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Foreword

APEC Sustainable Energy Center (APSEC) is pleased to present the APEC Urban
Energy Report 2023 — Driving Cities Through the Low Carbon Transition. This report
collects part of the research work undertaken by APSEC during the year 2023 within
its pillar of the Cooperative Network of Sustainable Cities (CNSC).

In this report, APSEC continued its cooperation with its global partners: APEC
cities (Manila, Greater Washington Region Clean Cities Coalition, Temuco in Chile);
global organizations (GCoM, CDP, Climate Policy Initiative), Universities (Tokai
University, the Hong Kong University of Science and Technology, Carleton
University), the Asian Infrastructure Investment Bank (AlIB), the California-China
Climate Institute, and an innovative enterprise (EntrepreneurCircle.World and MGT
OPEN j.d.o.0.), as well as others mentioned in the Acknowledgements section. The
lead-authorship, coordination and editing has been done by Prof. S. Defilla, President
Assistant of APSEC. APSEC wishes to extend it special gratitude to its external and
internal contributors.

APEC Sustainable Energy Center



Acknowledgements and Disclaimer

This study could not have been completed without numerous experts who provided
invaluable contributions.

Specifically, we are grateful to the following experts and contributors:

Experts participating in the 7" APEC Workshop on Sustainable Cities organized
by APEC Sustainable Energy Center and Hong Kong Polytechnic University on 14
March 2023, comprising delegates from Canada; Chile; China; Hong Kong, China;
Korea; the Philippines; Singapore; Chinese Taipei; and United States.

The lead author and editor of this report is DEFILLA Steivan, President Assistant,
APEC Sustainable Energy, having authored all sections except the following ones:

1.2.2. Urban Energy Challenges: YIN Baoquan and HUO Yujiao (APSEC)

2.1.2. The Role of Credit Guarantee Schemes in Renewable Energy
Development: A Theoretical and Policy Analysis: TAGHIZADEH-HESARY Farhad
(Tokai University)

2.1.3. Demand Side Conditions of a Credit Risk Guarantee: GAIL SATURA-
QUINGCO Shiela (Metro Manila Development Authority)

2.1.4. International Financial Institutions and use of CRGs as an instrument in
the energy transition of APEC economies: CHEAH Ping Yean (AlIB)

2.1.5. Urban Climate Finance in the Energy Sector: The Case of Green
Buildings: PORTO MACEDO Francisco Martes (Climate Policy Initiative)

2.1.6. Financing the Circular Economy: Four Elements of Success for Smart
Cities: KIERANS Gordana (EntrepreneurCircle.World and MGT OPEN j.d.0.0.)

2.1.7. Carbonomics for Climate-Smart Cities: RICHTER UIf Henning, and
KRAVCHENKO Ekaterina (the Hong Kong University of Science and Technology)

2.3.1. Leveraging Carbon Neutrality Incentives Through Sustainability
Accounting: KEDDIE Leanne (Carleton University)

3.1.1. Challenges and Opportunities of the Global Covenant of Mayors to
Collect Urban Energy and Climate Data: HAEMS Peter (Global Covenant of
Mayors)

3.1.2. Climate Change Data and Governance in APEC Cities: Latest Trends
and Insights from CDP: PAIK Hanah and KASHYAP Karishma (CDP)

3.2.1. Cities in Transition to Carbon Neutrality: The Case of San Francisco:
DAI, Fan (California-China Climate Institute)



3.2.2. Strategies for Clean Energy and Transportation: The Case of the
Greater Washington Region Clean Cities Coalition: THOMPSON Antoine M.
(Greater Washington Region Clean Cities Coalition)

3.2.3. Energy Transition: Temuco's challenges to mitigate and monitor black
carbon: FIGUEROA ESPINDOLA Patricio (Temuco City, Chile)

MENCHAVEZ Ralph, SAVP & Head of Commercial Strategy and Business
Performance, MERALCO, is acknowledged for comments on the Philippine energy
sector in section 2.1.3.

GUTIERREZ Chelso R., Senior Vice President, and ANGELES Eduardo S., Vice
President, PHILGUARANTEE, are acknowledged for comments on the
PHILGUARANTEE in section 2.1.4.

XIE Pengfei is hereby gratefully thanked for useful final comments on the report.

Preparation of drafts, statistics, graphics, and references: ABDULLAH Muhammad
Ghazanfar, ALOQAB Khawla Taher Ahmed Mohammed, BARRETO BARBOSA
Carlos Mauricio, LEANG Kakdamony Rack, MA Yi, QAISRA.

This report does not necessarily reflect the views or policies of the APEC Energy
Working Group or individual APEC member economies. This report is to be
interpreted as a scientific and analytic contribution. No APEC economy endorsing this
report will be bound by any of its conclusions. The authored contributions of third
parties do not necessarily reflect the views of these parties’ institutions.

We hope that this report will serve as a useful basis for analytical discussion both
within and among APEC member economies for the enhancement of sustainable
urban development.



Purposes, Key Findings and Recommendations

Purposes

¢ Explain key financial instruments required to achieve carbon neutrality and define
indicators measuring the step-by-step progress

e Describe the global carbon reporting frameworks and illustrate practical aspects of
cities by case studies

Key Findings — Chapter 1

Since the Climate Neutral Network (CN Net) launched in 2008, net zero pledges have
mushroomed making greenwashing become the main problem. UN decided to phase out its
Climate Neutral Now Initiative by the end of 2024 and replace it by the Race to Zero and
Race to Resilience initiatives, respectively. The Race to Zero comprises more than 1,000
cities worldwide pledging to net-zero by mid-century or sooner. Commitments must be made
under a catalogue of stricter rules and principles. Atmospheric CO2 concentration continues
to rise by 2ppm (part per million) every year, overtaking the 420ppm mark with no flattening
in sight, compared to 200-300ppm during the last million years.

Cities face a density challenge. Cities are high density areas while renewables require
large amounts of land. The report quantifies this challenge in detail. Given the high density
of cities, energy efficiency is an indispensable instrument to attain carbon neutrality, coupled
with industrial transformation from heavy industry to high-tech manufacturing. Cities face the
challenge to create smart electrified urban transportation systems. In China, 81% of all new
vehicles are electric vehicles. The building sector represents a major challenge for cities. In
China, the shift from natural gas boilers to electric heat pumps in 2022 attained a record 10%
year-on-year growth. The Chinese 14th Five-Year Plan states that by 2025 all new buildings
in cities and towns will be built as green buildings, allowing China's building sector to achieve
carbon peak in 2030. New storage technologies comprising batteries, compressed air and
heat storage complement traditional pumped hydro storage. Heat storage will require an
extensive network of underground heat transport and storage. Urban lifestyles represent a
challenge to cities characterized by a high proportion of disposable items and carbon-
intensive eating habits. Cities face a data collection challenge to manage their pathway
towards carbon neutrality. Four categories of data should be collected annually or in shorter
intervals and ideally be compatible with GIS systems, which will allow local data to be merged
with near real-time satellite or air-borne data. Data should be made public and disseminated
in machine-readable format. Data that is part of an accounting standard with sustainability
requirements (e.g. GRI or ESG) will become cheaper to collect due to scale effects. Disasters
are a great challenge to APEC cities which are affected by disasters more than global
average. In 279 cities worldwide, the annual loss of GDP due to disasters is greater than their
annual GDP growth. The mortality rate of disasters has drastically fallen since 1960, but the
economic losses due to disasters are increasing.



Key Findings — Chapter 2

Green Finance instruments have been developed to bridge the financing gap of the green
energy transition. Credit risk guarantees (CRG) are increasingly being used to de-risk
renewable energy investments which are still perceived as having higher risks than fossil-
based investments. CRG are granted as collateral to banks financing RE investments. The
theoretical analysis determines the factors on which depend the optimal credit guarantee
ratio for renewable energy (RE) loans. CRGs can be used to back green bonds, in
conjunction with data-driven risk assessment, sustainability linked lending, green finance
certification, and regulatory sandboxes experimenting with innovation. The analysis of CRGs
in Metropolitan Manila involves the special Philippine context which is characterized by a
moratorium on new coal power plants, the plan to massively scale up imported LNG, and the
experienced failure of feed-in-tariffs which, due to a design problem, failed to increase
renewables share but increased general electricity rates for the poor. The Philippines’
electricity system is divided into three separated grids covering Luzon, the Visayas and
Mindanao, respectively. Hydropower and geothermal remain the largest renewable sources.
All the institutions of a modern power market are in place in the Philippines: transmission grid,
the Energy Regulatory Commission ERC, the Philippine Wholesale Electricity Spot Market
WESM, regulations favouring rural electrification by microgrid, possibilities for end-users
demanding above 1MW to request market access as contestable consumers whereas the
1MW limit is gradually being lowered to 750 and 500kW. Policies on renewables have started
in 2010 with feed-in-tariffs, complemented with renewable portfolio standards (2017/18) and
a green auction energy program (2020) under which auctions for renewable energy started
in 2022. It expects to achieve a 35% RE share in the economy’s total power generation by
2030 and 50% by 2040. Philguarantee is the publicly owned Philippine guarantee institution.
It provides several types of credit risk guarantees for large enterprises of both, the renewable
and the conventional energy segments. Since the COVID-19 pandemic, CRGs for micro,
small, and medium enterprises (MSMESs) have been added. The idea of a Global Credit
Guarantee Facility (GCGF), formulated by the Climate Policy Initiative in 2023, could be
explored further. The Philippines could develop this idea in the framework of the APEC
Energy Working Group and APEC cross-fora cooperation.

