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Preface

Now, the COVID-19 pandemic is eroding decades of gains in global development, the
implementation of the UN’s 2030 Agenda for Sustainable Development is encoun-
tering difficulties, the North-South gap keeps widening, and crises are emerging in
food and energy security. We have embarked on a new journey toward building a
modern socialist country and entered a new phase of quality development.

The year 2022 is an important landmark that marks the 30th anniversary of
the China Council for International Cooperation on Environment and Development
(CCICED) and the first year for CCICED Phase VII. In the face of evolving interna-
tional situation and the impact of pandemic, CCICED continues aiming to develop
into an innovative platform for international cooperation on the environment and
development that embraces global inclusiveness, open cooperation, and mutual bene-
fits and development. CCICED has carried out the plan as approved by the executive
members under the annual theme of “Building an Inclusive, Green and Low-Carbon
Economy.” It has also provided advice and recommendations on the environment and
development that embraces open cooperation, mutual benefits and development, the
14th Five-year Plan (14th FYP), and the guard against all risks and hidden dangers of
medium and long-term structural transformation. The aim of this period is to provide
suggestions for promoting China’s environment and development undertakings and
contribute wisdom and strength to building a community with a shared future for
mankind and a clean and beautiful world.

The CCICED Secretariat publishes CCICED Annual Policy Report every year,
in order to better reach a consensus on green development and promote green tran-
sition and transformation. The Annual Policy Report is a flagship publication that
presents research outputs, papers, and reports by Chinese and international CCICED
teams, as well as outlining policy recommendations, the CCICED has proposed to
the Chinese government. It shares the observations and thinking of the Chinese and
international members, special advisors, and experts on hot issues in the environment
and development, for the reference of decision-makers at all levels, scholars, and the
public.

The 2022 CCICED Annual Policy Report incorporates the policy recommendation
proposed to the Chinese government “Maintaining the Strategic Determination and

vii



viii Preface

Stabilizing Expectations Towards a Low-Carbon Green Transition: Opening a New
Green Chapter for High-Quality Development”; the 2022 issues paper “Stability,
Resilience and the Green Transition,” which is written by CCICED’s chief advisors;
research reports from 6 Special Policy Studies, including “Carbon Dioxide Emissions
Peak and Carbon Neutrality Policy Measures and Implementation Pathways,” “Value
Assessment of Nature-based Solution (NbS),” “Ecosystem-based Integrated Ocean
Management under the Vision of Carbon Neutrality,” “Low-carbon and Resilient
Urban Development and Adaptation to Climate Change,” “Sustainable Food Supply
Chain,” and “The Key Pathways on a Green and Low-Carbon BRI”; 4 Scoping
study reports on “Digitalization to Advance Sustainability,” “Risk Prevention of
Carbon Neutrality under the New Development Concept,” “Sustainable Trade and
Investment,” “Innovative Green Finance,” and Report on Gender Mainstreaming in
SPS Research for the Period 2021-2022.

Beijing, China China Council for International Cooperation on
Environment and Development (CCICED) Secretariat
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Introduction: Stability, Resilience and the Green
Transition

Stability and the Green Transition: Risks, uncertainties, and shocks have risen
dramatically in 2022. China’s Two Sessions Conference in the first quarter of 2022—
the National People’s Congress and People’s Political Consultative Conference—
warned of the “triple pressures of shrinking demand, disrupted supply and weakening
expectations.” China’s key strategic goals—economic growth, innovation, common
prosperity, and climate mitigation—are now all seen from the single lens of ensuring
stability and security in the face of turbulence and volatility.

The most pressing challenge of 2022 and for the foreseeable future is therefore
aligning low-carbon, high-quality, green development with this focus on stability
and security goals by highlighting two points: (i) that delaying ambitious climate
and ecological protection and pollution action will magnify economic, human, and
ecological insecurity and (ii) that supporting the transition to green development can
enhance energy, food, human well-being, and other key security goals.

The key conclusion of CCICED’s 2022 research work is that green develop-
ment complements and reinforces key stability and security goals. Stability does
not mean relying on business-as-usual approaches to energy, food, or other security
goals. Instead, enhancing stability and security in the face of global ecological and
other shocks means deploying smart, innovative, and adaptive policies that bolster
resilience. Four areas of CCICED’s work—energy security, food security, climate
security, and financial stability—are explored briefly below.

Energy Security: Energy is on the front lines of security and stability objectives.
Since the second quarter of 2021, global oil and gas prices have surged, driven by
chaotic swings in energy markets.! Global coal markets, valued at over USD 1 trillion
in early 2021, have risen sharply. In turn, this price volatility contributed to interim
supply shortages in China in late 2021.

! First-quarter energy prices were described as bedlam. Newcastle coal future prices rose from
roughly USD 82 per ton in mid-2021, to more than USD 400/ton in early March 2022, before
declining to USD 350/ton in the early spring. Crude oil future price indexes, which remained
roughly stable throughout much of 2021, have more than doubled by late March 2022. In many
countries, gasoline prices passed a 10-year high during the same period.

Xiii
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At the 2022 Two Sessions Conference, President XI reiterated China’s commit-
ment to reaching carbon peaking and carbon neutrality goals. At the same time, he
underscored the strategic importance of an orderly and predictable energy supply
transition, stating that China “cannot throw away our means of living first, only to
find that our new livelihood has yet to arrive.” Like other countries, China is simulta-
neously expanding older energy sources with which it has significant endowments,
notably coal, while increasing investments in clean, renewable energy. In the case
of coal, researchers at China’s State Grid Corporation estimate that up to 150 GW
of new coal-fired power capacity will be built in the 2021-2025 period, bringing
the total to 1230 GW. China’s fleet of coal-fired electricity stations is the largest in
the world, at over 1000 power plants. Other countries have similarly responded to
energy supply shocks by reverting to fossil fuels. In 2021, global demand for oil and
gas rebounded sharply. By the first quarter of 2022, oil and gas majors posted record
earnings.

This increased reliance on fossils fuels comes as the Intergovernmental Panel
on Climate Change released its Sixth Assessment Report, warning of the escalating
human, ecological, and economic impacts of climate change and warning that the
window to meet the Paris Agreement target of 1.5 °C is closing: ambitious action is
needed by 2030.

The challenge is therefore to leverage the current energy crisis as a means to meet
the twin objectives of energy security and climate security. The European Union’s
(EU’s) response to greater energy self-reliance takes exactly that track: in March
2022, it laid out measures to further accelerate its shift away from imported oil and
gas and toward greater energy independence by rapidly scaling up renewable energy.’

The economics of this link between energy security and renewable energy is clear:
the International Renewable Energy Agency estimates again that renewable energy
is cheaper than most of the fossil fuel alternatives. Markets are responding, although,
as noted, inconsistently. The International Energy Agency estimates that investments
in renewable energy dominated new power generation, accounting for an estimated
70% of the USD 530 billion spent in 2021 in new energy-generation capacity. China
remains the world’s leader in renewable energy and has updated targets both at
home and through the ongoing greening of the Belt and Road Initiative (BRI) to
expand installed renewable energy further. Increased renewable energy can support
key current accounts and balances of payment, particularly given that 75% of China’s
oil use is imported.

Off-the-shelf renewable energy systems like wind, solar, geothermal, and others
are meeting critical energy security criteria, particularly related to affordability, reli-
ability, and accessibility. Mid-term solutions like long-term battery storage, smart
grids, and green hydrogen are becoming increasingly viable and cost-effective. In

2 EU Executive Vice President Frans Timmermans issued this challenge: “Let’s dash into renewable
energy at lightning speed. Renewables are a cheap, clean, and potentially endless source of energy
and instead of funding the fossil fuel industry elsewhere, they create jobs here.”
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turn, clean energy investments are a growing source of employment in high-skilled
manufacturing and services.’

Another pillar of clean energy entails energy efficiency and conservation. The
most effective energy security policy entails avoiding consumption in the first place.
Energy efficiency is a critical pillar of productivity: the smart application of green
technologies can boost the innovation-led productivity, thereby lowering per-unit
energy costs while increasing outputs. The evidence shows that the energy efficiency
can contribute from 25% to as much as 40% of global climate mitigation targets.

Clean energy also complements trade security. Market forecasts expect a steadily
rising proportion of traded green goods and services, from low-carbon industrial
goods like iron, steel, aluminum, and chemicals to consumption-based items like
green tourism and zero deforestation—sustainable soft commodities. These markets
are likely to grow, especially among younger consumers. Underscoring the impor-
tance of consumption-based models, the 2022 report on China by the International
Monetary Fund concludes that China’s structural shift from an investment-led to a
consumption-based economy would bolster economic stability while reducing its
greenhouse gas (GHG) emissions by 15%, based on the current basket of consumer
goods. That reduction could be greater as China expands items like electric vehicles
and other green choices.

Food Security: Recent supply and price volatility have hammered global food
security objectives that lie at the heart of the Sustainable Development Goals. The
April 2022 Food and Agriculture Organization of the United Nations (FAO) Food
Index shows that the global food price index reached a record high, with cereal prices
jumping 17% in one month and vegetable oils rising 23%. The cost of fertilizers in
some countries has increased by 170%. In response, a growing number of countries
as diverse as Sri Lanka, Chile, and South Sudan have all issued domestic food price
warnings. Many more are expected.

Compounding these acute shocks are longer-term, chronic food security risks
linked to climate change and the loss of biodiversity. At the 26th Conference
of the Parties (COP 26), the UN Special Envoy for the Food Systems Summit
warned that without urgent action to increase the resilience of agriculture to climate
shocks, an additional 100 million people in Africa alone will face hunger by 2030.
The most recent 5-year global UN assessment of land degradation* shows rising
losses in soil health and soil fertility vital to food security. Land degradation, in
turn, creates a vicious cycle in which the combined effects of climate change and

3 Renewable energy contributes to common prosperity: in 2021, renewable energy continued to
create new, skilled green jobs: of the roughly 12 million green jobs created globally through renew-
able energy, the largest proportion of that by a large margin was 4.7 million jobs created in China.
As noted, the spinoff-job effects of renewable energy investments are typically higher than for
conventional energy sources.

4 Among the findings of the April 28, 2022, global assessment by the UN Convention to Combat
Desertification is that modern and traditional regenerative agricultural practices deliver multiple
and interconnected benefits, including rural income and poverty alleviation, cost-effective climate
change mitigation, and biodiversity conservation.
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ecosystem degradation amplify extreme flooding and drought, further exacerbating
food insecurity.

Yet there are proven solutions to counter land degradation. The economic case for
investing in sustainable, regenerative land systems suggests that every dollar spent
on soil conservation and regeneration yields between $7 and $30 in benefits. Rather
than being a single point of intervention, regenerative land system approaches entail
comprehensive, systemic bottom-up and top-down approaches that involve produc-
tion, consumption, protection, and restoration practices working in tandem. Science
continues to show the vital importance of working with nature. For example, ongoing
research on complex underground fungi networks shows how nature is connecting
what had previously been assumed to be competing trees and other species, with
underground systems exchanging water, nutrients, and carbon among species across
landscapes. Emerging carbon markets create an additional incentive to protect these
underground networks, which have been dubbed the carbon currency for above-
ground forests and other carbon banks. Moreover, China’s croplands comprise an
estimated 19% of all carbon stocks. In addition to these vital terrestrial carbon stocks,
there are similar ecosystem functions in oceans and the marine environment.

Emerging nature-based solutions are demonstrating concrete ways to support
regenerative landscapes, deliver sustainable food systems, bolster climate resilience,
and support sustainable rural livelihoods.’ Project-based nature-based solutions
complement wider climate adaptation measures needed to bolster food security in
the face of rising drought and flooding affecting large river basin areas. Given that
food production in the Yangtze River basin accounts for nearly half of China’s total
output of rice, oil crops, vegetables, and pork, integrating climate adaptation is vital
to food security goals.

Building sustainable food systems, scaling up nature-based solutions, and inte-
grating climate resilience within integrated water management systems are the focus
of three 2022 CCICED Special Policy Studies. Each underscores the critical impor-
tance of building food security as part of wider human security and well-being,
by which common prosperity goals like advancing equality for women and girls—
including through rural green finance, gender-based trade finance, access to public
health, education, entrepreneurship, and other opportunities—Ilead to more durable,
inclusive, and adaptive outcomes.

Climate Security: In 2021, the number of record-breaking extreme climate events
once again increased. In its State of the Climate 2021 annual report, the UN World
Meteorological Organization estimated that over 4 days in July 2021, Henan Province
recorded record rainfall: more than 200 mm of rain occurred in just one hour,
smashing previous national records. The city of Zhengzhou experienced extreme
flash flooding that led to more than 300 deaths. The flooding of buildings, roads, and
subways resulted in economic losses totaling USD 17.7 billion.

Deadly heat waves also increased in 2021: a recent study published in The Lancet
estimates that heat-wave exposures in China measured per person increased by 4.5

3 The 2022 UNEA-5 meeting marks a key step forward by adopting, for the first time, a multilateral
definition of nature-based solutions.
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days compared with the 19862005 average, leading to an estimated 92% increase in
heat-wave-related deaths, USD 176 million in direct economic losses, and lost work
hours estimated at 1.4% of China’s annual gross domestic product.

Financial Stability: CCICED’s 2022 work underscores the critical role of green
finance as an enabler in implementing high-quality, green development. Growth in
environmental, social, and governance (ESG) financial products continues, back-
stopped by the further elaboration of green taxonomies, green bond eligibility,
innovative private—public partnerships, and new pilots to finance the transition of
companies to meet green financing eligibility. With more green claims, China, like
other jurisdictions, has flagged the importance of transparency, verification, and
accountability.® China joins others in mandating climate risk disclosure in the future.

Carbon markets in 2021 reached an estimated USD 851 billion globally, with
the biggest contributions coming from compliance markets like the EU’s Emissions
Trading Scheme, China’s national carbon market trading, and other carbon pricing
in roughly 60 other jurisdictions. In addition to compliance markets, companies and
others are investing in voluntary carbon markets, which surpassed USD 1 billion in
2021. With the completion of Article 6 of the Paris Rulebook, expectations are that
both public sector compliance carbon markets and voluntary carbon markets will
continue growing.’

The other side of the financial market coin is the growing uncertainty and longer-
term instability associated with carbon investments. In 2020, the Bank for Inter-
national Settlements warned of the growing risk that climate change could trigger
a global financial crisis. The Basel Bank warned that due to escalating and unpre-
dictable or nonlinear climate risks—what is called Green Swan or fat tail risks linked
to physical and transition risks—the current approach of financial actors in antici-
pating risk based on quantitative models and other tools is ill-suited to warn when
risks like stranded assets would occur. Initiatives like the Glasgow Financial Alliance
for Net Zero (GFANZ), in which different subsectors of the financial sector have
pledged net-zero targets, are promising. The focus is on implementing these and
scores of other private sector pledges.

An additional and urgent dimension of financial security involves sovereign debt.
Also, 2022 has seen dangerous debt levels, with an alarming number of both devel-
oping and emerging economies experiencing or facing debt distress or default.
Climate change and the loss of ecosystems are magnifying this debt turbulence:

6 Like other jurisdictions, China has signaled the growing risk of greenwashing—and with good
reason: for example, a recent EU review or “sweep” to weed out greenwashing claims found 37% of
company claims they investigated included vague and misleading statements, while an astonishing
59% of claims were not sufficiently backed up by evidence to support them. In response, the EU
ESMA Securities is proposing new regulations against ESG greenwashing. Other regulators are
considering similar actions. Similarly, MEE has brought to light standard bodies like Sinocarbon
that had unverified carbon claims.

7 The newly established Integrity Council for Voluntary Carbon Markets is a welcome step to ensure
that voluntary carbon market investments in carbon offset credits are of high integrity, meeting
for example the International Union for Conservation of Nature Gold Standards for nature-based
solutions.
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for example, 40% of the world’s most indebted countries are also the most exposed
to climate change impacts. In 2022, CCICED continued to identify options to align
sovereign debt with climate, nature, the Sustainable Development Goals, and other
goals.

The Implementation Challenge: Policy: CCICED’s 2022 work has focused
on opportunities to align carbon-neutral, nature-positive, and equitable options
for energy, food, and other security and stability priorities. Realizing win—win
results is neither automatic nor simple. Instead, win—win outcomes require a high
degree of governance, institutional and administration coordination, competence,
and innovation.

The Glasgow climate and Kunming biodiversity COPs present unique oppor-
tunities for international collaboration. Virtually, all governments have agreed on
common targets, timetables, policy priorities, and sequencing to meet common goals
set out in nationally determined contributions and updated National Biodiversity
Strategies and Action Plans (NBSAPs).

At the same time, the same governments advance contradictory policies, largely
through incoherent policy goals in complex administrative systems. For example,
while making new pledges at Glasgow and Kunming, governments allocated roughly
USD 350 billion in fossil fuel subsidies and roughly USD 500 billion in harmful
agricultural subsidies in 2021 alone.®

It is a complex task to ensure policy coherence within and between public
ministries across different jurisdictions and between market-oriented and regu-
latory approaches, especially when drawing on the evidence of science and the
advice of civil society organizations to meet key climate, nature, and other goals.
Whole-of-government models will become indispensable. In 2021, China estab-
lished the Climate Leaders Group, which is chaired by Vice Premier Han Zheng and
comprised of other senior members, including the ministers of construction, industry,
natural resources, ecology and environment, transportation, commerce, and others.
In February 2022, the Group reaffirmed the need to meet China’s carbon peaking
and carbon neutrality goals while acknowledging the important role of coal and the
need to maintain energy security, food security, supply chain security, and living
standards.

Other countries are implementing government-wide coordination to advance
climate implementation. The United Kingdom’s Climate Action Strategy Cabinet
Committee is chaired by the Prime Minister and other senior-level bodies. British
implementation targets and timetables are measured against a national climate
budget.” In March 2022, Canada released its updated climate plan, which is

8 Such measures are part of broader government spending, estimated by Business for Nature at
US$ 1.8 trillion in 2021, involving subsidies to pollution-intensive industries like coal, oil, gas as
well as agriculture and other sectors.

9 The UK carbon budget (December 2020) calculates the emissions reductions needed to meet net-
zero targets, recommending a 78% reduction in UK territorial emissions between 1990 and 2035,
as well as the specific climate actions needed to meet that target. These include mandating that all
new cars and vans and all boiler replacements in homes and other buildings be low carbon by 2030,
largely based on electricity, which should be zero carbon by 2035, with offshore wind becoming
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comprised of 79 distinct implementation plans across multiple federal ministries
that will need to partner with provinces, Indigenous communities, the private sector,
and civil society. Other jurisdictions, such as the EU, the U.S. federal government,
France, Germany, Denmark, and others, have all set out whole-of-government climate
plans.

While each jurisdiction has its own distinct administrative design, common
elements related to a new generation of green industrial policy explored in the
CCICED Special Policy Study on green trade emphasize the success of innovation-
and technology-based partnerships between the private sector and government. Phase
VII of CCICED will be among the most important of its impressive 30-year history,
in particular, for identifying through evidence, research, case studies, and perhaps
most importantly—through international cooperation, the exchange of views, and the
building of trust—how to design and implement high-quality, green development.

the backbone of the national energy system. Low-carbon hydrogen is recommended to expand in
the same scale that electricity supply is today, by 2050. Other recommendations from the carbon
budget include increased energy efficiency for buildings, a shift in favor of low-carbon diets, a sharp
reduction in waste, increased productivity of farms, and increased forest cover to help remove CO,.
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Chapter 1 ®)
Carbon Dioxide Emissions Peak oo
and Carbon Neutrality Policy Measures

and Implementation Pathways

1 Review of COP26 Negotiation Processes and Trend
Outlook

The importance of global climate change in the international agenda is constantly
increasing. All the countries have reached a basic consensus on actively implementing
international conventions, strengthening climate targets and practical actions, despite
the impact of the pandemic and short-term recovery. Under this background, the 26th
Conference of the Parties to the United Nations Framework Convention on Climate
Change (COP26) was held in Glasgow, UK after a one-year delay, and achieved the
expected results. Through observation, discussion and analysis, this paper conducts
a systematic evaluation on the effectiveness of the COP26, and predicts the trend of
climate negotiations after the COP26. Generally, the COP26 has achieved a balanced
and inclusive package of results thanks to joint efforts of all parties. The conference
marked an end to the six-year negotiation on the implementation rules of the Paris
Agreement. It can be said that the COP26 is another major milestone regarding
global climate governance after the implementation of the Paris Agreement. Mean-
while, the Glasgow Climate Pact consolidated the global consensus on accelerating
climate actions in the next decade, and reached certain breakthrough consensus on
coal reduction, methane control, and halting deforestation. In the post-COP26 era, we
still need to take concrete actions to implement the outcomes of the Paris Agreement
and the Glasgow Climate Pact, create paths to accelerate CO, emission reduction,
and continue to strive for breakthroughs in important issues such as funding, tech-
nology, adaptation, and cooperation, avoid intensifying international conflicts, work
together to properly handle the relationship between energy security, carbon reduc-
tion and development, and promote all the countries to achieve sustainable develop-
ment goals including climate. China will continue to maintain the existing multilateral
mechanisms and processes of climate governance, continue to take concrete actions
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to respond climate change, promote its own comprehensive green transition and
global carbon neutrality cooperation, and contribute constructively to global climate
governance.

1.1 COP26 Was Initiated in the Context of New Development

Due to the impact of the COVID-19 pandemic, the COP26 originally scheduled
in 2020 was postponed to be held in 2021 in Glasgow, UK. The outbreak of the
pandemic has triggered a profound reflection in the international community, which
has deepened people’s understanding of non-traditional security issues. On August
9, 2021, the IPCC released the report from the first working group for the sixth
assessment report (AR6). The observation data showed that the average tempera-
ture rise during the period from 2011 to 2020 was 1.09 °C higher than that before
industrialization (1850-1900). In the coming decades, climate change in all regions
will further intensify [1]. Although the pandemic has reduced carbon emissions in
multiple countries in the short term, the trend is unsustainable in the long run, and
carbon emissions may rebound after the end of the pandemic [2]. A new global
energy crisis is also hindering a green recovery of post-pandemic economy [3]. In
this context, the COP26 was postponed for one year, which overcame many diffi-
culties and is of special significance, reflecting the basic consensus among countries
in actively implementing international conventions, reinforcing climate targets and
practical actions.

As the first conference of the signatory parties held after the United States returned
to the Paris Agreement, the COP26 attracted great attention from various parties.
It sought to achieve climate targets in four directions, i.e. mitigation, adaptation,
funding and cooperation, specifically: First, the global response to climate change
is still insufficient, and the current total NDCs of all countries are still difficult to
achieve the 2 °C target, not to mention that there is still a gap in performance [4];
Second, the issue of adaptation has attracted more and more attention. Developing
countries are very concerned about the construction of adaptation infrastructure. It
is also very important to improve the collaborative governance of biodiversity and
climate change proposed in the Kunming Declaration; Third, the climate governance
capacity building is still insufficient, especially the widely criticized climate funding
commitment still faces a large gap; and Fourth, the negotiation on the implementation
rules of the Paris Agreement has not yet been completed, and it needs to be advanced
as soon as possible so that the Paris Agreement can be fully implemented. At this
conference, the organizer conducted a lot of pre-conference communication, and set
the core goals and agenda of the negotiation around the above four issues. It can
be said that the COP26 has properly set topics for discussion in key areas of global
climate governance, and promoted significant progress in various fields during the
conference.
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1.2 Progresses and Outcomes at the COP26

The conference of the signatory parties under the United Nations Framework Conven-
tion on Climate Change is an important link in the global climate governance mech-
anism. Before the COP26, the host country made great efforts to promote relevant
subjects to reach a consensus on key issues of global climate governance through a
lot of communication, laying the foundation for the effective convening of the confer-
ence.! During the process of the COP26, the organizer actively created opportunities
and built a platform by setting topics for discussion, etc., so that multiple stakeholders
could fully discuss specific topics, and finally achieved a series of results on the issues
like coal exit, deforestation reduction, and methane emission reduction. As stated in
the COP26 WORLD LEADERS SUMMIT—PRESIDENCY SUMMARY, COP26
launched a decade of accelerated climate action to ensure that the Paris Agreement
works, and progress is made in key areas.

1.2.1 The COP2 Developed Issues Through a Lot of Pre-conference
Communication, and Drew on the Experience of the Paris
Agreement in Promoting International Cooperation, Laying
the Foundation for the Formation of a Consensus

Before the COP26 was held, all stakeholders had conducted close consultations on
a number of issues of their own concern. For example, China, the United States,
and the EU had close bilateral climate consultations before and during the COP26
to enhance their respective positions and understandings on the key issues of global
climate governance, which facilitated the formation of a consensus. Based on the
extensive pre-conference communication, the host country finally set a series of
ambitious goals in four major aspects, including: To ensure the global net zero by
2050is achieved and the global temperature rise is controlled within 1.5 °C during this
century by means of coal exit, deforestation reduction, accelerating the development
of electric vehicles, and promoting investment in renewable energy, etc.; to adapt
to protective communities and natural habitats, by means of ecosystem protection
and restoration, adaptation investments, etc.; to fully mobilize funds to ensure that
developed countries realize the $100 billion commitment in climate finance, and
promote the active participation of international financial institutions in the global
climate process; and to make efforts together for the climate governance targets,
including the co-preparation and finalization of the Paris Rules, as well as multi-
agency action and cooperation.

' COP26 President concludes constructive discussions with China on climate action, https://www.
gov.uk/government/news/cop26-president-concludes-constructive-discussions-with-china-on-cli
mate-action.
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1.2.2 The COP26 Adhered to the Goals, Principles and Policy
Orientation of the Paris Agreement, and Achieved a Balance
Between Ambitious Goals and Practical Actions, Laying a System
and Capacity Foundation for Subsequent Global Climate
Governance

The COP26 is another important milestone in global climate governance after the
implementation of the Paris Agreement. In the conference, certain consensus and
progresses were achieved in all aspects including mitigation, adaptation, funding,
technology transfer and capacity building. Before the COP26, 156 countries proposed
or updated NDC goals based on their national conditions, of which 93 countries
proposed more ambitious emission reduction goals. During the COP26, Thailand,
Israel, Vietnam, Nigeria, India and other countries proposed carbon neutrality goals.
The Glasgow Climate Pact reiterated that the global temperature rise should be
controlled within 2 °C, with 1.5 °C as a striving goal, emphasizing that the realiza-
tion of the 1.5 °C target requires intensified efforts to reduce emissions. All countries
have joined hands to initiate a decade of accelerated climate actions, and “actions
speak louder than words” has become a major trend, which involves boosting ambi-
tion, expanding funding, strengthening public—private cooperation, and conducting
a global inventory. The COP26 marked an end to the six-year negotiation on
the implementation rules of the Paris Agreement, and the issues including Arti-
cles 6 and 13 of the Implementation Rules have formed pragmatic and balanced
results. Specifically, the construction framework of the global carbon market was
established; it was determined that 5% revenue share would be levied in the transac-
tions under Article 6.4 and transferred to the adaptation fund, and repeated counting
should be avoided; the transition mechanism for the clean development mechanism
was confirmed, and the system frame to enhance the transparency under Article 13
was determined.

1.2.3 COP26 Finally Reached a Breakthrough Consensus on Key
Issues of Concern to Several Parties, and Determined a Series
of New Orientations for the Global Response to Climate Change,
Such as Emission Reduction Goals, Coal Exit, Stop
of Deforestation, Methane, Climate Finance, Etc.

The Glasgow Climate Pact emphasized that the realization of the 1.5 °C target
requires the global CO, emission is reduced by 45% by 2030 compared with the
2010 level; confirmed the global inventory starts in 2022; proposed that the unabated
coal-fired power should be gradually reduced for the first time; required the coal-
fired power plants without carbon reduction facilities should be reduced, and the
inefficient fossil fuel subsidies should be eliminated. Although there is a risk of
failure again, it still proposed a more ambitious climate funding target, requiring
that the deliberation on the new quantitative funding targets after 2025 should be
completed in 2024 and urging the doubling of the adaptation funds provided to
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developing countries in 2025 on the basis of that in 2019; decided to establish and
immediately initiate the Glasgow—Sharm el-Sheikh Two-year Work Program on the
Global Goal on Adaptation; decided to start the San Diego Network as early as
possible, to provide developing countries with technical assistance in their response
to and mitigation of loss and damage; and also decided to carry out the Glasgow
Dialogue on the financial mechanism of loss and damage. In addition to the Glasgow
Climate Pact, 23 countries pledged to stop using coal for the first time in the Global
Coal to Clean Power Transition Statement. More than 120 countries signed the
Glasgow Leaders’ Declaration on Forests and Land Use, with the goal of halting
and reversing forest loss and land degradation by 2030, providing funding and making
75% of forest commodity supply chains sustainable. More than 100 countries signed
the Global Methane Pledge, committing to reduce methane emissions by 30% by
2030. China did not sign the pledge but it proposed to carry out methane emission
reduction work in the U.S.-China Joint Glasgow Declaration on Enhancing Climate
Action in the 2020s.

1.2.4 The Conference Created Opportunities for Multiple Relevant
Subjects to Actively Participate in Relevant Issues,
and Effectively Promoted the Participation of Stakeholders
and Actors in Global Governance

Before and during the COP26, a large number of business entities, industry associa-
tions, banking institutions and other non-governmental subjects and actors actively
participated in the discussions on carbon reduction governance in relevant industries,
and finally created conditions for the formation of a consensus on carbon reduction
goals in the industry. Through the COP26, a consensus was finally reached on carbon
reduction in several key industries, including that it proposed the net zero will be
achieved in the cars and vans that are sold in the leading markets by 2035 and newly-
sold across the world by 2040, in the Declaration on Accelerating the Transition to
100% Zero Emission Cars and Vans. A similar memorandum of understanding was
signed for medium and heavy-duty vehicles, which proposed the proportion of sold
net-zero emissions vehicles should reach 30% by 2030 and reach 100% by 2040.
At the COP26, the International Aviation Climate Ambition Coalition composed of
23 countries including the United Kingdom, the United States, and France proposed
in the International Aviation Climate Declaration in which they committed that
the aviation industry will achieve net-zero carbon dioxide emissions by 2050. In a
joint statement on the Nature, People and Planet, the multilateral development banks
committed to achieve mainstreaming of nature issues in terms of policy, analysis,
assessment, advice, investment and business.

As we see, the COP26 set a series of governance issues to respond to the concerns
of multiple subjects, and progresses have been made in addressing key issues such
as mitigation, adaptation, funding, technology, and capacity building involved in
the Paris Agreement. Before and during the conference, it created conditions and
opportunities for relevant subjects under different issues to participate in climate
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governance, and promoted full discussion and the formation of a consensus on the
issues, by means of the theme day, leaders summit, ministerial meeting, negotia-
tion and consultation, etc. Ultimately, a series of climate governance mechanisms
were formed through the conference, including: the negotiation on the implemen-
tation rules of the Paris Agreement which was completed before the COP26 was
completed; the coal reduction was mentioned for the first time, ensuring that it is still
possible to achieve the 1.5 °C temperature rise target. It further clarified the guarantee
mechanisms such as global inventory and transparency, and strengthened the scope
and degree of existing climate governance [5]. It can be said that the COP26 has
successfully maintained and implemented the basic principles and goals of the Paris
Agreement, continued the effectiveness of the UNFCCC-based multilateral gover-
nance system to tackle climate change, and promoted the process of global climate
governance. Therefore, we can say that the COP26 is another major milestone in the
global climate governance after the Paris Agreement was signed.

1.3 Post-COP26 Trends and Prospects

The COVID-19 pandemic is still raging, and the international geopolitical envi-
ronment gets more complex and even deteriorating, but climate change gradually
affects the entire socio-economic system, and our climate governance requires more
tenacious global system thinking and transformation [6]. The COP26 effectively
promoted the formation of a consensus among all countries, but there are still a lot of
differences and problems that need concerted efforts of all countries. For example,
there is lack of full implementation of specific actions, the cooperation on the “hardest
nut” is still insufficient, addressing climate change may even exacerbate conflicts, all
countries have not yet gotten rid of their dependence on fossil energy, the energy secu-
rity and energy poverty coexist, and the collaboration between addressing climate
change and actions in other areas is still insufficient. Therefore, all countries should
adopt a practical attitude to reach a constructive consensus and take concrete actions
on the issues mentioned above.

1.3.1 Taking Concrete Actions to Actively Respond to the Climate
Crisis Should Become the Mainstream, and It Is an Urgent
for Multiple Subjects to Actively and Systematically Participate
in Climate Governance

Boosting climate ambitions is important, but actions are far more valuable than goals
[7]. All countries should have an open attitude to extensively discuss diverse issues
such as boosting global climate ambitions, non-CO, gas governance and climate
collaborative governance. However, actions speak louder than words, it is urgent
for all countries to take concrete actions to achieve the goals of the Paris Agree-
ment [8]. Especially, developed countries need to realize climate action goals and
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implement climate finance commitments to avoid failure again [9]. At the same
time, they should also avoid uncertainty about the rule of law to address climate
change. Concrete actions are inseparable from the active participation of all sectors
of society and diverse subjects. All countries need to mobilize the enthusiasm of
multiple subjects to participate in climate governance based on their national condi-
tions to establish a green production and consumption system, actively explore the
best practices for promoting the active participation of multiple subjects in economic
and social transition, and provide experience and reference for developing countries
to address climate change.

1.3.2 Global Climate Cooperation Should Strive to Make Positive
Progresses in the Implementation Pathway for Addressing
Climate Change and Core Emission Reduction Issues

The agenda in future climate cooperation should not bypass any difficulty, and the
cooperation should focus on key issues and critical links. Firstly, in the current climate
cooperation, two pairs of ease and difficulty relationships have appeared: Firstly, it
is difficult for all interested parties to reach a consensus on the implementation path
and specific actions to address climate change, including funding, technology, etc.,
while they intend more to reach a consensus on ambitions to address climate change;
Secondly, it is difficult to form a consensus on the core CO;, emission reduction in
addressing climate change, and all the parties prefer to reach a consensus on non-
CO; reduction such as methane emission reduction and curbing deforestation; and,
Thirdly, if the manufacturing powers represented by China restrict the development
of energy-intensive industries and their products in order to reduce emissions, then
a huge challenge that the world will face is how to meet the demand for relevant
products, as well as how and who to invest in the production utilizing more advanced,
energy-saving and low-cost technologies. It must be acknowledged that all relevant
issues will make great contributions to addressing climate change. However, it will
be difficult to form effective climate governance by only boosting ambition without
clear implementation path, and only promoting the non-CO, emission reduction
issues without actually tackling CO, emission reduction. Therefore, all parties should
strengthen communication and cooperation on the “hardest nut” issues.

1.3.3 The International Cooperation and Competition Should Not
Jeopardize the Response to Climate Change, and the Specific
Implementation of Carbon Pricing and Funding Mechanisms
Should Avoid Exacerbating International Conflicts

Climate change has always been a major threat to human survival, and the confronta-
tion in the international political and economic situation is intensifying. Promoting
international political and economic cooperation is indeed beneficial to combating
climate change [10]. All countries should take responsible actions, strengthen
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communication and cooperation to avoid misjudgment, and ensure that both competi-
tion and cooperation can benefit rather than harm response to climate change. During
the process of building a global carbon pricing mechanism, the differences in national
conditions of different countries should be fully respected, and carbon pricing and
funding mechanisms should be set up with the goal of driving the green and low-
carbon structural transformation of the trade and financial systems, rather than setting
up green barriers. A one-size-fits-all approach to carbon pricing, financial mecha-
nisms, and product standards is prone to harm the interests of developing countries
and their willingness and ability to engage in addressing climate change [11]. All
countries should work together to strengthen the connection of carbon pricing and
financial mechanism changes, and carry out the mechanism design. We should take
into account the differences between countries in transition, avoid more conflicts and
uncertainties, and avoid undermining international cooperation on climate change.

1.3.4 Although Different Countries Are at Different Energy Transition
Stages, All Countries Should Make Joint Efforts to Properly
Handle the Relationship Between Energy Security, Carbon
Reduction and Development

The schedules and paths of low-carbon energy transition in different countries are not
exactly the same due to their different development stages and resource endowments
[12]. What’s doubtless is that the process of low-carbon energy transition will not be
a smooth sailing no matter for developed countries or for developing countries. The
new round of global energy crisis that began in the first half of 2021, and the soaring
prices of fossil energies represented by natural gas and coal, may significantly affect
the policy path selection of governments in terms of energy security and addressing
climate change [13, 14], which has brought new uncertainties to the global low-
carbon energy transition and fully demonstrated the arduousness and complexity of
the low-carbon energy transition. There may be national conditions-based differences
in the transition stages and paths of different countries, but taking into account energy
security, carbon reduction and development is the common challenge faced by them,
so their solutions and technical routes may be used for mutual reference. Successful
coal exit needs new development models and policy measures in addition to a lot
of efforts [15, 16], and European and American countries need to synchronously
solve the problems of oil and gas exit. Developed countries have the responsibility
to work with developing countries to explore the energy decarbonization of coal and
gas exit, so as to create space for global response to climate change and in-depth
climate cooperation [17].
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1.3.5 Enhance the Capacity to Adapt to Climate Change
and Strengthen Synergistic Governance in Multiple Areas
Including Climate Change and Biodiversity

With the increase of the risks from climate change, the necessity for all countries to
work together to strengthen the adaptive ability is increasing as well. They should try
to achieve a balance between mitigation and adaptation. A problem which is certainly
encountered during the improvement of the adaptive ability is funds. At the COP26,
the developed countries enhanced their ambitions in terms of fund support, but which
are most likely to fail once more and affect the overall situation of global climate
governance. On the issue of climate funding, developing countries are increasingly
demanding to increase the proportion of adaptation in climate funds [18]. At the
COP26, discussions on the related topics such as curbing deforestation, sustainable
supply chain, and biodiversity protection were added, which promoted the collabo-
ration of topics in multiple fields. An important direction of the multilateral process
of climate and environment in the future is to promote positive progress in sustain-
able development goals including climate, and we look forward to strengthening the
discussion on the collaborative governance of climate change in the second session
of CBD COP15. The COP27 will be held by Egypt, a developing country. Then, the
issues such as adaptation to climate change and reduction of losses and damage will
become the focus of discussion. Sharm El Sheikh is also the host of CBD COP14,
and it may be a meeting place for the collaborative governance of biodiversity and
response to climate change. Therefore, a greater progress on this aspect is expected
during the COP27.

1.4 China Will Actively Maintain and Participate in Global
Climate Governance Through Concrete Actions

As President Xi Jinping stressed in his written address to the COP26 World Leaders
Summit, “successful governance relies on solid action”. China believes that the global
response to climate change requires actions rather than words. China has incorporated
the dual-carbon goal into the Five-Sphere Integrated Plan, and will make unswerving
efforts to achieve the dual-carbon goal and promote its own comprehensive green
transition. Before the COP26, China successively issued the Working Guidance for
Carbon Dioxide Peaking and Carbon Neutrality in Full and Faithful Implementation
of the New Development Philosophy,* the Action Plan for Carbon Dioxide Peak
Before 2030, and the white paper with the title of China’s Policies and Actions for

2 Full Text: Working Guidance for Carbon Dioxide Peaking and Carbon Neutrality in Full and
Faithful Implementation of the New Development Philosophy, http://english.www.gov.cn/policies/
latestreleases/202110/25/content_WS61760047c6d0df57f98e3c21.html.

3 Full Text: Action Plan for Carbon Dioxide Peaking Before 2030, http://english.www.gov.cn/pol
icies/latestreleases/202110/27/content_ WS6178a47ec6d0df57f98e3dfb.html.
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Addressing Climate Change, and submitted the China’s Achievements, New Goals
and New Measures for Nationally Determined Contributions and the China’s Mid-
Century Long-Term Low Greenhouse Gas Emission Development Strategy, which
clarified the general idea and roadmap for achieving carbon emission peak by 2030
and achieving carbon neutrality by 2060 [19]. At present, China is stepping up the
improvement of the 1 4+ N policy system involving carbon emission peaking and
carbon neutrality, so that it will finally become a two-stage policy and measure
system for various fields and industries, covering the whole country and local areas.
The 1 + N policy system will provide all-round support for realization of China’s
dual carbon goals, paths and policies, and ultimately form China’s carbon peak and
carbon neutral solutions [20, 21].

