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Foreword

APEC Sustainable Energy Center (APSEC) is pleased to present the APEC Urban
Energy Report 2023 i 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
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Purposes, Key Findings and Recommendations

Purposes

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

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

Key Findings i 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 i 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 6
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. I't expects to achieve a 35% RE share |
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,onlyusb3 84 bi Il Il i on have been mzeoearbanbaildiriga bl e. C
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 7 cooling being one of them i 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-i n approach describes the ifarcesest or 6s
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
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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 i 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-pr of i t organi zation running
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,
WWF6s One Planet City Challenge, as well
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.
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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 highas CO2.Chi | e6s NDC recognizes Dbl ack carbon
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):

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

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

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

A 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 neard 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.ompetitive, 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&tate 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: NonZBtate actors must have shortZ mediumzand long Xerm
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&tate 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 nonZtate
actorod6s interim emissions reduct i dfiegrityrcampui red b
credits are one mechanism to facilitate muchAieeded financial support towards
decarbonizing developing economies. As bestpractice guidelines develop, nonZtate 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 highdhtegrity carbon credits.
A highgjuality 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: NonZtate 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:

A Constitute a document (or series of documen
reducing greenhouse gas emissions and strengthening climate resilience across the
community.

A Be based on community engagement and con:
engagement, in particular with marginalised groups, workers and frontline communities.

A - I'nclude an assessment of existing conditio
greenhouse gas inventories, a longferm emissions trajectory, accountability measures,
climate risks and socioeconomic priorities.

ACover al | greenhouse gases for scope 1 and
(buildings and facilities), and scope 1 and 3 for waste, per the Global Protocol for
Community%cale Greenhouse Gas Inventories. Emissions apply to the geographic area of
the city and are not | imited to a city governme|
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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.

A Develop a detailed overview of the strateg:

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:

A On coal for power generation: (i) not
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.

A Oon oil and gas: (i) not allow permits
allow expansion of oil and gas reserves, and (iii) end oil and gas production.

A New f dassd electritity geheration should not be permitted.

6. Aligning Lobbying and Advocacy: NonState 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 landZise emissions must achieve and maintain operations
and supply chains that avoid the conversion of remaining natural ecosystemsd 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 Ariven deforestation from their investment and credit portfolios by 2025, as part
of their net zero plans.

8. Increasing Transparency and Accountability: NonXZtate 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.
NonJZBtate 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. NonZtate 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 nonJ4inancial 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 openZource repository is:

A able to accommodate varied |levels of report

A accessible to all Ziaeectas awdss theework icauplbad ng non
information at no extra cost (e.g. an agreed electronic format that allows easy bulk extraction);

A able to include data quality information an:i
highguality reliable and usable information;

A consistent with the recommendati ons of t his
level;

A overseen by the UNFCCC and feeds into its G

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:

A  Funding the transition is a key issue for ci
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 thirdparty 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.).

A Devel opment banks mu st establish dedi cat e
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 highgmpact corporate emitters,
including private and stategwned 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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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-t er m hi st ori cal val ues
concentrations above 400ppm may inaugurate a hot age, distinctively different from the ice
ages and its intermittent warmer periods.

<— current level

"~y

Fig2r eAt mospheric CO2 concentration of the |
Source: The Nat¥re 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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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,r e moval s. [ é] car bon
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| 43064 | 1M 2020
Manila (MetroManila) e ’ Philippine?
Mandaluyong (Metro Manila) 425,758 11| 38,495 |¢ KS t KA {2020
Pateros (Metro Manila) 65,227 2| 37,061 |¢KS t KA {2020
Caloocan (Metro Manila) 1,661,584 | 53| 31,233 ¢ KS t KA {2020
Makati (Metro Manila) 629,616 | 22| 28,975|¢ KS t KA {2020
Pasig (Metro Manila) 803,159 | 31 25530 |¢KS t KA{2020
Pasay (Metro Manila) 440,656 | 19| 23640 |¢ KS t KA {2020
Navotas (Metro Manila) 247543 | 12| 21507 |¢ KS t KA {2020
San Juan (Metro Manila) 126,347 6| 21524 |¢KS t KA {2020
Marikina (Metro Manila) 456,059 | 23| 20,144 |¢ KS t KA {2020
Union City (New Jersey) 66,455 3 | 20,047 | United State¥®
West New York (N Jersey) 49,708 3 19060 ! yAUGSR |
LasPifias (Metro Manila) 606,293 32 18935 ¢ KS t KA {2020
General Mariano Alvarez 172,433 9 18344 |¢KS t KA {2020
Hoboken (New Jersey) 60,417 3 18225 |! yAUSR {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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Sour ce: APSEC based on StatsAPEC and EGEDA

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.

Outgoing

Reflected Solar Incoming Solar 235

Radiation 342 Radiation Longwave
Radiation
42 W/m2
ﬂ A 235W/m?
Reflected by clouds
Aerosol and
Atmosphere 40
Emitted by Atmospheric
Atmosphere ]65 Window
\)7 Absorbed by Greenhouse

67 Atmosphere Gases

Latent
24 (78 Heat ﬂ
324
Back
Radiation

24 78
Absorbed by Surface
e Thermals Evap&_  Radiation Absorbed
transpiration by Surface
Fi gbr eGl obal energy bal ance

Source: Ki e hq & Trenberth

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

Fi g6r eGl obal distribution of the PV potenti s

Sour ce: Gl ob%l Sol ar At as

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 Paapitp
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
Yearly totals kWh/kWp 877 1023 1169 1315 1461 1607

TFC(MWh/person), year 2020

3.22€ The Philippines 1951 16.72 14.63 13.00 11.70  10.64
4.017 Papua New Guinea 2429 2082 1822 1619 1457 1325
5.00C Decent Living Standar 30.23 25091 22.67  20.15 1814  16.49
6.172Peru 3732 3199 2799 2488 2239 20.35
6.425Indonesia 3885 3330 2913 2590 2331 2119
7.464Viet Nam 4513 3868 3385 30.09 27.08 24.62
9.015 Mexico 5450 46.72 40.88 3634 3270 29.73
9.951Hong Kong, China 60.17 5157 4512 4011 36.10 32.82
12.646Thailand 7646 6554 57.34 5097 4588 41.71
14.536China 87.90 7534 6592 5860 5274 47.94
15.115World 9138 7833 6854 6092 54.83 49.85
15.64EChile 9459 81.08 70.94 63.06 56.75 5159
15.889Malaysia 96.06 8234 7205 6404 57.64 5240
18.505APEC 111.88 9590 8391 7459 67.13 61.03
21.543Japan 130.25 111.64 97.69 8683 7815  71.04
21.740Singapore 131.44 11267 9858 87.63 7887  71.70
23.040Chinese Taipei 139.30 119.40 10448 92.87 8358  75.98
26.41ZBrunei Darussalam 159.69 136.87 119.77 10646 9581  87.10
27.613New Zealand 166.95 143.10 12521 111.30 100.17  91.06
28.069Korea 169.71 14546 127.28 11314 101.83 92.57
33.283Australia 201.23 17249 150.92 134.16 120.74 109.76
34.061Russia 20593 176.51 154.45 137.29 12356 112.33
46.145United States 279.00 239.14 209.25 186.00 167.40 152.18 | 111.60
50.010Canada 302.36 259.17 226.77 201.57 181.42 164.92 . 120.94

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 20501 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.
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To achieve carbon neutrality, on the one hand,
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are intricate and complicated, and the | evel of

owner shi pyseemrgriydsso on are widely differentiat
the energy system and transhphootulgchi wombasry st @eme Wa lo
of chall enges, and the establishment of a buil c
diigization is particularly wurgent and i mportant

The Ministry of HRauu sailn gDeavred opmb-ieas Plldn'h Fo0
Buil ding Energy Efficiency and Green Building D

new buildings in cities and towns wilbuibledibluwi | t
energy use wil/| be steadily improved, the struc
optimized, the trend of growth in building ener
effectively contraclarédon amdwaaye goyfe ébmuni dldoiwvmng devel
be for med, so that a solid foundation wil/|l be |
reach car bon peBayk 2b0e2f50 r esh®ali3edge rgegywovati on of exi
wi || be completed in an area of more than 350
square metdrosvnef gyl anmdemeraagy buil dings wildl be
propor tsiscermbdfeda buil dings in new buildings in ci
reach 3DMstahkbed capacity of solar photovoltaic
billion kilowatts, and more than 0.1 billion saq
buil ding application, and the rate oh ceéehéewablaa
towns wil | reach 8 %, and the proportion of el

consumption exceeds 55%. At +{Years ®manti peri dolde o
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energy efficiency and green buitldiemmharewve | tolpeneq

of green building devel opment, i mprove the | ev
strengthen the existing building enmoygyg eheéici
application of renewable energy, the i mplementa
promotion of new green construction methods, p
materials, promote regional muiel dihmgcomasnt gwycsy
cities.

On5JuRlkY2CBGhina's Ministry oRurHo usDenvge | aonpdmelhrtb a(nM(
"Circular on Promoting Urban Renrewalntierd a u$oltihd

adheres to the urban physical examination as a
pl anning of urban renewal, strengthens the gui
sustainabl e i mpl ementati on moadeisf iocfs Wwrhieaabortar

requirements of wurban renewal

Up to now, more than 20 provinces and cities
than 100 incenti-xerpoé¢neigyg bHoirl diemgs . For exam
Buil ding Demonstration Project Management y Meas

states that priority shoul-defe@eggyebut bd-it hgs sal
energy buildingsosevnandyfzemmanlgtyra-andr gerbuil din
should be subsidized in accordance wietther RMBXMW/ s

RMB100/square meter, respectively. I mplementat:.i
Autonomous Region in April |l ast year on strengt
efficiency and green buil di ngtshel dev @lod mmerdt owft
ul ttroavner gy bui zekremeges,gyneari | dings pilot demonstr
devel opment of ogassgyeazmelream@agy buil di ngs.
According to the | atest data released by the C
emi ssions in the opzerraotiercaggynphmpei oh pabtic buil
reduced by 55.4% compared with t he boansseulmpntei obnu i
in the construction phase can be reduced by mor e
industamwydard Basédviomerousl y deveadaogriqyg mwialrdi n
promotingsaeneggytechnol ogi cal t r anlsdfionrgnsat iaonmrd
comprehensively promoting renewable energy buil
to achieve carbon peak in 2030, and the peak va
3.15 billion tons to 2.6 billion tons.

He at pumps

With the devel opment of the air source heat pu

the heat pump to improve the air source heat pu
areas of application is more and mbsetbkgtansi vey
heat pump heating, air source heat pump for dor
energy coupling and so on. Air can not only be
be used in agriculture andtabimaigreesbandeyg, su
I n the process of promoting clean-shaatiend eian
pumps installed, subject to the amount of financ
efficiency assessment and other ienpa@acati omosits o
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a replacement of t he heat sour ce, wi | | b-e a sm

source heat pumps, not the building envelope an
source heat pumps installed to broivreg |tolaaed @rnidd og
i ssues, but also for the subsequent industri al
had an i mpact.

For a given urban area, the urban energy syste
cannot be solved from only one perspective and
i ntegrated urban energy, but requirese snyusltteinpalte «
objectives of energy conservation, cleanliness,
maj or i ssue i n t hcearcbhoonnt esxttr aotfe gyh.e dual

At present, thesparfcer hezmatde pompampenauituteacondi
has yet to be verified, while some projects due
connection with the building enegetlopk,théeequinp

is not a high degree obfcmhechseabteahienty pbhepka

Munici pal and industrial waste heat

Urban manufacturing, food processing industry,
heat, waste heat. Using these waste heat and wa
a |l arge amount of -sawlng aeflif eéhte wdnf&IrAdgeh owgrhy s
factories, power plants, and waste i ncimaeryati on
underground heat storage facilities and heat t
transport this heat to ur baifomirne ansi zdeu rhienagt tlhoes s
storage and transportation over |l ong distances,
high requirements fot burial depth and | ining

Ho et al . concluded that the key to convert.i
domestic waste incineration and power generati ol
and increase the power gen®r&ecomecppati wasote
wastenergy incineration for di strict heating o
Eur opecaonn othiheisgher carbon offset than most incin
recover €Sleevcetnr idciftfye.er ent combinations of heat ar
pl ants were studi @dt by mDasnglatag ds redw atthat when t|
changed from alternative coal energy to alterna
effect fremewgyteéeéncineration will no | onger be

New energy storage systems

The term "new energy storage" refers to energy

storage, mainly including electricity and heat
technol ogi es -irc | watet driithds ,umcompr es s eldi cah rcemer
transfa@qrumllidw-vahdel ewectqqiuai i y yivieatri adi elniiegthe ct r i ci t
storage and release and is an important | ink i1
application.

38



Guangdong Provincial Devel opment and Reform C.

energy storage industry has a broad market anc
devel opment of new energy storage power plant

re@uli on capacity, comprehensive efficiency, s a
system and support the construction of a new po
realizing the goal of carbon peaking amidorcalr bo
| ayout of i ndependent energy -stara@agepnvar gerecer
consumption constraints, power demand fluctuat:
resource constraints and other rregrigoyadt @rl age ima
station. Strongly encour asgedet heened @we |sotpomeangte , o fe
i ndustri al and commerci al enterprises, i ndustr |
power stations. Actively ppoworn epltahret £,0nErtamatta c
storage power plants and industri al controll ab
facilities, distributed photovoltaic and other 1
Shenzhen and othervipltacals powermrplyamtutpil ot, an
formation of million kilowatts of virtual power

The distri bwthe d nleirtglyi usmmorage system buil't by
powewitching grid points inemome mplraniad h gcintoiree
2 milli-ewi potweng services for 900,000 takeaway

New energy st or agsec atloe adcehvieelvoep nheanrtg,e must f urt he

di fficulties, reduce uni-t cost s. To be based
continuous technol ogical i nnovation, men itnhet hceo s
scale of doing "addition", as soon as possible
promotegulail ghy devel opment of the industry, in t
of energy and-cgrbében detgel opmerrstol i We swielpl ftoa kva r a
road of integrating the safe and st acbarebosiuppl

devel opment .

Spending habits

I n the area of consumption, poor consumption
cheap and fast way of producing garments repre:
rate of garments and the extremely fatsce¢ skeageal
cause great waste of resources and g.dmdardattd oan,| ¢
t he purchase anidntuesnes iovfe epnreordguyct s al so gener ate
such as | arge appliances, electronic equipment
proportion of <c¢clean energy used in therprtdohaecuct.i
CO2 emissiPlnadtaicda oirn the production and process
amount of carbon dioxi de, so a |l arge number of
plastic bags and plastic packagpintg wiillll ad cto aqml

| arge amount of cCoz2, through the 2023 Hebei Pr
research data show that the phenomenon of unr ¢

students is very serious, tnnoer eusteh aonf 4d0i % poofs atbh ee
use disposable tableware more than 20 times a
equi pment i s not t i mel-sya vu pndga t reedw teoq ub wpymeen e r gsyu
conditioner s, ol d refr i greeraasteo rpso weert cc.o, n swhmpcthi otne
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the aging of the equi pment and the decline 1in
carbon emissions and energy consumption.

Eating habits

Consumption of |l arge quantities of me at and d
|l ivestock farming, significantly i ncreases t he
producti on, especially since the producttison of
consumeasr gge quanti agdoifnceeasesecddgrheonsteund isss omeas
shown that income growth wil!/ i n c Fienatseen stihvee paonpi un
foods such as beef and mutton, b uatv ea d riind u latt u roanl
mitigating carbon emissions from the food syst
policies, it is also necessary to strengthen t
structure into one that ei dicharractsdrriuxzadiriey od o
and other plant foods, as well as the dietary s
|l ow | evel of ani mal meat and a high level of po
Largeal e aquaculture and fishing not only stres
amounts of carbon dioxi de. I'n addition, car bon
processed-fdamd sherdi foods | atwbint e pgrodacfttiom proce
t hat include steps such as heating, freezing, (
electricity to keep things cold and consume petr
which increases storagedaqean ésriama §f d rctaantti @wm r ot ¢

compared to freshly made foods.

1.2.3. Weak Environmental Data and Accounting

What is not known, cannot be managed. For a city to manage sustainability, it requires
data. SDG Indicator 11.a.1? mentions the Number of countries that have national urban
policies or regional development plans that (a) respond to population dynamics; (b) ensure
balanced territorial development; and (c) increase local fiscal space.

This can be resumed under the heading substance of cities in the first bullet-point below.
This report shows, however, that besides data on substance, three other types of data are
important to measure sustainability; they are mentioned in the following bullet points below.
Basically, the required data fall into the following four categories:

1 Data on the demographic, geographic economic and social substance of the city
(population, land, economy)

1 Data recording the interactions of agents among each other (for e.g. capturing
scope 3 emissions and going over to consumption-based inventories CBI, see
section 2.1.7)

1 Data recording the interactions of agents with the environment
91 Data on the emerging green economy sector of the city

Concerning the quality of data, the challenge for cities is to collect data which:
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1 Iscollected at regular time intervals, at least annually; some cities introduce daily
near real-time data collection

1 Isrelated to the geographic information system (GIS)

Is based upon internationally harmonized definitions of the underlying concepts

so that it is comparable among stakeholders

Is accompanied by authentication protocols guaranteeing authenticity

Can be checked for accuracy

Is delivered on a secure infrastructure

Is open data that is publicly available in machine-readable format

Is collected in a cost-effective manner

E ]

=a =4 -4 —a -9

In June 2023 the UNFCCC has released the version 1.0 of its new UNFCCC Recognition
and Accountability Framework*® for international consultation. It is expected to be adopted at
the COP28 held in the United Arab Emirates in December 2023 and should apply to non-
state actors. Concerning data management, this framework mentions the important points
stated above but fails to mention time-regularity, relation to the GIS system, and cost-
effectiveness of data collection.

The regularity of data collection related to a carbon neutrality pathway lasting for several
decades ahead goes without saying. Some cities start collecting daily data (see section 2.1.7).

The compatibility with the GIS is creating the link to land planning as well as to air-borne
and satellite-based observation. Land planning is the part of urban planning for which the
cities have the core competence. Data originates from official acts concerning land, including
land-related transactions. The GIS is assembling all these data into a single coherent system
capable to receive data from multiple sources. Among these sources are all the local
administrations as well as city-dwellers. Taking the example of CO2 emissions, local
administrations provide what is called the bottom-up inventory. This bottom-up inventory can
be cross-checked with satellite-based observation measuring the so-called atmospheric
budget.

410 ppm 415 ppm 412 ppm
—¢ 3 > 3 Wind >l {""‘l—>
e Ii - ck-._ry

Estimate Fluxes using an
Atmospheric Inverse

model
| U
PetaJoules/yr x 1CQ,/PJ + Hectares Field-Forest x tCO,/hectare  + ...
TCO,/yr = Activity  x Emission Activity x  Emission
Factor Factor

FigureComplementaritypbandewapbataom
Source: D#vid Crisp

Satellite-based observations are capable of tracing CO2 and CH4 emissions to the
individual observable earth surface cell of the GIS system, but they cannot trace them back
to the individual emitter. Satellite-based observations are therefore anonymized information.
This is their great advantage. Other advantages are that satellite-based observations are
available at daily or lower frequency and free of cost, requiring cities, however, to build up
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their capacity to extract them from the giant amount of other data and to visualize them for
the use they intend to make. As the APEC Green Finance Report 2023% mentioned, central
governments can provide the framework for cities to use satellite-based data. Addressing this
issue, Geoscience Australia launched the first Open Data Cube (OCD)*4’ in 2017, making
data available in a user-ready format on open-source software (Python, GitHub).

The comparability of data is necessary to allow meaningful interpretations of the data
sets. The World Council on City Data (WCCD) has been working together with the
International Standardization Organization (ISO) to standardize the definition of sustainability
indicators for cities. Preliminary works started back in 2008 against the following background:

A cities have a lot of data

A the comparability of data and indicators was impossible

A differences of definitions existed in what was being measured,

A different methodologies existed of how measurement was being undertaken

A different boundaries of a city existed (metropolitan area, regional area, city
administrated boundary)

In 2014, the ISO published the first standard of the series on Sustainable Cities and
Communities, namely ISO Standard 37120 on Indicators for City Services and Quality of Life,
defining 104 key performance indicators, with standardized methodologies and standardized
definitions of city boundaries. This was the first time that cities could compare data. The World
Council on City Data (WCCD) started its activity in 2014 and has since then implemented the
ISO 37120 standard in 50 to 100 cities worldwide.

Since 2014, the WCCD and ISO have elaborated further standards in the Sustainable
Cities and Communities series:

ISO 37122 on Indicators for Smart Cities
ISO 37123 on Indicators for Resilient Cities, in partnership with UN DRR

These three standards together comprise a set of 252 indicators, of which about a third
is relevant for the clean energy transition.

Unfortunately, all the data collected by WCCD is confidential and proprietary and is being
shared only among the WCCD member cities. This does not satisfy the recommendation of
the UN on public access of information outlined above which is required for scientific analysis.

Among the other reporting frameworks, GCoM Canada discusses the comparability
issues of three frameworks: Partners for Climate Protection (PCP), Building Adaptive and
Resilient Communities (BARC) and Global Covenant of Mayors (GCoM). The table below
shows the differences between the frameworks. According to that analysis, cities reporting
under PCP or BARC can easily improve their reporting to make it GCoM compatible. Note
that GCoM requilreslidamea hiegplorted publ iand
guarantees that ACity specific data wil/
reporting cityo. For more information on
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PCP BARC GCoM

Focuses on capacity development, technical
assistance and peer learning as a Canadian
network focused on greenhouse gas
reductions and community energy.

Focuses on capacity development, technical
assistance and peer learning as a Canadian
network focused on climate risk response,
adaptation and resilience.

Focuses on raising ambition of local
governments and their contributions
toward global goals through consistent
standards, reporting and access to a global

network of peers.

Regional coaches through the regional
climate advisors

Help desk for technical assistance and
milestone reviews

In-person training and networking
opportunities

Online community with the PCP hub

PCP milestone tool for guided
completion of framework steps

Dedicated liaison for consultation,
technical support, and guidance
throughout the adaptation planning
process

Established milestone-based framework
that is flexible and customizable to assist
in the creation and implementation of
adaptation and resilience plans

Networking, training and opportunities to
engage with thought leaders

Online BARC Tool access to record
climate impacts, workshop results,
vulnerability and risk data, and

Help desk for technical assistance
Domestic and international
communications support, networking and

recognition

Technical support for reporting mitigation
and adaptation data

A global coalition of 10,000+ cities

Some high-level data reported publicly
through the GCoM websites

Support for cities through the data4cities,
innovate4cities and invest4cities initiatives

adaptation actions in a centralized place
. International exchange and city pairing
opportunities.

Table 4: Comparison of PCP, BARC and GCoM reporting frameworks
Source: GCoM Canada®®

The cost-effectiveness of the data collection is a challenge that is most often forgotten.
It shall be mentioned here among the challenges of collecting data. For cities, collecting of
data represents a considerable financial burden. Hence the role of accounting standards with
sustainability disclosure such as the Global Reporting Initiative GRI*® or environmental, social
and governance (ESG)%° aspects. Accounting standards requiring sustainability disclosure
accelerate the collection of sustainability data.

As cities are heavily interdependent on their hinterland and this interdependence is not
going to vanish with carbon-neutrality, it is not necessary to only focus on data related to
cities or municipalities. One of the multiple problems of urban data is the lack of definition of
the concept of fAcitydo itself. The APFBtMo8asst ai nal
toResults’*descri bed in detail the problem of the def
concept ficityd does not have an internationally
definition of Apovertyo, which hescbpenofnfier by
not . Each economy uses its own definition of wh
minimum population threshold to define whether an agglomeration is a city or not. It may
strike to note how low these thresholds are sometimes se t Four economies cons:¢
to be an agglomeration already at a threshold of already 200 inhabitants, whereas 23
economies (the biggest group) set this threshold to 2000 inhabitants. One economy uses a
threshold of 50,000 inhabitants for defining a city (see fig. below)2.
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Besides a minimum threshold, some economies also use a minimum population density
per square kilometre to qualify a city. Section 1.2.1. describes the density challenge of cities.
The lowest density threshold is used by Germany (150persons/km?2) and highest one by
China and the Seychelles (1,500 persons/km2). Note that the Five Principles for Sustainable
Neighbourhoods®* elaborated by UN Habitat mention for a sustainable neighbourhood a
minimum density of 15,000 persons/km2.

Some economies use a combination of both, minimum population threshold and minimum
population density, to qualify cities.

Besides the HfAcityo, also the nAaggl omerationo
Development Report 2009° was the first document that introduced a standardized definition
of fAcityo which it called fAagglomerationodo inste

defined as an area whose core has:

9 a population density over 150persons/km2
9 a population of over 50,000 inhabitants
9 and can be reached from outside within 60 minutes travel time

Describing the required key data sets in more detail:

1 Population: always available. Problems arise when local units are split up, re-
defined, re-named and re-assembled, together with other local units, a process
happening within a movement of local administrative and political reforms which
may or may not be designed to improve local management. If that happens, a
local time series is being disrupted. Former data is not comparable to new data
anymore. Much too rare are the correspondence tables showing how the old and
the new data fit together. This phenomenon is for instance visible in the US where
local administrative reform is happening constantly.
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1 Land Area: always available, with the same problems as with the land area just
mentioned above.

1 GDP (sometimes re-named Regional GDP or RGDP, to distinguish it from the
economyds GDP): often available in | ocal c
suchaswages,taxesand enterprisesd6 profits are need
policies. The challenge is to convert local currency GDP to constant purchasing
power parity GDP. There exists no methodology yet to create a consistent system
of temporal and spatial deflators. Methodologies vary greatly and results are
heavily dependent on the methodology. For more information on this issue see
section 2.3.2.

Besides these three categories of data, cities should collect basic energy and
environmental data such as the following:

1 Energy: rarely available at local level. The reason is that energy policies have
traditionally not been implemented at local level. Local sustainability issues
became a focus of policies after the 1992 UN Summit held in Rio introduced the
concept of Local Agenda 21. Not all economies have given their cities a role to
manage their energy development.

1 Renewables: data on local renewable energy is rarely available, for the same
reason as just mentioned for energy.

1 Emissions: rarely available at local level. Growing interest under the Sustainable
Development Goals (SDGs) to measure local emissions to assess the local
environmental impacts of industry and transport, with focus on emissions harming
health, such as the fine particulate matter (e.g., PM2.5 and PM10), see SDG
indicator 11.6.2%. As for local CO2 emissions, the motivation for their collection
has also been motivated in the Local Agenda 21 after the 1992 Earth Summit.
The first global emissions disclosure organization, the CDP, was created in the
year 2000. See the contribution by CDP in section 3.1.2.

1 Green sector employment and value-added. This is the category for which there
is least data, not only at city-level, but also internationally. IRENA keeps a series
of employment in the renewable energy industry. However, the renewable
electricity sector, while undoubtedly being the core of the green sector, is too
narrow to capture the entire scope of the green sector. Green sector value-added
is even known than green sector employment. The upcoming green sector
taxonomies as presented in the APEC Green Finance Report are a way to define
the green sector. They include at least the supply chain of all materials, equipment
and services needed to build up a viable renewable energy generation industry.

Furthermore, APEC cities are well advised to collect data on disaster resilience:

i Data on local Disaster Resilience: Available for those APEC cities that have taken
training in the Disaster Resilience Scorecard for Cities®’, which has now been
integrated into the fiMaking Cities Resilie
Disaster Risk Reduction, the worldwide leading effort to address disaster
resilience of cities and local communities in a systematic way. While data on local
Disaster Resilience can be very broad, the priority area is certainly data on
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disaster response, the basis for emergency actions in case of disasters,
containing data on early warning systems, food gap, shelter gap, fuels gap, as
well as staffing for first responder needs. See the next section for disasters as
challenge for carbon neutrality.

1.2.4. Disasters as Challenge for Carbon Neutrality

Disasters can be a severe challenge for cities on their path towards carbon neutrality. The
APEC Integrated Urban Planning Report i Combining Disaster Resilience with Sustainability
(2021)°8 has shown how disasters impact APEC cities and what can be done to mitigate the
impact. Due to the Ring of Fire, APEC cities are more exposed to disasters than global
average. Two different categories of impacts should be distinguished: Impacts of disasters
on the economic activity, and impact of disasters on human life (mainly deaths due to
disasters). The mentioned APEC report shows in detail which disasters cause what type of
impact in the APEC region. Below the main points are summarized.

Economic impact of disasters

The main challenge of disasters for cities wishing to become carbon neutral originates
from the economic loss. The path towards carbon neutrality requires considerable economic
resources to be invested into new infrastructures, but frequent disasters can destroy the
investments made into these infrastructures. In 279 cities worldwide, the GDP loss due to
disasters was larger than the GDP growth during the years 2018 1 2019. This means that in
these cities, disasters annihilate the economic surplus that these cities need to develop
themselves, including to develop towards carbon neutrality.

GDP of 279 Cities worldwide, 2018 - 2019

GDP growth GDP lossidli@fto GDP loss due to  GDP lossdigto GDP |oss@ligto
increased hazard decreased urban — GDP gromih disasters

resilience
-

& & A N O N A& O

® GDP Growth ®GDP Losses

Fi g@r eGDP growth and GDP |l oss due t

Source: APEQJrlibnane gitlaatne™i ng Report

Deaths due to disasters

Disasters impact cities also by causing death. The mentioned APEC report analyses in
detail the disaster mortality of the APEC region in the period 1900 i 2020. In the first sixty
years from 1900 i 1959, disaster mortality was very different from the second sixty years
from 1960 i 2018. The difference is mainly due to improved infrastructure. Between these
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two periods of 60 years each, deaths due to drought in the APEC region have diminished by
a factor 258, deaths due to epidemics by a factor 73 (before COVID-19), deaths by floods by
a factor 65, but deaths by earthquakes have diminished only by 7%. Note that the scale of
the ordinate of the figure below on the left is a factor 10 larger than the scale of the ordinate
on the right-hand figure.

Ordered distrbution by disaster category, APEC, 1900 - Ordered distribution of deaths by disaster category,
1959 APEC, 1960- 2018
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However, since 1960, deaths from hydrometeorological disasters show a statistically
significant increase in the APEC economies, whereas deaths due to geological disasters
show a statistically not significant decrease. Deaths due to epidemics show a statistically not
significant increase.

Deaths from hydrometeorological disasters, -
A%Ec. 1960 - zg?a Deaths from Qeologiczaéf;saslers,APEc, 1960 Deaths from epidemiological disasters, APEC,
1960-2018
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Source: APEC Integrate®d Urban Planning Re

This basically resumes to the fact that the disaster resilience measures taken to-date have
the tendency to diminish the human losses of disasters but fail to diminish the economic
losses. COVID-19 has confirmed this trend as the human losses of COVID-19 were mitigated
due to all sorts of measures taken. In sum, the COVID-19 losses attained 6.9 million by
December 2023, comparing to 40 i 50 million for the Spanish Flue of 1919%, whereas the
economic loss of COVID-19 left a visible scar in global GDP. Climate change is already
causing severe droughts in many parts of the world. But contrary to what happened 100 years
ago, when people died amidst droughts, in future they are likely to migrate away from
droughts.
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Disaster Resilience
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Since its integration into the AMaking Citie
Disaster Risk Reduction Office has started publishing the disaster resilience of cities and
local communities in form of a spider diagram assessment comprising both levels, the
preliminary and the detailed assessment. An example can be given by the preliminary level
assessment of the city of Baguio, the Philippines®. The key disaster resilience information is
shown in the figure below. It distinguishes the most probable hazard (drought) from the most
severe disaster known (a killer earthquake of 1990). The spider diagram shows the resilience
for each oftihéeésdDO(fiEssémence areas) which ar
Scorecard for Citieso.
City information e
Population 366358 E10 L E
Average income N/A zfa
Most probable Drought = > -
hazard b
kMﬂn:svtv:evere disaster 1990 Killer Earthguake o ~’ o
Website hitps://www.baguio.gov.ph &
MCR2030 City N/A Z E
Profile E6
Possible Score [l Actual Score
Fi guRkki saster Resi ¢iehcethe City of Baguio in t
Source: UNiIGfafRiceek oRfe®ducti on
The Scorecard all ows showing the cityds disas
example, the city of Baguiods score in Essenti

figure hereafter. The resilience assessment over 9 different infrastructures, comprising
among others the key infrastructures water, energy, transport and communication, is shown
in the figure hereafter. As this refers to the preliminary assessment, the only levels that are
distinguished are 0, 1, 2 and 3. In the detailed assessment, the levels 4 and 5 are added to

the scale,
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However, too few APEC cities integrate disaster resilience into their urban planning. The
creation of a Loss and Damage Fund within the framework of the UNFCCC is expected to
have an incentivising effect on cities to start disaster resilience planning.
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2. Instruments for Cities to Attain Carbon Neutrality

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 Philippines 6ontext 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 @lectricity 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 economyé6s total

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 USD?5 trillion needed annually,
only USD3 8 4 billion have been ma ezero carboa iblildirngd
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 i cooling being one of them i with no upfront cost: PACE (Property
assessment for clean energy) and PAYS (Pay-as-you-save). Both mechanisms require
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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-i n approach describes the ifaceest or 6s

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.
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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.

2.1. Green Finance for the Urban Energy Transition
2.1.1. Overview of Green Finance Instruments

Green finance instruments have become an indispensable means of financing the clean

energy transition. The APEC Green Finance Report - Unlocking the Urban Energy Transition®®
has analysed in detail the need and role of green finance in the energy transition of cities.
Hereafter is a summary of important elements. Prior to starting a talk about green finance, it
should be recalled on what b asalechardcgriste efryneens so i s
finance, as opposed to ordinary or AfAgreyo fi
Green finance can be defined as finance promoting green industries or green activities. It can
also be understood as a means to balance direct consumer- and producer-oriented subsidies
on fossil fuels which globally still outnumber support in favour of renewables by a factor four®’.
The definition of green activities has been addressed by individual jurisdictions in so-called
taxonomies of green industries. These taxonomies are explicitly defined lists of green activities.
The two best known taxonomies are the Chinese taxonomy called China Green Bond
Endorsed Project Catalogue first released in 2015% and revised in 2021, a taxonomy based
upon the whitelist approach including only those activities that are undoubtedly sustainable
(e.g., manufacturing of solar panels or wind turbines), and the EU Taxonomy Regulation which
entered into force in 2020°%°, based upon the technical screening criteria (TSC) approach. The
TSC approach allows to consider larger parts of the economy as green or at least contributing
to sustainability under certain conditions.