The Cities Climate Finance Leadership Alliance (CCFLA), launched in 2014 by the United
Nations, is the only multi-level and multi-stakeholder coalition of leaders committed to
deploying city-level finance by 2030. CCFLA brings together over 80 member institutions
covering a wide spectrum of institutions committed to boosting urban climate finance. The
2019 CCFLA report on the State of Cities Climate Finance provided the first comprehensive
estimate of global urban climate finance and investment gaps. Of the USD5 trillion needed
annually, only USD384 billion have been made available. CCFLA’s net-zero carbon buildings
workstream analysed four categories of barriers to investment in green or zero-carbon
buildings: financial, investment risk/opportunity, market readiness, and regulatory barriers.
CCFLA mapped policy and financial instruments that cities can use to drive investment in
zero-carbon buildings and target four high-impact thematic areas: (1) cooling technologies,
(2) embodied carbon (in construction activities), (3) adaptation, and (4) just transition. Two
mechanisms were found to be particularly impactful for cities to install various types of low-
carbon equipment — cooling being one of them — with no upfront cost: PACE (Property
assessment for clean energy) and PAYS (Pay-as-you-save). Both mechanisms require
implementation of several other measures, not all of which can be fully supported by cities
alone.



Financing the circular economy of smart cities relies on four elements of success: 1) a
solid business case such as Product-as-a-Service, Industrial Symbiosis, Closed Loop,
Upcycling and Downcycling; 2) Infrastructure, especially financial infrastructure designed e.g.
to co-finance a return scheme of materials to urban miners, i.e., companies that extract
materials from waste and taxing polluters, 3) education, including engineering all aspects of
the circular economy, 4) mindset, especially concerning financing decisions that far too
frequently continue to rule out investing in viable circular companies due simply because
these decisions are made with old knowledge, as well as, with a decades old mindset.

Carbonomics is a dynamic concept putting the carbon economy at the heart of climate-
smart cities aiming to balance economic development with environmental responsibility.
Cities often host fortune 500 companies which face similar problems like cities. Most of them
incorporate ESG standards into their decision to enhance their market value, but they suffer
from the vague definition of these standards. The compliance markets under Paris
Agreement's Article 6.4 are set to increase to USD5-6 trillion by 2030, accelerated by the
Carbon Border Adjustment Mechanism CBAM of the EU. The voluntary carbon markets VCM
are less regulated, offer much lower carbon prices and greater potential for greenwashing.
The EU Emissions Trading System continues to serve as a guide for global markets. To better
capture emissions from embodied energy, smart cities are changing the method from
production-based inventories to consumption-based inventories (CBI). Carbon Monitor Cities
prepares near-real-time daily estimates of GHG emissions from 1,500 cities worldwide.
Carbon Monitor Europe utilizes a daily tracking methodology capturing timely data on
emissions across six sectors (power, industry, ground transportation, domestic and
international aviation, and residential areas). Carbon rating agencies are shifting from
analysing individual projects and sectors toward city-level, consumption-based GHG
emissions assessments, but suffer from lack of universally accepted standards for quality
assessments. A new series of VCMs has been evolving among others in Australia (Emissions
Reduction Fund (ERF, 2014), US (Energy Transition Accelerator, 2022) and Japan (GX
League, 2022). APEC cities can use a variety of financing mechanisms, among them
concessional loans, insurance mechanisms, voluntary and cross-border carbon markets, or
the usual green finance instruments such as green bonds.

Leveraging carbon neutrality incentives can be done through sustainability accounting.
Environmental, social and governance (ESG) information is a subset of sustainability
accounting. The outside-in approach describes the investor’s view of how ‘external’ forces
such as climate change impact the firm and more specifically, its cash flows. This approach
is exemplified in the recent (2023) accounting standards of the International Sustainability
Standards Board (ISSB). The complementary inside-out approach describes a multi-
stakeholder view of how the firm/city impacts on the world. It is exemplified in the Global
Reporting Initiative (GRI 2021). Cities are more likely to use the inside-out approach. The
SDGs, if applied to cities, are an example of an inside-out approach. Another approach uses
the concept of the nine planetary boundaries (maximum planetary limits) which can be
combined with the 12 elements of social foundation (minimum social needs) to yield the
doughnut model which has been applied by the city of Amsterdam. Cities can use this
framework in an 8-step procedure.

Accounts-based sustainability indicators for cities are developed by using an agent-based
presentation of interactions among urban sectors (primary, secondary, tertiary, government,
consumers and the rest of the world) and adding the industrial capital formation or



consumption account. The three definitions of the GDP are derived and illustrated at the
example of Hong Kong, China. It is shown that if public policy drives the energy transition, it
should do so by public procurement rather than by subsidies and should be financed by the
polluter pays principle. By generalizing the capital formation or consumption from the usual
industrial capital to other forms of capital (environmental, human, financial), the generalized
GDP can be defined which should better be called Gross Holistic Product GHP. It contains
information that is collected in the System of Environmental-Economic Accounting (at the
macro-level) and corresponds to corporate-level GRI or ESG information. From this, the Net
Holistic Surplus as universal measure for sustainability is defined. The analysis also identifies
the eight categories of sustainable or unsustainable cities.

Key Findings — Chapter 3

The Global Covenant of Mayors for Climate and Energy (GCoM) was created as
organization to mitigate emissions of greenhouse gases, but the objectives of adaptation and
energy access or energy mitigation have been added. GCoM is collecting data from its cities
according to the Common Reporting Framework launched in 2018. The commitment of over
9,500 GCoM members is to set goals at least as ambitious as the NDC of their respective
economy. At present, even the more ambitious goals of GCoM members do yet suffice to
achieve the 1.5°C target of the Paris Climate Agreement. The data portal for cities contains
information on 60,000 cities and communities, but it is not always up to date. GCoM and the
Environmental Insights Explorer from Google have developed a tool for territorial information.

CDP is a global non-profit organization running the world’s largest environmental
disclosure system for investors, companies, cities, states, and regions. In 2019, CDP and
ICLEI - Local Governments for Sustainability established a unified climate reporting platform
for local governments, known as CDP-ICLEI Track. Utilized by over 1,000 cities globally in
2022, CDP-ICLEI Track is one of the official reporting platforms for reporting to the Global
Covenant of Mayors for Climate & Energy (GCoM), C40 Cities Climate Leadership Group,
WWF’s One Planet City Challenge, as well as the United Nations’ Race to Zero and Race to
Resilience. Cities supply data and information on overarching topics by questionnaire. Over
half of all disclosing cities worldwide in 2022 were from APEC economies, nearly 80% of
reporting APEC cities currently intend to identify emission sources and track its progress in
its emission reduction targets. 80% of cities face extreme climate hazards, with 25% reporting
that at least 70% of their population is threatened, requiring resilience measures. Cities face
an estimated annual financing gap of nearly USD4 trillion globally to attain their long-term
climate goals.

The APEC City Stats Platform has been set up to collect urban data in two dimensions
(sustainability and disaster resilience) and three levels (communities of all size, medium-
sized cities, and large cities.

San Francisco plays a pioneering role of climate actions in the State of California, just like
the role that California plays in being a pioneer of climate actions in the U.S. San Francisco
has reduced the emissions by about 30% below the 1990 level while it has increased its
population by 20% and doubled its GDP in the last 20 years. California is committing to net
zero for 2045, whereas San Francisco is setting the net zero goal for 2040. The key for
success is the close cooperation of municipal authorities with economic and social
stakeholders as well as the declaration of climate emergency in 2019 after a series of severe
wildfires and droughts.



The Greater Washington Region Clean Cities Coalition is a public-private partnership
covering DC, Maryland and Virginia. It was created in 1993 by President Bill Clinton. The
priorities are on capacity building and electrification of transport. Since 1993, the GWRCCC
has avoided approximately 42,250,000 tons of oil equivalent. The Bi-Partisan Infrastructure
Law and Inflation Reduction Act provides for a further USD21.5 billion in funding for clean
energy demonstrations and research hubs.

The city of Temuco, Chile, counts 300,000 citizens. Electrification rate is at only 26%. 81%
of households use firewood for heating contributing to 94% of PM2.5 black carbon emissions
which stay in the atmosphere for only days to weeks, but their warming potential is 1500
times as high as CO2. Chile’s NDC recognizes black carbon as a source to be included in
carbon neutrality. Actions include thermal improvement of homes, replacement of heaters,
development of district energy projects and monitoring black carbon emissions.

Recommendations

APEC cities should take an active role in shaping their energy supply and storage by public
procurement (internationally competitive tendering) financed through the polluter pays
principle (tradable certificates on compliance or voluntary markets, incentive taxes) or by the
creation of green equity or the emission of green bonds backed by credit risk guarantees.

APEC should organize online or in-person capacity building for APEC cities on these
issues within the framework of the APEC Energy Working Group (EWG) or its sub-groups.

