by Date of 

issuance Key points

Opinions on 
Improving 

the Systems, 
Mechanisms 
and Policies 

for Green 
and Low-

carbon Energy 
Transition

National 
Development 
and Reform 

Commission, and 
National Energy 
Administration

February 
2022

Concrete policies and measures were laid out from the energy 
supply side, the energy consumption side, the productive factor 
side and the energy market side, respectively. The needs to 
make overall arrangement for energy strategic planning, for 
energy transition and security, for coordinated transition of 
production and consumption, and for coordination transition of 
various market players were highlighted.

Opinions 
of the CPC 

Central 
Committee 

and the State 
Council on 
Performing 

the Key Tasks 
in Advancing 

Rural 
Vitalization in 
All Respects in 

2022

State Council
February 

2022

Such phrases as "county" and "at county level" appeared 42 
times in total. "Development at county level" was explicitly 
incorporated into the definition of rural vitalization. Emphasis 
was placed on the need to develop county economies by 
taking local conditions into account, to promote economic and 
social development at county level in a locality specific way, to 
sharpen the sense of responsibility, and to put tasks in place, 
with a view to making new progress in rural vitalization.

The 14th Five-
year Plan for 

a Modern 
Energy System

National 
Development 
and Reform 

Commission, and 
National Energy 
Administration

March 
2022

The plan proposed to build green and low-carbon development 
demonstrators, and explore developing "Zero-carbon Village" 
demonstration projects, on a county-by-county basis.
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Annex Section 2: Renewable Energy Communities 
and Citizen Energy Communities

(a) which, in accordance with the applicable national law, is based on open and voluntary participation, is 
autonomous, and is effectively controlled by shareholders or members that are located in the proximity of the 
renewable energy projects that are owned and developed by that legal entity; 

(b) the shareholders or members of which are natural persons, SMEs or local authorities, including municipalities;

(c) the primary purpose of which is to provide environmental, economic or social community benefits for its 
shareholders or members or for the local areas where it operates, rather than financial profits.

1. Member States shall provide an enabling regulatory framework for citizen energy communities ensuring that: 

(a) participation in a citizen energy community is open and voluntary; 

(b) members or shareholders of a citizen energy community are entitled to leave the community, in which case 
Article 12 applies; 

(c) members or shareholders of a citizen energy community do not lose their rights and obligations as household 
customers or active customers; 

(d) subject to fair compensation as assessed by the regulatory authority, relevant distribution system operators 
cooperate with citizen energy communities to facilitate electricity transfers within citizen energy communities;

(e) citizen energy communities are subject to non-discriminatory, fair, proportionate and transparent procedures 
and charges, including with respect to registration and licensing, and to transparent, non-discriminatory and 
cost-reflective network charges in accordance with Article 18 of Regulation (EU) 2019/943, ensuring that they 
contribute in an adequate and balanced way to the overall cost sharing of the system.

2. Member States may provide in the enabling regulatory framework that citizen energy communities: 

(a) are open to cross-border participation; 

(b) are entitled to own, establish, purchase or lease distribution networks and to autonomously manage them 
subject to conditions set out in paragraph 4 of this Article;

(c) are subject to the exemptions provided for in Article 38(2). 

3. Member States shall ensure that citizen energy communities: 

Definition: "renewable energy community" means a legal entity: 

Article 16: Citizen energy communities [Extract from Electricity Directive]

1. Member States shall ensure that final customers, in particular household customers, are entitled to participate 
in a renewable energy community while maintaining their rights or obligations as final customers, and without 
being subject to unjustified or discriminatory conditions or procedures that would prevent their participation in a 
renewable energy community, provided that, for private undertakings, their participation does not constitute their 
primary commercial or professional activity. 

2. Member States shall ensure that renewable energy communities are entitled to: 

(a) produce, consume, store and sell renewable energy, including through renewable power purchase 
agreements;

(b) share, within the renewable energy community, renewable energy that is produced by the production units 
owned by that renewable energy community, subject to the other requirements laid down in this Article and to 
maintaining the rights and obligations of the renewable energy community members as customers;

(c) access all suitable energy markets both directly or through aggregation in a non-discriminatory manner. 

3. Member States shall carry out an assessment of the existing barriers and potential of development of 
renewable energy communities in their territories. 

4. Member States shall provide an enabling framework to promote and facilitate the development of renewable 
energy communities. That framework shall ensure, inter alia, that: 

(a) unjustified regulatory and administrative barriers to renewable energy communities are removed; 

(b) renewable energy communities that supply energy or provide aggregation or other commercial energy 
services are subject to the provisions relevant for such activities;

(c) the relevant distribution system operator cooperates with renewable energy communities to facilitate energy 
transfers within renewable energy communities; 

(d) renewable energy communities are subject to fair, proportionate and transparent procedures, including 
registration and licensing procedures, and cost-reflective network charges, as well as relevant charges, levies 
and taxes, ensuring that they contribute, in an adequate, fair and balanced way, to the overall cost sharing of the 
system in line with a transparent cost-benefit analysis of distributed energy sources developed by the national 

Article 22: Renewable energy communities [Extract from RED II]

competent authorities; 

(e) renewable energy communities are not subject to discriminatory treatment with regard to their activities, 
rights and obligations as final customers, producers, suppliers, distribution system operators, or as other market 
participants; 

(f) the participation in the renewable energy communities is accessible to all consumers, including those in low-
income or vulnerable households; 

(g) tools to facilitate access to finance and information are available; 

(h) regulatory and capacity-building support is provided to public authorities in enabling and setting up 
renewable energy communities, and in helping authorities to participate directly;

(i) rules to secure the equal and non-discriminatory treatment of consumers that participate in the renewable 
energy community are in place. 