China firmly supports and maintains multilateral mechanisms and processes of
climate governance, attaches great importance to working with the international
community to address the global climate crisis, and promotes global carbon neutrality
cooperation. It carried out close consultations with the UNFCCC secretariat, the
UK (presidency), the United States and Europe and other parties before and during
the conference. China, as always, supports and maintains the UNFCCC and the
Paris Agreement, adheres to the goals, principles and policy orientation of the Paris
Agreement, achieves a balance between ambitious goals and practical actions, and is
willing to play an active role and adopt a systematic approach in coping with climate
change. Besides, China has committed not to build any new overseas coal-fired power
project, and vigorously supports the green and low-carbon development of energies
in developing countries. In the future, China will actively carry out green BRI and
South-South cooperation to help developing countries respond to climate change.

China attaches great importance to inheriting the successful experience of the
Paris Agreement, and promotes the process of multilateral governance through bilat-
eral cooperation. The bilateral climate cooperation between China and the United
States has made a breakthrough in Glasgow. China and the United States conducted
intensive climate talks and communication in 2021, which laid the foundation for the
release of the U.S.-China Joint Glasgow Declaration on Enhancing Climate Action
in the 2020s during the COP26. On the basis of the Joint Statement Addressing the
Climate Crisis of April 17th, 2021, China and the United States reached a major
consensus in four aspects: strengthening actions, cooperating to promote the success
of the COP26, actively implementing the joint statement, and establishing “a working
group on enhancing climate action”. The two sides signed the U.S.-China Joint
Glasgow Declaration on Enhancing Climate Action in the 2020s, which will accel-
erate the implementation of China-US climate cooperation and facilitate the forma-
tion of a consensus on the Glasgow Climate Pact. China will continue to actively
carry out climate cooperation dialogues with Europe, the United States and other
economies through bilateral mechanisms and achieve a series of positive results.

China will continue to develop the benefits of collaborative climate governance
and promote the combination of climate governance with other issues. China attaches
great importance to the combination of climate change and economic and social
system transition, accelerates the formation of industrial structures, production
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methods, lifestyles, and spatial patterns that are conducive to resource conserva-
tion and environmental protection, and promotes a comprehensive green transition
of economic and social development while adhering to the collaborative promo-
tion of carbon reduction, pollution decreasing, green expansion, and growth. The
collaborative governance of climate and environment is also a key task, and we will
continue to promote the synergy of pollution decreasing and carbon reduction. Mean-
while, we will also focus on the combination of climate and biodiversity governance,
and support the promotion of the second session of COP15 to achieve collaborative
benefits in addressing climate change.

2 Path and Policy Security for Green
and Low-Carbon-Oriented Energy Transition Under
the New Situation

The success of the COP26 has boosted global confidence in climate governance.
The energy transition to green and low-carbon should have heated up rapidly in
2021, but it is facing severe challenges instead, due to the impact of a new round of
global energy crisis. In 2021, the global energy market fluctuated violently, and the
sharp rise in traditional energy prices triggered a new round of global energy crisis,
which is further intensified by the geopolitical conflict between Russia and Ukraine
in 2022. As the result, the energy security of multiple countries has been seriously
threatened, and the process of global economic recovery and green transition of
energy are also facing huge obstacles. Under the new situation with coexistence
of crisis and transition, how can the global green and low-carbon-oriented energy
transition continue to advance in an orderly manner on the premise that the energy
security is ensured? This chapter will analyze the causes of this round of global
energy crisis, analyze the trend of energy transition in the future, and put forward
suggestions for China to orderly promote green and low-carbon energy transition in
the next step.

2.1 Analysis on the Causes of the New Round of Energy
Crisis and Judgment on the Development Situation

2.1.1 The Energy Crisis Started in Europe, and the Economic
Development and Social Security of Multiple Countries Have
Been Adversely Affected Greatly

In 2021, the prices of the world’s three major traditional energies i.e. natural gas,
coal and oil rose rapidly, and the energy crisis started in Europe and eventually
spread across the world. Since the beginning of 2021, the price of natural gas in
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Fig. 1 Global representative prices of natural gas, coal and oil in 2021. Source of Data investing.
com

Europe has shown a trend of rapid rise, and continued to break through record highs,
triggering the European energy crisis. With the future price of Dutch TTF natural
gas as an example, the lowest and highest prices of TTF futures during the whole
year of 2021 were 15.485 euros/MWh on March 3rd and 187.785 euros/MWh on
December 21st, respectively, and the difference between the two was about 12.13
times (see Fig. 1). The sharp rise in the price of natural gas stimulated the demands
for its substitutes i.e. coal and oil, which was also reflected in the form of a sharp
rise in prices. During the full year of 2021, there was a difference of about 3.4 times
between the highest and lowest prices for Newcastle coal futures, and 1.715 times
for Brent crude oil futures (see Fig. 1). The sharp rise in the prices of the three
major traditional energies spread across the world along with the global trade chain,
eventually triggering a global energy crisis.

The global energy crisis has had a serious adverse impact on the economic
development and social security of multiple countries. In Europe, since the begin-
ning of 2021, electricity prices in multiple countries has been rising rapidly due to
the impact of natural gas prices, and electricity costs had risen by about 500% by
the end of the year (see Fig. 2). In the industries like metals, fertilizers and foods,
enterprises had to reduce their production significantly, and even got bankrupt due to
severe hit by high electricity costs. The energy commodities are facing an inflation
rate of 23%, nearly 35 million people are involved in energy poverty and their basic
demands for power supply and heating cannot be met; In China, during September
2021, coal-fired power plants suffered serious operating losses due to high domestic
and foreign coal prices, and the sharp decline in thermal coal stock eventually led to
the occurrence of the national “electricity shortage” event, and power rationing has
been implemented in about 20 provinces across the country (see Table 1). According
to statistics, the coal procurement cost of coal-fired power enterprises across the
country increased by about 600 billion yuan in 2021, and the cumulative loss for the
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whole year reached about 80% [22]; In India, influenced by the sharp rise in prices,
the coal stock of domestic coal-fired power plants dropped sharply in October 2021,
and power outages occurred in many areas. According to data from the Central
Electricity Authority of India, 16 of India’s 135 coal-fired power plants had zero
coal data. In addition, more than half of the power plants have the stock for less
than 3 days of operation, and more than 80% of the power plants have a stock for
less than a week’s operation. According to the Global Times, in the first 12 days of
October 2021, India’s electricity supply shortage reached about 750 million kW-h,
and the electricity supply gaps in northern regions such as Rajasthan, Punjab and
Uttar Pradesh, as well as the eastern regions like Jharkhand and Bihar ranged from
2.3t0 14.7%.

2.1.2 Analysis on the Causes of a New Round of Energy Crisis

The Factors Like the COVID-19 Pandemic and Monopoly Have Caused
the Shortage of Traditional Energy Supply, and It Is Difficult to Meet
the Increasing Energy Demands

Affected by factors such as the COVID-19 pandemic and monopoly, the global
traditional energy supply has been limited and continued to tighten. On the one
hand, the COVID-19 pandemic continues its adverse impact on the resumption
of work and production across the world. The traditional energy production is
much lower than the pre-pandemic level although it showed a rebound, and the
coal and oil yields increased by 4.5% and 1.3% year-on-year respectively in 2021
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Table 1 Power rationing in various provinces of China in 2021

Province

Time

Power rationing policies

Jiangsu

September 15

Electricity rationing was implemented in part of areas,
which was tentatively scheduled for 15 days. Power was
cut for industrial use, but available for domestic use. Air
conditioners in offices were not allowed to operate, and
street lights were halved to be on at night

September 19

Enterprises were subject to power cuts and production
limits by levels. 1096 companies followed the “two days
enabled and two days disabled in a week” policy and 143
companies were completely closed down

Guangdong

September 16

The five-level orderly electricity consumption based on the
“two days enabled and five days disabled in a week” was
implemented, and the security load on off-peak days was
kept below 15% of the total load

September 26

It was recommended that the air-conditioning cooling
temperature should not be lower than 26 °C, and the
elevators should not be used for the floors below the 3rd
floor in the office buildings

Shandong

September 15

Rizhao City issued an emergency warning of a large power
supply gap that could last until the end of September

September 13

Zaozhuang City issued a notice, with priority to demand
response, meeting the basic requirement for orderly power
supply

September 12—18

The power rationing policy of the Zibo plant was
continuously upgraded, and the power rationing schedule
was finally adjusted to be the periods of 16:00-20:00 and
7:30-24:00

Shanxi

September 13

The “two-height” projects that were put into production in
the year was subject to production limit by 60% of the
previous month’s output. Other “two-height” enterprises
were required to reduce the operating load of the
production line, shut down the submerged arc furnace, and
ensure that the production limit would reach 50% in
September, and the covered period was from September to
December

Guangxi

September

From September, the monthly electricity load of
electrolytic aluminum enterprises was reduced by 35% for
the whole period on the basis of the average monthly
electricity load from January to June. Industrial and
commercial enterprises were required to use electricity in
an orderly manner and take the initiative to stagger the
electricity consumption and avoid peaks

(continued)
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Table 1 (continued)
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Province

Time

Power rationing policies

Yunnan

September 11

The production control on key industries was strengthened,
and the production limits involved the industries like steel,
cement, electrolytic aluminum, and coal-fired power
generation, and it was ensured that the average monthly
output of green aluminum enterprises from September to
December was not higher than the output in August

Guizhou

September 10

According to the power gap scale of the province, the early
warning was made by 4 levels, and the corresponding level
of response was activated. Unlike the power rationing and
production limits implemented by other provinces due to
the dual control of energy consumption, Guizhou Province
took an early warning measure based on the possible
shortage of power resources

Inner Mongolia

August 31

It was recommended to limit the electricity load by
implementing an orderly electricity consumption plan in
the period from August to December

Xinjiang

August 25

Changji State strictly controls the production capacity and
outputs of electrolytic aluminum enterprises. From August,
the total monthly output of the five enterprises in the region
should not exceed 238,000 tons

Qinghai

August 20

Part of the electrolytic aluminum enterprises received a
power cut warning notice from the State Grid Xining
Branch, which mentioned that the enterprises should get
ready for orderly power consumption in advance, but the
notice didn’t involve the specific power rationing schedule
and plan

Ningxia

July 12

The production of high energy consuming industries such
as cement, calcium carbide and titanium alloy were
suspended for one month

Sichuan

August 5

Non-essential production, lighting, office electricity loads
were suspended

Henan

August 9

Part of the processing enterprises were implemented with
power rationing for more than three weeks. Some
aluminum processing enterprises in Zhengzhou and
Luoyang were notified of power cuts. Large industrial
enterprises were subject to power rationing by 50%,
depending on actual situations, and all industrial
enterprises with the capacity below 10 kV stopped
production

Chongging

September 26

The plan of orderly power consumption was implemented
across the city to respond to the reduction of power load

Liaoning

September 10-22

A total of 6 rounds of Level III (load gap: 5-10%) and 3
rounds of level IV (load gap: 5% and below) orderly
electricity consumption measures were implemented, and
the coverage was limited to part of industrial enterprises

(continued)
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Table 1 (continued)

Province

Time

Power rationing policies

September 23-25

The power supply gap was increased to a serious level. To
prevent the entire grid from collapsing, the “power
rationing to avoid accident shutdown of the power grid”
was implemented, and the coverage was extended to
residents and enterprises that are not subject to orderly
electricity consumption measures

September 26

The Provincial Department of Industry and Information
Technology held a meeting on the power security work of
the province, requiring minimizing the possibility of power
cuts

Heilongjiang

September 24

Since September 10, the orderly electricity consumption
would be implemented simultaneously in Liaoning, Jilin
and Eastern Mongolia. Some enterprises’ failure to follow
the above electricity consumption policy caused the urgent
power rationing on September 23. The relevant authority
made explicit requirements, and any individual or
enterprise’s refusal to follow the policy would be held
accountable

September 26

Except for the Central Street business district, Qiulin
business district and all fresh food supermarkets, all
commercial enterprises in the city should subject to the
oft-peak power consumption policy and close their stores
from 16:00 every day

Jilin

September 23

According to the order of the Northeast Power Grid, power
rationing was implemented at 16:37, which covered nine
urban areas in the province, and part of the users in
Yanbian Area were subject to power cuts

September 26

Jilin Xinbei Water Affairs Co., Ltd. issued an
announcement that power rationing would be implemented
in the irregular and unscheduled form, without prior notice;
this situation would continue until March 2022, and power
and water outages would become normal. On September
27, the company made an apology and said that there was
“improper wording and inaccurate content” in the
announcement

Hunan

September 22

An orange warning was issued for the security of Hunan
Power Grid, and the electricity load was controlled below
26 million kW

Anhui

September 22

The orderly electricity consumption plan was implemented
across the province, high-energy-consuming and
high-emission enterprises were first arranged to follow the
oft-peak power consumption policy, and the landscape
lighting and lighting projects were taken the initiative to
shut down

(continued)
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Table 1 (continued)

Province Time Power rationing policies

Zhejiang September 21 High-energy-consuming enterprises such as printing and
dyeing plants, sewage treatment plants, and chemical
plants would be closed down from September 21 to 30, and
related enterprises in Keqiao District, Shaoxing City,
where printing and textile enterprises gather, would halt
production

Source of Data Provincial development and reform commissions, energy bureaus, power grid
companies and other government and enterprise institutions

[23]*; On the other hand, monopoly organizations strictly control the supply of
traditional energies in order to protect their own monopoly interests. With oil
as an example, OPEC+, the world’s largest oil monopoly, has maintained a prudent
production increase plan of 400,000 barrels per day under the situation that the global
oil supply is in shortage of 2021, which is to control the international oil price within
a reasonable price range that can maintain common interests of the entire alliance.

The limited supply of traditional energies and the continuous growth of
demands form a stark contradiction, and the global energy supply and demand
is significantly unbalanced. In 2021, the global demands for natural gas, coal, and
oil increased by 3.2%, 4.5%, and 6% year-on-year, respectively [3]. Except for oil,
the demands for coal and natural gas were higher than the pre-COVID-19 level.
There was a sharp contradiction between the rising demand of traditional energy
and the continuous tightening of traditional energy supply. The gap of traditional
energy supply was gradually widening, the balance of energy supply and demand
was broken, and the energy situation in short supply was presented by the rapid rise
in prices, which eventually led to a new round of global energy crisis.

The Economic Stimulus Policies Implemented by Major Economies Have
Triggered Global Inflation and Exacerbated Sharp Rises in Energy Prices

The United States and other major economies implemented economic stim-
ulus policies, which prompted a large amount of currency to enter the market,
causing domestic inflation. In 2021, the world’s major economies led by the United
States promulgated a series of economic stimulus policies in order to counteract the
downward pressure on the economy and achieve post-pandemic economic recovery.
Of such policies, the Federal Reserve’s unlimited quantitative easing monetary policy,
and Biden’s various economic stimulus acts are the most representative, the total
expenditure of which reached trillions of dollars. This directly led to the over-issue
of the dollar currency, and a large number of dollars entered the domestic market
of the United States, driving up consumer demand. However, due to the limited

4 OGI: The global oil production rose 1.3% in 2021. https://new.qq.com/omn/20220216/202202
16A0965W00.html.
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recovery of the domestic industrial chain and the shortage of labor in the United
States, its productivity could not meet the rising consumer demands, thus resulting
in the intensified contradiction between supply and demand in the market, pushing
up the terminal consumer price, and ultimately causing domestic inflation.

The domestic inflation of the Unites States spreads globally due to its global
currency characteristic, fueling further sharp rise in energy prices. Because of
the dominance of the US dollar in the international currency, a large amount of funds
in the US domestic market would flow to the world market in search of investment
returns, resulting in the flood of US dollar liquidity. Similarly, the entry of a large
number of U.S. dollars into the international market has pushed up global consumer
demands, and due to the continued adverse impact of the COVID-19 pandemic,
the repair progress of the global industrial chain was significantly lagged behind
the growth rate of demands, and the mismatch between supply and demand caused
global inflation, which was manifested in the rise of prices of terminal products, and
energy prices would naturally face a sharp rise due to its commodity attributes.

The Renewable Energy Power Generation Failed to Reach the Expected
Level Due to Extreme Weather, and It Is Difficult to Meet the Rapidly
Increasing Power Demand

Extreme weather may have certain adverse impacts on renewable energy gener-
ation, resulting in a lower-than-expected generation capacity. In 2021, as the
occurrence frequency of extreme weather such as ultra-high pressure weather and
drought was significantly higher than that in previous years, the output of renew-
able energy power generation declined and failed to reach the expected level, with
hydropower and wind power being the most representative ones. In 2021, the global
hydropower generation capacity remained at 2020 levels, ending the growth since
2001, which was mainly due to significant declines in countries such as Brazil, the
United States, China and Turkey caused by drought. Affected by ultra-high pres-
sure weather in Europe, the overall wind force was obviously insufficient in 2021,
and the EU’s annual wind power generation fell by 3% year-on-year, which was
the first decline in the past three decades. According to the International Energy
Agency (IEA), if there were no extreme weather in 2021, the global renewable
energy generation capacity will increase by nearly 9% year-on-year [24].

Under the impact of extreme weather, the supply of renewable energy main-
tains a relatively high growth rate, but the global power demand grows more
rapidly, and the contradiction between power supply and demand is sharp. In
2021, the global renewable energy generation capacity increased by 6% year-on-
year, 500 TWh higher than that in 2020, creating a record high [24, 25]. However,
the global electricity demand was growing at an even higher rate, with an increase of
1538 TWh compared to that in 2020, more than three times the increase in renewable
energy generation capacity [3]. Therefore, the renewable energy power generation
capacity was difficult to meet the rapidly-rising demand for electricity, which resulted
in the gradual intensification of the contradiction between global power supply and
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demand. The existence of power supply gap stimulated the demand for substitutes
of power generated with traditional energy in various countries. In the context of the
continuous tightening of traditional energy production capacity, the situation with
traditional energy in short supply and prices sharply rising gradually emerged, and
the pressure on energy use in countries around the world has gradually intensified,
eventually triggering a global energy crisis.

2.1.3 The Impact of the Russia-Ukraine Conflict on the Future Global
Energy Pattern

On February 24, 2022, Russian President Vladimir Putin announced the launch of
a “special military operation” against the Donbas region of Ukraine. The military
conflict between Russia and Ukraine officially broke out. European and American
countries successively imposed sanctions on Russia in terms of energy and finance.
As an important energy exporter, Russia plays a pivotal role in global energy supply,
especially for Europe. For a long time, about 35% and 25% of Europe’s natural
gas and oil imports respectively are from Russia (see Figs. 3 and 4). Therefore, the
outbreak of the Russia-Ukraine conflict will trigger turmoil in the global energy
market, which will have a considerable impact on the global energy supply situation
and the future global energy pattern.

In the short term, the Russia-Ukraine conflict has further pushed up energy
prices, especially oil and gas prices. However, it is a matter of caution whether
they will continue to rise, thus exacerbating the global energy crisis. The prices
of Brent and New York crude futures both broke through the US$100/barrel mark on
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February 24, the day the conflict erupted, creating a record high and further rising on
that basis. There are two reasons for the sharp rise in energy prices triggered by the
Russia-Ukraine conflict: Firstly, Russia is an important exporter in the global energy
market. Sanctions against Russia by the United States, Europe and other countries
have directly or indirectly affected Russia’s supply of global energy, which led to
tight global energy supply and push up prices. Secondly, oil and gas are special
commodities with strategic attributes, closely related to geopolitics. The outbreak of
geopolitical conflict increased the market’s concerns about the production and supply
of oil and gas, which in turn caused a rapid rise in oil and gas prices. However, the high
energy prices caused by the Russia-Ukraine conflict was mainly driven by the market
risk aversion and has limited impact on the output and transportation supply of energy
exporting countries, especially Russia. Therefore, the future trend of energy prices
will be determined by the situation of the Russia-Ukraine conflict. If the situation
continues to ferment, energy prices may continue to go higher; otherwise, energy
prices are likely to peak and fall steadily.

In the long run, the Russia-Ukraine conflict may affect the global climate
process and the energy pattern. Firstly, the Russia-Ukraine conflict may recon-
struct the traditional energy trade pattern. On the one hand, due to the substantial
restrictions imposed by European and American countries on oil and gas imports
from Russia, Russia will look for other export sources for its redundant oil and gas
to replace Europe, and China will be the main potential incremental direction of
Russia’s natural gas exports in the future; on the other hand, in light of the rigid
demand for oil and gas imports in the short term, Europe will look for other import
sources to replace Russia, the oil and gas supply from the Gulf region as well as the
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liquefied natural gas export from the United States, Qatar, etc. will be its stable energy
sources. Secondly, the Russia-Ukraine conflict may accelerate the formation of
a renewable energy pattern. The European Commission’s Energy Independence
Plan, entitled Joint European Action for More affordable, Secure and Sustainable
Energy released on March 8, 2022, fully demonstrated Europe’s determination to get
rid of energy dependence on Russia by accelerating the development of renewable
energy. The Russia-Ukraine conflict is likely to become a catalyst for Europe to accel-
erate the green transition of energy, prompting Europe to accelerate its investment
in renewable energy technologies and enterprises in its own territory, and to accel-
erate the formation of an energy industry chain based on new energy technologies in
Europe, thereby securing its energy future. At that time, the global renewable energy
pattern will be formed in an accelerated way, and the global energy industry chain
structure based on new energy technologies will undergo major changes, and the
core of energy may gradually shift to Europe, making Europe in the leading position
during the process of energy transition.

2.14 Judgment on the Future Trend of Energy Transition

Properly Deal with the Medium and Long-Term Energy Low-Carbon
Transition and the Medium-Term Energy Supply Security

The energy crisis is only a short-term fluctuation in the transition process. Coun-
tries should maintain strategic focus and continue to adhere to the mainstream
trend of green and low-carbon energy transition. At present, the growth rate and
investment level in renewable energy are still not enough to support the achievement
of global climate targets as expected. To promote the realization of the global net-
zero goal by 2050, the renewable electricity generation capacity needs to grow at
an average rate of nearly 12% between 2021 and 2030, which is almost double the
rate during the period from 2011 to 2020; meanwhile, the global investment in clean
energy remains well below what is required to avoid severe impacts of climate change,
the amount of which should to be doubled during the 2020s to keep the temperature
rise is far below 2 °C. The amount of investment would need to be increased by
more than double if the 1.5 °C temperature rise target under the Paris Agreement
is achieved [26]. Therefore, all countries should still maintain their willpower for
the transition, make greater efforts to promote the rapid development of renewable
energy and make it gradually replace traditional fossil energy, so that a diversified,
clean and low-carbon energy structure is established.

The energy transition is not accomplished overnight. The moderate invest-
ment in traditional energy is needed to ensure energy security in the near and
medium term. Currently, the fossil energy meets more than 80% of the world’s
energy demand,’ and even in the global net-zero situation in 2050, the oil and gas

3 The data is from U.S. Energy Information Administration. https://www.eia.gov/international/data/
world.
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demand will account for about 35% of global energy demand [27]. In some industries,
such as heating, and petrochemical industries, it is difficult to find clean industrial
raw materials that can effectively replace traditional fossil energy in the short term,
and the contribution of renewable energy to the entire process of these industries is
quite limited. Therefore, during the process of short- and medium-term energy tran-
sition, it is necessary to invest in traditional energy moderately to meet the short-term
demand for traditional energy and ensure the security of energy supply.

The Short-Term Fluctuation During the Process of Long-Term Energy
Transition Should Be Treated Properly to Avoid Global Inflation Risks

The rise in short-term energy demand is in contradiction with the goal of
energy green transition, and a short-term fluctuation upon an energy supply
and demand imbalance are prone to occur in the transition process. In the long
run, the trend of global green transition of energy requires the gradual reduction of
fossil energy and replacing it with fast-growing renewable energy. However, in the
short term, the renewable energy production capacity is insufficient, and to meet
the rising energy demand still depends on fossil energy to a certain extent. The
contradiction between the two is prone to cause a short-term imbalance of energy
supply and demand in the transition process. Besides, external adverse factors such
as the COVID-19 pandemic, monopoly, and geopolitical conflicts will have a certain
impact on the stability of global energy supply, further triggering the occurrence of
a short-term energy supply and demand imbalance.

The imbalance between energy supply and demand has led to a sharp rise in
energy prices, which is prone to affect the finance sector and may trigger global
inflation. At present, most of the energy is circulated in the global trade market in
the form of commodities, and the imbalance between energy supply and demand will
lead to a sharp rise in energy prices, and the sharp rise in its price will be transmitted
from industrial production to various sectors of the global economy, which will
significantly inhibit the total output and consumption of terminal products [28]. In
addition, global energy commodities are generally capitalized and closely related to
the financial sector. The sharp rise in energy prices will lead to excessive speculation
and malicious speculation in the financial sector, resulting in the generation of energy
commodity price bubbles, and cause energy prices to deviate far from the ones
corresponding to their intrinsic values, thereby increasing the fluctuation risk in the
financial market, impacting the real economy, and further triggering inflations.

In the Future, Extreme Weather Will Become an Important Consideration
for Energy Security in the Transition Process

Extreme weather events will occur frequently in the future, which will adversely
affect the balance of energy supply and demand. Affected by human activities
and greenhouse gas emissions, extreme weather events will occur more frequently
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in the future [1], both energy supply and demand will be affected by this. On the
one hand, the current renewable energy technology is intermittent and fluctuant to a
large degree due to limits of natural conditions. Besides, the related energy storage
technology has not been well developed, and the occurrence of extreme weather
such as sudden decrease of wind force and drought will cause a sharp reduction in
the level of the renewable energy output. For example, the European Union and the
United Kingdom were affected by the decrease of the overall wind force in the North
Sea during the summer and autumn of 2021. From January to September, the wind
power generation capacity fell by 17% and 25% year-on-year, respectively. Brazil
was affected by a severe drought in 2021, with about 30 hydropower plants unable to
generate electricity efficiently due to insufficient water storage. On the other hand,
the occurrence of extreme weather will push up energy demand and increase the
pressure on energy supply. In 2021, in addition to the rapid economic recovery,
more extreme weather than that in 2020, such as a colder winter [29] were also the
main factors driving global electricity demand to soar to a record high. Besides, the
global energy infrastructures have not shown sufficient climate resilience and
adaptability, and the frequent occurrence of extreme weather will significantly
affect its energy supply efficiency.

The Supply Chain System with New Energy Technologies as the Core Will
Become the Focus of Attention of All Countries in the Future Energy
Transition

New energy technologies have become the strategic support for the global energy
transition. The construction of supply chain with new energy technology as the
core will accelerate the process of green energy transition. In recent years, with the
vigorous development of new energy technologies, global energy has been brought
into a new journey from resource dependence to technology dependence, and the
key core role of new energy technologies has become increasingly prominent during
the process of green transition of energy. Therefore, accelerating the construction
of a supply chain system centered on new energy technology will be an important
direction in the energy transition of various countries in the future. On the one hand,
the formation of a complete supply chain system with new energy technologies as
the core can improve the green energy supply capacity, reduce the dependence on
traditional fossil energy, and accelerate the process of energy transition to build a
green, low-carbon and efficient energy system earlier, so as to achieve the climate
targets of various countries; on the other hand, new energy technologies have become
the commanding height of the new round of technological revolution and industrial
transformation competition. Some countries have issued or are issuing relevant poli-
cies and acts in order to guide their overseas new energy industries to return to their
own countries, thereby stepping up the construction of a supply chain system with
new energy technologies as the core in their own countries.
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2.2 Present Challenges and Recommendations for China’s
Energy Green and Low-Carbon Transition

2.2.1 China’s Primary Energy Structure Is Dominated by Coal,
and the High Dependence on Coal Indicates the Necessity of Coal
Reduction

China is rich in coal resources, and coal takes a dominant position in its primary
energy production and consumption for a long time. Although the proportion is
decreasing year by year, it still exceeds half. In 2020, the raw coal accounted for
67.6% of total primary energy production and coal accounted for 56.8% of total
energy consumption in China (see Figs. 5 and 6). The balance and stability between
coal supply and demand is directly related to China’s energy security and economic
development. China’s power structure is also dominated by coal-fired power, and
the power generation capacity is closely related to the supply of thermal coal. In the
first half of 2021, the growth rate of China’s raw coal production was 8.7 percentage
points lower than the growth rate of coal-fired power during the same period, and
the coal imports also fell by 19.7% year-on-year due to the rapid rise in global coal
prices [30]. The serious imbalance between domestic coal supply and demand led to
a sharp rise in coal prices, resulting in a rapid increase in fuel costs borne by the coal-
fired power companies. However, the increased fuel costs could not be transmitted to
the demand side through an effective price transmission mechanism, which caused
the insufficient power supply of the coal-fired power industry as a whole, while the
gas electricity and renewable energy power generation, etc. are difficult to make up
for the coal-fired power output shortage of power gap, which eventually led to the
occurrence of nationwide power rationing.

Currently, the high dependence on coal exposed in China’s coal-dominated energy
structure shows the lack of energy resilience in China, and it was affected by the
sharp rise in coal prices during the global energy crisis, triggering the occurrence of
nationwide power rationing. Therefore, based on the basic national conditions with
the coal-dominated energy structure, China should effectively promote the green and
low-carbon transition of the energy system, and build a diversified, clean and efficient
energy structure, so as to present sufficient energy resilience and effectively ensure
energy security, fundamentally avoiding the occurrence of similar domestic energy
crises like the nationwide power rationing event.

2.2.2 China Has Made Clear Its Commitment to Coal Control
and Coal Reduction and Issued Relevant Policies

On the basis of the dual carbon goal, the Chinese government has made clear coal
control commitments, rooting in the basic national conditions of coal-dominated
energy structure. It will build a carbon-peaking and carbon- neutrality “1 + N”
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policy system to improve the top-level design and implement the new situation energy
production and consumption revolution strategy. Besides, China has also issued rele-
vant coal control policies to clarify the development direction in coal-fired power,
key coal-consumption industries, bulk coal and other fields, so as to promote the
effective implementation and advancing of coal control and reduction work under
the general trend of energy transition advance (see Boxes 1 and 2).
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Box 1 China’s coal control and reduction commitments made at international
conferences are as follows:

* On April 22,2021, at the Leaders’ Climate Summit, Chinese President Xi
Jinping stated that China commits to strictly control coal power projects, and
limit the growth of coal consumption during the 14th Five-Year Plan period,
and make it gradually reduced during the 15th Five-Year Plan period.

* On September 21, 2021, at the 76th United Nations General Assembly,
China further expanded its coal reduction commitments that it will no longer
build new overseas coal power project to support the green and low-carbon
development of energy in developing countries.

* On October 26, 2021, the State Council issued the Action Plan for Carbon
Peaking before 2030. This is the core document on “N” in the carbon dioxide
peaking and carbon neutrality and the “1 4+ N” policy system. It pointed out
that China will promote the substitution, transformation and upgrading of coal
consumption, and make additional supplements to the content of coal reduction
in the Guidance. In terms of coal-fired power, it has added some contents to
eliminate backward production capacity in an orderly manner, actively promote
the transformation of heating supply, and advance the transition of coal-fired
power to both basic security and system-regulating power sources; for the bulk
coal, the government has increased efforts to promote the clean utilization of
coal, taken multiple measures to actively promote the substitution of bulk coal
in an orderly manner.

Box 2 China’s relevant policy documents issued on the basis of coal control
and reduction commitments are as follows:

* On October 24, 2021, the State Council issued the Working Guidance for
Carbon Dioxide Peaking and Carbon Neutrality in Full and Faithful Imple-
mentation of the New Development Philosophy (hereinafter referred to as the
“Guidance”). This is the core document on “1” in the carbon dioxide peaking
and carbon neutrality and the “1 4+ N” policy system. It pointed out that China
will speed up the pace of coal reduction, strictly control the installed capacity
in terms of coal-fired power, accelerate the energy-saving upgrade and flexi-
bility transformation of existing coal-fired power units; and gradually reduce
the use of bulk coal until it is completely prohibited.

* On October 26, 2021, the State Council issued the Action Plan for Carbon
Peaking before 2030. This is the core document on “N” in the carbon dioxide
peaking and carbon neutrality and the “1 4+ N” policy system. It pointed out
that China will promote the substitution, transformation and upgrading of coal
consumption, and make additional supplements to the content of coal reduction
in the Guidance. In terms of coal-fired power, it has added some contents to
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eliminate backward production capacity in an orderly manner, actively promote
the transformation of heating supply, and advance the transition of coal-fired
power to both basic security and system-regulating power sources; for the bulk
coal, the government has increased efforts to promote the clean utilization of
coal, taken multiple measures to actively promote the substitution of bulk coal
in an orderly manner.

* On January 24, 2022, the State Council issued the Comprehensive Work
Plan for Energy Conservation and Emission Reduction during the 14th Five-
year Plan Period, and made further instructions on how to achieve coal exit and
reduction in the coal power industry. The document pointed out that it is neces-
sary to promote the transformation of cogeneration of large coal-fired power
plants, and to carry out the “three-transformation linkage” of coal saving and
consumption reduction transformation, heating transformation and flexibility
transformation for the existing coal-fired power units.

* On February 24, 2022, the National Energy Administration released a
summary of the reply to the CPPCC members’ Proposal on the High-Quality
Development of the Coal-fired Power Industry under the Carbon Neutrality
Goal, which clearly detailed the functional positioning, optimization direction
and system value of the coal-fired power industry.

* On March 22, 2022, Vice Premier Han Zheng chaired a symposium on
clean and efficient utilization of coal. Han Zheng pointed out that it is necessary
to promote the clean and efficient utilization of coal from the actual situation
of China, make the coal effectively play its role as a bottom-line guarantee and
ensure the national energy security. For the clean and efficient production and
washing of coal, the energy-saving and consumption-reducing transformation
of key coal-using industries, and the governance of bulk coal, it is necessary to
make overall planning, integrate resources, and exert the collaborative effect.

* On March 22, 2022, the National Energy Administration released the
14th Five-Year Plan for Modern Energy System. The document elaborates
and deploys multiple aspects including energy production, green transition
and development pattern, and mentions other content about coal exit and
carbon reduction, involving vigorous development as well as clean and effi-
cient utilization of coal, strengthening of cutting-edge technologies such as
intelligent green mining of coal, and improvement of the governance level of
coal consumption areas.

27
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2.2.3 The Present Challenges of China’s Short-Term
and Medium-Term Low-Carbon Transition of Energy

Rapid Economic Development Needs Energy Security

In the short- and medium-term, the rising energy demand brought about by
China’s rapid economic development still needs to be met by coal. In recent
years, with the rapid growth of China’s economy, China’s per capita primary energy
consumption has gradually increased (see Fig. 7). Currently, China’s economic devel-
opment has entered a new normal, and the energy demand has entered a period of
medium and low-speed growth, the rigid energy demand will exist for a long time
even and the level of per capita energy consumption will continue to increase and
move closer to developed countries [31]. Based on China’s national conditions with
the coal-dominated energy structure, even if the proportion of coal in the primary
energy consumption structure gradually declines, it will still occupy a dominant
position at present and in the future [32].

Under the background of the dual carbon goal, the green and low-carbon transi-
tion of China’s energy structure has become an established trend, which objectively
requires China to vigorously control and reduce the total coal consumption in the
future, so as to promote the gradual transition of coal from the main energy status
to the basic, and security status, which constitutes a serious contradiction with the
objective reality that China’s increasing energy demand will still be met by the use of
coal in the future. China’s energy supply and demand balance will be impacted, and
energy security will face severe challenges. How to implement both breakthroughs,
maintain the rhythmic coordination between the reliable replacement of clean energy



2 Path and Policy Security for Green and Low-Carbon-Oriented Energy ... 29

and the gradual exit of coal, and ensure the security of China’s energy supply, this
will be a major challenge during the process of China’s coal reduction.

China’s Coal-Fired Power Units Are Generally New and Early
Decommissioning Faces a High Risk of Stranded Assets

China’s power sector consumes a large amount of coal, and the decommissioning
of coal-fired power units is its main direction for coal reduction. The power
industry is an industry with the largest proportion of coal consumption in China.
By the end of 2021, China’s full-caliber coal-fired power generation capacity was
5.03 trillion kWh, accounting for 60.0% of the total power generation capacity [22].
Due to the high carbon lock-in effect of coal-fired power, the locked-in emissions
of China’s coal-fired power after 2018 are 102.3 (43.9-147.3) Gt CO,, which will
accumulate a large amount of carbon emissions in the future [33]. Therefore, the
gradual decommissioning of coal-fired power units will become the main planning
direction for coal exit and carbon reduction in China’s power sector.

However, China’s current coal-fired power units generally have a relatively
short service duration and are far from reaching the decommissioning age.
Early decommissioning will result in huge stranded assets, which will be prone
to lead to conflicts of interest and financial risks. In 2020, the average service
Duration of China’s active coal-fired power units was only 11 years, of which more
than 75% of the coal-fired power units had been in service for less than 15 years
(see Fig. 8) [34], which is much lower than the average design life of 30 years.
Under the scenario of early decommissioning of coal-fired power units, the assets
with the remaining life will become to huge stranded assets, with a value of several
trillion yuan, which will make coal-fired power companies face huge investment
losses and cause disputes between companies and the government, and stimulate
strong opposition from coal-fired power investors to coal reduction measures. At the
same time, since coal-fired power plants require a relatively high level of upfront
capital investment, which usually requires the participation of financial institutions,
the huge amount of stranded assets will also have an adverse impact on the asset
quality of relevant financial institutions, resulting in credit default risks, and may
even cause a macroeconomic crisis, affecting financial stability [35].

The High Correlation Between Coal and the Industry in China Increases
the Difficulty of the Coal Reduction

The coal industry is an important basic industry in China and has a high correlation
with heavy industries such as electric power, steel, building materials, and chem-
icals. In 2020, the cumulative coal consumptions of the above four industries in
China were 2.19 billion tons, 730 million tons, 490 million tons and 290 million
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tons, respectively.® In view of the high correlation between coal and the industry, the
China’s coal reduction process means not only a strict control on the coal production
capacity and consumption, but also a systematic project closely related to the trans-
formation of the industrial structure. The production reduction of the coal industry
shall not only meet the objective requirements in the coal reduction process, but also
ensure the coordination with the reduction of coal consumption of its main down-
stream users to a certain degree. While maintaining the economic competitiveness
of the downstream industry, it is also necessary to promote the green transition and
upgrading of the industrial structure. At present, although some green manufacturing
technologies in the industrial field have developed significantly, such as hydrogen
energy steelmaking, electrolysis hydrogen production, etc., a series of green indus-
trial products have been derived. However, these technologies face problems such
as high costs and immature technologies, so they are impossible to replace the coal
consumption in the industry to a large extent, and the derived green products have
not yet developed enough market shares to bring enough market profits for indus-
trial enterprises to maintain their competitiveness. Therefore, the high correlation
between China’s coal and the industrial sector has increased the difficulty of China’s
short- and medium-term coal reduction, and posed higher requirements for China’s
coal reduction process. It is necessary to achieve the coordinated development of the
coal and related industries.

6 Energy bureau: The proportion of coal consumption will fall below 56% this year. http://fjlib.net/
zt/fjstsgjexx/jjsd/202104/t20210425_451104.htm.
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The Coal Reduction Process May Bring About Social Justice Issues

The issues of re-employment and corporate subsidies will arise in coal and
related industries, following the implementation of the coal exit policy. During
the 13th Five-Year Plan period, China’s coal industry withdrew 1 billion tons of
outdated production capacity and had to re-employ about 1 million workers [36].
Those labors generally had relatively single skills, weak competitiveness, and poor
adaptability to the transformation. They were less attractive to the enterprises in other
industries, and had less space to be absorbed and re-employed through the job transfer
training. Under the background of the dual carbon goal, the number of coal mines in
China will constantly decrease, if such a traditional method is adopted, namely the
redundant labors are to be arranged to continuous mines or contracting projects for
re-employment, the difficulty is continuously increasing. Meanwhile, the coal exit
process will inevitably have an impact on the coal production and coal-fired power
companies, which may result in their early exit.