APEC Energy Working Group (EWG), in cooperation with the Government of the
Philippines, involving APEC cities and International Financial Institutions, may wish to explore
the creation of an APEC-wide Credit Risk Guarantee for renewable electricity.
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1. Overview and Challenges

Since the Climate Neutral Network (CN Net) launched in 2008, net zero pledges have
mushroomed making greenwashing become the main problem. UN decided to phase out its
Climate Neutral Now Initiative by the end of 2024 and replace it by the Race to Zero and
Race to Resilience initiatives, respectively. The Race to Zero comprises more than 1,000
cities worldwide pledging to net-zero by mid-century or sooner. Commitments must be made
under a catalogue of stricter rules and principles. Atmospheric CO2 concentration continues
to rise by 2ppm (part per million) every year, overtaking the 420ppm mark with no flattening
in sight, compared to 200-300ppm during the last million years.

Cities face a density challenge. Cities are high density areas while renewables require
large amounts of land. The report quantifies this challenge in detail. Given the high density
of cities, energy efficiency is an indispensable instrument to attain carbon neutrality, coupled
with industrial transformation from heavy industry to high-tech manufacturing. Cities face the
challenge to create smart electrified urban transportation systems. In China, 81% of all new
vehicles are electric vehicles. The building sector represents a major challenge for cities. In
China, the shift from natural gas boilers to electric heat pumps in 2022 attained a record 10%
year-on-year growth. The Chinese 14th Five-Year Plan states that by 2025 all new buildings
in cities and towns will be built as green buildings, allowing China's building sector to achieve
carbon peak in 2030. New storage technologies comprising batteries, compressed air and
heat storage complement traditional pumped hydro storage. Heat storage will require an
extensive network of underground heat transport and storage. Urban lifestyles represent a
challenge to cities characterized by a high proportion of disposable items and carbon-
intensive eating habits. Cities face a data collection challenge to manage their pathway
towards carbon neutrality. Four categories of data should be collected annually or in shorter
intervals and ideally be compatible with GIS systems, which will allow local data to be merged
with near real-time satellite or air-borne data. Data should be made public and disseminated
in machine-readable format. Data that is part of an accounting standard with sustainability
requirements (e.g. GRI or ESG) will become cheaper to collect due to scale effects. Disasters
are a great challenge to APEC cities which are affected by disasters more than global
average. In 279 cities worldwide, the annual loss of GDP due to disasters is greater than their
annual GDP growth. The mortality rate of disasters has drastically fallen since 1960, but the
economic losses due to disasters are increasing.

1.1. Overview of Carbon Neutrality
1.1.1. Global Stocktake of Carbon Neutrality Pledges

Back in 2008, when the UNEP launched the Climate Neutral Network (CN Net), there
were four economies (Costa Rica, Iceland, New Zealand and Norway)?, four cities (Rizhao in
China, Arendal in Norway, Vancouver in Canada and Vaxjo in Sweden)? as well as five
corporations (Co-operative Financial Services from England, Interface Inc. from the United
States, Natura from Brazil, Nedbank from South Africa and Senoko Power from Singapore)?
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that pledged to work towards the objective of climate neutrality. APEC was represented
among the first movers in all three categories: economies, cities and corporations,
respectively.

By 2023, the situation has totally changed. The pledges for carbon neutrality have
mushroomed to such an extent that greenwashing has become the major problem.
Greenwashing risked undermining the credibility and the meaning of carbon pledges. As a
consequence, the UN decided to draw down the Climate Neutral Now Initiative* and set the
timetable for its phasing out as follows (quote from the UNFCCC website):

» Pledges will be received until 31 July 2023. After this date, no new pledges will be
accepted;

* The 2023 calendar year is the last year for monitoring under Climate Neutral Now;

» Reports on 2023 emissions (or earlier years) will be received until 30 June 2024. After
this deadline, no further reports will be accepted;

* Visual assets demonstrating participation in the initiative may be used until 31
December 2024.

As an alternative, the UN offers its initiative based on two pillars called Race to Zero® and
Race to Resilience®, respectively. The Race to Zero comprises 11,000 members in all
categories and is acting through 26 initiatives and networks. Their members have pledged to
a common objective by setting 2050 as target date for net zero and setting the intermediary
2030 objective of halving the emissions by 2030, while abiding by well-defined methodologies
involving strict control and transparency.

For cities, the Cities Race to Zero now comprises more than 1,000 cities worldwide which
are pledging to net-zero in the 2040s or sooner, or by mid-century at the latest, and set an
intermediary target showing their share in achieving a 50% global emissions reduction by
2030°.

The Race to Resilience is a relatively young initiative and little information is available
about its membership. It aims to catalyse action by non-state actors to build the resilience of
4 billion people from vulnerable groups and communities to climate risks. The Cities Race to
Resilience is the organization specially designed for cities.

Prior to the decision to draw down the Climate Neutral Now Initiative, the UN Secretary
General established a high-level group in 2022 to investigate the Credibility and
Accountability of Net-Zero Emissions Commitments of Non-State Entities®. Its report was
released in November 2023 under the title Integrity Matters: Net Zero Commitments by
Business, Financial Institutions, Cities and Regions®. Net zero commitments shall be based
upon five principles (quoted from the report):

1. Ambition which delivers significant near— and medium —term emissions reductions
on a path to global net zero by 2050

2. Demonstrated integrity by aligning commitments with actions and investments

3. Radical transparency in sharing relevant, non-competitive, comparable data on plans
and progress

4. Established credibility through plans based in science and third party accountability

5. Demonstrable commitment to both equity and justice in all actions
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Furthermore, the high-level group formulated the 10 following recommendations to guide
the process (quoted from the report):

1. Announcing a Net Zero Pledge: A net zero pledge should be made publicly by the
leadership of the non-state actor and represent a fair share of the needed global climate
mitigation effort. The pledge should contain interim targets (including targets for 2025, 2030
and 2035) and plans to reach net zero in line with IPCC or IEA net zero greenhouse gas
emissions modelled pathways that limit warming to 1.5°C with no or limited overshoot, and
with global emissions declining by at least 50% by 2030, reaching net zero by 2050 or sooner.
net zero must be sustained thereafter.

2. Setting Net Zero Targets: Non-state actors must have short-, medium-and long-term
absolute emissions reduction targets and, where appropriate, relative emissions reduction
targets across their value chain that are at least consistent with the latest IPCC net zero
greenhouse gas emissions modelled pathways that limit warming to 1.5°C with no or limited
overshoot, and where global emissions decline at least 50% below 2020 levels by 2030,
reaching net zero by 2050 or sooner.

3. Using Voluntary Credits: Non-state actors must prioritise urgent and deep reduction
of emissions across their value chain. High integrity carbon credits in voluntary markets
should be used for beyond value chain mitigation but cannot be counted toward a non-state
actor’s interim emissions reductions required by its net zero pathway. High-integrity carbon
credits are one mechanism to facilitate much-needed financial support towards
decarbonizing developing economies. As best-practice guidelines develop, non-state actors
meeting their interim targets on their net zero pathway are strongly encouraged to balance
out the rest of their annual unabated emissions by purchasing high-integrity carbon credits.
A high-quality carbon credit should, at a minimum, fit the criteria of additionality (i.e. the
mitigation activity would not have happened without the incentive created by the carbon credit
revenues) and permanence.

4. Creating a Transition Plan: Non-state actors must publicly disclose comprehensive
and actionable net zero transition plans which indicate actions that will be undertaken to meet
all targets, as well as align governance and incentive structures, capital expenditures,
research and development, skills and human resource development, and public advocacy,
while also supporting a just transition. Transition plans should be updated every five years
and progress should be reported annually. City or regional plans must:

« Constitute a document (or series of documents) which lays out a strategic roadmap for
reducing greenhouse gas emissions and strengthening climate resilience across the
community.

 Be based on community engagement and consultation, and build in ongoing
engagement, in particular with marginalised groups, workers and frontline communities.

* Include an assessment of existing conditions including baseline emissions, regular
greenhouse gas inventories, a longterm emissions trajectory, accountability measures,
climate risks and socioeconomic priorities.

*Cover all greenhouse gases for scope 1 and 2 for transport and stationary energy
(buildings and facilities), and scope 1 and 3 for waste, per the Global Protocol for
Community-Scale Greenhouse Gas Inventories. Emissions apply to the geographic area of
the city and are not limited to a city government’s operations. Large cities should make every
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effort to report on scope 3 emissions, in particular those associated with sources of revenue
and expenditure under the control of the revenue generating authority.

» Develop a detailed overview of the strategies and actions that cities will pursue for
achieving reductions in greenhouse gas emissions and improvements in climate resilience
over time, and the processes of monitoring, evaluation, reporting and revision.

5. Phasing out of Fossil Fuels and Scaling Up Renewable Energy: All net zero
pledges should include specific targets aimed at ending the use of and/or support for fossil
fuels in line with IPCC and IEA net zero greenhouse gas emissions modelled pathways that
limit warming to 1.5°C with no or limited overshoot, with global emissions declining by at least
50% by 2030, reaching net zero by 2050. The transition away from fossil fuels must be just
for affected communities, workers and all consumers to ensure access to energy, and avoid
transference of fossil fuel assets to new owners. The transition away from fossil fuels must
be matched by a fully funded transition toward renewable energy. For cities and regions:

» On coal for power generation: (i) not allow permits for expansion of coal reserves, (ii)
not allow development and exploration of new coal mines, (iii) not allow extension of existing
coal mines, and (iv) no coal plants by 2030 in OECD countries and in the rest of the world by
2040.