5. The main elements of the enabling framework referred to in paragraph 4, and of its implementation, shall be 
part of the updates of the Member States’ integrated national energy and climate plans and progress reports 
pursuant to Regulation (EU) 2018/1999. 

6. Member States may provide for renewable energy communities to be open to cross-border participation. 

7. Without prejudice to Articles 107 and 108 Treaty on the Functioning of the European Union (TFEU),  Member 
States shall take into account specificities of renewable energy communities when designing support schemes in 
order to allow them to compete for support on an equal footing with other market participants.
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(a) are able to access all electricity markets, either directly or through aggregation, in a non-discriminatory 
manner; 

(b) are treated in a non-discriminatory and proportionate manner with regard to their activities, rights and 
obligations as final customers, producers, suppliers, distribution system operators or market participants 
engaged in aggregation; 

(c) are financially responsible for the imbalances they cause in the electricity system; to that extent they shall 
be balance responsible parties or shall delegate their balancing responsibility in accordance with Article 5 of 
Regulation (EU) 2019/943; 

(d) with regard to consumption of self-generated electricity, citizen energy communities are treated like active 
customers in accordance with point(e) of Article 15(2); and (e) are entitled to arrange within the citizen energy 
community the sharing of electricity that is produced by the production units owned by the community, subject 
to other requirements laid down in this Article and subject to the community members retaining their rights and 
obligations as final customers. 

For the purposes of point(e) of the first subparagraph, where electricity is shared, this shall be without prejudice 
to applicable network charges, tariffs and levies, in accordance with a transparent cost-benefit analysis of 
distributed energy resources developed by the competent national authority. 

4. Member States may decide to grant citizen energy communities the right to manage distribution networks in 
their area of operation and establish the relevant procedures, without prejudice to Chapter IV or to other rules 
and regulations applying to distribution system operators. If such a right is granted, Member States shall ensure 
that citizen energy communities: 

(a) are entitled to conclude an agreement on the operation of their network with the relevant distribution system 
operator or transmission system operator to which their network is connected; 

(b) are subject to appropriate network charges at the connection points between their network and the 
distribution network outside the citizen energy community and that such network charges account separately for 
the electricity fed into the distribution network and the electricity consumed from the distribution network outside 
the citizen energy community in accordance with Article 59(7);

(c) do not discriminate or harm customers who remain connected to the distribution system.

Annex Section 3: Supplementary Materials for the 
German Case Studies

Case Study 1: Climate Protection Plan of Gießen County 61

Gießen County is one of 22 
municipalities across Germany which 
developed and implemented a 
climate protection master plan with 
funding from the Federal Environment 
Ministry. The so-called master plan 
municipalities are united in the goal 
of reducing their greenhouse gas 
emissions by 95 percent by 2050 and 
halving their final energy consumption 
compared to 1990. The 22 master 
plan municipalities were supported 
and intensively accompanied over 
four years with funding totalling 12 
million euros as part of the National 
Climate Protection Initiative of the 
Federal Environment Ministry. With their 
ambitious climate protection goals, 
they have a great impact as beacons of 
municipal climate protection.

In Gießen County, the 100% Climate 
Protection Master Plan was developed 
in a one-year process with the 
participation of experts and many 
committed people in Gießen County. 
It describes possible development 
paths up to the year 2050, and how 
the energy sources based on the 
combustion of carbon (oil, natural gas, 
coal) can be replaced as completely as 
possible by the year 2050. This target 
is in line with the development goal 
agreed in The Paris Agreement on 
Climate Change. 

With the development of the master 
plan, the county is actively shaping the 
upcoming change and wants to use 
the resulting opportunities for county 
development. The process of change 

will help to create a variety of impulses 
for the creation of new jobs. But the 
reduction in the purchase of fossil fuels 
will also help to ensure that the capital 
invested remains in the county and 
thus increases regional value creation. 
But how can this change succeed, or 
the conversion to an economic system 
that largely dispenses with the burning 
of carbon take place? 

Starting point for the considerations: 

Status analysis 

Energy consumption is dominated by 
the fossil energy sources, e.g., natural 
gas, heating oil and fuels (petrol and 
diesel), which together account for 72% 
of final energy consumption, as well 
as electricity (16%), which is still mainly 
generated from fossil raw materials 
(Figure Annex 3 and 4). In 2014, the 
energy demand in Gießen County in 
the residential, business, mobility, 
administration and other consumer 
sectors amounted to approx. 7,000GWh. 
The share of electricity consumption 
that could mathematically be covered 
by regionally generated electricity from 
renewable energies is approx. 10%, the 
share of heat from renewable energies 
approx. 5%. The remaining shares are 
supplied from oil and gas, or from 
various electricity generation plants in 
Germany (electricity mix from power 
plants operated with different energy 
sources, e.g., oil, gas, nuclear power, 
hydropower and biomass).

61 Source: https://www.
klimaschutz-lkgi.de/ecm-
politik/lkgi/de/home/
file/fileId/99/name/
Masterplan_100%25_
Klimaschutz
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Figure Annex 1: Share of final energy carriers in Gießen County (by 2014)
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Figure Annex 2: Final energy use by sector and energy carrier (by 2014)
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It can be seen that transport and private 
households have the highest energy 
demand, followed by trade, commerce 
and services (GHD) and industry. The 
energy demand of municipal facilities 
plays a subordinate role. In total, 
the energy sources used release CO2 

The majority of these studies identify 
in detail what changes are needed to 
bring about the necessary changes to 
achieve the 2050 climate protection 
goals according to the laws of physics, 
biology and current knowledge. But 
it is not only about changes in the 
physical variables, such as energy 
demand, energy conversion with high 
efficiency, replacement of fossil fuels by 
renewable energies or optimization of 
biological processes. It quickly became 
clear to all participants that behavioural 
changes also make an important 
contribution to achieving climate goals 
in the long term. 