Both, EU and China, have started work towards identifying commonalities and differences
in their respective approaches and outcomes of green taxonomies. A joint Working Group has
been created within the International Platform for Sustainable Finance (IPSF). This Working
Group published itsr e s u | t in November 2021 wunder the name
(CGMiCli mate Chan&e Mitigationo

Green finance comprises the totality of financing instruments destined to finance green
activities. The best-known green finance instruments are green bonds. The first ever issued
green bond was emitted in 2007 by the World Bank and the European Investment Bank (EIB).
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Green bonds are emitted on the open market and can be traded. The total volume of emitted
green bonds has reached USD1 trillion worldwide.

Contrary to green bonds, green loans are more recent, are today mainly emitted by the
International Financial Corporation (IFC), a member of the World Bank Group. In terms of
volume, they are less developed than green bonds (USD33 billion) and are bilateral operations
between a lender and a taker. Green loans are not traded on the market.

The third i and probably the most important i green finance instrument is green equity. The
discussion about rising the role of green equity has taken place in the COP26 in Glasgow in
2021 and is mainly motivated by the finding that the energy transition could not be financed by
debt (bonds, loans) alone, but required a high proportion of equity financing. Ideally equity
constitutes a major part of finance for the clean energy transition, whereby equity might attract
debt where necessary, creating a catalytic multiplier effect of the type proposed by the Catalytic
Capital Consortium (2019)"*. The IEA’ estimates the investment need for the clean energy
transition to be around USDA4 trillion per year. If e.g., USD1 trillion is covered by green bonds,
the remaining USD3 trillion must be covered by green equity and green guarantees. Contrary
to debt, equity and guarantees do not have to be reimbursed and bear the main risk of a project.

To attract green equity and green guarantees, the receivers need a favourable investment
climate for green investments. Improving the investment climate for green investments can be
done in many ways. One way is to set up a publicly organized credit risk guarantee scheme
as described in the sections below. This serves to diminish the risk of green projects and hence
to promote the supply of equity for such projects. Another way is to hold internationally
competitive tendering for commissioning large renewable projects. This instrument is known
to have diminished the price of large-scale solar and wind energy to record-low levels™. A third
way of improving the investment climate for green electricity is introducing feed-in tariffs
(usually offered to households and small captive consumers) or power purchase agreements
(usually concluded between electricity producers and large consumers or cities having the
possibility to choose their electricity supplier). Lastly, microgrids can be a way to bring solar
electricity to rural disconnected communities. The example of Barefoot Colleges that originated
in India in the 1990s but has now become global’, shows impressive results.

For cities, green finance is a new source of finance for green projects in areas such as
renewable energy, energy efficiency, sustainable waste management, sustainable land use,
biodiversity conservation, clean transportation, clean water, or climate adaptation projects. In
all these areas, cities may choose between green equity financing (usually provided within a
public-private partnership) or issuing green bonds.

Public private partnerships to promote renewable energy in developing and emerging
economies have developed for several decades. A critical analysis of such projects can be
found in Kaminsky (2022)7°. The World Bank keeps a database for private participation
infrastructure (PPI1)® in the energy, transport, water and sewerage, ICT backbone, and
Municipal Solid Waste (MSW) sectors.

Municipal green bonds have been used by cities since about 20147’. On 11 January 2019,
S&P launched a specific Green Municipal Bond Index’®. The global volume of annually emitted
municipal green bonds has stagnated in recent years around a level of about USD210 billion
annually. On a more general level, the role of multilateral development banks in the green bond
market has been overtaken by financial and non-financial (e.g., property) corporate issuers.
Note also the steadily rising part of sovereign emitters.
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Concerning the Philippines in particular, the introduction of feed-in tariffs in 2008 was
contested in court and found to be compatible with the constitution in 2012. Contrary to what
happened almost everywhere else, the feed-in tariffs did not increase the share of renewable
electricity in total final energy consumption. In fact, renewable electricity generation increased
from 2014 to 2018 but then dropped again. In the same period, TPES and TFC strongly
increased until 2019, see figures below.

TPES and TFC in the Philippines Renewable electricity production GWh
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As a result, the share of renewable electricity in TPES and in TFC, respectively, decreased
in the Philippines in the years 2012 to 2019 as shown in the figure below. The cause of this
unfortunate development has been analysed by several authors. A discussion paper
evaluating the feed-in tariff policy of the Philippines concludes that feed-in tariffs have
decreased the share of renewables in the Philippines while at the same time made electricity
more expensive for the average consumers®. The root cause may be that the Philippine feed-
in tariffs do not distinguish between size of the production unit, that the quotas for each
technology may have been too big, and that no price or quantity distinction was made between
different locations, therefore failing to take into consideration the regional demand gap
differences®. Recall that the Philippines has three disconnected electricity grids: Luzon, the
Visayas and Mindanao. Offering the same tariff for all production sizes and regions incentivizes
investors to set up the largest possible production units in the region with lowest cost, allowing
them to get the biggest profits, but obliging authorities to curtail the existing producers in
regions where the addition of FIT created a production surplus. This disequilibrium may have
put unnecessary charges on the average consumer who pays for FITs by a surplus on his
electricity rate.

In contrast to the decreasing renewables share in the Philippines in the period 2012 i 2019,
the global context of renewable energy share is starting to take off steadily in the same period
(2012 i 2019). During their 2023 meeting, APEC Leaders have encouraged efforts to triple
renewable energy capacity globally through existing targets and policies by 203082, During the
recent COP28, nearly 120 governments have supported tripling the installed renewable
electricity capacity. Without efficient measures to incentivise production of affordable
renewable energy, the Philippines might rapidly be left behind the rest of the world.
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This global upward trend is primarily motivated by the fact that renewable electricity has
now become the cheapest electricity generation method. The task for the public authorities is
now to allow market penetration of renewable electricity to happen without obstacles, and
facilitating any accompanying measures that are needed to accelerate this trend. The Credit
Risk Guarantee (CRG) is among the measures improving penetration of renewables. It should,
however, not be seen as the only measure to attain this task but accompanied by measures
such as power purchase agreements (PPA) for large producers, a revised FIT scheme at
municipal level for small rooftop prosumers, possibly also covering fix battery energy storage,
public private partnerships and the access of cities to green bonds, to nhame but a few
instruments.

PHILGUARANTEE, the official credit risk guarantee authority, has been running a credit
risk guarantee scheme in the Philippines under its priority sectors guarantee group for large
renewable electricity producers since 2018. This has been extended, since 2021, to SME small
commercial producers. The housing guarantee group delivers guarantees to housing but does
not include non-commercial rooftop household electricity prosumers making up more than a
third of the current electricity market. In view of these circumstances, it is suggested to the
Philippines authorities to explore extending the CRG to small consumers wishing to set up
rooftop PV, a measure that might be done within the housing guarantee scheme.

The first of three following sections describes the credit risk guarantee from a theoretical
point of view, then the second section outlines the context of the Philippines electricity market.
The third section focuses on the CRG as offered at present by PHILGUARANTEE and
describes the benefits and risks of creating an APEC wide regional credit guarantee scheme
following a discussion proposal of a multilateral CRG made recently by the Climate Policy
Initiative.

2.1.2. The Role of Credit Guarantee Schemes in Renewable Energy
Development: A Theoretical and Policy Analysis

Authored by Dr. Farhad Taghizadeh-Hesary, Associate Professor at School of Global
Studies & TOKAI Research Institute for Environment and Sustainability (TRIES), Tokai
University, Japan, and Vice-President of The International Society for Energy Transition
Studies (ISETS).
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Introduction

With the larger goals of sustainable development and environmental protection, advancing
renewable energy (RE) deployment is essential globally. The RE sector has grown in
importance within the modern energy landscape, driven by the need to mitigate climate change
and a shared resolve to rely less on conventional fossil fuels. Reducing financial risks that
naturally come with investments in RE, caused by the volatile nature of the sector and the
sizeable capital expenditures required by such projects, is essential to realizing this transition.

Environmental concerns and the search for sustainable energy sources have fuelled the
urgent need for a global transition from conventional energy sources to renewable ones (Ullah
etal., 2021)8, In response to these difficulties, creating credit guarantee programs has become
a tactical tool to support the growth of RE projects (Chang et al., 2019)%*. These programs are
essential in reducing the elevated risk-return ratios and significant capital costs connected to
green infrastructure. Credit guarantee programs serve as a financial safety net, shielding
project owners from potential financial responsibilities and facilitating the execution of RE
projects. However, to effectively implement them, one must have a sophisticated
understanding of several crucial factors.

First and foremost, defining the negative outcomes these plans can reduce is crucial.
Adverse events include a variety of potential difficulties, such as market volatility and natural
disasters (Tran et al., 2017)%. The active participation of governmental and financial
institutions and exploring novel financing strategies for RE projects is essential (He et al., 2019
& Smirnova et al., 2021)8687,

A review of the literature and the theoretical analysis in this report show that credit
guarantee programs are essential in spurring the growth of RE projects. These programs,
referred to as "de-risking guarantee schemes", are a crucial financial tool strategically created
to increase investor confidence, reduce risk, and create an environment favourable for
developing RE projects. De-risking guarantee schemes serve as a financial safety net,
protecting parties with vested interests in RE projects from market volatility and unpredictability.
This research design was influenced by the growing need to fully comprehend and navigate
the complex world of credit guarantee schemes as practical tools for advancing RE
development within the purview of the Asia-Pacific Economic Cooperation (APEC) region. The
study aims to provide a theoretical analysis to logically show the role of credit guarantee
schemes in filling the finance gap of RE projects, especially considering the optimal credit
guarantee ratio for RE loans.

APEC has taken on a significant role in formulating and implementing sustainable energy
policies to promote switching to RE sources in a globalized world. The idea to create an APEC-
wide de-risking guarantee scheme for RE has emerged in this context, and it calls for in-depth
theoretical and policy analysis. This report aims to clarify the complex rationale behind such
schemes by delving into their theoretical underpinnings and strategic imperatives. It also plots
a course toward realizing a functional pilot project, symbolic of the plan's potential advantages,
located in the thriving neighbourhoods of Metropolitan Manila, a renowned APEC city.

This in-depth study unfolds over the following pages, navigating the literature to identify
finance's crucial role in the energy transition (Section Il). The importance of credit guarantee
schemes in developing RE is discussed in detail, highlighting case studies supporting our
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position. Then, we provide the theoretical background to determine the optimal credit
guarantee ratio for RE loans (Section Ill). As this research journey's contours become apparent,
we move toward a synthesis of findings and policy recommendations (Section V) that
emphasizes the transformative potential of credit guarantee schemes, not just as financial
instruments but as visionary catalysts ready to accelerate the trajectory of RE development in
the APEC region and beyond. A new era in which the switch to sustainable energy sources
assumes a resonance far beyond the realm of purely theoretical consideration is being ushered
in thanks to the profound implications of our study, which resonate with stakeholders ranging
from governmental organizations and financial institutions to RE project developers.

Literature Review
a) Importance of Finance in the Energy Transition

Scholarly research and policy discussions now centre on finance's role in easing the switch
from conventional to RE resources. The multifaceted role that finances play in accelerating the
energy transition is critically examined in this literature review, which also clarifies the
significance of financial mechanisms and evaluates the opportunities and challenges
associated with financing RE projects.

The Crucial Role of Finance

This section focuses on finance's crucial role in moving the RE sector across multiple
dimensions. Pathania et al. (2014) provide evidence in their study that finance and financial
innovation are essential aspects of every energy transition®. First and foremost, finance, for
example, foreign direct investment and financial development, plays a central role as an
investment catalyst for RE projects and initiatives (Zhang et al., 2023)%°. In way to construct,
operate, and maintain the RE infrastructure, from solar installations to wind farms, financing is
essential to these projects. Such projects are difficult to implement without sufficient funding.
Second, the crucial role of finance in accelerating advancements in RE technologies is a crucial
component highlighted by researchers like Steffen et al. (2018)%°, Taghizadeh-Hesary and
Yoshino (2019)%, and Le et al. (2020)%2. Research and development expenditures must be
significant if novel solutions in RE are to be developed and commercialized. Finance motivates
these ground-breaking innovations, accelerating their development and putting downward
pressure on the overall costs related to RE production. By reducing their cost, RE sources
become more competitive and are positioned as viable alternatives to traditional energy
sources.

Additionally, researchers such as Smirnova et al. (2021)%, Kim et al. (2016)°, and Zhang
et al. (2023)°% have highlighted the fundamental relationship between finance and the
transformation of the renewable energy markets. The demand for RE sources is boosted by
monetary incentives, government subsidies, and right investment strategies, among other key
factors. These mechanisms have an extensive effect, promoting market expansion, fostering
competition, and significantly assisting in diversifying energy sources. They thus pave the way
for a vibrant and sustainable energy landscape that aligns with the demands of the modern
world.
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Challenges and Opportunities

The literature on RE financing deftly explains various challenges and corresponding
opportunities, illuminating the complexity of this changing environment. The inherent capital
intensity of RE projects is the main issue consistently identified across studies (Wang et al.,
2023) % . Significant upfront investment is needed to develop and deploy renewable
infrastructure, erecting a significant financial barrier that may deter potential investors. As a
result, there is a growing need to investigate creative financing options designed to lessen the
heavy financial burden project developers are bearing. Uncertainty in policy and regulations
also appears as a persistent issue affecting RE financing (Rubini et al., 2012 & Liu et al.,
2021)%°7, Consistent policies are inextricably linked to the stability and allure of the RE sector
to potential investors. Investment risks are created by uncertainty, including the possibility of
frequent policy changes, which can also impede the smooth inflow of capital into the industry.
Maintaining a transparent regulatory environment that inspires investor confidence becomes
crucial to supporting the sector's long-term growth. Moreover, the problem of accessing finance,
especially for innovative and small-scale renewable projects, emerges as a pervasive and
formidable challenge resonating across various academic inquiries (Smirnova et al., 2021)%,
Particularly in decentralized and community-driven initiatives that frequently struggle with
pronounced challenges in accessing conventional financing conduits, bridging the gap is
imperative. In order to achieve this, creative financial solutions and cooperative alliances are
actively being investigated to make the necessary access possible and promote a more diverse
participation in the RE sector. Additionally, the issue of access to financing, particularly for
small-scale and innovative renewable projects, emerges as a pervasive and formidable
challenge resonating across various academic studies (Smirnova et al., 2021; Butu et al.,
2021)%.

The rapid pace of technological advancements in the field of RE has caused a recent
increase in discussion of technological risks (Kempa et al., 2021)°, Allocating funds to
innovative technologies that have not been thoroughly tested involves potentially introducing
unforeseen difficulties and uncertainties. As a result, it is essential to ensure that financiers are
fully informed about the technological landscape and the associated risks to secure investment
and maintain the culture of ongoing innovation. This thorough examination of the difficulties
and possibilities posed by the financing environment for RE emphasizes the sector's dynamism.
It emphasizes the importance of developing flexible strategies, ground-breaking financing
options, and stroboscopic frameworks that can deftly navigate the complexities associated with
this multifaceted domain.

Opportunities in Financing Renewable Energy Projects

Many opportunities in RE financing beckon, encompassing various innovative aspects that
highlight the sector's dynamism. Within this landscape, financing innovation is a prominent
feature, as evidenced by the emergence of progressive financial means such as crowdfunding
platforms, peer-to-peer lending, and green bonds (Le et al., 2020 & Elie et al., 2021; Karim et
al., 2022; Taghizadeh-Hesary et al. 2023)11102103 These instruments have grown in popularity,
providing new opportunities for diversifying funding sources and democratizing investment
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opportunities. In addition to this surge of innovation, government policies and incentives have
a significant impact. They are a solid foundation for propelling RE investments forward. Tax
credits, feed-in tariffs, and renewable portfolio standards have emerged as pillars in this
domain (Liu et al., 2019 & Yang et al., 2019)'%41%5 These mechanisms reduce investment risks
and generate stable and predictable revenue streams, fostering an environment conducive to
long-term growth.

Furthermore, technological advancements in RE continue unabated, ushering in
transformative shifts (Chen et al., 2018)'%. These advancements, characterized by cost
savings and increased energy production efficiency, catalysed the sector's growth. They
increase the economic viability of renewable projects, making them more appealing to a
broader range of investors. Furthermore, RE investments have begun to assume a broader
mantle, economic resilience, beyond finance (Awerbuch et al., 2006 & Ven et al., 2017)107108,
In an era beset by climate change and energy security challenges, investments in renewables
demonstrate economic diversification and serve as a beacon of sustainability, gradually
reducing reliance on fossil fuels and enhancing energy security as well (Amin et al., 2022)%°

b) Role of Credit Guarantee in Renewable Energy Development

The critical role of credit guarantee mechanisms in RE development has gained prominence
in the discourse of sustainable energy transition. This literature review section critically
examines credit guarantee schemes' multifaceted role in underpinning and catalysing RE
ventures, providing a nuanced perspective on their significance, impact, and emerging trends.

Facilitating Renewable Energy Investment

Credit guarantees are steadfast guardians of RE investment, providing strong risk-
mitigation capabilities (Bedendo et al., 2013)°, Their importance in protecting lenders and
investors from potential defaults or unfavourable circumstances has been repeatedly
emphasized. These risk-reducing characteristics promote investor confidence, effectively
reducing perceived investment risks and facilitating a solid flow of capital into the industry.
Furthermore, as the market for RE develops, so does its reliance on investments from the
private sector. Credit guarantees are emerging as potent catalysts in an era where public
funding alone can no longer satisfy the capital requirements of RE projects (Wall et al., 2019)1%,
Through these mechanisms, private financiers are encouraged to participate in funding
initiatives actively, diversifying the sector's traditional reliance on government funding. Credit
guarantees also serve as an example of allocating scarce public resources effectively
(Zecchini et al., 2009)!2. Governments can increase their financial support by encouraging
private investment, which will help to build a large and durable RE infrastructure while reducing
the strain on public finances. Taghizadeh-Hesary and Yoshino (2019)'*2 introduced the green
credit guarantee scheme. Their theoretical study shows the establishment of green credit
guarantee schemes and returning a portion of the tax revenue generated initially from the
spillover effect of green energy supply to investors. It can reduce the risk of green finance and
increase the rate of return of green energy projects, respectively.
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Enabling Market Competitiveness

Credit guarantees are crucial in increasing competition in the RE market (Chang et al.,
2019)4 By reducing the alleged risks attached to them, these mechanisms help level the
playing field for RE. As a result, RE sources can compete more successfully with conventional
energy sources, which have historically been perceived as carrying fewer risks, encouraging
healthy competition. Furthermore, more energy diversification has been linked to creating
credit guarantee schemes (Baltuttis et al., 2020)*°. Credit guarantees increase energy security
and resilience by reducing reliance on fossil fuels and reducing exposure to geopolitical risks
associated with traditional energy sources. Credit guarantees have also been shown to help
foster technological innovation in RE. As a result of the assurance they offer, RE projects are
more appealing to investors, fostering an environment favourable to the creation and
application of cutting-edge solutions. In turn, these developments increase the sector's global
competitiveness.

Mitigating Barriers and Challenges

Credit guarantees are becoming increasingly valuable tools in the field of RE, capable of
overcoming market obstacles. These obstacles, ranging from high startup costs to
technological risks, frequently loom large and obstruct the development of RE projects. Credit
guarantees serve as a financial safety net that helps these projects get over early obstacles
and take off. Credit guarantees also promote inclusivity by democratizing access to capital,
especially for SMEs and community based RE projects (Boocock et al., 2005)1¢. These
projects frequently struggle to obtain conventional financing because of their size or perceived
risk. Credit guarantees fill this gap and guarantee diversity in the RE sector. Additionally, credit
guarantee schemes provide a degree of stability in environments characterized by policy and
regulatory uncertainty (Caselli et al., 2019)!'’. Knowing that their investments are supported
by financial security gives investors a sense of confidence. Furthermore, it has not gone
unnoticed that credit guarantees can be adjusted to novel financing strategies. These
mechanisms easily accommodate emerging paradigms like green bonds, impact investments,
and blockchain-based crowdfunding. This adaptability fits with the RE industries and investors'
aspirations for sustainability, ensuring that financing models remain responsive to the changing
environment.

c) Case Studies of Public and Private Credit Guarantee Schemes

This section embarks on a comprehensive analysis of specific case studies concerning
credit guarantee schemes within the RE sector. This review aims to shed light on the crucial
achievements and priceless lessons learned from these endeavours through a thorough
analysis of public and private credit guarantee mechanisms.

Analysing Specific Case Studies

Case studies of credit guarantee schemes shed light on their practical impact and efficacy
while offering priceless insights into their crucial role in attracting investments for RE projects.
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One notable instance is the Kreditanstalt fir Wiederaufbau Green Energy Program in Germany
(Hubert and Cochran, 2013)*8, This government-sponsored program has become a shining
example of how credit guarantees can significantly increase the financing for RE sources. The
program effectively reduces risks by guaranteeing lenders and encouraging financial
institutions to support RE initiatives. Such success tales demonstrate the critical role of public
credit guarantee programs in creating an environment conducive to investment in RE projects.

In the private sector, the case of the Solar Energy Insurance Company (SEIC) in the US
provides an illuminating example of the function of specialized insurance organizations in
enhancing investor confidence in the RE sector. The strategy used by SEIC, which entails
providing credit enhancement for solar projects, exemplifies the cutting-edge ways that private
credit guarantee mechanisms can improve the risk-reward profile of investments. In order to
create customized solutions to deal with the particular difficulties of financing RE, this case
study emphasizes the significance of private sector involvement and innovation.

Policymakers, financiers, and project developers can learn much from putting these case
studies into the larger context of financing RE. These actual instances show the viability and
efficiency of credit guarantee programs, both public and private, in releasing the enormous
potential of investments in RE. They, therefore, have a significant bearing on this paper's
investigation of the function of credit guarantees in reducing the risk associated with RE
projects and facilitating their transformation from concept to reality.

Highlighting Key Successes and Lessons Learned

Analysing case studies of credit guarantee programs reveals their successes while also
teaching important lessons that can influence policy and practice in the future for the RE
industry. These case studies highlight the many benefits of credit guarantee mechanisms,
especially regarding risk reduction and market confidence. Researchers and professionals
learn more about how credit guarantees can successfully reduce risks related to investments
in RE by examining these real-world examples. Furthermore, these cases highlight the value
of open risk assessment methodologies and the need for public and private sector cooperation
to inspire investor confidence. This important realization highlights the crucial function of credit
guarantees in promoting market stability, a necessary condition for luring sustainable
investments.

Another central theme of these case studies is the involvement of the private sector in
financing RE. Success stories like those of the Solar Energy Insurance Company (SEIC)
highlight private organizations' remarkable nimbleness and creativity in filling market gaps and
promoting investment. These case studies prove that market-driven solutions can significantly
benefit RE financing. Additionally, they stress the significance of regulatory frameworks that
foster the participation of the private sector. The lessons learned from these case studies are
invaluable for policymakers and financial institutions looking to effectively use private sector
expertise and resources to meet financing needs for RE.

The case studies also highlight how crucial it is to customize credit guarantee programs to
meet the needs of the RE industry. Public credit guarantee corporations, like KfW in Germany,
should aim to boost private investment in the financial market instead of crowding it out. For
instance, KW operates with just one office in Frankfurt, and rather than directly lending to RE
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projects, it provides guarantees or subsidized loans to private financial institutions. This
strategic approach encourages private sector involvement in RE initiatives while avoiding the
crowding-out effect that direct lending might create. By collaborating with private intermediaries,
KfW not only fosters RE growth but also maintains a vibrant and competitive financial market.
In doing so, KfW serves as a prime example of how public credit guarantee corporations can
facilitate and enhance financial market dynamics while promoting sustainable economic
development. (Taghizadeh-Hesary and Yoshino, 2020)*°

The KfW Green Energy Program in Germany has demonstrated that programs that align
with market conditions and economywide priorities are more likely to be successful. The ability
of credit guarantees to respond to the changing requirements of the RE landscape is made
possible by flexibility and adaptability in scheme design, which emerges as fundamental
success factors. These cases also offer important insights into governance frameworks that
can boost the efficiency of credit guarantee mechanisms and encourage sustainable
investment in RE sources. Additionally, while highlighting successes, these case studies
highlight instances where plans encountered difficulties or did not produce the desired results.
These failures teach stakeholders priceless lessons that help them improve credit guarantee
systems for future endeavours. Critically analysing these cases and drawing lessons from
them can help create credit guarantee programs for the RE industry that are more reliable and
resilient.

Theoretical Background

This section provides a theoretical approach inspired by Yoshino and Taghizadeh-Hesary
(2019)*?° and Taghizadeh-Hesary et al. (2022)'%! to consider the optimal credit guarantee ratio
for RE loans. Based on their study, the credit guarantee ratio depends on three factors: (i) the
financial soundness of the lender (bank), (ii) the economic climate, and (iii) the policies of the
state for supporting RE projects. Economically, sound lenders may access a higher guarantee
ratio, while a more appropriate economic climate and government policies may lower the
guarantee ratio. Adopting the same credit guarantee ratio for all banks will result in a moral
hazard and will not give enough motivation to the financial institutions to enhance their
soundness. To model the guarantee ratio, we can start with the policy objective function (Eq.

(1):
Y o0 o vt 1)

In Eq. (1), "Ydenotes the state objective function. Furthermore, (0 %) and (" ”°) are
two different state objectives: stabilizing the quantity of loans and setting the nonperforming
loans (NPL) ratio to the desired ratio. 0 and 0 represent the policy weights related to 0 and

In Eq. (1), the desired level of the loan (0*) equals p | O hwhere| shows the desired
growth rate of the loans received by REs and is determined by the state. Moreover, in this
equation, ”* denotes the desired level of the nonperforming loans ratio (NPL/L) and is obtained
by the equation”* p ®” ,where Gindicates changes in the desired NPL ratio. The RE
loan demand function can be written as Eq. (2):

0 a ai oW 2)
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Here, & shows the fixed RE demand for loans.1 and & represent the interest rate of the
loans (with the coefficient of &) and the expected GDP, respectively.

A bank can maximize its profit through equations 3 and 4:
Do 1 00 " @®ADDDHA&O 1 0O 6 080 (3)
Subjectto p "0 "0 O 0O 4)

In Eq. (3), 0 D R hand ®show the credit guarantee ratio, GDP, land price, stock
price index, money supply, and financial profile of the banks, respectively. Furthermore, i
Represents the interest rate for deposits, while O and 0 indicate deposits and the bank's
operational costs.

Considering Eq. (2), the interest rate on loans to Res can be written as Eq (5):
i —a akb 0 (5)

To calculate the equilibrium loan amount, the first-order condition (FOC) of Eq (5) should
be considered as Eq. (6):

— -0 —a ad 0 T DD i - m  (6)
Writing Eq. (6) for 0 shows the equilibrium loan amount for REs as Eq. (7):
b —— -6 " ®wHDDHa& | ” T @)

Next, the FOC of Eq. (5) with regards to the optimal credit guarantee ratio ("Q can be
obtained with Eq. (8):

— @ b ¥ O " "o
=0 O ¥ 0—O3— v " "' O— (8)

Eq. (3) expresses that the bank's profit is a function of several factors, including the default
risk ratio ("), and we need to obtain a model to capture the influencing factors on ” through

Eq. (9):
»oro@d & & & 9)

To expand the model in Eq. (9), we follow Yoshino and Taghizadeh-Hesary (2019)'?? and
Yoshino et al. (2019)!?3. Considering the studies mentioned above, Eqg. (9) can be expanded
as Eq. (10):

o e | Q| o0 [0 |0 | @ (10
Finally, we can rewrite the optimal credit guarantee ratio (Eq. (8)) with Eq. (10) as Eqg. (11):

QW= -0 i " —F = —& =0 —0 -0
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Eqg. (11) expresses that "Q(optimal credit guarantee ratio: the percentage of bank loans to
RE projects that need to be guaranteed by the credit guarantee scheme) is a function of several
factors, and we can simplify Eq. (11) to the Eqg. (12):

Qo | 0 | 0 N Y T ¢ I O B R
0 ] & | 0H & (12

As is clear from Eq. 13, the optimal credit guarantee ratio for supporting RE development
depends on several factors such as actual loans to RE projects, the desired loan level to RE
(government objective), the desired default risk ratio of loans to RE projects (government
objective), fixed demand for loan, deposit interest rate, expected GDP, the weight for stabilizing
the loans RE projects, the weight for reducing the nonperforming loan ratio, marginal increase
of nonperforming loans by increase of additional loans, price of Land, price of a stock, GDP,
money supply and the financial profile of banks. These need to be considered by policymakers
in order to have an efficient and financially sustainable credit guarantee scheme.

Conclusion and Policy Recommendations

Based on our sound theoretical analysis, we present a comprehensive summary of the
findings from our investigation into the optimal credit guarantee ratio for RE loans. Our
research has highlighted the intricate interplay between three key factors that affect the optimal
credit guarantee ratio. Lending institutions, especially banks, must first and foremost be in
good financial standing. Due to these institutions' solid financial profiles, they can access
higher credit guarantee ratios (for example, 80% or 90% of their loans to RE projects would be
guaranteed by the credit guarantee corporation), which enhances their capacity to manage the
risks associated with loan defaults expertly. Based on this model, banks with lower
creditworthiness would receive a lower guarantee ratio (for example, 50% or 60%).

Secondly, the state of the economy has a significant impact on the credit guarantee ratio.
This implies that the credit guarantee ratio is a dynamic variable. During an economic
recession, when most projects face challenges in securing financing, riskier projects like RE
would encounter even more significant difficulties. In such times, it becomes necessary to
increase the credit guarantee ratio. Conversely, the ratio should be gradually reduced when
the economy is experiencing growth and prosperity.

Thirdly, government policies designed to support the RE sector significantly impact how
risks associated with RE projects are perceived, affecting the credit guarantee ratio. Our
research shows how proactive policies, like feed-in tariffs, subsidies, or tax returns, can
significantly lower credit guarantee ratios and encourage financial institutions to fund RE
projects.

Our thorough analysis has produced several practical policy recommendations, each
supported by workable implementation strategies and each bearing the utmost significance for
advancing financing for RE:
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Dynamic Credit Guarantee Ratios: The proposal for dynamic credit guarantee ratios is
crucial in the context of financing for RE. We ensure credit guarantees remain responsive to
market changes by allowing these ratios to change in real time based on economic conditions
and lender health. This strategy not only protects against moral hazard but also encourages
lending discretion. This recommendation is significant because it has the potential to create a
stable and flexible financing environment for RE projects by striking a delicate balance between
risk-sharing between the public and private sectors.

Green bonds backed by Credit Guarantee: The promotion of green bonds as a means of
financing RE projects is extremely important. Taghizadeh-Hesary et al. (2021)?* proposed a
self-sustaining funding mechanism by issuing green bonds to RE projects and offering
government-backed credit enhancements. As a result, financing for RE projects is more
diverse and more aligned with sustainability objectives. It is an example of a shift toward
environmentally responsible and market-driven financing, reducing reliance on conventional
credit guarantees and promoting RE development.

Data-Driven Risk Assessment: Risk assessment is a crucial function of a credit guarantee
scheme, aimed at identifying high-risk projects and preventing their inclusion within the
guarantee program. Investing in data analytics and artificial intelligence tools is crucial for risk
assessment. Modern risk assessment is revolutionized by advanced predictive analytics,
which gives credit guarantee corporations a more precise way to evaluate credit risk. This
could lessen the need for excessively high credit guarantee ratios, improving financing
efficiency and reducing reliance on public funds. This policy suggestion emphasizes the
strategic value of using data-driven insights to guide decision-making in RE financing,
enhancing sector performance overall.

Sustainability-Linked Lending and Guarantee: An innovative and effective strategy
involves adopting sustainability-linked lending practices, where interest rates are tied to the
sustainability achievements of RE projects. This approach transforms responsible lending into
a tangible reality by aligning borrower incentives with environmental objectives. It motivates
borrowers to pursue sustainability goals while simultaneously reducing default risks. This
recommendation underscores the importance of integrating environmental considerations into
lending processes to catalyse a positive shift in the financial sector's perspective on renewable
energy. Additionally, guarantee corporations must also evaluate the sustainability of these
projects to prevent greenwashing.

Green Finance Certification: Sustainability efforts are recognized and rewarded by
creating a certification program for financial institutions actively supporting RE projects.
Certified institutions can benefit from cost-effective funding options and preferential treatment
in credit guarantee programs. This suggestion acknowledges the crucial role that financial
institutions have played in advancing the goals of RE. More institutions are encouraged to
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participate actively in sustainable finance, which increases their contributions to the RE
industry.

Regulatory Sandboxes: A controlled environment is created by creating regulatory
sandboxes to test and improve novel financial products and credit guarantee systems explicitly
made for RE. This suggestion encourages experimentation and a culture of innovation without
the restrictions of conventional regulations. It promotes the creation of innovative solutions that
can advance the industry by encouraging creative thinking and flexible methods of financing
RE.

It is essential to recognize the limitations of this research even though our theoretical
analysis and policy recommendations provide useful insights into improving credit guarantee
mechanisms for RE projects. First off, while our theoretical framework is comprehensive, it
may need to be empirically validated to determine its applicability and effectiveness in the real
world. Due to the complexity of financial markets and the numerous variables affecting credit
guarantee ratios, empirical studies that consider regional differences and market dynamics are
warranted. Second, the suggested policy recommendations aim to offer a comprehensive
method of financing RE. However, there may be practical difficulties in implementing these
suggestions, such as political and regulatory obstacles, resource limitations, and varying
readiness levels. Thirdly, while the transition to RE has many facets, our analysis primarily
concentrates on financial and policy issues. To ensure a thorough understanding of the
implications of these policy recommendations, future research should examine the broader
socio-economic and environmental impacts of these recommendations. Last but not least, the
landscape of the RE industry is constantly changing due to technological developments,
market trends, and policy changes. Despite being thorough, our research only captures a
moment in time. Therefore, policies and strategies must be continuously monitored and
adjusted to stay in line with the constantly shifting dynamics of RE financing. Despite these
drawbacks, our research offers a valuable starting point for further investigation and
improvement of financing strategies for RE within the APEC region. Future research projects
can build on these insights to address the changing opportunities and challenges in this
important area.
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2.1.3. Demand Side Conditions of a Credit Risk Guarantee 1 The Case of the
Philippines

Authored by Shiela Gail Satura-Quingco, Metro Manila Development Authority

Introduction

Credit Risk Guarantees serve to improve the competitiveness of comparatively new
renewable energy technologies that are perceived to be risky or expensive by the market and
therefore need an appropriate public instrument for levelling the playing field of
competitiveness (see preceding section).
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Competitiveness of renewable electricity should be established with respect to coal fired
electricity, which has been the cheapest electricity source in the past decades.