Coal resources and related industries in China are unevenly distributed. The
regional difference caused by coal exit needs to be attached importance. China’s
coal resources are unevenly distributed. In the regions with rich coal resources,
such as Inner Mongolia and Shanxi, the coal industry is usually an important pillar
for economic development, and is crucial to local fiscal revenue, employment and
social stability. Under normal circumstances, the coal-substituting industries in these
regions emerged relatively late as their excessive reliance on the coal industry, so
they have no advantages in terms of technological level and costs, as the results,
no scaled substituting industries have formed there. In this case, the coal-based
regions will be more affected and have larger fluctuations than other regions in
terms of the economic development. Furthermore, these regions will face higher
pressure from the adjustment in the industrial structure, local finance and employment
structure [37].

2.2.4 Suggestions on China’s Green and Low-Carbon Energy
Transition

In general, China should, based on the basic national conditions with the coal-
dominated energy structure, carry out the green and low-carbon energy policies in
a reasonable and orderly manner on the premise of ensuring the energy security. To
achieve the goals, we should follow the principles of exercising nationwide plan-
ning, prioritizing conservation, leveraging the strengths of the government and the
market, coordinating efforts on the domestic and international fronts, and guarding
against risk, while adhering to the concept of establishing the new in advance before
abolishing the old, to seek progresses in stability. The gradual exit of traditional
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energy should be established on the basis of the new energy’s security and reli-
ability.” On the one hand, we will effectively promote the substitution, transition
and upgrading of coal consumption, appropriately speed up the pace of coal reduc-
tion [38], to successfully achieve the transformation of coal from its main status
in China’s energy structure to a basic and security status. On the other hand, we
should vigorously develop renewable energy, effectively increase the proportion of
renewable energy in the primary energy structure, and rapidly achieve transition and
development to a clean, reliable and efficient green modern energy system.

It is necessary to properly handle the energy demand during the process of
low-carbon energy transition in the future, and to realize that the new energy
demand is mainly met by renewable energy. China’s medium-high economic
growth will face rising energy demand, which will bring a lot of investment opportu-
nities. Renewable energy investment projects should be prioritized among investment
projects with potential stable growth, and capital flows should be actively guided to
the field of renewable energy through policy means, to promote technological inno-
vation in renewable energy, and to accelerate the construction of the integrated energy
system covering “source, network, load, and storage and use”, thereby improving
the supply capacity of renewable energy to mainly meet the rising energy demand
brought about by economic development. Traditional fossil energy as backup energy
like coal, only plays a role in making up for a small amount of energy demand gap.
Through these measures, the benign synergy between China’s economic development
and energy transition will be realized.

Effectively strengthen the coal-fired power flexibility transition process by
means of technology, market and so on, and gradually promote the coal-fired
power to be replaced by renewable energy power generation and achieve its
transition from its dominant status to the basic and security status. On the one
hand, technical innovation should be actively used to effectively enhance the peak
shaving capability of coal-fired power units and improve the flexibility and regulation
of thermal power, which can not only promote the orderly reduction of coal power
generation based on the rapid growth of renewable energy generation, but also is
expected to ensure the stable exit of most coal power units after their operation
to a reasonable life (20 or 30 years), thereby effectively avoiding the risk of asset
stranding caused by early retirement of coal power units. On the other hand, it is
necessary to fully reflect the capacity value and adjustment service value of coal-
fired power units through policies such as compensation and transaction of auxiliary
services in the power market, so that coal-fired power enterprises can obtain the
same value of income, thereby guiding more coal-fired power units to be involved in
the flexibility transformation, making the coal-fired power units give full play to the
capacity effect, effectively making up for the intermittent and fluctuating problems of
renewable energy power generation, and exactly improving the consumption capacity
of renewable energy.

7 An important speech delivered by Xi Jinping and Li Keqiang at the Central Economic Working
Conference. http://www.gov.cn/xinwen/2021-12/10/content_5659796.htm.
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The energy transition process along the entire industrial chain should be
planned systematically to avoid the disconnecting of the upstream and down-
stream industries. The energy transition is a systematic project involving all indus-
tries in the entire industrial chain. The coal reduction of the coal industry should be
coordinated and consistent with the coal saving and consumption reduction, energy
efficiency improvement, green fuel substitution and green process innovation, as well
as production capacity expansion of the renewable energy industry in the downstream
high-coal-consuming industries. The transition process between various industries
should complement and promote each other, so as to avoid the negative impact on
the entire industry chain due to the inconsistent pace of transition. Under the condi-
tion of maintaining the continuous development of the core competitiveness of each
industry, we should effectively promote and realize the high-quality green transition
of all industries.

To achieve fairness and equity in the green and low-carbon energy transi-
tion, the following measures should be taken. Firstly, multiple strategies should
be adopted to promote economic diversification in coal-producing areas and
improve the ‘“hematopoietic function” of affected areas. Consideration should
be given to the reuse of coal assets, for example, the abandoned mines are used for
CCUS, energy and hydrogen storage, cold chain refrigeration, etc.; the infrastructure
advantages of coal production areas should be fully utilized, combined with specific
location factors and business environment background, to achieve local economic
diversification, such as developing warehousing and logistics centers, new industrial
parks, tourism services and other industries. The combination of the coal industry
and emerging strategic industries should be promoted, especially those related to
new energy and energy efficiency, to minimize sunk assets in the coal industry, and
identify opportunities for value transfer; Secondly, the re-employment and re-
settlement mechanism for coal workers should be improved. The re-employment
and re-settlement should be solved according to the factors like the education level,
age, and local economic development situation, which are helpful to more accu-
rately identify the different needs of the people facing re-employment problems. For
the regions with difficulties in local re-employment, it is necessary to strengthen
the construction of re-employment training institutions, especially the construction
of cross-regional re-employment service platforms; for the employees with special
economic difficulties, or the weak and disabled employees, they should be supported
with priority to ensure they enjoy the social security, medical care, pension and other
security mechanisms; for the personnel with low education levels or difficulties in
changing jobs, they shall be given priority to have employment opportunities such
as e-commerce and community services; it should be considered to use the taxes
and profits of the coal industry, along with the central transfer payments to estab-
lish a special assistance fund for the people who are seeking re-employment and
resettlement; and thirdly, we should provide financial assistance to coal and related
enterprises that are negatively impacted in the transition process to make up for their
economic losses through policy guidance.

The low-carbon energy transition has the risk of exacerbating gender inequalities,
but may also bring an opportunity to enhance gender equality. In the coal industry,
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decision makers and the majority of the workforce are dominated by men. The
implementation of coal exit as well as the development of alternative energy and its
related emerging industries, will provide females with more employment opportuni-
ties and make it possible to reduce the male-dominated lock-in effect in the energy
industry. However, ignoring gender equality considerations in the transition process
may further exacerbating inequalities between men and women in the job market
and the provision of free domestic work.

3 Strengthening the International Cooperation to Promote
the Low-Carbon Energy Transition Under the Belt
and Road Initiative

3.1 Current Situation of Low-Carbon Energy Transition
in the Belt and Road Countries

3.1.1 Current Situation of Economy, Energy and Emissions in the Belt
and Road Countries

The Belt and Road countries have huge population bases and relatively low levels
of economic development. In 2018, the population of the Belt and Road countries
accounted for 64% of the world’s total population, while the GDP accounted for
only 39% of the world’s total GDP, which formed a large contrast with the huge
population base of more than 60% (see Fig. 9). The IMF data clearly shows that the
economic growth prospects of the Belt and Road regions far exceed that of North
America or Europe. Even if the predicted growth rate of the Belt and Road regions
is halved, it will not be lower than that of North America or Europe, which means
that for a period of time in the future, the Belt and Road regions will become an
important engine driving the world’s economic growth.?

The total energy consumption of the Belt and Road countries is relatively
high, and the fossil energy remains the dominant energy source, so the low-
carbon energy transition is imminent. In 2018, the energy consumption of the
Belt and Road countries accounted for 58% of the global total, and the fossil energy
was the main source (see Fig. 9). It should be noted that coal has a high weight in
the energy consumption structure of the Belt and Road countries. In 2018, the coal
consumption of the Belt and Road countries accounted for 73.6% of the world’s
coal consumption, and the consumption of natural gas, oil and renewable energy
basically was the same as that of the non-Belt and Road countries (accounting for
56.6%, 50.5% and 46.7% of the world’s total energy consumption, respectively).
Except for China, the energy consumption structure of the Belt and Road countries

8 Sina Finance, 2017. The Belt and Road will become a major engine driving the world’s economic
growth. http://finance.sina.cn/z1/2017-05-15/zl-ifyfeivp5713360.d.html?from=wap.
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Fig. 9 Current situation of economic, social and energy emissions in the belt and road countries.
Source of Data United Nations, World Bank, Energy Information Administration, Our World in
Data

in Asia mainly consists of natural gas and oil, which account for 24% and 20% of
the world’s total, respectively; the annual energy consumption of the Belt and Road
countries in Africa is not high, but it is nearly about the same in these different
countries. The averaged consumption of various energies accounts for about 3% of
the world’s energy consumption, and that of oil accounts for the highest proportion,
at 4.2%. The main energy consumed in the Belt and Road countries in Europe is
natural gas, accounting for about 19% of the world’s total natural gas consumption.
Renewable energy in the Belt and Road countries only accounts for 9% of total
energy consumption. In 2018, the GHG emissions of the Belt and Road countries
accounted for 61% of the global carbon emissions (see Fig. 9). If the Belt and Road
countries do not change the traditional economic growth path highly depending on
fossil energy, under the current rapid economic growth, they will become potential
high-carbon lock-in areas in the future.

3.1.2 Current Situation of Energy Investment Cooperation of the Belt
and Road Countries

China is the largest trading partner of the Belt and Road countries, and energy is
the most important area for China to participate in the investment and construc-
tion of the Belt and Road. Data from the General Administration of Customs shows
that in 2021, China’s total trade in goods with the Belt and Road countries was 11.6
trillion yuan, increasing by 23.6% compared to the previous year and creating a
new high.? It should be noted that in 2020, the import and export amount between
China and ASEAN was 4.74 trillion yuan, with a year-on-year increase of 7%.
For the first time, the two parties became each other’s largest trading partners.'?
In 2021, China participated in the construction of projects in 144 Belt and Road
countries, totaling about US$59.5 billion (about US$13.9 billion in investment and

9 People’s Daily Overseas Edition, 2022. Building the Belt and Road, following the Trend of
Economic Globalization (hotspot dialogue). http://paper.people.com.cn/rmrbhwb/html/2022-02/
26/content_25905068.htm.

10 Foreign Economy, 2021. For the first time, China and ASEAN are each other’s largest trading
partners. http://shanghaibiz.sh-itc.net/article/dwjjyw/202101/1508062_1.html.
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Fig. 10 Proportion of sectors in which China participated in the investment and construction of
the belt and road regions from 2013 to 2021. Source of Data China’s Investments in the Belt and
Road Initiative (BRI) in 2021

US$45.6 billion in contracts) through financial investment and contractual coop-
eration. Among them, energy cooperation was the most important part of China’s
investment and construction for the Belt and Road, accounting for 37.44% of the
total investment and construction in 2021 (see Fig. 10) [39].

China’s participation in the investment and construction of the energy sector
under the Belt and Road Initiative has gradually become cleaner, and renew-
able energy investment has become the main part. Since 2017, China’s renewable
energy investment in the Belt and Road has gradually increased. In 2020, the propor-
tion of renewable energy investment from China has reached 56%, becoming the
main body of China’s energy investment in the “Belt and Road” countries. In 2021,
Chinese President Xi Jinping promised in the general debate of the 76th United
Nations General Assembly that China will no longer build new overseas coal-fired
power projects. In the same year, China invested about US$10 billion in renewable
energy construction in the Belt and Road countries, which was mainly concentrated
in solar and wind energy (31%) and hydropower (17%) (see Fig. 11).

3.1.3 Cooperation Mechanism for Energy Investment and Construction
Between China and the Belt and Road Countries

Reach a consensus on development, cooperation and governance in the energy
sector by virtue of dialogue mechanisms and platforms such as the Belt and
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Fig. 11 China’s energy cooperation in the belt and road regions by types from 2013 to 2021. Source
of Data China’s Investments in the Belt and Road Initiative (BRI) in 2021

Road Energy Ministerial Conference and the Energy Partnership. Energy coop-
eration is a key area in the joint construction of the Belt and Road. At the first Belt and
Road Energy Ministerial Conference on October 18, 2018, China and other 17 coun-
tries jointly issued the Joint Declaration on the Establishment of the Belt and Road
Energy Partnership. In March and April 2019, China and the member states under the
partnership held two fruitful consultations, and reached a consensus on the establish-
ment of the partnership, cooperation principles and practical actions. On April 25,
2019, during the 2nd Belt and Road Forum, 30 countries jointly established a partner-
ship in Beijing. The partnership has become the first intergovernmental multilateral
energy mechanism initiated by the Chinese government, providing a new platform
for member states to solve problems faced by energy development and promote prag-
matic cooperation in the field of higher quality, higher level and more sustainable
energy. In December 2019, the first Belt and Road Energy Partnership Forum was
held in Beijing, focusing on clean energy cooperation, aiming to promote the Belt
and Road energy cooperation to deepen and solidify, achieve green development,
and promote the implementation of energy cooperation demonstration projects. In
December 2020, the 2nd Belt and Road Energy Partnership Forum was held in
Beijing. With the theme of Green Energy Investment Promotes Inclusive Economic
Recovery, the forum focused on global energy transition and green development after
the outbreak of the pandemic, and promoted the inclusive economic recovery of the
Belt and Road countries to achieve sustainable development goals.!! On October 18,
2021, the 2nd Belt and Road Energy Ministerial Conference included an expansion
ceremony and a cooperation network establishment ceremony, at which the Charter
on the Belt and Road Energy Partnership was adopted, and the Qingdao Initiative

11 Belt and Road Energy Cooperation, 2021. Special Report on the 2nd Anniversary of the Belt and
Road Energy Partnership. http://obor.nea.gov.cn/pictureDetails.html?id=2957.
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on Green Energy Cooperation for the Belt and Road and Best Practices in Energy
International Cooperation was released.

Take pragmatic actions to promote the construction of energy infrastruc-
ture in the Belt and Road countries through project investment, engineering
construction and other means, and gradually realize low-carbon transition.
Energy projects are the top priority of the China-Pakistan Economic Corridor, and
it is also the field with the fastest progress and the most significant achievements.
As of February 2020, 12 energy projects in the corridor have been in commercial
operation or under construction, with a total installed capacity of 7.24 million kW,
with a total investment of about US$12.4 billion. The actual power generation of the
corridor project in the 2018-2019 fiscal year was 17.728 billion kWh, accounting for
14.5% of the total power generation of the National Grid of Pakistan (NTDC), which
can supply power for about 33 million people and provide more than 10,000 jobs.'?
The focus of energy cooperation between China and ASEAN is also shifting from
traditional fossil energy to the investment and construction of renewable energy. In
2017, the Vision and Actions for Promoting the Belt and Road Energy Cooperation
formulated by the National Development and Reform Commission of China and the
Energy Administration pointed out that China will actively implement the China-
ASEAN clean energy capacity building, and the new energy investment projects
have gradually increased, and cooperation in renewable energy has become a key
area [40]. China is a firm supporter of sustainable development in Africa, and the two
parties have implemented hundreds of clean energy and green development projects
within the framework of the Forum on China-Africa Cooperation.

Under the guidance of the concept of Urban Diplomacy, local governments in
China have actively formed sister city cooperation agreements with important
energy cities along the Belt and Road, and strengthened high-level visits and
dialogues at the provincial level. Provinces and cities such as Xinjiang, Shaanxi,
Ningxia and Gansu have concluded sister city cooperation agreements with many
important energy cities along the Belt and Road. For example, Xinjiang has studied
and formulated an implementation plan for participating in China-Kazakhstan,
China-Tajikistan cooperation and the construction of the China-Mongolia-Russia
Economic Corridor, and a total of 45 pairs of international sister cities have been
established, including 7 pairs of sister cities with which Xinjiang has established
the cooperation relationship with local governments at various levels in Pakistan,
and it is the province with the largest number of sister city relations between China
and Pakistan. Xinjiang Goldwind Science Technology Co., Ltd. has also become
one of the first batch of Chinese wind power manufacturers entering Pakistan. Up to
now, Goldwind has put 7 wind power projects in Pakistan into operation, which can
provide more than 1.5 billion kWh of green power to the local area every year.

A number of capital financing projects have provided a solid financing plat-
form for energy cooperation between China and the Belt and Road countries.
Key financial institutions such as the Asian Infrastructure Investment Bank and the

12 Belt and Road Energy Cooperation Network, 2020. China—Pakistan Energy Cooperation. https://
obor.nea.gov.cn/pictureDetails.html?id=2567.
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Silk Road Fund can provide long-term, stable and risk-controlled financial support
for the Belt and Road regions. By the end of 2020, the AIIB had 47 climate-related
investment projects, with a total investment and financing amount of US$8.89 billion,
accounting for 40% of the total scale, mainly in the energy sector. It also proposed that
by July 1, 2023, all AIIB investment projects will be fully consistent with the relevant
goals of the Paris Agreement, and will continue to increase the proportion of financing
for addressing climate change. It is planned to achieve the goal that the proportion
of climate financing reaches 50% by 2025. Its total cumulative climate financing is
expected to reach US$50 billion by 2030. Besides, China supports and encourages
policy and development financial institutions to participate in the financial cooper-
ation under the Belt and Road Initiative. The China Development Bank gradually
assists the development of clean energy industry in partner countries by providing
large and long-term financing services. According to statistics, by the end of 2018, it
had released a total loan of US$6.4 billion for the clean energy projects under the Belt
and Road Initiative, of which the loans for renewable energy covered wind power,
solar energy and other new energy utilization fields [41]. The Minas San Francisco
Hydropower Station project in Ecuador supported by the Export-Import Bank of
China has completed the final acceptance and handover in April 2021. According to
the plan, it can provide 1.291 billion kWh of clean electricity every year, which will
create more than 2000 jobs, meet the domestic electricity demand of about 1.2 million
residents and the commercial electricity demand of 2000 production-oriented enter-
prises, and provide an important green energy guarantee for the social and economic
recovery of Ecuador.

3.2 Low-Carbon Energy Transition Planning of the Belt
and Road Countries

The Belt and Road countries are striving to improve their nationally determined
contributions to achieve climate goals, and promote the global green and low-
carbon energy by formulating relevant coal reduction and renewable energy
development goals. With the continuous advancement of the global climate process,
the Belt and Road countries headed by China are actively improving and striving to
enhance their own Nationally Determined Contributions (NDCs), in order to achieve
the goals of keeping global temperature rise within 1.5 °C and 2 °C by the middle
of this century set in the Paris Agreement by driving their own active emission
reductions. Meanwhile, along with the wave of global green and low-carbon energy
transition, the Belt and Road countries have also accelerated the pace of coal exit
and decarbonization of the energy system by establishing and formulating relevant
energy strategic goals and plans, and vigorously developing renewable energy to
improve and strengthen their proportion and position in the energy structure, and,
are making efforts to promote the orderly construction and formation of a clean,
low-carbon and efficient green energy system.
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3.2.1 Nationally Determined Contributions (NDCs) of the Belt
and Road countries

Most of the Belt and Road countries have set clear and quantitative emis-
sion intensity reduction goals in their Nationally Determined Contributions
(NDCs), and most countries have proposed carbon neutrality or net zero emis-
sion goal. So far, except for Yemen and Libya, the other 147 Belt and Road countries
have submitted their Nationally Determined Contributions (NDC) documents to the
UNFCCC Secretariat. Table 2 shows the climate change mitigation goals proposed
by the Belt and Road countries in their respective Nationally Determined Contribu-
tions (NDCs), which mainly include five types. Among the Belt and Road countries,
the ones that proposed emission reduction goals relative to the baseline situation and
the quantitative emission intensity goal relative to the baseline occupied the largest
proportion, accounting for 69% of the Belt and Road countries. Only 5 countries
have proposed absolute emission reductions, and another 6 countries have energy
intensity reduction as their emission reduction goals. In addition, 21% of countries
proposed a series of emission reduction actions instead of quantitative mitigation
goals. Besides, so far, 128 countries in the world have proposed the carbon neutrality
or net zero emission goals,'® including 93 Belt and Road countries which account
for 73% of all. This fully shows that the Belt and Road countries are making efforts
to actively improve its own emission reduction contribution.

3.2.2 Coal Reduction or Exit Plans and Goals in the Belt and Road
Countries

The Glasgow Climate Pact was formulated at the COP26, which for the first time put
forward clear requirements for countries to gradually reduce coal-fired power plants
without installation of emission reduction facilities. In addition, more than 70 coun-
tries and organizations signed the Global Coal to Clean Power Transition Statement.
Of the 70 countries, there were 32 Belt and Road countries, which fully demon-
strates that the Belt and Road countries are actively participating and improving their
own contributions to promote the global transition from coal to renewable energy.
However, due to their own energy and economic development needs, most of the Belt
and Road countries cannot completely get rid of their dependence on coal within a
short period, and their coal reduction process still needs to be advanced steadily and
orderly.

By mid-2021, 21 countries around the world have pledged to fully phase out coal
within a fixed time frame, but they are mainly developed countries that are G20
and EU member states [42]. Schedule 1 lists the coal exit, coal reduction plans,
goals and related policy documents of some Belt and Road countries. Among them,
only European countries such as Italy, Portugal, Greece, Hungary and Slovenia have
clearly set the target time for complete coal reduction (phasing out coal-fired power),

13 Net Zero Tracker. https://zerotracker.net/.
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Table 2 Types of emission reduction goals in the Nationally Determined Contributions (NDC) of
belt and road countries

Type of Countries
emission
reduction
goals

Emission | Brunei, Cambodia, Kiribati, Philippines, Solomon Islands, Thailand, Vietnam,
reduction | Indonesia, Iran, Iraq, Lebanon, Georgia, Salvador, Jordan, Palestine, Kyrgyzstan,
relative to | Mongolia, Afghanistan, Bangladesh, Sri Lanka, Maldives, South Korea, Burundi,
baseline Comoros, Djibouti, Ethiopia, Kenya, Madagascar, Uganda, Benin, Céte d’Ivoire,
situation Cameroon, Congo (Brazzaville), Ghana, Mali, Guinea-Bissau, Central Africa, Niger,
Nigeria, Senegal, Sierra Leone, Chad, Togo, Angola, Lesotho, Tanzania, Zimbabwe,
Algeria, Morocco, Albania, Bosnia and Herzegovina, North Macedonia, Turkey,
Venezuela, Peru, Barbados, Costa Rica, Grenada, Jamaica, Panama, Trinidad and
Tobago (61 countries)

Emission | Cook Islands, Federated States of Micronesia, Seychelles, Azerbaijan, Kazakhstan,
reduction | Tajikistan, Gabon, Gambia, Equatorial Guinea, Mauritania, Zambia, Tunisia, Bulgaria,
relative to | Cyprus, Czech Republic, Estonia, Hungary, Lithuania, Latvia, Malta, Poland,
baseline Romania, Slovakia, Slovenia, Austria, Greece, Italy, Luxembourg, Portugal, Belarus,

year Moldova, Ukraine, Croatia, Montenegro, Serbia, Russia, Dominica, Israel,
Turkmenistan, Eritrea, Dominican Republic, New Zealand and Botswana (43
countries)

Energy China, Malaysia, Singapore, Uzbekistan, Chile and Uruguay (6 countries)

intensity

reduction

Absolute | Oman, Armenia, Guinea, Namibia and South Africa (5 countries)
emission

reduction
Policy Fiji, Laos, Myanmar, Niue, Papua New Guinea, Timor-Leste, Tonga, Vanuatu,
action Samoa, United Arab Emirates, Bahrain, Kuwait, Qatar, Saudi Arabia, Nepal,

Pakistan, Rwanda, Sudan, Somalia, Cape Verde, Liberia, Mozambique, Egypt,
Guyana, Suriname, Bolivia, Ecuador, Syria, Antigua and Barbuda, Cuba, Democratic
Republic of Congo and South Sudan (32 countries)

Non-NDC | Yemen and Libya (2 countries)
Carbon Bhutan (1 country)
neutrality

goal
achieved

Note Countries marked in bold are those that have proposed carbon neutrality or net zero emission goals

while most of the remaining countries set their coal reduction goals through policy
documents, conference commitments, etc. Besides, such goals are all concentrated
in the field of coal-fired power, and few countries have formulated clear goals and
plans for comprehensive coal exit.
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3.2.3 Renewable Energy Development Goals and Plans in the Belt
and Road Countries

The Belt and Road countries generally begin to attach importance to the renew-
able energy development, and establish clear and quantified renewable energy
development goals in national plans and policies, but they still face many prob-
lems and challenges. With the continuous innovation and popularization of renew-
able energy technologies and the continuous decrease of costs, the Belt and Road
countries have gradually attached importance to the deployment and planning of
renewable energy development, which have been reflected in relevant plans, policies
and even legal documents. Schedule 2 lists the renewable energy development goals
or plans of some Belt and Road countries. It can be seen that most countries have set
clear and quantified renewable energy development goals. However, most of the Belt
and Road countries are developing countries, and their renewable energy develop-
ment faces many problems and challenges. All the countries still need to pay suffi-
cient attention to these problems and challenges to ensure the healthy development
of renewable energy. With ASEAN as an example, the high-speed growth demand
brought about by economic development has led ASEAN countries to generally still
rely heavily on traditional fossil energy, and the short- and long-term systematic plans
for gradual reduction and exit of traditional energy are still unclear. Meanwhile, even
though the cost of renewable energy in ASEAN is decreasing significantly, it still
does not have a cost competitive advantage over traditional fossil energy. Except
for Singapore, Brunei, Malaysia, and Thailand, other ASEAN countries generally
have a low level of economic development, and will face a relatively large financial
pressure to meet renewable energy growth by investment and financing in the future,
so they need strong international financial support. In addition, the weak grid infras-
tructure of ASEAN countries also poses a lot of difficulties for the consumption and
integration of renewable energy.

3.3 Risks and Challenges the Belt and Road Countries Face
in the Low-Carbon Energy Transition

3.3.1 The Belt and Road Countries Face Many Challenges Such
as Energy Security Risks, Asset Stranding, and Just Transition
During the Process of Reducing the Use of Fossil Energy Such
as Coal and Realizing Low-Carbon Energy Transition

Coal phase-out in the Belt and Road countries is the general trend, and more and
more countries have given the schedule in terms of stopping the construction of
coal-fired power projects. China, Japan, and South Korea are the top three financing
countries for overseas coal-fired projects in the world, and they have all pledged not to
build overseas coal-fired power plants anymore. In the face of changes in the macro
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environment such as coal-fired power financing, fewer and fewer new coal-fired
power projects are planned to be started. The Belt and Road countries, especially
those countries with huge electricity demand and high dependence on traditional
fossil energy such as coal-fired power, are facing many risks and challenges brought
about by the transition.

Generally speaking, the Belt and Road countries are highly dependent on
coal-fired power. If the green and low-carbon transition cannot be advanced
in an orderly and stable manner, it may lead to energy security risks in these
countries. According to data from the BP World Energy Statistical Yearbook, as of
the end of 2020, the coal-fired power plants in 79 countries around the world were
still in operation, and among them, there were 37 the Belt and Road countries.'* The
regions with a large proportion of coal-fired power in the Belt and Road countries are
mainly concentrated in Asia, and the proportion of coal-fired power in the countries
like Indonesia, Malaysia, Vietnam and Kazakhstan is more than 50%. The coal-
fired power generation in South Africa accounts for more than 85% of the total
electricity supply. Besides, from the perspective of final power consumption, the
electrification level will be greatly improved after the energy transition. Even under
the same conditions of the whole society’s energy consumption, the whole society’s
electricity consumption will also increase significantly, forcing the power supply
side to provide more electricity, as the result, both the installed capacity and power
generation capacity of the power system in China will increase significantly, and
the accelerated exit of coal-fired power will further increase the mismatch between
energy supply and demand and aggravate the risk of energy supply security.

The high cost in asset stranding following the exit of fossil energy may affect
macroeconomic development. The gradual reduction of traditional fossil energy
will break the original pattern of energy investment, production, and consumption,
and reshape the industrial chain and supply chain in the green and low-carbon energy
transition. Which will cause that the market supply and demand are mismatched
or misaligned, resulting in risks of asset stranding and probably further leading
to economic system risks. The global market value of fossil energy and related
companies is about US$18 trillion, accounting for 1/4 of the total market size; the
relevant tradable bonds are about US$8 trillion, accounting for 1/2 of the total market
size [43]. It is estimated that about 59% of the global coal reserves under the 2 °C
target will become stranded assets, while the proportion will rise to 84% under the
1.5 °C target [44]. A report released by the financial think tank Carbon Tracker
pointed out that the global coal-fired power projects currently under construction or
in the planning stage reached 499 GW, which may lead to stranded assets with a
value of US$638 billion, of which the value of the coal-fired power plants planned
or under construction in Southeast Asia reaches a total of 78 GW, and the coal-fired
power investment at risk is up to US$124 billion [45]. China’s current coal-fired
power equipment is generally “young”, with an average age of only 12 years. It
is estimated that China’s coal stranded assets may reach 3—7 trillion yuan [46]. In

14 Challenges from coal-fired power projects under the Belt and Road Initiative.
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addition, the sharp falling in the profitability of traditional fossil energy companies
will cause asset prices to collapse, which will potentially lead to huge debt defaults.

The exit of fossil energy will have an impact on traditional industries and
trigger the challenge of just transition. The gradual reduction and exit of the
fossil energy industry will have an impact on coal and other traditional fossil energy
companies and workers, and cause social unemployment. Although energy creates
more new jobs with the rapid development of the renewable energy industry, there
is a mismatch in time, space and skills between job creation and job loss. When
the traditional fossil energy industry is affected, and it is difficult for employment
populations to fully find suitable positions in the newly created jobs. At present, the
employment scale in China’s coal industry is about 2.6 million people. According
to estimates, under different scenarios, including policy and environmental factors,
the employment scale in the entire coal industry will be halved by 2030, and may
even be reduced to about 1 million people. In the long run, the number of employees
in the entire coal industry may drop to 200,000 by 2050."> South Africa has been
extremely dependent on coal for a long time. Coal-fired power generation accounts
for over 85% of South Africa’s total electricity supply, and the employment of about
400,000 people is directly related to the coal industry [47]. In addition, due to the gap
between energy supply and demand and the increase in energy costs, the increase in
energy prices will lead to inflation when it is transmitted to the downstream, which
will bring greater economic pressure to low-income populations and cause more
social problems.

3.3.2 Challenges Faced by the Belt and Road Countries During
the Process of Developing Renewable Energy

Most Belt and Road countries have abundant solar, wind, hydro, geothermal and
biomass resources but their renewable energy development and utilization levels
are relatively low. As the result, they will face many development obstacles such
as policy, capital, technology, and environment during the process of promoting
renewable energy.

Ambition is lack in the renewable energy development goals. The renewable
energy development goals set by many Belt and Road countries are not enough to
support the green and low-carbon energy transition. In the 2016-2025 cooperation
action plan, ASEAN proposed that by 2025, the proportion of renewable energy
in the primary energy supply structure will reach 23%, while Vietnam only plans
that the proportion of renewable energy reach 21% of the total installed capacity
by 2030. Lai plans that the proportion of renewable energy will be only 10% of the
total installed capacity by 2035, which is lower than ASEAN’s overall goal. Nigeria,
Africa’s largest economy, has set a target that its energy consumption from renewables
will account for 10% of the total energy consumption by 2025, while South Africa,
Africa’s second-largest economy, has yet to set a clear goal. In addition, in the face

15 CNEnergyNews, 2020. Impacts of Coal Power and Coal Transition on Employment.
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of economic recovery pressure, many countries will support fossil energy, which is
set as the main content of the recovery plan.

Policy support to renewable energy is insufficient. The development of renew-
able energy requires support of relevant policies, such as price subsidies and power
grid construction commitments. However, many Belt and Road countries lack support
of relevant policies, which limits the development of renewable energy. The market
consumption and pricing policy framework for renewable energy are not sound,
affecting the “financeability” of renewable energy projects along the Belt and Road.
Insufficient or frequent changes in feed-in tariff policy incentives make renewable
energy development uncompetitive, while high feed-in tariffs in other countries have
led to a surge in applications for specific types of power supply construction, and
over-allocation has led to the termination of relevant incentive policies. In addition,
most ASEAN countries still lack fully transparent land licensing procedures for
renewable energy development. The procedures for acquiring, retaining and trans-
ferring land use rights are complicated. Long land acquisition periods and expensive
acquisition fees also lead to project development delays and cost overruns [48]. The
cumbersome and lengthy project permitting process, changing policies in the short
term and unclear guidelines for grid-connected renewable energy generation have
resulted in low investment efficiency in the industry, and the cost of solar and wind
energy development in Southeast Asia is still higher than that in many other regions.

Insufficient funding restricts the development of renewable energy in the
Belt and Road countries. According to the World Energy Outlook 2020 report
released by the International Energy Agency, in 2021, the investment needs of the
solar energy industry in Africa region in the south of Saharan alone will reach US$ 6
billion, and there is a large funding gap. Vietnam has planned and approved a number
of renewable energy projects, but the conversion rate is very low due to insufficient
funding. Most projects are funded through international banks, and local banks only
participate in project investment by providing guarantees. At present, Vietnam can
only provide funds for renewable energy projects with an installed capacity of 1000—
2000 MW, and there is still an urgent need to solve the financing of renewable energy
projects with an installed capacity of 10 GW [49]. Due to financial constraints, there
is no funding to replace existing thermal power plants, forcing these countries to
maintain the current situation of energy development. In addition, investment and
financing difficulties also restrict the development of renewable energy in the Belt
and Road counties. Some Belt and Road countries have huge debts or weak power
purchasers, and it is often difficult for renewable energy projects to obtain sovereign
guarantees from host countries, which increases financing costs [34].

Insufficient renewable energy technologies and weak R&D capabilities for
key core technologies cannot yet support the green and low-carbon energy tran-
sition. Renewable energy technology constraints are one of the main obstacles to the
development of renewable energy in the Belt and Road region. ASEAN has certain
deficiencies in innovation of renewable energy technologies, and the related photo-
voltaic technology and wind power technology capabilities are still weak, which
restricts the development of renewable energy in ASEAN countries. Meanwhile,
the current national grid foundation along the Belt and Road is not strong, the grid
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structure of the countries along the route is weak, there are few high-voltage lines,
and the power interconnection between countries is limited, which makes it difficult
to achieve power grid connection and transmission of large-scale renewable energy
[41]. For example, a unified power grid has not been formed among the islands
of Indonesia, and areas with abundant resources but limited consumption capacity
cannot transmit clean renewable energy power to areas with large power demand,
which limits the development of renewable energy.

Inconsistent standards hinder international cooperation in renewable energy
under the Belt and Road Initiative. Standardization is one of the main obstacles
restricting Chinese companies to participate in renewable energy investments in the
Belt and Road countries. Most the Belt and Road countries have mandatory require-
ments for equipment and products made in China to be imported only after certifica-
tion, and only international standards are recognized as the construction standards.
Therefore, wind power and photovoltaic enterprises have to pass the international
certification for their products to be used in the overseas investment. In addition,
they also have to pass different certifications due to different requirements of various
countries. For example, the standards of African French-speaking regions, English-
speaking regions and Portuguese-speaking regions are different, which has greatly
hindered international cooperation in renewable energy [50].

3.4 Suggestions for Cooperation in Low-Carbon Energy
Transition Under the Belt and Road Initiative

The Belt and Road countries should adopt a gradual low-carbon energy transi-
tion strategy based on their national conditions. Firstly, explore and formulate a
schedule for the exit of fossil energy and specific goals in terms of the development of
renewable energy according to local conditions, so as to provide macro guidance for
the orderly exit of fossil energy and the reasonable substitution of renewable energy.
Secondly, strengthen the clean and efficient utilization of fossil energy for a large
number of existing fossil energy infrastructures, such as promoting the popularization
and application of technologies such as the efficient coal combustion power genera-
tion technology, clean coal combustion technology, biological carbon sequestration
and chemical carbon sequestration. Thirdly, design a package of policy systems
with the systemic and synergistic policies considered, including the overall financial
and technical guarantee policies, as well as the electricity market price stabilization
policies, and the renewable energy subsidy support policies.

Carry out international cooperation in clean energy technology under the
Belt and Road Initiative. Firstly, clarify the clean energy technology needs of
different Belt and Road countries. Secondly, provide targeted technical coopera-
tion programs according to the resource conditions and development conditions of
different countries. In this process, we should attach great importance to providing
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“small but beautiful” clean energy project solutions, and promote “big coopera-
tion” with “small projects”. Thirdly, strengthen the capacity building through joint
research and development, joint training of talents, etc., and effectively improve
the technical level of international renewable energy development in the Belt and
Road regions. Fourthly, strengthen the summary of China’s clean energy technology
development experience, provide technical practice with reference significance, and
deepen international cooperation in clean energy technology.

Deepen the promotion of green investment and financing cooperation under
the Belt and Road Initiative. Improve the negative list system for overseas invest-
ment, and further strengthen the climate and environmental factors in overseas invest-
ment and financing policies. According to local conditions, develop green investment
and financing tools suitable for developing countries participating in the Belt and
Road Initiative, encourage innovation in green investment and financing products and
services, and promote the establishment of green investment and financing standards
applicable to the Belt and Road Initiative. Attach importance to ensuring fairness
and justice in the green upgrade and transition process of traditional industries in the
Belt and Road countries through emerging concepts and tools such as transforma-
tional finance. Explore debt conversion methods such as “debt-to-nature”, provide
funds for vulnerable countries that are deeply troubled by climate change and envi-
ronmental degradation, and support a green recovery in the post-pandemic era. In
addition, support the construction of carbon markets of the Belt and Road countries,
explore the Belt and Road carbon market linkage mechanism, and promote green
and low-carbon transition with lower emission reduction costs.

Strengthen the awareness of fairness and inclusiveness in the transition
process, and actively promote the just energy transition in the Belt and Road
countries. Firstly, the Belt and Road countries should formulate their overall
strategic plan for just energy transition from the overall strategic system layout,
systematically plan the transition goals, technological innovation, talent training and
other aspects of each region and industry, and ensure that all citizens share the bene-
fits and costs brought about in the transition process. Secondly, for fossil energy and
related enterprises that have been negatively impacted during the transition process,
a just transition fund should be established, and corresponding subsidies should be
given to help them alleviate the economic losses caused by the transition. At the same
time, additional technical and talent support should be given to enterprises with tran-
sition potential. For the redundant unemployed labor force generated in the transition
process, it should be properly resettled and retrained to the sustainable development
industry, and they should actively guide alternative industries and emerging indus-
tries to create new employment opportunities to fully accommodate and accept this
part of populations.

Strengthen the in-depth integration between the Belt and Road Initiative and
relevant international cooperation initiatives, to jointly promote the process of
low-carbon energy transition in the Belt and Road countries. We should actively
promote the in-depth integration between the Belt and Road initiative and the Euro-
pean Union’s “Global Gateway” program and the US’ Build Back Better World
initiative and other regional cooperation initiatives, to achieve open cooperation and
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exchange in energy transition to a wider and larger field and deeper level. China, the
United States, Europe and other parties should increase discussions on energy tran-
sition issues in their climate cooperation with the Belt and Road countries, actively
share successful experiences and best practices during the process of energy transi-
tion, and give full play to their respective strengths in technology, capital, and talent.
and other aspects, form a multi-party synergy effect, give full play to multi-party
synergy, effectively enhance the capacity building of the Belt and Road countries
in energy infrastructure, renewable energy technology, etc., and jointly promote the
green and efficient transition of the Belt and Road countries in the energy field, to
achieve multi-party mutual benefit and win—win situation.