This is one of the topics addressed 
in the sub-report on climate-friendly 
consumption. Climate protection plans 
of the county advocate extensive 
participation and climate-friendly 
consumption on the part of citizens. 
They show what options and courses of 
action are available to use the available 
resources more consciously and 
frugally. Furthermore, topics were also 
dealt with that are not directly related 
to climate protection issues, but which 
have an indirect influence on energy 
demand (e.g., reduction of living 
space per capita in order to reduce the 

emissions amounting to 2.31 million 
tonnes per year. 

According to characteristics of the 
energy sector in the county, scientific 
sub-studies were carried out in the 
following areas: 

heated room volume; strengthening of 
centers, reduction of barriers in order to 
facilitate investment decisions for older 
people as well; organization of new 
forms of living and working in order to 
reduce commuting). 

The development of the results, 
especially the catalogue of measures, 
is based on many discussions and 
workshops in the individual thematic 
fields. The practical experiences and 
suggestions of many local actors were 
incorporated into the development of 
measures.

Strategy for achieving the goal: 
Teamwork 

In the overall view of all the subject 
areas, it quickly became clear that the 
goal can only be achieved if all the 
actors in Gießen County "pull together". 
With the establishment of a master 
plan management, two full-time 
positions are available in the county 
administration for the next three years 
to push the developed action strategies 
and measures as far as possible and 
thus accelerate the process of change. 
The resources of "only" two full-time 
positions are quickly exhausted given 
the large number of fields of action 

  Climate-friendly consumption;

  Climate-friendly production;

  Cross-regional cooperation;

  Sustainable transportation;

  Climate-neutral building;

  Soil protection/agriculture;

  Material recycling.
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and the number of proposed measures 
(approximately 200). Therefore, 
the Master Plan management will 
concentrate on acting as a multiplier 
as far as possible and supporting other 
people in implementing projects to 
achieve the goals of the Master Plan. To 
this end, the existing networks will be 
further developed and strengthened, 
and new networks will be established 
to strengthen and intensify cooperation 
with the municipalities and the citizens 
of the county. This creates a joint 
county-wide team of different actors 
that learns from and supports each 
other. An internet platform (www.
klimaschutz-lkgi.de) has been set 
up for the exchange of information, 
enabling all participants to exchange 
information transparently and promptly, 
as well as to communicate directly with 
the master plan management. 

The possibilities of the county: 
realizing examples to emulate

A further focus of the work of the 
master plan management is to support 
the administration of the county with 
regard to climate protection measures 
in its own area of responsibility. With 
its own exemplary climate protection 
projects, the county can make a 
significant contribution to convincing 
people through good examples 
and encouraging them to follow 
suit. The existing good examples 
(operation of electric vehicles, use of 
LED technology for energy-efficient 
lighting, purchase of electricity from 
renewable energy sources for county 
properties, renovation and construction 
of buildings to the passive house 
standard, projects on user behaviour 
at schools, etc.) can already be used as 
illustrative examples. These examples 
also make it possible for the master 
plan management to present an 
authentic and convincing image to the 

outside world. 

Among the things that the county 
itself can shape in terms of climate 
protection are, for example, the 
introduction of a job ticket for county 
employees, the realization of minimum 
energy standards in the refurbishment 
of county-owned properties, or 
also the training/information of the 
various departments on the changing 
requirements and opportunities of 
climate protection for the county, for 
example through information on new 
funding programmes. Only if all actors, 
including those in the administrations 
of the county and the municipalities, 
the companies, the building owners 
and tenants and the pupils, become 
aware of their responsibility for future 
generations and act accordingly will it 
be possible to shape the living space 
in Gießen County with a view to the 
next decades in such a way that it also 
offers a liveable environment for future 
generations.

According to climate protection 
plans, by 2050, Gießen County will 
have achieved climate neutrality. 
Enormous changes are on the horizon 
in all areas. The following graphs 
show which developments must take 
place to achieve the target by 2050 
from a technical/physical point of 
view (development of final energy 
consumption and CO2 emissions) 62:

It can be seen that, taking into account 
the results of the sub-studies, the final 
energy demand can be reduced by 
more than 50% compared to 1990. 
Greenhouse gas emissions in the 
Master Plan scenario are only 5% of 
1990 emissions.63 But what do these 
graphics mean for the individual areas? 
Here are some impressions of what 
Gießen County may look like in 2050:

Buildings

Approx. 70% of all buildings are 
modernized and meet at least the 

62 Source:https://www.
klimaschutz-lkgi.de/ecm-
politik/lkgi/de/home/
file/fileId/99/name/
Masterplan_100%25_
Klimaschutz

Figure Annex 3: Expected evolution of final energy demand (upper graph) and GHG emissions (lower 
graph) in Gießen County
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KfW55 energy standard. Outside the 
centers, heat is mainly supplied by 
heat pumps. In areas with dense 
development, heat networks are 
used, which are largely supplied by 
renewable energy (biomass, solar 
thermal). A variety of new forms of 
housing and living have emerged 
(residential communities young 
and old, living and working in the 
neighbourhood, swapping flats 
and houses so that it is possible to 
change flats according to the space 

63 Assuming that 
nationwide electricity 
production derives 
almost exclusively from 
renewable energy sources 
for the year 2050. 
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requirements in the respective phase of 
life), which has not only contributed to 
a reduction in energy consumption but 
also to an increase in the quality of life. 
The building envelope has established 
itself as an important source of energy 
for cities and communities through 
new technologies for solar power 
generation. Solar cells, which can be 
freely designed in terms of shape and 
colour, have only slightly changed the 
appearance of buildings, but many 
buildings can be self-sufficient thanks 
to the multifunctional façade. Due 
to the increased building activities 
in recent years and the involvement 
of the Technical University of Central 
Hesse (THM), many new occupational 
fields have emerged, which have led 
to a strong increase in the number of 
people employed in crafts and related 
occupational fields (technicians, 
engineers). The centers of towns and 
cities have developed into an attractive 
living environment where people like to 
invest. 