The Philippines has, however, decided to suspend new coal fired power after an issuance
of a Coal Moratorium Advisory in December 2022. The AmBisyon Natin 2040 vision for 2020
T 2040, and the corresponding energy strategy provides replacing coal with imported LNG.
Even though the long-term energy scenario is at present under revision, the role of imported
LNG is nonetheless expected to become more important than today. In future, the main
competitor of renewable electricity could be imported LNG. In this context, the role of the Credit
Risk Guarantee, combined with other appropriate instruments like international tendering of
renewables, power purchase agreements, feed-in tariffs, guarantees of origin for renewable
electricity, green bonds, is to provide sufficiently strong incentives to the development of
renewable electricity as a locally produced alternative to imported LNG. Locally produced
electricity has multiple advantages over imported LNG: Improve energy security, improve
foreign currency reserves, increase the number of domestically created jobs, and of course
diminish the CO2 emissions, to mention but a few.

In the Philippines, the credit risk guarantee as well as feed-in tariffs are available for large
electricity consumers; these consumers are free to choose their supplier. However, the credit
risk guarantee as well as feed-in tariffs are not yet available for households who represent the
largest electricity consuming category, making up around a third of total electricity consumption
and are locked in a captive market without possibility to choose their supplier.

Global electricity consumption is expected to grow steadily until 2040, with the Asia-Pacific
region gaining in share and Southeast Asia contributing significantly (Figure below)!?®,

Their increase in generation capacity is largely dependent on coal generation'?®, Among
the fast-growing economies, the Philippines shows a stable growth rate (Figure below), being
average in Southeast Asia.
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The electricity sector in the Philippines provides electricity through power generation,
transmission, and distribution to many parts of the Philippines. The Philippines is divided into
three electrical grids'?8, one each for its three islands namely Luzon, the Visayas and Mindanao.
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As per the Department of Energyds Power Demand
of 99,765 GWh was produced where 52% came from coal, 23% from renewable sources
(mostly geothermal and hydro), and the remaining from natural gas.

In April 2022, the Philippines had 95.21% Household Electrification Rate, based on the
latest status of energization provided by the National Electrification Administration (NEA) for
the electric cooperatives (ECs), Local Government Unit-Owned Utilities (LGUOUs) and
Private-Investor-Owned Utilities (PIOUs) as of December 2021. Said level corresponds to
25.017 million energized households (HHs) out of 22.98 million identified and targeted
household population based on the 2015 Census of the Philippine Statistics Authority (PSA)'%.

Power Situation
Total Gross Power Generation3®

In 2020, the Philippines' gross power generation amounted to 101,756GWh, indicating a 4%
(106,041GWh) decrease from the previous year. Meanwhile, electricity production in the
economy reached 111,516GWh in December 2022, as compared with 106,115GWh in the
previous year.

B Coal [ Ci-Basod [ Natural Gas [l Renewable Energy

80,000 +—

Figdaime Power Generation by Source in GWh, I n
Source: DOE, KeyBEnergy Statistics

Electricity in the Philippines is produced from various sources such as coal, oil, natural gas,
biomass, hydroelectric, solar, wind, and geothermal sources. According to data from the DOE
Power Statistics, the allocation of electricity production can be seen in the Figure above.

Total Installed Generating Capacity

In 2020, the total installed capacity in the Philippines was 26,286MW, which is 2.8%
increase from last year's 25,531MW. Of which, 11,103MW was on the Luzon Grid, while
2,202MW was on the Visayas and 1,978MW on the Mindanao®®?.
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Grid installed capacity in 2021 grew by 2.4% up by 632MW (26,882MW) from the previous
yeart®,

In 2022, the Philippines had a total installed capacity of around 28.3 thousand megawatts,
with over 12 thousand megawatts coming from coal-powered power plants, 3.83 thousand
megawatts on oil-based and 3.73 thousand megawatts on natural gas. On the other hand,
power facilities running on renewable energy had a total installed capacity of around 8.26
thousand megawatts. Among these renewable energies, hydropower is the largest renewable
energy source with a capacity of 3.74 thousand megawatts, followed by geothermal
(1,952MW), and solar (1,530MW).

Peak Demand

In 2020, the Philippines' total non-coincidental peak demand reached 15,282MW, which is
299MW or -1.9% lower than the peak demand in 2019 (15,581MW)***. Among the three major
grids of the economy, Luzon Grid has the lowest difference in peak demand which is 241 or -
2.1 lower than last year. Meanwhile, Visayas and Mindanao have only 23MW and 36 MW peak
demand difference lower than in 2019.

This decline in demand can be greatly attributed to the effect of COVID-19 pandemic, which
put the economy under different levels of community quarantine beginning 15 March 20201,

The declaration of community quarantine caused huge economic losses in a number of
businesses and commercial establishments, resulting in an evident slowdown in the operations
of the commercial and industrial sectors. Additionally, the travel restrictions put in place by the
Government of the Philippines across the entire economy limited the movement of the people
which further hindered the otherwise expected demand growth.

Peak demand slightly rebound in 2021 with 16,036MW or a 4.9% increase from last year.
All-time peak demand on Luzon was recorded at 11,640MW, in Visayas was 2,252MW and on
Mindanao was 2,144MW.

This increase in demand is the result of the ease of community quarantine restrictions

compared to 2020 which allowed more public

operate at limited capacities, provided that all workers or employees are fully vaccinated
against COVID-19 and the establishments strictly maintain minimum public health standards.

In 2022, peak demand records of the entire economy is at 16,596 megawatts, The island of
Luzon recorded the highest peak demand in the Philippines at 12,113 megawatts. Meanwhile,
the island of Visayas accounted for a peak power demand of 2,316 megawatts, while Mindanao
had a total peak power demand of 2,167 megawatts.

Electricity Sales and Consumption

The total electricity sales and consumption grew by 6.3%, with an absolute level of
106,041GWh by the end of 2019 from 99,765GWh of the previous year. As the rate of inflation
slowed down to an average of 2.5% in 2019 from a noticeably higher rate of 5.2% in 2018, the
economy as expected experienced a boost in electricity consumption.
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The sector with the largest consumption remains the residential (38.68%), followed by the
industrial (31.58%) and the commercial (21.79%) sectors.
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Electricity consumption of the economy in 2020 was recorded at 101,755,720 megawatt-
hours which is -4.04% decrease from last year. On average, the electricity consumption in the
Philippines reached around 897 kilowatt-hours in 2020, a slight decrease from the average

consumption in the previous year®’.

The total electricity consumption in the Philippines amounted to 106,114,713 megawatt-
hour in 2021, indicating a 4.28% increase from the previous year. Residential sector or the
household sector, was the largest electricity-consuming sector, with a total consumption of
around 34.98 million megawatt-hour. This was followed by the industrial sector, with about 28
million megawatts-hour of electricity consumed?3,

In 2022, the Philippines Electricity Consumption data was reported at 11,516,000
megawatts-hour. This records an increase from the previous number of 106,115,000

megawatts-hour for 2021%3°,
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Total primary energy supply (TPES) for 2021 reached 59.2MTOE compared to its previous
level of 56.6MTOE, an uptick of 4.7 percent although slower compared to the 7.8 percent
escalation in energy demand. Total net imported energy grew faster by 7.6 percent to
28.9MTOE vis-a-vis the sluggish 2.1 percent growth in indigenous energy as its aggregate
levels reached 30.3MTOE. With this, energy self-sufficiency fell by 1.31 percentage points from
52.5 percent in 2020 to 51.1 percent in 2021 (Figure above)!*.,
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The economy's primary energy mix is comprised of indigenous and imported energy
sources, such as coal, natural gas, and renewable sources!*3,
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Coal remained as the economyds top edRESdAly sourc
aggregate supply level climbed by 7.8 percent to 18.9MTOE buoyed by the upswing in local
production and net importation for power generation. Total oil supply comes next with a 29.8
percent share at 17.7MTOE level for a 7.9 percent expansion year-on-year that was sustained
by robust net importation despite dismal indi gen
percent (2.8MTOE), total fossil fuels accounted for two-thirds (66.5 percent) of the energy mix
for 2021. Aggregate renewable energy completed the remaining 33.5 percent share of the mix,
as its supply grew by 2.9 percent to reach 19.9MTOE during the year.

The self-sufficiency rate of energy also reflects the availability of energy sources of the
economy. In 2021, indi genous energy accounts fo
energy supply®®. The rest of the share comes from imported energy, with 29.1% oil, 19.4%
coal, and 0.3% biofuels!“®. The fact that approximately half of the total energy supply depends
on external sources poses a potential risk for energy availability.

Energy Security in the Philippines

Total Final Energy Consumption, 2019-2021 in MTOE
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The economy's total final energy consumption (TFEC) in 2019 went up by 1.6 percent to
36.3 million tons of oil equivalent (MTOE) from its year-ago level of 35.7MTOE!*8,

The year 2021 marked the gradual easing of community quarantines, and the revival of
major economic activities, and the resumption of major transportation routes across the
economy. These developments pushed the eBECpnomyads
to increase by 7.8 percent to 35.1 million tons of oil equivalent (MTOE) from its year-ago level
of 32.6MTOE. 31.3 % of it comes from the transport sector followed by the household sector,
industry and services with 29.0 and 6.8 and 4.8% shares respectively.

Under the Reference Scenario, the total final energy consumption of the Philippines is
expected to increase at an average rate of 4.8 percent annually, from its 2018 level of 34.3
million tons of oil equivalent (MTOE) to 96.7MTOE in 2040 (Figure 20)*°. However, since the
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current growth rate of installed generation capacity from 21,423MW in 2016 to 62,300MW

in2040*'i s sl ower than that of electricity consumpt.i

margin will be difficult to achieve.

Average Electricity Rate

I n terms of electricity pricing for the retail
40"El ectric Power Industry Reform Act (EPI RA) | mp:

average electricity rate was around PHP8.13/kWh, PHP0.07 centavos lower compared with
September 2020 level economywide average systems rate!®2,

The Manila Electric Company or Meralco had an overall average retail electricity rate of
PHP 8.24 per kWh in 2021 which is 3.5% increase from PHP7.96 per kWh in 2020.

In 2022, Meralco had an average retail electricity rate of PHP9.52 kWh, reflecting an
increase from the previous year, amidst increase of pass-through charges brought about by
higher global fuel price, spot market price, and peso depreciation?>3. Meralco is the largest
private distribution utility company in the Philippines that distributes power in Metro Manila,
and its adjacent provinces. It mainly covers 38 cities and 73 municipalities and its franchise
area of over 9,685km? is just 3% of the total land area of the Philippines, but accounts for 55%
of the economyébés electricity output.

I n December 2021, the economy6s 4P9.é2/kWihy er
PHP0.69/kWh higher compared with the September 2021 central average system rate. In
terms of major grids based on the three major island groups in the Philippines, the Luzon grid
rate is PHP9.25/kWh, which is PHP0.61/kWh higher than last September 2021. Meanwhile,
the Visayas grid rate has increased by PHP0.34/kWh, rising from PHP8.44/kWh in September
2021 to PHP8.78/kWh in December 2021. Lastly, the Mindanao grid rate has increased by
PHP0.90/kWh from PHP9.37/kWh to PHP10.28/kWh?>4,
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On the other hand, the Electric Cooperatives®o

PHP10.45/kWh, higher by PHP0.55/kWh from September 2021. The rates in the Luzon and
Mindanao grids have increased by PHPO0.73/kwh and PHP1.26/kWh, respectively. The
Visayas grid, on the other hand, has dropped by PHP0.83/kWh?%6,

14
12
10

Php/kWh

O N B O

} Luzon Visayas Mindanao | Philippines
m Sep. 2021 ‘ 9.39 } 10.58 } 10.29 9.9

'mDec.2021| 1012 | 975 | 1155 10.45

Figedhde El ectric Cooperativesd Average

Syst el

Source: NEA and Monthly Operations Report ¢

The central average systems rates of Private Distribution Utilities (PDUs) and Ecozones
posted an overall decrease by PHPO0.52/kWh from PHP7.64/kWh in December 2020 to
PHP7.12/kWh in March 2021. Luzon, Visayas and Mindanao grids posted a decrease in rate
by PHPO0.16/kWh, PHP1.37/kWh and PHP0.03/kWh, respectively®,

The year-on-year Load-Weighted Average Price (LWAP) increased and posted a significant
change by an average of 47.1 percent, from PHP5,266/MWh (USD96.62)%° in 2021 to
PHP7,746/MWh (USD142.13)¢° in 2022.

The drastic increase was driven by, among others, the high level of capacities on the outage
of the plants, congestions resulting from transmission line outages, and the changes in the
offered behaviour of the trading participants considering various notable events (i.e.,
Indonesian Coal Ban etc.) which subsequently affected the resulting market prices. Impositions
of market interventions likewise contributed to the increase in the price outcome?6?,

The uptrend in LWAP, as shown in Figure above, was also shaped by the increased
demand level that caused the decreased supply margin.

The increase in ramp-limited capacities likewise contributed to this reduced supply in the
grid. Ramping limitation arises when generator power output is restricted from delivering its

maxi mum offered capacity due to t bnettedpby thet sé6 i n

generators, and the merit ordering despite having sufficient available capacity offered in the
market. This is particularly true when large generating plants with slower ramp rates and
relatively cheaper offer prices are unable to quickly generate power to meet the sudden change
in demand?®2.
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As a result, slow-ramping generators can only be scheduled based on their offered ramp
rate, capacities, and suggested prices. To accommodate the demand requirement, the next
more expensive offer block that can respond to the demand will be scheduled to accommodate
the demand requirement.

== Monthly LWAP -o-Supply Margin -e-Average Ramp Limited Capacity
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Average prices per season posted higher level of average LWAP experiencing notable
changes come the 2022 hilling period:

Season Average LWAP | 2021 Exchanggq Average LWAP | 2021 Exchangg %
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2021 Rate 2022 Rate Change
1UD= 1UD=
PHP49.28 PHP49.28
Cool Dry | PHP2,395/MWh 48.60/MWh PHP6,451/MW 130.90/MW 169%
Hot Dry PHP5,585/MWh | 113.33/MWh PHP6,703/MW 136.01/MW 20%
Rainy PHP5,376/MWh | 109.09/MWh PHP8,810/MWh 178.77/IMW 64%

Table 5: Average LWAP 2021 and 2022, MWh

Source: Annual Market Assessment Report, PEMC, 2022165

The trend of the price is the inverse trend of the average supply margin as depicted in the

table below:
Season Average Supply Average Supply % Change
Margin 2021 .
Margin 2022
Cool Dry 2,415MW 550MW (77%)
Hot Dry 1,503MW 609MW (61%)
Rainy 462MW 452MW (2.2%)

Table 6: Trend of price in 2021 and 2022, MWh

Energy Per Capita

Source: Annual Market Assessment Report, PEMC, 2022166

Energy per capita values likewise improved during the second year of the pandemic as
restrictions were lifted and the movement of people and goods increased. The amount of
energy per person went up by 4.0 percent, which translated to 0.54TOE in 2021 from 0.52TOE

in 2020.

Likewise, electricity and oil per capita picked up by 3.2 percent and 7.7 percent, respectively

during the year®’.
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Energy Sector Market Reform and Restructuring®®

The Philippines &lectric power industry is a result of several reforms from the shared
responsibility of public and private entities to the monopoly established by the State to the
market-based system operating at present.

Operations and maintenance of the Philippines @ower grid and its associated assets and
facilities were initially operated and maintained by the Philippine central authorities through
National Power Corporation (NAPOCOR/NPC) and National Transmission Corporation
(TransCo) from 3 November 1936 to 15 January 2009 for 72 years and two months.

Since 15 January 2009, operations and maintenance of the grid have been in the private
sector, where it is being operated and maintained by the National Grid Corporation of the
Philippines (NGCP). Ownership of the grid, however, has been with the central authorities
since NAPOCOR's creation in 1936, whereas TransCo currently owns it since 1 March 2003.

Overview of the Main Stakeholders in the Energy Sector in the Philippines

19361 2009: Power Grid Operations and Maintenance under the Government of the
Philippines

9 NAPOCOR/NPC: 3 November 1936 to 1 March 2003

From 3 November 1936 to 1 March 2003, central authorities-owned National Power
Corporation (NAPOCOR/NPC) owned, operated, and maintained the transmission grid and its
related assets and facilities.

9 Republic Act 9136 or EPIRA: 2001

A power crisis plagued the economy in the 1992 prompting the central authorities to enact
Republic Act No. 7468 or the Electric Power Crisis Act of 1993 (Power Crisis Act). With NPC
owing approximately USD16.39 billion to creditors by 2001, the energy sector, as structured,
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was no longer sustainable. An overhaul of the electric power industry sector was engineered,
sparked by the passage of Republic Act No. 9136 or the Electric Power Industry Reform Act
of 2001 (EPIRA)on8June 2001. EPI RA is the foundat
market-based energy system.

Due to the implementation of EPIRA or Republic Act 9136 one year and nine months earlier
on 8 June 2001, which was signed by then President Gloria Macapagal Arroyo,
NAPOCOR/NPC took over the operations, maintenance, and ownership of the power grid to
another central authorities-owned corporation National Transmission Corporation (TransCo)
on 1 March 2003.

o National Transmission Corporation (TransCo): 1 March 2003 to 15 January 2009

TransCo operated and maintained the grid from 1 March 2003 to 15 January 2009, and also
serves as the grid's owner since March 2003, and responsible for making sure that NGCP
complies with the standards set by its concession agreement with NGCP, congressional
franchise, and other relevant laws.

20091 present: Power grid operations and maintenance under private sector

2 National Grid Corporation of the Philippines (NGCP): 15 January 2009 to 1 December
2058.

Through the implementation of Republic Act 9511 and a congressional franchise of 25 years
renewable for another 25 years for a total of 50 years, TransCo turned over the operations and
maintenance of the power grid to the privately-owned National Grid Corporation of the
Philippines (NGCP) on 15 January 2009, with the latter operated and maintained the grid since
the said date of January 2009, transferring the grid's operation and maintenance from central
authorities to a private sector. Assuming it secures a renewal, NGCP's franchise will end on 1
December 2058.

Power generation in the Philippines is not considered as a public utility operation, which
means interested parties do not need to secure a congressional franchise to operate a power
generation company. However, power generation is regulated by the Energy Regulatory
Commission (ERC)® who must issue a certificate of compliance to interested parties to
ensure that the standards set forth in the EPIRA are followed. Under Section 43 of the EPIRA,
the ERC is tasked to promote competition, encourage market development, ensure customer
choice and penalize abuse of market power in the electricity industry. Section 38. Creation of
the Energy Regulatory Commission - There is hereby created an independent, quasi-judicial
regulatory body to be named the Energy Regulatory Commission (ERC). For this purpose, the
existing Energy Regulatory Board (ERB) created under Executive Order No. 172, as amended,
is hereby abolished.

The Philippines has had a fully functioning electricity market since 2006 called the Philippine

Wholesale Electricity Spot Market (WESM) and is operated by an independent market operator.

2001

o9 Philippine Wholesale Electricity Spot Market (WESM)
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The WESM is a centralized venue for buyers and sellers to trade electricity as a commodity
where prices are determined based on actual use (demand) and availability (supply). It was
created pursuant to Republic Act 9136, also known as the Electric Power Industry Reform Act
(EPIRA) of 2001. The WESM began commercial operations in Luzon in June 2006 and in the
Visayas in December 2010.

0  Philippine Electricity Market Corporation (PEMC)

In November 2003, the PEMC was incorporated as a non-stock, non-profit corporation upon
the initiative of the Department of Energy (DOE) with representatives from the various sectors
of the electric power industry. The PEMC served as the autonomous group market operator
and governing body of the Philippine Wholesale Electricity Spot Market (WESM) for over ten
(10) years.

As provided in the Electric Power Industry Reform Act (EPIRA), PEMC transferred the
operations of the WESM to the Independent Electricity Market Operator of the Philippines
(IEMOP) on 26 September 2018 upon the endorsement of the DOE and the electric power
industry market participants. The Independent Electricity Market Operator of the Philippines
(IEMOP) is a non-stock, non-profit corporation established in May 2018 that serves as the
Independent Market Operator of the Wholesale Electricity Spot Market (WESM) and the
Central Registration Body (CRB) for the retail electricity market. It is headed by a professional
Board of Directors whose members are independent of government and of the market
participants.

PEMC continues to govern the WESM, primarily through the PEM Board of Directors and
the WESM Governance Committees. PEMC's role is to remain steadfast and proactive in its
mission to ensure that there is POWER, EFFICIENCY, MARKET, and COMPETITION in the
energy industry through the effective and efficient governance of the WESM.
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9 Independent Electricity Market Operator of the Philippines (IEMOP)

The Independent Electricity Market Operator of the Philippines, Inc. (IEMOP) is a private,
non-stock, non-profit corporation that functions as the market operator of the Wholesale
Electricity Spot Market (WESM). It assumed WESM operations in September 2018. IEMOP's
board of directors is composed of individuals independent from the power industry
stakeholders and the central authorities as mandated by the Electric Power Industry Reform
Act (EPIRA).

IEMOP facilitates the fulfilment of one of EPIRA's main goals i competition at the retail level.
The reforms instituted in Republic Act No. 9136 culminate in Retail Competition and Open
Access (RCOA). RCOA grants electricity end-users, starting with those having demands of
1MW or higher, the power of choice of electricity supplier. With such power of choice, they can
contract with retail electricity suppliers (RES) rather than be supplied by distribution utilities as
part of the captive market. With more and more retail electricity suppliers signifying interest in
serving these contestable customers and as the contestability threshold is further lowered from
1MW to 750kW, at which level aggregation will already be allowed, and thereafter further
lowered to 500kW, robust competition will be sustained and enhanced, both at the retail and
wholesale levels!’2.

IEMOP, as the Central Registration Body for RCOA, is determined to cater to the needs of
the ever-expanding retail market. It is committed also to pursue and support all initiatives to
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further refine the existing retail market rules and processes as part of its mandate to promote
further transparency, efficiency, and competition in the WESM*"3,

0 Department of Energy (DOE)

The DOE is the executive department of the Philippines 6éentral authorities responsible for
preparing, integrating, manipulating, organizing, coordinating, supervising, and controlling all
plans, programs, projects and activities of the central authorities relative to energy exploration,
development, utilization, distribution and conservation'”4.

The department was vested with additional powers and functions under the following
policies:

1. Republic Act No. (RA) 8479 or the "Downstream Oil Deregulation Act of 1997"17° |
2. Republic Act No. (RA) 9136 or the "Electric Power Industry Reform Act of 2001"176 ,

3. Republic Act No. (RA) 9367 or "Biofuels Act of 2006", RA 9513 or "Renewable Energy
Act of 2008, RA 11234 or "Energy Virtual One Stop Shop Act", RA 11285 or "Energy Efficiency
and Conservation Act""”,

4. Republic Act No. (RA) 11592 or "LPG Industry Regulation Act", RA 11646 or "Microgrid
Systems Act"*’® | and

5. Republic Act No. (RA) 11697 or "EIl¥ctric Vehi
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Distribution and Retail

The distribution sector in the Philippines is served by regulated distribution utilities which
encompass private investor-owned utilities, electric cooperatives, and Ecozone utility
enterprises. Distribution utilities directly connect and bill consumers and purchase wholesale
electricity through bilateral contracts or from the spot market.

Since the introduction of retail competition and open access in December 2012, these
distribution utilities have been complemented by unregulated retailers classified as retail
electricity suppliers and local retail electricity suppliers.

Mini Grid Sector Development

In the Philippines, rural electrification by extending the existing electricity grid to remote
areas is often not viable, leaving microgrids, especially those using renewable energy sources,
as an ideal solution.

In the 2021 status report on the implementation of the EPIRA of 2001, the Department of
Energy (DOE) said there were 1.62 million households still without access to electricity.

Of the number of households that still have no electricity, 1.55 million reside within the
franchise areas of electric cooperatives.

With a total of 13.63 million households connected to distribution networks, electric
cooperatives are serving only 89 percent of the 14.3 million households within their business
areas.

To accelerate total electrification in areas with no electricity access, the Philippine Senate
Committee on Energy filed the Microgrid Systems Act in 2019. The Act further aims to provide
reliable electric services to every household in the economy. It will mandate the Department
of Energy to annually release the list of unserved and underserved areas for prospective
accredited Microgrid Service Providers!®!,

Status of Renewable Energy in Asia and the Philippines

The Philippines is home to abundant solar, wind, and other renewable energy resources,
and indicated several potential wind and solar generation sites and their capacities based in
the USAID 2018 Report!®2

The current penetration rate of renewable sources (excluding hydroelectric) is
approximately 15% (Figure 5). As the share of hy
renewable share is still 25%. For further increases in renewable resources, more wind
generation and solar PV need to be introduced, because the potential of other resources (e.g.,
geothermal or hydroelectric) is limited.
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The central authorities of the Philippines set out the Republic Act 9513 or the Renewable
Energy Act of 2008, the first comprehensive legislation on renewable energy in Southeast Asia.
It aims to further accelerate the devel opment of
which include hydropower (which we have been using since the 1950s), geothermal, wind,
solar, and biomass.

One of the main objectives of the act is to achieve energy self-reliance, mitigate climate
change, and promote socio-economic development in rural areas®?,

Said policy also allowed the DOE to |l ay the g
renewable and locally produced energy. Enabling policies and regulatory framework have
been institutionalized to further mobilize and accelerate its deployment. Ambitious goals for
scaling up RE capacities have been outlined through the National Renewable Energy Program
(NREP) to intensify REOGOs contribution to the eco

Corresponding rules and guidelines have been formulated to facilitate the implementation
of all RE policy mechanisms*.
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Green Energy Auction Program (GEAP)

As the government takes the gradual shift from fossil to cleaner and more sustainable
energy technologies, one significant milestone is the issuance of the Green Energy Auction
Program (GEAP) on 14 July 2020 that sets the framework for the facilitation of immediate and
timely investment for new and additional Renewable Energy (RE) capacities. This will ensure
that there will be adequate supply under a competitive process.

The GEAP provided additional market options by auctioning RE capacities from qualified
RE suppliers and promoted a competitive setting of RE supply in the economy. As a further
improvement, the DOE issued Department Circular (DC) 2021-11-0036 on 3 November 2021
on the revised Guidelines for the GEAP in the Philippines. This established the implementation
framework for GEAP and provided clarity on the roles of implementing agencies/entities'®’.

The policy has two components: a) the Green Energy Tariff (GET) which provides price
signals on the commercial value of electricity generated from RE facilities that resulted from a
competitive process and set the benchmark price for Distribution Utilities (DUs) under the Opt-
in Mechanism, and b) the Green Energy Auction (GEA) which facilitates the determination of
RE facilities that are eligible under the GEAP. The GEA shall be administered by the DOE
through the Green Energy Auction Committee (GEAC)*%8 .

On 9 February 2022, the Notice of Auction (NOA) for the 1st round of GEA for RE was
published with a total RE capacity of 2,000 Megawatts (MW) from hydro, biomass, solar and
wind. Of the total, 1,400MW will be auctioned in Luzon, 400MW in the Visayas, and 200MW in
Mindanao?®®.
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The issuance of the Renewable Energy Market (REM) Rules establishes the market for the
trading of RE Certificates (RECs). It also prescribes the required processes for the orderly
implementation of the Renewable Portfolio Standard (RPS) Rules for both on- and off-grid
areas!®,

The Guidelines for the Operationalization of Renewable Energy Trust Fund (RETF) in 2018
effected the issuance of Special Order (SO) 2019-01-0003 on 11 January 2020 and created a
committee for the administration of the RETF.

The implementation of the market-based policy on Renewable Portfolio Standards (RPS)
for On- and Off-Grid requires load-serving entities to source an agreed portion of their supply

from eligible RE facilities. It expects to achieve a 35% RE shareintheeconomy 6 s t ot al

generation by 2030. The realization of the Green Energy Option Program (GEOP) provides
end-users the option to choose renewable resources as their energy source.

On 22 April 2020, the rules and procedures in the issuance, administration, and revocation
of GEOP Operating Permits of RE suppliers were issued.

The Net-Metering Program (NMP) allows end-users to install up to 100 kilowatts (kW) of RE
systems to reduce their electricity bills and sell the surplus to the grid. The amended net-

P C

metering rules issued on 22 October 2020 encouraged electricity end-u s er sd parti ci p

through enhanced policies and commercial arrangements.

Another milestone in RE resource development is the issuance of DC2020-11-0024 on 20
October 2020, governing the conduct of the 3rd Open and Competitive Selection Process
(OCSP) in awarding RE Service Contracts (RESCs).

The DOE also issued policies that rationalize bureaucratic processes and regulatory
procedures affecting the timely implementation of RE projects and thus attracting more
significant private investments in RE®! .

9 The Omnibus Guidelines Governing the Awarding and Administration of RE Contracts
and the Registration of RE Developersl3 enabled the non-issuance of RE contracts for
projects intended for own-use and/or for non-commercial uses provided they comply with the
registration requirements as stipulated in the circular.

0  The Guidelines on the Duty-Free Importation issued on 13 February 2020 governs the
processing and approval of applications for Certificate of Endorsement (COE) on duty-free
importation of machinery, equipment, materials, and spare parts used for RE operations. This
includes the application of COE involving temporary exportation, sale, transfer, assignment,
donation, or other modes of disposition of originally imported capital equipment/machinery like
spare parts.

Instituting the necessary RE policies and support mechanisms coupled with unwavering
collaboration with the private sector have secured favourable investments for RE development.
From 2016 to 2021, a total of 64415 RESCs were awarded with an aggregate potential capacity
of 38.4GW. The realization of these projects created a total investment of PHP165.6 billion
offering employment opportunities to 189,023 Filipinos.

During the same period, a total of 1,809.7MW has been installed, providing additional
capacities to the economyds energy system.
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with 1,221.7MW, 398.1MW from biomass, 151.4MW from hydro, 22.5MW from geothermal
and 16.0MW from wind projects?®2,

Renewable Energy Roadmap 2020-2040

I n response t o t htermgision efrAmBisyam Natis 2040 avhiady expects
that Filipinos will have a strongly rooted, comfortable and secure life by 2040, the DOE
formulated the Philippine Energy Plan (PEP) 2020-2040 that embodies a clear set of objectives,
namely!®:

a. Increase the production of clean and indigenous sources of energy to meet the growing
economic development of the economy;

b. Decrease the wasteful utilization of energy through the use of energy efficiency tools
and strategies; and

c. Ensure the balance between the provision of reliable and reasonably priced energy
services, support for economic growth, and protection of the environment.

The PEP will lay down the foundation to ensure that Filipinos gain from the deliverables set
forth in the energy roadmaps by 2040, specifically covering the following areas such as
Ensuring Energy Services 24/7; Creating Wealth for Filipinos; Consumer Empowerment; and
Philippine Agenda with the International Community4,

The PEP aims to reach 35% of renewables in the power mix by 2030, and 50% by 2040
under a Clean Energy Scenario (CES) (35% in a Reference Scenario (REF)). To achieve this
target, the economy will need PHP25.3 billion (USD490 million) of green investments for pre-
developments under the CES scenario and PHP17.9 billion (USD347 million) under the REF
scenario®®®,

REFERENCE SCENARIO CLEAN ENERGY SCENARIO

- Present development trends and strategies continue;

= 35.0 percent renewable energy share in the power
generation mix by 2040;

. LNG importation starting 2022;

- 35.0 percent and 50.0 percent RE share in the power
generation mix by 2030 and 2040;

. 5.0 percent blending for biodiesel starting 2022;

= 1.5 percent increase in aggregated natural gas

Energy Consumption levels that support an
accelerated economic expansion post COVID-19;
Current blending schedule for biofuels (2.0 percent
biodiesel and 10.0 percent bioethanol) maintained
until 2040;

5.0 percent penetration rate of electric vehicles for
road transport (motorcycles, cars, jeepneys) by 2040;
and

Current efforts on EEC as a way of life continues until
2040.

consumption from the transport and industry sectors
between 2020 and 2040;

10.0 percent penetration rate of electric vehicles for
road transport (motorcycles, cars, jeepneys) by 2040;
5.0 percent energy savings on oil products and
electricity by 2040; and

At least 12.0 percent reduction in the GHG emission
for the Nationally Determined Contribution (NDC)

FigB8Re Comparison between scenarios
Source: Philippine Energy Plan 2020-20401%
The economyds renewable energy transition

sufficiency, accompanied by reduced reliance on imports. It would also boost local economic
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development and promote a favourable investment climate. Naturally, this would result in more
jobs and reduce health and welfare costs.

Currently, the economy has some of the most profitable government incentives for rural
electrification. These should transform into attractive opportunities for private investment.
However, private companies are yet to show considerable interest in energy access initiatives.

Access to financing remains a massive problem. Currently, only a few local banks support
renewable energy projects in some regions. Furthermore, in recent years there have been
significant decreases in investment. For example, in 2019, they were down 77% by USD300
million?®7,

On 22 December 2022, the Department of Energy issued a Coal Moratorium Advisory
following the adoption of the clean energy transition strategy, in response to the global call to
advocate for social and climate justice. Said policy aims to improve the sustainability, reliability,
and flexibility of the economyés energy system,
coal-fired power plants. The restrictions on endorsing new coal power facilities will not affect
power projects that have already gained approval, such as pipelined committed and indicative
projects with substantial accomplishments. More importantly, the initiative allows for a smooth
transition and encourages the entry of more RE capacity into the grid and off-grid system?98,

According to the Gl obal Energy Monito¥dhe annua
Philippines ranked 7th across the world in terms of New Coal-fired Power Capacity in 2022.

Also based on the report, the operational capacity of coal-fired power plants in the economy
doubled in the past decade. Annual capacity, on the other hand, is starting to plateau.

Megawatts (MW)

2014 2016 2018 2020
B operating B  mothballed I announced pre-permit
B permitted B construction M retired shelved

B cancelled

Fi gBB8e Coal Power Capacity by Status, 202:
Source: 2022 Global Energy Monitor?®

Data showed coal-fired power plants in the Philippines are estimated to generate a
combined 11,893MW, ranking one of the highest in Southeast Asia?®*.
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Clean and renewable energy sources such as geothermal, hydro, wind, biomass and solar
energy are among the Phil i pplespedalysificetheecooomp et i t i v
has no significant deposits of fossil fuels. Its continued dependence on imported fuel has made
Philippine electricity rates among the highest in Asia.

However, the central government commissioned some of the new coal-powered plants in
various areas of the economy such as Bataan, and lloilo.

The findings of t he GIl obal Energy Monitorés a
emphasized the economy&s dependence on coal en
transition to renewable energy. The econmamyds en

energy, which includes electricity from coal-fired power plants and natural gas.

Nonetheless, the Philippines is looking to boost renewables in its current energy mix, which
it hopes will achieve 35 percent and 50 percent renewable energy share in the power
generation by 2030 and 2040, according to the Philippine Energy Plan 2020-2040.

With minimum fossil fuel resources, the Philippines has heavily depended on oil and coal
imports for power generation. Consequently, this brings the economy to price-changeable and
supply constraints. Due to this continued dependence on foreign fuel, the Philippines has some
of Southeast Asiads highest electricity costs.

It is crucial, however, that the economy needs to continue to make great efforts towards
moving away from import-dependence to one of domestic power production sourced from its
vast renewable energy potential.