* On oil and gas: (i) not allow permits for exploration for new oil and gas fields, (ii) not
allow expansion of oil and gas reserves, and (iii) end oil and gas production.

» New fossil fuel-based electricity generation should not be permitted.

6. Aligning Lobbying and Advocacy: Non-state actors must align their external policy
and engagement efforts, including membership in trade associations, to the goal of reducing
global emissions by at least 50% by 2030 and reaching net zero by 2050. This means
lobbying for positive climate action and not lobbying against it.

7. People and Nature in the Just Transition: As part of their net zero plans, businesses,
cities and regions with material land-use emissions must achieve and maintain operations
and supply chains that avoid the conversion of remaining natural ecosystems— eliminating
deforestation and peatland loss by 2025 at the latest, and the conversion of other remaining
natural ecosystems by 2030. Financial institutions should have a policy of not investing or
financing businesses linked to deforestation and should eliminate agricultural
commodity-driven deforestation from their investment and credit portfolios by 2025, as part
of their net zero plans.

8. Increasing Transparency and Accountability: Non-state actors must annually
disclose their greenhouse gas data, net zero targets and the plans for, and progress towards,
meeting those targets, and other relevant information against their baseline along with
comparable data to enable effective tracking of progress toward their net zero targets.
Non-state actors must report in a standardised, open format and via public platforms that
feed into the UNFCCC Global Climate Action Portal to address data gaps, inconsistencies
and inaccessibility that slow climate action. Non-state actors must have their reported
emissions reductions verified by independent third parties. Special attention will be needed
to build sufficient capacity in developing countries to verify emission reductions. Disclosures
ought to be accurate and reliable. Large financial and non-financial businesses should seek
independent evaluation of their annual progress reporting and disclosures, including opinion
on climate governance, as well as independent evaluation of metrics and targets, internal
controls evaluation and verification on their greenhouse gas emissions reporting and
reductions. A global central digital repository of climate disclosures that encompasses all
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reporting data points is needed (such as efforts to create the net zero Data Public Utility
(NZDPU)). It is important that the open-source repository is:

* able to accommodate varied levels of reporting capacity;

 accessible to all users while enabling non-state actors across the world to upload
information at no extra cost (e.g. an agreed electronic format that allows easy bulk extraction);

* able to include data quality information and data validation checks to ensure it contains
high-quality reliable and usable information;

* consistent with the recommendations of this expert group to the template and record
level;

 overseen by the UNFCCC and feeds into its Global Climate Action Portal.

9. Investing in Just Transitions: To achieve net zero globally, while also ensuring a
just transition and sustainable development, there needs to be a new deal for development
that includes financial institutions and multinational corporations working with governments,
Multilateral Development Banks and Development Finance Institutions to consistently take
more risk and set targets to greatly scale investments in the clean energy transition in
developing countries. Cities and regions:

* Funding the transition is a key issue for cities and regions. Greater technical assistance
is needed to enable cities to: (i) compete for domestic and international funds, (ii) structure
infrastructure decarbonisation projects to be attractive to private finance either through green
bonds or direct third-party investment, and (iii) utilise funding equitably for residents by
facilitating just transition mechanisms at a local level (e.g. engaging with stakeholders, skills
development, employment pathways, guaranteeing access to green jobs, etc.).

» Development banks must establish dedicated urban climate funds that city
governments can access to develop projects and leverage private investment, particularly for
Global South cities.

10. Accelerating the Road to Regulation: In order to ensure rigour, consistency and
competitiveness, regulators should develop regulation and standards in areas including net
zero pledges, transition plans and disclosure, starting with high-impact corporate emitters,
including private and state-owned enterprises and financial institutions. The challenge of
fragmented regulatory regimes should be tackled by launching a new Task Force on net zero
Regulation that convenes a community of international regulators and experts to work
together towards net zero.

The global stocktake of sustainability and carbon neutrality should contain some
information on the current evolution of atmospheric CO2 concentration. Atmospheric CO2
concentration is the key indicator for global climate change. Atmospheric CO2 has been
growing in the recent decades at annual rates of around 2ppm (parts per million) and is now
attaining 420ppm. The observations of Mauna Loa Observatory of Hawaii (picture below on
the left) are taken to illustrate the increase of concentration since 1960'°. The Mauna Loa
observations may slightly diverge from global average concentration given in the picture
below on the right!?.
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Figure 1: Rising CO2 concentration in the atmosphere
Source: NOAA Global Monitoring Laboratory

Looking at this data with bare eyes one could believe that the growth of atmospheric
CO2 concentration is stronger than linear. Regardless of all policies proclaimed and enacted,
the stock of atmospheric CO2 seems still to be out of control. By bare eyeballing, it seems
not even slowing down. This visual impression might however be wrong. Only data analysis
can tell whether there is a peaking ahead or not.

It is necessary to give an idea of what a CO2 concentration of 420ppm means in the
long-term perspective. For this purpose, it can be recalled that during the past million years,
CO2 concentrations varying between 200 and 300ppm were sufficient to control whether
there was an ice age or not. Compared to these long-term historical values, today’s CO2
concentrations above 400ppm may inaugurate a hot age, distinctively different from the ice
ages and its intermittent warmer periods.

<— current level

Figure 2: Atmospheric CO2 concentration of the last million years
Source: The Nature Conservancy!?

The relative role of CO2 emissions and CO2 removals, respectively, can be shown in
the waterfall diagram below, showing the year 2021. In 2021, CO2 emissions from fossil fuels
and burning biomass were too high compared to the combined removal capacity of the land
masses and oceans. CO2 that is not removed by land and oceans will stay in the atmosphere
for centuries. This causes the present 2ppm annual increase of CO2 concentration in the
atmosphere.
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Figure 3: Role of CO2 emissions and CO2 absorptions during the year 2021
Source: NASA Scientific Visualization Studio®®

It should always be stressed that CO2 is not the only greenhouse gas. However, due to
its mean duration in the atmosphere of several hundred years and its constantly increasing
net emissions rate, CO2 qualifies as the most important greenhouse gas and the key to
regulate global mean temperature. In this context, it is important to recall the distinction
between carbon neutrality (referring only to CO2) and climate or GHG neutrality (referring to
all greenhouse gases. The IPCC glossary to the IPCC special report on the impacts of global
warming of 1.5°C** defines the term of carbon neutrality as follows:

Carbon neutrality: Condition in which anthropogenic carbon dioxide (CO.) emissions
associated with a subject are balanced by anthropogenic CO, removals. [...] carbon neutrality
generally includes emissions and removals within and beyond the direct control or territorial
responsibility of the reporting entity.

The present report focuses on carbon neutrality or, more precisely, on how the energy
sector influences carbon neutrality.

1.2. Challenges of Carbon Neutrality for APEC Cities

Sections 1.2.1. to 1.2.4. contain the broad challenges identified as such under specific
headings as shown below. Other challenges have been described in section 2.1.7.
Carbonomics for Climate-Smart Cities, and in section 2.1.2. The Role of Credit Guarantee
Schemes in Renewable Energy Development: A Theoretical and Policy Analysis.

1.2.1. The Density Challenge of Cities Facing Renewable Energy

Cities are known to be dense places facing congestions on roads and other infrastructures.
The transformation to carbon neutral cities is rising a density challenge, complementary to
the already existing congestion challenge. The critical challenge of cities planning to adopt
the generation of renewable energy lies in the very nature of cities as concentrated high-
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density communities. This is difficult to reconcile with the deployment of renewable energies
which requires large amounts of land resources.

The Five Principles for sustainable neighbourhood planning published by UNHABITAT in
2015%° propose a minimum density for a sustainable city to be 15,000 inhabitants/km2, or
150 inhabitants per ha, or 1.5 inhabitant per are or 67m2/person (at ground level equivalent
with floor area ratio equals 1). High population density is important for cities to maintain their
comparative advantage in economies of scale, allowing cities to perform their role as engines
of economic growth.

The population density of cities varies strongly within the cities as well as between the
cities. The density is calculated by dividing the population by the administrative area of the
city. This gives an average density. High density districts can have a much higher population
density than the city average. Take the examples of Hong Kong China or Tokyo, whose
average densities is around 6400 people per km2 for both cities. The neighbourhood around
Mong Kok?® reaches, however, a population density of 130,000 inhabitants/km2 and a floor
area of 37m2/person for the surrounding Yao Tsim Mong district*” which could well be the
most densely populated area worldwide. The table below shows a selection of densely
populated APEC cities calculated as average population density.

Area | Density

City Population Km? per Economy Year
m km?