Transport 

The majority of vehicles are electric, 
internal combustion engines are 
comparatively rare. Energy is supplied 
by renewable energies from solar 
and wind power. New developments 
in storage technology have reduced 
charging times to a few minutes and 
increased the average range to 600-
700 kilometers per battery charge. 
The motorways are electrified with 
overhead lines so that trucks can also 
be electrified on long distances. Many 
cars, e-bikes and bicycles are used via 
multimodal transport stations. Everyone 
uses the mode of transport that is 
most suitable for their purposes. The 
car has evolved from a status symbol 
to a mere object of consumption. The 
municipalities surrounding Gießen 
are connected to the city center via 
cycle lanes, so that new generations of 

e-bikes have also enabled the bicycle 
to achieve a high share of transport 
performance in local transport. 

Companies 

The efficiency networks have led 
to many companies intensively 
addressing issues of energy use and 
resource-saving production. This has 
also resulted in some new products, 
which have led to a new sector for 
energy efficiency services and products. 

Resource management 

Here, too, the networks have led to 
the establishment of recycling cycles 
that have not only saved costs but 
also many resources. A culture has 
developed between companies, 
municipalities and service providers 
that aims to put as many materials as 
possible to a new use.

Agriculture and forestry

In agriculture, the trend towards 
cooperation between consumers and 
producers has established itself as an 
important characteristic of farmers in 
Gießen County nationwide. The cultural 
landscape has been enhanced by the 
strong reductions in livestock farming 
and ecological, agricultural and forestry 
management, as well as the ongoing 
development of soft tourism, but also 
by more intensive RE production and 
regional resource use. Tourism that 
invites restaurants to offer regional and 
seasonal cuisine and involve active 
holiday activities on friendly organic 
farms with farm shops and holiday flats 
has developed as a drawing card in 
central Germany. 

Networks

New cooperations and networks have 
crystallized between municipalities 
and the county, but also between 
businesses and municipalities. The two 
universities THM and JLU, which have 
found important practical partners for 

research projects in municipalities and 
businesses, but also in citizens’ groups, 
play an important role here. Where 
necessary, the county coordinates the 
networks’ work and ensures a good 
and constructive exchange among 
them. "Together we are strong" - this 
realization has been lived for many 
years at different levels and has led to 
a new self-confidence in the region. 
Basically, the people in the county are 
much more careful with their resources. 
A culture of sharing resources has been 
established. Many things that are only 
needed occasionally can be shared 
through lending systems.

Monitoring the Climate Protection 
Plan of Gießen64

The greenhouse gas balance of Gießen 
County includes the GHG emissions of 
motorized transport as well as other 
consumption such as electricity and 
gas consumption within the county 
boundaries. There is a coordinated 
procedure for data collection and entry 
in Central Hesse on the initiative and 
with the participation of the Regional 
Council of Gießen. The coordinated 
procedure enables a high degree 
of validity and comparability of the 
balances. For example, the electricity 
and gas consumption is requested 
from the grid operators; the number 
of combustion plants from the county 
chimney sweeps; the public transport 
performance from RMV, VGO, SWG and 
RNV; the rail traffic data from Deutsche 
Bahn; and the road traffic data from 
the Federal Environment Agency.

In the years 2010 to 2018, greenhouse 
gas (GHG) emissions in the county 
area fell by 10.4 percent, according to 
the results of the first GHG balance of 
Gießen County. The balance takes into 
account all GHG emissions emitted 
in the county. The underlying data, 
for example, from the grid operators, 
are supplied with a time lag of about 

two years. The biggest savings 
were realized in the area of private 
residential buildings (-18.9%), but 
industry and commerce also achieved 
savings (-14.5%). The inhabitants of the 
county consume 19% less energy than 
the national average. GHG emissions 
per capita are also 1.8 tonnes lower 
than the national average at around 8 
tonnes.

64 Source:https://www.
klimaschutz-lkgi.de/lkgi/
de/home/info/id/60
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Figure Annex 4: GHG Balance of Gießen County 2010-2018 (Plotted in 2021). Unit: kilotonnes CO2-eq.
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The amount of electricity produced 
in Gießen County from renewable 
energies increased by 144.5 percent 
between 2010 and 2018. 

At present, Gießen County is initiating 
an inter-communal project for 
neighbourhood renovation. This project 
examines how building renovation can 
take place in neighbourhoods, how 
energy consumption can be reduced, 
how car journeys can be avoided and 
how social interaction can be improved. 

In addition, the issue of mobility is 
seen as a decisive factor, which is to 
be addressed by strengthening local 
public transport and reactivating 
disused railway lines.

International exchange with Chinese 
delegations

November 2018: Start of an exchange 
on climate protection with a Chinese 
delegation

Case Study 2: Climate Protection Plan of Munich County 
(Klimaschutzplan Landkreis München) (29++ Climate · 
Energy · Initiative)

With the 29++ Climate · Energy · 
Initiative, since the end of 2016, the 
county and its municipalities have been 
pooling and coordinating their efforts 
to shape a climate-friendly future and 
make visible the diversity of climate 
protection activities in the county.