4 Analysis of Gender Mainstreaming

Gender equality is a fundamental human right, so male and female alike should be
treated equally in politics, economy, society, and family, as well as in mitigating and
adapting to climate change. Failure to take gender equality into account in tackling
climate change and a lack of supporting measures will limit women’s full participa-
tion and contribution in this regard. What’s more, if the perspectives and demands of
women are not fully expressed or reflected, the corresponding solutions will not be
gender-responsive, which may result in further gender inequality. In climate-related
policy-making, not only do we need female leadership and perspectives, but also
consider the situations bothering women, such as violence, demands for medical
service, weak economic resilience, unpaid housework, etc., so that their predicament
wouldn’t be neglected because of single perspective. A synergy between gender
equality and sustainable development is necessary.

At the 23rd session of the Conference of the Parties (COP23) to the UN Frame-
work Convention on Climate Change in 2017, Parties adopted the Gender Action
Plan and asked the Parties, subsidiary bodies, the UN organizations, observers, and
other stakeholders to participate in the implementation of the Plan in order to incor-
porate gender-related issues into each and every aspect of climate action. In February
2020, at the 52nd Plenary Session of Intergovernmental Panel on Climate Change
(IPCC), the expert panel adopted Gender Policy and Implementation Plan which
aimed to improve gender equality and promote gender-inclusive environment. The
Paris Agreement also mentioned gender equality and regarded it as one of the many
issues that needed to be considered while taking actions on climate change. In NDCs
in 2016, 64 Parties mentioned women or gender. When countries submitted new or
updated NDCs, most included a reference to women and gender, indicating improved
recognition and willingness to deal with the issue of gender equality in climate
action.'®

16 Quick Analysis—Gender Climate Tracker. https://genderclimatetracker.org/gender-ndc/quick-
analysis.
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Gender equality is part of China’s basic national policy. In order to improve
women’s position and promote gender equality, China attaches great importance to
ensuring equal opportunities for women and their equal participation in economic
activities, employment, and starting business.!” In Outline for the Development of
Chinese Women (2021-2030), Women and Environment was identified as one of
the eight themes. However, China’s gender awareness in environment and climate
is not prominent enough, and there’s still a gap between China and the international
community which is experiencing neck to neck development in both gender and
environment. Strengthening gender equality considerations and measures in envi-
ronment and climate will, on the one hand, promote China’s progress in realizing
gender equality and provide multiplication effect for sustainable development, on
the other hand, significantly improve China’s international image. In this section,
we propose three specific aspects which are major and practical to integrate gender
equality and climate action in China.

4.1 Give Full Play to Women’s Role as Participants
and Facilitators in Climate Work and Enhance Women’s
Climate Leadership

At the Glasgow Climate Change Conference (COP26) in 2021, Glasgow Women'’s
Leadership Statement'® was jointly released by the Scottish Government and UN
Women, calling for the role of women and girls to be advanced in addressing climate
change. Only ten of the 140 heads of delegations at COP 26 were women. Women
are underrepresented in global governance systems for climate and environment.
In 2020, just 15% of environmental ministers globally were women,'” and female
employees only took up an average of 1/3 in public administration.”’ None of the
seven leaders of Ministry of Ecology and Environment of the People’s Republic of
China is female.?!

17 Women, U. N. “Gender Dimensions of Vulnerability to Climate Change in China.” (2016).

18 Gender equality and climate change: Glasgow Women’s Leadership statement. https://www.gov.
scot/publications/glasgow-womens-leadership-statement-gender-equality-climate-change/.

19 Gender Equality Today for a Better Tomorrow. https:/www.cn.undp.org/content/china/zh/home/
ourperspective/ourperspectivearticles/2022/gender-equality-today-for-a-better-tomorrow.html.

20 Gender Equality in Public Administration. https://www.undp.org/publications/global-report-gen
der-equality-public-administration.

21 Organization of the Ministry of Ecology and Environment of the People’s Republic of China.
https://www.mee.gov.cn/zjhb/.
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Giving full play to women’s leadership is vital in alleviating and addressing
climate change. Rural arears are highly dependent on natural resources, therefore
the impact of climate change bears on the livelihood of local people. Women, as
a major part in agricultural production and household labor, are relatively more
vulnerable to climate change. And actions on mitigating and tackling climate change
will also exert more impact on them. As a group most significantly influenced by
climate change, women should be fully represented in decision making of alleviating
and addressing climate change. Only by empowering women can we better realize
sustainable development and poverty alleviation.

UNFCCC encourages Parties to appoint and provide support for a National Gender
and Climate Change Focal Point (NGCCFP) for climate negotiations, implementa-
tion, and monitoring. With the support of UNFCCC, NGCCFPs can achieve gender
mainstreaming in climate work by the following effort>*:

e Awareness-raising and capacity-building within the delegation and/or at a nation
level on gender and climate change issues

e Point-of-contact within the delegation for questions on thematic issues e.g.,
climate finance and gender

e Coordination of the delegation’s positions on gender within the gender and climate
change agenda item and other thematic areas

e (Coordination at the national level for climate planning e.g., between ministries on
climate change and those dealing with gender, and to better connect the UNFCCC
process to national process

e Participation in networking and capacity-building events organized by other
entities in support of the UNFCCC progress e.g., WEDO, UN Women, [UCN
etc.

e Point-of-contact for the secretariat (and others) to communicate about relevant
events, information, training etc.

e Raising awareness and tracking progress on gender-responsive climate plans and
communication (NDCs, NAPs, national communications etc.)

e Tracking progress on the delegation’s goals on gender balance at UNFCCC and
other meetings

e Advocating for gender balance in the delegation’s or Group’s nominations to
constituted bodies and Bureaux.

NGCCFPs can effectively enhance their nations’ capacity building in gender and
climate change and help to incorporate gender into climate work. Up to now, 94
Parties have nominated their respective NGCCFP, excluding China. China’s nomi-
nation of its NGCCFP will be a simple but effective and meaningful step in promoting
gender mainstreaming in climate work.

22 Capacity Building and Training Needs of National Gender and Climate Change Focal Points.
https://unfccc.int/sites/default/files/resource/NGCCFP_WebinarPPT_ChineseSim.pdf.
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4.2 Promote Just Transition, Ensure Women’s Equal
Participation in Job Market, Achieve Win—Win Results
in Low-Carbon Energy Transition and Promotion
of Gender Equality

Just Transition is a framework to encompass a range of social interventions needed
to secure workers’ rights and livelihoods when economies are shifting to sustainable
production, primarily combating climate change, and protecting biodiversity,* and
it has been highlighted in the discussion on energy transition policies. In green
transition, Just Transition aims to share the interests of transition and to support those
participants who suffer economic loss, be it nations, regions, industries, communities,
workers, or consumers. It should be noted that women, as a vulnerable group, are
likely to suffer in the transition. In just transition, not only should we pay attention
to laid-off workers in phased out industries, but also focus on female group affected
by the transition.

Systematic transformation of economic structure is required to realize carbon
neutrality, which will in return change the job market in a fundamental way, resulting
in both risks of gender inequality and opportunities to promote gender equality. Take
conventional industries with high carbon intensity like coal industry as an example.
Originally, they are male-dominated industries with men as the major decision makers
and labor force. However, the trend to withdraw coal and to develop alternative energy
and relevant emerging industries brings about opportunities to reshape women’s
position in the job market and eliminate the lock-in effect in male-dominated energy
sectors. According to the statistics from International Labour Organization (ILO),
measures taken by energy sectors to limit global warming to 2 °C by the end of this
century will create some 24 million jobs which will to a large extent offset job losses.>*
Men and women should have equal access to new jobs in emerging green industries,
especially those that haven’t been regarded as male arenas, including many technical
positions and work related to climate change mitigation and adaptation policies and
initiatives.?> We have to make sure that gender inequality in traditional energy and
industry sectors will not be shifted to the emerging green economy. Neglection of
gender equality in transition may lead to exacerbated inequality between men and
women in job markets and unpaid housework.

To ensure equal job opportunities for women in emerging industries, there should
be equal coverage of trainings for both male and female groups in the jobs. Reem-
ployment trainings for former employees from phased out high-carbon industries are
of great importance. However, if the reemployment is still male dominated, there will
still be risks for male-dominated lock-in effect in the emerging industries. Therefore,

23 Wikipedia: Just Transition. https://en.wikipedia.org/wiki/Just_transition.

24 Bureau international du travail. World Employment Social Outlook 2018: Greening with Jobs.
International labour office, 2018.

25 pearl-Martinez, R. “Women at the forefront of the clean energy future.” Washington, DC: United
States Agency for International Development (2014).
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unemployed female groups should be equally covered in the trainings. Moreover, we
need to promote gender equality education, carry out women’s capacity-building
programs, and improve the awareness and recognition of women in positions for
green transition, especially their leadership positions. Policy and decision makers
should make sure there’s no gender discrimination whatsoever in policies for employ-
ment and capacity development in green positions. Meanwhile, businesses and other
organizations should ensure high inclusiveness in recruitment.

Those who lost their jobs because of transition should be settled appropriately.
Unemployment and poverty will squeeze space for women to survive and thrive, and
alack of resources and skills will not only force them to take more unpaid household
service but also may exacerbate such issues as domestic violence. Just Transition
will have positive influence on promoting gender equality from all perspectives, and
special attention to female group during the transition will further enhance gender
equality construction.

4.3 Take More Account of Social Impact in Overseas Green
Investment and Aids, Conduct International Cooperation
on Gender Equality, and Give Play to China’s Leading
Role in Global Climate Governance

Overseas investment and aids have not only an economic impact on the host country,
but also significant social and environmental influence. Currently, China’s overseas
investment and aid projects, especially the green ones, have already had comprehen-
sive consideration and recognition of the environmental impact; however, its under-
standing and management of the social impact is still at preliminary stage. When it
comes to gender, we should focus on preventing harms to women and protecting the
basic rights and interests of female workers in the construction of overseas invest-
ment and aid projects. Besides, contributions of the projects to bridging income
gaps between genders and alleviating unequal social positions should be considered.
Taking gender into account in those projects will promote the host country’s social
development, avoid project risks caused by harm to the vulnerable groups, and is
conducive to improving China’s international reputation as a responsible power.

So far, climate finance has taken little account of gender. Only 1.5% of climate-
related ODA identified gender equality as a primary objective, while 2/3 of the
projects and plans failed to consider gender equality in design, budget, and imple-
mentation. And only 0.2% of the ODA realized women’s leadership and established
women’s organizations.?® In China, however, there hasn’t been any official policies
or guidance in this regard.

In China’s overseas green investment and aid projects, gender mainstreaming
should be integrated into project objectives or evaluation indicators. At early stage,

26 CLIMATE FINANCE SHADOW REPORT 2020. https://oxfamilibrary.openrepository.com/bit
stream/handle/10546/621066/bp-climate-finance-shadow-report-2020-201020-en.pdf.
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we should at least adhere to the principle of “do-no-harm”, i.e., to identify and
avoid negative impact related to gender caused by the projects, and compensate for
unavoidable impact; for example, we should avoid employment discrimination and
unequal payment, avoid exacerbated inequality in men’s and women’s positions as
well as gender-based violence. At later stage, we should take account of the projects’
contribution to promoting gender equality (do-good), for example, promoting equal
employment, equal pay for equal work, equal right of speech and decision-making,
as well as equal possibilities for individual development, etc.

5 Policy Recommendations

5.1 Synergistically Promote Steady Growth and Green
Development, Inject New Drivers into China’s Economic
Growth

First, remain committed to the overall strategy of green development, especially
under the complicated and evolving international and domestic situations. Jointly
pursue the goals of economic growth, energy security, environmental quality, climate
protection, etc. A new Industrial Revolution based on low-carbon energy technology
will be a breakthrough to jointly achieve green development and stabilized growth.
The conventional tools to boost the economy based on projects with high energy
consumption and high emission should come to an end. Instead, we should give
full play to China’s advantages from its systems and institutions, market scale and
economic resilience, as well as in new energy equipment manufacturing. Concrete
efforts should be made in expanding green investment and consumption in such
areas as the digital upgrading and green transformation of traditional industries,
green and low-carbon urbanization and consumption, renewable energy, new power
system construction and so on, so that investment related to carbon neutrality can be
stimulated and provide significant momentum for economic growth by the middle
of this century (direct investment in China’s carbon neutrality will reach at least 140
trillion RMB by 2050).

Second, remove the barriers to green growth investment and make them the new
economic drivers for development in the short, mid, and long run. In the short term,
we should prevent and control the epidemic in a well-targeted and scientific way,
and actively expand green consumption through measures like financial support and
consumption policy reform. Infrastructure investment in such areas as new energy can
be made in advance in a moderate manner to drive economic growth. In the mid and
long term, we should clarify emission reduction goals in different phases, set up stable
expectations for investors and technology developers, accelerate the establishment
of carbon pricing system, and guide investment towards emission reduction.
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5.2 Accelerate Low Carbon Energy Transition Under
the Premise of Energy Security

First, accelerate the investment in the construction of the new energy system (espe-
cially new power systems) with renewable energy as the key. Pilot projects and
application of integrated energy systems should be sped up in different regions,
which focus on renewable energy and integrate “power supply, power grid, power
load, energy storage and utilization”. Further research in pilot projects and solutions
“integrating wind, solar, hydro energy, and storage” should be explored to solve
problems such as insufficient consumption within the province and uneven power
transmission to surrounding regions, lacking coordinated power grid development
in different regions, poor price transmission mechanism. Policies should be formu-
lated to further reduce the cost for renewable energy sector, and enhance support
for renewable energy development in terms of land assignment, IPO fast-tracking,
targeted lending and reduction of the required rate of return. When it comes to
investing in projects contribution to a stable growth in 2022, the priority should be
given to renewable energy investment.

Second, guide the gradual and orderly phase out of coal power whose role in
power system should shift from base-load power generation to peak-management
power generation. Based on eliminating outdated production capacity, the existing
coal power should be flexibly transformed so that most of the coal-fired power plants
can withdraw in a stable way after operating for a reasonable period (20 or 30 years).
Lessons learnt can be drawn from the international community (e.g., Germany and
the UK) and guide the orderly withdrawal of coal power through market-oriented
mechanisms. A bidding mechanism for power supply to the grid can be established
to break the system of guaranteed of power generation hours and fixed power price
for coal power units. And a spot market for power can be set up to provide economic
returns for its flexibility service. We should also improve the construction of carbon
market in China and guide the phase out of coal power by higher carbon price. In a
nutshell, we should stabilize the stock of coal power and strictly control its increase.

Third, improve the green electrification degree of end-users. We should at least
align our electrification goals with those of Europe and the U.S. or set even higher
targets so that some Chinese industries (e.g., EV and renewable energy) which have
overtaken the West can maintain their competitive edge. As the price of raw materials
has soared (the price of lithium carbonate, the main material for battery, jumped
ten times within a year), extending the industrial chain (e.g., car manufacturers
and battery plants can set up joint ventures in the upstream) and enhancing battery
recycling and reuse will ensure supply and help stabilize price.
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5.3 Resort to Legal, Economic, and Administrative Measures
to Establish Efficient and Coordinated Policy Systems
and Institutional Mechanisms for Carbon Peaking
and Carbon Neutrality

First, system development should adhere to the principle of “construction before
destruction”, and the system for “dual control” of aggregate energy consumption and
energy consumption intensity should be more carbon-reduction oriented. Schedules
and roadmaps of “dual control” system for carbon emission are required. According
to goals set for carbon peaking and carbon neutrality, absolute carbon emission
objectives for each stage of the path towards carbon neutrality are needed, and
a dynamic regulatory mechanism should be set up. The decomposition of carbon
emission targets should take into consideration the development gaps among regions
and industries, the flow of products among different regions, and the security of
industrial supply chain. The “dual control” system for carbon emission should be
incorporated into the provincial, municipal, and industrial action plans for carbon
peaking and carbon neutrality. Carbon emission “dual control” pilot projects should
be conducted as soon as possible in key areas and key industries before they are
gradually promoted to the whole industry and the whole country.

Second, accelerate the establishment of legal and institutional systems centered
on the absolute control of carbon emissions; built upon supporting systems such
as carbon emission permits, carbon emission allowance trading, carbon emission
information disclosure, carbon emission accounting report, carbon emission super-
vision and inspection, and carbon emission dispute settlement; and covering flexible
execution mechanisms like clean development mechanism and voluntary emission
reduction. Meanwhile, the formulation and revision of relevant laws should be put
in place coordinately so as to achieve a systematic management of absolute carbon
emission.

Third, coordinate the promotion of pollution reduction and carbon reduction,
and make sure that the measures for pollution reduction and carbon reduction are
highly aligned. We should focus on “dual high” regions and industries with high
air pollutants emission and carbon dioxide emission, and strive for collaborative
governance.

Fourth, establish a cohesive mechanism for absolute carbon emission control
system and carbon trading market system, and improve the mechanism for carbon
pricing. Accelerate the coordination and unification of carbon market, energy
consumption rights market and green power market.

Fifth, strengthen the organizational leadership of the central leading group for
carbon peaking and carbon neutrality, and improve its institutionalization and main-
streaming level in execution capacity as well as the overall planning and coordina-
tion ability. The intricate relation between carbon peaking and carbon neutrality and
the social and economic development, should be made fully aware by enhancing
communication and coordination among different departments, as well as coordi-
nating international and domestic affairs in order to ensure alignment and coherence
in policy directions and processes.
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5.4 Lead Overseas Green Investment, Enhance International
Cooperation and Trade in Low-Carbon Technologies,
and Maintain a Resilient Supply Chain

First, actively support the Belt and Road Initiative countries in their low-carbon
infrastructure construction, and strive to coordinate and connect with other interna-
tional initiatives such as the Global Gateway by the EU and Build Back Better World
by the U.S. in order to form synergies and jointly facilitate the low-carbon energy
transition in BRI countries.

Second, make full use of the existing regional, multilateral, and bilateral cooper-
ation mechanisms, enhance dialogues and exchanges among countries and regions,
improve negative list system for overseas investment, and highlight climate and envi-
ronment factors in policies for overseas investment and financing. By adopting such
emerging concepts and tools as transition finance, we can help ensure the BRI coun-
tries to upgrade their conventional industries while ensuring a just and fair transition.
Debt reconversion like “Debt for Nature Swap” should be explored so that vulner-
able countries struggling with climate change and environmental deterioration can
be funded to support green recovery in the post-pandemic era.

Third, summarize China’s successful experience and best practice in climate
change and low-carbon transition, analyze its applicability in the BRI countries, and
provide those countries with low-carbon transition experience and targeted guidance
in accordance with their own conditions.

Fourth, pay attention to the progress in setting up a new round of green standards
and trade systems in developed economies like the EU and the U.S., speed up the
formulation of mid and long-term development strategies and polices for green supply
chain in China, accelerate the development and improvement of green and low-carbon
standard systems for key products in China, and explore mutual recognition and
unification with global green and low-carbon standard systems in order to safeguard
the stability and security of supply chains in China, and contribute Chinese Wisdom
to the establishment of global green supply chain systems.

5.5 Enhance International Cooperation on Climate,
and Promote Pragmatic and Balanced Progress
in International Climate Governance

First, maintain the global climate governance framework based on the UN Frame-
work Convention on Climate Change and the Paris Agreement, and promote prag-
matic international cooperation on climate. Facilitate the implementation of the
Paris Agreement, promote the execution of the COP 26 decision, and strive for
breakthrough in such key issues as climate finance, technology, etc. We should take
continuous and concrete actions to tackle climate change, promote comprehensive
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green transition and global cooperation on carbon neutrality so that we can make
constructive contributions to global climate governance.

Second, facilitate synergy between climate change tackling and relevant multi-
field governance, and promote implementation of the UN 2030 Agenda for Sustain-
able Development. Make joint efforts to strike a balance between energy security,
carbon reduction, and development, and focus on the impact of various crises such as
energy, food, and supply chains on global climate governance. Promote the integra-
tion of global climate governance with overall global development initiatives, and
drive the world to respond to the multiple global goods crises in a systematic manner
that prevents systemic risks.

Third, continue to promote bilateral and multilateral dialogues and cooperation on
climate. Actively move forward with the establishment of Sino-US Working Group
for Enhancing Climate Action in the 2020s and the relevant work, strengthen climate
cooperation and communication with the EU. Actively conduct Track II dialogues
and exchange on climate, and create opportunities for Track 1.5 dialogue so as to
enhance mutual trust, avoid miscalculation, and boost the establishment of policy
linkage mechanisms.

Appendix

Schedule 1: Goal or Plans for Coal Exit and Reduction in Part of the Belt and
Road Countries

Region Country Policy/Meeting/Event/Report | Coal exit and reduction
goals/Plans
Asia China Leaders Summit on Climate Strictly control coal-fired

power projects; control the
growth of coal consumption
during the 14th Five-Year Plan
period; and achieve gradual
decrease of coal consumption
during the 15th Five-Year Plan

period
The 76th Session of the No new overseas coal-fired
UNGA power projects will be built to

support green and low-carbon
energy development in
developing countries

The Working Guidance for
Carbon Dioxide Peaking and
Carbon Neutrality in Full and
Faithful Implementation of the
New Development Philosophy

Promote coal consumption
substitution, transformation
and upgrading, and accelerate
the pace of coal reduction

(continued)
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(continued)
Region Country Policy/Meeting/Event/Report | Coal exit and reduction
goals/Plans
The Action Plan for Carbon
Dioxide Peak before 2030
Korea Leaders Summit on Climate Stop funding coal-fired power
plants overseas
The 9th Basic Plan for Power | Close all coal-fired power
Supply and Demand (BPLE) | plants by 2034
(2020-2034)
Global Coal to Clean Power Stop building and licensing
Transition Statement coal-fired power plants in
domestic and phase out coal
gradually
Singapore The Powering Past Coal Phase out coal-fired power
Alliance plants with no emission
reduction by 2050 and limit
direct financing to coal-fired
power projects with no
emission reduction
Indonesia PLN’s 2021-2030 Electricity | Cancel or delay the
Supply Business Plan construction of the planned
(RUPTL) new plants with capacity of up
to 15.5 GW, of which only
about 2.3 GW are from
renewable energy projects
Global Coal to Clean Power Stop building and licensing
Transition Statement coal-fired power plants in
domestic and phase out coal
gradually
China Policies and In 2025, coal supply will
Regulations on Energy No. account for a minimum of 30%
79/2014 of primary energy supply, and a
minimum of 25% in 2050
Bangladesh | South and Southeast Asia’s In November 2020,

Last Coal Plants

Bangladesh’s Ministry of
Energy formulated a plan to
cancel all coal-fired power
plant projects not under
construction, which will
effectively cancel the 22.9 GW
planned coal-fired power;
however, Bangladesh has not
committed to abandoning the
use of coal as renewable energy
is currently unable to meet the
electricity demands of its large
population

(continued)
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Region Country Policy/Meeting/Event/Report | Coal exit and reduction
goals/Plans
Vietnam Power Development Plan 8 The proportion of coal-fired
(PDP8) power will drop to 40% in 2030
and further to 30% in 2045
Global Coal to Clean Power Stop building and licensing
Transition Statement coal-fired power plants in
domestic and phase out coal
gradually
Philippines | Boom and Decline In October 2020, the Philippine
2021—Global Coal Plant Department of Energy
Tracker announced a moratorium on
new coal-fired power plants
that have not yet entered the
approval process
Pakistan Climate Ambition Summit No more new coal-based power
projects will be built
Europe % Italy Global Status of Coal-fired Phase out all coal-fired power
power—Pre-Covid19 Baseline | plants by 2025
Portugal Analysis Phase out all coal-fired power
plants by 2023
Greece Phase out all coal-fired power
Hungary plants by 2030
Slovenia
Poland Global Coal to Clean Power Stop building and licensing
Transition Statement coal-fired power plants in
domestic and phase out coal
gradually
Energy Policy of Poland until | The proportion of coal-fired
2040 (EPP2040) power will account for no more
than 56% by 2030
Ukraine Global Coal to Clean Power Stop building and licensing
Transition Statement coal-fired power plants in
domestic and phase out coal
gradually
South America | Chile No New Coal-fired power No more new coal-fired power
Compact plants will be built
Phasing out Unabated Coal Phase out all coal-fired power
plants by 2040
Africa South Africa | Boom and Decline South Africa cancelled

2021—Global Coal Plant
Tracker

coal-fired power projects with
capacity of 3.8 GW in 2020

(continued)
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(continued)
Region Country Policy/Meeting/Event/Report | Coal exit and reduction
goals/Plans
Egypt Boom and Decline Egypt had shelved or cancelled

Tracker

2021—Global Coal Plant

a total of 15.2 GW of planned
new coal-fired power projects
by 2021

Schedule 2 Renewable Energy Development goals or Plans in Part of the Belt
and Road Countries

Region Country Policy/Meeting/Event/Report
China The Working Guidance for Carbon The proportion of non-fossil energy
Dioxide Peaking and Carbon Neutrality | consumption will reach about 20% by
in Full and Faithful Implementation of | 2025; about 25% by 2030; and above
the New Development Philosophy 80% by 2060
The Action Plan for Carbon Peaking
before 2030
Guidance on Energy Work in 2022 In 2022, the proportion of non-fossil
energy in total energy consumption will
increase to about 17.3%, and the
proportion of wind power and
photovoltaic power in the total
electricity consumption will reach about
12.2%
The 14th Five-Year Plan for Modern By 2025, the proportion of non-fossil
Energy System energy consumption will increase to
about 20%, and the proportion of
non-fossil energy power generation will
reach about 39%; the installed capacity
of conventional hydropower will reach
about 380 million kW
Korea The 9th Basic Plan for Power Supply It is planned that by 2034, the installed
and Demand (BPLE) (2020-2034) capacity of renewable energy power
generation will reach 40%
Indonesia | PLN’s 2021-2030 Electricity Supply By 2030, 40.6 GW of new power

Business Plan (RUPTL)

generation capacity will be added,
which will include 20.9 GW of
renewable energy projects accounting
for 51.6%. Among them, renewable
energy will account for at least 23% and
at least 31% of the overall energy
structure of the industry in 2025 and
2050, respectively, and at least 23% and
28% of the power energy structure in
2025 and 2050, respectively

(continued)
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Region Country Policy/Meeting/Event/Report
China Policies and Regulations on New and renewable energy will account
Energy No. 79/2014 for at least 23% of the primary energy
supply in 2025 and at least 31% in 2050
Malaysia | Peninsular Malaysia Generation The proportion of renewable energy
Development Plan 2019 (2020-2030) generation will reach 20% by 2025
Philippines | Philippine Energy Plan Towards a Renewable energy will account for at
Sustainable and Clean Energy Future least 35.0% of the total power
(2020-2040) generation mix by 2030, and further
achieve a proportion of more than 50%
by 2040
PHILIPPINES: National Climate Increase hydropower capacity from
Change Action Plan (NCCAP) 3478 MW in 2010 to 7534 MW in 2030,
2011-2028 wind power capacity from 33 MW in
2010 to 1018 MW in 2030, and solar
power capacity from 6.74 MW in
2010 W to 85 MW in 2030, biomass
power generation capacity from
75.5 MW in 2010 to 93.9 MW in 2030
Thailand Power Development Plan of Thailand Raise the share of renewable power
2018-2037 generation to a goal of 30% by 2037,
which will require an additional
56,431 MW of renewable power
generation capacity
Alternative Energy Development Plan | Increase the proportion of renewable
2018-2037 (AEDP 2018-2037) and alternative energy sources (in the
form of electricity, heat and biofuels) by
30% by 2037
Vietnam Power Development Plan 8 (PDPS) Renewable energy will account for 32%
of the power generation mix in 2030,
40.3% in 2040, and 43% in 2050
National Energy Development Strategy | Renewable energy will account for
to 2030 with vision to 2045 15-20% of the energy mix by 2030 and
25-30% by 2045
Italy Integrated National Energy and Climate | By 2030, renewable energy will account
Plan for 30% of the total terminal energy
consumption; and the proportion of
renewable energy is 55% in the power
sector, 33.9% in the heating sector
(heating and cooling), and 22% in the
transportation sector
Poland Energy Policy of Poland until 2040 Renewable energy will account for at

(EPP2040)

least 23% of the terminal energy
consumption, of which its proportion in
the power industry will be at least 32%
by 2030

(continued)
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Region

Country

Policy/Meeting/Event/Report

Portugal

National Energy and Climate Plan of
Portugal for 2021-2030

Renewable energy will account for 47%
of the overall energy consumption, and
about 80% of the electricity comes from
renewable energy, of which 20% of the
energy consumption in the
transportation sector comes from
renewable energy

Greece

National Energy and Climate Plan of
Greece for 2021-2030

By 2030, renewable energy will account
for at least 35% of the end energy
consumption and account for at least
60% of the final power consumption

Panama

Panama First NDC (Updated
submission)

30% of electricity will be produced with
renewable energy sources such as wind
and solar by 2050

Cuba

Cuba First NDC (Updated submission)

Renewable energy (RES)-based power
generation in Cuba’s electricity matrix
will reach 24% by 2030

Morocco

Morocco First NDC (Updated
submission)

By 2030, 52% of installed power
generation capacity will come from
renewable energy, of which 20% will
come from solar, 20% from wind and
12% from hydro

Zimbabwe

System Development Plan 2017

By 2025, the scale of solar power
generation will be expanded to 300 MW

Chile

Energy Compact

The participation rate of renewable
energy in national power generation by
2030 will be 40% and it will become
one of the largest exporters of green
hydrogen in the world with cheapest
green hydrogen by 2030

Uruguay

Uruguay First NDC (Updated
submission)

If conditions are limited, the installed
capacity of wind, solar and biomass
power generation will reach 1450 MW,
220 MW and 160 MW, respectively by
2025, accounting for 32%, 5% and 4%
of the installed capacity of the national
grid system, respectively. If conditions
allow, the electricity storage technology
will be introduced, including electricity
storage and pumping systems.
Specifically, the installation capacity
will be 300 MW by 2025, and the water
source technology for power generation
(small hydropower plants) will be
popularized and the installed capacity
will be 10 MW by 2025
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Chapter 2 ®)
Value Assessment of Nature-Based Geda

Solution (NbS)

1 Introduction

1.1 Background to the Special Policy Study

In September 2021, CCICED published a Special Policy Report on Nature-based
Solutions (NbS) in response to guidance issued earlier that year by the Ministry
of Ecology and Environmental Protection and growing international, national,
and subnational interest in holistic NbS approaches, such as agro-ecological food
systems, ecosystem-based adaptation to climate change, climate mitigation etc. The
report concluded that NbS should be a topic of future CCICED studies and that
research should be coordinated with other programs of work, including the Green Belt
and Road Initiative (BRI), green supply chains, climate adaptation and mitigation,
among others.

The report specifically recommended that future work should (1) identify objec-
tives and opportunities to advance NbS based on a clear and coherent definition;
(2) identify opportunities for international NbS cooperation; (3) establish a database
portal of NbS case studies; (4) apply innovative measurement to NbS outcomes; (5)
identify policies and partnerships needed to implement NbS.

Since the report was issued, NbS have continued to increase in profile, most
notably through the adoption of a United Nations Environment Assembly Reso-
lution (UNEA) 5.2 on Nature-based Solutions for Supporting Sustainable Devel-
opment [1]. NbS also increasingly featured in the climate negotiations at COP 26
in Glasgow, where several parties spoke strongly in support of NbS, while others
expressed interest but called for more information about the ways in which NbS
would be operationalized. A related development was the adoption of the System
of Environmental-Economic Accounting—Ecosystem Accounting (SEEA EA) as an
international standard by the UN Statistical Commission to identify and measure
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linkages between economy and nature using approaches consistent with the System
of National Accounts.

In this respect, this current Special Policy Study was undertaken at a time of high
global interest. The study sought to answer two overarching questions:

e How closely do NbS align with established Chinese approaches and frameworks
for environmental protection and sustainable development?

e How can the contribution that NbS make to green economic development,
ecosystem management, climate change, and other societally desirable outcomes
be guided and effectively measured?

1.2 Research Objectives

These overarching research questions were explored by pursuing three research
objectives that built upon and expanded on the conclusions of the earlier CCICED
SPS on Nature-based Solutions. These objectives were:

e To develop a framework for the design and implementation of NbS that is
compatible with established Chinese environmental protection and sustainable
development concepts.

e To establish a prototype database of national and international NbS case studies,
described and documented using a consistent and common assessment framework.

e To propose an outline framework that enables the benefits and societal contri-
butions of NbS outcomes to be consistently and comprehensively measured
according to internationally adopted natural capital and national accounting
principles.

1.3 Research Methodology

The three research objectives used the IUCN Global Standard for Nature-based
Solutions (the most in-depth and widely recognized outline to guide NbS opera-
tional approaches that is currently available) as a consistent framework of enquiry.
Specifically:

Objective 1: Design and implementation features: A systematic literature
review was undertaken, including both published peer-reviewed literature and grey
literature such as policy documents, to map key elements of Chinese environmental
protection and sustainable development concepts (as manifested in NbS in China),
against the eight criteria of the IUCN Global Standard for Nature-based Solutions.
The results were used to establish a typology of NbS in China and identify gaps.
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Objective 2: A prototype database of NbS case studies: The eight criteria and
current Chinese eco-protection policies were used as a framework to classify NbS
cases. Both Chinese case studies and international case studies were included. In
order to ensure a balanced range of NbS applications, a range of different case
studies was selected, drawing from urban, rural, and coastal examples.

Objective 3: A proposed framework to measure NbS outcomes: A practical
framework for measuring NbS outcomes was developed, drawing from natural capital
accounting principles and guided by SEEA EA. The framework was tested with a sub-
sample of the NbS case studies where sufficient data was available and its suitability
to support or enhance the calculation of gross ecosystem product (GEP) and SEEA
EA assessed. Both Chinese case studies and international case studies were included.

2 Background to Nature-Based Solutions in China

2.1 Nature-Based Solutions for Different Ecosystems
in China: Policies and Frameworks

Inrecent years, NbS have gradually become a crucial approach to dealing with a series
of societal challenges, such as climate change, disaster prevention and mitigation
as well as economic and social development, which is widely recognized by the
international community. Under the guidance of President Xi Jinping’s Thought on
Ecological Civilization, China has paid more attention to the power of nature, adhered
to the concepts of respecting nature, conforming to nature and protecting nature,
and successively issued a series of policy documents related to climate change and
biodiversity protection. Meanwhile, China has carried out a variety of coordinated
practices of ecological protection and climate mitigation, such as the “red line of
ecological protection” system. However, China still lacks an assessment of specific
practice projects against the criteria of the [IUCN Global Standard for Nature-based
Solutions™, as well as comprehensive and systematic technical methods and sharing
platforms that could translate experiences into local practical operation guidance and
restoration approaches for different ecosystems. In this study, according to the key
issues and policy requirements of ecosystem restoration identified in China, entry
points of NbS for various issues are presented. On the basis of summarizing the
policies and cases of China’s ecological environment protection and climate change
response, the NbS implementation framework is explored; it is of guiding practical
significance in accordance with China’s national conditions.
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2.2 Problems and Challenges

2.2.1 Forest Ecosystems

China has a vast territory, with extremely rich and diverse forest plants and forest
types. The national forest area is 208 million ha, and the forest coverage rate is
21.63%. Nevertheless, China’s forest ecosystem is still facing severe problems. First,
China’s forest coverage rate is far lower than the global average of 31%. Therefore,
the total amount of forest resources is relatively insufficient, the quality is not high,
the distribution is uneven, and the quality of forest ecological construction needs
to be improved. Second, with the acceleration of urbanization and industrialization,
spaces for ecological construction will be further squeezed, and pressures on strictly
observing the forestry ecological red line and maintaining the national ecological
security bottom line will increase. Third, China’s forest land suffers from low produc-
tivity and unreasonable age group structure. There is still great potential for further
increasing investment, strengthening forest management, boosting forest produc-
tivity, increasing forest stock, and enhancing ecological service function. Fourth,
there is a prominent contradiction between effective forest supply and increasing
social demand.

2.2.2 Grassland Ecosystems

China’s grassland ecosystems cover 2.7767 million km?, accounting for 28.92% of
the national land area. Grassland ecosystems, compared with other types of ecosys-
tems, are more fragile and sensitive to environmental impacts. From the last century
to the present, influenced by climate change, overgrazing, irrational utilization, lack
of management, and other factors, grassland ecosystems have suffered more serious
pressure from many aspects and are facing great threats and challenges. These threats
and challenges are mainly manifested in the following ways: (1) grassland degra-
dation and ecosystem damage; (2) loss of biodiversity and aggravation of pests and
diseases; and (3) decline of social and economic benefits.

2.2.3 Wetland Ecosystems

Wetland ecosystems cover 353,800 km?, accounting for 3.69% of China’s land area.
Economic development and population growth have become the indirect driving
forces for the loss and degradation of wetlands. Furthermore, there is a widespread
lack of awareness of the importance of wetlands in society, which has resulted
in overutilization, neglect of protection, and difficulty in effectively carrying out
wetland protection. Further, it has caused a decline in ecosystem services, such as a
shortage of freshwater resources and a decline of biodiversity.
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2.2.4 Farmland Ecosystems

Farmland ecosystems cover 1.7929 million km?, accounting for 18.68% of the
country’s land area. At present, the problems and challenges faced by the farmland
ecosystem mainly include: (1) farmland degradation, desertification, alkalization,
and land-quality decline, resulting in crop yield reduction; (2) meteorological disas-
ters, such as droughts, floods, gales, hail, and frost, as well as major diseases and
insect pests, have a large area, high frequency, extensive and far-reaching impact,
and lack of efficient means of control; (3) waste gas, heavy metals, garbage, and
other serious pollution that threaten the production, life, and ecology of farmland
systems; (4) inappropriate modes of operation, including predatory modes of opera-
tion, such as extensive planting but poor harvest, land use and output, in many areas;
and (5) farmland ecosystems that have been damaged to varying degrees in internal
and surrounding biodiversity and have not been restored or improved.

2.2.5 Urban Ecosystems

From the perspective of landscape ecology, the process of urbanization is a process
of mutual transformation of the underlying land properties in urban areas and expan-
sion areas. Natural elements such as waterbodies, woodlands, scrubs, and grasslands
are continuously encroached and fragmented by the artificial landscapes brought
about by urbanization. As a result, the natural ecological space is continuously swal-
lowed up, leading to a number of problems and challenges. These problems mainly
include many urban ecological problems such as the heat island effect, urban flooding,
air pollution, water pollution, frequent extreme weather, reduced biodiversity, envi-
ronmental noise, surface exposure, and a series of social problems such as traffic,
housing, epidemics, psychological stress, resource waste, and energy shortages.

2.2.6 Marine Ecosystems

Marine ecosystems provide abundant natural resources for human beings. However,
under the influence of human activities, such as large-scale reclamation projects, a
massive discharge of pollutants into the sea, overfishing, exploitation, and intensive
transportation of offshore oil and gas mineral resources, as well as the combined
action of natural factors including global climate change and natural disasters, a
series of ecosystem degradation issues, such as habitat loss, resource attenuation,
eutrophication, disturbance of hydrodynamic conditions, and decline of biodiversity
have arisen in marine ecosystems.
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2.3 Policies

2.3.1 Forest Ecosystems

Particular priority was given to analyzing NbS-related content in China’s forest
ecosystem protection policies, which mainly include: (1) laws and regulations related
to the forest ecosystem, such as the Forest Law, amended in 2019; (2) strategic
plans, action plans, and schemes to deal with climate change and ecological envi-
ronment protection. For example, in 2019, the General Office of the CPC Central
Committee and the General Office of the State Council issued the Natural Forest
Protection and Restoration System Plan, and in 2022, the National Forestry and
Grassland Bureau, the National Development and Reform Commission, the Ministry
of Natural Resources and the Ministry of Water Resources jointly issued the Plan for
the Construction of Major Projects for Ecological Protection and Restoration of the
Northeast Forest Belt (2021-2035); and (3) guiding opinions on forest carbon sink
trading. For example, in 2014, the State Forestry Administration issued the Guiding
Opinions on Promoting Forestry Carbon Sequestration Trading.