1,846,600 43 | 43,064 The 2020
Manila (Metro Manila) T ’ Philippines'®
Mandaluyong (Metro Manila) 425,758 11 | 38,495 | The Philippines | 2020
Pateros (Metro Manila) 65,227 2 | 37,061 | The Philippines | 2020
Caloocan (Metro Manila) 1,661,584 53 | 31,233 | The Philippines | 2020
Makati (Metro Manila) 629,616 22 | 28,975 | The Philippines | 2020
Pasig (Metro Manila) 803,159 31| 25,530 | The Philippines | 2020
Pasay (Metro Manila) 440,656 19 | 23,640 | The Philippines | 2020
Navotas (Metro Manila) 247,543 12 | 21,507 | The Philippines | 2020
San Juan (Metro Manila) 126,347 6 | 21,524 | The Philippines | 2020
Marikina (Metro Manila) 456,059 23 | 20,144 | The Philippines | 2020
Union City (New Jersey) 66,455 3| 20,047 | United States®®
West New York (N Jersey) 49,708 3| 19,060 | United States
Las Pifas (Metro Manila) 606,293 32 | 18,935 | The Philippines | 2020
General Mariano Alvarez 172,433 9 | 18,344 | The Philippines | 2020
Hoboken (New Jersey) 60,417 3| 18,225 | United States 2020

Table 1: Selection of some densely populated APEC cities
Source: APSEC

The global per capita total final energy consumption per year has peaked in 2018 at a
level of 15MWh/person/year It will be slowly declining to 10.5MWh/person/year until the end
of the century. For APEC economies, per capita TFC is shown in the table below. For future
decades it expected that per capita TFC of those economies with low per capita TFC will
increase, and per capita TFC of those economies with high per capita TFC will decrease. It
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is not expected, however, that per capita TFC of all economies converges to the same
average level.

Per capita TFC (MWh/person/year, 2020)
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Figure 4: Per capita total final energy consumption of APEC economies for 2020
Source: APSEC based on StatsAPEC and EGEDA data

The theoretical potential for solar energy in global average can be calculated from the
global energy balance. APEC Sustainable Urban Development Report pointed out that the
incoming solar power in global and geographic average is 198W/m2 corresponding to
4.751kWh/day/m2 or 1735MWh/year/m2. The figure also allows showing the maximum
theoretic potentials of wind energy (24W/m2) and hydropower (78W/m2) which are less than
the theoretical potential of solar irradiation.
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To see which region has higher or lower photovoltaic potential, respectively, than the
mentioned global average, this theoretical average potential has been mapped to the different
regions of the globe. The PVOUT map published by the World Bank shows that above
average solar PV potential is available in some areas in Australia; China; Chile; Maxico; Peru;
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and the USA. However, all APEC economies have areas with higher than 3kWh/kWp
potential, which is sufficient for making it available at current cost. Note that the PV potential
is slightly different from the potential for concentrated solar power (CSP) which is shown in
the Direct Normal Irradiation (DNI) map, also published by the World Bank.

Long-term average of photovolaic power potential (PVOUT)
Daily totals: 20 24 28 32 36 40 44 48 52 56 60 64

| I <\Wh/kWp

Yearly totals: 730 876 1022 1168 1314 1461 1607 1753 1899 2045 2191 2337

Figure 6: Global distribution of the PV potential (PVOUT map)
Source: Global Solar Atlas?!

The practical potential of solar energy is given by the PVOUT value of each place,
measured in terms of kWh/kWp, where kWp is the installed nominal capacity. The number of
square meters PV corresponding to 1IKWp depends on the type of panel and technology used.
Using one of the most popular types of solar panels will require around 5.3m2 for a 1kWp
installation??. The table below shows the per capita area of solar panels (in m2/person) to
cover the annual total final energy, depending on irradiance (horizontal) and TFC of each
APEC economy (vertical), where the latter are ordered by size. The concept of Decent Living
Standards, mentioned in the table below, corresponding to 5MWh/year/person can be used
to address this challenge.

As an example, how to read the table below, for covering the per capita TFC of the world
by using the average global irradiance of 4.752kWh/day/kWp or 1736kWh/year/kWp, it
requires an area of 46.15m/person of PV panels. Other example: to cover today’s per capita
TFC of Indonesia, which is mostly located in the 3.6kWh/day/kWp irradiance zone, it will
require an area of 25.9m2/person of PV panels. As Indonesia wants to catch up and gradually
approach world average per capita TFC level, this will require 60.92m2/person of PV panels.
Note that 93% of the global population lives in areas where the average daily PV potential is
in the range between 3 and 5kWh/kWp?3, equivalent to an annual PV potential between
1.1IMWh/kWp and 1.8MWh/KWp.
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Daily totals kWh/kWp 2.4 2.8 3.2 3.6 4 4.4 s 6 6.4
Yearly totals kWh/kWp 877 1023 1169 1315 1461 1607 2192 2338

TFC (MWh/person), year 2020

3.226 The Philippines 19.51 16.72 14.63 13.00 11.70 10.64 b 7.80 7.31
4.017 Papua New Guinea 24.29 20.82 18.22 16.19 14.57 13.25 8 9.72 9.11
5.000 Decent Living Standard 30.23 25.91 22.67 20.15 18.14 16.49 b 12.09 11.34
6.172 Peru 37.32 31.99 27.99 24.88 22.39 20.35 b 14.93 13.99
6.425 Indonesia 38.85 33.30 29.13 25.90 23.31 21.19 ! 15.54 14.57
7.464 Viet Nam 45.13 38.68 33.85 30.09 27.08 24.62 5 18.05 16.92
9.015 Mexico 54.50 46.72 40.88 36.34 32.70 29.73 : 21.80 20.44
9.951 Hong Kong, China 60.17 51.57 45.12 40.11 36.10 32.82 b 24.07 22.56
12.646 Thailand 76.46 65.54 57.34 50.97 45.88 41.71 4 30.58 28.67
14.538 China 87.90 75.34 65.92 58.60 52.74 47.94 5 35.16 32.96
15.115 World 91.38 78.33 68.54 60.92 54.83 49.85 X 36.55 34.27
15.645 Chile 94.59 81.08 70.94 63.06 56.75 51.59 o 37.84 35.47
15.889 Malaysia 96.06 82.34 72.05 64.04 57.64 52.40 b 38.43 36.02
18.505 APEC 111.88 95.90 83.91 74.59 67.13 61.03 X 44.75 41.96
21.543 Japan 130.25 111.64 97.69 86.83 78.15 71.04 b 52.10 48.84
21.740 Singapore 13144 11267 98.58 87.63 78.87 71.70 X 52.58 49.29
23.040 Chinese Taipei 139.30 119.40 104.48 92.87 83.58 75.98 . 55.72 52.24
26.412 Brunei Darussalam 159.69 136.87 119.77  106.46 95.81 87.10 X 63.87 59.88
27.613 New Zealand 166.95 143.10 125.21 111.30 100.17 91.06 5 66.78 62.61
28.069 Korea 169.71 14546 127.28 113.14  101.83 92.57 b 67.88 63.64
33.283 Australia 201.23 172.49 150.92 134.16 120.74 109.76 d 80.49 75.46
34.061 Russia 20593 17651  154.45 137.29  123.56  112.33 d 82.37 77.23
46.145 United States 279.00 239.14 209.25 186.00 167.40 152.18 5 111.60 104.62
50.010 Canada 302.36 259.17 22677 201.57 18142  164.92 . 120.94  113.39

Table 2: Required PV area (m2/person) as a function of irradiance and per capita TFC
Source: APSEC

Reverting to the density challenge, the above figures allow illustrating that due to the
population density, it is only under exceptional circumstances possible for a city to satisfy its
energy needs locally, i.e., to produce its energy within the city boundaries. The table below
calculates the percentage of land area required for PV as a percentage of the total available
land area for four different APEC cities. Manila City which is very densely populated but has
a low per capita TFC and the highest irradiance of the compared cities, would require 116%
of its total land area to satisfy its energy needy by means of PV solar energy produced locally.
The calculation for Metro Manila, comprising the surrounding cities and whose population
density is roughly half the density of Manila City, shows a need of 59% of its total land area
to produce its energy locally. Hong Kong, China (HKC), due to its relatively lower average
population density and its per capita TFC being only little higher than the one of Manila, would
require only 28% of its area to power its TFC with locally produced PV energy. Lastly,
Singapore, having a population density of 86 persons/ha and the highest TFC of the four
cities, would require 77% of its area to satisfy its TFC by PV energy.

Required Percentage

per capita Required of land area

TFC/person Pop density Pop density PVOUT PV area PV area required for
(MWh/person) City (pers/km2)  (pers/ha) (KWh/kWp) (m2/person) (m2/ha) PV (%)

7.000 Manila City 43064 431 1376 26.96 11611 116

7.000 Metro Manila 22000 220 1376 26.96 5932 59

9.951 Hong Kong, China 6400 64 1159 44.48 2847 28

21.740 Singapore 8592 86 1287 89.51 7691 77

Table 3: Required PV area for four APEC cities as a function of the specific city parameters

Source: APSEC
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1.2.2. Urban Energy Challenges

Authored by Yin Baoquan and Huo Yujiao, APSEC
Urban energy supply and energy efficiency

In the context of urban energy transformation, in response to conflicts of interest and
policy mismatches between traditional energy sources and new energy generation, policies
related to new energy generation should be adjusted in due course, the current benchmark
tariff policy should be reformed, and a renewable energy quota system and a green card
trading system should be implemented. In the specific operation, the share of renewable
energy in electricity consumption should be taken as a binding target, and the quota
implementation program for the administrative region should be formulated in the form of a
law on an annual basis. At the same time, renewable electricity in proportion to the quota is
allowed to be traded across regions (grids) to address inter-regional differences in renewable
energy resources. Based on the composite institutional arrangement, provinces whose
renewable energy generation cannot reach the required quota can independently choose to
purchase green certificates equivalent to the amount of quota obligation. The green certificate
system, as a complement to the quota system, reflects, to a certain extent, the interaction
between mandatory and voluntary linkages. The quota system can serve as a mandatory
constraint on power grids, power generation enterprises and local governments, and help to
solve the problem of grid-connected renewable energy generation. The purchase of green
energy certificates is a voluntary transaction, which is a supplementary means for electricity
suppliers and consumers to fulfil their annual quotas.