Over time, this shifting energy situation in the Philippines, if sustained, will ultimately eat
into fossil fuel 6s dominance and dramatically r e
economy.

Against this background, one of the recommendations of this report is that the Philippines
might phase out its present feed-in tariffs scheme, which is available only to large electricity
producers, and explore instead possibilities to give cities a role in shaping their energy supply
by means of power purchase agreements or similar instruments concluded with electricity
suppliers of their choice. Cities should have the possibility to finance rooftop PV or urban PV
or urban storage on their territory using the polluter pays mechanisms (tradable certificates,
incentive taxes) or by the creation of green equity or the emission of green bonds backed by
credit risk guarantees. Cities should be enabled to organize internationally competitive tenders
outside their territory for electricity procurement and electricity storage. Imported LNG should
not benefit from subsidies or promotional policies of any kind.
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214. 1 nt ernati onal Financi al l nstitutionso |1

Authored by Ping Yean Cheah, Asian Infrastructure Investment Bank AllB

Several prominent international financial institutions (IFIs) which are active in providing
credit risk guarantees (CRGSs) in Asia / APEC region, include:

1. Asian Development Bank (ADB): ADB provides credit enhancement products, including
guarantees, to support infrastructure projects in Asia and the Pacific. These guarantees help
mitigate credit risks and attract private sector investment.

2. Asian Infrastructure Investment Bank (AlIB): THE AlIB offers credit risk guarantees to
support sustainable infrastructure projects, including those related to energy transition and
renewable energy, in Asia and elsewhere among its 109 member economies. These
guarantees provide comprehensive coverage against commercial and credit risks for loans,
notes and bonds. They are priced similarly to AlIB loans where a Risk Adjusted Return On
Capital (RAROC) model?®? applies. RAROC is a financial tool used by financial institutions to
assess risk and returns of a loan. It helps an institution to determine if the loan is profitable and
aligned with its risk appetite.

For commercial guarantees, AlIB'S PARTIAL DEBT GUARANTEE (PDG) has a maximum
maturity of 23 years. Other considerations include:

a) Project Eligibility: The product is available for eligible infrastructure projects that meet
the Bank's criteria, which typically focus on sustainable infrastructure development,
including sectors such as energy, transportation, water, and digital infrastructure.
b) Coverage and Guarantee Amount: The PDG covers a pre-determined percentage of
the loan amount, which is agreed upon between the AlIB and the lender. The amount
of the guarantee varies depending on the specific project and risk profile.
c) Tenure and Conditions: The tenure and conditions of the guarantee are negotiated
between the AlIB and the lender. The guarantee period may align with the loan tenor
or have a specific ALTERNATIVE duration. The terms and conditions of the guarantee,
includng fees and premiums, are determined based
the project.
d) Project Monitoring: AlIB actively monitors the progress and performance of the projects
for which it provides PDGs. This includes regular reporting and evaluation of the
project's financial and operational aspect s.
standards apply.
e) Collaboration with Lenders: AllIB works closely with the lenders throughout the process,
from project appraisal to disbursement and monitoring. It provides technical assistance
and guidance to lenders to enhance their capacity in assessing and managing
infrastructure project risks.

The diagram below demonstrates how the Partial Debt / Credit Guarantee (PDG) works.
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3. International Finance Corporation (IFC): IFC, a member of the World Bank Group,
provides credit risk guarantees to support private sector projects. These guarantees help
enhance the creditworthiness of projects and attract investment.

Each IFI has its own specific criteria, terms, and conditions attached to its CRGs (AlIB, 2023)2%4,
Within the members of the World Bank Group, the International Finance Corporation (IFC) and
the Multi-lateral Investment Guarantee Agency (MIGA) provide risk mitigation products, but
they have different focuses and approaches.

1. IFC: The IFC primarily focuses on providing financing and advisory services to private
sector projects in developing economies. It offers credit risk guarantees as part of its suite of
risk mitigation products. The IFC's credit risk guarantees aim to enhance the creditworthiness
of projects, attract private sector investment, and help mitigate risks associated with default or
non-payment by borrowers. These guarantees are typically provided to lenders and investors
to protect them against losses due to borrower default.

2. MIGA: MIGA specializes in providing political risk insurance and guarantees to
investors in developing economies. Its focus is on mitigating risks related to political events,
such as government actions, expropriation, currency transfer restrictions, and political violence.
MIGA's guarantees protect investors against non-commercial risks that may arise from political
instability or changes in government policies. Unlike the IFC's credit risk guarantees, MIGA's
guarantees are typically provided directly to investors, rather than lenders.

In summary, while both the IFC and MIGA provide risk mitigation products, the IFC's credit
risk guarantees primarily focus on enhancing the creditworthiness of projects and protecting
lenders and investors against default risks; while MIGA's guarantees focus on mitigating
political risks for investors in developing economies (AlIB, 2023)%%,
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Risk types covered by a CRG
The CRG offered by most IFIs cover the following common risk types:

1. Default Risk: Risk of the borrower or project sponsor being unable to repay the loan or
meet their financial obligations.

2. Political Risk: Risks associated with changes in government policies, regulations, or
political instability that may impact the project's financial viability.

3. Currency Risk: Risk of fluctuations in exchange rates that may affect the borrower's
ability to repay the loan in the agreed currency.

4. Force Majeure Risk: Risks arising from unforeseen events such as natural disasters,
wars, or other events beyond the control of the borrower that may disrupt the project's
operations or financial performance.

5. Technology Risk: Risk associated with the performance and reliability of the energy
transition technology being financed, such as renewable energy generation or energy
efficiency measures.

One example of a successful credit risk guarantee in energy transition financing is the
"Scaling Solar" program in Zambia, which was supported by the IFC.

For this project, a credit risk guarantee was arranged to attract private sector investment in
the development of two solar power plants with a combined capacity of 80 megawatts. The
guarantee covered the risk of default by the borrower, ensuring that lenders would be repaid
even if the borrower faced financial difficulties. This reduced the perceived credit risk and
allowed the project to secure long-term financing at favourable terms.

The credit risk guarantee provided by the IFC?°¢ played a crucial role in mobilizing private
sector investment and accelerating the development of renewable energy infrastructure in
Zambia. This instrument helped mitigate the risks associated with the project, and catalysed
lending totalling about USD1.2 billion from lenders such as the African Development Bank
(AfDB), the European Investment Bank (EIB) the French Development Agency (AFD) and the
Development Bank of Southern Africa (DBSA).

The AfDB also provides credit risk guarantees (CRGS) to support energy transition projects.
One example of a successful energy transition project that adopted a credit risk guarantee
from the AfDB is the "Noor Solar Complex" in Morocco?®.

The Noor Solar Complex is one of the world's largest concentrated solar power (CSP)
projects, located in Ouarzazate, Morocco. The AfDB provided a credit risk guarantee to support
the financing of the project, which aimed to increase the share of renewable energy in
Morocco's energy mix.

The credit risk guarantee provided by the AfDB helped mitigate the risks associated with
the project, making it more attractive to lenders and investors. It covered the risk of default by
the borrower, ensuring that lenders would be repaid even if the borrower faced financial
difficulties.

The Noor Solar Complex project successfully attracted private sector investment and
financing, with the AfDB's credit risk guarantee playing a crucial role in mobilizing funds. Other
96



lenders were the IFC, the EIB and KFW. The project has contributed significantly to Morocco's
energy transition by increasing the economy's renewable energy capacity and reducing its
dependence on fossil fuels.

The EIB also provides credit risk guarantees (CRGSs) for energy transition projects. One
example of a successful energy transition project that adopted a credit risk guarantee from the
EIB is the "Windpark Fryslan" project in the Netherlands?%,

The Windpark Fryslan project involves the construction of a large offshore wind farm in the
IJsselmeer Lake, consisting of 89 wind turbines with a total capacity of 382.7MW. The EIB
provided a credit risk guarantee to support the financing of the project, which aims to increase
the share of renewable energy in the Netherlands and contribute to the economy's energy
transition goals.

The credit risk guarantee provided by the EIB helped attract private sector investment and
financing for the project. It covered the risk of default by the borrower, ensuring that lenders
would be repaid even if the borrower faced financial difficulties.

The Windpark Fryslan project successfully secured financing from among others, Rabobank
and NWB Bank, with the support of the EIB's credit risk guarantee, enabling the construction
and operation of the wind farm.

The Philippine Guarantee Corporation

Philippine Guarantee Corporation, also known as Philguarantee, is a government-owned
corporation in the Philippines that provides credit risk guarantees to support various sectors,
including energy projects. Philguarantee has been involved in supporting energy projects in
the Philippines. The Sarangani Energy Corporation (SEC) Power Plant in Maasim, Sarangani
Province, although a coal-fired one, is one such example.

Philguarantee (March 2020)?°° was appointed by the World Bank to be Program Manager
of the Philippine Renewable Energy Development Project (PHRED) and the existing
Electric Cooperative Partial Credit Guarantee Program (ECPCG). PHRED emphasises
investments in the energy efficiency and renewable energy market segment in the rural
electrification sector, that are less likely to obtain commercial financing. ECPCG focuses on
guarantees to additional investments in renewable energy generation in all parts of the
Philippines, including the off-grid areas.

This appointment demonstrates Philguarantee's commitment in supporting energy
transition projects in the Philippines, particularly in the renewable energy sector.

Phil guaranteebs product for renewabl e en
renewable energy providers. Its flagship guarantee product offered by the PGC is the
Sustainable Energy Credit Guarantee Facility (SEGF). This guarantee covers the performance
obligations of the renewable energy provider, including the payment of obligations related to

the project, such as debt service payments, operating expenses, and other financial obligations.

In the event of default or non-performance by the renewable energy provider, the PGC can
provide compensation to the project's lenders or investors to cover the cash flow risks. Specific
terms and conditions of the guarantee product, including the coverage and eligibility criteria,
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would be outlined in the agreement between the renewable energy provider and the PGC
(Philguarantee, 2023)?%°,

However, Phil guar ant ewdisks, gnly ibtheir offttake icgoaraateed.s t ar t
One of the guarantee products offered by Philguarantee is the MCGF. This product addresses
the needs of micro, small, and medium enterprises (MSMES), including those in the renewable
energy sector, by providing credit enhancements to help them access financing from banks
and financial institutions. This can help mitigate start-up risks by providing additional security
to lenders (Philguarantee, 2023)%1%,

In the event of a natural disaster, such as a tropical windstorm or flood, that affects the
creditworthiness of the guarantee taker, e. g.
additional security to the lender. This helps mitigate the risk associated with the disaster and
enables the MSME to maintain its creditworthiness, ensuring continued access to financing.

Electricity market segments

Under its Medium-Large Enterprises Credit Guarantee Facility, Philguarantee (2023) 212
provides credit risk guarantees (CRGs) to large energy producers in various electricity market
segments in the Philippines. These segments can be broadly divided into two:

1. Conventional Power Generation: This includes large-scale power plants that utilize
conventional sources such as coal, natural gas, or oil for electricity generation.

2. Renewable Energy Generation: This includes power plants that generate electricity
from renew-able sources such as solar, wind, hydro, biomass, or geothermal energy.

The general terms and conditions for granting credit risk guarantees to large energy
producers may vary depending on the specific circumstances and requirements of each project.
However, some common aspects of CRGs include:

1. Coverage: The CRG typically covers the repayment obligations of the energy producer,
ensuring that lenders or investors are protected in case of default or non-payment.

2. Loan Amount: The CRG is usually tied to a specific loan amount or financing facility
provided to the energy producer.

3. Tenure: The CRG may have a defined tenure, which aligns with the repayment period
of the loan or financing facility.

4. Premiums: The energy producer is required to pay premiums to the PGC for the credit
risk guarantee. The premium amount is determined based on factors such as the project's risk
profile, loan amount, and tenure.

5. Eligibility Criteria: The energy producer must meet certain eligibility criteria set by the
PGC, which may include financial viability, creditworthiness, and compliance with relevant
regulations and environmental standards.

Providing credit risk guarantees (CRGs) to individual households or communities in the
renewable energy producer market is a concept that has gained traction in recent years. This
approach, often referred to as community-based or decentralized renewable energy, aims to

98



empower individuals and communities to generate their own renewable energy. Guarantee
providers normally assess the following factors related to practicality of CRGs for such markets:

1. Scale and Complexity: Providing CRGs to individual households or communities can
be more challenging compared to larger enterprises. The scale of individual projects may be
smaller, and the administrative complexity of managing numerous guarantees for a dispersed
market can be higher. However, advancements in technology and streamlined processes can
help address these challenges.

2. Financial Viability: Ensuring the financial viability of individual household or community-
based renewable energy projects is crucial. CRGs can play a role in attracting financing by
mitigating the credit risk associated with these projects. However, it is important to assess the
creditworthiness and repayment capacity of individual households or communities to
determine the feasibility of providing CRGs.

3. Regulatory and Policy Support: Supportive regulatory frameworks and policies are
essential for the practical implementation of CRGs for individual households or communities.
Governments can play a role in creating an enabling environment by providing incentives,
streamlining administrative processes, and establishing clear guidelines for renewable energy
producers.

4. Technical Assistance and Capacity Building: Providing technical assistance and
capacity building support to individual households or communities is important to ensure the
successful implementation and operation of renewable energy projects. This can include
training on project development, maintenance, and financial management.

5. Collaboration and Partnerships: Collaboration among stakeholders is crucial for the
practical implementation of CRGs for individual households or communities. This can involve
partnerships between financial institutions, government agencies, community organizations,
and renewable energy developers to share risks, leverage resources, and ensure the long-
term sustainability of the projects.

While there may be practical challenges, providing CRGs to individual households or
communities in the renewable energy producer market can help democratize access to clean
energy and promote local ownership. It requires a tailored approach, supportive policies, and
collaboration among stakeholders to make it a viable and scalable solution.

Philguarantee (2023)%'? indirectly supports renewable energy projects that benefit individual
households or communities through its guarantee programs for MSMEs. For example, the
PGC's MCGF program can enhance the creditworthiness of micro, small, and medium
enterprises (MSMESs), including those involved in renewable energy projects. This, in turn, can
facilitate access to financing for MSMEs engaged in providing renewable energy solutions to
households or communities.

An APEC wide CRG system favouring renewables for APEC economies, especially in
South-east Asia i Benefits and Risks

Setting up a region-wide credit risk guarantee (CRG) for renewable energy projects across
APEC (Asia-Pacific Economic Cooperation) economies may be a complex undertaking but
successful cases have proven that the benefits far outweigh the risks.
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A case in point is the Asian Devel opment

Bankao:

(CGI F) t hat provided growth capital to support

2010, the CGIF issued 31 guarantees from inception until March 2019. These issuances
deepened the bond market in ASEAN and acted as a catalyst with the following key
contributions:

a. Asof March 2019, out of 22 bond issuers the CGIF supported, 11 tapped bond markets
for the first time with the help of the CGIF guarantees

b. CGIF guaranteed bonds helped to widen the investor base such as the Viet Nam bond
market

c. From the 22 bond issuers, one third undertook cross border bond issuances, thus
fostering financial integration among ASEAN members states.?!*

If a similar mechanism was created at APEC scale, its potential to promote investments and

accelerate the deployment of renewable energy infrastructure in the region would be enormous.

Some considerations regarding the viability of such an initiative are listed below:

1. Regional Co-operation: Establishing an APEC wide CRG would require strong
cooperation and coordination among APEC economies. It would involve aligning policies, legal
frameworks, and risk assessment methodologies to ensure consistency and effectiveness
across borders.

2. Collective Regional Political Will and Commitment: The success of a region wide CRG
would depend on regional political will and broad commitment of APEC economies to support
renewable energy development. Governments would need to collaborate and provide the
necessary regulatory and financial support to facilitate the implementation of the CRG.

3. Risk Assessment and Mitigation: Developing a commonly accepted, robust risk
assessment framework is crucial to ensure the viability of the CRG. It would involve evaluating
the creditworthiness of projects, assessing economy-specific risks, and implementing risk
mitigation measures to protect investors and lenders.

4. Financial Resources: Adequate financial resources would be required to establish and
sustain a region wide CRG. Funding could come from a combination of public and private
sources, including contributions from participating economies, IFls, and private sector
investors.

5. Legal and Regulatory Framework: Harmonizing legal and regulatory frameworks
across APEC economies would be essential to facilitate the implementation of the CRG. This
would involve addressing legal barriers, standardizing documentation, and ensuring
enforceability of guarantees across jurisdictions.

6. Technical Expertise and Capacity Building: Building technical expertise and capacity
within participating economies would be necessary to effectively administer the CRG. This
could involve knowledge sharing, training programs, and collaboration with international
financial institutions and industry experts.

A region wide CRG for APEC economies potentially offers significant opportunities for
promoting renewable energy investments and collaboration. It requires a comprehensive and
collaborative approach involving governments, financial institutions, and other stakeholders to
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ensure its viability and success where international organisations and IFIs are best fit to play
the role of convenor.

The Climate Policy Initiative (2023)2° proposes the establishment of a Global Credit
Guarantee Facility (GCGF) to address financing challenges in the energy transition of APEC
economies. More specifically, this paper outlines the potential cost reduction of capital through
risk mitigation using a well-structured and appropriately sized GCGF. It presents three different
approaches for sizing the GCGF, ranging from conservative to optimistic, with varying levels
of funded and callable capital. The paper highlights that the GCGF could result in significant
leverage in debt mobilization, with ratios ranging from 28x to 250x. For the analysed sample
set of 40 economies, the GCGF could lead to an average reduction in risk premia of 3%-6%
and an average improvement in credit ratings of 2-6 notches.

This paper further outlines the granularity of each approach, proposes potential fund
structures, and provides recommendations for further development of the GCGF concept.

APEC Energy Working Group, in collaboration with the Government of the Philippines, may
wish to adopt this GCGF and develop it into a full investment proposal. The model needs to be
further validated with empirical data, analysis of the cost of capital, foreign exchange and
political risks for cross border climate finance. Risks emerging from political and currency
exchange turmoil may be transferred to the Multilateral Investment Guarantee Agency and a
Currency Exchange Fund. The GCCF may focus on financing climate-aligned renewable
projects in selected APEC economies.

The Energy Working Group may use APEC cross-fora cooperation as a mechanism to pool
different stakeholders of the energy and financial system and help build political momentum.
Global climate-related events such as COP, the G20 meetings, the Bridgetown initiative?'® are
platforms to further advocate this facility. The MDBs could be engaged at design stage for their
expertise views on the institutional structure.

In summary, the time is ripe for such a regional facility to be established to accelerate
adoption of renewables at urban level and augment the flow of capital to urban, regional and
state-owned enterprises.

2.1.5. Urban Climate Finance in the Energy Sector: The Case of Green
Buildings

Authored by Francisco Martes Porto Macedo, Climate Policy Initiative
About the Cities Climate Finance Leadership Alliance

Launched in 2014 by the previous United Nations Secretary General, the Cities Climate
Finance Leadership Alliance (CCFLA) is the only multi-level and multi-stakeholder coalition of
leaders committed to deploying city-level finance by 2030. Since 2019 Climate Policy Initiative
has hosted the Secretariat for CCFLA.

CCFLA brings together over 80 member institutions covering a wide spectrum of
institutions committed to boosting urban climate finance. Members include public and private
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finance institutions, city networks, the United Nations systems, research and academic
institutions, as well as national governments.

Urban climate finance landscape

In 2019 CCFLA launched the report State of Cities Climate Finance?’, which provided the
first comprehensive estimate of global urban climate finance and investment gaps, developed
by tracking a broad range of sources of finance for climate adaptation and mitigation activities
located in urban geographic areas or activities directly serving city dwellers (Picture below).
The methodology combined detailed project-level investment commitment data reported by
donors and investors with estimates of sector-level capital expenditure developed using sector-
installed capacity data and investment cost data, currently for transport and buildings activities
only.

Estimated capital
expenditure for urban green
buildings and appliances

Estimated capital
expenditure for urban
sustainable transport

FigB8be CCFLA member ship
Source: CCFLA

The report indicated that USD384 billion were invested annually, falling short of the
approximate USDS5 trillion needed annually as estimated in the last edition of the State of City
Climate Finance report published in 2015. This gap could widen if investments don't rapidly
increase, as approximately 2.5 to 3 billion people are expected to move from rural to urban
areas by 2050. Half of this global urban population growth is expected to take place in Africa
and Asia.
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Of the total USD384 billion, the most significant proportion of finance was invested in the
East Asia and Pacific region, driven by China, and in developed economies, particularly in
Western Europe (with USD85 billion) and North America (USD47 billion) (Picture below).
Financing for China featured significantly in the capital expenditure estimates for urban
transport and buildings. For instance, USD34 billion spent on electric buses was almost entirely
in China. This reflects China's low-carbon public transport policy as a key policy objective,
including providing subsidies and quotas for electric vehicles, with cities moving to deploy an
increasing amount of electrically powered passenger and freight transport.

In Latin America and the Caribbean, USD11 billion was invested, mostly in Argentina and
Brazil, and this is a fraction of the USD416 billion of financing opportunities available each year,
according to IFC studies. Important to emphasize there were vastly insufficient amounts of
urban climate finance being invested in crucial regions such as South Asia and Sub-Saharan
Africa, which saw an annual average investment of USD4 billion and USD3 billion, respectively.

It is fundamental to highlight that domestic actors provided 86% of urban climate finance,
reminding us of the key role played by ambitious and comprehensive climate action policies
led by governments and the local finance ecosystem.
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In terms of the sources of investment, the report shows a 60/40 split in private and public
sources of finance in 2017/2018 (Picture below, left). National governments financing projects
domestically were the highest single contributing finance provider (providing USD60 billion),
driven by spending on urban transport and buildings.

Domestic private finance was the main source of capital overall, amounting to USD128
billion (Picture below, right). This corresponds mostly to household expenditure on private
electric vehicles and energy efficiency in buildings as well as commercial bank investment in

the buildings sector and corporations in waste-to-energy and wastewater management
projects.
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In waste-to-energy and wastewater management projects, urban climate finance has been
spent on mitigation in sustainable transport and building infrastructure and energy efficiency.

The analysis of urban mitigation and dual use projects shows that most finance flowed to
the sustainable transport and building infrastructure and energy efficiency sectors (Picture
below, left).

The breakdown of urban building investments (Picture below, right) indicates that
expenditure on energy efficiency in appliances, equipment, and lights accounted for the most
significant proportion of investment in buildings across regions, corresponding to USD41 billion
on average in 2017-2018. Energy efficiency improvements of existing buildings attracted
USD40 billion, driven by investments in Europe and North America. The investment in energy
efficiency measures integrated into the construction of new buildings, driven by China,
amounted to USD26 billion.
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Source: CCFLA
Barriers to investment in green buildings

Today, 37% of energy related GHG emissions are from buildings, including 10% that is
from materials and construction. Translated in financial terms, this represents an investment
need of more than USDS5 trillion for low carbon alternatives and a large investment gap of
USD300 to 500 billion. Cities are at the centre of the building transition, and it is where most
of this investment will be needed as:

(1) urban population and economic growth will drive the demand for building,
(2) the bulk of the existing building stock is in cities, and

(3) the decarbonization of buildings can support cities' social, environmental, and economic
agendas.

In its 2022 Financing Net Zero Carbon Buildings report and 2023 Net Zero Carbon
Buildings in Cities: Interdependencies between Policy and Finance report 2, CCFLA
conducted a meta-assessment of existing studies on barriers to investments in low-carbon
buildings to understand how to realise the market opportunity in net zero carbon buildings. This
led to identifying 22 main barriers to investing in zero-carbon buildings, assessed by relevance
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using the average ranking method. The study focused on how cities can use policy and
financial instruments to drive investment in net zero carbon buildings and target four thematic
areas: (1) cooling technologies, (2) embodied carbon (in construction activities), (3) adaptation,
and (4) just transition.

The picture below shows that the perception of the relevance of barriers varies over these
thematic areas. For instance, financial barriers emerge as the most significant group of barriers,
followed by the uncertainty associated with investments in a relatively new/emerging sector.
Additionally, the study showed that these barriers are not "isolated problems" but are strongly
interconnected. In other words, a barrier and how it is addressed can in turn, have an impact
on other barriers and associated mitigation efforts. For example, market readiness barriers
have a fundamental influence and impact on other barriers in the system and precede
regulatory barriers in their ability to further influence the development of the market. Financial
barriers represent the single most important set of barriers of the residential sector.

Lack of access to affordable finance 0.2
Lack of awareness of funding options 01 03
Financial barriers | | imitad supply of dedicated financing 02 06
instruments 7 e
Inability to pay for upfront costs 0.1
Asset class has insufficient project 02 01
scale Z :
High myestmem costs compared to 0.2 03
alternatives
Low or fluctuating energy prices 0.2 0.1
Long payback on investment 0.2 05
Perceived technical performance risk 0.2 05
Investment risk/ =
opportunity barriers | Splitincentive between landlords and 0.2 01
tenants ' ®
Low priority investment 03
Lack of awareness / appropriate 01 02
information on opportunity 2 2
Lack of performance data 0.2
High or uncertain maintenance /
opekation costs 25 01 0.2
Limited experience with technical 01
solution =
Market readiness =
barriers Lack of expertise / skills 04 01
Limited technical product supply 5.8 05 04
Lack of building regulation support 03 0.1
Lack of standard technologies 05 0.1
Regulatory barriers Lack.of information standards and 60 04 01
labeling 53
Long permitting / access to land 6.0 \ 02 0.2
Social risk / community opposition 10 0.2 0.1

FigdbOe Li st of surveyed barriers and perceived

Source: CCFLA

The following explanations will help interpreting the above figure: Investment barriers are

not Ai sol atedo but strongly interconnected.
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average barrier rankings observed across eight sectoral studies and meta-assessments.

Priority indicates the severity level of the barrier to impeding progress in the net zero building

sector. Perceived priority ranges from highest priority (10) to lowest priority (1) and is defined

by building sector stakeholdersb6 perception of b
measurement of i mpact or probability). I nfl uenc
"I nfluenced by o tneasuredwihrscoregrangig frgncO)(lowyta 5 (high).

The report also looks at over 44 financial instruments and 31 policies instruments that
have either been widely implemented, piloted, or proposed across the 6 different categories of
technologies or sources of emission, showing that there are policies and financial instruments
that target all sources of buildings related to emissions and technology (Picture below). These
include specialized policies like mandatory construction waste landfill diversions or financial
i nstr umentas-yol-$ & v e 6 pdadgsaspecific ssues. There are also broad policies
and financial instruments like expedited permitting or capital cost subsidies that can apply to
any technology or source of emissions. The figure below maps policy and financial instruments
to mitigation and adaptation outcomes and the four high-impact thematic areas.

Adaptation - 5 instruments

CLIMATE USE Mitigation - 36 Both - 34

INSTRUMENT TYPE

Cooling
Embodied carbon
Adaptation

Just transition

0 10 20 30 40 50 60

Number of instruments

Figdne Policy and financi al instruments covering(
Source: CCFLA

The report used system mapping to develop a pathway which is able to reflect the
complexity of the building sector and applied graph and network theory to examine the
structure of the system and identify specific paths and instruments that cities can deploy to
optimize their support to the net-zero transition of the building sector (first picture below), which
is exemplified in the second picture further down for the case of PACE (property assessment
for clean energy) and PAYS (pay-as-you-save) programs, which were two mechanisms found
to be the most impactful pathways to install various types of low-carbon equipment i cooling
being one of them T with no upfront cost.
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Policy and financial instruments are linked by interdependencies. Fundamental inputs are
policy and financing instruments that systemically enable other instruments; these should be
in place before dependent inputs to make dependent inputs more effective in achieving
outcomes. We grouped the 75 policy and financing instruments into 11 categories for
simplification (see figure above).

In the former (PACE), cities can cover upfront costs and get repaid in the form of
readjusted property taxes that reflect the value added to the building. In the latter (PAYS), the
equipment "pays for itself" as the consumers only repay the equipment when measured energy
savings are achieved compared to BAU for the equipment. However, both instruments rely on
the implementation of several other measures, not all of which can be fully supported by cities.
These include the installation of Advanced Metering Infrastructure (AMI, 1014), and reliable
cooling equipment labels.

It is fundamental to understand that these are generalized assessments, and every city is
unique and has different priorities, regulatory and market conditions, and climatic conditions to
account for which and what instrument and when we need prioritizing action but important is
to: (1) see the interconnectedness of policies and instruments and (2) identify which pathways
are generally most impactful.
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As an example, take the financing and construc
The Lab is an incubator in charge of developing financial instruments to accelerate the
transition to network carbon buildings in Africa, where there is a huge potential with a lot of
migration to the main cities and a lot of infrastructure still to be developed. CPI developed an
instrument that would allow people in cities to buy affordable, energy efficient housing on the
one hand, but also that would create a pipeline for the private sector to keep on developing
this infrastructure. There was an issue of making the market happen. On the one hand, it
needed to create possibilities for people to afford the houses, but on the other hand, it had to
create the possibilities for the companies themselves with financial support to really start
developing these infrastructures. This exemplified working hand in hand with the private
finance sector as well as real estate developers.

The production of low-carbon buildings can be scaled up provided there are sound policies
in place and a clear government orientation given to the market. China gives an example of
how it could be done to build the stock of carbon neutral buildings.

Finally, the work shows that implementing successful instruments requires collaboration
from many stakeholders. For instance, support and coordination with state/provincial and
economy-wide governments will be essential to address the climate challenges of the building
sectors fully. Private sector action is also critical, so is the role of DFIs in de-risking these
investments is very important. More specifically:

9 City governments, along with industry and civil society partners, can play a key role
in implementing capacity development activities for the design and construction
industry, as well as buildings owners. For instance, procurement of net zero carbon
technologies in public buildings will allow Cities not only to directly contribute to the
reduction of emissions but also to incentivize private action by leading the way.

1 Governments at all levels can create fiscal instruments to incentivize green
buildings. For instance, mandate instruments such as phasing out of fossil-dual-
based appliances and adoption of energy-efficient building codes allow to deliver
on multiple goals.

1 Governments can support the use of a wide range of financial instruments, but
financial institutions, including DFIs, must provide the capital for building developers
and owners to make investments.
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2.1.6. Financing the Circular Economy: Four Elements of Success for Smart
Cities

Authored by Dr Gordana Kierans, Co-Founder of EntrepreneurCircle.World and CEO,
MGT OPEN j.d.o.o0.

Introduction

In 2007, humanity passed a milestone threshold. For the first time in human history, the
amount of people living in urban areas, as opposed to rural, exceeded 50% (Kourtit, et al.,
2012)2'°, Moreover, this trend is going to continue to increase to 70% by 2050 (Romano et al.,
2023)%%°. The impact of this growth on cities varies depending in which economy the city is
situated, its financial resources and municipal management. Some cities have even excelled
achieving a good ratio of the cost and the quality of living, a lack of pollution and efficient
resource allocation. This is because, as Lnenicka et al. (2022) 2! state, cities are dynamic
systems that undergo transformation and adjustments, depending on the grade of innovation
capability and willingness to reinvent.

Nonetheless, due to this dramatic increase in urbanisation, most cities are facing a variety
of challenges, as such a dramatic raise in population requires a much higher priority to be
placed on resource input and output. As Nogueira et al. (2020) ??? argue, in cities, social,
ecological, and technical systems are deeply intertwined since the parts of one distinct
subsystem belong to, and can dynamically affect, the others.

To manage these challenges, one solution is the Smart City concept which integrates its
buildings, healthcare services, education, public mobility services, living and environmental
aspects, etc., with help of digital technologies like Artificial Intelligence (Al), Internet of Things
(IoT) big data, and data analytics. The goal is to increase the capacity to manage information
and resources and to improve the quality of lives for its people. The use of information
technology has been considered as a key factor that defines the smartness of a city since it

can sense, monitor, contr ol and communi cat e

electricity, environment control, crime control, social, emergencies and other aspects.
(Ramaprasad et al., 2017)%23,

Coinciding with this urbanisation, municipalities are also being confronted with two other
and perhaps even more crucial challenges, namely climate change and pollution. Thankfully,
despite these two daunting challenges, the circular economy can help mitigate both concerns
if the going-circular transition is applied at the systemic level and also if cities are committed
to investing in this transition.

Four Elements of Success for Circular Smart Cities

Circular Smart Cities

Cities are responsi bl e f or-relatedeCO, emifstbns arfd art h e

increasing share of global waste that is expected to rise to 3.4 billion tonnes
(3,400,000,000,000kg) in 2050 (Romano et al., 2023)??*. Hence, to offer its citizens a liveable
and truly sustainable life, cities need to finance technological solutions that help realise full
circularity. To avoid any confusion that might derive from over 114 currently available circular
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economy definitions (Kirchherr et al., 2017) 2%°, this illustration artfully defines what is meant
by the circular economy.

RECYCLING CIRCULAR

LINEAR ECONOMY ECONOHY ECONOMY

A

Figddel Il lustration of the term ACircul ar I

Source: Circular Flanders

According to Formisano et al. (2022) 2%, cities have attempted to incorporate sustainability
into their smart city model. They propose defining the pillars of sustainability for a city and
assess smart technologies that can support these pillars. However, before taking this first step,
it is essential to acknowledge, as seen in this Circular Flanders graphic, that waste is a valuable
resource as it can be turned into raw material again. As Meadows (2008)%?” s t at esgstem i é
structure is the source of system behaviouro . I n t he prevailing producti
all resources are taken from the Earth but once turned into products, they lose their value at
the end of their lifecycle because consumers value only their functionality, not the initial effort
that went into getting the resources and turning them into products.

While there are now more and more companies (re-)discovering value in waste, products
from the initial planning stage are still not yet designed for circularity. Toxopeus et al. (2021)
228 also argue that economywide and municipal policy makers can also provide support by
implementing regulations that stimulate the re-use of materials. In addition, the circular
transition will automatically make clear business sense if the relevant commodity price
increases to such anextentthati é t he t ot al i nvest ment cost of go
overall price of the resource caved over a certain defined timeo .

While the author of this paper agrees that a solid business case is obviously paramount to
any business activity, it is not enough. That is where and why a circular smart city can support
the transition to the circular economy by providing the infrastructure that supports material
flows, the education that prepares its graduates with the know-how to seize these circular
opportunities and finally a change in mindset that facilitates people seeing products for what
they actually are, namely a source of valuable materials.
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The Business Case

ThéEl ements aBusSiumeessCase

Figdbe Four El ements of Success, El ement one:
Source: Own lllustration

At the centre of the transition to the circular economy, there can now be found many novel
business models. Among the most well-known, and thus widely implemented models, are
Product-as-a-Service, Industrial Symbiosis, Closed Loop, Upcycling and Downcycling. Despite
the growing familiarity of these models, there remain high financing risk concerns from banks
because their current risk detection tools have still not been programmed to identify them within
the new business models (Ozili, 2021)%%°.