2.3.2 Grassland Ecosystems

To promote grassland ecological management, relevant state departments have
successively issued a number of policies and regulations, including among others, the
Outline of Forestry Grassland Protection and Development Plan in the 14th Five-Year
Plan, several opinions on strengthening grassland protection and restoration, and the
13th Five-Year Plan for National Grassland Protection, Construction and Utiliza-
tion. These policy documents include the following measures: (1) speed up grass-
land ecological restoration; (2) promote the introduction of regulations and systems
for grassland protection; and (3) strengthen the supervision system of grassland
ecological protection and restoration.

2.3.3 Wetland Ecosystems

Atpresent, there are different levels of wetland ecosystem policy documents involved,
such as the Wetland Protection Law of the People’s Republic of China, the Yangtze
River Protection Law, and the Kunming Dianchi Wetland Construction Management
Measures (for Trial Implementation). These policy documents clarify the ecological
management and ecological restoration of wetlands, strengthen wetland protection,
and maintain wetland ecological functions and biodiversity.
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2.3.4 Farmland Ecosystems

In 2008, the Third Plenary Session of the Seventeenth Central Committee of the
Communist Party of China put forward the concept of “permanent basic farmland.”
This shows that the Party Central Committee and the State Council attach great
importance to basic farmland and its quality, quantity, and ecology, and protect it in
all aspects. The state has also put forward the idea of farmland ecological restoration
and management via a series of other policies, including the National Agricultural
Green Development Plan in the 14th Five-Year Plan, the Cultivated Land, Grass-
land, Rivers and Lakes Rehabilitation Plan (2016-2030), the Agricultural Resources
and Ecological Environment Protection Project Plan (2016—2020) and other master
plans, as well as the Guidelines for the Treatment and Restoration of Contaminated
Cultivated Land.

2.3.5 Urban Ecosystems

In response to a series of problems in the process of urban development, in
October 2015, the General Office of the State Council issued the Guiding Opinions
on Promoting Sponge City Construction, proposing to promote green park space
construction and natural ecological restoration in view of urban waterlogging. The
Guiding Opinions on Strengthening Ecological Restoration of Urban Remediation,
issued by the Ministry of Housing and Urban—Rural Development in March 2017,
proposes respecting the laws of the natural ecological environment, including by
implementing the concept of sponge city construction. In the Opinions on Promoting
the Green Development of Urban and Rural Construction issued by the General
Office of the CPC Central Committee and the State Council in October 2021, it is
proposed to promote the green development of regional and urban agglomerations
through spatial planning, housing construction, ecological space construction, and
public infrastructure construction.

2.3.6 Marine Ecosystems

Based on the reality of marine ecological restoration in China and a focus on the types
and natural characteristics of the marine ecosystem, starting from the integrity of the
ecosystem, the Technical Guide for Marine Ecological Restoration (for Trial Imple-
mentation) issued in July 2021 implements the requirements of overall protection,
system restoration, and comprehensive management, and defines the objectives, prin-
ciples, general requirements, and technical processes of marine ecological restora-
tion. In March 2017, the State Oceanic Administration announced the Measures
for the Administration of Coastal Protection and Utilization, which strengthened
the hard measures for coastal protection. According to the National Marine Main
Functional Area Plan issued by the State Council in August 2015, classified manage-
ment is implemented to improve marine environmental quality and enhance marine
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ecological service function. In August 2020, the Ministry of Natural Resources and
the State Forestry and Grassland Administration issued the Special Action Plan for
Mangrove Protection and Restoration (2020-2025) to comprehensively protect the
existing mangroves.

2.4 Development of a Nature-Based Solutions
Implementation Framework Consistent with China’s
Policies

Actively responding to climate change is the inherent requirement of China’s sustain-
able development, while biodiversity is considered the foundation of human survival
and development. To strengthen the overall integration of climate change response
and biodiversity protection and to enhance the overall joint force of climate change
response, NbS has become an effective pathway that promotes interlinkages and
creates synergies. China boasts a vast territory and rich ecosystem types. However,
the ecological problems in different ecosystems are representative, and in the process
of ecosystem restoration and utilization, they usually involve different departments
(such as the land department, ecological environment department, forestry and grass
department, housing and construction department). Therefore, by analyzing the rele-
vant policies of China, coordinating the ecological restoration problems and gover-
nance schemes of each ecosystem, and considering the interests and needs of all
parties, the following NbS design and implementation framework consistent with
Chinese policies has been constructed. In particular, the implementation framework
listed in this study covers only NbS directly supported by relevant policies. Many
elements of NbS are still not covered by policies and are not listed in the following
table.

Box 1 An NbS implementation framework consistent with China’s policies

Criterion 1: NbS effectively address societal | Carbon peaking and carbon neutrality
challenges goals/climate change

Biodiversity loss

Food security

Sand erosion

Soil erosion

Urban waterlogging

Soil functional degradation

Marine ecological environment
degradation

(continued)
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(continued)

Criterion 2: Design of NbS is informed by | Policy guidance (overall)

scale Large-scale afforestation and returning
farmland to forests (overall)

Permanent farmland (overall)

Urban green space system planning
(overall)

Construction of biodiversity reserve and
ecological corridor (biodiversity loss)
Wind-sand shelter forest construction
(wind-sand erosion)

Restoration of barren hills/mines/bare land
(soil function degradation)

Carbon sink treading market (carbon
peaking and carbon neutrality goals)
Urban sponge project construction (urban
waterlogging)

Strengthen the integration and exchange
between urban and rural areas (food supply
security)

Coordinate upstream and downstream,
land and ocean (marine ecological
environment degradation)

Criterion 3: NbS should bring about Alien species control

biodiversity net gain and ecosystem integrity | Corridor construction/communication of
isolated grassland patches

Control means and intensity

Constructing ecological chain

Improve the diversity of urban green space
vegetation community

Criterion 4: NbS are economically viable Ecological compensation
Carbon sink trading
Corporate social responsibility (Ant

Forest)

Franchise mode, PPP mode, EOD mode
Criterion 5: NbS are based on inclusive, Consider stakeholders for ecological
transparent, and empowering governance compensation (forest rangers)
processes Publicity of development project planning

period

Rural production and management
cooperative/village-enterprise cooperation
(Wuyuan)

Set up a telephone number for protection,
supervision, and complaints, and solicit
opinions from the society

(continued)
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Criterion 6: NbS equitably balance trade-offs
between achievement of their primary
goal(s) and the continued provision of
multiple benefits

Returning farmland to forest and
permanent basic farmland management
Marine tourism development with
controllable ecological impact
Forest-thinning fire belt

Rotation fallow and strip tillage

Criterion 7: NbS are managed adaptively,
based on evidence

Remote sensing monitoring of
ecosystem/once a year

Ecological system disaster
monitoring/real-time

Continuous dynamic monitoring of
pollutants/real-time

Investigation of land use status/once every
10 years

Ecosystem investigation and
assessment/once every 5 years

Zoning construction guidance/industry
access restriction

Regular animal and plant
surveys/long-term

Criterion 8: NbS are sustainable and
mainstreamed within an appropriate
jurisdictional context

Set up the red line system of nature
reserves/ecological protection

Demarcate permanent basic farmland

Set the system of urban sponge city
construction and urban greenway
construction

The ecological management effect enters
the assessment

Construction of Forest and Wetland Parks

2.5 Summary

First, China has formulated and implemented NbS-related policies and measures in
various ecosystems, but has not yet formed a policy system with NbS as the starting

point.

Second, relevant policies and measures of NbS are scattered in different depart-
ments, and the lack of communication and coordination mechanism between
different departments makes it difficult to form an efficient and overall management

mechanism.

Third, not many policy documents clearly address Criterion 4: “NbS economi-
cally viable”. Currently, the main source of funds is still financial investment, and
no diversified fund investment mechanism has been formed.
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Fig. 1 Societal challenges addressed by Nature-Based Solutions as defined at the [UCN World
Conservation Congress in 2016 (Resolution 069) (OIUCN)?

3 Prototype Database of Nature-Based Solution Case
Studies

Human well-being and livelihoods are deeply connected to and depend on nature.
Understanding the multiple benefits that ecosystems provide to diverse beneficiaries
while ensuring the protection of ecosystem integrity, functions, and services, is at
the heart of NbS.!

Case studies can be an effective tool to illustrate the value of NbS in real terms.
Furthermore, they provide an opportunity for learning as they exemplify key compo-
nents, approaches, and safeguards that are characteristic of true NbS interventions
and accordingly prevent mislabelling. While each case has to be considered in its
unique context, there are a number of overarching parameters with which projects and
interventions should comply in order to qualify as NbS. Such parameters ensure that
societal challenges (see Fig. 1) are addressed adequately and that human well-being
and biodiversity benefits are simultaneously generated.

The IUCN Global Standard for Nature-based Solutions™, with its eight criteria
(see Fig. 2) and 28 indicators, is particularly suited for the documentation of NbS as
it provides clear, science-based and widely consulted parameters for benchmarking
NbS interventions.> One important feature of the Standard is the interdependent
and non-hierarchical nature of its eight criteria. As a result, inadequacy in just one
criterion means that the intervention in question is not in adherence with the Standard
and therefore cannot be verified as an NbS.

The prototype database of NbS case studies presented here constitutes an effort
to draw on a range of national and international experiences relevant in the context
of Chinese eco-protection policies. The national and international case studies help
identify policy measures that enhance the uptake, implementation, and financing of

TTUCN defines Nature-based Solutions (NbS) as “actions to protect, sustainably manage, and
restore natural or modified ecosystems, that address societal challenges effectively and adaptively,
simultaneously providing human well-being and biodiversity benefits” (endorsed by IUCN’s 1400
members at the 2016 World Conservation Congress in Resolution 069).

2JUCN (2020a). Global Standard for Nature-based Solutions. A user-friendly framework for the
verification, design and scaling up of NbS. First edition. Gland, Switzerland: TUCN; IUCN (2020b).
Guidance for using the IUCN Global Standard for Nature-based Solutions. A user-friendly frame-
work for the verification, design and scaling up of Nature-based Solutions. First edition. Gland,
Switzerland: IUCN.
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Fig. 2 The eight criteria of
the IUCN Global Standard
for Nature-Based
Solutions™ (©IUCN)?
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NbS. It was established in three steps: (1) development of a common and agreed-
upon documentation framework; (2) selection of relevant and illustrative national and
international case studies; and (3) documentation of selected case studies applying
said documentation framework. Additionally, it was noted that gender-responsive and
inclusive approaches should be specifically highlighted whenever possible, especially
in relation to criteria 5, 6, and 7 of the Standard.

To ensure comparability and to increase the impact of case studies, they were docu-
mented using a coherent and consistent manner through a documentation framework
that was based on the [UCN Global Standard for Nature-based Solutions™ as well as
the information required by the PANORAMA : Solutions for a Healthy Planet® case
study database. PANORAMA was recognized as a strategic database to make the five
Chinese and the five international case studies widely accessible.

The agreed documentation framework that helped extract key information and
lessons learned for successful NbS design and implementation is represented in
Fig. 3.* Quantitative information on the key features and benefits under the eight
criteria of the Standard was captured wherever possible.

3 https://panorama.solutions/en.

4 A more detailed elaboration of the methodology applied can be found in a supplementary report:
Meyer, K. and Hessenberger, D. (2022). Prototype database of international Nature-based Solutions
case studies. China: CCICED and IUCN.
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Fig. 3 Documentation framework developed to capture relevant information and lessons learned
from case studies

3.1 China Case Studies

In this part, five typical NbS Chinese cases implemented in five different ecosystems
are presented. Those case studies are (1) Ganjia grassland ecological management in
Gansu province, (2) Shenzhen sponge city construction case in Guangdong province,
(3) overall ecological restoration of land and sea in Beihai, Guangxi, (4) “Three
north” shelterbelt project in Northwest, North and Northeast China, and (5) Dongying
wetland city project in Shandong province. All those cases are described following
the IUCN Global Standard for Nature-based Solutions™ mentioned above. Here,
the Ganjia grassland case is described in detail.

Location: Ganjia Township, Xiahe County, Gannan Tibetan Autonomous Prefec-
ture, Gansu Province.

Main implementing agency: Local tribal villages.

Type of NbS interventions [1]: Type 1 (solutions that involve making better use
of existing natural or protected ecosystems).

Case overview: Ganjia Grasslands, located in Ganjia Township, Xiahe County,
Gannan Tibetan Autonomous Prefecture, Gansu Province, with an area of around
80,900 ha and an average elevation exceeding 3000 m, are mostly mountainous
and alpine meadows with a typical semi-arid highland continental climate. The
grasslands are found in the transitional region between the Tibetan Plateau and the
Loess Plateau in geographical terms and on the border between Gansu and Qinghai
provinces in terms of administrative division. Generating income primarily from
livestock feeding, most residents in Ganjia are pastoralists and have retained four-
season rotational grazing and pasture sharing typical for nomadism. In recent years,
however, as a result of environmental changes and the implementation of grassland
governance policies, there have been only a few shared pastures left on the plateau,
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and most pastures that have been contracted or prohibited from grazing have to
deal with severe ecological problems, such as grassland degradation. In light of the
situation, all villages in Ganjia have markedly adjusted grassland governance rules,
including those on four-season rotational grazing. In addition, local pastoralists have
drawn on external policies to figure out pasture leasing methods that are conducive to
the sustainable use of local grasslands, and even created the “livestock-free” option.
At present, Ganjia Grasslands have made progress in ecosystem governance, with
relatively high average vegetation cover and average hay yield, and in terms of biodi-
versity, a variety of endangered wild animals have been recorded. Meanwhile, as local
pastoralists take the initiative to seek new grazing methods or new ways to support
their livelihood, income has increased, and people’s awareness has changed to some
extent, generating greater socio-economic benefits.

Box 2 Characteristics and benefits based on the criteria of the IUCN Global
Standard for Nature-based Solutions™

Overall Strong adherence to the [UCN Global Standard for Nature-based
assessment Solutions™

Intervention | All main NbS restoration activities have been completed and are subject
status to monitoring and feedback. The current focus is on sustainable
management of the implementation area

Criterion 1:

Nos . €3
effectively —p (R
(e

address 1 '

societal

Challenges Climate change Economic and Environmental
mitigation and social development degradation and

adaptation biodiversity loss

Through continuous practice and exploration, local pastoralists and
village collectives have explicitly identified the key societal challenges
they face and the impact on human well-being. Of the major issues facing
grassland ecosystems around the world today, climate change remains
one that cannot be ignored. It has led to environmental problems, such as
grassland degradation and desertification, and resulted in enormous
economic losses. Subsequently, damaged habitat gives rise to a loss in
local biodiversity to some extent. Pastoralists in Ganjia, a group that has
spontaneously initiated grassland management and directly benefited
therefrom, have established a coupled system featuring the symbiosis
among human, grasslands, and animals, which is closely related to the
most pressing societal challenges in pastoral areas, including climate
change adaptation and mitigation, economic and social development, and
ecosystem degradation and biodiversity loss

(continued)
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Criterion 2:
Design of NbS
is informed by
scale

Based on the relatively large climate variability and spatial heterogeneity
in local natural conditions, pastoralists in Ganjia have chosen the
governance method of combining pasture sharing with four-season
rotational grazing while taking villages as the basic governance unit.
They decide on the use and management of pastures in different time and
space based on a consideration of interactions among the economy,
society, and ecosystems. The process requires both the spontaneous
actions of local pastoralists and the management and coordination by
tribal villages, so as to explore methods that fit local conditions. In
addition to the most directly related department of agriculture, the
departments of ecology and environment, civil affairs, and cultural
tourism are also closely related to grassland governance

Criterion 3:
NbS result in
a net gain to
biodiversity
and ecosystem
integrity

Despite the lack of in-depth research to examine the ecological benefits
generated by the Ganjia Grasslands, both the intuitions of local
pastoralists and scientific monitoring data have indicated a recovery of
wildlife species diversity in recent years. The fenceless land use on the
shared pastures and the openness of saline-alkali soils and other natural
resources have increased the integrity and connectivity of the grassland
ecosystem

Main ecological benefits:

* Despite the hot and dry climate in Ganjia Grasslands, in 2018, during
the maximum grass growth period from July to August, local average
vegetation cover exceeded 70%, and the growth of grass exceeded that
of neighbouring towns with similar climate conditions, such as
Wangge’ertang

In 2020, the average hay yield in Ganjia Grasslands reached

1975.67 kg/ha

In terms of biodiversity, endangered wildlife species, such as snow
leopards, sand cats, alpine musk deer, black storks, and black-necked
cranes, have been recorded in the area

Criterion 4:
NbS are
economically
viable

Grassland is one of the main sites for agricultural activities in China, and
it generates considerable economic benefits. Based on local conditions,
pastoralists in Ganjia have adopted multiple grazing strategies such as
renting pastures and adjusting the livestock structure to improve the
returns from grazing while ensuring the sustainable use of pastures.
Meanwhile, measures, such as trade quotas have made pasture
governance diversely funded in a sustainable way. The short-term
livestock-free strategy created by local pastoralists not only serves as a
flexible adaptation to market changes but also brings forth new business
opportunities, namely, “Tibetainment” with idle pastures. Furthermore,
local pastoralists can increase income by working away from home or
others. This case has provided a reliable basis and a viable reference for
other places to bolster their practice and governance in grassland
agricultural production

(continued)
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Criterion 5:
NbS are based
on inclusive,
transparent,
and
empowering
governance
processes

Throughout the case, governance is based on negotiations among local
pastoralists and between pastoralists and communities, which is the key
for the area to implement NbS. Villages in Ganjia have established a
complete decision-making process and an open negotiation platform. The
main decision-maker, i.e., the pasture management group, and the actor,
i.e., the patrol group, are elected by village collectives under election
rules formulated based on their individual situations and through voting
by representatives from each household, which reflects inclusiveness and
fairness to all pastoralists. In addition, as a group distinctly formed
through blood and geographical ties among the tribes, local villages
perform activities that cannot be accomplished by individual pastoralists,
such as traditional identity-related rituals, and group-based essential
activities like sheep shearing and house building, creating an influential
atmosphere that bonds pastoralists from different backgrounds more
closely

Criterion 6:
NbS equitably
balance
trade-offs
between
achievement
of their
primary
goal(s) and
the continued
provision of
multiple
benefits

Villages in Ganjia treat collective and long-term interests as the primary
goal in pasture management, and make decisions based on the majority
rule. The pasture sharing and four-season rotational grazing are the basis
and most important features of the current ecosystem governance in
Ganjia Grasslands. Such methods have been retained after continuous
practice, which is obviously in consideration of collective interests, and
only by doing so can the interests of the majority pastoralists can stay
intact. In cases where any individual pastoralist disrupts collective
harmony and stability, the village may consider his/her reasonable
requests, e.g., demanding a separate pasture, but at the same time
excluding them from group activities, thus reducing unstable factors and
realizing multiple benefits

Criterion 7:
NbS are
managed
adaptively,
based on
evidence

Villages in Ganjia mainly rely on long-accumulated trials and adaptive
local ecological knowledge to set rules for hire pasture, short-term
without livestock, etc. According to local conditions, which is conducive
to rapid ecosystem recovery. The management and patrol groups
spontaneously organized by local village collectives can track problems
encountered in implementing NbS more swiftly and solve them in time.
In the face of unpredictable changes in nature, policies, and markets,
local pastoralists have made adjustments accordingly by spontaneously
designing flexible solutions, such as pasture leasing and the short-term
livestock-free strategy, with feedback provided on the local NbS system

(continued)



3 Prototype Database of Nature-Based Solution Case Studies 83

(continued)

Criterion 8: Within the pastoralist community in Ganjia, villages are bonded together
NbS are through long-term reciprocal relationships, which is essential to local
sustainable grassland governance. They share experience, for instance, in warding off
and wolves, and create knowledge together, thus ensuring the sustainability of
mainstreamed | these measures. The experience of Ganjia Grasslands in NbS practices
within an has produced ecological, environmental, economic, and social benefits,
appropriate which serves as a reference point for other regions and may be
jurisdictional | incorporated into national or regional strategies as a policy that can be
context summarized and normalized for long-term implementation and efficiently

applied to practice in other regions

Lessons Learned

Although the core characteristics and value of the solutions lie in using the power of
science to understand nature and replacing certain manual techniques with the forces
of nature, more emphasis should be placed on the role of local ecological knowledge
in acquiring comprehensive ecosystem information. Designers of ecosystem gover-
nance solutions should stay open minded in communicating and sharing information
with local pastoralists, governments, and other stakeholders, so as to gain a deeper
understanding of local natural, social, and cultural contexts and to make designs that
accommodate local conditions.

At present, most NbS are implemented by enterprises and governments, whereas
communities, one of the stakeholders, are somewhat ignored and should get more
involved in governance. First, communities should be given sufficient knowledge
about the project. Second, an open platform that allows negotiation with communi-
ties should be established, and the design should be adjusted accordingly. Finally,
authorities and responsibilities should be fairly distributed among different stake-
holders within each community, so as to extend the depth and breadth of participation
by different groups and improve the nature conservation capacity of communities.

It is important to bypass the “one-size-fits-all” approach and give sufficient flex-
ibility to the governance rules when designing the solutions. Meanwhile, efforts are
needed to continuously optimize the prototype based on the initial design and monitor
the project’s impact on an ongoing basis during the implementation process. With
these efforts, we would be able to better tackle the multi-scale and complex societal
challenges.
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3.2 International Case Studies

To complement the five Chinese case studies, five international cases were analyzed.
Each of the international cases had already undergone a full assessment with the
IUCN Global Standard for NbS. They include examples applied in marine, forest,
farmland, coastal, and wetland ecosystems.> A detailed account of agroforestry
systems for sustainable cocoa farming in the Lachud Ecoregion, Guatemala, is
provided here as an illustrative example. The full set of international case studies can
be found in a supplementary report to this CCICED Special Policy Study [2].

Location: Lachud Ecoregion (municipalities of Ixcan, Quiché, and Chisec),
Guatemala

Main implementing organization: [TUCN

Other implementing organization: Fundalachud (Laguna of Lachud Founda-
tion), Ministry of Agriculture of Guatemala

Type of NbS intervention [1]: Type 2 (solution for sustainable management of
restored and managed ecosystems, including innovative land-use planning protocols)

Case overview: An estimated 30—40% of annual household income in Guatemala
is derived from forest products. Cocoa production was recognized as an economi-
cally viable alternative for job creation and increased local income, underscoring its
economic, social, environmental, and cultural value. The NbS intervention carried
out in the Lachud Ecoregion supported 170 cocoa producers in an area of 303 ha
and aimed to intensify cocoa production based on sustainable agroforestry manage-
ment approaches that would not only contribute to local livelihoods but also improve
conservation and biodiversity outcomes through forest landscape restoration. One of
the key success factors of this intervention was the long-term support from TUCN
and other initiatives (including the Food and Agriculture Organization of the United
Nations and other organizations), leading to good governance of local communities
at several levels (e.g., the creation of Fundalachud, an [IUCN Member, as a second-
level organization). In addition, the close coordination with public and investment
programs, as well as the reliance on good agricultural and manufacturing practices
with a focus on building human capital and capacities rather than requiring large
monetary inputs, infrastructure, equipment or supplies, ensured sustainability over
time. The intervention helped reduce poverty and strengthened the livelihoods of
local communities, mostly belonging to the Indigenous Q’eqchi’ ethnic group. It
contributed significantly to restoring degraded areas outside the protected areas (in
the ecoregion) and reduced threats to the Laguna Lachud National Park.

3 The following five international case studies were analyzed in accordance with the agreed docu-
mentation framework: (1) Agroforestry systems for sustainable cocoa farming in the Lachua Ecore-
gion, Guatemala, (2) Medmerry managed coastal realignment, (3) Flood-based agriculture in the
upper Mekong delta floodplain, (4) Maristanis integrated coastal and wetlands management, and
(5) Sustainable aquaculture and innovative seaweed farming in Zanzibar.
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Box 3 Characteristics and benefits based on the criteria of the IUCN Global
Standard for Nature-based Solutions™

Overall Strong adherence with the IUCN Global Standard for Nature-based
assessment Solutions™

Intervention | All major NbS restoration activities have been completed and monitored.
status Continuous sustainable management of the intervention area is ongoing

Criterion 1:
NbS
effectively
address
societal
challenges

-

Environmental
degradation and
brodiversity loss

L |

Key societal challenges and impacts on human well-being were identified
in consultation with local communities and stakeholders. In addition,
IUCN had a good understanding of the societal challenges, having worked
in the region for over 20 years. The Lachua Ecoregion is primarily
inhabited by communities of the Indigenous Q’eqchi’ ethnic group.
Poverty is a major challenge in the region, and land-use changes have
affected biodiversity and caused degradation. An assessment of livelihood
options that provide economic, social, and environmental benefits
identified cocoa agroforestry systems as the most desirable option, also
due to cocoa’s cultural value for Q’eqchi’ Mayans. Through the
intervention, income from cocoa agroforestry systems and access to
international markets and value chains positively affected the livelihoods
of producers

L = — & =
I — |

Criterion 2:
Design of
NbS is
informed by
scale

While the NbS intervention focused on changing land uses toward good
agricultural and manufacturing practices for cocoa agroforestry systems,
the project placed great emphasis on developing strategies that covered
the full value chain, including production, processing, marketing,
organizational capacities of local farmers and associations, provision of
technical assistance and services from key organizations, as well as
increased access to public and private funding mechanisms and
investments. Besides the agricultural sector, tourism and private sectors
were involved throughout the project to facilitate the mainstreaming of
good practices into business models. Actions at the local level ensured
tailored approaches in local contexts, while actions at the national level
contributed to the mainstreaming of organizational and technical
capacities across the region

(continued)
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2 Value Assessment of Nature-Based Solution (NbS)

Criterion 3:
NbS result in
a net gain to
biodiversity
and
ecosystem
integrity

Due to the longstanding presence of IUCN in the region, various studies
on the status of ecosystems already existed. These served as a baseline to
understand the positive outcomes for biodiversity of the NbS intervention.
In particular, the Restoration Opportunities Assessment Methodology
(ROAM) and the InVEST tool were used to provide evidence of direct and
co-benefits. Additionally, a manual of good practices for cocoa cultivation
was prepared to build the capacities of the local community

Key biodiversity outcomes [3]:

* 303 ha restored from traditional monocrops to cocoa agroforestry
systems in areas of high value for conservation;

land-use change to agroforestry systems contributed to: GHG emissions
reductions of 9320 tons of COze (1864 tons of COe per year; 80%
increase in COje storage in terrestrial biomass, such as trees and roots,
and 20% in soils), erosion reduction between 33.8 and 107.7 tons per ha
and sedimentation reduction between 0.03 and 4.6 tons per ha
depending on the land-use prior to cocoa agroforestry;

other observed outcomes include improved forest connectivity,
increased plant cover, new sightings of birds and other species absent in
traditional crops and absence of chemical contamination from the use of
industrial agricultural inputs

Criterion 4:
NbS are
economically
viable

A financial and economic analysis was carried out as part of the project to
develop a comprehensive business model for cocoa cultivation by
community associations and Fundalachud. This provided a framework for
agricultural and manufacturing practices, good governance and access to
financing, innovation and the market (including international markets). In
addition, it served as a source of guidance on what, how, and when to
produce, how to sell the product and how to finance activities. The cocoa
value chain and main activities of each actor were also agreed.
Commercial contracts were established with 36 businesses from the
United States, Belgium, South Korea, and others, opening the
international market to Guatemalan cocoa products. Due to the improved
quality of the cocoa, it was possible to increase the price from USD 2.28
to USD 4.50 per kg

Key economic benefits [3]:

 farm production yields improved by 152% (293 kg per ha per year);

« sales of export-quality products increased from O to 47 tons per year
with average annual sales above USD 170,000;

at least 315 permanent jobs created (289% increase in comparison to the
2015 baseline);

the National Strategy for the Cocoa Value Chain positioned the cocoa
produced in the international market value chain;

average family income reached USD 1411 per year (an increase of
342% of the average daily income per capita);

180 ha of sustainable cocoa agroforestry systems incorporated into the
national incentive program

(continued)
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(continued)

Criterion 5:
NbS are
based on
inclusive,
transparent,
and
empowering
governance
processes

Throughout the project, consultations, participatory approaches and free,
prior and informed consent (FPIC) were applied. In particular, local
community associations were created and strengthened in close
coordination with formal organizational structures (community councils
for development). New employment opportunities were generated,
especially for Q’eqchi’ Maya youth and women, covering the value chain
of production. An Institutional Technical Team was established at national
level, which was responsible for coordinating and promoting actions in
accordance with the National Strategy for the Cocoa Value Chain. The
technical team included the government of Guatemala, local NGOs and
actors involved in the cocoa value chain. A total of 898 producers and
technicians developed technical skills for sustainable agricultural and
manufacturing practices (20% women) [3]. Particularly young women and
men profited and became recognized leaders as they got involved in
technical, managerial and administrative activities. As part of the
intervention, producer associations for the collection, processing, and
transport of cocoa as well as the marketing and technical assistance
services for producers were promoted. The established plantation
management system and strengthened organizational and administrative
capacities of associations and producers contributed to the success of the
project

In 2018, the initiative won the IUCN-Impact Award in the category of
Social Inclusion, celebrating the engagement strategy of women and youth

Criterion 6:
NbS
equitably
balance
trade-offs
between the
achievement
of their
primary
goal(s) and
the continued
provision of
multiple
benefits

The formalization of land tenure rights in the 1990s, which involved local
cocoa producers in the Lachua Ecoregion, was a key enabling condition
for the NbS intervention. An analysis of the environmental and economic
benefits of different land uses was conducted and informed the choice of
agroforestry options. Local and Traditional Knowledge from the local
Indigenous Q’eqchi’ community was particularly valuable in agreeing the
limits of trade-offs. Specifically, the approaches and intended benefits
were agreed with nine producer associations, Fundalachua and a number
of service providers. The development of an agricultural calendar for
cocoa cultivation in northern Guatemala contributed to increased
accountability and transparency of production chain processes. Besides
business plans to increase market access for cocoa products, the project
also supported the identification of other sources of income, including
through tourism

(continued)
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(continued)
Criterion 7: | The NbS intervention contributed to the strategic priorities that were
NbS are defined in the 1990s, which identified key drivers of poverty and triggers
managed for nature. Further, it identified cacao as an alternative solution. For the
adaptively, NbS intervention, a monitoring and evaluation framework was put in
based on place that provided feedback loops throughout the project intervention
evidence cycle, so that approaches could be adapted accordingly. In a survey

conducted with 31 households in the Lachud Ecoregion on the positive
impacts of increases in income on their livelihoods, the majority
considered their living conditions to have improved. The lessons learned
from experiences in the Lachua Ecoregion resulted in a follow-up project
with activities in a number of sites in Guatemala, involving 1000
producers and achieving the restoration of 776 ha of land. In addition, the
government defined a national goal of 15,000 ha of land to be dedicated to
cocoa agroforestry systems

Criterion 8: | Lessons learned from the NbS intervention in Lachud, especially the

NbS are generation of financial, economic, and environmental benefits as key
sustainable criteria to prioritize landscape restoration at the national level, contributed
and directly to the inclusion of cocoa agroforestry in the National Strategy for
mainstreamed | the Cocoa Value Chain. The government of Guatemala established an
within an incentive program to finance investments in and maintenance of cocoa

appropriate agroforestry systems based on clear technical parameters for management
jurisdictional | plans of such systems [3]. The business model developed for cocoa
context cultivation in the Lachud Ecoregion ensured the sustainability and
continuity of the intervention as well as the recognition of Indigenous
People and the inclusion of women

Lessons Learned

Long-term engagement. The understanding and information generated over
20 years of working in the region were key to identifying the relevant societal chal-
lenges and associated impacts on biodiversity and human well-being. This supported
the proposal of options that are acceptable in the specific social, economic, and
cultural context.

Inclusive governance with a focus on women and youth. The inclusion of
Traditional Knowledge and involvement of Indigenous communities, and especially
women and youth, increased equity and contributed to the success of the NbS
intervention in terms of improved livelihoods and poverty reduction.

A strong business case. The development of a robust and agreed business model in
partnership with relevant actors not only secured the sustainability of the intervention
but also created new opportunities to enter national and international markets.
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3.3 Summary

First, the IUCN Global Standard for Nature-based Solutions™ offers robust criteria
and indicators for benchmarking NbS interventions. A documentation framework
based on the Standard enables coherent assessments of NbS project design, imple-
mentation, and monitoring and facilitates convergence and comparability of prac-
tices between Chinese and international NbS interventions. Moreover, a detailed
self-assessment provides insights into the strengths, weaknesses, opportunities, and
challenges of an intervention and enables the identification of concrete corrective
actions and improvements.

Second, aligning the NbS case study documentation framework with and
uploading the cases to well-known databases, such as PANORAMA: Solutions for a
healthy planet or NetworkNature,® increases accessibility. By utilizing existing plat-
forms, lessons learned can be shared more widely, and information about the design,
implementation, and evaluation of NbS interventions from China and internationally
disseminated to different interested audiences.

Third, apart from taking advantage of existing case study databases, other, tailored
means of communication and dissemination of NbS case studies appropriate for
the Chinese context could be explored to further increase impact and uptake of
experiences and lessons learned as well as to support greater understanding of NbS
and the application of relevant national and international standards, including the
IUCN Global Standard for Nature-based Solutions™.

4 Develop a Proposed Framework to Measure
Nature-Based Solution Outcomes

NbS are increasingly being adopted to help support biodiversity, secure ecosystem
services, and mitigate climate change impacts while slowing further warming. To
understand the benefits intended by NbS, it is important to measure their outcomes
consistently across scales and locations, as well as to follow internationally recog-
nized standards and recommendations. However, a framework to measure NbS
outcomes has not yet been developed.

This chapter describes two complementary frameworks to measure NbS
outcomes, including (i) GEP [4] applied to the China case studies and (ii) a new
framework developed here to assess the international case studies on the basis of
the System of Environmental-Economic Accounting—Ecosystem Accounting (SEEA
EA), an international statistical standard recently adopted by the United Nations
Statistical Commission [5]. The chapter is structured so that Sect. 4.2 first explains
the GEP indicator and applies it to the China case studies. Section 4.3 then develops an
NbS outcomes measurement framework consistent with the SEEA EA and applies

6 https://networknature.eu/network-nature-case-study-finder.


https://networknature.eu/network-nature-case-study-finder

90 2 Value Assessment of Nature-Based Solution (NbS)

it to the international case studies. The two measurement frameworks are closely
linked, as GEP is an indicator that can be derived from one of the main accounts
in SEEA EA. The linkages between the two approaches presented are discussed in
Sect. 4.3.

4.1 GEP and China Cases Studies

4.1.1 Comparison of Different Assessment Methods of Ecosystem
Services

Currently, international academia is still actively exploring nature’s contribution to
humankind through valuation. A related accounting framework was put forward
and will play a positive role in protecting ecological environment. In 1992, the UN
Conference on Environment and Development passed Agenda 21, which explicitly
mentioned conducting an evaluation study of natural capital and ecosystems. Rele-
vant research has since emerged. Costanza [6] and Daily [7] then subsequently put
forward their respective research paradigm and made natural capital accounting a
hot topic for study. Ouyang et al. [4, 8, 9] conducted a series of accounting and
application of ecosystem services valuation (ESV) in China, eventually promoting
the establishment of the first official ESV system in China and the world.

Usually, ESV comprises two stages: product amount accounting and monetary
value accounting. The similarities and differences between scholars in China and
those abroad can be concluded into the following three typical methods:

(1) Landcover coefficient method based on ecosystem types, represented by
Costanza and Xie [10]. The method has its advantage as it needs little data
for calculation. Its disadvantage lies in the lack of accuracy in results due
to two factors. First, the qualities of ecosystems are not taken into account.
Second, although a few scholars added weight coefficient of quality to amend
the disadvantage of this method, they still could not see distinct geospatial
disparities.

(2) Biophysical modeling method based on localized parameters, represented by
Daily and Ouyang [8]. Based on localized data and parameters, this method
uses various biophysical models to carry out targeted assessments of ecosystem
service product amount for each study area. On the basis of product amount
assessment, the method uses local alternative project costs to carry out monetary
value assessment. To achieve this purpose, Daily initiated a Natural Capital
program which developed a free assessment software called InVEST (Integrated
Valuation of Ecosystem Services and Trade-offs). Moreover, considering the
characteristics of monitoring data in China’s ecosystems, Ouyang Zhiyun’s team
developed a free online analysis platform called IUEMS (Intelligent Urban
Ecosystem Management System), which can assess a few ecosystem service
types. This method’s downside lies in its high requirement for data. It is safe
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3

to say this method has obvious advantages. First, it provides high accuracy in
assessment and analysis, thus being able to reflect characteristics of the local
ecological environment. Second, the requirement of rich data means that, when
managing ecosystems, people can have more ways of analyzing and improving
the capability of ecosystem services.

Equivalent replacement method based on non-monetary accounting, represented
by Liu [11]. In general, this method is still being studied and used by only a
few people, who are mostly Chinese scholars with notably different research
directions. Compared with the previous two methods, this method is advanta-
geous in its calculation of ecological product value without considering human
economic activities and can reduce the influence of human economic activities
(such as pricing) on the value of ecological products. Yet this method has its
apparent downsides as well. First, the parameters of energy conversion rate are
for general use and cannot meet the need for localized accurate calculation.
Second, this method adopts energy-currency conversion rates of different coun-
tries to calculate monetary values. The conversion rates are neither universal nor
updated regularly; therefore, the method cannot satisfy management demand.
Third, although solar energy value or “ecological unit” substituted conventional
currencies and unified the units of various ecological products, they do not
conform to the connotation of “value” in a general sense (i.e., monetary value).
Therefore, users must change their mindset drastically (Table 1).

Table 1 Comparison of typical assessment methods of ecosystem services

1. Landcover coefficient
method based on
ecosystem types

II. Biophysical
modeling method
based on localized
parameters

I11. Equivalent
replacement method
based on
non-monetary
accounting

Scale (Accuracy)

National (Average)

Localized (High)

National (Average)

Calculation of product
amount

Simple (with the table
of landcover coefficient
method based on
ecosystem types)

Complex (various
ecosystem service
process models)

Same as Method I and
11

Calculation of product
value

Simple (alternative
project cost)

Simple (alternative
project cost)

Simple (equivalent
replacement
coefficient table)

Users Wide Ecological Few
environment area
Management practice | Limited tools Many tools Relatively difficult to

comprehend
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4.1.2 Methodology
Physical Quantity Assessment Method

In NbS benefit assessment based on ESV, we provide 14 typical and practice-proved
ESV methods. In different NbS cases, users can choose different indicators and
methods according to their needs (Table 2).

Value Quantity Assessment Method

Please browse the supplementary material for more explanation of specialized words
and the mathematical method (Table 3).

4.1.3 Marine Ecosystems: The Case of Futian Mangrove Park,
Shenzhen

Case Background

Shenzhen Mangrove Ecological Park is located in Futian District, Shenzhen city.
Covering an area of about 38 ha, it is a municipal park open to the public for free. As
anecological park that addresses both ecological conservation and wetland education,
it plays an important role in providing ecological, cultural, sports, and recreational
functions for the city. The park is managed by the Mangrove Foundation (MCF),
entrusted by the Futian District government, and is the first ecological park in China to
have adopted the social governance model of “government + professional institutions
+ public participation.” Geographically, to the west the park is adjacent to Futian
Mangrove National Nature Reserve, the smallest and only national nature reserve
located in the hinterland of a city. To the south, it is close to Hong Kong Mai Po
Nature Reserve, an important wetland of international importance. Futian Mangrove
Ecological Park is located in the middle of the two reserves, serving as a significant
buffer zone. The three constitute the Shenzhen Bay Wetland with their precious native
mangroves and other wetland organisms and have important values in both ecology
and landscape culture (Fig. 4).