The name and logo make it clear 
that the climate and energy initiative 
encompasses the entire county and 
that all 29 county municipalities are 
involved. In terms of climate protection, 
the county sees itself as already quite 
far - but not yet far enough: the highest 
energy efficiency class - the third "plus" 
- is only achieved when the county has 
been able to do its part in its cities and 
municipalities to meet the national 
climate targets set out in the World 
Climate Treaty of Paris 2015.

The county started climate protection 
relatively earlier. In 2006, it adopted an 
energy vision aiming for a 60% energy 
demand reduction by 2050. However, 
the absolute energy consumption in 
the county increased by 25% during 
the years 2006-2016. In the course 
of 2016, the fields of action and 
opportunities in the area of energy and 
climate protection in the county were 
therefore reviewed in a comprehensive 
participation process and the climate 
protection goals were revised for all 
the 29 towns involved. At the end 

of 2016, the 29++ Climate · Energy · 
Initiative replaced the previous energy 
vision. Together with the entire county 
population and the local businesses, 
the initiative proposed that all residents 
and businesses collaborate closely 
and work hard to organize diversified 
climate protection activities. 

Key elements of the resolution are the 
adoption of a joint climate protection 
declaration by the county and its 
cities and municipalities on the 29++ 
Climate · Energy · Initiative, which all 
municipalities in the county have now 
joined. They also include the creation 
of three additional staff positions in 
the area of climate protection in the 
Munich County Office, the formation 
of a joint energy agency together with 
the Ebersberg County (Energieagentur 
Ebersberg München gGmbH), the 
cooperation with the Kreisjugendring 
München-Land in climate education for 
children and young people, as well as 
an ambitious programme of measures 
for projects in the area of post-fossil 
mobility and climate protection.
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Figure Annex 5: Final energy consumption of individual sectors in the Munich County 201065 [GWh/year]

65 Source: https://
formulare.
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cdm/cfs/eject/gen?
MANDANTID=72&FORMID
=6333
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Joint declaration of the Landkreis München and its cities and municipalities on the 29++ 
Climate · Energy · Initiative

We, the Landkreis München and its 29 municipalities with all citizens, take responsibility for our climate 
policy. We are jointly shaping the 29++ Climate · Energy · Initiative of the Munich County and are thus 
resolutely driving forward the energy transition locally.

We want to work intensively with the entire population of the county and the local institutions and 
research facilities. We want also to work intensively to implement the Paris Agreement (UN Climate 
Change Conference 2015) in the cities and communities.

Further, we want to preserve our natural livelihoods, promote climate protection and the energy 
turnaround in the Munich County under realistic economic conditions, strengthen the regional 
economy and ensure a high quality of life in the county. In this way, we want to make our contribution 
to mitigating the consequences of climate change and strengthening regional value creation.

We want to achieve this by setting ourselves concrete goals, implementing the goals by technical 
progress, and reviewing and updating the implementation in 3-year steps starting in 2017. By 2030, 
we want to reduce annual per capita emissions in the Munich County by 54% from 13 tonnes of CO2 in 
2010 to 6 tonnes of CO2 .  

Overview of measures

ENERGY AND CLIMATE PROTECTION IN GENERAL

MOBILITY

INDUSTRY/SERVICES

  "Energy and mobility agency"

  "Pupils are multipliers"

  Solar energy campaign

  Renovation campaign

  Lighthouse project for multi-storey housing

  Establish climate-friendly dishes in community 
catering

  Energy use plan for the Munich County

  Caretaker training

  Cycling in the Munich County 2030

  Inter-communal strategy and knowledge for 
mobility in the county

  E-mobility offensive

  Potential study on mobility stations with 
sharing offers

  Raising awareness and disseminating 
information

  Learning climate protection and energy 
efficiency network

  Ökoprofit in the Munich County

  Climate pact in the Munich County

  Tradesmen training

  Development of a climate protection 
framework in building law and accompanying 
training courses

  Climate-friendly energy supply "Science City" 
Garching

  Guarantee scheme for municipalities - grid 
expansion

  Regular climate protection conferences

  29++ is further established as a brand for 
climate protection activities in the county

  Promotion of Corporate Mobility Management 
(BMM)

  Ideas competition for fine distribution and city 
center shops

  Expansion of planning cooperation with the 
City of Munich

  Financial support for advisory services for 
companies

  Competition for a sustainable industrial estate
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COUNTY-RELATED MEASURES

Achievements66

  Measures for internal awareness raising at the 
county administration office

  Establishing a climate and environmentally 
friendly corporate culture in the county 
administration office

  Developing a sustainable procurement 
guideline

  Climate-friendly vehicle fleet and business trips

  Establishing an exchange platform for energy 
and climate protection officers

  Expansion of the service point for municipalities

Since 2016, the Munich County and 
the 29 towns and municipalities 
belonging to the county have been 
working together within the framework 
of the climate and energy initiative 
29++ to reduce the annual per 
capita emissions in the county to six 
tonnes. For regular evaluation and 
readjustment of the measures, it was 
decided to introduce an energy control 
system. In March 2020, the county 
administration, with the cooperation of 
the 29 municipalities, presented a first 
greenhouse gas report for the Munich 
County, which forms the basis for the 
evaluation of the county’s climate and 
energy initiative. 

The figures from 2018 are the most up-
to-date figures available that can be 
used for a comprehensive assessment 
of the climate protection situation in 
the Landkreis München. They now 
complement the baseline report from 
the spring, which already included 

figures from 2010, 2014 and 2016, the 
year Initiative 29++ was launched.