The power sector, which accounts for about 40% of global CO2 emissions from energy
activities, plays a pivotal role in the energy system transition. At the same time, power is also
a sector that is more mature in terms of scaling up existing energy transition solutions than
sectors such as industry (heavy chemical industry, etc.), transportation (shipping, aviation,
road freight, etc.), and buildings (large-scale heating, etc.).The role of the power sector in the
energy transition can be summarized in two key points: zero-carbonization of production on
the supply side of electricity and electrification of end-use on the consumption side of
electricity. In China, from carbon peaking to carbon neutrality, zero-carbonization of electricity
production and electrification of end-use energy will contribute about 31% and 16% of CO2
emission reduction, respectively, and are the two most important strategies to achieve net-
zero carbon emissions.

Changing generation-side and consumption-side demands will result in increasing
transformational challenges for municipal power operators, summarized as follows 2*:

1) With the installation of photovoltaic and energy storage devices in urban buildings,

the number of generation devices in urban distribution substations has become more
numerous, smaller, and fragmented, requiring distribution network companies to significantly
increase the frequency and efficiency of data processing in planning, operation, and
monitoring.

2) The spread of electric vehicles and charging piles has led to a rapid growth in charging

loads. This has led to the need for grid companies to choose carefully between reinvesting
in the grid and investing in new regulation technologies.

3) With the introduction of secondary dispatch for distributed energy access, it leads to

an increase in the complexity of grid dispatch. Distribution grid companies will face technical
and cost challenges in grid regulation.
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4) With the continuous development of multi-energy complementary and energy

interconnection technologies, distribution grid companies need to strengthen their interaction
with other energy networks and improve their information collection and analysis capabilities
in order to improve the reliability of grid operation and optimize grid planning schemes.

5) Distribution network operators lack effective market instruments to allocate flexibility

resources within their supply areas for local consumption of renewable energy but will need
to dominate regional flexibility markets in the future. Currently, the flexibility market needs to
be further developed and its macroeconomic and market economic viability verified.

Electrification is at the heart of carbon neutrality, and the green transformation of
electricity is the basis for achieving it. Due to its "standardization" and "controllability”, high
energy efficiency and energy-saving, clean energy use, electricity is an "enabler" of
industrialization and a high-quality energy source. It is also a high-quality energy source.
Electrification is also the least costly and most mature technological path to carbon neutrality,
and will replace the consumption of fossil energy sources, such as coal and oil, through
increased levels of electrification in end-use energy sectors such as transportation, industry
and buildings.

According to the World Energy Agency (IEA)?°, by 2050, global electricity consumption

will be 2.5 times higher than today. As measured by the International Renewable Energy
Agency (IRENA)?, electricity to account for half of global end-use energy in 2050, This

means that under the 2°C target, global electricity consumption in 2050 would be twice as
high as in 2019. According to the IEA's projections, under carbon neutral conditions, to meet
future electricity demand additions, the average annual size of global renewable energy
additions over the next 30 years would need to reach 700GW, four times the amount of new
capacity added in 2019.The International Renewable Energy Agency (IRENA) expects about
86% of global electricity consumption to come from non-fossil energy sources (renewables
and nuclear) in 2050, i.e., a seven-fold increase in low-carbon electricity compared to 2019.

Enterprises can directly reduce electricity costs through on-site distributed wind power
generation projects. In the thermal power prices continue to rise under the situation, it is
expected that commercial and industrial enterprises layout roof distributed photovoltaic
willingness will be significantly increased. In addition, the upfront threshold for investing in
on-site distributed wind power projects is expected to continue to come down, given the
growth of specialized services in the market in recent years. Distributed wind power projects
cannot be issued with official green certificates for the time being, and there are challenges
in establishing the environmental rights and interests of the projects. Corporate users who
take the contract energy management (EMC) mode of project development, need to be with
the developer on the environmental rights and interests of additional agreements. Beijing
Power Trading Centre Green Power Trading Implementation Rules distributed new energy
generation projects that can be aggregated to participate in green power trading. If this model
is promoted, the consumption side of distributed power generation projects can be broadened,
and project economics are expected to be further enhanced.

However, there are currently limited intra-regional parity projects that have been
connected to the grid in some areas, especially in areas of intense economic activity, while
inter-provincial and inter-regional transactions are more difficult to carry out due to the
capacity of the designed channel, the coordination of multiple entities, and the differences in
the rules of each place. Tight provincial resources and the difficulty of outsourcing across
provincial boundaries have combined to create a tight supply of green power, causing green
power prices to rise at an accelerated rate. At the same time, due to the lack of a clear pricing
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mechanism for environmental rights and interests, bilateral price negotiations lack a
theoretical basis, resulting in irregular fluctuations in environmental premiums.

Currently, there is a lack of price references for green power trading as the green power
market is still in the initial stage of development, and there is no good interaction between
the electricity market and other environmental markets (e.g. the carbon market). At the
current stage, the green power transaction price is entirely negotiated between power
generators and power users based on market supply and demand and their respective
considerations of risk and environmental benefits, and does not reflect the true value of green
power. Among them, the value of the current environmental rights and interests is only
reflected in the green power transaction price minus the coal power benchmark price, there
is a certain pricing failure. With the continuous improvement of the market and the gradual
breaking down of barriers between markets, the value of green electricity and the value of
environmental rights and interests can be effectively guided between different markets. At
that time, the pricing mechanism of green power will also be clearer, the value of green
power's electric energy will be determined mainly in the power market-oriented trading, while
the pricing logic of its environmental value is expected to be clarified with the maturity of the
carbon market, and for the key urban energy-using units, the supply of electricity that can be
procured will be diversified, while the calculation of carbon emissions and the future model
based on the contractual energy management will also help to promote the key industries,
buildings and the transportation sector's energy transformation and energy saving and
carbon reduction.

Energy supply and carbon efficiency of urban industry

The influence of industrial structure upgrading on carbon emission efficiency has certain
time lag and spatial transmission effects, and the upgrading and rationalization of industrial
structure helps to improve the carbon emission efficiency of neighbouring areas?’. In the
industrial sector energy saving and emission reduction are mainly achieved by optimizing
production processes, and deep decarbonization requires further fuel substitution, changes
in production methods and substitution of new materials. For example, at this stage, the
decline in carbon intensity in the steel industry comes mainly from improvements in scrap
production and energy efficiency. However, with technological progress, steelmaking
efficiency and reuse are approaching technological limits, and further decarbonization
requires fundamental changes in production methods and new technological breakthroughs,
such as the possibility of using hydrogen or bioenergy instead of coal as a reducing agent in
blast furnace steelmaking and electrification of the production energy supply process.
Decarbonization of cement production requires, first and foremost, zero carbon emissions
from fuels, such as the use of green hydrogen and biomass fuels to replace traditional fossil
fuels. From a comprehensive point of view, the technologies that need to be focused on for
carbon peaking and carbon neutrality in the industrial sector include hydrogen-rich gas
smelting, high-value recycling of steel slag, refining of synthetic chemicals from industrial
wastes and biomass, renewable energy chemistry, non-fossil-based materials, synthetic
biology-based green industrial manufacturing, and recovery and recycling of inorganic
industrial solid wastes.

Carbon emissions in some cities mainly come from the manufacturing industry. Taking
Northeast China as an example, the region is an important manufacturing base, and the
distribution of carbon emissions from industry sectors shows that carbon emissions mainly
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come from the manufacturing industry. Due to the impact of industrial composition and
economic level on urban energy consumption, it poses a strong challenge to diversify and
target urban carbon neutral pathways.

There are huge differences in the proportion of industrial energy use and energy efficiency
levels in different cities, and the stage of development is clearly characterized. Take the three
industrial cities of Shanghai, Suzhou and Luoyang as an example, the industrial output value
of Shanghai is ranked first in the economy, and the industry is dominated by high-end
manufacturing and high-tech industries, and the energy consumption per unit of GDP has
been as low as 0.42tons of standard coal per CNY 10,000, which is the best level for this kind
of city; Suzhou's industry is in the stage of transition from manufacturing to high-end

manufacturing and high-tech industries; Luoyang's industry is dominated by traditional
industries, and high-tech industries are still in the layout stage.

Take Beijing, Nanjing, Lanzhou three tertiary industries accounted for more than 60% of
the city as an example, Beijing industrial elimination of high energy-consuming industries, a
high proportion of high-tech industries so that industrial energy consumption accounted for
the proportion of the whole society's energy use as low as 34.3%; Nanjing's industrial
structure initially completed the upgrading of the industry to the electronic information industry
and petrochemical industry as the backbone of the energy consumption per unit of GDP is
0.59tons of standard coal / million yuan; Lanzhou industry is still in the high energy-
consuming stage, with heavy industry accounting for more than 98% of industrial energy
consumption, and energy consumption per unit of GDP is as high as 0.96tons of standard
coal / million yuan.