Evaluation System of This Case

In the NbS case evaluation of Shenzhen Mangrove Ecological Park, due to the lack of
local agricultural production or water resources supply service, its benefits to human
beings are classified into two categories for evaluation: regulation service products
(eight sub-items) and cultural service products (two sub-items). See Table 4 for the
detailed indicator system.
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Table 2 Overview of quantitative valuation methods of ecosystem services

Categories

Accounting indicators

Accounting methods

Substance provisioning

Biomass provisioning

For agriculture, forestry, animal
and fishery products, refer to local
statistical yearbooks or
agricultural department’s data. For
water supply, refer to local water
reports or water department’s data,
or calculate the amount of local
natural water supply in total water

supply

Regulation services

‘Water conservation

Local rainfall minus runoff minus
evapotranspiration

Soil retention

Under the condition of runoff and
rainfall, soil retention is calculated
by the Universal Soil Loss
Equation (RUSLE), and then
multiplied by the sediment
formation coefficient to obtain the
amount of sediment reduction.
Soil retention is multiplied by the
content of non-point source
pollutants in the soil to obtain the
amount of non-point source
pollution reduction

Wind prevention and sand fixation

Use the Revised Wind Erosion
Equation (RWEQ) to calculate the
actual and potential erosion in the
research area. The gap between
the two numbers is the amount of
wind prevention and sand fixation
in the ecosystem

Coastal zone protection

Use the natural shoreline method
to calculate the total length of
protective natural shoreline in the
area

Flood mitigation

Use the SCS model to calculate
the runoff reduced by vegetation;
use monitoring data to calculate
water retention in lakes, marshes,
and reservoirs

Air purification

Follow the standard level of local
air pollutants, and select pollutant
discharge amount or purification
amount (purification amount per
unit area multiplied by the area of
each ecosystem) as the quantity

(continued)
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Categories

Accounting indicators

Accounting methods

Water purification

Follow the local water quality
standard level and select water
pollutant discharge amount or
purification amount (purification
amount multiplied by area per unit
area of each ecosystem) as the
physical quantity

Carbon sequestration

Use net primary productivity data
and NPP/NEP conversion
coefficient to calculate the amount
of carbon sequestration; or based
on the gap of two years’ biomass
and the coefficient of converting C
to CO; to calculate the amount of
carbon sequestration; or use the
rates of carbon sequestration in
different ecosystems, multiplied
by time to obtain yearly carbon
sequestration amount

Climate regulation

When the temperature is higher
than the optimum, the
transpiration and evaporation heat
consumption per unit area of
various local ecosystems is
multiplied by the area and
summed up

Noise attenuation

By monitoring data in typical
sections of different roads, assess
the average noise reduction
amount of roadside green space (at
both sides and inside)

Cultural services

Ecotourism Through sampling survey
statistics, obtain the number of
tourists and their average stay time
at a tourist site

Recreation Through sampling, obtain total

leisure hours and number of
tourists of public recreation green
space (parks, green trails,
waterfront space, etc.) in the
research area

Landscape added-value

Obtain landscape premium of
housing transactions and hotel
transactions from the sampling
statistics of the year
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Table 3 Overview of product valuation methods of ecosystem services

Categories

Accounting indicators

Accounting method

Substance provisioning

Biomass provisioning

Land rental method, market price
method, and residual method

Regulation services

‘Water retention

Surrogate market method, to
calculate the ecosystem’s water
retention value by calculating the
cost needed to construct water
conservancy facilities which can
conserve the same amount of
water

Soil retention

Surrogate market method, to use
the cost of clearing and removing
earth to calculate the value of
reducing sediments, to use the cost
of cleaning pollutants to calculate
the value of reducing non-point
pollution

Wind prevention and sand fixation

Surrogate market method, to use
per unit area cost of treating
desertification land, or per unit
cost of vegetation restoration, to
calculate the forest ecosystem’s
value in preventing wind and
fixing sand

Coastal zone protection

Surrogate market method, to use
the cost of constructing and
maintaining sea wave protection
works to assess the ecosystem’s
value in preventing wind and
protecting dikes through marine
salina, mangroves, and coral reefs

Flood mitigation

Surrogate market method, to use
the cost of constructing and
maintaining a reservoir to
calculate the ecosystem’s value in
flood mitigation

Air purification

Surrogate market method, to use
the cost of treating industrial
atmospheric pollutants to
calculate the ecosystem’s value in
air purification. Mainly needs to
calculate the value of cleaning
pollutants such as sulfur dioxide,
NOxys, smoke, and dust, etc

(continued)
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Table 3 (continued)

Categories Accounting indicators Accounting method

Water purification Surrogate market method, to use
the cost of treating industrial
water pollutants to assess the
ecosystem’s water purification
value. Mainly needs to calculate
the value of cleaning pollutants
such as COD, total nitrogen
treatment, total phosphorus
treatment

Carbon sequestration Market price method, to calculate
ecosystem’s carbon sequestration
value by using carbon-trading
price in the market

Local climate regulation Surrogate market method, to
calculate ecosystem’s local
climate regulation value by
calculating power consumption
required by manual temperature
and humidity regulation

Noise attenuation Surrogate market method, to
assess ecosystem’s noise
attenuation value by calculating
the cost of constructing and
maintaining sound insulation walls

Cultural services Ecotourism Use travel cost method to calculate
value of landscape recreation

Recreation Use surrogate market method to
calculate ecosystem’s leisure
service value

Landscape added-value Use hedonic price method or
market price method to assess
ecosystem’s value in providing
aesthetic and joyful experience for
surrounding communities

Case Evaluation Outcome

The accounting outcome shows that Futian Mangrove Ecological Park is an important
ecological corridor and habitat for the ocelot (a genre of wildcats existing in Shenzhen
and Hong Kong) and more than 300 black-faced spoonbills living in the surrounding
areas. Moreover, it conserves about 723,000 m® of water every year, reduces cooling
energy consumption by 3009 kWh, and reduces urban storm runoff by 140,000 m?.
In addition, the park plays a crucial role in reducing non-point source pollution,
absorbing carbon dioxide, and purifying air and waterbodies. Ecological-regulation
products are worth 31.07 million Yuan per year.
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Fig. 4 Shenzhen mangrove ecological park

Futian Mangrove Ecological Park also plays an important role in providing cultural
services, hosting on average 1.3 million visitors and holding popular science educa-
tion sessions that benefit 11,000 people each year. It provides various value-added
landscape services for about 1.5 million square metres of building space within a
radius of 2 km. These cultural ecological projects are worth 161 million Yuan/year
on average.

Futian Mangrove Ecological Park is an important ecological product supply area
in Shenzhen. The supply capacity of regulated ecological products per unit area is
2.28 times that of the city’s average, and the total supply capacity of ecological
products per unit area is 7.43 times that of the city’s average (Table 5).

4.1.4 Urban Ecosystems: The Case of the Shenzhen Traffic Green Belt

The researchers used the Shenzhen transport green belt as a case study to assess
the ecosystem service provisioning capacity of green linear spaces in megacities.
The traffic greenbelt in Shenzhen can play a significant role in flood regulation
and noise reduction with its roadside subsided green space design and complex
community structure design. Thus flood mitigation and noise attenuation became
the evaluation indicators of traffic green belts in Shenzhen. The results showed that
in terms of the city’s roadside green belts, the functional capacity of their noise
reduction service stood at 154,090.91 dB/km, and the value quantity 1.156 billion
Yuan. The average functional capacity of noise reduction stood at 9.87 dB, with the
average value quantity of noise reduction 73.99 Yuan/m. The results showed that in
the city, roadside stripe-shape sunken green space and roadside point-shape sunken
green space would reduce runoff by 2212 mm and 2966 mm respectively each year.
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Table 4 The indicator system of Futian mangrove ecological park’s ecosystem services

First level indicators

Second level indicators

Definitions of indicators

Regulation services

Sediment reduction

The local ecosystem protects the
soil, reduces rainfall erosivity,
increases soil erosion resistance and
reduces silt in river channels
through various layers, such as
forest canopy, litters, and roots

Pollution reduction from non-point
sources

Non-point source pollution
(nitrogen and phosphorus) in related
streams is reduced thanks to less
sedimentation in the local
ecosystem

Climate regulation

Heat removed by evaporation from
the local terrestrial ecosystem

Carbon sequestration

Local ecosystem absorbs carbon
dioxide from the atmosphere,
synthesizes it as organic matter, and
then sequesters carbon in plants or
soil

Flood mitigation

Precipitation, conserved runoff, and
transit water are absorbed by the
local ecosystem

‘Water conservation

The net increase in local water
resources through local ecosystem’s
interception of conserved
precipitation, which is made
possible through enhanced soil
infiltration, conservation, and
groundwater replenishment

Air purification

The local ecosystem absorbs, filters,
blocks and decomposes air
pollutants to improve the
atmospheric environment (sulfur
dioxide, oxynitride, and industrial
dust)

Water purification

Wetland ecosystems such as lakes,
rivers, and marshes absorb,
decompose and transform water
pollutants (COD, ammonia
nitrogen, and total phosphorus)

Cultural services

Tourism and recreation

Local ecosystem provides
recreational and leisure services
which enrich people’s knowledge
and make them joyful

Natural landscape premium

Beautiful landscape of the local
ecosystem leads to premium in
property use
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Table 5 Accounting results of ecosystem services

Types of ecosystem services Functional | Unit Value quantity | Unit
capacity
Sediment reduction 613 m? 7719 Yuan
Non-point source | Total 3.24 ton 36,288 Yuan
pollution phosphorus
reduction Total 1.89 ton 6615 Yuan
nitrogen
Carbon sequestration 658 ton 28,116 Yuan
Water conservation 722,901 m? 4,417,433 Yuan
Flood reduction 140,753 m3 4,691,294 Yuan
Climate regulation 3009 10,000 kW-h 21,577,183 Yuan
Air purification Sulfur 5 ton 8654 Yuan
dioxide
NOx 138 ton 262 Yuan
Dust 615 ton 276,812 Yuan
Self-purification Chemical 6 ton 15,777 Yuan
of water body Oxygen
Demand
(COD)
Total 0.44 ton 1529 Yuan
nitrogen
Total 0.44 ton 4892 Yuan
phosphorus
Recreational services 130 10,000 people 10,400 10,000
Yuan
Landscape premium 150 10,000 5783 10,000
m? Yuan
Total - - 19,290 10,000
Yuan

If all potential sunken green space in Shenzhen was created, then altogether it could
potentially reduce runoff by 214.65 x 106 m? and storm runoff by 7.10 x 10% m*
each year.

4.1.5 Desert Ecosystems: The Case of the Ant Forest Afforestation
Project

“Ant Forest” is a charity initiative by Alibaba. Users could grow virtual trees on
their mobile phones with “green energy.” When the trees grew up, Ant Forest and
its partners would plant real trees on earth. Since 2016, the total number of real



100 2 Value Assessment of Nature-Based Solution (NbS)

trees planted has exceeded 223 million. The researchers evaluated the results of the
reforestation projects of Ant Forest for the period 2016-2020, and the system of

evaluation indicators is shown in Table 6.

Table 6 Ant forest ecosystem service accounting indicators

Service categories | Accounting subjects

Definitions of indicators

Material products | Forest products

Timber products, forest products, and
primary products related to forest
resources, such as tricholoma
matsutake and sea-buck thorns

Regulation services | Water conservation

Through its structure and process, the
ecosystem intercepts stagnant
precipitation, enhances soil
infiltration, conserves water in the
soil, replenishes underground water,
regulates river flow, and increases
available water resources

Soil retention

Through its structure and process, the
ecosystem protects the soil, reduces
the erosion ability of rainwater and
reduces soil loss

Wind prevention and sand fixation

By enhancing soil’s wind resistance,
the ecosystem reduces wind erosion
and sand hazard

Carbon sequestration

The ecosystem absorbs carbon
dioxide and synthesizes organic
materials, sequesters carbon in plants
and soil, and reduces carbon dioxide
concentrations in the atmosphere

Oxygen generation

The ecosystem releases oxygen
through photosynthesis and
maintains stable oxygen
concentrations in the atmosphere

Air purification

The ecosystem absorbs, blocks, and
filters pollutants in the atmosphere,
such as SO;, NOy, and dust, reduces
the concentration of air pollution, and
improves air quality

Climate regulation

The ecosystem regulates the
temperature and makes the living
environment more comfortable
through vegetation transpiration and
water surface evaporation

Cultural services Recreation and tourism

The intangible benefits that human
beings get from the ecosystem
through tourism, such as feelings,
knowledge obtaining, recreation, and
aesthetic experience
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In 2020, the GEP of Ant Forest’s Forestation Projects between 2016 and 2020
stood at 2.088 billion Yuan. Among the 56 banners and counties covered by Ant
Forest’s projects, the plots with the highest GEP were located in Zuo Banner of
Alxa, Inner Mongolia, with its GEP reaching 633 million Yuan in 2020. In 2020, Ant
Forest’s GEP per unit area stood at 1.0803 million Yuan/km?, and the plot with the
highest GEP per unit area was located in Longhua County, Chengde, Hebei Province,
reaching 11.3052 million Yuan/km?. In addition, the assessment predicted the GEP
of Ant Forest 2016-2000 forestation projects when all plots’ vegetation reached a
mature state in their respective areas.

4.2 SEEA EA for NbS Outcomes and Illustration
Jor International Case Studies

This section develops and illustrates an integrated environmental-economic measure-
ment framework for NbS outcomes. The measurement framework developed allows
to consistently and comprehensively measure each of these dimensions by using
the same principles as the SEEA EA, an international statistical standard adopted
by the United Nations Statistical Commission in 2021, after a global development
in 2018-2020 that involved more than 100 authors and global reviews and public
consultations by more than 600 experts [5].

SEEA EA comprises a scientifically robust and comprehensive framework for
measuring ecosystems and their linkages to the economy and human well-being,
including ecosystem services and their economic value. The System of National
Accounts (SNA) is a well-established framework to measure the status of the
economy by producing aggregate indicators like the GDP. The SEEA EA comple-
ments the SNA by providing a complete framework for describing the relationship
between the environment and the economy using the same accounting principles.

Conceptually, SEEA EA views ecosystems as natural capital assets, characterizing
them by their extent and condition and linking them to society through the provision
of ecosystem services (Fig. 5). SEEA EA constitutes a set of standards, principles, and
recommendations to measure ecosystems extent, condition, and ecosystem services
in physical and monetary terms.

As such, the measurement framework developed here for NbS enables linking
the estimates to national economic aggregate variables, including GDP; to under-
standing the absolute and relative contribution of NbS to national economy; and
to assessing the relative significance of different ecosystem assets and ecosystem
types; as well as comparisons with other conservation policy options or even with
other economic policies and assets, such as infrastructure. In addition, the framework
allows to compute aggregate indicators, including GEP.

When developing the measurement framework, we note that NbS outcomes can
go beyond the scope of SEEA EA. For example, SEEA EA measures the contribution
of ecosystems to crop production, but does not measure total crop production and its
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Fig. 5 The SEEA EA general ecosystem accounting framework. Source United Nations [5]

linkages in the value chain. These sectoral and economy-wide impacts are important
to be considered and we show how they can be considered.

In the rest of Sect. 4, Sect. 4.2.1 develops a general framework for measuring
NbS outcomes consistent with SEEA EA, showing general examples from the set
of international case studies assessed by IUCN and a more in-depth assessment of
the case of sustainable cocoa farming in Guatemala. Thereafter, Sect. 4.2.2 describes
how to go beyond SEEA EA by measuring economy-wide impacts consistent with
SNA. Finally, Sect. 4.2.3 presents conclusions and discusses areas of essential future
work.

4.2.1 A Framework to Measure NbS Outcomes Consistently
with SEEA EA and Illustration of an International Case Study

NbS can help to conserve and/or protect ecosystems to assure the continuous flow
of ecosystem services that benefit society by addressing key societal challenges.
SEEA EA allows measuring and tracking benefits from NbS in a comprehensive and
consistent way. The SEEA EA is built on five interlinked accounts: (1) Ecosystem
extent (physical); (2) Ecosystem condition (physical); (3) Ecosystem services flow
(physical), (4) Ecosystem services flow (monetary); and (5) Monetary ecosystem
asset account.

The above five accounts constitute a system where the accounts are strongly inter-
connected and provide a comprehensive and coherent view of ecosystems. Physical
and monetary accounts as a system allow to assess synergies and trade-offs on the
changes in ecosystems and their benefits to people (Fig. 5).
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The variables chosen to measure NbS outcomes for each of the five accounts
depend on which intervention is implemented, at which scale, and which soci-
etal challenges are addressed. Table 7 summarizes the main features of the five
international cases assessed by IUCN.

Below, we develop ecosystem accounts for measuring NbS outcomes. For each
account, we first explain the SEEA definition, then elucidate its application to
measuring NbS outcomes, and finally develop an illustrative application for the case
of sustainable cocoa farming in Guatemala.

Extent Accounts

Ecosystem extent accounts construct and organize data on the physical extent or
area of different ecosystem types in the ecosystem accounting area. An ecosystem
accounting area is the geographical territory for which ecosystem accounts are
compiled; for example, a country or the area of NbS intervention.

When measuring NbS outcomes, the first step is to define the ecosystem
accounting area of the NbS intervention For example, the case of sustainable cocoa
agroforestry in Guatemala is implemented in agricultural plots. In this case, the rele-
vant scale might be the agricultural plots and the broader landscape they are part of.
SEEA EA provides a detailed discussion on spatial unit delineation. Table 8 describes
ecosystem accounting areas relevant for each NbS from Table 7.

The second step is to measure the extent of different ecosystem types in ecosystem
accounting area before and after the NbS intervention is implemented. The SEEA
EA uses the IUCN Global Ecosystems Typology (GET) [12] as a reference classifi-
cation system for ecosystem types. The IUCN GET applies an ecosystem process-
based approach to a hierarchical, multi-level ecosystem classification for all ecosys-
tems around the world, including terrestrial, subterranean, freshwater, marine, and
atmospheric environments [13].

We illustrate an ecosystem extent account to measure the NbS outcomes in the
case of cocoa agroforestry in Lachud, Guatemala (Table 8). Prior to the NbS imple-
mentation, the area was mostly used for agricultural activities (annual agriculture,
including maize and beans); plantations (cardamom), semi-natural pastures for live-
stock grazing, and fallow lands that are mostly land in rest from cardamom produc-
tion. The plots also include small urban areas (mostly buildings in the farm plot)
and wetlands. The extent of different land uses was first reclassified to correspond
to IUCN GET Ecosystem Functional Groups (Level 3) and then recorded in the first
row in Table 8 (opening extent).

Next, the closing extent is recorded as the extent of ecosystems after the imple-
mentation of NbS. Ecosystem extent can be recorded annually or after a certain period
that is relevant for the outcomes of the intervention. All of the area of the interven-
tion in the Lachud case has been converted to cocoa agroforestry, except urban and
wetland areas. This is recorded as a managed expansion of ecosystem type T7.3
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Plantations.” Reductions in the extent of different ecosystem types by management
type are also recorded. The net change by ecosystem and management type and the
closing extent after the NbS implementation are recorded in Table 8.

In addition, we categorize the expansions or reductions of ecosystem types by
the type of NbS intervention; in this case, this concerns only agroforestry practices.
Additional rows can be added to describe additions/reductions in agro-forested areas,
protected areas, or areas with coastal protection interventions. The opening and
closing extent can also be listed by management type if needed. This is relevant for
understanding NbS outcomes from different interventions but different from standard
practice in ecosystem accounting, which only records the additions and reductions to
the extent of the different ecosystem types, and considers whether they are managed
or unmanaged.®

Ecosystem Condition Accounts

Ecosystem condition accounts construct data on selected ecosystem characteristics
and their distance from a reference condition to help assess the integrity of ecosys-
tems. Jointly with the ecosystem extent, the ecosystem condition determines the flow
of ecosystem services to benefit society. For example, soil characteristics in part deter-
mine the yield of agricultural crops, and water clarity will similarly determine the
need for chemicals in water purification for human consumption.

When measuring NbS outcomes, the structure of ecosystem condition accounts
will depend on the ecosystem targeted by NbS, the type of NbS implemented, and data
availability. Appendix 1 shows potential variables to measure ecosystem conditions
for NbS interventions in Table 8.

Table 9 shows a stylized ecosystem condition account for one variable for planta-
tions in the case of cocoa agroforestry plantations in Lachud, Guatemala. Ecosystem
condition accounts are commonly compiled by ecosystem type because each type

7 Plantations are generally long-rotation perennial woody crops established and maintained for a
variety of food and materials. The harvested products include wood, various fruits, tea, coffee, palm
oil and other food additives, materials such as rubber, ornamental materials (cut flowers), etc. The
vegetation of most plantations comprises at least two vertical strata (the managed woody species
and a ruderal ground layer), although mixed plantings may be more complex and host a relatively
diverse flora and fauna if managed to promote habitat features. Fertilizers and water subsidies are
applied, and harvesting occurs at intervals depending on the crop.

8 Managed area change of an ecosystem is due to direct human activity, including unplanned effects
of such activity. Unmanaged area change corresponds to changes resulting from natural processes,
including seeding, sprouting, suckering, or layering. Unmanaged expansion can be influenced by
human activity, for example, the expansion of deserts due to the effects of climate change, or result
from abandonment of land by people.
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has distinct characteristics.” In this case, the percentage of agroforestry is a char-
acteristic of the ecosystem structural state; a potential condition indicator derived
directly from NbS implementation (Table 9).

As with other accounts, ecosystem condition accounts record the condition vari-
able value before and after the NbS intervention. Table 9 shows that the closing value
for the percentage of agroforestry is 100, measured as the percentage of the agricul-
tural plots converted to cocoa agroforestry plantations. The opening value is recorded
as non-applicable because there was zero extent of cocoa agroforestry plantations
before the NbS intervention. The condition account also records the reference values
for each variable. For the case of the percentage of agroforestry in plantations, the
reference values are between zero and 100. Including the reference value is impor-
tant because the boundaries could be less obvious for other variables, like the gross
primary production. Finally, the ecosystem account also includes an indicator value
for each condition variable that is useful to compare the condition across different
variables.

Ecosystem Services (Physical)

The ecosystem services account connects ecosystem assets and their beneficial
contributions to society. Although no globally accepted classification of ecosystem
services exists, SEEA EA offers a general typology using 27 relatively high-level
ecosystem service category classes that form a robust basis for a more or less detailed
classification as needed by the application.

Ecosystem services flow account in physical terms records direct ecosystem
services, e.g., the contribution of ecosystem assets for growing crops, or wood provi-
sion, as well as indirect ecosystem services like carbon sequestration services that
help with global climate regulation services. The ecosystem services account also
allows for the recording of intermediate service flows between ecosystem assets, e.g.,
pollination services from grasslands and forests supplied to croplands, increasing the
yield of crops.

Most times, NbS affect and contribute through more than one ecosystem service.
Implementing cocoa agroforestry farming in Guatemala is important as a means of
generating income for households in a sustainable way over time; by reducing soil
erosion and the need for fertilizers, it increases the lifespan of soil as well as capturing
carbon to mitigate GHG emissions.

Table 10 summarizes annual ecosystem service flows for selected ecosystem
services; based on data availability; before and after the NbS implementation in
Lachud, Guatemala. Annual flows in physical terms are recorded units that match

° The SEEA ecosystem condition typology (ECT) is a hierarchical typology for organizing data
on ecosystem characteristics and its major abiotic and biotic components (water, soil, topography,
vegetation, biomass, habitat, and species). The ECT has six classes of characteristics organized in
three groups of ecosystem characteristics: A. Abiotic (Al. physical state and A2. chemical state),
B. Biotic (B1. compositional state, B2. structural state, and B3. functional state), and C. Landscape
level (C1 landscape/seascape).
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Table 10 Summary of ecosystem services annual flows by ecosystem type before and after
agroforestry cocoa NbS implementation in Lachud, Guatemala

Ecosystem Physical Monetary | User
service Units | Volume (in
quetzales
year 2016)
Before NbS Annual Crop kg 6024 |26,979 Agriculture
implementation | croplands provisioning:
Beans
Crop kg 37,567 |37,022 Agriculture
provisioning:
Corn
Global tons —100 | —3501 Global
climate COxe society
regulation
Soil erosion | tons 49,728 | NA Croplands
control (int.)
Plantations | Crop kg 17,803 |907,956 Agriculture
provisioning:
Cardamom
Global tons 474 116,581 Global
climate COoe society
regulation
Soil erosion | tons 1067 | NA Croplands
control (int.)
Derived Global tons —372 | —-3501 Global
semi-natural | climate COoe society
pastures and | regulation
oldfields Soil erosion | tons 1,262,940 | NA Croplands
control (int.)
After NbS Plantations Crop kg 270,953 | 1,788,290 | Agriculture
implementation provisioning:
Cocoa pods
Global tons 1864 | 65,195 Global
climate COye society
regulation
Soil erosion tons 1,332,002 | NA Croplands
control (int.)

different ecosystem services. For example, crop provisioning is measured in weight
measurements such as kilograms or tons. Soil erosion control is measured in tons of
soil erosion retained (usually relative to no soil cover; bare lands).

As a convention, avoided soil loss is recorded using positive values. A similar
case applies to climate regulation services, which show positive values for GHG
sequestration (in CO, equivalent units). In this illustrative example, we recorded
the net uptake of carbon emissions. In future, carbon uptake and emissions might
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be recorded separately, corresponding only to land use and land cover change. That
level of attribution was not feasible in this illustrative application.

In the accounting context, information in Table 10 is used to record the ecosystem
services in a supply-use table. Supply-use tables record flows of final ecosystem
services between economic units and ecosystems (final ecosystem services) and
flows of intermediate services among ecosystems. Appendix 1 shows the supply-use
table for ecosystem services in physical terms for the case of cocoa agroforestry in
Lachud, Guatemala. The aggregate measure GEP, used in Sect. 4.2 of this report, is
derived from these tables.

A supply-use table is important not only to identify which ecosystem supplies the
services, but also who is the user (beneficiary) of the service. For example, crop-
provisioning services usually contribute to the agricultural economic sector, where
labour and capital are invested along with crop-provisioning ecosystem services to
produce and sell crops (or consume within the household).

In the measurement of NbS outcomes, it is relevant to modify the traditional
supply-use table to distinguish whether the ecosystem service flow was generated
within or outside the area of intervention. For example, farmers may implement agro-
forestry practices in some of their plots and intensive agriculture practices in others.
In the stylized SEEA EA supply-use tables, benefits for the farmers are recorded as
kilograms of crops from agricultural land. For NbS outcomes, the ecosystem flow
needs to be differentiated between the crops produced in agroforestry versus other
areas.

Ecosystem Services (Monetary)

An ecosystem services flow account records the monetary value of flows of ecosystem
services based on their exchange value. That is, estimating the price for individual
ecosystem service output and multiplying it by the physical quantity of ecosystem
services (from the ecosystem service flow account measured in physical terms).
Measuring the value of ecosystem services from NbS in monetary terms allows the
measurement and comparison of ecosystem services and ecosystem assets that are
consistent with standard measures of products and assets as recorded in the national
accounts, including GDP.

In the case of market goods such as crops and timber, monetary valuation can use
market prices observed from actual market transactions of those goods. However, in
many cases, prices for ecosystem services are not transacted through conventional
markets, so their prices cannot be readily observed. In such cases, monetary valu-
ation of ecosystem services regularly requires using non-market valuation methods
developed in economics over the last several decades. Appendix 1 shows valuation
approaches for main ecosystem services in NbS interventions in Table 7. Table 10
lists the monetary valuation of ecosystem service annual flows for the case of cocoa
agroforestry in Lachuad.

For global climate regulation services, carbon markets are currently quite well
established, and the current exchange value for carbon sequestration can be plausibly
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observed (though questions remain whether current market values of, for example,
carbon offsets adequately reflect their true long-term social value). Other valuation
methods might need to be applied for other indirect services for which markets do
not exist, like flood control services.

In addition, several regulating services are intermediary services embodied in
other final services, such as soil erosion control that benefits crops provisioning.
In this case, a method to disentangle the contribution of each service to the final
service value needs to be implemented. In Table 10, the value of soil erosion control
is assumed to be embodied in the total value of crop provisioning services, and
hence, not disaggregated separately into soil erosion control and other functions of
ecosystems that support crop provisioning.

Ecosystem Asset Valuation

Monetary ecosystem asset accounts denote the economic value (wealth) of ecosys-
tems as natural capital assets. The monetary asset value is derived as the net present
value of the supply of ecosystem services over the valuation period (typically perpe-
tuity, though shorter periods such as 25 years are also sometimes used). In addi-
tion, the monetary value of ecosystem assets can be compared to the monetary
value of other types of assets, including produced assets, to compare NbS with
other policy alternatives such as investing in grey infrastructure. As ecosystems
change in their extent and condition in the accounting area, and change the flow
of ecosystem services, their asset value also changes. These changes in ecosystem
services represent changes in the current and future contributions of ecosystems to
society, effectively, changes in current and future wealth.

Table 11 summarizes the monetary asset account in the case of agroforestry
cocoa farming in Lachud applying the net present value approach. The first row
shows the opening value of the monetary asset value before the implementation of
NbS. The total value of the ecosystem asset monetary value before NbS reaches Q
41,892,769 (quetzales), explained mainly by ecosystem services in cardamom plan-
tations providing crop services. The last row lists the closing value of the ecosystem
asset monetary value. The total ecosystem asset monetary value after the NbS reaches
Q 79,882,188, mainly because of cocoa pod provisioning. This result means that the
total ecosystem asset monetary value of the 304 ha plots in Lachud nearly doubles
its value as a result of NbS.

The rows between the opening and the closing values decompose changes in the
monetary asset value attributed to ecosystem enhancement, ecosystem degradation,
ecosystem conversion, and revaluations if any. For the purpose of the illustration, we
assumed that changes in the ecosystem asset monetary value all relate to ecosystem
conversions.

Note that some portion of the ecosystem asset monetary value (and ecosystem
services monetary account value) related to monetary quantification of the value
of ecosystems is ignored in SNA. This is the case, for example, for global climate
regulating services that were not traded (and, thus, included in SNA). However,
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Table 11 Illustrative ecosystem asset monetary account for agroforestry cocoa farming in Lachud,
Guatemala (all estimates in local currency quetzales 2016)

T7.1 Annual | T7.3 T7.5 Total
croplands Plantations | Derived
semi-natural
pastures and
oldfields
Opening value $2,607,468 | $39,845,988 | —$560,687 | $41,892,769
Ecosystem enhancement $0 $0 $0 $0
Ecosystem degradation $0 $0 $0 $0
Ecosystem conversions
Additions $0| $77,072,371 | $560,687 | $77,633,058
Reductions —$2,607,468 $0 $0 | —$2,607,468
Other changes in volume of
ecosystem assets
Catastrophic losses
Upward reappraisals $0 $0 $0 $0
Downwards reappraisals $0 $0 $0 $0
Revaluations $0 $0 $0 $0
Net change in value —$2,607,468 | $40,036,199 | $560,687 | $37,989,419
Closing value $0 | $79,882,188 $0 | $79,882,188

some other services, like crop provisioning, were already accounted for in national
accounts, not explicitly but as part of crop production. Ecosystem accounting allows
understanding what share of the outcome value is contributed by ecosystems.

4.2.2 Sectoral and Economy-Wide Impacts

NbS outcomes can go beyond those explicitly measured and reported in ecosystem
accounts. The SEEA EA measures the changes in the extent and condition of ecosys-
tems and subsequent changes in ecosystem services. However, this framework does
not comprehensively account for the sectoral and economy-wide impacts of NbS.

Assessing sectoral and economy-wide impacts depends on the NbS assessed. In
the case of cocoa agroforestry farming in Lachud, Guatemala, these can be of two
kinds. First, those farmers who convert their land to cocoa agroforestry produce a
total amount of crops and income that goes beyond the contribution of ecosystems
(Table 12). The total cocoa pod production per year is expected to be 1,368,450 kg,
from which 19.8% is contributed exclusively by the ecosystem asset (270,950 kg).
This last amount is the one recorded in Sect. 2.3 on ecosystem services flows in
physical terms. In addition, the implementation of cocoa agroforestry practices in
304 ha demands 18,300 labour days per year. Accounting for the employment created
is often politically and economically an important outcome to consider.
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Table 12 In-farm annual

. In-farm

impacts for the case of

sustainable cocoa farming in Hectares 304

Lachud, Guatemala kg cocoa pods 1,368,450
Income (Quetzales 2016) 9,031,770

Contribution by ecosystem to cocoa pods | 270,953 (19.8%)
production (kg)

No. of labour days 18,300

Source Elaboration by authors based on Lépez Mérida et al. (2016)

A second dimension to consider is the role of value chains, including the forward
and backward linkages associated with the NbS. For example, in the case of agro-
forestry cocoa farming in Guatemala, farmers demand inputs to nurseries and sell the
cacao pods to a collector, who runs the fermentation and drying process, packaging,
and selling to an exporter. The exporter takes care of the further transportation and
delivers the product to the company that produces and puts the final product on the
market. This process in its entirety creates value and jobs at different stages of the
value chain that are relevant to consider and measure. Using methods consistent with
the System of National Accounts ensures comparability to other routinely compiled
economic statistics. An illustration of the direct and indirect creation of employment
associated with forest landscape restoration in El Salvador is shown in Raes et al.
(2021).

Please browse the supplementary material for more explanation on specialized
words and the case study about using SEEA EA for a NbS assessment in Lachua,
Guatemala.

4.2.3 Discussion and Conclusions

Section 4.3 develops and illustrates a measurement framework for NbS outcomes,
including changes in ecosystem extent and condition, ecosystem services in physical
and monetary terms, and the monetary value of ecosystem assets as natural capital.
The framework measures contributions from NbS in a comprehensive way consistent
with international standards and principles. By doing so, the measurement frame-
work allows consistency across scales (e.g., between country and NbS intervention),
countries, and over time. Importantly, the framework is consistent with ecosystem
accounts that are currently being developed by a large number of countries around
the world as a consequence of the adoption of SEEA EA in 2021. As such, the
framework would enable including NbS as a distinct management and policy option
separately included in future ecosystem accounts.

The measurement framework allows for the compilation of complementary aggre-
gate measures in monetary terms, including the GEP used in other sections of this
chapter. Aggregate measures may be of particular interest in making comparisons
to national economic aggregate variables, including GDP, and to understanding the
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absolute and relative contribution of NbS to the national economy and at an industry
level, e.g., for agriculture [5]. The proposed measurement framework highlights the
need to construct measures in both physical and monetary terms to understand NbS
outcomes in different dimensions.

Some challenges and limitations are applicable to the measurement framework
developed here. For example, ecosystem accounts can provide a snapshot of the state
of ecosystems and their services in different moments of time, but they do not directly
reveal the mechanisms behind these changes. Moreover, while the conceptual scope
of ecosystem services included in ecosystem accounts is broad, there is a range of
other benefits that are not captured, for example concerning relational and intrinsic
values.

Additionally, the ecosystem accounts can be disaggregated by relevant groups
of the population, like Indigenous People, or consider gender aspects. For example,
ecosystem extent can be recorded by type of landowner; and ecosystem services
users open by gender of head of the household in the case of small-scale farming.
These developments would need careful data gathering but would be very helpful to
better understand the distribution of the NbS outcomes across population groups.

As the SEEA EA has been recently recognized as the international statistical stan-
dard, countries are beginning to develop ecosystem accounts to support policy and
decision-making processes in both the public and private sectors and contribute to
expertise regarding its implementation [14]. This brings with it considerable syner-
gies, decreasing the investment in capacity required for the implementation of the
proposed NbS measurement framework. These efforts include the Natural Capital
Accounting and Valuation of Ecosystem Services Project in China, implemented
jointly by the UN Statistics Division and UNEP to advance ecosystem accounting
[5]. As a result, several of the ecosystem accounts have already been implemented
in China (and elsewhere around the world), and their inputs can be used to support
the measurement of NbS outcomes as proposed in this chapter.

4.3 GEP Appraisal in the SEEA EA and the Practices
in China

The SEEA EA represents the international standards and principles for ecosystem
accounting, and it is a globally influential document on ESV. It proposed that the
valuation of an ecosystem should be conducted by measuring ecosystem extent,
ecosystem condition, and ecosystem services in physical and monetary terms. SEEA
EA notes GEP as an indicator of monetary ecosystem services flows to evaluate
certain administrative areas’ ecosystem services. GEP is a measure of the aggre-
gate monetary value of ecosystem-related goods and services (hereafter “ecosystem
services”) in a given region in an accounting period.

By comparing the GEP discussed in the SEEA EA and China’s GEP assessment
indicator system, we can find their indicator relations are shown in Table 13. Their
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similarity lies in an emphasis on final services’ values. Yet they are different in indi-
cator categories. SEEA EA did not provide the exact indicator calculation method,
while China proposed definite GEP calculation method and has put it into practice.
It is safe to say that China’s GEP and the SEEA EA share the same theoretical
logic. For GEP to be consistent with SEEA EA, it shall be based on methods to
measure ecosystem assets and services in physical and monetary terms recognized
in UN ecosystem accounting standards and principles. What China’s GEP does is the
exploration and practice of SEEA EA’s concept of GEP. In NbS ecological service
evaluation, this system can be adopted.

GEP is equal to the sum of all final ecosystem services at their exchange value
supplied by all ecosystem types located within an ecosystem accounting area over
an accounting period less the net imports of intermediate services.'’

Please browse the supplementary material for more explanation about SEEA EA
and GEP methods.

China started studying and exploring GEP as early as 2000. The Ministry of
Ecology and Environment issued the first official technical specification for GEP
accounting in 2020. In September of the same year, Lishui, a city in Zhejiang
province, issued its first local official technical specification for GEP accounting. In
March 2021, Shenzhen established the first GEP accounting platform sponsored by
the government. In November 2021, Shenzhen established the first GEP accounting
specification at the government level.

5 Gender Dimensions of NbS in China

Against a background of rapid urban development in China, the characteristics of
women’s NbS participation in China are different from those of men. Women and men
also benefit differently from different types of NbS. Similarly, inclusive governance is
of critical importance for the success of an NbS intervention, for safeguarding people
and culture. Multiple dimensions of gender and gender-responsive approaches have
to be considered in the design and implementation of NbS interventions in order
to understand and overcome gender-based gaps. Such gaps and inequalities in the
context of NbS relate to the roles of men and women in society and the economy
and how these roles impact access and control over resources, participation, decision
making, and protection and enforcement of rights. Not considering the needs and
perspectives of women, local communities, Indigenous People, and marginalized
groups in the design and implementation of NbS could lead to their exclusion from

10 This definition reflects a production-based approach (i.e., outputs less inputs) to determining the
contribution of the ecosystems of an EAA to benefits and well-being. Also note (i) that the supply
of final ecosystem services will include exports to non-resident economic units; and (ii) imports of
final ecosystem services are not included in this measure as they are contributions by ecosystems
located in other EAA. The measure is “gross” in the sense of not deducting any associated ecosystem
degradation arising in the supply of the services. The measurement of GEP has been actively pursued
in China, see for example Ouyang et al. (2020).
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Table 13 Relations between China’s GEP accounting methods and SEEA EA’s relevant methods

Categories

Accounting indicators

Corresponding ecosystem
service types in SEEA EA

Substance provisioning

Biomass provisioning

Crop provisioning services

Grazed biomass provisioning
services

Wood biomass provisioning
services

Wild fish and other natural
aquatic biomass provisioning
services

Wild animals, plants, and other
biomass provisioning services

Regulation services

Water conservation

Water flow regulation services
(Baseline flow maintenance
services)

Soil retention

Soil and sediment retention
services, non-point pollution
control services

Wind prevention and sand fixation

Storm mitigation services

Coastal zone protection

Coastal protection services

Flood mitigation

River flood prevention and
mitigation services (hydrologic
regulation services)

Air purification

Air pollutant absorption and
filtration services

Water purification

Water environmental pollutant
degradation purification services

Carbon sequestration

Global climate regulation
services

Local climate regulation

Local (micro and meso) climate
regulation services

Noise attenuation

Noise attenuation services

Cultural services

Ecotourism

Recreation

Landscape added-value

Recreation-related services and
visual amenity services

the benefits derived from such solutions and reinforce gender discrimination and

inequalities.!!