For example, the business model Product-as-a-Service does not foresee or consider the
actual exchange of ownership during the purchasing process. In this model, clients merely rent
a service and the product ownership remains with the producer. One of the benefits of this
business model is that the producer is incentivised to increase the longevity of its products.
However, a downside is that revenue predictions need to be changed as the product price will
be paid over its entire lifecycle. Kierans & Chen (2021) 22° conducted qualitative interviews with
a group of investors and some of them pointed out that the predictability of future revenue
flows of circular companies is difficult. This topic will be explored again in the next section.

Another circular model known for its innovation is Industrial Symbiosis where the waste of
one companyds production process becomes a val u
Here, it is vital for circular smart cites to create secondary markets where an evaluation of the
value of secondary materials can be realised and trusted. (Goovaerts & Verbeek, 2018)%3,

Yal - én & F &alsoncontu? tha2 theye remain high financing risk concerns from
banks and argue that the circular economy might not survive without government support.
Banks and financial institutions report to their shareholders and thus they will likely only finance
circular solutions that are undoubtably profitable. Despite this, as more and more investment
companies (Hedge Funds and Private Equity) do deploy capital to the circular economy,
profitability prospects in the circular economy will widen (Ozili, 2021)3,

However, as we will now discuss, the majority of producing companies have built their
international supply chains as a one-way, exit street and change will require significant
investment in their infrastructures. Who will finance these changes?

112



Infrastructure

ThéEl ements affnfSuactersisct ur e

Busi nes\s
Case

Educati

Figd6e Four EIl ements of Success, Element two:
Source: Own lllustration

The topic of infrastructure has many facets. As discussed before, integrating a smatrt, digital
infrastructure to understand cityds inflows and
considers financial infrastructure as one of the most important, as financial liquidity is essential
to spur innovation. This can be a solid banking system that offers loans to circular startups, as
well as an active business angel and a VC network for newly identified growth companies.
Some infrastructure projects are complex and thus costly and thus they need municipal and
even federal or economy-wide financing options. Financial infrastructure can help accelerate
the validation of the previously mentioned business cases. As discussed, a solid business case
is needed for financing, but it remains true that when considering infrastructure, financing
institutions must adjust their calculations to consider these circular business models which
differ dramatically from the traditional linear models.

To illustrate, a company that decides to get its products back, be it with Extended Producer
Responsibility (EPR) or within the business model Product-as-a-Service, might not have the
capacity to dismantle their returned products to extract materials for reuse, refurbishment,
remanufacture or repurpose. They may have to look for a partner company that has the
requisite capabilities for creating a circular value network (Toxopeus at al., 2021)%*. As
mentioned with risk predictions, from a bankds p
added to th@neguatbosindiss enters into a coll ab
creditworthiness will be strongly correlated with the solidity and reliability of the value chaino
(Dewick et al., 2020)%°. In certain cases, the cost to recover waste might exceed the market
value of recycled waste products (Ozili, 2021)%.

A truly smart city in both senses i technologically-advanced and with a smart leadership 1
can use these challenges to its advantage, especially if it is a home to many manufacturing
companies. For example, the city can co-finance a return scheme of materials and earn taxes
from so called urban miners, i.e., companies that extract materials from waste. Plus, it goes
without saying that the municipal government should be taxing polluters much more.

Hence, a city needs technological solutions that can track the flow of products, components,
and materials. The resulting data can be used for improved resource management and
decision making across different stages of the industry lifecycle (Kristofferson et al., 2020)?%".
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This data would help predict waste flows and adjust the time lag for some materials. For
example, if a company were to design a modular, completely reusable device today, this device
would come back for reuse at the end of its lifecycle and then serve as a raw material. This
could be in about two years for a smartphone or four to five years for a laptop, or as long as
fifteen years for an automobile. Plus, it must be remembered that these materials are exposed
to depreciation and thus this needs to be considered when pricing these secondary materials.

In the Kierans & Chen (2022)2%® article, some investors favoured a blended-financing
solution that covers a long-time investment horizon (10-15 years). One investor expressed it
a s Put money into non-proven technologies or ways of thinking, stimulate and encourage
collaboration between the top companies and supply incentives to investors and then support
this with market incentives. 06 A s mar t city can support thi
accelerator programmes.

Additionally, a circular smart city can use infrastructure technology to direct local food
production into the city which would increase food independency and also create incentives
for local farmers. If done properly, it could even dramatically decrease the plastic pollution
problem by utilising alternative food packaging solutions.

Al | t hese solutions woul d al so naturally
infrastructure because the environment cannot be healed if goods are transported in old trucks,
as the recent example from Poland in a conversation with a Business Angel showed or likewise
by using old freight trains which caused noise pollution in the Rheingau, Germany.

Currently, most infrastructure financial decisions are made by individuals educated in the
linear production mindset. Hence, education will need to be shifted so that training institutions
can teach a more contemporary and wiser understanding of our overall business and city
ecosystems and their impact on mankind and their environment. With improvements in
education, a smart city can better involve its citizens as they will have a better understanding
of the impact of producing goods will have on their own overall health and the liveability of their
city.

Education

Th4El ement s afEdSuaiciesrs

Mi ndset

Educat i oyn

Figdi7e Four EIl ements of Success, EIl ement

Source: Own lllustration
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The author personally worked within business schools and universities in Europe and Asia
for over two decades and is thus well aware that the issue of reducing waste and more recently
the circular economy have been neglected at best, and ignored at worst, in business education.
flLack of knowledge and technical skills around the circular design of products and services
impede practical applicationsd6 ( Yal - én &*®Foxon, 2021)

Thus, educating enough leaders who can lead the way down the path to accomplish a
circular transition is a prevalent and omnipresent challenge. Rethinking and retooling current
production systems will require future-thinking business leaders, engineers, designers, etc.
Recognising this, Finland, for example, has made education headlines with the announcement
that the circular economy will be taught as early as elementary school (SITRA, 2019)%4°,

Pl us, in regard to training, the European

the EU will have enough technicians and specialists to repair these products. Economies like
Germany are already facing worker skill shortages, especially in the Mittelstand (Burstedde &
Schuler, 2020)?41. Attracting young talent into manual jobs that are less glamourous than IT
careers might prove to be very challenging even though the lack of repair shops and personnel
could be overcome by far-sighted individuals using technology to create a map of the existing
repair shops and thereby help citizens to the right addresses in their vicinity. Municipalities
working with other government levels should be initiating educational programmes in order to
increase the number of qualified, trained repair professionals. These educational opportunities
can also be initiated by private individuals who can train the trainers and empower more people
to embrace circular employment opportunities as a means to not only address environmental
matters but also help partially solve long-term unemployment problems.

Thus far in the discussion, the Business Case, Infrastructure and Education were mentioned
as factors that are holding back the present decision makers in business, banks and financial
institutions to fully embrace circular initiatives because they were educated in, and familiar with,
the linear model of business. The author has discussed some of the challenges inherent within
each of these three factors and now the attention is turned to the fourth factor which is the
Mindset.

Thé4El ement s afi Sdsetess

FigdB8e Four El ements of Success, EIl ement

Source: Own lllustration

115

Uni o

f

ou



Mindset

This fourth element Mindset is a key, central factor influencing the other factors. Senge
(1990) 2 refers to it as metanoia or a shift of mind. It relates to a deep learning that allows us
t o rdpérceive the world and our relationshiptoitd and t hereby extend our ¢
It requires a more profound mental shift than simply applying the old models to solve present
or future challenges. As an example, without a shift in mindset, Goovaerts and Verbeek
(2018)?*® argue that a viable circular business might likely be considered riskier, especially if it
is a small or a medium-sized company with a short track record, limited access to financial
resources and thereby in a volatile financial position. Clearly, the out-dated linear models will
continue to endure and the promising resolutions and opportunities inherent in the circular
economy will never be embraced unless there is the wide acceptance of a new mindset based
on a far deeper and more open understanding of how the economy should work.

On the consumer side, the prevalent attitude of owning products outright, versus only
leasing them for a period of time, is an example of a significant mindset change that is much
needed. In many economies, for example in the worldbés | ar ge
owning a new product is seen as a sign that one can afford it and thereby by purchasing
products outright one achieves an elevated status in society. Conversely, owning a used
product is frowned upon. A change in this attitude will require a seismic mindset shift to where
consumers feel that there is social prestige to be gained by oneself - and their peers i
alternatively seeing formerly discarded products not as garbage but as a practical, prudent
sourcing of raw materials.

I n the authordés research when questioning inve:¢
mindset, some pointed out the need of more open-mindedness and a deeper questioning of
our production and consumer habits. The urgent need for a long-term thinking mindset was
raised by a respondent from Germany who criticised so called Sustainability Weeks:

fDedicating a week to sustainability and believing that problems can be solved in one week
does not work because after the week is over people carry on as before. 6 ( Ki erans & C
2022)%44

Ot her investors ex pMyexsnpamyddidsan interebtingrwork oneviaswe
need to do to reach carbon zero and a change in mindset was the biggest factor. How we see
things is a critical way of how we understand things and the way we understand things changes
howweact. © ( Ki erans & Chan, 2022)

Since business education has neglected environmental studies for such a long time, one
research respondent stated t hrealibaratd wialyl ol e t dii fnfki
Financing decisions 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.

When it comes to the issue of changing mindsets, another respondent referenced that even
though he started with sustainability financing twenty-five years ago only now, an entire
generation later, are things starting to pick up.

Conclusion

As stated in this article, the Smart City concept is gaining acceptance by municipalities
across the world because i among other considerationsi i t i ntegrates the cit)
responsibilities over buildings, healthcare services, education, public mobility services, living
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and environmental aspects, etc., with assistance of contemporary smart, digital technologies
like Artificial Intelligence (Al), Internet of Things (loT) big data, and data analytics.

The goal of these fismarto efforts is to incre
information and resources and especially to improve the quality of life for all its citizens.
However, due to the trend of increasing urbanisation, cities are now also facing the immediate
challenges of managing climate change, air and ground water pollution and especially waste.
It is the premise of this paper that all of these daunting challenges confronting can best be
mitigated with the help of the circular economy.

The author argues that a smart cityostodateyest men
circular solutions that can track the flow of products, components, and materials. Circular
companies have always been clamouring for this source of data. To give just one example,
identifying waste as a potential production material, as seen with the Industrial Symbiosis
business model, is crucial for the success of these circular enterprises. Hence, the collection
of, and the dissemination of circular data, wilun d oubt edl y not only increas
to its business industry but further the reputation of the city as a circular hub. In so doing, these
cities will attract more businesses, and their tax revenue.

In addition, to assist its corporate citizens to financially succeed, a smart city must invest in
the infrastructure that is crucial to help circular companies manage their waste flows and help
them retrieve their production resources. This issue of supporting industry financially is a key
responsibility for municipalities for only cities with sound financial networks will appeal to
circular, future-of-business industries. Moreover, as discussed, as circular business models
are often perceived to be of greater risk by banks and investors compared to traditional linear
models, municipal leadership might need to consider stepping-in to help shoulder part of the
financial risk their companies face.

Also as highlighted, another enabler of a long-term, sustainable integration of the circular
into smart cities is education. The current decision makers, corporate and municipal, were all
trained understanding that business followed the principles of linear production. The circular
model is totally new to the establishment. To illustrate, a circular smart city should follow the
| atest changes comparable to Europedbdés ARight to
mandating more repairs. Education will help train a new generation of municipal leaders who
will see the circular transition as an opportunity to reduce pollution, increase liveability for their
citizens, create jobs, earn more municipal tax income and increase the competitiveness of their
city.

The fourth and the most important enabler for cities to embrace the circular economy is
mindset as an open mindset is a prerequisite for the adoption of the other three elements.

The transition to the circular economy is a transformative, systemic shift that cannot be
reached with a little bit of recycling. A fundamental and groundswell shift in understanding
circular business models, financial infrastructure investment, the education and training of its
citizens and a contemporary mindset shift are all required.

Only then, can cities be truly smart.
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2.1.7. Carbonomics for Climate-Smart Cities

Authored by UIf Henning Richter, School of Business and Management, the Hong Kong
University of Science and Technology, and Ekaterina Kravchenko, Department of Civil and
Environmental Engineering, the Hong Kong University of Science and Technology.

The structure of APEC Cities COP21, The Paris Agreement and the Art of the
Possible vis-a-vis 2100 Warming predictions

Climate change is an urgent and global issue that compels us all to act collectively. Against
this backdrop, the Asia-Pacific Economic Cooperation (APEC), an intergovernmental forum
designed to promote free trade among Pacific Rim economies, has emerged as a key player
in fostering sustainable development, particularly in urban settings. The 2015 Paris Agreement,
commonly referred to as COP21, acts as another pillar that sets international standards for
climate action?,

Within the framework of APEC, which includes 21 member economies, cities often act as
the focal points where economic agendas and environmental goals converge. The unique
composition of APEC cities allows them to become hubs of innovation and change. These
cities have been adopting sustainable guidelines aimed at significantly reducing greenhouse
gas (GHG) emissions (Andreichyk & Tsvetkov, 2023)%4’. This involves a broad range of
strategies, from prioritizing green technologies and sustainable public transport to effective
waste management (Bach & Kim, 2019)?%8, The criteria that cities must meet to participate in
APEC's framework are comprehensive. They often include factors such as the population size,
economic contributions, and a city's demonstrated commitment to sustainability. Interestingly,
cities like Hong Kong, China; Singapore; and Seoul have managed to find a harmonious
coexistence between economic growth and environmental sustainability (Rui & Othengrafen,
2023; Qian, 2023; Chulet et al., 2023)249250251,

When considering global initiatives like COP21, the Paris Agreement aims to limit global
warming to well below 2°C compared to pre-industrial levels, urging economies to make
additional efforts to restrict the temperature increase to 1.5°C (Schleussner et al., 2016)%2,
Achieving this ambitious 1.5°C target would require us to stick to a 570 gigaton (Gt) CO2
cumulative carbon budget from 2018 to 2050 (Henderson et al., 2020)2%3. Thus, the goals laid
down by COP21 are not just visionary but also provide actionable milestones that cities can
use to shape their environmental policies.
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The necessity for action becomes even more urgent when one considers the current climate
models, which paint a varied yet unsettling picture of what the Earth might look like in the year
2100. Depending on the level of action or inaction, the scenarios range from moderate warming
to severe consequences, including increased sea-levels and frequent extreme weather events
(Varotsos et al., 2023)2%*. These changes are likely to affect densely populated areas,
especially those near the coast, more severely than other regions (Tracker et al., 2021)%,
APEC cities, a majority of which are coastal hubs, stand at the forefront of these climate
challenges. Hence, they must prepare for both worst-case and best-case scenarios, focusing
on infrastructure that can withstand sea-level rise, heatwaves, and storms. Additionally, local
zoning laws and land use policies must be aligned with sustainability principles to ensure long-
term resilience.

To effectively address these challenges, APEC cities need to take the Paris Agreement as
a foundational blueprint but also consider local specificities and long-term environmental
projections. For instance, Hong Kong, China has been proactively investing in seawalls and
flood barriers in anticipation of current and future sea-level rise. On the other hand, cities like
Singapore are investing in green urban spaces that serve as carbon sinks, contributing not just
to local well-being but also to the broader objectives of National Determined Contributions
under the Paris Agreement (Chulet et al., 2023; Hong & Guo, 2023)2°6257,

Tackling the challenges posed by climate change requires a nuanced approach that
balances ambition with realism. The Paris Agreement sets the course, but the journey itself
will be complex, requiring strategic planning and action, especially in APEC cities that face the
dual challenge of economic development and environmental sustainability. Both undue
optimism and excessive caution could be detrimental, emphasizing the need for a well-
balanced, data-driven strategy that takes into account the long-term projections up to 2100.

Fortune 500 Climate Targets, ESG and Sustainability

Faced with the escalating challenges of climate change, the role of Fortune 500 companies
becomes increasingly pivotal. As pillars of global economic activity, these corporations have
considerable sway over resource distribution, public perception, and the broader
environmental landscape (Persakis et al., 2023; Ciocirlan & Pettersson, 2012)?°82°°, This level
of influence carries with it an obligation to engage in sustainable practices, notably those
outlined by Environmental, Social, and Governance (ESG) standards.

The notion of ESG has evolved from a corporate social responsibility tick-box to a
substantive framework that has an wundeni a
long-term viability. Within this context, many Fortune 500 companies are redefining their
business objectives to align with climate goals (Thaker, 2019)2%°. This is not just altruistic; there
is an increasing recognition that climate change poses substantial risks to business continuity
and profitability.

Taking a cue from international agreements like COP21, Fortune 500 companies have
started integrating actionable climate targets into their business models. The framework for
international cooperation laid out by COP21 serves as a blueprint for how corporations can
adopt similar cooperative strategies, thereby aligning their business operations with the global
fight against climate change. Yet, the urgency and long-term nature of climate change
necessitate commitments that extend well beyond immediate business cycles or even the
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scope of current ESG metrics. It is imperative that Fortune 500 companies look beyond the
usual five- or ten-year planning horizons to make meaningful multi-decadal commitments. The
process of aligning corporate strategies with long-term climate goals can manifest in various
ways across different industries and geographic locations. For instance, tech giants like Apple,
Google, and Microsoft are pioneering the shift to renewable energy, while other sectors may
focus on creating more sustainable supply chains, reducing waste, or enhancing operational
efficiency to reduce carbon footprints (Pakulska & Poniatowska-Jaksch, 2022; Patchell &
Hayter, 2021)261262,

The challenge is not merely setting ambitious goals but ensuring they are realistic,
actionable, and continuously monitored. Striking a balance between profitability and
sustainability is a complex but essential task. A failure to adapt to this changing landscape
could compromise a companyo6s mar ket position an:t
the global sustainability effort. The path towards meeting long-term climate targets is rife with
complexity, yet fraught with urgency. Fortune 500 companies are uniquely positioned to turn
the tide, but this will require a carefully calibrated approach. One that aligns immediate
business objectives with broader sustainability goals and international frameworks like COP21
and extends this alignment into long-term strategies that take into account the unsettling
projections for climate by 2100.

Aggregate Confusion: The Divergence of ESG Ratings

The ascent of ESG considerations in the financial sector has given birth to an array of ESG
rating agencies, each with its own methodology and definitions. Institutions like Sustainalytics,
Moody's ESG, S&P Global, Refinitiv, and the now-discontinued KLD, have become arbiters of
corporate sustainability, wielding influence over critical financial and investment decisions
(Finogenova, 2023; Dimson et al., 2020)?532%4, However, despite their growing clout, a close
examination reveals a landscape riddled with inconsistencies and divergent practices that
create a cloud of uncertainty for investors, policymakers, and corporations alike.

Central to this ambiguity is a vague set of terms and definitions. The questions of "What
constitutes sustainability?" or "What is considered a green initiative?" lack definitive answers.
Without universally accepted definitions, these rating agencies employ disparate criteria for
evaluating sustainability and corporate governance (Escrig-Olmedo et al., 2019; 2010)26526¢,
While one agency may place heavier emphasis on carbon emissions, another might prioritize
labour practices, and yet another may focus on corporate governance structures. The outcome
is a lack of comparability across ratings, making it difficult for investors to gauge the actual
ESG performance of a company. This inconsistency creates a conundrum for decision-makers
who increasingly rely on ESG ratings for investment and strategic planning. In a setting where
nuanced differences in ratings can lead to dramatic shifts in capital allocation, the lack of
standardization poses serious challenges. For example, a high rating from one agency could
attract a surge of investment, whereas a low rating from another might result in divestment,
both affecting the company's financial stability and capacity to engage in sustainable practices.

Itds worth noting that this | andscape is not s
establishing a framework that can guide corporations and investors towards a more
sustainable future. As these agencies continue to serve as de facto standard-setters, their
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incongruent methodologies can result in skewed incentives and misaligned priorities.
Companies may find themselves focusing on metrics that cater to a specific rating methodology,
thereby neglecting other equally crucial aspects of sustainability.

Although ESG rating agencies have become influential forces in contemporary financial
markets, the inconsistency in their methodologies and the vagueness of their definitions
contribute to a lack of clarity (Veenstra & Ellemers, 2020)?¢’. This inconsistency stands as a
significant hurdle to achieving the kind of clear, focused, and unified action that is desperately
needed to address the multifaceted challenges posed by climate change and social
inequalities.

The Status of Carbon Pricing in 2021

Carbon pricing is known to be a necessary, but not sufficient, element to address the
growing emissions. The two main forms of carbon pricing are carbon incentive taxes and
emissions trading systems. Among these two, carbon taxes are easier to implement by
authorities, whereas the emissions trading systems have been shown to be the least cost
option to limit emissions?68,

Unfortunately, carbon pricing is still not being implemented systematically across the world.
The map below, published by the World Bank, shows the jurisdictions having implemented
carbon pricing in 2021. The large circles represent cooperation initiatives on carbon pricing
between subnational jurisdictions. The small circles represent carbon pricing initiatives in cities.
In previous years, Australia was marked as having an ETS in operation. However, the
Safeguard Mechanism functions like a baseline-and-offsets program, falling outside the scope
of the definition of ETS used by the World Bank report. Therefore, the system was removed
from the map. Rio de Janeiro and Sao Paolo were marked as considering the implementation
of an ETS based on scoping work done in 2011 and 2012 respectively. Given there have been
no updates since, the these were removed from the map.

Carbon pricing initiatives are considere
been formally adopted through legislation and have an official, planned start date. Carbon
pricing initiatives are consi der e ds afinounced its

intention to work towards the implementation of a carbon pricing initiative and this has been
formally confirmed by official government sources. The carbon pricing initiatives have been
classified in ETSs and carbon taxes according to how they operate technically. ETS not only
refers to cap-and-trade systems, but also baseline-and-credit systems as seen in British
Columbia.
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Figure 49: Carbon Pricing Map

Source: World Bank?26°

A systematic use of carbon pricing would not only set the right incentives for agents to
change their behaviour but would also produce substantive funds that could be used as green
finance, thereby helping to close the financing gap of the low-carbon transition. According to
the IEA Net zero by 2050 Roadmap?’°, annual global energy investment to reach the 1.5°
target should jump to from 1% to 4.5% of global GDP (corresponding to approximately USD5
trillion annually) in the next few years of which most should be directed to clean energy.

Global Compliance Markets to grow to USD5-6 Trillion by 2030

The ascendancy of compliance markets related to environmental governance is an
indisputable phenomenon, set to reach a staggering value of USD5-6 trillion by 2030.
Understanding the trajectories that have led us to this point and the challenges that lie ahead
requires a deep dive into key policy tools and market forces, notably the Global Carbon Market
and EU's regulatory mechanisms.

As of 2021, the Global Carbon Market was valued at USD851 billion, a figure dominated by
the European Union's Emissions Trading System (EU ETS), which alone accounted for 90%
of that value (Refinitiv Carbon Market Year in Review. 2022; Vilkov & Tian, 2023)?'1?2, The
EU ETS has become the bellwether of carbon pricing, its emissions allowances (EUA) having
surged from under EUR10 per metric tonne of carbon in early 2018 to above EUR90 recently
(Ampudia et al., 2022)?". This meteoric rise underscores the market's perception of carbon
credits as the best-performing asset class of 2021, bolstering the EU's influence in shaping
global carbon pricing models. However, the European Parliament's endorsement of the Carbon
Border Adjustment Mechanism (CBAM) in March 2021, added another layer of complexity to
this already intricate landscape. Scheduled to take effect from 2023, CBAM is a game-changer,
designed to level the international playing field for European raw material producers (Bellora
& Fontagne, 2023; Lim et al., 2021)?74?7>, |t aims to replace free carbon allowances under the
EU ETS for those industries, in essence, taxing the carbon content of emission-intensive
imports into the EU.
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While the CBAM holds potential for creating a more equitable international carbon market,
it does not come without its own set of challenges. Industrial companies are lobbying to
maintain their free allowances, a situation that sets the stage for claims of "double protection."
Such a setup is fraught with the risk of triggering legal challenges under the World Trade
Organization rules from Europe's trading partners, thereby adding another layer of uncertainty
to this burgeoning market. The twin forces of evolving EU policies and the escalating valuation
of the carbon market underscore the complexity of achieving sustainability goals while
maintaining economic competitiveness. Achieving this balancing act will be instrumental in the
coming years, especially as compliance markets burgeon to multi-trillion-dollar scales.

By 2030, the stakes will be higher than ever. Regulatory and market forces will have to
operate in tandem to avoid conflicts that could undermine the integrity of global compliance
markets. It will require international cooperation, clear regulatory guidelines, and above all, the
will to prioritize long-term sustainability over short-term gains.

Carbon Markets 101

Carbon markets are often categorized into two distinct types: compliance markets, also
known as emission trading schemes and voluntary markets (Liu et al., 2015)2’®. Starting with
Compliance Markets, they serve as the backbone of regional, economy-wide, and even
international climate policies. Governed by "cap-and-trade" regulations (Betsill & Hoffmann,
2011)%"7, these markets operate under predefined carbon allowances issued by authorized
governmental organizations. The allowances are then traded in secondary markets. The core
objective of such a structure is to incentivize businesses to reduce their emissions, given that
lower emissions can translate to financial gains through the sale of unused allowances. As of
now, the Paris Agreement's Article 6.4 and previous mechanisms under the Kyoto Agreement
set the stage for these markets, with the United Nations often acting as the supervisory body
(Marcu, 2016)?78,

In contrast, voluntary markets operate largely outside governmental control. In these
markets, private entities willingly purchase carbon credits to offset their emissions. The credits
are linked to specific climate change mitigation projects, which can range from renewable
energy initiatives to afforestation efforts (Michaelowa et al., 2023; Tjon Akon, 2023)27928° While
their unregulated nature often draws criticism for a lack of transparency and potential for
"greenwashing", they nevertheless offer an alternative pathway for organizations to engage in
climate action (Miltenberger et al., 2021)281.

Another emerging concept is Compliance Offset Markets, which function under international
accords but aim to facilitate voluntary participation (Sapkota & White, 2020)?82. Under schemes
like the UNFCCC REDD+ projects, these markets offer another layer of complexity but also
potential for unifying global efforts. The financial metrics in these markets are just as varied as
their operational frameworks. For example, according to data from carboncredits.com, the
highest carbon credit buy in compliance markets can go up to EUR90. In sharp contrast, tech-
based offsets in voluntary markets can be acquired for as low as USDO0.80. These stark
differences in pricing underscore the market's fluctuating nature and the urgent need for a
standardized, globally accepted framework. However, the biggest challenge facing these
markets is the vast divergence in ESG ratings, valuation methodologies, and even basic
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definitions of what constitutes a 'green’ initiative. Despite these challenges, the upside potential
is massive; the green finance sector, of which carbon markets are a part, has shown
tremendous growth amid increasing awareness and urgency to combat climate change.

Timeline of EU ETS Carbon Price

EU ETS represents not just a regional effort but a global archetype in driving down carbon
emissions through market mechanisms. Initially conceived as an experimental model, the EU
ETS has undergone several transformative phases. The early years were characterized by
high volatility as market participants and regulators were both finding their footing. Despite
these teething issues, this phase was critical for setting the foundational regulations that would
shape future iterations.

As the system matured, market stability became more palpable. Companies were no longer
operating in a cloud of regulatory ambiguity; instead, they now had a clearer framework for
action. The stabilizing market also saw an influx of institutional investors, who began to see
the burgeoning potential of carbon credits as an asset class.

It can be seen from Figure below that EU ETS has grown to a staggering market value of
approximately USD851 billion in 2021, a 164% jump from the previous year (Varsani & Gupta,
2022)%3, 1t is no longer a standalone entity but has influenced the establishment of around 30
similar emission trading systems globally. Moreover, it's worth noting that the EU ETS alone
comprises about 90% of the global carbon credit turnover, a testament to its efficacy and
influence.

According to Varsani & Gupta (2022)284, the initial phase, lasting three years, served as a
trial period to lay the groundwork for carbon trading and to set up its pricing structure. During
this stage, carbon prices were relatively low due to an oversupply in the market, a situation
exacerbated by the lack of accurate emissions data. Phase 1 laid the foundation for collecting
verified emissions data, which subsequently informed Phase 2. Armed with this data,
regulators set emissions caps for various companies and curtailed the supply of carbon
allowances. However, the global financial crisis of 2008 led to reduced economic activity,
decreasing the demand for these allowances, and causing a drop in carbon prices. The
abundance of carbon allowances in Phases 1 and 2 set the stage for Phase 3, which was
primarily aimed at managing the excess supply. Various reforms like "backloading," the Market
Stability Reserve, and the yearly reduction of the carbon allowance cap contributed to a rise in
carbon prices during this phase. The Phase 4 enacted stricter policy initiatives aimed at curbing
carbon emissions. For example, the rate of annual reduction for the carbon allowance cap was
increased to 2.22%, up from the previous 1.74%. Additionally, this phase emphasized the
creation of financial frameworks to support low-carbon innovations, aiding energy-intensive
industries in transitioning to a low-carbon economy.

The EU ETS, though successful, operates alongside smaller and less regulated Voluntary
Carbon Markets (VCMs). While the EU ETS is a state-enforced mechanism designed to bring
about legally mandated emission reductions (Clo, 2011)?%, VCMs allow companies and
individuals to voluntarily offset their carbon footprint. The coexistence of these two different
types of marketsd each with its own set of regulations, impacts, and market sizesd adds layers
of complexity to the global carbon trading landscape. The EU ETS has now entered a critical
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phase that focuses on achieving net-zero emissions targets and serving as a guide for global
markets (Backe et al., 2023; Sengur & Altuntas, 2023)286287,
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Figure 50: Timeline of EU ETS Carbon Price from Jan 2013 to Jan 2023

Source: Trading economics?8

Climate Smart Cities: Consumption-based Inventory

As cities emerge as vital players in the arena of climate change, it becomes imperative to
scrutinize not just how they contribute to carbon emissions but also how they consume. It is in
this context that Climate Smart Cities must focus on a Consumption-based Inventory (CBI)
approach, a methodology that extends beyond traditional boundaries of emissions calculations.
Bai et al. (2016)?®° have stressed the necessity of a holistic, systems-based approach for the
sustainability of cities. This involves considering both production and consumption as
interconnected elements, while also accounting for factors like upstream supply chain impacts
leading to cities (Reisch et al., 2016)?°° and the energy embedded in products as explored by
Lenzen et al. (2006)?°. This perspective was further underscored by a groundbreaking report
from the C40 Cities network in 2018, which utilized consumption-based emission inventories
to gauge the carbon footprint of urban consumers for the first time (Schroder et al., 2019)2°2,
According to this report, traditional methods of measuring carbon footprints through
production-based sectoral inventories underestimate the per capita carbon footprints of cities
by a factor of two to three.

Historically, carbon accounting methods were primarily production oriented. Cities would
calculate their emissions based on what was emitted within their geographical boundaries.
While useful, such approaches overlook a significant aspect of carbon responsibility:
consumption. In modern economies, cities consume products manufactured elsewhere, use
services outsourced to other regions, and engage in activities that, although not directly
emitting within the city limits, have far-reaching implications for global emissions (Mendes,
2022; Parasher et al., 2019)%%%2%_CBI aims to fill this gap by providing a comprehensive
account of a city's carbon footprint, taking into consideration the emissions associated with

goods and services consumed within the city, regardless of where those emissions occur.
126



Take the example of Portland, a city recognized for its progressive stance on sustainability.
Whil e most cities might focus on emissions
action plan goes a step further (Yao et al., 2023; Harrison & Donnelly, 2011)?%2%_ |t includes
emissions from consumables, offering a more holistic view of the city's carbon footprint. This
innovative approach reflects how urban planning can impact not just local but global
ecosystems. Implementation of CBI starts with meticulous data collection, accounting for all
goods and services consumed within the urban environment. Next, a life-cycle assessment of
these items assesses their entire carbon footprint, from production to consumption. The final
stage involves attributing these calculated emissions back to various consumer activities
(Hakamies et al., 2023; Ipsen et al., 2019)?°72%, This comprehensive view offers a multi-faceted
lens through which cities can evaluate their carbon impact, making it an essential tool for any
Climate Smatrt City.

Cities can make data-driven decisions, tailoring policies to address specific areas of high
consumption-based emissions by using CBI. Such targeted interventions can range from
promoting local produce to reduce food miles, encouraging the use of sustainable construction
materials, or revisiting waste management systems (Besklubova et al., 2023)?°°. By focusing
on both the supply and demand aspects of carbon emissions, a CBI enables cities to adopt a
dual strategy to fight climate change. Climate Smart Cities have the opportunity, and indeed
the responsibility, to pioneer new methodologies in carbon accounting. CBI provides a more
nuanced, comprehensive understanding of a city's carbon footprint, highlighting areas for
targeted action and policy development. It is not just about how much a city emits, but also
about how and what it consumes. By addressing both these aspects, cities can take a more
rounded approach to becoming truly climate smart.

Consumption-based GHG Emissions Inventory for Oregon

While the concept of consumption based GHG emissions inventory is now gaining traction
globally, its application at a state level offers another layer of insight. Oregon serves as a
compelling case study in this context, especially considering the growing ambition to not just
neutralize but also actively remove carbon emissions (Lazarus et al., 2011)3%°. Such an
ambitious goal aligns well with significant initiatives elsewhere, like the USD10 billion program
aimed at greening Saudi Arabian cities.

Oregon's approach toward a consumption-based inventory stands out because it looks
beyond just curbing emissions produced within the state. It also focuses on emissions resulting
from products and services consumed within Oregon, regardless of where those emissions
originated. This comprehensive measurement allows for a more realistic portrayal of the state's
carbon footprint, as well as highlighting opportunities for targeted interventions to achieve
carbon neutrality or even carbon negativity. According to the study conducted by Erickson et
al. (2012)%**, Oregon has shifted from the traditional production-based method of calculating
GHG emissions to a consumption-based approach. This new methodology revealed that the
state's emissions are 47% higher than previously estimated, underscoring the importance of
including emissions from consumed goods and services, regardless of their origin. The study
suggests that a consumption-based perspective not only provides a more accurate picture of
a state's carbon footprint but also opens new avenues for reducing GHG emissions through
targeted local and state policies. It argues that consumption-based frameworks should
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complement, rather than replace, traditional production-based methods for a more effective
climate change strategy. Oregon's consumption-oriented emissions inventory calculates the
global GHG emissions resulting from the state's usage of various goods and services such as
vehicles, food, energy, appliances, and apparel (Figure below; the consumption-based GHG
emissions inventory tracks emissions produced in Oregon and around the world due to the
products and services Oregonians consume).