The iron and steel and cement industries in the industrial sector, for example, are both
energy-intensive and account for about 16% and 15% of carbon emissions, respectively?2°.
The first step in decarbonizing the steel industry is to promote the transformation of the
production process from blast furnace to electric arc furnace smelting. However, at present,
China's iron and steel industry, due to factors such as insufficient supply of scrap resources
and high industrial electricity prices, the economy of the electric arc furnace production route
is not as good as that of blast furnace steelmaking, and the proportion of crude steel
production of the electric arc furnace production route in 2019 will be only 10.4%, which is far
lower than the global average of 27.7%. In addition, more thorough low-carbon steelmaking
methods (such as hydrogen steelmaking) are still waiting for technological breakthroughs to
achieve large-scale application, while further decarbonization requires breakthroughs in
hydrogen metallurgy technology.

The path to decarbonization in the cement industry is even more difficult. Carbon
emissions from cement production come from the forging process of the limestone raw
material itself, and a feasible decarbonization path is to subvert the raw material from the
bottom up by replacing the limestone raw material with a non-petrochemical-based material,
with a corresponding zero-carbon replacement of the fuel. Progress on this technology path
is slow because the corresponding industrial processes need to be changed, involving all
links in the industry chain.

In general, the upstream and downstream of the industrial production process are highly
interrelated, and changes in the existing production process will inevitably bring about
changes in the overall industrial chain. At the same time, a large number of production
equipment has a long-life cycle, once rebuilt and renovated, the cost is high, and even lead
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to stranded assets and bad bank loans, so there is also a long distance between
technological breakthroughs and industrialization.

Energy supply and energy efficiency of urban transportation

In terms of energy efficiency and carbon emissions, road passenger transport, aviation
and trucks are the modes of transport with the lowest energy efficiency use, with the energy
intensity of road freight increasing by 11% over the period 2000-2019. The report shows that
the transport sector emits 770 million tons (Gt) of carbon dioxide (CO2) in 2021, which is
about 20% of total global carbon emissions. Of this, road transport alone accounts for more
than three-quarters of emissions (76.6%, or 5.9Gt of CO2), followed by maritime transport
(11%) and aviation (9.2%).

Looking at different economies and regions, Asia-Pacific and North America account for
more than half of the global transportation energy use in 2022. The United States consumes
about 23.3EJ of energy for transportation, followed by China (15.2EJ) and India (4.4EJ). The
Asia-Pacific region has the highest average annual growth rate of 4.7% in transportation
energy demand from 2011-2019, driven by India and China (with growth rates of over 6%).
Africa and Latin America and the Caribbean have the lowest demand (3.7%).

With economic development, automobiles will become the largest area of energy
consumption, and Governments and industries are increasingly concerned about promoting
the entire transportation sector in a low-carbon direction. Measures taken by various
economies in the area of transportation: firstly, attention is being paid to the area of public
transport to improve the quality of green travel and to give priority to the allocation of travel
space and right-of-way; and secondly, the optimization of the urban transport structure on
the basis of science and technology and the enhancement of the whole chain of service
systems for green travel.

Japan has proposed a clear "decarbonization" timeline, expecting to achieve "carbon
neutrality" by 2050, and has made smart mobility an important path for economic growth,
focusing on digital communications, artificial intelligence, automation, big data and other
technologies to promote the optimization of urban transport structures. Governments such
as Chile and Peru have issued green transport strategies or transport decrees to harmonize
vehicle purchasing standards and encourage the use of electric or zero-emission vehicles.
Zero-emission vehicles are also being promoted in surface transportation. China's
transportation sector, which accounts for 15 per cent of the economy's end-use carbon
emissions, is still in a relatively rapid stage of development and is expected to continue to
grow for a long time to come. At this stage, China has introduced three main paths for carbon
neutral transportation: carbon reduction at the power generation end, carbon reduction at the
consumption end and carbon reduction at the supporting facilities. Among them, the focus of
carbon reduction on the consumption side is to optimize the transportation structure, including
the promotion of new energy vehicles, etc., and the carbon reduction of supporting facilities
includes the promotion of the development and construction of intelligent transportation®°.

Carbon emissions from the transportation sector have not yet peaked, and
decarbonization in commercial vehicles and civil aviation faces technical bottlenecks. In the
United States, the European Union and Japan, emissions from the transportation sector
peaked at about 845, 423 and 575 passenger cars per 1,000 people, while China currently
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has only 1733, and the number of automobiles is still growing continuously. Currently,
China's greenhouse gas emissions from road, civil aviation, rail and water transport account
for 76 to 80 per cent, 10 to 13 per cent, 2 to 3 per cent and 6 to 11 per cent, respectively, of
the total emissions from the transportation sector®?.According to Zhang (2019), China's road
traffic carbon dioxide emissions were nearly 1.09 billion tons in 2017 (excluding motorcycles,
two-wheeled and three-wheeled vehicles), an increase of nearly five times from 220 million
tons in 2010 (Energy Research Institute of the National Development and Reform
Commission, 2017).

Renewable energy utilization®: By region, in the transportation sector, the United States

is the largest consumer of renewable energy in the world. Data from the Report show that in
2019, renewable energy consumption in the transportation sector in the United States
amounted to 1.6EJ, or about 40% of the global share, followed by Brazil (0.9EJ), while in
Europe, three economies - France, Germany and Spain - together accounted for 44% of the
region's renewable energy consumption.

In terms of growth rate, the Asia-Pacific region is the fastest-growing region in terms of
renewable energy use. Renewable energy demand in the region is growing at a CAGR of
13.9% from 2010-2019. Indonesia is the largest economy in the region in terms of renewable
energy demand in 2019 (~0.17EJ), followed by China (~0.12EJ).

In terms of the different types of renewable energy, renewable electricity accounts for 10
per cent of the renewable energy used for transportation, with an average annual growth rate
of 7 per cent in the use of renewable electricity from 2010 to 2020. In 2020, demand for
renewable electricity grows by 5.4%, despite a slowdown in transportation electricity use
(down 3% compared to 2019). Second, biofuels account for about 90% of transportation
renewable energy use. biofuel use grew at an average annual rate of 5% from 2010-2020
and is expected to quadruple over the next decade.

Thanks to the development of the "pure electric drive" industrial route in China's electric
vehicle sector, policy subsidies, and automobile purchase restriction policies, China has
made rapid progress in the electrification of road transportation (Yuan Zhiyi, 2020), with pure
electric vehicles accounting for 81% of new energy vehicle ownership in 2018, higher than
the global average of 71% (International Energy Agency, 2019).Currently, EVs in China are
mainly used in the passenger car sector, while heavy-duty truck carbon emissions currently
account for 40% to 55% of China's road traffic CO2 emissions, and there is still a lack of
electrification technologies for commercial mass production. According to IEA projections,
future growth in oil demand and carbon emissions from the global transportation sector will
mainly come from freight transport, with China's freight emissions growth accounting for 90%
of global freight traffic carbon emissions growth (IEA, 2017).

At present, the battery energy density of pure electric technology is limited, which restricts
the range of trucks, and it is difficult for conventional power batteries to provide the strong
power required by trucks; although hydrogen fuel cells are more adaptable in principle in the
field of heavy-duty trucks, the current process of hydrogen production, which is mainly based
on "grey hydrogen”, still has high carbon emissions, and is subject to infrastructural
constraints, and the storage and transportation of fuels are still facing technical barriers.
Although some domestic car companies have started mass production of hydrogen cars, the
market size is very small and only in the demonstration stage. In addition, the deep
decarbonization of civil aviation is also a technical challenge at this stage, biomass fuels and
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hydrogen may be a key measure, but the high cost is the biggest obstacle to the promotion
of the current stage, the future of many technical routes still need to be further explored.

With the development of electric vehicle technology, the cost continues to fall, and the
electrification of road transportation has become the most mature way of carbon reduction in
the field of transportation. With the advancement of charging pile infrastructure construction,
the extension of range and the acceleration of charging efficiency brought about by the
continuous advancement of battery technology, the use scenarios of electric passenger
vehicles will continue to expand, and electrification and decarbonization of road
transportation will gradually be realized. Rail transport is generally more efficient, low-carbon
and easier to electrify than road and air and ship transport. However, decarbonization of
transport currently faces the problem that electrification technologies for commercial mass
production are still immature. Moreover, at this stage, the application of new zero-carbon
fuels such as hydrogen, biomass fuels and liquid ammonia to transportation is not yet
economical, and the best path to achieve carbon neutrality needs to be further explored.
Based on the above background, the technologies that should be focused on for
decarbonization in the transportation sector include high-performance electric vehicles,
hydrogen fuel cell vehicles, electrification of heavy-duty vehicles, high-capacity rail transit,
green ships, transportation adaptive energy systems, driverless, intelligent transportation
systems, low-carbon construction and operation and maintenance of transportation
infrastructure, energy-saving and emission reduction renovation of existing transportation
hub facilities, and solar highways.

Research data show that the per capita energy consumption of urban public transportation
is about 1/4 of that of private cars, and the public transportation sharing rate of most urban
residents in China is between 10 and 30%, which is a big gap from the level of about 50% to
60% of the cities with higher public transportation sharing rate in the international arena.
According to the current structure of China's urban energy use and public transportation
sharing rate estimates, every 1% increase in the urban public transportation sharing rate can
reduce urban energy consumption by seven to eight ten thousandths.