1 See IUCN (2021). Gender Analysis Guide: A technical tool to inform gender-responsive envi-
ronmental programming for [UCN members, partners and peers. First edition. Gland, Switzerland:
IUCN.; IUCN (2020a). Global Standard for Nature-based Solutions. A user-friendly framework
for the verification, design and scaling up of NbS. First edition. Gland, Switzerland: IUCN; IUCN
(2020b). Guidance for using the IUCN Global Standard for Nature-based Solutions. A user-friendly
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This section will discuss the relationship between the benefits created by
ecosystem services and the role of women, demonstrating the importance of
integrating gender considerations in planning and design of NbS.

5.1 Women and Ecosystem Provisioning Services

With the speeding up of reform and opening, along with urbanization, the flowa-
bility of the Chinese population is increasing. Meanwhile, the internal migration
of male labour from rural to urban areas persists, while a large number of women
remain in the countryside, leading to the “feminization of agriculture.” This is a
situation of shifting gendered divisions of labour within the family, where rural
women replace men in agricultural production and men enter non-agricultural fields
to achieve higher economic value. National census data from 1982 to 2010 show
that females account for 46.24%, 47.48%, 48.57%, and 49.22% of the labour force
in the agricultural field each year, with the number having risen by 2.98 percentage
points over 30 years. Women are gradually becoming a key power within agricultural
production in rural environments. For instance, women in Houping Town, Wulong
District, Chongqing municipality have organized to establish an agricultural brand
to develop the vegetable planting industry. This not only contributes to the social and
economic empowerment of these women, but reinforces the importance of consid-
ering the capacities and needs of women as well as men within ecosystem provision
services.

5.2 Women and Ecosystem Cultural Services

Xiangxi Tujia and Miao Autonomous Prefecture are located in the subtropical zone,
with fertile land, and rich in ramie, sericulture, and cotton. The process of urbaniza-
tion has led to women comprising a large proportion of the local population. Women
who live here are skilled in creating wonderful traditional handicraft products using
fabric and woven brocade. In order to encourage this group of women to progress in
their economic activities, the local government established a company to market the
local products and developed an associated cultural industry. In relation to cultural
services, the aesthetic value provided by women in creating those products processes
ecological value while promoting an appreciation of the value of cultural services.
This demonstrates the importance of drawing on the capacities of both women and
men in progressing cultural services.

Furthermore, women are also users of NbS culture services. Urban parks bring
value to people in terms of recreation. Research on the use of some parks in China

[framework for the verification, design and scaling up of Nature-based Solutions. First edition. Gland,
Switzerland: IUCN.
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shows that local women represent a higher proportion of people using urban parks
for recreational activities than men. For example, a survey counted the local and non-
local respondents who visited Guangzhou People’s Park: its results show that among
the men, 35.84% were local respondents, while among women, local respondents
accounted for 46.25%. And in the case of Xi’an Fengqing Park, women users account
for 54.2% of visitors. In terms of frequency of use, 55% of women users surveyed
use the park regularly for relaxation, while only 26% of men users surveyed do so.
This means women can receive more benefits from using urban parks than men.
Studies also found that compared with men, women require more stable and regular
urban recreational space, and as a result, the construction of urban parks can provide
more benefits for women. As such, during the planning and design process for urban
parks, it is important to identify and consider gender differences, which can be done
through the use of gender-sensitive data collection tools and inclusive consultations
with both women and men. This can help ensure that the recreational needs of both
women and men are taken into account in urban park planning and design.

5.3 Women and Ecosystem Regulating Services

Research shows that women engaged in environmental research, evaluation, plan-
ning, design, and monitoring in the institutions directly under the Ministry of Ecology
and Environment represent 40.7% of employees, while the average proportion of
women engaged in scientific research, technical services and geological exploration
industries was 37.01%. This shows that women are more involved in environmental
scientific research than in other scientific research. At the same time, according to the
Chinese General Social Survey in 2003, more women than men are inclined to envi-
ronmental protection behaviours in daily life, such as garbage sorting and preparing
for shopping bags. From the perspective of participatory environmental protection
behaviour, the percentage of donations to environmental protection from women was
50.7%, while the proportion of women amongst active participants in environmental
protection activities held by non-governmental environmental protection groups was
51.3%. Overall, women’s participation in the environmental field, especially in envi-
ronmental research, is significantly higher than that of men. This shows that women
are more enthusiastic about maintaining and improving ecosystem stability and the
provision of regulation services. As such, it is essential that women are given equi-
table opportunities with men for engaging in NbS at every level and that barriers to
their participation and leadership are removed.

In conclusion, NbS can improve ecosystem services. Women, with their special
socio-economic status, can not only promote NbS construction but continually gain
benefits from it. Therefore, gender differences should be taken into consideration in
all aspects of the design and implementation of NbS.
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6 Policy Recommendations

China attaches great importance to the conservation and sustainable use of ecosys-
tems and has formulated and implemented policies and measures related to NbS
to varying degrees in all six major ecosystems. NbS can increase carbon sinks to
different degrees in agriculture, forests and other terrestrial ecosystems, and marine
ecosystems, and at the same time bring about multiple synergistic effects, such as
protecting biodiversity and promoting economic development, and act as an effective
pathway and important link to address climate change and biodiversity conservation
synergies. However, as a new concept, China has not yet formed a policy and action
system with NbS as the entry point. The following challenges have been identified
for China: (1) relevant policies and actions are scattered among different functional
departments, and there is a lack of communication and coordination mechanisms
among different departments, making it difficult to form a top-down, efficient and
integrated management mechanism; (2) the source of funding is relatively limited,
and financial input is still the main source, and a diversified funding mechanism with
broad social participation has not yet been formed; (3) scientific research on NbS
is still inadequate, and there is a lack of scientific assessment of cost-effectiveness,
which makes it difficult to provide effective information support for decision-makers
and investors.

We propose the following recommendations, hoping that through the implementa-
tion of these recommendations, we can promote the integration of NbS into the policy
mainstream across sectors, build a top-down management mechanism, establish a
diversified funding mechanism, strengthen the research from theory to practice, then
from practice to policy, and enhance capacity guarantees and public participation.

6.1 Expand and Mainstream the Application of NbS

e Formally adopt a definition of NbS, based on the definitional framework provided
by UNEA and IUCN.

e Comprehensively integrate NbS into the process of policy formulation and
implementation in all relevant sectors, including Ecological Red Lines.

e Propose quantitative standards for NbS; strengthen monitoring and evaluation;
and promote NbS as a mainstream approach for addressing climate change.

6.2 Establish a Coordinated NbS Management Mechanism

e Establish a centralized NbS management mechanism, aligned with established
international and national standards and safeguards.
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e Strengthen interdepartmental communication and coordination; build a collabo-
rative governance platform for NbS participation in multiple fields; improve data-
and information-sharing mechanisms; and create an efficient and coordinated
working mechanism.

6.3 Broaden NbS Investment and Financing Channels

e Broaden the funding channels for NbS and establish a diversified capital
investment mechanism.

e Carry outresearch on incentive policies, regulatory frameworks, and mechanisms;
assess the potential to redirect existing harmful subsidies toward NbS; give full
play to the market’s role in resource allocation; encourage social capital and
the public to actively participate in capital investment; and facilitate cooperation
between the government and social capital.

e Formulate investment and financing policies in the NbS field; encourage inno-
vative green financial models; focus on reducing and effectively responding to
potential risks of investment in the NbS field; and stimulate and guide more social
capital to invest in NbS.

6.4 Accelerate the China-ization of NbS Evaluation
and Implementation

e Accelerate the formulation of Chinese standards for NbS and the development of
monitoring and evaluation mechanisms, liaising, as appropriate, with the Inter-
national Standards Committees of the [IUCN Global Standard for Nature-based
Solutions™.

e Use the IUCN Global Standard for Nature-based Solutions™ as a means to bench-
mark and assess NbS project design, implementation, and monitoring in China
and to facilitate convergence and comparability of practices between Chinese and
international NbS interventions.

e Carry out systematic research on NbS theory, pathways, and policies; formulate
China standards for NbS; establish a monitoring and evaluation mechanism for
NbS; and provide systematic solutions and technical support for policy making.

e Establish an NbS monitoring and evaluation index system, including monitoring
and assessment technical specifications, and pathways for strengthening quanti-
tative research on NbS costs and benefits, e.g., quantitative evaluation of NbS in
carbon storage and biodiversity protection.
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6.5 Increase Awareness of NbS and Their Benefits Among
All Sectors and Levels of Society

e Use multiple channels to strengthen awareness of NbS and their benefits among
both decision-makers and the general public and encourage the public to actively
participate in NbS-related actions.

e Utilize the mainstream media to raise general awareness of NbS and their bene-
fits, and take advantage of the opportunities offered by occasions such as World
Environment Day, World Forest Day, and other thematic campaigns.

e Disseminate information from NbS case studies to project designers, engineers,
urban planners, public and private institutions, financiers, etc.

e Promote the establishment of more voluntary/private environmental organizations
and encourage and assist them in incorporating NbS into their work.

e Strengthen the capacity to design and implement NbS within relevant professions,
enterprises, research institutions, social organizations, and the public.

6.6 Emphasize the Role of Women in NbS Development
and Implementation

e Integrate women’s needs and perspectives into the design, implementation, and
monitoring of NbS and ensure equitable and inclusive participation, benefit-
sharing and governance processes.

e Increase efforts to promote NbS among women and other marginalized groups.
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Chapter 3 ®)
Ecosystem-Based Integrated Oceans e
Management Under the Vision of Carbon
Neutrality

1 Introduction

1.1 The Ocean and Climate Change

Over the last century, human activities around the globe have contributed substan-
tially to unprecedented changes in climate and biodiversity. Changes in the climate
mean increased risk of natural disasters, changing habitats, biodiversity loss, and
food safety jeopardized by fluctuating productivity. Climate change and biodiversity
loss combined increasingly threaten nature, as well as human lives, livelihoods, and
well-being around the world. Strong, impactful and consolidated efforts to tackle
and meet the climate and biodiversity crises are required to achieve and enable soci-
etal equality on all levels. The ocean-based solutions do, can, and should play a
fundamental role in this regard.

As it is, the world’s oceans play a critical role in capturing carbon dioxide (CO,)
from the atmosphere. Around 25% of all anthropogenic CO, emissions are absorbed
by the ocean, thereby making it one of the world’s largest “carbon sinks.” Ocean-
based mitigation options to remove/sequester and store greenhouse gases (GHGs)
offer significant potential to contribute to global efforts to limit global warming and
for achieving the goals of the Paris Agreement. The High Level Panel for a Sustain-
able Ocean Economy estimates that by 2050 ocean-based climate mitigation and
carbon storage options could make up 21% of the emission reductions needed to
limit global warming to 1.5 °C [1]. However, the penetration of CO, into the ocean
causes ocean acidification which has diverse impacts on biological, biogeochemical,
and ecological components of the ocean, and consequential impacts are of concern
as the ocean’s absorption of anthropogenic CO, continues. While atmospheric CO,
is the major driver of ocean acidification, eutrophication can exacerbate ocean acid-
ification in coastal areas. In addition, permanence is crucial in considering carbon
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storage in the ocean given the ocean’s high turnover rates. Therefore, it is essential to
take advantage of forces that efficiently sequester carbon at least on a decadal time
scale.

Nevertheless, there is a wide array of potential ocean-based mitigation options
that can contribute to carbon-neutrality goals that would not add to burdens such as
acidification. The ocean can contribute to mitigating climate change, while main-
taining the carbon balance, and in doing so also safeguard marine biodiversity.
Such ocean-based mitigation options have so far had insufficient exposure in nation-
ally determined contribution (NDC) considerations or long-term low GHG emis-
sion development strategies under the agreements of the United Nations Framework
Convention on Climate Change (UNFCCC), such as the Paris Agreement, although
their potential is quite potent [2]. The most relevant potential ocean-based mitigation
options to consider include, but are not limited to, the grooming, restoration and long-
term climate-smart management of carbon-efficient ecosystems (“blue forests'”),
the use of the ocean’s inherent energy potential, minimizing the carbon footprint
of ocean-based activities such as shipping, the use of the ocean floors’ ability to
store carbon and reusing carbon in marine production, as well as restructuring of
the fisheries and human consumption of aquatic products toward low-carbon ocean-
based protein and other sources of nutrition [1]. Other emerging opportunities that
require further assessment include: resetting biomass goals for the management of
fish and perhaps other large-bodied organisms to increase long-term living biomass
and ensure adequate protection of carbon processing and storage functions in ocean
ecosystems; protecting existing unfished stocks of mesopelagic fishes that rapidly
and effectively move carbon into the deep sea through their vertical migrations; and
large-scale investments in macroalgal production, especially in offshore waters, that
can then be used—in part—for long-term sequestration, assuming that can be done
with prudent climate and biodiversity side effects.

The ocean’s potential to contribute toward China’s 2060 Carbon-Neutrality goals
has already been recognized by Chinese authorities. For example, the Ministry of
Ecology and Environment (MEE) has been urging local governments to accelerate
ecological restoration of oceanic habitats and organizing monitoring and evaluation
on carbon sinks in the ocean.

1.2 Ocean’s Health and Society

A healthy ocean environment that also meets people’s other needs is a prerequisite.
A healthy ocean is thus also necessary if we are to enable an efficient and beneficial
utilization of the ocean-based carbon-goal opportunities. An ocean with ecosystem
integrity, with properly functioning biogeochemical and physical processes which

1 “Blue forests" are coastal and marine ecosystems, including mangrove forests, seagrass meadows
and tidal salt marshes, which have the ability to store carbon and provide a range of important
ecosystem services for coastal communities.
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have not suffered serious or irreversible harm, is required for the ocean, seas, and
marine resources to successfully contribute to this end. The global ocean and marine
ecosystems are changing rapidly due to the ongoing large-scale climate change which
is causing wide-ranging effects such as ocean warming, acidification, and oxygen
loss. Marine ecosystem degradation has also greatly accelerated during the last five
decades due to the multitude of direct human-induced stressors affecting the ocean,
including coastal reclamation of land, aquaculture, fisheries and pollution from land-
based sources. China has been experiencing a similar trend since the 1950s, with 57%
of the coastal wetlands, 73% of the mangrove coverage, and 80% of the coral reefs
being lost. Along China’s coasts, most of the seagrass beds have disappeared, two-
thirds of the coastline is suffering from erosion, about 44,000 km? coastal seawater
is severely polluted, and fishery resources have been severely depleted.

A healthy and resilient ocean that maintains its capacity to deliver food, income,
support transportation, and many other elements of sustainable development will
also contribute to human well-being. The ocean is one of the main repositories
of the world’s biodiversity. It constitutes over 90% of the habitable space on the
planet and contains some 250,000 known species, with many more remaining to be
discovered. Marine biodiversity plays an essential role in underpinning a healthy
planet and social well-being. The fishery and aquaculture sectors are a source of
income for hundreds of millions of people, especially in low-income families, and
contribute directly and indirectly to their food security. One-third of the total human
population, nearly 2.4 billion people, live within 100 km (60 miles) of an oceanic
coast—and all human life is dependent upon the oxygen and freshwater it creates.
The annual economic value of the ocean is estimated at USD 2.5 trillion, equivalent
to the world’s 7th largest economy. It provides nutrition, medicines, and mineral and
renewable energy resources. It supports jobs in fishing, seafood, leisure, and science.
Maintaining a healthy ocean is vital to improving global health and increasing global
prosperity for everyone, expanding opportunities for all people, including women
and underrepresented or marginalized groups. With all these as a background, there
is a global recognition that saving our ocean must remain a priority and that careful
management of this essential global resource is a key feature of a sustainable future
(UN Sustainable Development Goal [SDG] 14). The effort needed to maintain and
support healthy ocean systems will require and encourage scientific research and
innovative technologies that connect ocean science with the needs of society, an
opportunity that inter alia has been key in shaping the UN Ocean Decade which
aims to encourage the production of “the science we need for the ocean we want,”
catalyzing transformative ocean science solutions for sustainable development.

Ecosystem-based integrated ocean management (EB-IOM) is an approach for
ecosystems and resources management that involves finding a proactive balance
between the use and protection of rich, productive ecosystems and the ecosystem
services they provide, thus promoting an equitable system of conservation and
sustainable use. Integrated management is considered an appropriate approach for
ensuring the protection and sustainable use of the ocean and coasts, taking sufficiently
into account knowledge and the particularities of the ecosystems to be managed.
Fully integrated ocean management strikes a balance between the environment,
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economy, and society, and between short-term economic gains and long-term pros-
perity of the ecosystem services. EB-IOM provides a basis for the protection of
the ocean ecosystem from unsustainable cumulative impacts caused by multiple
maritime activities in different parts of the global ocean, as well as for the fair and
balanced management of competition and conflicts between ocean users. This will
benefit ocean ecosystems, the habitats and species within them, and humans who
depend on them.

Framing the study by the principles and criteria of sustainable and inclusive
management of the ocean, the special policy study (SPS) provides directions on
ocean actions considering the carbon-neutrality goals. This study aligns the syner-
gies between marine carbon and ecosystem-based management/governance, looking
in particular at the following aspects relevant to delineation of China’s ocean climate
actions:

1. Nature-based Solutions (NbS) and other safe and effective marine CDR,;

2. Non-damaging technological ocean-based carbon capture and storage, such as
CCUS;

Reduction of the CO, footprint from ocean activities; and

4. Renewable energy.

w

This study has been carried out in the last year of CCICED Phase VI, and it
has only unveiled the ocean’s role in the international and national efforts required
to tackle the global climate and biodiversity crisis, and to reach China’s carbon-
neutrality goals. The findings should be considered a transition to the next CCICED
Phase, when further work will be required to provide concrete policy guidance on
the issues raised in this study.

The study also recognizes gender equality as essential for the effective protec-
tion of oceans, the sustainable management of ocean and marine resources, and the
accomplishment of the UN’s SDGs. As such, the study notes the need to strengthen
understanding of the requirements around gender-responsive and inclusive ocean
management as part of a sustainable framework.

Several topics and actions discussed in this study interlink with and complement
other ongoing studies under the auspices of CCICED, such as the special policy
studies on climate, biodiversity, and Nature-based Solutions. Exploiting these inter-
linking issues is of similar importance as exploring the ocean’s potential in mitigating
climate change within the future SPS framework of CCICED.

2 Four Ocean-Based Approaches to Carbon Neutrality

For humanity to tackle the planetary challenges and crises that it faces today and in the
future, a systemic, integrated, and holistic approach concerning ocean issues and the
governance of this space must be taken. This also applies when exploring the oppor-
tunities provided by the ocean in contributing toward the carbon-neutrality goals. In
this chapter, we explore four ocean-based approaches toward carbon neutrality. Next,
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this chapter describes the necessity to frame these approaches within an ecosystem-
based, integrated, and holistic thinking. When exploring and implementing actions
within these four approaches, there is also a valuable opportunity to consider how to
promote gender equality and diversity, including the engagement of women in the
efforts.

2.1 Marine Carbon Dioxide Removal and Nature-Based
Solutions

2.1.1 How the Ocean Takes Up Carbon

The ocean covers ~ 71% of Earth’s surface; and contains 90% of the carbon on the
Earth’s surface. The ocean possesses much of the global capacity for atmospheric
CO; sequestration and mitigated annually 22-26% of the anthropogenic CO, emis-
sions comprised of fossil fuel burning and land-use change during 1960-2019 [3].
In the preindustrial era, the ocean was a net source of carbon to the atmosphere [4].
Now it is a substantial net carbon sink of around 1.9 Pg of carbon per year [3]. On
long timescales, the land carbon sink is equivalent to accelerated GHG emissions
associated with land-use change, leaving the ocean as the primary carbon sink of the
last 200 years (Fig. 1) [5].

The injection of anthropogenic CO, into the atmosphere leads to an increase in
the partial pressure of atmospheric CO,. Driven by the partial CO, pressure differ-
ence between the air and the surface ocean, CO, diffuses into the ocean via air—sea
interface exchange. Unlike many other gases, CO, combines with water to form a
CO;-carbonate system which is the most important buffering system in the ocean
[6]. The CO,-carbonate system holds the predominant available carbon as dissolved
inorganic carbon (DIC, ~ 38,000 PgC) in the ocean, that is carbonic acid (dissolved
CO, in water), bicarbonate ions (HCO;~) and carbonate ions (CO327), which are
tightly coupled via chemical equilibrium. In addition, the ocean contains a pool of
dissolved organic carbon (DOC, ~ 700 PgC), a substantial fraction of which has a
turnover time of thousands of years [7]. The marine biota, predominantly phyto-
plankton and other microorganisms, represent a small organic carbon pool (~3 PgC),
which is turned over very rapidly in days to a few weeks.

Carbon is transported and sequestrated within the ocean by three mechanisms: (1)
the “biological pump,” (2) the “carbonate pump,” and (3) the “physical pump.” The
biological pump utilizes autotrophy, such as photosynthesis by phytoplankton, to
convert CO, and HCO3™ into organic biomass, including particulate organic carbon
(POC) and DOC. POC and DOC create a flux of carbon via gravity sinking, the
vertical migration of midwater biota, diffusion, and advection from the surface to
the deep ocean or seafloor sediments, where it is isolated from the atmosphere for
decades to centuries. The carbonate pump is a process of ocean carbon sequestration
driven by calcifying plankton, which releases CO, back into the atmosphere but
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sequesters part of it by more rapid sinking to the seafloor; this is why this process
is also referred to as the carbonate counter pump. The physical pump is the physio-
chemical process whereby carbon is transported from the ocean surface to its interior,
where it can be stored for hundreds of years [8, 9].

In addition to the carbon sinks in oceanic regimes as described above, coastal
ecosystems typically composed of mangroves, salt marshes, and seagrass meadows
also sequester atmospheric CO, via high photosynthetic rates and rapid carbon sedi-
mentation rates that result in accumulation in associated soils and sediments [10].
Non-vegetated tidal flats, which are rather extensive along the coasts have also been
shown to be a potentially important carbon sink. A varying fraction of this carbon
is buried in tidally inundated suboxic and anoxic sediments and thereby largely
prevented from returning to the atmosphere [11]. Studies suggest that mangroves
and coastal wetlands annually sequester carbon at arate 10 times greater than mature
tropical forests. They also store three to five times more carbon per equivalent area
than tropical forests. Most coastal blue carbon is stored in the soil, not in above-
ground plant materials as with tropical forests. This coastal wetlands carbon is now
often regarded as coastal blue carbon. It has been gaining great attention due to its
disproportionately large contribution to global carbon sequestration. This is also true
in China where the three blue carbon ecosystems maintain high carbon accumulation
rates. Among them, mangrove forests mainly on the southern coasts covers a total
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area of ~2.56 x 10* ha with a carbon buried rate of 0.28 TgC annually. Intertidal salt-
marshes are widely distributed along the subtropical and warm temperature coasts,
with a total area coverage of 10.2 ~ 3434 km?, maintaining a carbon burial of 0.23—
0.91 TgC annually. Seagrass beds are mainly distributed in the northern coasts around
Bohai and along the tropical coasts with 1.68 x 10* ha of total areas, while their
carbon burials remain unclear. It should be pointed out that these coastal blue carbon
ecosystems are facing challenges of anthropogenic disturbance from coastal squeeze,
water pollution, and urbanization as well as invasive species Spartina alterniflora.
A grand challenging question thus points toward how these coastal blue carbon will
evolve under future climate scenarios.

2.1.2 Approaches to Strengthen and Increase the Ocean Carbon Sink
Within a Sustainable Framework

The ocean and its ecosystems hold great potential for uptake and longer-term seques-
tration of anthropogenic CO, for several reasons [12]: (1) the ocean acts as a large
natural reservoir for CO,, holding roughly 50 times as much inorganic carbon as the
preindustrial atmosphere; (2) the ocean already removes a substantial fraction of the
excess atmospheric CO; resulting from human emissions; and (3) there are a number
of physical, geochemical, and biological processes that are known to influence air—
sea CO, exchange and ocean carbon storage. The High Level Panel for a Sustainable
Ocean Economy identified that ocean-based mitigation options could reduce global
GHG emissions by about 4 billion tonnes of CO, equivalent per year in 2030 and by
over 11 billion tonnes per year in 2050, reducing the emissions gap by up to 21% on
a 1.5 °C pathway, and by around 25% on a 2 °C pathway [1].

Ocean-based CDR techniques can be identified in two broad categories—biolog-
ical and chemical [12] (Fig. 2).

(1) Biological pathways include:

1. Nutrient fertilization: Addition of micronutrients (e.g., iron) to the surface
ocean may, in some settings, increase photosynthesis by marine phyto-
plankton and can thus enhance uptake of CO, and transfer of organic carbon
to the deep sea where it can be sequestered for timescales of a century
or longer. As such, nutrient fertilization essentially locally enhances the
natural ocean biological carbon pump using energy from the sun, and in the
case of iron, relatively small amounts are needed. Of course, the abundant
risks of artificial anthropogenic nutrification are also known in general, but
inadequately known at scale in practice.

2. Artificial upwelling and downwelling: Artificial upwelling is a process
whereby water from depths that are generally cooler and more nutrient
and carbon dioxide rich than surface waters is pumped into the surface
ocean. Artificial upwelling has been suggested to generate increased local-
ized primary production and ultimately export production and net CO,
removal. Artificial downwelling is the downward transport of surface water;
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this activity has been suggested as a mechanism to counteract eutrophi-
cation and hypoxia in coastal regions by increasing ventilation below the
pycnocline and to carry carbon into the deep ocean.

3. Seaweed cultivation: The process of producing macrophyte organic carbon
biomass via photosynthesis and transporting that carbon into a carbon reser-
voir removes CO, from the upper ocean. Large-scale farming of macro-
phytes (seaweed) can act as a CDR approach by transporting organic carbon
to the deep sea or into sediments. Seaweed can also be processed to make
long-life products or produce biofuel for carbon sequestration or utilization.
It must be pointed that the risks of unintended ecological outcomes and
cascades associated with large-scale deep-sea vegetative deposition remain
unknown.

4. Recovery of ocean and coastal ecosystems: Carbon dioxide removal and
sequestration through protection and restoration of coastal ecosystems, such
as kelp forests and free-floating Sargassum, and the recovery of fishes,
whales, and other animals in the ocean. Rebuilding global fish and perhaps
large-bodied animal stocks toward higher abundance than supported by
current management might also contribute to improved carbon processing
and storage, though those outcomes remain inadequately evaluated. Precau-
tionary management of emerging fisheries in the high latitudes and the
mesopelagic realm until carbon processing consequences are better known
and incorporated into goalsetting is also a possibility.
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(2) Chemical pathways include:

1. Ocean alkalinity enhancement: Chemical alteration of seawater chemistry
via addition of alkalinity through various mechanisms including enhanced
mineral weathering and electrochemical or thermal reactions releasing alka-
linity to the ocean, with the ultimate aim of removing CO, from the
atmosphere. Induced ecological cascades would need to be assessed and
interpreted in light of the systems goals expressed in this document.

2. Electrochemical approaches: Removal of CO, or enhancement of the storage
capacity of CO; in seawater (e.g., in the form of ions, or mineral carbon-
ates) by enhancing its acidity, or alkalinity, respectively. These approaches
exploit the pH-dependent solubility of CO, by passage of an electric current
through water, which by inducing water splitting (“electrolysis”), changes
its pH in a confined reaction environment. As one example, ocean alkalinity
enhancement may be accomplished by electrochemical approaches.

These CDR approaches broadly include both NbS and geoengineering-based
approaches. NbS are defined as “actions to protect, sustainably manage, and restore
natural or modified ecosystems, that address societal challenges effectively and adap-
tively, simultaneously providing human well-being and biodiversity benefits.” A
major attraction of NbS as a strategy for climate change mitigation is that they can
deliver multiple benefits. These benefits include retained and restored ecosystem
services from forests, croplands, grazing lands, wetlands, and other coastal ecosys-
tems that support human health and well-being [14], as well as biodiversity conser-
vation and sustainable livelihood development. Geoengineering-based CDR often
takes intervention techniques, which are more controversial but are emerging as
potentially indispensable in meeting the goals of the Paris Agreement, if unintended
negative consequences at scale can be understood and avoided [15].

It must be pointed out that all CDR measures have limitations and trade-offs.
It is thus of vital importance to thoroughly assess CDR techniques, individually or
collectively, and adopt ecosystem-based approaches to combatting climate change,
but they must be considered comprehensively inclusive of their effect on ecosystems,
their synergies with other land and ocean systems, and the impacts on the natural
ocean carbon sink. For example, mangroves planted in Siangshan Wetland, north-
western Taiwan Island since 1997 resulted in negative impacts on the local ecosystem,
including the loss of the benthic organisms and habitats for birds, sediment accumula-
tion and flooding, and increased mosquito populations. A mangrove removal project
was subsequently launched in 2015 [16]. Similar examples of replanting efforts
with weak comprehensive assessments and large negative consequences are found
globally. Thus, integrated ecosystem-based governance for both NbS and beyond is
important. A successful example is offered in Case Study 1 demonstrating the co-
benefits of ecosystem-based approaches between blue carbon and other ecosystem
and societal services.
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Case Study 1: Quanzhou Blue Carbon Project

The project is implemented in Luoyang River Estuary of Quanzhou Bay
Wetland Nature Reserve in Quanzhou, Fujian Province, China. Established
in Sept. 2003, this nature reserve aims to protect subtropical coastal wetlands,
mangroves, waterfowls, Chinese white dolphins, and other rare animals and
plants, with a total area of 7065 ha. The invasive smooth cordgrass, Spartina
alterniflora, was first introduced to Luoyang River Estuary in 1982 and became
invasive in the early 2000s. Since 2002, the local government and the nature
reserve have continued to restore mangrove forests by clearing the invasive
cordgrass. At present, the total mangrove area of the Luoyang River has
increased from the original 17 ha to nearly 467 ha, becoming the largest
artificial mangrove forest in China.

Luoyang River Estuary is also known for the Luoyang Bridge, a large stone
bridge across the sea built during the Song Dynasty (1059 AD). Luoyang
Bridge was one of the four famous bridges in ancient China. It has been
of great importance to local transportation by land and sea for thousands of
years. Local communities with a long history of maritime culture have been
formed around this ancient bridge. Now, Luoyang Bridge has been listed as a
heritage site of Quanzhou World Heritage of UNESCO (Quanzhou: The World
Maritime Trade Center of Song and Yuan China). Now, the Luoyang Bridge
and mangrove forests have formed a unique coastal landscape showing the
harmonious coexistence of humans and nature.

In this project, a total of 29 ha of mangrove forests composed of two
native species, Kandelia obovata and Aegiceras corniculatum, were restored
by clearing the invasive cordgrass in 2010. In the project area, these newly
restored forests formed a closed canopy after 10 years of management. The
total carbon sequestered by the restored forests was calculated by the Method-
ology of Mangrove Afforestation for carbon trading developed by Blue Carbon
Group of Xiamen University in 2011. Additionality and permanence of emis-
sion reductions from the project were tested. In total, 2000 t CO,-e of emission
reductions in the project area were traded on the platform of Xiamen Carbon and
Emissions Trading Center. The Industrial Bank Xiamen Branch purchased and
launched carbon—neutral air tickets with the cooperation of Xiamen Airlines,
through which the passengers could participate in mangrove conservation and
restoration by purchasing the tickets.

In this project, the invasive vegetation was removed, and the restored
mangrove wetlands provides habitats for waterbirds, e.g., the Chinese Egret
(Egretta eulophotes, vulnerable species on IUCN Red List) and greatly
increased the biodiversity of the Luoyang River Estuary [17], reflecting the
synergistic effects of biodiversity conservation and carbon sequestration.
Furthermore, the mangrove wetlands enhance the landscape of the ancient
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Luoyang Bridge, and benefit the local community by improving the living envi-
ronment and increasing their income from ecotourism. Thus, the project also
embodies the synergistic development of biodiversity, climate, and community.

2.1.3 Knowledge and Policy Gaps

For decision-makers, the emerging knowledge gaps related to the ocean carbon sink
that are of paramount importance for our environment and society can be categorized

as:

1.

et

Understanding whether the ocean will continue as a sink for human-produced
CO; and its climate change mitigation capacity, such as regarding climate-carbon
coupled systems, zero-emission strategies and actions; and how will the coastal
blue carbon evolve?

The vulnerability of ocean/marine ecosystems to increasing CO; levels.
Adaptation options and needs to changing ocean/marine conditions.

Research and development policy needs with respect to ocean-based CDR include:

Defining the RD&D (research, development, and demonstration) portfolio of
specific biological and nonbiological CDR pathways for technology develop-
ment, optimization, and scalability, including anticipating new and emerging
pathways, as well as their likely risks and co-benefits.

Improving the methods for monitoring, quantifying, and verifying CDR bene-
fits, ecosystem effects, and life-cycle impacts, including under future conditions
anticipated through climate change.

Developing predictive modelling and planning tools for siting and operations.
Creating markets for co-products from ocean CDR pathways and integration
into carbon markets, and for co-benefits of NbS where the carbon benefits are
inadequately known in terms of high-quality carbon credits.

Creating enabling national and international governance and finance frameworks.

2.1.4 Priority Actions

1.

Ecosystem-based mitigation and adaptation action can be synergized while also
positively impacting the ocean carbon sink. Mitigation action includes reducing
GHG emissions to minimize ecosystem consequences, using ecosystem-based
CDR to advance climate action and benefit ecosystems, and minimizing pollu-
tion to enhance the natural capacity of ecosystems to store carbon. Adapta-
tion approaches such as disaster risk management, sustainable and climate-
smart management, and implementing marine spatial planning and protected
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areas rely heavily on data, modelling, policies, and mitigation action that reduce
the chance for tipping points to occur. Successful adaptation increases climate
resilience through technological innovation, partnerships, and codesign of solu-
tions. Ecosystem-based approaches should be enforced in both mitigation and
adaptation. In general, all goalsetting for coastal and ocean uses should also factor
in an assessment of the degree to which opportunities for climate adaptation and
mitigation are adequately known and accounted for.

2. China has been practicing ecosystem restoration projects to different extents
along the China coasts with successes and failures. This is also true in area-
based management practices such as marine protected areas (MPAs). Revisiting
these practices by considering experiences and lessons (including from a gender-
equality perspective) and articulating new policies and best practices is urgently
needed in developing carbon-neutrality strategies which are underway.

3. Urgent and deep emissions reductions are vital to protect the ocean from further
climate change impacts. However, the ocean is also a space where mitigation
can take place. Most importantly, Earth system models show that after peak
emissions are reached, atmospheric CO, will begin to decline. This will lead
to a weakening of the ocean and land sink as projected under RCP 2.6 [18]
(Dai et al., 2022 and references therein). To maintain atmospheric CO, and
temperature at low levels, not only does anthropogenic CO; in the atmosphere
need to be continuously removed by CDR, but anthropogenic CO, stored in
the ocean and land needs to be removed when it outgasses to the atmosphere.
This must be considered when designing future pathways. Ocean-based solutions
provide excellent opportunities for both mitigation and adaptation and should be
considered in Nationally Determined Contributions and UNFCCC deliberations,
and this shall take international and collective efforts while China is in a good
position to promote ocean-based carbon solutions.

Key recommendation: Accounting for ocean CO; sinks in international
climate reporting

Given the ocean’s sustained and paramount role in mitigating anthropogenic
CO; over the last 200 years, it is fundamentally important to note that such an
ocean carbon sink could be dramatically reduced if pCO; in the ocean is not
synergized with the air pCO, under low-emissions conditions when designing
future pathways. We call upon establishing an international task force with
a mandate to promote the ocean carbon sink as a potential NDC and as part
of UNFCCC deliberations.
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2.2 Offshore Carbon Capture, Utilization, and Storage

2.2.1 The Ocean’s Role in Capturing, Utilizing, and Storing CO,

To reach the target of carbon neutrality by 2060, greenhouse gases emitted by
carbon sources into the atmosphere must be mitigated and preferably permanently
sequestered. Several methodologies have been presented to potentially mitigate CO,
emissions, such as increasing energy efficiency, replacing coal-fired power plants
with natural gas, enhancing wind and nuclear power plants, biomass creation, refor-
estation, and carbon capture, utilization, and storage (CCUS), etc. Compared to more
natural ways (see Sect. 1 in Chap. 2), technological methodologies are potentially
faster and more complete on carbon sinks. To realize one-off GHG removal, the
produced CO; is expected to be captured and compressed, transported via ship or
pipeline to offshore platforms, and injected into sub-seabed reservoirs for permanent
isolation from the atmosphere [19, 20]. Thus, a technically feasible full chain of
offshore CCUS is formed (Fig. 3) and can be developed by mobilizing contractors
and suppliers [18]. Like any other large-scale industrial operation, of course, the
potential risks—especially at scale—must be fully characterized and unacceptable
risks mitigated.

In 2020, China emitted 10.67 Gt CO,, with coal, oil, and gas contributing 70%,
15%, and 6%, respectively. The coal-burning power plants alone accounted for 50%
of China’s fossil fuel-related CO, emissions. To reduce the consumption of coal,
China has justified ongoing efforts to support the use of renewable energy and natural
gas, combined with improving the ambient air quality as one of the country’s strate-
gies. In addition to this, CO, separation and capture from industrial processes are also
undertaken, such as H, manufacture, synthetic ammonia, limestone calcination, and
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Fig. 3 Key elements and processes in offshore CCUS. Offshore CCUS captures CO; from indus-
trial emission sources, transports it via either pipeline or ship, and injects it into sub-seabed
geological reservoirs, contributing to the isolation of CO, from the atmosphere



138 3 Ecosystem-Based Integrated Oceans Management Under the Vision ...

ethylene oxide production. Further, to prevent emissions from these plants, advanced
low-carbon coal technologies are promoted with a number of action plans released
to require the adoption of high-efficiency and the development of CCUS retrofits. In
China, a significant portion of the electricity mix is still from coal generation. The
more worrying thing is that some of the world-class CO, emission sources are from
relatively newly-built power plants, the average age of which is less than 15 years,
which could still be operating in 2060. This poses a particular challenge to achieving
the national goal of net-zero emission, and the geological storage has the greatest
potential to realize the one-off carbon removal. In the east region, more than 43% of
coal-fired power plants could be suitable for CCUS retrofits, which account for more
than 35% of the cumulatively CO, volume to be captured. To permanently isolate the
captured CO, from the atmosphere, particularly for the coastal region with significant
carbon emissions, offshore geological storage with carbon source-sink matching is
introduced.

Of the 34 provinces in China, 13 are along the coast, which occupy less than 14%
of the nation’s territorial area. These coastal regions contribute 64% of national GDP,
account for 43% of the country’s energy use, and possess 39% of the country’s popu-
lation. As is expected, China’s economy was dominantly driven by these developed
coastal regions in the last 40 years, showing significant regional economic differ-
ences [21]. While contributing to the economy, these regions also account for ~
41% of the country’s annual CO, emissions, that is, ~ 4.2 Gt [22, 23], scattering
notable CO, emission hotspots in the east and southeast. In coastal provinces such as
Guangdong and Fujian, fossil fuels are widely used to provide energy supplementa-
tion [19], and the location of large stationary sources, e.g., power plants, refineries,
and cement plants [18] are heavily scattered along the coast. Not far from the coastal
region are the 11 offshore sedimentary basins that spread ~ 1.7 million square kilo-
metres, the geologic storage capacity of which is accounted ~ 573 Gt CO; [24]. This
provides potential large-scale carbon storage reservoirs far exceeding that would be
captured annually and can provide sufficient permanent geologic sequestration capa-
bility for more than 100 years’ carbon storage, addressing long-term greenhouse gas
emissions.