Oregon's focus on a consumption based GHG emissions inventory provides a more
accurate, nuanced view of its environmental impact. By looking at carbon emissions from a
consumption perspective, the state is better equipped to enact policies that aim not just for
carbon neutrality but also for carbon removal, setting a valuable precedent for other regions
and even economies to follow.
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Climate Smart Cities: defining boundaries

In the discourse on Climate Smart Cities, one of the less explored but crucial elements is
defining the 'boundaries’ for GHG emissions inventories and carbon accounting. These
boundaries can range from the city's geographic limits to the larger realm of influence that a
city holds through its consumption-based activities. In a bid to drive data-driven climate action,
numerous cities have employed sector-based GHG inventories, often aligned with frameworks
like the Global Protocol for Community-Scale GHG Emission Inventories. Traditional sector-
based approaches primarily account for GHG emissions generated within city limits from
energy usage, whether from direct combustion (known as scope 1 emissions) or from grid-
sourced electricity, heating, and cooling (scope 2 emissions) as shown in Figure below.
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Additionally, these inventories also cover emissions from waste treatment processes. However,
this method falls short of capturing the full carbon footprint of a city as it often neglects
emissions from consumed goods and services that originate outside city boundaries (scope 3
emissions) (C40, 2018)3%,

A recent study, spearheaded by the C40 Cities Climate Leadership Group in collaboration
with the University of Leeds, the University of New South Wales, and Arup (C40, 2018)34,
examined consumption based GHG emissions in 79 cities. The research aims to provide cities
with a more holistic view of their total emissions and opportunities for reducing emissions
beyond their geographical borders. Astonishingly, the data revealed that 80% of the surveyed
cities had greater GHG emissions when viewed through a consumption-based lens compared
to a sector-based approach. Additionally, the report highlighted significant variations in
consumption-based emissions per capita across different regions.

The follow-up report by C40 Cities, titled "The Future of Urban Consumption in a 1.5°C
World", identifies sectors with the most significant potential for emissions reduction in cities.
These sectors include food, buildings and infrastructure, clothing and textiles, electronics and
electrical appliances, private transport, and aviation. The report provides in-depth insights into
potential interventions that cities can undertake to reduce emissions from these sources.
Defining the boundaries of GHG emissions in Climate Smatrt Cities is not merely a question of
geography but also of methodology. A broader, more inclusive approach that incorporates
scope 3 emissions is essential for a more accurate and actionable climate strategy.
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Carbon Monitor Cities near-real-time daily estimates of GHG emissions from 1500
cities worldwide

The emerging trend of near-real-time carbon monitoring in cities represents a significant
step forward in how we understand and manage urban carbon footprints. The ability to gather
daily estimates of CO2 emissions is not just a technological achievement; it also provides cities
with an invaluable tool for immediate and long-term climate action planning. Over 70% of the
world's fossil-fuel CO2 emissions originate in cities, underscoring the need for accurate city-
level emissions data to aid global climate change mitigation (Han et al., 2020)3°. Despite this,
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a standardized, global dataset for city-level emissions is still absent. Most emissions
inventories exist at the economy level, partly because gathering city-specific fossil fuel
consumption data is challenging. Moreover, many existing inventories, including those
reported to the United Nations Framework Convention on Climate Change (UNFCCC), are
outdated, often lagging by a year or more (Kosma & Gallagher, 2023)3". This hampers city-
level efforts to set meaningful benchmarks and track advancements towards goals like
achieving net-zero emissions by 2030 or 2050.

Carbon Monitor Cities refines near-real-time economywide emission data from the Carbon
Monitor into a city-level dataset, following a four-stage process (Figure below, Huo et al.,
2022)%%8, Initially, Global Gridded Daily CO2 Emission Datasets are formed, covering multiple
sectors and offering high-resolution spatial and temporal emission maps. These are then
tailored to specific cities using Global Administrative Areas or Functional Urban Areas,
depending on regional definitions. Subsequent stages involve adjustments for residential and
transport sectors, error correction, and data validation. The finalized dataset, covering 2019-
2021, focuses on five major sectors that contribute to over 70% of a city's fossil fuel CO2
emissions, according to Huo et al. (2022)3%,

The study conducted by Ke et al. (2023)3° introduces "Carbon Monitor Europe," a near-
real-time dataset tracking daily fossil fuel and cement emissions in 27 European Union
economies and the UK from January 2019 to December 2021. This comprehensive dataset,
segmented into six key sectors & power, industry, ground transportation, domestic and
international aviation, and residential areas d addresses the glaring limitation of current official
inventories, which only provide annual data with significant time lags. Utilizing a daily tracking
methodology, the research captures timely data on emissions across six sectors. This
granularity is especially significant for adapting to fast-changing events like COVID-19 and
geopolitical tensions. The work refines existing Carbon Monitor systems, offering a resource
that enhances the effectiveness of climate policies and interventions.

Liu et al. (2020)%!! developed the Carbon Monitor, a near-real-time dataset that offers daily
CO2 emission estimates at the economy-wide level since 1 January 2019. The dataset covers
a broad range of sectors, utilizing diverse data sources such as hourly electrical power
generation data from 31 economies, industry production data from 62 economies/regions, and
daily mobility data from 416 cities worldwide. The dataset captures the dynamic fluctuations in
CO2 emissions, highlighting daily, weekly, and seasonal variations, as well as the impact of
events like the COVID-19 pandemic. The authors show an 8.8% decline in global CO2
emissions for the first half of 2020 compared to the same period in 2019 and discuss its
potential implications for scientific research and policymaking.

The complexity of carbon accounting at the city level often resembles that of an industrial
value chain, akin to a retailer's logistics network. Cities are unique in that they serve as both
consumers and producers of emissions. For instance, some industrial production may occur
within the city, making the city partially responsible for these emissions. This overlap between
consumption and production within city limits adds a layer of complexity to carbon accounting
but also opens up opportunities.

This near-real-time carbon monitoring has broader implications, especially in the realm of
project development and financing. Cities, acting as project developers, can tap into carbon
credits as a potential financing mechanism. Essentially, by accurately accounting for emissions
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on a near-real-time basis, cities can better design projects aimed at reducing emissions. These
projects can then qualify for carbon credits, which can be sold or traded to finance further
climate initiatives. The real-time data provides the robust evidence needed for such projects,
making them more attractive to intellectual and academic project developers who are seeking
to calculate emissions reductions with a high degree of accuracy.
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Carbon Rating Agencies

Traditionally, Carbon Rating Agencies have focused on assessing the carbon footprint of
individual projects and sectors, there's a growing shift toward city-level, consumption-based
GHG emissions assessments. For years, Carbon Rating Agencies have been an essential
component of the global effort to transition to a more sustainable future. Focused on sectors
such as energy, agriculture, and manufacturing, these agencies have been providing
certifications, conducting audits, and assigning carbon ratings primarily to businesses and
projects (Semet et al., 2021; Lotay, 2009) 334 = Their work has informed investors,
policymakers, and the public about the carbon impact of various initiatives.

In September 2023, Carbon Market Watch released a study, "Rating the raters," examining
the contributions of four major carbon credit rating agencies: BeZero, Calyx Global, Sylvera,
and Renoster. The report critically assessed their methodologies and their impact on the
Voluntary Carbon Market (Dufrasne, 2023, Mair, 2023)3!5316, Carbon Rating Agencies do not
issue carbon credits but evaluate the quality of credits generated by certified projects. They
give medium to low scores more often than not, signifying their meticulous evaluation
processes. This rigorous scrutiny stands in contrast to the more liberal approvals often seen
in standard carbon crediting. Despite the rigorous methodologies, the lack of universally
accepted standards for quality assessments makes it difficult for buyers to compare carbon
credits adequately. Key findings and recommendations of the rating agencies assessment
according to Mair (2023)3'":
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(i) The absence of a globally accepted, comprehensive standard for gauging the quality
of carbon credits presents a core challenge to the carbon market, making stakeholders more
wary when dealing with these credits.

(i) The carbon credit rating agencies under review aim to fill the standardization void by
differentiating between high-quality and subpar carbon credits. They assert that their
evaluations enhance transparency, reduce risks to reputation, and facilitate equitable pricing
mechanisms.

(i) Among the agencies reviewed, Renoster stands out for its unique approach, which
minimizes subjective evaluations. The company primarily relies on algorithm-driven
assessments and, while it considers leakage, opts not to include it in its final rating calculations.

(iv) There are notable differences in the methodologies employed by different agencies to
assess carbon credits. For example, while the majority of agencies apply explicit tests in their
evaluations, Renoster's tests are generally more implicit.

(v) Further disparities were identified in how agencies calculate the total score of a project
based on its 'additionality’ metrics. Other divergences involve the examination of issues such
as double issuance, double counting, co-benefits, safeguards, leakage management, buffer
robustness, long-term stability markers, and the transparency of ratings.

Voluntary Carbon Credits Marketplace Expanding Fast

The carbon credits market is emerging as a promising frontier for both environmental impact
and investment. As a noteworthy recent development, Hong Kong, China has joined the global
landscape of this market, contributing to a wave of large-scale investments that range between
USD500 million to USD1 billion worldwide. These investments, like Blackstone's USD400
million stake in Xpansiv or Deutsche Borse AG's substantial support for Singapore's AirCarbon
Exchange (ACX), underscore the strategic interest in fostering a market that is not just robust
but also credible.

When discussing carbon credits, it's crucial to differentiate between compliance and
voluntary credits. Compliance credits are a legal requirement for companies operating within
certain regulatory frameworks, while voluntary credits offer companies a way to go beyond
legal obligations, usually for ethical reasons, public relations gains, or longer-term strategic
alignments with sustainability goals (Kreibich & Hermwille, 2021; Streck, 2021)31831°_ Although
different in their motivations, both types of credits play complementary roles in a market whose
aim is to reduce GHG emissions.

The study of Kreibich & Hermwille (2021)32° examines the contrasting dynamics of demand
and supply in the voluntary carbon market, particularly in the context of the Paris Agreement.
It notes that while many companies have committed to achieving net-zero emissions &
potentially boosting the demand for carbon credits 8 the supply side struggles with aligning
its business models to the new legal frameworks. Specifically, if companies use carbon credits
to offset emissions, these credits should be aligned with the host economies’ Nationally
Determined Contributions to maintain environmental integrity. However, operationalizing this
is a complex challenge requiring political backing. Kreibich & Hermwille (2021)%?* underscored
a glaring discrepancy between the growing demand for carbon credits and the certification
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schemes' ability to supply these legitimately. It warns that the voluntary carbon market faces a
critical juncture. On one side are entities advocating for the continued use of non-compliance
credits, which could jeopardize the market's credibility. On the other side are organizations
looking to establish NDC support units that would be traded alongside traditional carbon credits.

The question of treating carbon as a commaodity is another intricate issue that the market
faces. If carbon credits are to be commoditized, stakeholders must agree that the credits,
irrespective of where and how they are produced, offer a standardized amount of carbon
reduction (Barchiesi, 2007)3?2. This idea is complicated by the fact that the actual impact of a
carbon credit can vary based on numerous factors, including the project it funds and the
methodology used to measure emissions reductions. For the carbon market to mature and
stabilize, this is a challenge that needs addressing, lest the market faces risks of oversupply
and price volatility.

The carbon market is rapidly gaining traction as a key player in global efforts to combat
climate change, attracting substantial investment from industry heavyweights. Hong Kong,
China recently entered the arena with the launch of Core Climate, an international marketplace
designed for trading voluntary carbon credits and instruments, on 28 October 2022. This
follows a series of significant financial commitments aimed at constructing a seamless global
trading infrastructure for high-quality carbon credits. For instance, Blackstone invested
USD400 million in Xpansiv, a U.S.-based company, on 6 July 2022. Adm Neumann also raised
USD70 million for the sale of tokenized carbon credits on the blockchain. In Singapore,
AirCarbon Exchange secured an undisclosed but substantial investment from Deutsche Borse
AG, while Climate Impact X has amassed a paid-up capital of USD42.4 million as of August
2022, with backing from notable investors like Temasek, SGX, DBS, and Standard Chartered.
Ripple confirmed its role as one of the founding partners of Thallo, a web three carbon credit
marketplace based on the XRP Ledger, on 4 October 2022. Moreover, the London Stock
Exchange is in the process of launching a Voluntary Carbon Market to channel large-scale
financing into climate mitigation projects. These developments indicate a burgeoning market
that's poised for growth, with investments that range somewhere between USD500 million to
an undisclosed multi-billion-dollar figure, aimed at fortifying the carbon trading infrastructure
globally (Figure below).

Looking ahead, the trajectory of the carbon credits market is promising but uncertain. The
voluntary carbon market, especially, has shown signs of rapid growth, as evidenced by its
valuation surpassing USD1 billion in 2021. The expansion suggests that the marketplace is
increasingly being seen as an actionable strategy for combating climate change, not just by
corporations but also by individuals.

In sum, the rapidly expanding voluntary carbon credits marketplaces are a testament to the
growing recognition of the critical role that market-based mechanisms can play in global
sustainability efforts. The market, while promising, is complex and evolving, shaped by a
multitude of factors ranging from large-scale investments to regulatory frameworks and the
actions of individual investors. As such, understanding this landscape in its entirety is key for
anyone looking to navigate it successfully.
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The Evolving New Voluntary Carbon Market

The evolution of the voluntary carbon market (VCM) over the past two decades serves as
a testimony to the potential for market-based solutions to address the global climate crisis.
From its experimental roots to the latest innovations in financial derivatives, the VCM is a
dynamic ecosystem, promoting participation from governments, the private sector, and
individuals (Spilke & Nugent, 2022)%24, The conceptual framework for the VCM finds its roots
in the 1997 Kyoto Protocol. This international agreement led to the creation of formal
mechanisms like the Clean Development Mechanism, International Emissions Trading, and
Joint Implementation to manage carbon emissions. Over time, nearly 8,000 projects under the
Clean Development Mechanism have been established in more than 100 economies, leading
to the creation of 1.9 billion certified emissions reductions (Michaelowa et al., 2019)32°, The
market, originally centralized around the Clean Development Mechanism and the European
Union Emissions Trading System, has since been decentralized. Instead of a single governing
entity, the VCM is managed by an ecosystem of self-regulating, standard-setting organizations
and certifiers. This transition has allowed greater adaptability and freedom for participating
entities to offset their emissions.

As the Clean Development Mechanism solidified its role as a primary compliance market
during the mid-to-late 2000s, a growing roster of corporations and governmental bodies started
to engage in alternative, voluntary schemes. In a noteworthy initiative in 2003, the World
Wildlife Fund (WWF) collaborated with various international non-profit entities to create a
voluntary carbon offset framework and database known as the Gold Standard. This was
designed to enhance the effectiveness of carbon offset projects and generate value for those
developing these projects (Gold Standard, n.d.)3?®. A coalition of industry representatives and
environmental pioneers established the Verified Carbon Standard, also known as Verra. As of
now, Verra operates the most bustling registry in the voluntary carbon market, having issued
nearly a billion credits (Party et al., 2023)%?’. These emerging standards aimed to instil a level
of integrity and quality within carbon markets, while also maintaining registries that were both
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secure and user-friendly. Both the emerging voluntary carbon market and the established
Clean Development Mechanism were paving the way for a market system characterized by
greater functionality and transparency.

The VCM involves a mix of organizations like carbon offset programs, project developers,
and buyers, which range from corporations to cities and universities. These players are
connected through brokers and financial firms that handle carbon credit transactions.
Registries like Verified Carbon Standard and Gold Standard set the guidelines for project
monitoring and carbon credit issuance. Once projects meet these standards, they receive
credits indicating the amount of CO2 reduced, which buyers can then 'retire’ to offset their own
emissions (Spilke & Nugent, 2022)328,

Retail providers aid in connecting developers and buyers, offering market insights and
sometimes holding credit inventories. These providers often help finance early-stage projects
by committing to minimum purchases. However, the market has faced transparency issues.
Bilateral sales agreements and varying project types create an opaque setting with high
transaction costs. This has led to criticism over low credit prices for certain projects and even
guestions over the actual environmental impact of some credits. Exchanges like CBL Xpansiv
are now becoming more active, aiming to standardize terms and improve market transparency.
These platforms facilitate price discovery and add liquidity, transforming the VCM from an
opaque to a more transparent market.

Lately, various initiatives have sprouted from both governmental and corporate realms,
aiming to bolster the reliability and efficiency of voluntary carbon markets. These include the
development of trading frameworks to novel certification methods for projects (Dawes et al.,
2023)32°, Although voluntary and compliance markets are separate, they are increasingly
intersecting. Numerous initiatives have fashioned a blended model where governmental
authorities take a more proactive role in shaping and overseeing the voluntary trading of carbon
credits among companies. The five voluntary initiatives outlined below capture some of the
sector's current diversity.

(i) In February 2022, the London Stock Exchange (LSE) introduced a new market
designation aimed at enhancing the quality and transparency of voluntary carbon markets.
Funds or companies looking to invest in carbon-reducing projects must meet specific reporting
criteria, including alignment with UN Sustainable Development Goals, to earn this designation.
Investors can then buy shares in these designated entities and receive carbon credits. The
LSE identifies three core advantages: 1) boosting funding for carbon-reducing projects, 2)
enhancing market transparency and regulation, and 3) facilitating the purchase of carbon
credits for companies and investors. The initiative aims to transition trading from an opaque
over-the-counter model to a more transparent marketplace.

(i) In November 2022, the European Commission proposed an EU Carbon Removal
Certification Framework to standardize and verify carbon removal projects. This would
encompass initiatives like forest restoration, carbon capture, and direct air capture. If approved,
a third-party would evaluate projects against EU-developed methodologies, with certified
results listed in a public registry to avoid double-counting. The certification could serve multiple
purposes beyond voluntary carbon markets. It could help projects gain public or private funding,
label eco-friendly building materials, and expand financing options for carbon removal
technologies. Unlike most voluntary systems where private entities set standards, this EU
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initiative would place the government in a regulatory role, aiming to boost underdeveloped
technologies like direct air capture.

(i) Unveiled at COP27, the Energy Transition Accelerator is a collaboration among the
U.S. Department of State, Bezos Earth Fund, and the Rockefeller Foundation. Focused on
developing economies, it aims to facilitate climate finance and green development. Companies
aiming for net-zero can purchase carbon credits from projects that either retire coal plants or
boost renewables in select developing economies. Stakeholders like Chile, Nigeria, PepsiCo,
Microsoft, and Bank of America have shown interest.

(iv) Launched in 2014, Australia's Emissions Reduction Fund (ERF) encourages
businesses and communities to reduce GHG emissions or sequester carbon. Administered by
the Clean Energy Regulator (CER), the ERF issues Australian Carbon Credit Units (ACCUSs)
to qualifying projects. While the majority of ACCUs are bought by the government, demand
from voluntary buyers is growing. The ERF also has a Safeguard Mechanism, requiring large
emitters to stay within a regulated emissions cap, or purchase ACCUs to offset excess
emissions. The cap will gradually lower, aligning with Australia's 2050 net-zero target.

(v Launched in 2022 by Japanbs Ministry of Econo
League aims to contribute to Japan's 2050 carbon neutrality goal. Unlike compulsory
emissions trading systems, the GX League allows voluntary corporate participation but
mandates compliance with self-set emissions targets. METI will publish these targets in a
database to boost financial sector transparency. Companies exceeding their goals can sell
extra reductions on the GX League's carbon exchange, while those failing must purchase
carbon credits to cover the deficit. Hosted by the Japan Exchange Group, the carbon market
will feature a variety of credit types, including J-Credits and Joint Crediting Mechanism credits.
Price floors and ceilings for carbon will be annually set by METI, with plans to raise these limits
over time. With over 600 companies participating, accounting for about 40% of the emissions,
the GX League shows promising initial engagement compared to other schemes like the EU
ETS. While voluntary, the GX League mimics a compliance system in its stringent focus on
transparency and may face challenges in standardizing a diverse credit supply within its set
price range.
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Challenges of Carbon Neutrality for APEC Cities and Potential Pathways to Action

Achieving carbon neutrality poses significant technical and financial challenges for cities
within the APEC region. First and foremost, the diversity in economic development and
infrastructure across APEC cities complicates the standardization of carbon reduction
strategies. Developing economies may face financial constraints in implementing sustainable
technologies and transitioning to renewable energy sources, while more advanced economies
might encounter resistance to restructuring established, carbon-intensive industries.
Coordinating efforts among cities with distinct urban planning and transportation systems adds
another layer of complexity. Moreover, the scale and rapid urbanization in many APEC cities
exacerbate issues related to energy consumption, transportation emissions, and waste
management. Addressing these challenges requires a collaborative approach, innovative
policies, and substantial investments in research, technology, and infrastructure. Balancing
economic growth with environmental sustainability remains a delicate task, demanding
commitment from APEC cities to navigate these hurdles and transition toward a carbon-neutral
future.

A variety of financing mechanisms are available to support climate mitigation, energy
transition and the pathway to sustainable APEC cities.

Concessional loans are designed to provide affordable financing to support economic
development in low- and middle-income economies. Vulnerability criteria in allocation
mechanisms for concessional funding are typically used to identify and prioritize economies
and communities that are most vulnerable to the impacts of climate change and in need of
financial assistance. The specific criteria used can vary depending on the funding mechanism
and the goals of the funding program, but some common vulnerability criteria include:

I. Exposure to climate risks: Vulnerability criteria may consider an economy's exposure
to climate risks, such as sea-level rise, drought, or extreme weather events. Economies
that are highly ex-posed to these risks are more likely to experience adverse impacts
and may require assistance to build resilience and adapt.

Il. Sensitivity to climate risks: Vulnerability criteria may also consider an economy's
sensitivity to climate risks, such as the extent to which its economy or population is
dependent on climate-sensitive sectors, such as agriculture or tourism. Economies that
are highly sensitive to climate risks may require assistance to diversify their economies
and build resilience to these risks.

[ll. Adaptive capacity: Vulnerability criteria may also consider an economy's adaptive
capacity, or its ability to respond to and recover from the impacts of climate change.
Economies with low adaptive capacity may require assistance to build the necessary
infrastructure, institutions, and capacity to adapt to changing climatic conditions.

IV. Social vulnerability: Vulnerability criteria may also consider an economy's social
vulnerability, such as the extent to which marginalized communities, such as
indigenous peoples or women, are disproportionately affected by climate change.
Economies with high levels of social vulnerability may require assistance to address
the social and economic inequalities that exacerbate the impacts of climate change.

V. Economic vulnerability: Vulnerability criteria may also consider an economy's economic
vulnerability, such as the extent to which it relies on external sources of income or has
limited fiscal capacity to respond to climate change. Economies with high levels of

137



economic vulnerability may require assistance to diversify their economies and build
resilience to changing climatic conditions.

Concessional loans can provide climate finance by offering affordable financing to support
climate mitigation and adaptation projects in low- and middle-income economies. Here are
some ways that concessional loans can provide climate finance:

1 Financing climate-focused projects: Concessional loans can be used to finance
climate-focused projects, such as renewable energy generation, energy efficiency
improvements, and climate-resilient infrastructure. These projects can help to reduce
greenhouse gas emissions and build resilience to the impacts of climate change.

1 Supporting climate policy reforms: Concessional loans can be used to support climate
policy reforms, such as the implementation of carbon pricing mechanisms, the
development of climate action plans, and the promotion of sustainable land use
practices. These policy reforms can help to create an enabling environment for climate
mitigation and adaptation efforts.

1 Leveraging private sector investment: Concessional loans can be used to leverage
private sector investment in climate-focused projects. By providing seed funding or
other forms of financial support, concessional loans can help to reduce the risks
associated with these investments and make them more attractive to private investors.

1 Providing technical assistance: Concessional loans can be used to provide technical
assistance to support the development and implementation of climate-focused projects.
This can include support for project design, feasibility studies, and capacity building
activities.

1 Supporting climate risk management: Concessional loans can be used to support
climate risk management efforts, such as the development of climate risk insurance
schemes or the establishment of early warning systems for climate-related hazards.
These efforts can help to reduce the financial risks associated with climate change and
build resilience to its impacts.

Concessional loans can be designed as Debt for Nature Swaps. Debt for Nature Swaps are
agreements between debtor economies and creditors in which the debtor economy agrees to
protect its natural resources in exchange for debt relief or concessional financing. These swaps
involve the conversion of a portion of the economy's debt into a local currency fund, which is
then used to support conservation and sustain-able development projects.

Concessional loans can be used as part of a Debt for Nature Swap by providing the
financing needed to support conservation and sustainable development projects. In exchange
for the concessional loan, the debtor economy would agree to implement specific conservation
or sustainable development measures. These measures could include the protection of natural
habitats, the promotion of sustainable land use practices, or the implementation of climate
mitigation or adaptation measures.

The use of concessional loans in Debt for Nature Swaps can be an effective way to address
both environmental and economic challenges. By providing financing for conservation and
sustainable development projects, Debt for Nature Swaps can help to protect natural resources
and promote economic development in debtor economies. At the same time, the use of
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concessional loans can help to reduce the debt burden on these economies and provide them
with access to affordable financing for other development priorities.

Effective global safety nets can play an important role in mitigating the impact of climate
catastrophes and other unpredictable events. Here are some ways to develop and implement
such safety nets:

Vi

Establish a global risk-sharing mechanism: A global risk-sharing mechanism could be
established to help economies manage the financial risks associated with climate
catastrophes and other unpredictable events. This mechanism could involve pooling
resources from multiple economies and providing financial assistance to economies
that have been affected by a cata-strophic event.

Develop and implement early warning systems: Early warning systems can help
economies pre-pare for and respond to climate catastrophes and other unpredictable
events. These systems could include weather monitoring, early warning alerts, and
other systems designed to provide timely information to decision-makers.

Build resilience in vulnerable communities: Investing in community resilience can help
mitigate the impact of climate catastrophes and other unpredictable events. This could
involve in-vesting in infrastructure, such as sea walls and other protective measures,
as well as supporting community-based adaptation efforts.

Establish contingency funds: Contingency funds can provide immediate financial
assistance to economies that have been affected by a climate catastrophe or other
unpredictable event. These funds could be established at the regional or global level
and could be used to provide emergency relief and support recovery efforts.

Encourage private sector involvement: The private sector can play an important role in
developing and implementing global safety nets. This could involve providing financial
support, expertise, and other resources to help economies prepare for and respond to
climate catastrophes and other unpredictable events.

Ensure equity and fairness: Global safety nets should be developed in a way that
ensures equity and fairness for all economies, particularly those that are most
vulnerable to the impacts of cli-mate change. This could involve providing additional
support to vulnerable economies and ensuring that resources are distributed in a way
that is fair and transparent.

Deploying insurance mechanisms with a fair and efficient economic model requires a
coordinated and collaborative effort from multiple stakeholders, including insurers,
governments, international organizations, and civil society.

1

Develop risk-based pricing: Insurance mechanisms should be priced based on the level
of risk that they are designed to cover. This means that higher-risk activities or regions
should pay higher premiums, while lower-risk activities or regions should pay lower
premiums. This approach ensures that the cost of insurance is fairly distributed based
on the level of risk.

Promote transparency: Insurance mechanisms should be transparent in terms of their
pricing, terms, and conditions. This means that customers should have a clear
understanding of what they are paying for and what risks are covered.
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Encourage private sector involvement: The private sector can play an important role in
deploying insurance mechanisms, as they can provide expertise, capital, and other
resources. Governments can encourage private sector involvement by providing
incentives, such as tax breaks or subsidies, to insurance companies that offer coverage
for climate-related risks.

Establish contingency funds: Contingency funds can provide additional support to
insurance mechanisms by providing a source of funding for claims that exceed the
capacity of the insurance mechanism. These funds can be established at the regional
or global level and can be used to provide emergency relief and support recovery efforts.

Support capacity building: Deploying insurance mechanisms requires building capacity
in vulnerable communities to help them understand the risks they face and how to
mitigate them. This could include providing technical assistance, supporting education
and training programs, and building institutional capacity.

The widespread adoption of Climate Resilient Debt Clauses, including zero-cost
clauses, and other automatic liquidity provision mechanisms could make the financial
system and vulnerable economies more able to absorb shocks from climate-related
events.

Climate Resilient Debt Clauses are contractual provisions that can be included in debt
agreements to provide relief to borrowers in the event of climate-related shocks. These
clauses can include a range of measures, such as debt moratoriums, interest rate
reductions, and debt forgiveness. By providing automatic relief to borrowers, these
clauses can help reduce the financial impact of climate-related events and help ensure
debt sustainability.

Zero-cost clauses, in particular, are a promising approach to promoting the adoption of
Climate Resilient Debt Clauses. Zero-cost clauses are designed to provide relief to
borrowers without imposing any additional costs on creditors. This makes them an
attractive option for both borrowers and creditors and can help promote the widespread
adoption of Climate Resilient Debt Clauses.

In addition to Climate Resilient Debt Clauses, other automatic liquidity provision
mechanisms can also help vulnerable economies absorb shocks from climate-related
events. For example, catastrophe bonds, which are debt securities that are designed
to pay out in the event of a catastrophic event, can provide a source of immediate
liquidity to economies that have been affected by a climate-related event. Other
mechanisms, such as insurance products and contingency funds, can also provide
automatic liquidity provision to help economies respond to climate-related events.

The adoption of Climate Resilient Debt Clauses, zero-cost clauses, and other automatic
liquidity provision mechanisms can help promote financial stability and sustainability in
vulnerable economies and reduce the impact of climate-related shocks on the financial system.
By working together to promote these mechanisms, governments, international organizations,
and the private sector can help build resilience in vulnerable communities and support the
global effort to mitigate the impacts of climate change.
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Voluntary and cross-border carbon markets can be leveraged and expanded to reduce
emissions and generate additional financing to mitigate the impacts of climate change on a fair
basis by implementing the following measures:

1

Standardization and transparency: Standardization and transparency of carbon
accounting methodologies and reporting can help to build trust in the carbon markets
and facilitate cross-border transactions. Establishing clear and consistent standards for
carbon accounting and re-porting can help to ensure that the carbon credits generated
through these markets are credible and verifiable.

Incentivizing participation: Incentivizing participation in voluntary and cross-border
carbon markets can help to expand their reach and impact. This can be done by offering
financial incentives, such as tax credits or subsidies, to companies and organizations
that participate in these markets. Governments can also require companies to purchase
carbon credits as part of their climate mitigation strategies.

Addressing additionality: Ensuring that the carbon credits generated through these
markets represent real emissions reductions is critical to their credibility. Carbon
projects should be de-signed to achieve emissions reductions that would not have
occurred in the absence of the carbon market. This is known as "additionality."
Establishing clear additionality criteria and independently verifying emissions
reductions can help to ensure that the carbon credits generated through these markets
represent real emissions reductions.

Ensuring fairness and equity: Ensuring that the benefits of carbon markets are
distributed fairly and equitably is important to their long-term sustainability. This can be
done by ensuring that the benefits of carbon credits flow to the communities that are
most affected by climate change and by promoting the participation of developing
economies in these markets.

Leveraging private sector investment: Expanding the carbon markets will require
significant private sector investment. Governments can leverage private sector
investment by establishing policies and regulatory frameworks that create a favourable
investment climate for carbon projects.

Cross-border revenue streams are financial flows that cross borders and can be used to
accelerate decarbonization efforts. Some examples of cross-border revenue streams that can
help accelerate decarbonization include:

1

Carbon pricing and trading systems: These are mechanisms that put a price on
greenhouse gas emissions and allow companies to trade emissions credits. Revenue
generated from the sale of credits can be used to fund decarbonization efforts.

Green bonds: These are fixed-income securities issued by governments, supranational
organizations, or corporations to fund environmentally friendly projects, including
renewable energy and energy efficiency initiatives.

Climate finance: This refers to the financing of projects and programs that help reduce
green-house gas emissions and adapt to the impacts of climate change. It includes
public and private funding from developed economies to developing economies, as well
as private investments in renewable energy and other low-carbon technologies.
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Renewable energy exports: Economies with abundant renewable energy resources,
such as wind and solar, can export excess energy to neighbouring economies,
generating revenue and helping to reduce greenhouse gas emissions.

Carbon capture and storage (CCS) projects: These projects involve capturing carbon
dioxide emissions from industrial processes and storing them underground. Revenue
can be generated from the sale of carbon credits and from the use of captured carbon
for enhanced oil recovery.

Increase energy efficiency: Improving energy efficiency can help reduce carbon
emissions by reducing the amount of energy required to produce goods and services.
This can be achieved through the use of energy-efficient technologies, such as more
efficient engines, improved insulation, and better lighting.

Fuel switching: One of the most effective ways to reduce carbon emissions is to
transition to low-carbon fuels such as renewable energy sources like solar, wind, and
biofuels. In the ship-ping industry, fuel switching can involve the use of cleaner-burning
fuels such as liquefied natural gas (LNG) or biofuels instead of heavy fuel oil. In the
fossil fuel sector, fuel switching can involve switching from coal to natural gas, which
emits less carbon dioxide. In shipping, this could include the use of electric or hybrid
electric propulsion systems, or the use of low-carbon fuels like hydrogen or ammonia.

Funding support may include (but not limited to):

f

Suffered loss and damage as a result of climate change. This could include financial
support for rebuilding homes, businesses, and critical infrastructure.

Supporting climate-resilient agriculture: The fund should support activities that help
farmers adapt to changing weather patterns and develop more climate-resilient crops
and agricultural practices.

Supporting ecosystem-based approaches: The fund should support activities that
protect and restore ecosystems, such as mangroves, coral reefs, and wetlands, that
provide critical services such as coastal protection and water regulation.

Providing technical assistance: The fund should provide technical assistance to
vulnerable economies to help them develop and implement adaptation and mitigation
strategies. This could include support for capacity building, technology transfer, and
knowledge sharing.

Conclusions

APEC cities seeking to leverage climate finance and emerging voluntary carbon markets
can adopt a strategic path to action. Initiating with a comprehensive carbon emissions
assessment, cities should establish ambitious reduction targets in alignment with global
climate objectives. Concurrently, the development or enhancement of supportive regulatory
frameworks is crucial for attracting investments and ensuring a conducive environment for
businesses engaging in carbon reduction initiatives. Stakeholder engagement, including
collaboration with businesses, community groups, and NGOs, is essential for diverse
perspectives and shared responsibility. Identifying and prioritizing carbon offset projects, such
as renewable energy installations and sustainable urban development, ensures a diversified
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and impactful approach. Embracing innovative technologies enhances energy efficiency and
supports transparent reporting mechanisms. Building local capacity through training and
resources for various stakeholders facilitates effective participation in voluntary carbon
markets. Collaboration with financial institutions and international partnerships further supports
financing options and knowledge exchange. Ensuring local policies align with international
standards and promoting innovation in sustainability contribute to a holistic and competitive
strategy. This strategic approach positions APEC cities to contribute significantly to global
carbon reduction efforts while fostering local sustainable development.