In 2016, per capita greenhouse gas 
emissions in the Munich County 
amounted to 10.4 tonnes. In 2018, 
average GHG emissions per capita were 
9.7 tonnes, 6.1% lower than two years 
earlier. Since 2010, emissions have 
been reduced by about 16%. A further 
32% reduction is needed to reach the 
target of six tonnes in 2030.

Growth in photovoltaics, motorized 
private transport lags behind

In photovoltaics, the number of 
systems has increased by 21% since 
2016, and the installed capacity by as 
much as around 28%. This indicates 
that targeted campaigns such as the 
solar potential register of the county 
or the PV bundling campaigns of the 
Ebersberg-Munich energy agency are 
having an effect.

In private households, greenhouse gas 
emissions have been reduced by 0.2 
tonnes to 1.7 tonnes since 2016. The 
commercial sector, municipalities and 
transport contribute 4.1 tonnes, 0.2 
tonnes and 3.7 tonnes to the overall 
result. It appears problematic for the 
success of the energy transition that 
non-rail transport is still almost entirely 
powered by fossil fuels. The share of 
alternative drive systems in motorized 
vehicles increased by just one 
percentage point from 2016 to 2018 to 
a total of 2.1 percent.

Balancing strictly according to BISKO 
- recalculation also for baseline 
report

The data for the Munich County 
Greenhouse Gas Report is collected 
according to the Balancing System for 
Municipalities (BISKO). This standard 
was developed under the auspices 
of the Federal Environment Agency to 
ensure a uniform accounting method 
for all municipalities and to avoid 
double counting.

According to this methodology, 
the greenhouse gas emissions per 
inhabitant are calculated on the basis 
of the final energy consumption of 
all actors on the territory of a city, 
municipality or county (so-called 
territorial principle). In contrast to 
the first publication, which deviated 
slightly from the BISKO methodology, 
this update now consistently applies 

the BISKO accounting. To ensure 
comparability with previous years, the 
greenhouse gas emissions were also 
recalculated for the years 2010 and 
2016.

The next update of the report is 
planned for 2022.

66 Source:https://www.
landkreis-muenchen.de/
artikel/wo-steht-der-
landkreis-auf-dem-weg-
zur-erreichung-der-ziele-
der-29-klima-energie-
initiative/
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Case Study 3: Zero Emission County Cochem-Zell

Cochem-Zell County is one of 22 
municipalities and counties in 
Germany that have set ambitious 
climate protection goals: By 2050, the 
emission of climate-damaging gases 
in Cochem-Zell is to be reduced by 
95%, and the consumption of energy 
is to be cut by 50%.67 The 100% Climate 
Protection Master Plan for Cochem-Zell 
County outlines solutions.

The master plan should not be 
a technical concept alone, but 
should rather form the basis for the 
implementation of concrete projects 
and measures for climate protection. 
The broad dialogue with citizens and 
experts was therefore the declared 
goal of the joint work. With three 
master plan forums and a youth 
forum, concrete offers of participation 
were made. The master plan forums 
offered the opportunity to contribute 
project ideas, to concretize them and to 
prepare their implementation. Project 
examples, workshops, exhibitions and 
discussions formed the framework of 
the events. The Citizens’ Award 100% 
Climate Protection also provided 
concrete incentives to promote citizen-
driven climate protection projects. 

Electricity consumption in Cochem-Zell 
amounts to 295GWh/year, compared to 
a total generation volume of 489GWh/
year (2015). The generation is largely 
fed by three hydropower plants as well 
as installed wind and PV power. Above 
all, the energy generated by fluctuating 
energy sources such as wind and PV 
(and to a lesser extent hydropower) 
require flexibility for increased primary 
local and economic use. For the county, 
there are, on the one hand, fields of 
application for storing surpluses in 
batteries (for later use in under-covered 

situations) and, on the other hand, the 
creation of networks that also permit 
sector coupling, for example. In this 
context, the use of electrolysis units 
should be mentioned in connection 
with wind energy plants (keyword: 
power to gas, hydrogen production). 
It is also important to consider the 
flexibilization and heat utilization of the 
biogas plants already located in the 
county.

The structure in the county in terms of 
consumption quantities and generated 
annual electricity quantities is made 
up as follows in percentage terms and 
influences the situations shown.

Consumption: 46% commercial large, 
29% household, 12% commercial 
small/medium, 7% thermal storage, 
3% heat pumps, 3% agriculture (in total 
295GWh)

Generation: 43% hydropower (in River 
Mosel), 37% wind, 12% solar (PV), 7% 
biomass, 1% CHP (in total 492GWh)

The calculation of a local GHG emission 
factor 68 resulted in an emission factor 
of 49.3g/kWh. In comparison, the 
German electricity mix has a value of 
532g/kWh. Between 1990 and 2014 
(more recent figures are not available), 
CO2 emissions were reduced by 32% 
from approximately 890,000 tonnes to 
around 600,000 tonnes per year.

67 In comparison to 1990, 
which is the base year for 
the Kyoto Protocol.

68 Based on an average 
value over all quarter 
hours of 2015 (renewable 
generation mix + residual 
electricity from the grid).