To safely and permanently lock CO; in deep underground geological reservoirs,
offshore CCUS storage sites should be carefully selected. In the sedimentary basins
offshore China, deep saline formations with layers of porous and permeable rocks are
widespread, involving Miocene deltaic, coastal plain, and neritic clastic rocks. The
regional seal-capped tertiary strata of these basins contain thick and high-quality
aquifers, which are of mainly neritic and deltaic facies having lateral continuity.
The utilization of the substantial pore space in these basins for CO, storage would
require an efficient injection strategy to maximize the dissolution, residual trapping
sealing, capping, and permanence. Recent research has shown that basalt deposits can
quickly incorporate injected CO, to form carbonate minerals, which can permanently
convert the injected CO, into immobile stone, and thus reduce the risk of leakage
into the ocean and environmental pollution. In addition, the basalt deposit also has
a translational impact on informing the fate of injected CO,-bearing magnesium
silicates and reactive calcium.
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In the last decade, CCUS facilities have been commissioned in China, Australia,
Brazil, Canada, Saudi Arabia and the United Arab Emirates [25]. CCUS in China
has been investigated both onshore and offshore [16, 19, 26-29]. Onshore geologic
reservoirs in China are mostly located in the northern and western regions, which are
distant from the industrialized and populated coastal region and may raise extra costs
and safety issues. In contrast, offshore CCUS will not have issues like ownership,
holdings, activities, CO, contamination of drinking water aquifers, and potential
damage to agricultural and industrial operations, etc. [30], as the offshore storage site
isinno one’s backyard. Therefore, offshore CO, storage offers potential jurisdictional
simplicity. Further, the relatively easier management of sub-seabed saline formation
pressure would reduce the offshore storage costs.

2.2.2 Current Status of Offshore CCUS

An increasing number of countries and organizations have adopted net-zero emis-
sions targets, drawing attention to the need for CCUS. To date, there are 21 CCUS
facilities around the world with the capacity to capture up to 40 Mt CO, each year
[24]. Some of these facilities have been operating since the 1970s and 1980s, when
natural gas processing plants in Texas began capturing CO, and supplying it to local
oil producers for enhanced oil recovery (EOR) operations. Since these early projects,
CCUS deployment has expanded to more regions and more applications. The first
large-scale CO, capture and injection project with dedicated CO, storage and moni-
toring was commissioned at the Sleipner offshore gas field in Norway in 1996, which
has now stored more than 20 Mt CO, in a deep saline aquifer. For technical and
commercial reasons, the CO; needs to be removed from the gas before it can be sold;
a CO, tax on offshore oil and gas activities introduced by the Norwegian government
in 1991 made the project commercially viable [31]. Norway is also funding the devel-
opment of a full-chain CCUS project (Langskip), involving CO, capture at a cement
factory and a waste-to-energy plant and its storage in a large facility in the North
Sea—Northern Lights—being developed by a consortium of oil and gas compa-
nies. More countries are now developing offshore CCUS strategies, for instance, the
Netherlands is expanding its Sustainable Energy Transition Scheme to a wider set of
clean energy technologies, including CCUS and low-carbon hydrogen; and the UK
government has also announced significant public funding for new offshore CCUS
projects [24].

To date, four large-scale offshore CCUS projects (Sleipner, Snghvit, Quest, IBDP)
are launched internationally, with which ~4 Mt CO, per annum together are dedi-
cated to being injected into geologic saline formations [32], while the underlying
deployment of offshore CCUS technology in China is at a pilot scale. In 2021, China
launched its first offshore CCUS project in the Pearl River Mouth Basin of the north
South China Sea, to explore the storage of CO, in a sub-seabed saline aquifer. In
this project, the injection of 1.46 Mt CO, into sub-seabed saline formations by 2026
was planned, which would achieve a near-zero emissions of offshore oil production
[33]. This is currently generating valuable information about the costs, operation,
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and market conditions for offshore CCUS in China, providing a prior feasibility
test of long-term performance and security of offshore CO, storage as an attractive
and efficient long-term strategy [31, 34], particularly for those industrialized coastal
provinces to achieve their “ahead of time” carbon-neutrality claims.

2.2.3 Knowledge and Policy Gaps

The cost of CCUS is highly variable, e.g., the cost of CO, transport via pipeline
depends on the pipeline length, diameter, terrain and route, from 2.0 to 15.3 USD
per ton CO; per 250 km; storage in depleted oil and gas fields is less expensive than
storage in saline reservoirs, from 8 to 25 USD per ton CO, [35]. Many of the early
CCUS projects focused on industrial applications where CO, can be captured and
utilized. For example, in natural gas processing, any CO, contained in the gas usually
needs to be separated out to meet market requirements or prior to liquefaction for
liquefied natural gas (LNG) production to avoid the CO, freezing and damaging the
production facilities. In other applications, such as bioethanol production or steam
methane reformers to produce hydrogen, the CO, stream is relatively concentrated,
which reduces the cost and the amount of energy required in the capture process.
Until the 2000s, virtually all the CO, captured globally at large-scale facilities came
from gas processing plants, but other sources now make up about one-third of the
total [24].

CCUS deployment tripled over the last decade, albeit from a low base, but it has
fallen well short of expectations. In 2009, the IEA roadmap for CCUS set a target of
developing 100 large-scale CCUS projects between 2010 and 2020 to meet global
climate goals, storing around 300 Mt CO, per year. Actual capacity is only around
40 Mt—just 13% of the target. Investment in CCUS has also fallen well behind that
of other clean energy technologies. Annual investment in CCUS has consistently
accounted for less than 0.5% of global investment in clean energy and efficiency
technologies [24].

There are several reasons CCUS has not advanced as fast as needed; many planned
projects have not progressed due to commercial considerations as they are expensive,
and there is a lack of consistent policy support. In the absence of an incentive or emis-
sions penalty, CCUS may simply not make any commercial sense, especially where
the CO, has no significant value as an industrial input. The high cost of installing
the infrastructure and difficulties in integrating the different elements of the CO,
supply chain, technical risks associated with installing or scaling up CCUS facilities
in some applications, difficulties in allocating commercial risk among project part-
ners, and problems securing financing have also impeded investment. CCUS is also
often viewed as a fossil fuel technology that competes with renewable energy for
public and private investment, although, in practice, it has substantial synergies with
renewables [24].
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Despite the relatively fewer concerns of safety and easier management of forma-
tion pressure for the deployment of offshore CCUS [36, 37], policy-makers and
communities retain doubts about its viability and effectiveness due to the existing
uncertainties in high costs and the technology’s maturity [31, 32]. Such uncertainties
largely reflect the lack of integrated applications of large-scale commercial operations
[30]. Moreover, the full-chain CCUS operation requires significant energy, which
poses an efficiency penalty, as well as generating GHG emissions. This is expected
to be reduced by the improvements in technology and the risk-premium reduction
faced by first-movers [38], while it is heavily dependent on offshore CCUS-focused
regulatory policies.

In China, regulation of the offshore disposal of CO, and ocean jurisdiction remain
unclear, including the development of appropriate procedures and standards for
undertaking a full-chain offshore CCUS, as well as concrete legal framework to
guide public participation and consultation of offshore CCUS [37]. Because of this,
CCUS project developers could purposely withhold information or even ignore the
public perception. This leads to significant uncertainties and hinders offshore CCUS
activities along with little guidance provided to treat future projects. To avoid such
“interaction without rules,” associated regulations and laws at the national, provincial,
and local levels are expected to be formulated as a specific and legitimate mandatory
basis prior to large deployment of offshore projects [39].

Regarding the diversity of involvement, the CO, emission sources in China are
scattered in the main industrial clusters along the coast, while the offshore geolog-
ical investigation and exploration are operated by various enterprises, such as large
state-owned petroleum companies. Moreover, offshore CCUS research and develop-
ment are conducted by research universities and institutes [40] and financial support
and debts are provided by public sector banks. The integration of the develop-
ment of offshore CCUS is often inefficient. For example, research institutes play
an important role in developing offshore CCUS-related techniques, economic, and
political framework, the feasibility of which has rarely been proved by commercial-
scale offshore projects, as very few opportunities are given to reduce the associated
risks. Particularly for the implementation of new projects, despite some research
results suggesting offshore CCUS success, the associated risks are relatively high
for long-term commercial adoption and commitment to carbon credits [34].

2.2.4 Priority Actions

In the coming decades, to ensure that offshore CCUS is an attractive and available
option, important actions can be taken by the government and industry in China,
involving continuing technology innovation, cost reduction, boosting CO, storage
development, and risk management in both environment and commercial debt [37].
To facilitate the reduction of the cost of offshore CCUS, commercial-scale adoption
of the technology is necessary, and initiatives of environmental policy should be
supported by the Chinese government to incentivize first-of-a-kind construction.
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This is particularly important as it will allow for learning, feasibility testing, and risk
reduction for accelerating commercial implementations [34].

China should formally announce its intention to prioritize offshore CCUS to
provide the impetus for government agencies, companies, financial institutions, civil
society organizations, and partners to work together to create and implement a robust
CCUS-focused financial supporting environment. China could pursue the following
near-term windows of opportunity to communicate its ambition and commitment to
offshore CCUS. Specifically, actions can be taken as follows.

1. Develop a financial framework to build a regulated free market environment

In China, an acceptable risk allocation of commercial debt has yet to be demonstrated,
and a “standardized” financial template has yet to be developed due to the lack of
consistent offshore CCUS development [30]. Large-scale offshore CCUS projects
are complex and expensive, where debt could potentially be available, particularly for
early offshore projects where grant funding can help to close a significant financial
gap [30].

The state-owned enterprises of China have been major players in the execution of
CCUS projects, which have a duty to fulfill their social function. However, they often
face incentive opportunities and frameworks to access financing that differ from their
private sector counterparts, particularly for those operating in more regulated market
environments, such as the Shenhua Group and the China Huaneng Group [30]. For
private ownership in the orbit of free initiative, they can carry out activities in a free
competition environment [41]. Such competition in offshore CCUS can either be a
priority to access the best CO, storage location or a shared preferred offshore CO,
storage site. This could provide a guidance to construct CO, transporting networks
with the lowest costs and the best storage options [37].

To make offshore CCUS projects commercially viable, a tax on CO, emissions
from the industry could be introduced by the Chinese government. This would
provide a strong revenue and viable incentive which will draw down the cost of
offshore CCUS as that has been introduced by Norway and the United States (45Q
tax credit) for CO, utilization and storage [42, 43]. While uncertainty does exist
in all CO, pricing systems, the 45Q tax credits allot more than USD 35per ton for
CO, utilization and more than USD 50 per ton for permanent sequestration of CO,
in geologic reservoirs [44]. This helps business provide offshore CCUS solutions
for developing supply chains in a coordinated manner [37]. If China introduces a
carbon tax, it should avoid most part of offshore CCUS costs for the infrastructural
establishment of the supply chain, involving the construction of offshore pipelines
and platforms [45].

2. Demonstrate full-chain offshore CCUS project with cross-disciplinary
engagement

In terms of designing offshore CCUS projects, a wide range of procedure and risks
must be specifically examined and evaluated. This involves coordination in studying
the feasibility of storage reservoirs, carbon source-sink database, identifying knowl-
edge gaps, front-end engineering, and design (FEED), leakage monitoring, as well as
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external quality assurance, etc. Moreover, specific non-technical uncertainties would
need to be addressed, involving full-chain supply, regulatory framework, liabilities,
financial drivers, social acceptability, as well as making a case for gender consider-
ations in the regulatory framework to ensure that women have equal opportunities
in offshore CCUS projects. All these essential factors would require a clear regu-
latory framework to be established. Therefore, continuous research on full-chain
CCUS technologies and the development of pilot demonstration offshore CCUS
projects should be carefully conducted, which will accelerate incremental steps
toward maturing offshore projects and minimizing uncertainties and comprehensive
risks [46]. The current challenge is to break through science, technology, finance,
governance, and social barriers to enable widespread deployment of offshore CCUS
projects.

To date, the total cost of offshore CCUS exceeds 350 CNY per ton in China without
an industrial utilization to take economic benefits [47]. To increase the economic
effect, offshore CO;-enhanced oil recovery (CO,-EOR) [26] can be introduced,
where oils in geological layers could be substituted by the injected supercritical CO,
[48]. Through CO,-EOR, most of the injected CO, will be permanently locked in
the geological reservoir under the right conditions as well as improving the recovery
of oil [43], making it a cost-effective way of reducing carbon emissions. Such imple-
mentation can effectively make the cost of storage negative from incremental oil
production. It can yield an additional 5-17% of a reservoir’s original oil in place
more than conventional oil production practices (typically producing 35-50% of it).
In China, CO,-EOR has been estimated to offer > 100 Mt CO, per year of storage
resources, while the economic viability of it is subject to the cost per ton of CO,
delivered and the evolution of the oil price [49, 50]. However, the reservoir capacity
of offshore oil and gas fields is relatively small compared to that of saline formations
offshore China, which makes the demand for CO, for EOR projects decline over
time [37]. Therefore, it is expected that offshore CO,-EOR activities may exist in
the near to medium term, while CO, storage in saline aquifers will be in the medium
to long term.

Among the sedimentary basins offshore China, ~ 2.5% are oil and gas fields,
leaving existing infrastructures for CO, transportation and injection. The advantage
of existing infrastructure and framework in mature fields could be taken for carbon
offsets, which significantly reduces the level of public funding and policy support,
benefiting the maturation of carbon market-based mechanisms [51]. For near-term
large-scale storage in depleted fields, these infrastructures could potentially be reused
to reduce the costs of constructing new offshore facilities, particularly in the case of
short-term underinvestment [52]. However, some existing offshore facilities are aging
and the window of opportunity to reuse existing facilities could be limited. Hence, it is
required to develop multiple phases of technical evaluation and possibility timelines
and ranking availabilities of these platforms.

To guarantee regulated income for service providers on full-chain CCUS compo-
nents, a future model should be presented to separate the procedure of CO, transport
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and storage from capture [37]. This will allow agencies with offshore CCUS exper-
tise to concentrate on CO, transport and storage while carbon emitters focus on
capture [41]. However, such a model will require a thorough monitoring, reporting,
and verification system to account for captured, transported, and stored CO,.

To manage carbon storage from the emission sources, flexible services such
as bookable storage should be presented, that is, temporal and spatial source-sink
matching. To efficiently perform the carbon source-sink matching, the nearest suit-
able geological storage reservoir is usually required to be identified for each emission
source [31]. Emissions from power plants in the industrialized east and southeast
China would potentially be the first selection to store offshore.

3. Perform detailed site characterization and prevent environmental risks

The initial development of dedicated offshore CCUS projects is a costly and time-
consuming process. For large-scale CO, storage beneath the seabed, detailed geolog-
ical mapping and site characterization of abandoned drills and possible reservoirs are
needed. These necessary works require substantial capital investment, which deters
independent bodies from investing in offshore storage infrastructures and related
technologies, particularly when combined with the uncertainty of future revenue.
China has large state-owned enterprises, where direct investment can be used to
support early offshore CCUS projects, such as funding site characterization and
sharing data and knowledge. This could boost the deployment of offshore CCUS,
guarantee sufficient investment returns, and help mature the carbon market through
procurement policies [24, 37].

Safety is a key issue the government and society are concerned about regarding
offshore CCUS. Ensuring the integration of sub-seabed geologic reservoirs is a
substantial challenge, where the sub-seabed CO, leakage could lead to negative
reaction in the marine ecosystem [53]. Assurance of environmental performance of
CCUS with thorough research and assessment should be a prerequisite for solu-
tion to environmental problems and ensure that the problem is not transformed into
another one. Any form of CCUS should adhere to strict environmental and social
safeguards in order to minimize negative consequences, and must be applied as a
means of minimizing atmospheric carbon as opposed to prolonging reliance on fossil
fuels or carbon-rich lifestyles. Hence, careful selection and long-term monitoring of
undersea geologic reservoirs are therefore required [54, 55].

Renewable energy and other green technologies should be mainstreamed in CCUS
projects. To supply energy to the offshore CCUS infrastructure, low-carbon oppor-
tunities from wind, solar, wave, and tides could be introduced [41] (see Sect. 44 in
Chap. 2). This would offer sustainable development of offshore CCUS in the long
run, not only for storing captured CO, from the coastal industry sectors, but also for
sequestering CO, from direct air or ocean capture in the future.
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Key Recommendation: Accelerating research on carbon dioxide removal

Noting that there would be unavoidable emissions from fossil fuel burning
even under carbon-neutrality scenarios, accelerating technology innovation
of marine CDR, offshore CCUS, and development of its governance frame-
work will become increasingly urgent. We advise the establishment of policy
and financial frameworks for accelerating research for scalable ocean-based
carbon dioxide removal (CDR) and offshore carbon capture, utilization, and
storage (CCUS).

2.3 Reduction of the CO; Footprint from Ocean Activities

2.3.1 Ocean-Based Activities Contributing to Carbon Release

Not only do human activities produce huge amounts of CO; on land, but ocean-related
industries also continue to produce anthropogenic emissions. With its productive
ecosystems, the ocean itself is a powerful carbon-sequestering zone, absorbing about
one-third of anthropogenic CO, emissions [56]. Human activities in the ocean and
coastal zones not only increase total CO, emissions but also reduce the ocean’s
ability to absorb CO, by causing the degradation and even destruction of marine
ecosystems. Reducing CO, emissions from ocean activities and restoring the carbon
sequestration function of marine ecosystems will help society adapt to and mitigate
the climate change crisis.

Shipping

The maritime shipping industry is one of the major contributors to anthropogenic
carbon emissions in the ocean, mainly from the usage of fossil fuels to power its
ships. According to estimates by the International Maritime Organization (IMO),
0.1 Gt CO,e is generated by the combustion of ship fuels, currently accounting for
nearly 3% of total human activity emissions [1].

Currently, heavy fuel oil (HFO), which is used in most ship engines, generates
serious air pollution represented by sulphur dioxide. As a result, some shipowners are
building new ships with more environmentally friendly power systems or modern-
izing existing ships with alternative fuels such as liquefied natural gas (LNG). While
such efforts may lead to improvements in air pollution, they have had limited success
in addressing climate change. Even though LNG can reduce CO, emissions by 25%
compared to existing heavy fuel oil, the methane released by its combustion remains
a greenhouse gas with a very high heat-trapping capacity. At the current stage of
technology, clean energy sources that can completely replace fossil fuels in shipping
do not yet exist.
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Capture Fisheries

Like the shipping industry, carbon emissions from marine capture fisheries are also
mainly from vessel fuel consumption. A secondary consideration, still inadequately
understood, has to do with emissions associated with seafloor disturbance from
fishing gears, especially on the continental shelf. In 2016, global CO, emissions
from fuel combustion in capture fishing vessels were about 207 Mt CO,e, with
motorized vessels accounting for about 98% of emissions, industrial fishing for 77%
of global capture fisheries emissions, and small-scale fisheries for 23% [57]. Consid-
ering that carbon emissions from illegal, unreported, and unregulated (IUU) fishing
are difficult to include in statistics, the actual emissions may be even higher [58]. The
carbon emissions from fisheries targeting different species also vary, with demersal
fish, crustaceans, and pelagic fish (> 30 cm) accounting for 42%, 24%, and 23% of
total emissions, respectively [59].

Despite the gradual increase in carbon emissions from marine fisheries, global fish
catches are on a declining trend [56]. Fuel-intensive fishing gears, such as dredging,
bottom trawling, and beam trawling, not only emit more greenhouse gases but also
tend to damage important habitats for aquatic animals such as the seafloor and coral
reefs, further depleting fishery resources and affecting the carbon sink function of
marine ecosystems [60]. This unsustainable pattern of fishery resources exploitation
will lead fishers to continue to intensify their fishing effort, which in turn will result
in increased fuel use per unit of catch, creating a vicious cycle of CO, emissions and
marine ecosystem degradation. It has been shown to be possible to rebuild marine
fish populations with effective stock-scale management, at least to levels associ-
ated with maximum sustainable yield. New research has suggested that rebuilding
target fish populations to higher levels could not only increase carbon stored in living
biomass—and potentially sinking to the seafloor—but also have indirect effects on
carbon processing and sequestration through ocean ecosystem structure and function.
In addition, precautionary management in emerging fisheries—especially at high lati-
tudes where maximum fish productivity is most likely to increase [61] and related to
ecosystem compartments known to be essential to downward fixed carbon movement,
including in the mesopelagic realm—could help protect these as-yet inadequately
understood but potentially large carbon processing and storage functions.

Mariculture

The carbon footprint of mariculture is thought to originate mainly from the upstream,
such as the production process of different aquafeed ingredients, and the downstream,
such as processing and transportation, and the upstream and downstream carbon
footprint of mariculture is often higher than the carbon emissions from fish farms. The
main species of mariculture in China are bivalves and algae, which account for 81.6%
of national mariculture production in 2020 [62]. The culture of these low trophic
levels species relies on almost no feeding, so there is basically no feeding pollution
and corresponding feed production carbon footprint. Mariculture of these non-fed
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species is mostly carried out in cages or rafts at sea or in mudflats, so the external
inputs and pollution outputs are low [63]. However, the large-scale reclamation of
coastal wetlands by mariculture activities or the unreasonable layout of nets can also
lead to serious pollution of organic matter, nutrients, and heavy metals, which affect
the water quality of the aquaculture area and the surrounding seawater [64], further
degrade coastal ecosystems, such as mangroves, seagrass beds, and salt marshes and
their ecological service functions, thus weakening the ocean’s ability to sink and store
CO,. It is important to note that increasing macroalgal-related carbon fixation only
results in climate benefits when some part of that production is dedicated to long-
term storage through non-respiring product mixes. Related opportunities may exist
in using cultured seaweed to reduce net GHG emissions associated with terrestrial
agriculture through soil amendments or through methane production inhibition in
livestock if that pathway turns out to be actionable at scale.

The Post-harvest Processing and Distribution of Aquatic Products

There is a significant demand for energy in post-harvest refrigeration, processing,
and transportation of aquatic products. From the perspective of life-cycle assess-
ment (LCA), the post-harvest refrigeration (onboard and onshore), processing, and
marketing of seafood, whether captured or farmed, are all part of the life cycle of
seafood, and the energy inputs in these processes also generate large amounts of
CO; emissions. Projections indicate that future demand for energy in the seafood
chain will continue to increase. Though relatively more energy options are available
to sectors of the chain other than fishing, the price of alternative energy sources will
be reflected in the end product, with the potential to affect food security [65].

Through the application of emerging technologies and the promotion of manage-
ment measures, it is possible to reduce carbon emissions from human activities
involving the sea and to enhance the function of the ocean as a carbon sink. Studies
have predicted the carbon-reduction potential of various sectors with full potential:
maritime transport has the potential to reduce GHG emissions as much as 0.24-0.47
Gt CO; equivalent by 2030, and as much as 0.9-1.8 Gt CO, equivalent by 2050.
The conservation of coastal ecosystems has the potential to reduce GHG emissions
by 0.32-0.89 Gt CO, equivalent by 2030 and up to 0.5-13.8 Gt CO, equivalent by
2050. Marine capture fisheries and mariculture have the potential to reduce GHG
emissions by 0.34-0.94 Gt CO, equivalent by 2030 and up to 0.48-1.24 Gt CO,
equivalent by 2050 [1].

2.3.2 Assess Mitigation and Adaptation Strategies

Shipping

The bottleneck for decarbonization and emission reduction in the shipping sector is
that zero-carbon technologies that can be extensively applied to vessels have not yet
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been established. Technologies for the commercial preparation of alternative zero-
emission fuels, such as hydrogen and ammonia, are still in the development stage,
with uncertain progress. Another challenge is that ocean-going vessels often require
large amounts of fuel storage and must be able to obtain rapid replenishment at port.
Batteries using renewable energy sources can only be used on short voyages such as
ferries or coastal trips. Nuclear energy as a shipping fuel is only used on military or
special-purpose ships in very few countries due to safety risks and is not ready to be
promoted in the civilian sector.

In addition, another difficulty in reducing carbon emissions from the shipping
sector is the difficulty of clearly assigning emissions responsibility to the appropriate
country. Different choices based on where the ship’s fuel is sold, where the ship is
registered, and where the ship’s cargo is sourced or destined will all result in very
different emission responsibilities and associated costs for each country. IMO is
coordinating maritime emissions among more than 170 member countries, but each
has varying interests.

Most shipowners are in favour of using market-based instruments of carbon
pricing to address emissions. This echoes the calls from the international trading
industry, and more than 90% of the world’s merchant ships are driven by trade. The
trade industry has asked IMO to prioritize the implementation of a carbon tax in
shipping to encourage shipowners to invest in the development and application of
alternative fuel technologies. But some shipowner representatives also favour letting
political forces set the rules so that the shipping industry follows through with compli-
ance. For IMO, it needs to develop international standards around the core issue of
who is responsible for emissions, and it needs countries with large fleets to actively
participate to drive the standards on the ground. But IMO’s resolution will take years
to develop and even longer for its member states to ratify.

Currently, feasible decarbonization measures for the shipping industry in the short
term include advancing the design of more efficient ship power systems, switching
to cleaner fuels, building supporting port facilities, and establishing responsible
parties for emissions. Long-term adaptation and response measures should focus
on developing clean energy sources with zero emissions.

Capture Fisheries

Given the lack of breakthroughs in clean energy technologies for ships, capture
fisheries face the same dilemma as the shipping industry. In addition to the issue
of improving vessel fuel, capture fisheries can reduce their carbon footprint mainly
by transforming fishing gear, such as promoting the transformation of fossil fuel-
intensive gear, including dredging, bottom trawling, and beam trawling to methods
with a lower carbon footprint, such as gillnets and longline fishing. This switch
could also lessen the trawling-based GHG footprint exacerbated by seafloor sediment
disturbance. Fisheries management should also phase out environmentally harmful
vessel fuel subsidies and fuel tax exemptions while providing financial and other
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incentives to shift fishing gear/practices, such as the allocation of exclusive fishing
quotas or fishing areas for more energy-efficient practices.

In addition, the management authorities and distribution industry should high-
light the nurturing of low-carbon awareness among consumers and prioritize the
provision of products with a low carbon footprint to the market. The increase in
consumer demand for the corresponding products will facilitate the fishing industry
to shift to fishing gear and fishing methods that consume less energy and have less
environmental impact.

Finally, goalsetting in fisheries should be examined to assess the degree to which
current practices support effective carbon processing and storage through ecosystem
structure and function. “Climate-precautionary management” could become a new
target for fisheries sustainability.

Mariculture

The sustainable management, conservation, and restoration of marine and coastal
zone ecosystems are essential for the continued provision of carbon sequestration
and other critical ecosystem services [66]. Artificial wetland restoration, through the
planting of specific plants (e.g., seepweed and reeds) in farmed areas, can absorb
pollutants in the trail water [57]. The degradation of ecosystem services caused by
aquaculture can be mitigated by restoring coastal ecosystems through the recovery
of farmed mudflats by the “returning aquaculture land to beach” policy. Policies to
prevent the conversion of these ecosystems to other land uses, such as strict manage-
ment of coastal development practices and spatial planning of the coastal zone,
can also ensure that important habitats in the coastal zone are protected (see also
Sect. 1.3). In addition, promoting the use of low-carbon footprint and wild fish-free
aquafeeds can help reduce CO, emissions from aquaculture.

Other than reducing the negative impacts of mariculture, the mariculture sector
can actively address climate change by increasing sinks by cultivating certain species
(e.g., seaweed and bivalves). Seaweed culture is one of the largest scalable NbS [67]
and the main embodiment of “carbon sink mariculture.” Global seaweed absorbs 61—
268 Tg CO; equivalent per year. Seaweed has the function of CO; capture, acting as
a powerful carbon sink, and helps to protect coastal land from flooding and erosion;
seaweed helps decarbonize the economy by replacing emission-intensive products;
seaweed can also be used as biofuel to replace fossil fuel emissions; as animal feed,
it can reduce the methane emissions of farm animals and thus contribute to CO,
emission reduction.

Integrated multi-trophic aquaculture (IMTA) is a system that grows organisms
of different trophic levels in appropriate proportions to create a balance between
environmental sustainability, economic stability, and social acceptability. Consid-
ering that macroalgae-dominated IMTA can reduce pollution from mariculture itself,
increase the climate resilience of coastal societies, and economically compensate
seaweed farmers through carbon trading [68], macroalgae IMTA can be considered
a powerful nature-based solution tool for mitigating and adapting to climate change.
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Fig. 4 Carbon pathways of integrated mariculture of seaweed and shellfish. POC: particle organic
carbon; DOC: dissolved organic carbon, RDOCt: refractory dissolved organic carbon; MCP:
microbial carbon pump

The IMTA mode of kelp and scallops as the main cultured species in Sanggou Bay,
China, can be considered a typical NbS case (Case Study 2).

Case Study 2: Integrated Multi-trophic Aquaculture, Sanggou Bay
Sanggou Bay in Shandong Province is one of the sea areas where mariculture
is the most maturely developed in China. Integrated multi-trophic aquaculture
emerged as early as the 1980s in Sanggou Bay [69], with kelp (Laminaria
Jjaponica) and scallop (Chlamys farreri) as the main cultured species, and
has gained worldwide recognition and promotion. Such mode is essentially
a nature-based solution: shellfish excrete inorganic nitrogen by feeding on
phytoplankton and organic debris in seawater, while algae need to absorb inor-
ganic nitrogen through photosynthesis to grow and reproduce. The integrated
model of shellfish and algae achieves a balance of inorganic nitrogen supply
and demand in the sea, and algae can also release dissolved oxygen to prevent
seawater hypoxia, which not only reduces pollution from mariculture activi-
ties, but also improves production and quality performance and provides certain
ecosystem service functions. After decades of development, characteristics of
different water layers have been fully utilized to adjust the culturing depth and
further formed a three-dimensional mixed mariculture mode in Sanggou Bay,
including seaweed, wakame, scallops, oysters, abalone, and other species.
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In addition to food supply and water purification, the carbon sequestra-
tion capacity of the cultured species makes the Sanggou Bay mariculture
system have the function of climate change regulation (Fig. 4). Large algae
consume inorganic carbon through photosynthesis, and shellfish form shells
by absorbing bicarbonate ions in seawater, and the carbon thus fixed can be
removed from the ocean through harvesting. Studies have shown that kelp aqua-
culture contributes the most to carbon sequestration in Sanggou Bay, over 80%
[70]. Based on the typical culturing density, the carbon sequestration capacity
of kelp per unit area is outstanding, three to four times the carbon sequestration
capacity of common afforestation tree species on land [71]. As the world leader
country in shellfish and algae aquaculture, China has the potential to achieve
the dual goals of food security and climate change mitigation through such
activities. In 2022, China has completed the first-ever mariculture carbon sink
transaction in Fujian Province, and with the improvement of such incentive
systems in the future, ecosystem-based mariculture will also have an excellent
prospect of sustainable development.

The Post-harvest Processing and Distribution of Aquatic Products

Reducing the carbon footprint of marine aquatic products generated during the post-
harvest process relies mainly on the reduction and transformation of energy consump-
tion. At the macro level, the carbon footprint can be reduced at the processing and
transportation stages of seafood through changes in power generation, improvements
in transmission and distribution efficiency, and optimization of seafood transporta-
tion processes. At the local scale, promoting consumers’ choice of locally produced
seafood can also reduce redundant transportation and thus carbon footprint, as well as
reduce seafood waste (e.g., promoting the input of residues from seafood processing
into aquaculture) [72]. Considering that current studies on LCA of seafood are not
comprehensive, a better understanding of the whole chain and data collection would
contribute to carbon-reduction actions.

Unlike the harvest process of seafood (including capture and mariculture), which
is often dominated by individual and small-scale operators, the post-harvest process
of seafood is more industrial. Management and industry associations should actively
encourage the relevant enterprises to obtain corporate social responsibility certifica-
tion to reduce the carbon footprint in the production process, while also reducing
other negative environmental externalities, promoting employment, and strength-
ening labour rights protection. Meanwhile, enterprises can build a positive image
through the process, meet management requirements, and enhance corporate sustain-
ability. Considering the fact that the majority of the world’s seafood processing
workers are women [73], CSR certification will also be a powerful tool to promote
women’s rights.
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2.3.3 Knowledge and Policy Gaps

The ocean is the link among continents and countries around the globe, and ocean-
related human activities have distinctive cross-border characteristics, thus posing a
serious challenge to global governance efforts to reduce a sector’s carbon footprint.
This challenge is first and foremost reflected in the shipping industry’s efforts to
decarbonize. Even with the revolutionary breakthroughs in science and technology
that have made it possible to power ships with low- or even zero-carbon fuels, the
responsibility and costs of the transition are still difficult to precisely assign to coun-
tries. As the pivot for coordinating the global shipping industry, IMO is required to
establish a guiding framework for the industry to reduce carbon emissions. However,
defining the responsibility for carbon emissions generated by shipping activities
involves a huge conflict of interest among different countries. IMO has difficulty coor-
dinating effectively if the high-level political forces of the major shipping countries
cannot reach a consensus.

Compared to the shipping industry, capture fisheries have weaker cross-border
characteristics and clearer management boundaries. However, capture fisheries are
the pillar of employment and livelihoods for many people, and small-scale fisheries
composed of artisanal workers have a vast scale, especially in developing countries.
The fishing gear and fishing methods employed by fishers are often constrained
by geography, catch composition, and even cultural traditions, which are highly
region specific and difficult to quickly transform. Meanwhile, regarding the fully
exploited status of global fishery resources, the economic profits of capture fish-
eries are relatively limited and unstable, making it difficult for fishers to bear the
additional costs of transition (e.g., changing fishing gears and fishing methods). The
combination of these factors makes it rather difficult to establish carbon-reduction
awareness among capture fishers. In addition, as marine aquatic foods are increas-
ingly transported and distributed, carbon-reduction-driven changes may also bring
about wide-ranging food security issues, thus posing the challenge of transboundary
governance. If the WTO succeeds in reaching an agreement on fisheries subsidies,
it would be an enforceable global rule that would not only help address overfishing
but also have an indirect impact on carbon emissions. New approaches to fisheries
management that result in better biological and economic performance can help
address these problems, as could the decision for fair compensation of some avoided
harvest to help attain climate goals, should that prove feasible. Fishers and fishing
interests—especially small-scale fisheries—would need to be intimately involved in
the discussions about how to approach these problems over time.

In terms of global aquatic food production, mariculture is increasingly replacing
marine capture. Although estimates of carbon emissions from mariculture are
unclear, there is still a need to establish a carbon-reduction awareness in the aquacul-
ture industry. Along with economic development, growing consumer preference for
high-value aquatic foods is likely to lead to more feed being put into the aquaculture
of these high-trophic-level species; and rapidly developing recirculating aquacul-
ture systems often require high levels of energy. In addition, post-harvest processes
such as preservation, transportation, and marketing of aquatic foods (both captured
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and cultured) also contribute significantly to carbon emissions. To develop corre-
sponding carbon-reduction policies, it is necessary to strengthen research on the
LCA of aquatic foods and to cover the complete industry chain. It is worth noting
that mariculture itself (i.e., carbon sink aquaculture) can also be a powerful tool for
climate change adaptation and mitigation. Algae and bivalves are good at capturing
carbon, and their culturing processes require little feed, thus producing a negative
carbon footprint. However, incentives to promote such aquaculture practices (e.g.,
carbon trading mechanisms) are still in the initial stages.

2.3.4 Priority Actions

Reducing the carbon footprint of ocean-related human activities is largely depen-
dent on technological advancements and breakthroughs and is obviously difficult to
achieve overnight. However, we should quickly establish and consolidate a distinct
awareness of carbon reduction in marine industries, incorporate gender-equality
considerations, develop a progressive planning route, and start working on it from
now on.

In the short term, actions that can be undertaken by industries include:

1. Strengthen ship design optimization and power technology innovation to improve
the efficiency of fossil fuel for shipping vessels.

2. Implement stricter fisheries management measures, restrict high-energy fishing
gear and fishing methods such as bottom trawling, and gradually eliminate fuel
subsidies for fishing vessels.

3. Develop specific types of mariculture (e.g., algae and bivalves) to achieve synergy
between increasing carbon sinks and ensuring food security.

4. Elucidate gender relations in fisheries and aquaculture by collecting sex-
disaggregated data where possible to identify challenges toward gender equality
and visualize women’s contributions to sustainable and low-carbon seafood
production and promote their effective participation in decision making.

5. Conduct scientific coastal zone spatial planning, promote establishment of fully
protected MPAs, strengthen the conservation and restoration of coastal wetlands,
thus adequately realizing the carbon sink function of coastal ecosystems, and
better link MPA network design with larger-scale management programs for
fisheries and biodiversity.

In the medium and long term, actions that could be undertaken include:

1. Encourage research and development of low/zero-emission marine fuels and
corresponding ship power systems to achieve technological breakthroughs.

2. Beginresearch to assess opportunities for “climate-smart” fisheries management,
engaging both adaptation and potential mitigation approaches.
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3. Promote innovation in financial instruments and social capital input mecha-
nisms (including gender-related measures) to increase investment in sustain-
able blue economy activities, including green technology to reduce carbon emis-
sions and environmental damage, and conservation and restoration of blue carbon
ecosystems.

4. Encourage scientific researchers to assess the carbon emissions of marine aquatic
foods over their complete life cycle to provide a basis for policy intervention.

5. Raise public awareness on low-carbon footprint food consumption habits and
promote the production of low-carbon aquatic foods from the demand side.

At the same time, carbon reduction in marine industries involves political, scien-
tific, industrial, and public communities, and requires a strong alliance of stakeholders
at all scales, from global to local. At the international level, international organiza-
tions that play a global coordinating role in marine industries, such as IMO and FAO,
should accelerate the establishment of a framework for carbon reduction-oriented
industry standards and reasonably allocate responsibility for emissions in cross-
border issues. Similarly, regional scientific institutions like PISCES could provide
leadership in assessing the science behind climate-smart fisheries. At the national
level, countries with significant influence in each industry should take the lead in
promoting global cooperation, take the initiative to undertake governance responsi-
bilities, and promote the sharing of key technologies while optimizing institutional
arrangements and implementing ambitious incentives in domestic governance to
promote the carbon-reduction transition of corresponding industries. At the societal
level, enterprises should actively respond to governance requirements, fulfill their
social responsibilities, build certification mechanisms, and provide abundant and
high-quality climate-friendly products and services.

Key Recommendation: Develop a green marine industry

Recognizing that ocean-related industries will continue to produce anthro-
pogenic emissions, We recommend aiming for more ambitious goals,
including within the International Maritime Organization (IMO), toward
dedicated efforts to accelerate the low-carbon transformation and upgrading
of the marine industry and stimulate scientific and technological research
and development of clean fuels, including establishing “green corridors”
between ports to accommodate the use of renewable fuels for the deep-sea

fleet.
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2.4 Ocean Renewable Energy

The Ocean Economy in 2030, a major report issued by the Organisation for Economic
Co-operation and Development (OECD) in 2016, estimates the gross value added
(GVA) of the Blue Economy at more than USD 3 trillion by 2030 (at 2010 prices),
and at 2.5% of total global GVA. Within this, ocean energy is notable as an emerging
sector, defined by the key role that cutting-edge science and technology play in
the delivery of projects and technology. There are significant areas of collabora-
tion and overlap between ocean energy development and the development of our
existing maritime infrastructure and capacity. For example, the UK maritime sector
contributes GBP 14.5 billion to the UK economy, and directly supports an estimated
186,000 jobs [74]

Ocean Renewable Energy (ORE) is notable as an emerging sector of the maritime
industry. China, the world’s biggest energy consumer, is stepping up on using a
larger portion of renewable energy in the overall energy mix and proposing higher
green power consumption targets, including in the ORE area. Achieving the needed
renewable energy transition will not only mitigate climate change but also stimulate
the economy, improve human welfare, and boost employment worldwide.

In 2020 the CCICED Special Policy Study on Global Ocean Governance
and Ecological Civilization: Building a Sustainable Ocean Economy for China
completed an in-depth study on ORE [73]. The following descriptions and observa-
tions draw on and build on the findings of the report from that study.

2.4.1 Utilizing the Ocean to Produce Renewable Energy

ORE technologies (wind, wave, current, tidal range, ocean thermal) are at different
stages of development and each presents its own unique challenges and opportu-
nities. The optimal portfolio of future ORE options will vary in different places
around the world. ORE, specifically offshore wind, has seen and will likely experi-
ence rapid growth in installed capacity, such that environmental, socio-economic, and
technical challenges need to be considered, especially as these new industries move
toward scale. Achieving a viable cost of electricity is a significant challenge to the
offshore wind industry but provides an even bigger challenge to other ORE technolo-
gies. Understanding and assessing the environmental impact of OR