The concept of carbonomics is dynamic and evolves with advancements in technology,
changes in policy, and a growing understanding of sustainable practices. Climate-smart cities
aim to balance economic development with environmental responsibility, creating a model for
urban living that minimizes negative impacts on the climate.
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2.2. Accounting as Systematic Collection of Sustainability Indicators

2.2.1. Leveraging Carbon Neutrality Incentives Through Sustainability
Accounting

Authored by Leanne Keddie, Carleton University

This write-up is based on a presentation given recently to APEC delegates of the recent
Workshop on Sustainable Cities titled édLeveragin
to move towards carbon neut r BMartchy2023. Whdt ®lloweo r k s h o |
are thoughts on an expanded discussion of the presentation that can be found on the APEC
website.

A discussion in the area of sustainability accounting must begin with defining what
sustainability is. While there is no singular definition that is universally accepted, one widely
accepted working definition comes frt(198n) whithe Uni t
states that fisust ai meathdueneatietodayl withouheompromisingattte
needs of those in the future6 ( emphasi s added) . This makes su:
planetary concept and one that is multi-generational in its thinking. These are two critical
components in approaching the topic of sustainability and will frame the discussion here.

Moving from a broad definition of sustainability, one must now discuss what sustainability
accounting purports to be. Again, definitions here may be contentious. If sustainability is a
planetary and multi-generational concept, then sustainability accounting at the firm or city level
i s about measuri ng, analysing and reporting a
economic impacts.

As a subset of this broad sustainability accounting definition, many will have heard the term
ESG. ESG is defined as the environmental, social and governance information about a firm
and is, arguably, a subset of the broader sustainability accounting area. While many use the
t er ms 6sustainabilityo and OESG6 interchangeahb
accounting field, who will argue that these terms are not interchangeable. Because ESG is
specifically used in an investor context, one must understand the information these investors
typically look for (for more discussion on the definitions and what these mean, see L. Keddie
2021). This brings us to the contentious topic of materiality (Jargensen, Mjgs, and Tynes 2021).

While various approaches to materiality have been discussed, here the focus is on two key
terms: single and double materiality. Generally, one can equate single materiality with an ESG
approach. In other words, investors interested in ESG information are primarily concerned with
how 6éexternal 6 forces impact the firm and more
be interested in understanding a firmds greenho
other reasons, many jurisdictions have enabled carbon pricing/taxes which increase firm costs
and thus reduce profits. This is an example of an outside-in approach where investors are
concerned about the risks and opportunities a firm faces from the outside in (in other words,
how these forces affect firm cash flows). This singular focus on the outside-in perspective is
known as Osingle materialityé and is best exer
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Standards Board (ISSB) accounting standards which seek to serve investors in this capacity
(ISSB 2023). Moving to the double materiality approach, and returning to the definition above
of sustainability accounting, this approach would include the investor focus on cash flows
(outside-i n) but would also include firm/city
on its environment, social impacts, economic impacts, etc.). The addition of this second
perspective can be thought of as an inside-out approach or better understanding the impact of
the firm/city on the world. This approach is best exemplified by the accounting standards of the
Global Reporting Initiative (GRI) (GRI 2021). This set of sustainability accounting standards
takes a broader approach including meeting the needs of investors as well as other
stakeholders. It is critically important to note that ESG accounting does not equate to
sustainability accounting since it i's not
impact on the world (recall the earlier definition of planetary sustainability).

The hope is that by providing these definitions and perspectives, it will begin to become

obvious that di fferent accounting standards

memorandum of understanding was signed by both the ISSB and the GRI to work together to

createatwo-pi | | ar system of sustainability accounti

needs (IFRS Foundation 2022). Firms, or in this case, cities, will need to consider their needs
and their stakeholders to first select the best approach to sustainability accounting for their
needs. Since cities are unlikely to have investors, using the ISSB standards is unlikely to meet
their reporting needs; the GRI standards on the other hand are likely to be a better fit.

Cities are similarly under pressure to better account for their impacts on the world. In
thinking about these impacts, there are different strategies, approaches and frameworks that
can be used (for a great infographic on some of the major frameworks, standards and their

mpact

t aki

n

Wi

ng

Q

fo

overl ap, see (GRI 2022)) . One popul ar framewor |

Sustainable Development Goals (SDGs) (United Nations 2015). One can think of this as

humanityés checklist, gezandndes hahedtoadly agteedrugoeto n u mb e r

guide the path to being more sustainable. The goals are as follows:

No poverty;
Zero hunger;
Good health and well-being;
Quiality education;
Gender equality;
Clean water and sanitation;
Affordable and clean energy;
Decent work and economic growth;
Industry, innovation and infrastructure;
. Reduced inequalities;
. Sustainable cities and communities;
12. Responsible consumption and production;
13. Climate action;
14. Life below water;
15. Life on land;
16. Peace, justice and strong institutions; and
17. Partnership for the goals (United Nations 2015).

©o NG~ ®DNE
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These goals are often referred to by their number (e.g., cities may reference their
commitment to UN SDG 11). Along with these goals come a number of sub-metrics that can
be used as targets/goals for cities and firms alike (UN 2023).

6000 HEALTH 4 o
EDUCATION

|

AND WELL-BEING

DECENT WORK AND
ECONOMIC GROWTH

o

13 & 16 fosioe. [l 17 fonionss
INSTITUTIONS

Figbte The United Nationsd Sustainable Develo

Source: United Nations33!

Another approach cities may take is to work on the development of a circular economy. For
many, the modern economy has been built on a very linear system: 1) natural resources are
obtained from the earth; 2) products are created from these natural resources; 3) products are
consumed/used by the population; and 4) products are disposed of as waste. While obviously
a wasteful approach, it is also costly in terms of the energy needed to continually obtain new
natural resources, the costs for disposal and waste management, as well as the costs to
human health and society. For these reasons and more, the concept of the circular economy
is gaining traction. This approach posits that natural resources obtained from the earth can be
designed in such a way as to ensure their continued use through the development of new
products, recycling, reusing or repurposing them to minimize waste and harm to society and
the planet.

A third possible approach is that of-brBakingghnut
approach to marrying economics with planetary science (Raworth 2017). In this approach,
cities can think of that limits of the planet based on the best science we have today: the
ecological ceiling. These planetary boundaries as they are known, comprise the critical earth
systems that, if the boundaries of these systems were exceeded, pose an existential threat to
us as humans. They are as follows:

=

Climate change;

Ocean acidification;

Chemical pollution;

Nitrogen & phosphorous loading;

Freshwater withdrawals;

Land conversion;

Biodiversity loss;

Air pollution; and,

Ozone layer depletion (Rockstrom et al. 2009).

© NGk WDN

These boundaries form the outer |l ayer of Katebo
creates a smaller <circle that includes what she
conceptual floor, of humanityods dapganetwitnlen@gsds t o s
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It is between this lower social foundation and the outer ecological ceiling that the possibility of
a O0safe and just space for

element

=

1
1
1

©OoNoOOOA~WDN

S.

Food;

Health;
Education;
Income & work;
Peace & justice;
Political voice;
Social equity;
Gender equality;
. Housing;

0. Networks;

1. Energy; and,

2. Water (Raworth 2017).
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As one example of how this may look at the city level, we can look to Amsterdam (Doughnut
Economics Action Lab et al. 2020). As a city, Amsterdam examined how they were serving the
population within their geographic boundaries and at the land, water and air systems that
support their citizens. Since GHG measurement is fairly advanced in comparison to other areas,
this will be the focus here to demonstrate this framework. In particular, carbon sequestration
was broken down into four areas: 1) How nature does it; 2) To work like nature; 3) City target
and 4) City snapshot. From there, the city set goals to reduce its own GHG emissions to 55%
below 1990 levels by 2030 and to 95% below by 2050 (Doughnut Economics Action Lab et al.
2020)%3, Once goals like these are set, sustainability accounting can then be leveraged to

create

incentives towards achievement.
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The first step for a city looking to leverage incentives is to engage with stakeholders. There
is a need to determine who the city is communicating to and what kind of information these
stakeholders want/need. From this engagement, it should be clearer what sustainability
accounting standards will help meet the city and other stakeholder needs. From this point on,
it is important to take action; progress not perfection should move the discussion and reporting
forward. Any metrics determined in the communication stage can be mapped to actions the
city is already taking and/or plans to take. Incentives can form a key part of the strategy here
to make progress on determined goals.

Once a city has selected a framework and the appropriate sustainability accounting
standards to meet city and stakeholder needs, this reporting can be leveraged to help achieve
carbon neutrality. The use of social and environmental metrics in compensation plans is not
new. Work in the US context finds large companies in the S&P 500 setting goals in these areas
beginning before 2015 (S. L. Keddie and Magnan 2023). Most commonly found in the short-
term/annual bonus plan, the proportion of companies using these types of goals has risen from
approximately 1/3 in 2015 to nearly 59% in 2021 (Keddie, S. L., Callery, P., Mojai, A. 2023).

Cities can use similar strategies to move their sustainability initiatives forward. These
practices can be adapted and applied to a
can be financial (where it makes sense) or non-financial. Financial rewards can include cash
bonuses similar to the firms in the S&P 500 or could be non-financial such as recognition
rewards, promotions/title changes amongst others. In order to leverage incentives well, the
best practice is to ensure that the goals that are set are clear, quantitative and time-bound
(e.g., using the SMART goal system i specific, measurable, achievable, relevant and time-
bound). Returning to our Amsterdam example, the city set a goal with a 1990 baseline, a city-
defined boundary and a quantitative goal of reducing emissions by 55% below 1990 levels by
2030 and to 95% below 1990 levels by 2050 (Doughnut Economics Action Lab et al. 2020).
This is a great example of a clear, quantitative and time-bound goal. To improve this, and make
it more usable day to day, cities should state the goal explicitly (e.g., how many metric tonnes
of CO2 equivalents must be reduced and what the measurement system will be, for example
The GHG Protocol (The GHG Protocol 2023)). The ongoing reporting on progress towards
these goals can be achieved using the GRI standards for example and by providing financial
and non-financial goals for meeting interim targets. To ensure consistency and accuracy in the
reporting, it is also best practice to ensure that these measurements and the corresponding
reporting are assured by knowledgeable auditors.

The literature on the use of social and environment metrics/goals (here forth ESG incentives)
in compensation plans is still emerging. Kolk and Perego (2014) were arguably the first to

A

Cityo:e

identify Osustainabl e bonus es 0 ;esebanuséshveré usefulvo r k t

or just window-dressing (in other words, greenwashing). Subsequently, additional work
appeared giving us greater insight in the use of these incentives. Mass and Rosendaal (2016)
give the first in depth look at the use of these incentives internationally finding that they typically
appear in the short-term compensation plan, are primarily social in nature, and are mainly used

by 6dirtyé industries. From here, Maas wondered

firms trying to increase their ESG performance but finds that this is not the case (Maas 2018).
Findings indicate that both poor performing firms and strong performing firms use ESG
i ncentives however, only those with ¢h adtatided
goals, improve their ESG performance (Maas 2018). Multiple studies find that the use of ESG
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incentives is associated with positive financial performance (Flammer, Hong, and Minor 2019;
Hong, Li, and Minor 2016; Abdelmotaal and Abdel-Kader 2016) implying some positive
financial benefits from their use. Recent work finds that in U.S. corporate settings, there are
instances of excess bonuses being obtained though this is not widespread (S. L. Keddie and
Magnan 2023) but it remains an empirical question as to whether these risks and benefits will
translate into government settings.

Until the research in this area deepens, organizations are left with applying the existing
knowledge in the literature to new settings, taking a leap of faith so to speak. For cities today
contemplating incentivizing employees to move towards carbon neutrality, expert advice,
leveraging the literature and taking that leap of faith, is as follows:

1. Consult stakeholders broadly to ascertain their needs/concerns.

2. Building on the feedback from stakeholders, select an appropriate framework (e.g., UN
SDGs) and/or sustainability accounting standard (e.g., GRI).

3. Select metrics/goals (social/environmental) that reflect the priorities of the city from
both a risk, opportunity and impact perspective (in other words, what risks
(opportunities) does the city need to address (have) in this space and what impacts is
thaving on society both positive and negative)
existing metrics and guidance can be found through organizations like the GRI. An
excell ent resour ce cities shoul d consider
sustainabi |l ity reporting: time to step it updé (A

4. Ensure that the metrics/goals are explicit, time-bound (SMART goals for example),
guantitative where possi bl e, gualitative wh
leveraging existing systems of data collection to begin with but moving to new data
collection processes as the measurement matures. These metrics should be measured
clearly, and aggressive goals set.

5. Engage auditors to ensure metrics are rigorously measured and audited. This will
increase the quality of your information and trust in your metrics.

6. Align compensation plans with the goals. This may mean different goals for different
areas as some may have control over social factors (e.g., inequality) while others may
have more control over environmental factors (e.g., GHGS).

7. Commit relevant financial or non-financial resources to the achievement of these goals.
This may mean 10-30% on average in a cash bonus setting or could be reflected in
non-financial ways such as promotions, awards, public recognition, etc.

8. Refine and rework. Monitor progress frequently (as your data collection processes
allow) and make changes as needed. The world is changing quickly, and you may need
to update your goals/metrics frequently.

Cities have the opportunity to significantly move forward to achieve carbon neutrality. The
information outlined here includes key resources to do this. From the implementation of
appropriate sustainability accounting standards to leveraging this information to incentivize
employees to achieve aggressive carbon neutrality goals, the resources are available; it will
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be up to the will of the cities and its people to use these resources to achieve carbon neutrality
goals.

2.2.2. Towards Accounts-Based Sustainability Indicators for Cities

Indicator systems are a common way to measure and visualize multidimensional
information. The APEC Sustainable Urban Development Report i From Models to Results33*
describes in detail some of the well-known indicator systems used to measure sustainability of
cities. The advantage of using indicator systems is to allow aggregating quantities of entirely
different dimensions in a single scalar indicator, which can then be the basis for a comparison.

On the way between data and indicators, accounting plays a key role. An accounting system
is a way to order and structure basic data before it is assembled to indicators, as is shown in
the figure below.

Agency C

Policy C
Indicators

Info C

Data C
Accounts

Basic Data

FigbB8e Accounts as essenti al aelde menrdti clnd towee n

Sour ce: Uni®¥ ed Nations

The basic principle of accounts is that they have two sides, one showing negative effects
and one showing positive effects occurring during a period. At the end of the period, the
balance between the two effects can be calculated. The balance is a kind of indicator for the
sum of negative and positive effects. This corresponds exactly to the objective of sustainability
analysis which should allow identifying and quantifying the partial negative effects (such as
environmental pollution and degradation, health deterioration, indebtedness) and partial
positive effects (such as restoration of biodiversity, job creation, creation of infrastructures and
creation of wealth) and determine which ones prevail at the end of the period.

This section attempts to show how accounting, if understood as bridge between basic data
and sustainability indicators, can not only greatly improve understanding of sustainability and
disaster resilience, but that can fill an essential gap i namely to formulate the key indicator
which, if maximized, maximizes overall sustainability of a community.

The demonstration in this section uses an agent-based presentation. This presentation
describes interactions between agents as well as interactions of the agents with nature. The
agent-based presentation allows seamless aggregation of agents to industries, of industries to
sectors, of sectors to economies, and of economies to the world, with disaggregation also
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being possible if data exist. As mentioned, the strength of this presentation is that it can
simultaneously address interactions of the community with nature as well as with other
communities. This has been mentioned in section 1.2.3. on the data challenges of cities.

One of the merits of keeping accounts and disclosing them publicly is to accelerate the
collection of data. Economic decisions are shaped by published information, the most
important of which are published accounts of agents as well as all types of prices (including
interest rates, wages etc.).

The accounting world undergoes at present a wave of changes and adaptations designed
to address sustainability issues. The description below integrates key elements and ideas from
the following tracks:

1 Corporate accounting: Two approaches address the subject of sustainable
accounting in two different approaches: the outside-in approach is exemplified in
Environment al , Soci al , Governance (ESG) acc
view and measures the impact of external factors such as climate change onto the
firm, especially its cash flow and its profits. The Sustainable Accounting Standards
Board (SASB) has recently started publishing financial reporting standards along
this approach®¥®. The contrary inside-out approach, exemplified by the Global
Reporting Initiative (GRI 2021) *¥7, incorporates a multistakeholder view and
measures the impact of a corporation on the world. For cities, this approach may be
the relevant one for keeping pace with sustainability accounting as cities are not
profit-making entities (see also section 2.3.1).

1 The UN System of National Accounting (SNA 2008) has been complemented in
2012 by the System of Environmental-Economic Accounting (SEEA 2012). The SNA
is now being revised at the OECD by the High-Level Group on the Measurement of
Economic Performance and Social Progress (HLEG) which published its final report
For Good Measure i Advancing Research on Well-being Metrics Beyond GDP in
2018 *8 and a companion volume Beyond GDP: Measuring what counts for
Economic and Social Performance®®.

1 The International Standard Industrial Classification ISIC Rev. 4 is undergoing a
revision which is, however, not impacting the coarse presentation shown further
down, see following paragraphs.

The analysis below will be made first on flows, where the available material is more
abundant and the impact on well-being and sustainability is important. The input-output table
of Hong Kong, China is taken as example. The traditional presentation as well as the agent-
based presentation of the input-output table are shown for comparison. This allows identifying
the deficits of current accounting.

The agents used for the agent-bases presentation are defined in reference to the
International Standard Industrial Classification ISIC Rev. 43%. This classification is extremely
useful, as it distinguishes between 21 sections and 99 divisions of industrial activities. At
present, ISIC Rev. 4 is undergoing revision®!. At the level of sections (A to U, below), the
revision splits the section J into two, adding one more section, thereby shifting the sections
from K to U by one letter (from L to V). As all the explanations concerning the agent-based
presentation are based on a coarse level of sectors and do not use the more granular levels
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of sections and divisions, the ongoing revision of ISIC does not have any impact on what is
explained below.

The individual categories of ISIC have been aggregated into the following 21
sections:

Section Divisions Description

A 01-03 Agriculture, forestry and fishing

B 05-09 Mining and quarrying
C 10-33 Manufacturing
D
E

35 Electricity, gas, steam and air conditioning supply
36-39 Water supply; sewerage, waste management and remediation
activities

41-43 Construction

45-47 Wholesale and retail trade; repair of motor vehicles and motorcycles

49-53 Transportation and storage

55-56 Accommodation and food service activities

58-63 Information and communication

64-66 Financial and insurance activities

68 Real estate activities

69-75 Professional, scientific and technical activities

84 Public administration and defence; compulsory social security
85 Education

86-88 Human health and social work activities

90-93 Arts, entertainment and recreation

94-96 Other service activities

F
G

H

|

J

K

L

M

N 77-82 Administrative and support service activities
o}

P

Q

R

S

T

97-98 Activities of households as employers; undifferentiated goods- and
services-producing activities of households for own use

U 99 Activities of extraterritorial organizations and bodies

Figb®Blendustriésan déafei nend er nlan d osCh tais@ti dndartd on | SI C F
Sour ceSt aUNDd tvii¥®d on

The coarse classification that is used in the explanations of the agent-based presentation
below groups the ISIC Rev.4 sections and divisions into the following six sectors:

The primary Aoectcoor,r ensopoernddsi to | SI'C industry se
naming the sector, A, is underlined to distinguish it, if necessary, from the symbol naming a
guantity A. The primary sector as defined here contains all activities related to raw materials
and agriculture. It also contains any activity related to energy, including the electricity industry.
More broadly, the primary sector also contains any present or future activity designed to repair
damaged natural capital.

The secondaryBédectorreapoedsfito | SIC industry s
industrial activity as well as construction. More broadly, the secondary sector also contains
any activity that repairs damaged produced capital (as is already the case at present).

The tertiar yRo0s,ecctoorrr,e snpootnedds it o | SI C i ndustry se
P, Q, R, S. The tertiary sector contains the central bank as well as the financial industry and is
therefore the primary producer of financial capital. Moreover, the tertiary sector also contains
the education industry (P) and the health industry(Q) and is therefore responsible to regenerate
part of human capital.
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The public sector &0, gowverempahdsnboetd SAC i ndu
public sector includes all activity related to public security. Compulsory social security is

considered as being part of public security and is, therefore, included in the public sector.

The private househGl,dsdhcdadtesr | Sh &€t edhdiustry se
beyond this section. Private households are not considered as an industrial activity and are,
therefore, not part of | SIC. The private househo
consumers as well as producers of goods for their own use. Beyond that, households have an
intergenerational role of regenerating human capital which is recognized in this system.

The sector rest Xb, tdesiwpmatdes neverdytihi ng t hat
contains ISIC industry section U but may go beyond that, depending on whether or not the

analysis includes global flows taking place within the rest of the world.

It may be useful to show hereafter how the agent-based presentation can be derived from
scratch from conventional corporate accounting. In conventional corporate accounting, the
flows are recorded according to expenses (on the left) and receipts (on the right). The balance
net surplus appears, however, on the left and the balance net loss on the right to ensure
identical totals on both sides. Either an agent has a net surplus or a net loss, but not both. The
balances in the figure below are marked in colour as they change side: a net surplus is in the
expenses side and a net loss in the receipts side. Both, red and blue balance numbers are
positive or zero (>=0), but red numbers in balances have the meaning of losses, as is the case
in everyday language. In an agent-based presentation, expenses and receipts are further
specified by partitioning them agent by agent. For two aggregate agents (Energy Agents A and
Bankers R) this is shown in the figure below.

A: Energy Agents’ Expenses

A: Energy Agents’ Receipts

R: Bankers’ Expenses

R: Bankers’ Receipts

To energy agents A ——f From energy agents A 10 energy agent_s_g______._. From energy agents A
/
To manufacturers B From manufacturers B——= To manufacturers B From manufacturers B

To bankers R *“‘”‘”mmemﬂ r To bankers R - From bankers R
To government G From government G To government G From government G
To households C From households C To households C From households C

To the world X {imports)

From the world X (exports)

To the world X (imports)

From the world X (exports)

To Balance 5+ (net current
surplus)

To Balance 5- (net current
loss)

To Balance S+ (net current
surplus)

To Balance 5- (net current
loss)

SUM AA =SUM AA SUM RR =SUMRR

TabT:e Agbeansted presentation for two AggdebaRkemngent s,
Source: APSEC

The arrows point to information which is shown

bankers are the same as the bankersé expenses t
within each aggregate agent (e.g., from energy agents to energy agents) is shown twice. This

double information can be eliminated by displaying the accounts in matrix form. In a matrix,

the expenses remain in the columns of the matrix, whereas the receipts are turned by 90° and

displayed in rows. The result is shown in the table below. Note that the naming of symbols in

the matrix indicates the flow of goods or services. Thus, AB shows the flow of energy from A

to B. The corresponding payment takes place in the opposite direction and hence goes from

B to A. This table introduces three sub-totals as well as the following supplementary items:
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Flows | A B R |V=E| G C | U= X |QO=EEl} S- EEF
A AA AB AR | AV | AG AC AU AX AQ AS AA
B BA BB BR | BV | BG BC BU BX BQ BS BB
R RA°- RB RR| RV | RG RC RU RX RQ RS RR
V= VA VB VR | VWV G C VU X VQ VS V
T TA TB TR T TG TC TU X TQ TS GG
W WA WB WR| W |WG WC WU WX | WQ WS CcC
UsSEFZ |UA UB UR | UV | UG UC uu Ux uQ us U
Z ZA ZB ZR Z G ZC ZU ZX ZQ ZS XX
Q=FE§ QA QB QR | QV |QG QC| QU |QX | QQ QS Q
S+ SA SB SR S SG SC SuU SX SQ 0

FEZFZF AA BB RR V GG CC U XX Q

Tab8 e Siextor flow accounting in a symmetrical

Source: APSEC

A first intermediate total V = E is the aggregate of primary, secondary and tertiary industry.
The term VV stands for intermediate consumption (VA+VB+VR), which is also equal to the
intermediate production (AV+BV+RV) of the three industry sectors.

A second intermediate total U = £ Frepresents the city, i.e., the aggregate of all preceding
sectors, namely V, the government G and the private sector C, so that VV+G+C=VU, and
VV+T+W=UV. Note that to respect usual naming conventions, the corresponding row of
column G (government) is noted T (taxes), and the corresponding row of column C
(households) is noted W (wages). Taxes T are net of subsidies and transfers. In extreme cases
where subsidies and transfers of the government towards one of the other sectors are larger
than taxes, the corresponding term of line T could be negative.

A third intermediate total Q = E E Frepresenting the world, is the aggregate of all the
preceding columns, namely U and the rest of the world X so that VU+X=VQ and UV+Z=QV.
Still in respect of usual naming conventions, the corresponding row of column X (exports) is
named Z (imports). The term ZX indicates the equivalent flows of UU happening in the rest of
the world. If the analysis should include the rest of the world, the term ZX is non-zero. If the
analysis is just concentrating on one city, the data in term ZX is neglected and ZX is zero.

The balance row (S+) and the balance column (S-) indicate surplus (profit) or loss of each
sector, respectively. In one period, each sector can be either profitable or loss-making, but not
both. Due to the balance row and column, the overall sum of sums (E £ B Bf each row is the
same as in each column. In this table all numbers, including losses S-, are positive or zero, but
S- has the meaning of a loss.

This table allows demonstrating a first important proposition: In a pure trading world, the
total surplus (SQ) is equal to the total loss (QS). Mathematically this is stated by:

SQ=QS or SQT QS =0, shown by purple colour

This means that if there was only trading, one or several sectors should bear the losses so
that one or several other sectors can make profits. It is not possible to have a pure trading
world in which all the agents (A, B, R, G, C, X) simultaneously make profits. In a pure trading
world, some agents must make losses to allow for other agents to make profits. A pure trading
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system is an example of a so-called zero-sum game. A pure trading world is a very problematic
world as it can only grow by increasing inequalities. Flows can only grow if profits grow, but if
profits of some agents grow, losses of others grow alike. A pure trading world is a closed world.

The above should not be misinterpreted. Trade is by far the most important catalyst for
making production and consumption economically viable. Without trade, production and
consumption cannot attain levels of scale. Fortunately, the reality is a combined system with
trade as well as production-consumption. Trade represents the interaction among agents,
whereas production and consumption represent the interaction between agents and the
environment. Whereas trade happens within the exchange circuit that causes money to flow
(in the opposite direction of the sale of goods or services), production and consumption are
outside the monetary circuit and need to be recorded by means of an inventory of produced
and consumed goods or services. This inventory is done at least once a year before closing
the accounts. To have compatibility with the exchange or monetarized part of the accounting
system, each inventory item is multiplied by its production or acquisition cost or, if these are
not available, its regeneration cost. Current accounting practice is to add annual changes in
produced goods in a supplementary capital account showing gross capital formation or
investment | on the receipts side so that it can add to the other receipts, and gross capital
consumption, divestment or depreciation D in the expenditure side that can add to all other
expenditure.

For reasons of clarity, the table below, as well as all other tables, separate the balance into
two parts: the trade balance (J) is recording the balance of monetary flows (expenses minus
receipts), whereas the capital balance (K) is recording the balance of gross capital formation
minus gross capital consumption which are determined by inventory. An agent (e.g., energy
agent A) cannot have simultaneously a surplus and a loss trade balance in the same year, he
can have simultaneously gross capital formation and gross capital consumption in the same
year, provided that two different types of capital are involved for which it does not make sense
to take only the net balance.

A: Energy Agents A: Energy Agent g
To energy agents A From energy agents A
To manufacturers B From manufacturers B
To bankers R From bankers R
To government G (taxes) From government G
To households C (wages) From households C
To the world X (imports) From the world X (exports)
Trade balance J (net surplus) Trade balance J (net loss)
Capital balance K (net surplus) Capital balance K (net loss)
Gross capital consumption D Gross capital formation |
SUM AA = SUM AA

Tab%e SinglMaseouat after adding a capital

Source: APSEC

160

ac



If e.g., energy agent A sets up a new power plant, this is recorded under gross capital
formation, whereas if a disaster damages or dest
same year, this is recorded under gross capital consumption. However, for reversible capital
flows such as inventory or stock sales and purchases, the only the net capital flow or net capital
balance is recorded in the capital account | (in case of net inventory increase) or D (in case of
net inventory decrease). The balances are marked in colour (red or blue) as they change side:
the surplus appears in the expensesd column and

Again, the above can be shown in matrix form representing all aggregate agents. This gives
rise to the input-output matrix with investments, divestments, trade balance and capital balance.
This table is useful for all the theoretical discussions and derivations.

Flows A B R V= G c UsEFE| X Qz=EEF J K l EEFEE
A AA AB AR | AV | AG AC AU AX AQ AJ AK | Al AA
B BA BB BR | BV | BG BC BU BX BQ BJ BK | BI BB
R RA RB. RR | RV | RG RC RU RX RQ RJ RK | RI RR
V= VA VB VR | W G C ] X VQ VJ VK | \Y
I TA B TR T TG TC TU > TQ TJ TK | TI GG
W WA WB WR | W | WG WC | WU WX wQ wWJ WK | WI | CC
U=E ¢ UA UB_ UR | UV | UG UC uu UXx uQ uJ UK | Ul u
z ZA ZB 7R z ZG  ZC ZU ZX ZQ YA ZK | zI XX
Q=EEF| QA QB QR | QV | QG QC QU QX QQ QJ QK | QI Q
J JA JB JR JV | G JC Ju JX JQ 0
K KA KB KR | KV | KG KC KU KX KQ
D DA DB DR D DG DC DU DX DQ
EEEFE AA BB RR \ GG _CC u XX QQ

Tabl® I nput output table (1OT) with investment, div

Source: APSEC

In the above table, U stands again for the city and Q for the world. The sum of global trade
profits is represented by the term JQ, and this is equal to QJ, the sum of total trade losses.
This is the zero-sum part of the table. On the contrary, the sum of global capital surplus KQ is
not equal to the sum of global capital loss QK. This is the non-zero-sum part of the table. For
agent A and its capital account K, KA = max(Al i DA);0, and AK = max(DAT Al);0 and likewise
for the other agents and for the trade balance account J. With this convention, all numbers of
the above table are positive or zero.

In practice, the table above is simplified by concentrating all the balance terms in two lines
J and K. The net capital balance is the difference between the gross capital production and
gross capital consumption, thus: K =171 D. If | > D, the net capital balance will be a positive
number. If | < D, it will be a negative number. Likewise for the trade balance J. For agent A,
AQ-QA>0 is a surplus, the contrary a loss. The balance terms are now brown, indicating that
each of them can be positive or negative. The blue term JA of the above table is different from
the brown term of the table below, as = JAT AJ, and similar for the other brown terms,
in particular =KQT QK.
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A B R V=F G C UsEFE| X O=FEFEF | |EEFE

A AA AB AR AV AG AC AU AX AQ Al AA
B BA BB BR BV BG BC BU BX BQ Bl BB
R RA RB RR RV RG RC RU RX RQ RI RR
V= VA VB VR VvV G C VU X VQ I V
T TA B TR T TG TC TU TX TQ TI GG
W WA WB WR W WG wWC WU WX WQ WI CC
U=FE F UA uB UR uv UG uc uu UX uQ Ul 9]
Z ZA ZB ZR Z ZG ZC ZU ZX ZQ Zl XX
QFFF| QA QB QR | QV | QG QC QU QX QQ Ql Q
J 0

K

D DA DB DR D DG DC DU DX DQ

EFEEZE | AA BB RR Vv GG CC U XX AQ

Tabl¥ I nput output table (1 OT) with investments,

Source: APSEC

The table above can now be used to derive GDP. To do this, we define the consolidated
surplus of the primary, secondary and tertiary sectors as: S=J + K + D. GDP is conventionally
defined in three ways called expenditure approach, income approach and value-added
approach.

GDP1 at expenditure approach: Y=G+C+Xi Z+I
GDP2 at income approach: Y=T+W+
GDP3 at value-added approach: Y=NVT2)i W

From the above table, consider the following:

Consider V=W+G+C+X+I=W+T+W+Z+
Which transforms to Y=G+C+Xi1Z+] =T+WH+

And also: Y=(VIi 2)i VW =T+W+

This gives the three definitions of the GDP, bearing in mind that all the terms are positive
or zero, except the term S which can be positive, zero or negative, hence the brown colour.
Gross surplus is negative if S =J + K+ D <0if J+ K <1 D, where D is always positive. In
other words, the sum of both balances must be smaller than i D.

The table also allows defining the Net Domestic Product, defines as GDP minus the
divestments or depreciations D, noted NDP = GDP i D.

For deflating macroeconomic aggregates, the most natural choice would be to use the sum
of all domestic transactions defined above by the term UU, bearing in mind that each summand
of UU is itself a sum Epigi of its individual components. This is the deflator that matters for
monetary policy.

For deflating the GDP, a specific deflator is constructed to include all the terms of GDP,
namely: G + C + X1 Z + |. This deflator is different from the above one.

162

di



For deflating the consumer basket which matters for consumers, the consumer basket is
used, which is defined as: C = AC + BC + RC.

In case an energy-based measurement unit for value®* or a single reference item such as
the Big Mac®* is considered, the deflator is the basket of goods produced and sold by energy
agent A, represented in AC in the table above, or a single item of that AC basket such as the
Big Mac. The term AC corresponds also to the basket of what is called non-core inflation
comprising food and energy.

Besides the question of choosing the aggregate, there are methodological difficulties linked
to the type of index calculation. It can make a (big) difference whether a local currency series
is first deflated with respect to the base year and thereafter converted to the common currency
(normally USD), or whether it is first converted to the common currency (USD) and thereafter
deflated to the base year. Similarly, it makes a difference whether simple exchange rates of a
particular time (e.g. end-of-year) are used, or consumer basked based (purchasing power
parity) exchange rates. Among the numerous index methods proposed, no method up to now
manages to produce a single deflator system taking account in a satisfactory manner of price
and quantity variations occurring in time as well as in the currency space. For cities applying
an accounts-based methodology, it is important to always use the same kind of deflator
computed from the same organization by the same method.

GDP is a gross flow indicator and for this reason, it is normally positive, except in very
special circumstances as described below. In the expenditure approach, GDP is positive only
if G+ C + X+ 1> Z. This is violated only in very special conditions such as in the case of, e.g.,
a micro-island community having no exports and no investments, and where government
spending and private consumption are smaller than the imports. Note that at global level,
exports equal imports and hence the consolidated global GDP is given by Y =G + C + I. This
cannot be negative as all terms are positive.

In the income approach, GDP is positive only if T + W + S > 0, or, if S is substituted by its
constitutive terms, T+ W+ J+ K+ D > 0. As T, W and D are always positive, a negative GDP
occurs when J + K <1 (T + W + D), i.e., when the sum of both balances J and K are smaller
thani (T + W + D), where each of these three terms are always positive.

For GDP to be positive in the value-added approach, Y =V1i ZT VW >0ifV>Z+VV. As
V includes Z and VV as two of its summands, and Z and VV are always positive, the value-
added approach can show a negative GDP only if all other summands of V are made explicit.
As the only potentially negative components of V are J and K, the positivity condition of the
value-added approach will yield the same result as in the income approach. The meaning of
the above explanations for policymaking are explained in the box below.