The main challenges currently facing the urban transportation sector are:

1) The penetration rate of newly constructed charging pile networks, especially public
charging piles, significantly lags behind the growth rate of new energy vehicles

2) Although a unified and perfect charging technology standards and requirements have

been defined, a high degree of marketization requires cross-sale e-commerce charging
settlements, cross-economy roaming charging, and there is a need to further break down
technical and market barriers, reduce charging costs and improve user charging experience

3) The uncontrolled charging of electric vehicles in high-density areas such as small

districts, office buildings, shopping centres, etc., and the contradiction between the capacity
of the entire distribution platform area is increasingly highlighted, and the impact on the power
grid has yet to be further tested on the ground

4) After the new crown epidemic, people will travel mainly by electric cars and bicycles,

supplemented by public transportation, while more travel through low-carbon modes such as
shared electric rentals and shared electric bicycles will be the future trend. This poses new
challenges to the planning and upgrading of transportation and its associated power networks.
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Dr Lailai Li, Chief Representative of WRI China, said, "Chinese cities are in dire need of
in-depth research at the industry level. The experience of developed economies is that
industrial, building and transportation emissions each account for 1/3, while there are cities
in China where transportation emissions only account for 10%, which will certainly be a major
growth driver in the future and should be the focus of emission control." Dr Lailai Li also
pointed out that "there are several difficulties in reaching the peak of urban transportation:
first, the contradiction between the growth of production and life transportation demand and
emission reduction; second, the transportation industry itself, such as the uncertainty of
technological advances; and third, the separation of the industry-driven and urban
management authority."

The Transition and Challenges: How the Zero-Emission Vehicle Transition Can Help Peak
Carbon and Reduce Carbon Emissions in China's Automotive Sector predicts that, under
current policy scenarios, the automotive sector is expected to peak at 1,746 million tons of
carbon around 2027. Carbon emissions will not decline immediately after peaking, but will
form a three-year emissions plateau, during which the average annual change in carbon
emissions is less than 1 percent. If the existing policy scenarios are developed, carbon
emissions from the automotive sector will decrease by 11% in 2035 compared to the peak;
analysing by vehicle type, carbon emissions from the passenger car sector will peak in 2027,
with an annual emission of about 940 million tons; emissions from the passenger car sector
have already reached the peak and will maintain a decreasing trend year by year; and carbon
emissions from the truck sector will peak in 2028, with an annual emission of 719 million tons.

Energy supply and energy consumption of urban construction

Buildings are one of the most important sources of carbon emissions in cities, and how to
reduce the energy consumption and carbon emissions of the large number of buildings that
have been built in cities is an important challenge for cities to move towards carbon neutrality.
As energy-saving and low-carbon retrofitting of existing buildings involves not only energy,
but also safety, comfort, economy and many other elements, cities are now carrying out urban
renewal, building energy efficiency improvement, energy-saving retrofitting of existing
buildings, and the application of renewable energy in buildings.

For new buildings, upgrading their building energy efficiency standards can significantly
reduce their energy demand. For example, China has promulgated the General Specification
for Building Energy Efficiency and Renewable Energy GB55015-2021, which upgrades the
level of building energy efficiency from the point of view of the mandatory standard, and at
the same time guides ultra-low-energy, nearly-zero-energy and zero-energy buildings by
means of the Near-Zero-Energy Building Technical Standard GB55015-2019 and other
buildings.

At the forefront of initiatives to achieve carbon neutrality in the building sector is the energy
efficiency retrofit of buildings. In the buildings sector, high energy prices and the search for a
reliable energy supply away from fossil fuels are driving a shift from natural gas boilers to
electric heat pumps, making 2022 a record year for heat pump installations, boasting 10%
year-on-year growth®*. However, the current economics of the relevant building technologies
need to be further improved and stock replacement is still difficult, and the need to improve
the economics of retrofitting through technological advances is key to stock replacement in
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the building sector. In addition, the promotion of zero-carbon buildings also requires a variety
of energy sources to coordinate and provide system solutions. From a comprehensive point
of view, decarbonization of the building sector needs to focus on technologies including low-
carbon building materials, building "gas to electricity", intelligent construction, building the
whole process of intelligent design and control, the building of the optical storage of direct
and flexible integration, building intelligent micro-grids, and low-carbon/zero-carbon building
intelligent integration.

Buildings are the main consumers of urban power grids, and electrification of buildings
enhances their own power consumption and promotes the growth of power consumption.
The new building with "optical storage, flexible and direct" power supply and distribution
technology has strong power flexibility, which can realize power decoupling and off-grid
operation and enhance the reliability of the power system. The grid meets 99% of the basic
reliability needs, and the building solves the additional 0.X% reliability needs according to its
own characteristics. In addition, building flexibility enhancement can also promote the
participation of building distributed energy systems in the peak and frequency regulation
services of the urban power grid, and promote the consumption of more renewable energy
sources; reduce the peak value of building loads, and alleviate the pressures of increasing
the capacity of the district distribution grid and the peak regulation pressure of the urban
power grid.

As new energy vehicles gradually shift from the B-end market to the C-end market, the
average parking time of private cars throughout the day is as high as 80%, and the necessity
of fast charging gradually decreases. Considering the impact of EV charging on the peak
load of distribution transformers, the operation mode of charging piles around the building
should be based on slow charging, and the need for orderly charging, bidirectional charging
and discharging technology support. In the future, the distribution network of residential
communities and public buildings and car charging piles need to be constructed in an
integrated manner, and the degree of coupling between building power consumption and
transportation power consumption will be higher and higher.

With the continuous upgrading of building energy efficiency standards, the marginal effect
of energy efficiency improvement in new buildings has gradually appeared, and in order to
further tap the potential of building energy efficiency, it is inevitable to move from single
building to regionalized scale development, and from the demand side of the building to the
synergistic transformation of the supply and demand of the building. Regional building energy
development is for building groups, parks and even towns to consider the supply,
transmission, distribution and consumption of multiple energy sources, such as cooling,
heating and electricity, and it is an important way for building energy efficiency and green
buildings to move from single-unit performance improvement to large-scale development.

The building sector is projected to peak carbon later or become the latest major sector to
achieve carbon neutrality in China. According to the projections of the Specialized Committee
on Energy Consumption Statistics of the China Building Energy Efficiency Association (2019),
China's carbon emissions from the building sector will continue to increase, with peak time
expected to be around 2039, which is nine years later than when the economy as a whole is
projected to achieve carbon neutrality. In terms of the source of carbon emissions, carbon
emissions from the operational phase of buildings accounted for 21.9% of carbon emissions
in 2018, mainly from heating/cooling for residential and industrial use.
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To achieve carbon neutrality, on the one hand, it is necessary to promote the development
of ultra-low-energy-consumption buildings, eliminate existing fossil-energy heating methods,
and effectively reduce the use of energy in buildings by combining distributed renewable
energy sources and advanced heat-pump technologies based on passive thermal insulation.
On the other hand, the large-scale low-carbon transformation of the stock of buildings is
difficult, and the previous large-scale "coal-to-electricity conversion" in rural areas has
brought a greater burden to local finances. Fully utilizing the potential of biomass, industrial
waste heat that does not produce additional carbon emissions, and solar heat to replace
electricity demand, and improving the economics of retrofitting through technological
advances are key to replacing stock in the building sector.

Scaling up near-zero-energy buildings

Vigorously developing near-zero-energy buildings is one of the key technologies to
address energy conservation and carbon reduction in the building sector. Near-zero-energy
buildings can minimize building heating, air conditioning and lighting demand through passive
building design and technical means, and significantly improve the efficiency of energy
equipment and systems through active technologies, so that the building's own capacity and
the building's use of energy are nearly balanced, and the building's energy consumption is
reduced to the greatest extent possible during the operation of the building. If high-energy
buildings are transformed into near-zero-energy/emission buildings, not only can carbon
emissions be reduced, but they can also provide a healthier and more comfortable indoor
environment for people. In addition to the use of high-performance envelopes and energy-
efficient equipment in new buildings to maximize the use of renewable energy, a smart
approach to retrofitting existing buildings can create new economic growth points for cities,
such as urban renewal in various cities. However, at present, the existing buildings in the city
are intricate and complicated, and the level of energy saving, management level, property
ownership, energy system and so on are widely differentiated. How to systematically consider
the energy system and transportation system from the city through the urban renewal is full
of challenges, and the establishment of a building energy management platform based on
digitization is particularly urgent and important.

The Ministry of Housing and Urban-Rural Development's "14th Five-Year Plan" for
Building Energy Efficiency and Green Building Development clearly states that by 2025, all
new buildings in cities and towns will be built as green buildings, the efficiency of building
energy use will be steadily improved, the structure of building energy use will be gradually
optimized, the trend of growth in building energy consumption and carbon emissions will be
effectively controlled, and a green, low-carbon and recycling way of building development will
be formed, so that a solid foundation will be laid for the urban and rural construction field to
reach carbon peak before 2030. By 2025, the energy-saving renovation of existing buildings
will be completed in an area of more than 350 million square meters, more than 0.5 billion
square meters of ultra-low-energy and near-zero-energy buildings will be constructed, the
proportion of assembled buildings in new buildings in cities and towns in the current year will
reach 30%, the installed capacity of solar photovoltaic in new buildings will be more than 0.5
billion kilowatts, and more than 0.1 billion square meters will be used for geothermal energy
building application, and the rate of renewable energy substitution for buildings in cities and
towns will reach 8%, and the proportion of electricity consumption in building energy
consum