Figure Annex 6: Final energy consumption (by energy carrier and by sector), as well as GHG emissions in 
Cochem-Zell County 1990-2014

Final energy consumption by energy source in Cochem-Zell county - weather adjusted

Final energy consumption by sector (in GWh/a) in Cochem-Zell county- weather adjusted
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Figure Annex 7: Renewables in Cochem-Zell County

The need for flexibility in the power 
system: The "Swarm Storage" and 
"Virtual Power Plant"

Cochem-Zell County has thus a good 
starting position in the expansion of 
renewable energies. Over the year, 
40% more green electricity is produced 
in the county than is consumed, but 
due to fluctuations in the production of 
renewable energies and the demand 
for electricity, sometimes there is too 

much and sometimes too little green 
electricity. At present, 66% of the 
electricity demand can be met with 
green electricity from the county. These 
values are comparatively good, but a 
lot of potential remains unused.

The key to more self-consumption is 
making generation and consumption 
more flexible. Flexibilization means that 
more energy is stored, loads are shifted 
and that electricity is increasingly 

used for heating and transport. Heat 
pumps in the home or electric cars are 
examples of this. 

The "Swarm Storage" and "Virtual 
Power Plant" projects aim to consume 
more of the electricity produced locally. 
Producers and consumers can be 
controlled in a virtual power plant 
and thus ensure that more green 
electricity stays in the county. Industry 
and commerce can save a lot of money 
in the process, but wind energy and 
solar power plants whose 20-year 
EEG subsidies are coming to an end 
can also continue to be operated 
economically in a virtual power plant.

The preview of the situation in 2050 
shows that the share of renewable 
energies in coverage will not increase 
through the pure expansion of 
renewable energies. Flexible measures 
are needed to bring generation 
and consumption into line. It is 
therefore necessary to find measures 
to reserve electricity surpluses for 
times of electricity shortage (on the 
generation and storage side), or to 
adapt consumers to generation on the 
consumption side.

  In addition to creating flexibility in the 
individual sectors, it is also becoming 
increasingly important to use cross-
sector balancing options in electricity 
supply.

  For Cochem-Zell County, sector 
coupling in the future means bringing 
together electricity, gas (especially heat) 
and transport (electromobility, as well 
as gas-powered cars). For the future 
and successful implementation of the 
load-responsive 100% coverage from 
renewable energies and the linking of 
the individual sectors, it is necessary to 
leverage and expand already existing 
flexibilities, such as CHP plants and 
power-to-heat plants installed on the 
heating side (e.g., heat pumps and 

heat storage). As time progresses in the 
transformation of the energy system, 
more intelligent plants that are already 
prepared for controlled operation will 
be added.

  CHP plants with heat storage grids 
and integrated PtH plants (e.g., heat-
storage-coupled electric heating rods 
or continuous-flow heaters), pure 
electricity-led and also dual-mode heat 
pumps as well as stationary battery 
storage in households, businesses and 
public facilities, as well as alternative 
mobility with controlled loading and 
also unloading, will all be developed.

  Power-to-gas plants for the 
conversion of electricity into hydrogen 
and, if necessary, a subsequent 
mechanization process, continue to 
be an important option for sector 
coupling and the reduction of 
electricity surpluses. They represent a 
suitable way to enable the temporally 
decoupled use of energy.
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Case Study 4: Zero Emission County Rhein-Hunsrück (Home 
of the energy transition pioneers)

The climate protection concept 
adopted by the county council in 
December 2011 includes the consistent 
exploitation of the existing local savings 

Since 2015, the Rhine-Hunsrück County 
has been climate-neutral in terms of 
its balance sheet [Note: this excludes, 
however, emissions from transport, see 
below]. In recent years, expert visitors 
from more than 50 countries inquired 

Starting point and results

Total energy consumption in 2011 of about 2.5 million MWh/year included:

  Renewables: Whereas 25 years ago 
the entire electricity demand had to 
be imported into the county, 276 wind 
turbines currently produce electricity 
for more than 300,000 households. 
In 2020, around 337% of the total 
electricity consumption in the county 
was generated from local biomass, 
photovoltaics and wind power. 
According to expert estimates, this 
makes Rhein-Hunsrück the first inland 
county in Germany to become CO2-
neutral in the heat, electricity and waste 
sectors.

  The tree and shrub pruning 
concept of the county’s own Rhein-
Hunsrück Entsorgung (RHE) for heating 
school centers has been regarded 
as exemplary throughout Germany 
for more than ten years. The waste 
disposal company Rhein-Hunsrück 
Ensorgung (RHE) has put a biowaste 
fermentation plant into operation. 
Methane gas is produced from the 
biowaste collected from households 
in the county and used to generate 
electricity. RHE has already marketed 
regional electricity, generated by 
photovoltaic systems. With biogas 
electricity generation, about 4.4 million 
kilowatt hours are added annually. 
As a side effect, transport is no longer 
necessary and less landfill volume is 
required.

  Transport sector: E-car sharing has 
been instituted in rural areas (starting 
2019). In 24 villages, citizens can try 
out electric driving free of charge for 
one year; in the meantime, efforts are 
underway to permanently install such 
an emission-free car-sharing service in 
up to 20 villages.

  Debt reduction: For a long time, the 
region was considered structurally 
weak. Now, the municipalities are 
virtually debt-free and have financial 
reserves of 99 million euros. The 
revenues from the decentralized 
transformation of the energy system 
have contributed significantly to the 
municipalities’ debt reduction.

  18 communal local heating networks 
supply houses on the basis of forest 
residues, and another - larger than all 
the previous ones - is currently being 
built in the village of Mastershausen.

and renewable energy potentials from 
biomass, sun and wind by the year 
2050 with the following objectives:

about ideas for the regional energy 
transition. The local transformation 
of the energy system in the Rhine-
Hunsrück County has taken a variety of 
measures:

  Reducing total energy consumption (heat, 
transport, electricity) by 40%;

  Halving the energy demand in existing 
buildings;

  Heat: about 1.2 Mio. MWh/year (49.5%)

  Transport: about 799,533MWh/year (32%)

  Displacement of an annual fossil energy 
quantity equivalent to 210 million liters of 
heating oil;

  By 2050, around 250 million euros in annual 
energy procurement costs are to be replaced 
by regional investments.

  Electricity: about 463,040MWh/year (18.5%)

Figure Annex 8: Biowaste fermentation plant of the Rhein-Hunsrück waste treatment company 69

69 Source: Foto: RHE / Tobias 
Mladek
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The share of renewable energy sources 
in stationary energy demand (excluding 
transport) was about 22% in 2011. 

The climate neutrality concept of 
the Rhein-Hunsrück County foresees 
climate neutrality by 2020. Essentially, 
the electricity generation from 
emission-free renewable energy 
sources, which should exceed by far 
electricity demand of the county, is 
expected to compensate remaining 
emissions in buildings and transport.

The last quantified progress report for 
the county includes figures up to 2018. 
It shows that renewable generation 
exceeded electricity demand by a factor 

Emissions in 1990 were about 883.074 
tonnes CO2-e/year.

In the frame of the climate neutrality 
concept, a strong Stakeholder 
management/stakeholder 
participation was carried out. 
Workshops and interviews with relevant 
stakeholder groups were conducted, 
for example, with:

of 3 by 2018, with a large share based 
on wind power. Renewable heat has 
more than doubled between 2015 and 
2018 alone.

In total, over 200 proposals for measures were developed. 

Quantified objectives with respect to energy consumption in 2050 are as follows:

Figure Annex 9: Total energy consumption of the Rhine-Hunsrück County in 2011 (at the moment of setting 
up the climate neutrality concept), subdivided according to consumption sectors and energy sources70
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70 Source: Climate Neutrality 
Concept Rhein-Hunsrück 
County (2011)

  Regional farmers (RHK bioenergy network);

  Industry, commerce, trade, services (efficiency 
and savings potentials);

  Administration (sustainable procurement 
guidelines);

  Educational institutions (children’s climate 
protection, teaching concepts);

  Reduction of total consumption by 40% to 1.5 
million MWh/year;

  Share of renewable energies approx. 4 times 
higher than consumption in 2050;

  Citizens (solar potential and building 
renovation);

  Social institutions (sustainability concepts and 
efficiency potentials);

  Mayors (climate protection, bioenergy villages, 
LED street lighting).

  Displacement of fossil energy sources through 
savings and replacement corresponds to 
approx. 210 million liters of heating oil.

Figure Annex 10: Quantified energy demand target for 2050

Total energy consumption of Rhein-Hunsrück County 2050 (by sector and energy source)
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Figure Annex 11: Development of renewable electricity in the county 

Potentials of renewable electricity in Rhein-Hunsrück County(by energy source)
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Figure Annex 12: Development of renewable heating in the county

Potentials of renewable heating in Rhein-Hunsrück county (by energy source)
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On the energy demand side, success 
was more limited: the total energy 
demand was increasing from 2.5 
million MWh/year at the time of the 
climate neutrality conceptualization to 
3 million MWh/year in 2018, mostly due 
to the increase in energy demand from 
transport. Households slightly reduced 

Excluding transport, the county 
was climate neutral to 78% in 2018. 
Considering only stationary energy 
uses (excluding transport), the county 
was largely climate neutral (126% 
reduction in stationary emissions 
compared to 1990). Transport remains 
the main problem for future evolutions. 
Nevertheless, recent trends to electric 
cars will help to overcome this problem 
in the county.

The county already saves 660,871 
tonnes of CO2 annually compared to 
1990. This corresponds to the annual 

consumption between 2015 and 2018 
(-1.5%), while industry/services slightly 
increased demand (+0.8%). 

The share of renewables in stationary 
energy consumption (excluding 
transport) increased from 82% to 92% 
in comparison with 2015!

storage volume of 50,836 hectares. For 
comparison: the total forest area in 
the Rhine-Hunsrück is 45,394 hectares 
(at 45.8%, the RHK is one of the most 
densely forested counties in Germany).

Since 1990, the number of vehicles 
in the Rhine-Hunsrück County has 
increased by 22%. In the same period, 
the annual mileage of motor vehicles 
has also increased. The result is 
an increase in traffic-related GHG 
emissions (+88% compared to 1990). 
This means that the county follows the 
general trend in Germany.

Figure Annex 13: Energy demand 2017/18 in Rhein-Hunsrück County
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Figure Annex 14: Emissions from transport in the Rhein-Hunsrück County 71
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71 Source: https://www.
kreis-sim.de/media/
custom/2554_1385_1.
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Latest results, as communicated by the 
county, show that by 2020 a coverage 
by renewables of 337%, compared 

Through the "Energy Honeycomb" 
smart distributed power grid, the county 
incorporates local energy transition into 

The county is also engaged in setting up a virtual power plant demonstrator:

Aims of the demonstrator include:

to the electricity demand, has been 
reached in the county.

the climate neutrality "pyramid" that 
consists of local, regional, cross-region 
and even national levels.

  Demo title: Energy Honeycomb Rhine-
Hunsrück County

  Start: 2017

  Realization of a cascaded energy management 
system for the optimized use of surplus 
electricity from renewable energy sources on-
site;

  Duration: 48 months

  Partner: innogy, Westnetz and the Rhein-
Hunsrück County

  Connection of rural renewable energy system 
to urban load;

  Better integration of renewable energy system 
into the distribution grid.

Figure Annex 15: Embedded "Energy Honeycomb" structure reaching from local to regional, cross-
regional and national-wide
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