Even though GDP is defined in three different ways, the expenditure approach is different
from the other two approaches as it is the only definition containing neither explicitly nor
implicitly the balance term S (which may be positive or negative). To increase GDP, it is
necessary to have an increase of any term of the expenditure approach. For public policy
the relevant term is G (= public procurement). An increase in G will increase GDP. If
instead, public policy diminishes taxes T or increases subsidies (= negative taxes T), GDP
does not change, but only the balance term S changes. This mathematical result can be
verified in numerical GDP simulation using the above agent-based presentation.
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For the Net Domestic Product (NDP) to be positive in the expenditure approach, this
requiresthe G+ C+ X1 Z+17T D>0,orG+ C+ X +1>Z+ D. This condition can be failed
in such circumstances if imports and divestments or depreciations are sufficiently large
compared to the left-hand terms.

For NDP to be positive in the income approach, this requires T+ W+ J+ K+ D171 D>0, or
+ K >1 (T + W). This is violated if the sum of both balances J and K is smaller than i (T +
W), which are both always positive.

For the NDP to be positive in the value-added approach, Vi Zi VV i D > 0. The three
terms Z, VV and D are summands of V. For the positivity to be violated, it requires that V i D
< Z + VV. As V has no other negative summands than J and K, the positivity condition is
violated in the same case as in the income approach.

To revert to the construction of accounts-based indicators, the balances shown in brown in
the above table, as well as the GDP, NDP and all the indicators defined below belong to the
category of accounts-based indicators.

At this point it is possible to use a real input-output table to apply the above methodology.
The above points can be illustrated and discussed by applying the above methodology to the
economy of Hong Kong, China. The Asian Development Bank periodically elaborates input
output tables for East Asian economies. The latest available full scale input output table for
Hong Kong, China, is available for the year 2018. It shows data converted to millions of current
USD3%,

164



6SL0VZT 9SS'L0Z  60F

STO'LYE
(s8v'ze)
ST0'LZ
PETET
186068
61¥'L07
8EE'9T
689'6€
0'vT
STLT0T
SP6'L0T
158'8T
00675
[244°24
659'SLT
26509
6698
wsT
206'ST

SIS

879'LL 6ST'SE  TLY'ST  SL6'0ZZ 8EE'9T  689'6E
- = = = = 5 696'7T  60£°0E
) - = = & (s8v'ze) - -
= - = - 5 66v'1Z  TOOT LT
= e e 8z ST y£0'9 6L 95T
955207 90S 9TL'9L  TET'sE  EIE'ST  8Z6'0ET  SLS'TT 96L8
= 189 we've v uy €L6'6L V69T  6ST'E
£10°T - 80T - 189 (8T°0T  8I9T T8€
ort - e 20TET  00T'YT  ¥6C'6 6 661
65T - 144 €960 - 99T 34 33
9IET - 8T - - 7I8'€E  ££0'  TLLT
8987 - €8 €z = 86276  6ETT /48
W9'e - 80T - 44 oy  0ss  TSE
6018 - 91 = E 809'8 09T  TeT
08 - SOT - = syZ'ez  8TT  ¥9T
695061 (60  980F% - 5 €907  66¢ 569
102 = oro'TE - Z T 0 8L
655 - Vi - a EVET 89y 85y
6sp’oT (6T /89 - - 089 4 8
S9E'L 90 60t - = or9°e L0T 414
yIT (4] 0 = = 867 T T
dx3 sS4 4 € 4] 4 ASO  SH3
Suodey  Sqenp vomoy POPSIOH  PIRSIOH | SOIS. o,
pue  pendey L SRS A
! | Py jpuacky suogeziuedio amupuadxy PO ‘REIH
wisaduey)  ss0i9 dwnsuoy jyoiduon Aq  uondunsuo) nenpy
uy  ampuadxy ey
uonduwnsuo?)
feuly

(4874

£66'6T

s
6T
SL6'E
796
87
00T
244
STL
ard
897
09
8
S9T
799
vz
8
9
0
avd

asuajaq pue
[eU0SIg 200G pUE  UOEASUILPY

A9nd

8TLT0T

£20'eL

801
016
8LELT
S08%
L66T
S62
S8
995°L
7208
L6V'T
yLS
S67
yLS
9Lz
€20'T
8z
e

sng

ssauisng

SP6'L0T £58'3 006'S  ¥ZZ'9L 6S9'SLT 76509 6€9B ST
65L'59 £20'€T YT TSETT e SI9UT LY €S
898 T0E 628 v T w@ 09 9
¥STT PLT 505 ¥ WeT S 68 174
#90'0% 09€'ST T6'EE L8YYT 62086  OWLTY  8TLE  666TI
YOE'9 66L°E 066TT 61V fTzTE s 8T 9068
0971 818 89 W WSt 9IE 8L 4
81¢ Syt 6.1 ¥s 126 7 a S
(44 144 602 8¢ 43 90T S z
prE'9 697 WwLT 88T LT ST W 611
£8€°07 UTT 07 99 pOST £ vee 6
£6v'T 00€'y o' v r9 s W 0€
766 9SE'T 06/8  OIT 025  #5€ T 8T
vLE 69T e 6l 016 8 81 14
009 98¢ 95T 06 EOL ST TS e
1€ 0¢ 102 92 U 06 ot 1
9% (474 98¢ 88 W (438 905 9%
[44 124 4 [ 607 4 1 007
6vE 80Z 9L€ 55 ST 0% 1] $OT
0 0 138 St € 1 z 0
NI 1L dSL  SYH QYL NOD N 4WH
P | sg Y SIag D SN Bumgy
[epuEaLy vodsuel]  puespioy  apei| fneay

06'ST

602

ot

(15741
998'L
€91
3
4
aL
veL
€0z
€
8¢
€987
n
691
a
474
8
E)

W Suunpyueyy Suduend) Susly pue
e
Buguny

‘amynoudy

win

BER -

S o t Mo i

m
i

o © ™m ™

0
dHY

8

€9
9
9

ani
50
sH3
avd
sng
NI4
1L
dsL
SUH
auL
NOD
aun
4WH
AT
NIW
4HY
apo)

ndino ssoi

suirew uodsues [euoiiewsaiu]
sud Jiseq 1e pappe-anjep
Sjuapisaiuou Aq saseyind Jnsawogq
swuapisas Aq peoiqe saseyoind 1aig
suodxa uo syuawnsnipe go4 / 410
s1onpoid uo saIpisqns s5a] Saxe|
uondwinsuo ajeipawsaju [e10)
suoduw [ej0L.

saDIAs [uOsIad JaYIO

1OM [B120S PU ‘Uj}[eay ‘voreanpy
asuajap pue uonexSUIWPE Jgngd
SAIATIDL SSAUISN pue ‘Bunual ‘aje1sa eay
uoneIpawalul [erueRULy
SUOREIUNWWOIAF|

sD1s3s Jodsuel]

SjuRInEISal pue Sa10H

SDINIAS apR)]

uoRdNIISU0D)

sanan

Suunienuew Aeapy

Suunpoejnuew 1y

Suihuenb pue Suiuny

Buiysy pue ‘Ansaio ‘Bununy ‘amynugy
101035

Chi na, 2018

Ko n g

Hong

of

I nput abuepgt OT)

Tabl2

165



This data can be converted to the agent-based methodology described above simply by
aggregating the industries to the six sectors of the coarse table. Since 2008, Hong Kong, China,
has been applying the Hong Kong Standard Industry Classification HSIC Version 2.0**’, whose
coarse structure is identical with the coarse structure of ISIC Rev. 438, The resulting simplified
table uses exactly all the information of the original disaggregated table above as it adds no
further information.

A B R V=F| G C U=FH X Q=FFIE | FFEFEH
A 511 346 4697 5554] 247 2653 8454 673 9127 27 9154
B 63 29097  4876| 34036| 732 4321| 39089 18005 57094 32036/ 89130
R 1363 11498 166734|179595| 15532 157176 352303 188737| 541040[ 20371| 561411
V=F [1937 40941 176307[219185| 16511 164150 399846 207415 607261| 52434| 659695
T 100 333 6776 7209| 21234 7835 36278 139 36417 954| 37371
W 4998" 21337" 300682| 327017| 19997 0| 347014 0| 347014( 0| 347014
U=F E|7035 62611 483765[553411| 57742 171985 783138| 207554| 990692 53388| 1044080
z 2121 26425 77568|106114| 1457 64459| 172030 0| 172030[ 24922| 196952
Q= F F|P156 89036 561333[659525| 59199 236444 955168| 207554[ 1162722 78310| 1241032
J 0
K 26 31941 20292| 52259 857 o] 53116] 24922 78038
D 1 95 79 175 97 0 272 0 272
3

¥ F Z[9154 89130 561411[659695| 37371 347014| 1044080| 196952 1241032

Table 13: Input-output table of Hong Kong, China 2018 in the agent-based presentation
Source: APSEC, based upon ADB data

Trade surplus J of agent A is 9127 7 9156 = - 29, and similar for all other agents. For the
world the trade surplus is 1162722 i 1126722 = 0, shown in purple. The capital surplus K of
each agent as well as the capital surplus of the city U and of the world Q can be positive or
negative, hence the brown numbers.

The GDP of this economy can be calculated in the tree ways:
GDP1 at expenditure approach: G+ C+ X1 Z+1=Y
16511 + 164150 + 20741571 106114 + 52434 = 334396
GDP2 atincome approach: T+ W+ S=Y,where S=J+K+D
7209 + 327017 + (-52264) + 52259 + 175 = 334396
GDP3 at value-added approach: (V1 2)1 W =Y
(659695171 106114) T 219185 = 334396
The NDP is given by GDP i D = NDP
3343961 175 = 334221

This figure of the NDP is not complete as the only depreciation of assets it contains is
originating from diminutions of inventory which is a very minor part of what is expected to be
the sum of depreciations and capital consumptions of Hong Kong, China, that happened during
the year 2018.

The above points to a lack of completeness of the information shown in traditional input-
output tables. Basically, the incompleteness of information shown is of two types:
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9 Firstly, the GDP is much more often used than the NDP. GDP considers no gross
capital consumption or depreciation or divestment. This is motivated by economic
agents whose interests are basically to show solid and large assets on which they
are basing their activity. They have less interest to show their capital consumption
and do so only if it is unavoidable. To motivate agents to show their capital
consumption, GRI or ESG disclosure rules can bridge part of the gap for corporate
accounting, and the System of Environmental-Economic Accounting (SEEA) for
economywide accounting.

1 Secondly, conventional accounting is incomplete as it only considers so-called
Aproducedod assets, neglecting three other t

Concerning the widening of the types of assets to be included, the APEC Integrated Urban
Planning Report 1 Combining Disaster Resilience with Sustainability describes in detail that
altogether there are four types of capital that must be considered in sustainability analysis3*°.
The mentioned report groups the 17 SDGs in four concentric spheres (environment, society,
economy, governance), whereby each sphere is defined as a function of an incremental
specific medium of interaction. For the environmental sphere, the medium of interaction is
energy. For the social sphere, the mediums of interaction are energy and information (which
is a special form of energy also called negentropy). For the economic sphere, the mediums of
interaction are energy, information and money (which is a special form of quantitative
information), and for governance, the mediums of interaction are energy, information, money
and finance (which is a special form of money). For each sphere, a distinct category of assets
can be identified. For the environment, it is environmental assets, for the society it is social
assets, for the economy it is industrial assets, and for governance it is financial assets.

Financial assets

_‘ Finance 1 Governance

Industrial assets

Information
1

Energy

Social assets

Environmental assets

FigéBe Concentric spheres of sustainabildi
Source: MMPSEC

The substantive description of the missing types of assets can best be done by identifying
the scope which the term Ainvestment | 0 (or gr os
asset, respectivel vy, as well as t(dn depreciatiorpog whi ¢ h
gross capital consumption) receives for each type of asset. For each type of asset, it is
important to state the way how this asset is consumed and regenerated, respectively.
Identification of consumption and regeneration of each asset type is crucial, as these two are
indispensable to assess whether there is progress towards or away from sustainability. If
consumption and regeneration of each asset type are sufficiently well known, knowledge of
the full stocks of each asset may not be necessary to describe sustainability. The measurement
of the full stock of an asset may, however, be necessary to describe disaster resilience and
the vulnerability of a city or community.
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Basically, the Gross capital consumption D and Gross capital formation | shown further
above are disaggregated and widened into the mentioned four types of capital. For the energy
agent A, the structure of his accounts becomes as follows:

A: Energy Agentsbd A: Energy Agentsb
To energy agents AA From energy agents AA
To manufacturers AB From manufacturers BA
To bankers AR From bankers RA
To government AG (taxes) From government GA
To households AC (wages) From households CA
To the world AX (imports) From the world XA (exports)
Trade balance AJ (net surplus) Trade balance JA (net loss)
Capital balance AK (net surplus) Capital balance KA (net loss)
Environmental capital consumption AE- Environmental capital formation AE+
Social capital consumption AH- Social capital formation AH+
Industrial capital consumption Al- Industrial capital formation Al+
Financial capital consumption AF- Financial capital formation AF+
SUM AAA = SUM AAA

Table 14: General structure of the accounts system, exemplified for energy agent A
Source: APSEC

The discussion will now briefly focus on the disaggregation of the capital formation and
consumption accounts and the widening of scope just described. This is exemplified for energy
agent A. Recall the rule mentioned earlier that both sides of the table contain gross variations
where the consumption and formation of the asset are very different from each other. Thus,
gross produced capital formation is a process related to the construction and installation,
whereas gross produced capital consumption is related to different types of depreciation, which
are very different from construction. On the contrary, an inventory or price increase is simply
the inverse of the respective inventory or price decrease. What is of interest for such reversible
operations is the net variation at the end of the period.

The first type of capital is environmental capital E. The table below gives typical examples
for each type of capital consumption and capital formation, but it does not claim completeness.
MSW stands for municipal solid waste. The lines of the table above reflect the different spheres
of the environment: biosphere, atmosphere, hydrosphere, lithosphere with the special
categories of soil and land.

To make the link to accounts-based indicators, each term of the above-mentioned table as
well as each term of the following tables, can be understood as an accounts-based indicator.
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A: Energy enviro

conumption AE-

Agent s o

A: Energy envi

formation AE+

Agent so

Gross environmental capital consumption and
depreciation through:

Overuse of biological resources (firewood)

Air pollution, incl CO2 and all other pollutants
Consumption or pollution of water resources
Extraction of energy and mineral resources
Pollution of soil resources

Land loss through sea level rise and subsidence
Net Sale of land, net land price drops

Gross environmental capital formation
through:

Reforestation, biodiversity restoration

Air depollution, CO2 absorption, O2 production
Wastewater treatment

Recycling of metals and minerals and MSW
Cleaning up of landfills and of soil pollution
Land reclamation in coastal cities

Net Acquisition of land, net land price rises

Table 15: Environmental capital consumption and formation of energy agent A
Source: APSEC

Environmental assets in general can be divided according to the sphere from which they
originate, into assets originating from the biosphere, atmosphere, hydrosphere, and
lithosphere. The particularity of environmental assets is that they are difficult to regenerate. If
they cannot be regenerated (e.g. fossil energy resources), an alternative way to determine
their value by a proxy is to take the generation cost of the same quantity of renewable energy.

If environmental assets can be regenerated, they have a regeneration cost that should be used
to quantify their value. Furthermore, if they can be regenerated, they may become produced
assets. For this reason, the term fAproduced
(SNA, 2008), the authority defining the GDP, creates confusion and is not used in the present

as s E

description. They shoul d be call ed Aiproduced
Environmental-Economic Accounting (SEEA)®*'cal |l s some of them dAcul ti
Take the example of a forest growing due to reforestation policies. The SEEA considers such

forest as a produced or cultivated environmental asset as this forest has an organization

monitoring its growth and a production cost. Thus, the SEEA opens the way to consider that

the domain of produced environment al assets sho
assets gradually disappear due to destruction. T
areconfusing and should not be used. It is preferable

or fAproduced environment al assetso and Aindustri

separate the two categories clearly.

Specifically, assets originating from the biosphere identified in the SEEA are timber
resources, aquatic resources (including fish), and other biological resources. If they are not
regenerated, their value is determined by price times quantity of biomass of the depreciated
asset. As the overuse of biological resources creates a rent, authorities have started to take
part of this rent by selling depletion permits (fishing permits, logging permits, hunting permits)
for depleting biological resources. If the funds collected by selling depletion permits are
invested to regenerate the asset, the asset becomes a regenerated environmental asset.
Assets originating from the biosphere depreciate though overusing (deforestation, overfishing,
overhunting), or more generally through loss of natural habitat and biodiversity. Traditional use
of biomass is the most relevant example of overusing assets originating from the biosphere.
Globally, 7% of total final energy consumption is still based on traditional use of biomass, with
very slow improvement rates®?. Sub-Saharan Africa still experiences growth of the traditional
use of biomass, whereas in East and Southeast Asia the traditional use of biomass has been
more than halved since 1990.
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The assets originating from the atmosphere, as identified in the SEEA, are atmospheric
oxygen and nitrogen. CO2 is not yet listed among the natural assets in the SEEA even though
CO2 is the essential resource for green plants to produce oxygen. The Introduction to
Ecosystem Accounting, a recent appendix to the SEEA, describes the carbon account and
states that it is not yet complete®3, Atmospheric assets regenerate in (bio)chemical processes

taking place either with or without human i
atmospheredo is not availabl e. I nstead, a par
pollutantswherea A pol | uter pays principled has been i

or by quotas and the obligation to buy emissions certificates, mainly for SO2 and CO2. If quotas
correspond to the natural regeneration rate, the price of certificates times the volume of sold
certificates reflects the value of the depleted air resource. If the quotas are larger than the
natural regeneration rate, then the price of certificates multiplied by the volume of sold
certificates is lower than the value of the depleted air resource. The atmospheric assets
depreciate either through air pollution or through consumption of specific air components such
as oxygen or CO2. As polluting a clean resource is equivalent to consuming it, the polluter
pays principle also covers resource consumption. The SEEA identifies the following
atmospheric pollutants: CO2, CH4, N20, NOx, HFC, PFCs, SF6, CO, non-methane VOC, SO2,
NH3, heavy metals, POP, particulates such as PM10, PM2.5, and dust). The financial
resources collected from emission certificates should be affected to regenerating or cleaning
the polluted air. Thus, the atmosphere becomes a partially produced environmental resource.
Without regeneration, the cycle is not closed.

Assets originating from the hydrosphere as identified in the SEEA are the three categories
of freshwater resources: surface water, groundwater, and soil water. Hydrological assets
depreciate either though water consumption or through water pollution. The water pollutants
identified by the SEEA are nitrogen compounds, phosphorus compounds, heavy metals, other
substances and organic compounds. Hydrological assets regenerate either without human
intervention through rainfall, or with human intervention through wastewater treatment. The
cost of overuse of hydrological assets beyond the natural regeneration rate is measured by
the volume of used water times the price (if it exists). In cases where the authorities have
identified a rent for overuse of the overuse of hydrological assets, they started taking a
resource rent (e.g., a resource fee for hydropower) calculated independently from the size of
investments made to use the resource. Hydrological assets regenerating with human
intervention through wastewater treatment become produced environmental assets in the
sense of the SEEA. The price of regenerated water reflects the investment in the wastewater
treatment facility.

Assets originating from the lithosphere are mined and mineral energy resources, soil
resources and land. For mineral energy resources, the UNECE has elaborated a detailed
three-dimensional classification and the specifications of its application®*. Mineral energy
resources depreciate through extraction and consumption of the resources. The production
cost of mineral energy resources is not the extraction cost as extraction does not include
regeneration. Fossil or geological energy resources cannot be regenerated, as it is physically
impossible. It is, however, possible to regenerate them indirectly, by producing for each
extracted tonne oil equivalent the same quantity of renewable energy as a replacement. In this
way, fossil or geological energy resources have an indirect regeneration cost. As the process
of using mineral resources creates an extraction rent, authorities have started to take part of
this rent by taking royalty payments for fossil fuel extraction. Royalties on mineral extraction
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should be spent on indirectly regenerating lost mineral resources. Non-energetic mineral
resources and metals can be indirectly regenerated by recycling. The recycling cost equals the
regeneration cost. Where authorities levy a royalty on mining of non-energetic resources, the
proceeds should be used for financing recycling of minerals, including urban mining as
explained in the next paragraph.

Soil resources identified in the SEEA are construction materials, the soil nutrients nitrogen
N, phosphor P, potassium K, and soil carbon C. To these, thermal use of soil resources should
be added. Soil assets depreciate either through extraction and consumption of soil assets or
through soil pollution, mainly through leaks from pipelines, chemical spills, and solid waste
disposal. Specifically, construction materials originating from the lithosphere are concrete,
steel and other metals, glass, stone, asphalt, brick, mud and clay, plastic, foam, tiles.
Construction waste is by far the largest waste category of cities. Construction materials require
human intervention for their regeneration. They can be regenerated by recycling, a process
which is also called urban mining. Urban mining initially only applied to recycling rare urban
metals, especially from smart phones®°®, but nowadays it designates recycling of any urban
construction material such as concrete, asphalt, steel, wood, glass, lighting, window frames,
and consumer products. The stocked materials are much larger than the annual inputs and
outputs. As an example, the global copper balance for 2018 is shown in the figure below.
Concrete can be infinitely recycled®®®, but this process requires energy. The main challenge of
making modern cities circular is, therefore, to make available renewable energy for cities in
sufficient quantities in the urban area and in the hinterland.

Consumer
products

Transport

Industrial uses

Infrastructure

Buildings

IN=24 Mt STOCK=452 Mt  OUT=13 Mt

Fig6di®l obal Copper bSduamce: flordRMWHLEBf er | S

The above-mentioned soil nutrients nitrogen N, phosphor P, potassium K, and soil carbon
C are mostly related to agriculture. These soil resources are depreciated by consumption of
the specific elements and can be regenerated by human intervention in agricultural processes

known as biological or regenerative agriculture®s®, Soil can also depreciate by soil pollution,
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especially around landfills, where it has to be regenerated by heavy human intervention. In
places where this happens, a clean and nutrient rich soil is a produced environmental asset in
the sense of the SEEA and its regeneration cost per m3 may be known.

Thermal use of soil resources comprises deep underground geothermal energy as well as
reversible near-surface underground heat storage. Deep geothermal resources are originating
from nuclear reactions taking place within the earth core whereby the residual heat can be
extracted and used to generate electricity. If such sources are not showing signs of depletion,
deep underground geothermal energy can be considered as renewable. The other form of
thermal use of soil resources is the use of near-surface underground heat storage by
geothermal probe, either for simple heat extraction or combined with an overground heat
source for reversible heat storage use. In this case the resource is man-made, and its
regeneration cost is related to infrastructure cost. In the context of the clean energy transition,
underground heat storage is expected to receive increased importance for cities and densely
populated areas. In APEC, all the cities or municipalities having thermal energy storage
projects are located in Canada and China®®,

The most important asset originating from the lithosphere is land. Land is not a produced
asset®®. The SNA considers land as a natural resource and merges it with soil resources®*,
However, contrary to soil, land refers the pure area expressed in square meters or hectares.
Land area includes area under major rivers and lakes but excludes continental shelf and
exclusive economic offshore zones. Land should not be confused with buildings and
infrastructures using land, nor with resources contained in soil. Land is regenerated in long-
term geological timeframes through tectonic plate movement as well as through sea level
decline. Land is lost through coastal erosion, subsidence in coastal cities (the gradual sinking
of land by over-extraction of groundwater or the massive weight of buildings on it) as well as
sea level rise. Like all natural assets, land has zero production cost but may have high prices
in cities due to scarcity, no matter whether land is sold or leased. As the land price has no
relation to any cost of production of land, the land price is a resource price and is sometimes
considered as a resource rent. In successful cases of transit-oriented development (TOD),
authorities use the resource rent for land to finance the transit infrastructure (so-called Land
Value Capture LVC) whose proceeds are used to build affordable housing near subway
stations, see APEC Integrated Urban Planning Report (2021). In exceptional cases where land
is produced by land reclamation from the sea, this is preceded by heavy investment which
makes such land a produced asset with a price that is related to the investment cost.

The second type of capital is social capital H.

A: Energy Agentsdé sociallA: Energy Agentsd socia
AH- AH+

Gross social capital consumption through: Gross social capital formation through:
Deterioration of wor ker s| Upskiling of workers
Net Decrease of workforce (departures, layoffs, job | Net Growth of workforce (recruitment, job

suppression) creation)

Net Decrease of the volume of long-term leased Net Growth of the volume of long-term leased
capital (network decrease) capital (network growth)

Net Decrease of other long-term leased services Net Growth of other long-term leased services

Table 16: Gross social capital consumption and formation of energy agent A

Source: APSEC
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The generic definition of social assets is to be long-term leased assets. The largest and by
far most important category is human assets or human capital. Contrary to owned assets which
may give rise to capital formation or capital consumption, leased assets are usually only
recorded as expenses and receipts. The interest to record the leased economy also under the
aspect of capital formation and consumption comes from network science. Networks have
become an important interdisciplinary research topic but are not yet duly reflected in capital
accounting. By considering the workers of an enterprise or organization as members of a
network, the network capital of an enterprise or organization can be recorded. The problem
with this type of discrete relational networks is their volatile nature. Defining discrete relational
networks as a set of contractual exclusive lease arrangements will avoid including volatile
network assets into the value calculation. The explanations below focus on leased human
capital, but their basic mechanism is also valid for other forms of leased capital.

Human capital and defined by the OECD as the stock of knowledge, skills and other
personal characteristics embodied in people that helps them to be productive®?. There is no
universally agreed definition of human capital yet. Most often in literature, the stock of human
capital is measured only by its educational input by counting the number of education years of
people. Taking only education does not account for changes of health levels and the
associated cost. As increased health costs may be caused by industrial activities impacting
people by pollution, it may become necessary to include health cost into human capital. The
three sectors contributing to formation of human capital are households, education and health
industries. The cost of human capital should be evaluated by including the contribution of each
of these three contributing sectors. Human capital is a produced asset that is leased to
enterprises. While produced assets are commonly recorded by their production cost, leased
assets are commonly recorded by the lease price. As human capital has the characteristics of
both, a produced and a leased asset, both approaches, i.e. production cost and lease price,
should be used. The cost approach should be compared to the alternative approach analysing
human capital as a leased asset, as presented hereafter. This alternative approach values
human capital by its potential lease price which is the potential income during the professional
life span of the worker. As a result, human assets H are defined as a product of three
dimensions. These mark the contribution of each of the three sectors (households, education,
health industry) to human capital:

06 G iRl | WO ENO6a®d @WRAEQGDE Q| £@®OWOQEAGH Qi i

In the alternative lease approach, the skills should be measured in terms of the potential
income that a given skill can generate in one year multiplied by the number of remaining years
until the end of the professional lifetime. Unemployed people may have skills but no income
from employment. For this reason, the potential income should be taken. The health level is
approximated by the individual life expectancy and expressed in years. Recall that for the pre-
industrial era (1770), life expectancy has been estimated to be 28.5 years®3, Modern medical
care extends life expectancy by a factor of approximately 3. The health level is a factor
representing the life expectancy at birth/duration of professional life. In developed economies
where professional life is approximately half of the entire life, this dimensionless factor is
around 2. With the above conventions, the lease approach of human capital asset is measured
in persons x constant USD/(person year) x remaining number of professional years x a
dimensionless health factor, which simplifies to constant USD.
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Human capital is produced and lost in the households (sector C) by natural demographic
growth or decline, transferred to the tertiary sector (R) for increase through education and
regeneration through health treatment, and transferred to all the sectors (primary, secondary,
tertiary, government, rest of the world) through recruitment for economic use. This means that
the tertiary sector has two types of human capital: the workers recruited as staff members and
the students or patients, respectively, received as clients to improve their skills or to regenerate
their health. The human capital stock of each sector is positive and equals the number of filled
jobs multiplied by the two factors shown above. Unemployed and retired persons are
considered as being active in the household sector C, independently of any payment they
receive in this status. Gross human capital formation of the energy sector A in one year is
calculated as upskilling of the existing workforce plus gross recruitment of new workers by the
sector A in one year. Gross human capital consumption of the energy sector A is calculated
as deterioration of existing workers health level plus gross number of departures, layoffs or job
suppressions in one year. The net human capital formation or consumption of sector A is the

difference between its gross human capital formation and its gross human capital consumption.

The energy transition requires a substantive amount of re-skilling. The above, relatively simple
way of measuring variations of human capital should be useful to describe this re-skilling
process and put it in relation with the other accounting aggregates.

The third type of assets is industrial capital

National Accounts:

A: Energy Agentsd indust|A: Energy Agentsd indus
consumption Al- formation Al+

Gross industrial capital consumption through: Gross industrial capital formation through:

Gross produced fix capital consumption Gross produced fix capital formation

Net Inventory decrease or price drop Net Inventory increase or price rise

NetVal uabl esé inventory df NetValuabl esd price rise

Table 17: Industrial capital consumption and formation of energy agent A

Source: APSEC

I ndustrial <capital (or Aproducedo capital

defined as non-financial assets produced within the production boundary of the city3%*. As most
production is made in the industrial sector, they can be called industrial assets. Industrial
assets have a production cost and, if leased, a lease price. Conventionally, industrial assets
are valued at the production cost whereas leased assets are valued at the lease price. There
are three types of industrial assets: fixed assets, inventories and valuables. Fixed assets are
produced assets that are used repeatedly or continuously in production for more than one year.
They include dwellings, buildings, structures, machinery and equipment, cultivated assets
(livestock for breeding, vineyards), intangible assets, computer software, and entertainment,
literary or artistic originals. Fixed assets depreciate through various types of physical losses
(e.g., abrasion of tyres/brakes, erosion/corrosion of infrastructure, roads, etc.). Inventories are
assets that are used within the regular activity of an enterprise either as consumable raw
materials or as products for sale. Valuables are produced assets that are not used for
production or consumption but are acquired and held primarily as stores of value as they are
expected to gain value over time.
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The fourth type of capital is financial capital:

A: Energy Agentsdé financ|A: Energy Agentsd financi

consumption AF- AF+
Gross financial capital consumption through: Gross financial capital formation through:
Liability increase or net debt increase Liability decrease or net debt decrease

|l ssuing (one6s own) new|Buying back (oneés own)
|l ssuing (one6s own) bondRei mbursing (onebés own)
NetSal e of oneémtycesumite® r tf NetAcqui siti on of -partysedusitien
NetSal e of fAgreend el ectrf NetAcquisition of d@Ablack?o
Net Increase of liquidity or cash Net Decrease of liquidity or cash

Table 18: Financial capital consumption and formation of energy agent A
Source: APSEC

Financial assets are entirely man-made assets and are the only asset category divided into
negative (liabilities) and positive (assets) types. It is easier to understand financial assets as
negative financial liabilities. Each financial asset owned by a creditor takes its origin in a liability
of a debtor counterparty. If a debt disappears, the corresponding asset also disappears. The
description below simplifies the description to the minimum necessary to illustrate the basic
functioning of financial liabilities and assets in this accounting system.

Liquidity or liguid money is the most important financial asset. It is defined as cash and
easily cash-convertible financial assets. Liquidity is issued by the central bank (sector R), for
which it is a liability, and made available to the other sectors of the economy which thereby
increase their debt held by the central bank. Liquidity is positive for any liquidity holder.
Bankruptcy is defined as the point when liquidity of an agent reaches zero. Liquidity of a sector
increases when this sector has a net trading surplus or receives more loans than it reimburses.
Liquidity of a sector decreases when this sector has a net trading deficit or pays back more
debts than it receives new loans. At constant global liquidity supply, global trade is a zero-sum
game. In theory, there is no limit to borrowing. Central banks are so-called lenders of last resort.
The borrowing sector consumes financial capital or increases its financial liabilities, whereas
the lending sector forms financial capital or decreases its financial liabilities.

A coal power plant that is obliged to buy cartk
government is obliged to form financial capital in replacement of the environmental capital that
has been damaged by CO2 emissions.

A green electricity producer who is allowed to
certificates (RECs) is allowed to consume financial capital in reward for the green and
environmentally friendly electricity produced, whereas those enterprises who are obliged to
buy RECs as a method to satisfy green portfolio standards are obliged to form financial capital.

Financial assets more generally are the financial Instruments defined in International
Accounting Standard 32 (IAS 32)*%. Financial assets include liquidity (including bank deposits),
receivables (loan receivables or trade receivables), bonds of other entities held, equity shares
of other entities held, and any other securities held. Financial liabilities include trade payables,
bank borrowings, bonds issued by the entity. Equity is a contract that evidences a residual
interest of the shareholder in the assets of the entity after deducting all liabilities. For the equity-
issuing entity, equity is a kind of a financial liability, for the shareholder it is a financial asset.
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Financial capital consumption is the net increase of liabilities or debt of the entity, financial
capital formation is the net liability decrease or net debt decrease.

The two just quoted examples are ways to internalize so-called externalities or market
failures using the Apolluter payso princ
negative externality, whereas the case of the renewable electricity producer represents a
positive externality. It is recommended that regulations internalize market failures by
creating specific markets of the kind just mentioned. Creating markets means creating
guotas and a system of tradable certificates as shown above. Tradable certificates have
been shown to be the least cost option to stop the production of new externalities.
However, stopping the production of new externalities is only the first step as it does not
remove the damage already created before. To remove damage of past externalities, a
second step is required whereby the government uses the proceeds collected from the
sale of certificates (or raised from incentive taxes) to procure the clean environment by
public procurement (thereby increasing the term G of the GDP, see further up), in the
same way as the government procures e.g. a street network or security-related
infrastructures. For procuring renewable electricity, internationally competitive tendering
combined with Power Purchase Agreements (PPA) are best practice methods.

Bankruptcies have up to now only be known to happen in the financial sector as explained
above. The generalization to four types of capital outlined in this section gives actually rise to
four types of bankruptcies:

9 Financial bankruptcies occurring at the point when the stock of liquidity, the key
financial asset of an agent, reaches zero. Financial bankruptcies can be avoided by
borrowing.

1 Industrial or supply chain failures reached at the point when a key input feedstock
of an agent reaches zero. Electricity is an example of such a key input. Electricity
grid failures create blackouts and are a type of supply chain bankruptcies.

1 Social bankruptcy, usually known as skills shortage, occurring when the level of key
technical skills of an industry falls to zero. If an industry seeks to engage new skilled
workers, insufficient wage levels offered for skills can be identified as cause of a
skills shortage. Where skills are already engaged by an enterprise and wage levels
are deemed insufficient, workers going on strike are also a type of social bankruptcy.

1 Environmental bankruptcy, occurring when the level of a key environmental
resource of an agent or a city falls to zero. The key resource to create an
environmental bankruptcy is freshwater. Lack of precipitation causes draught which
is a type of environmental bankruptcy.

Precipitation is defined as any kind of water that falls from clouds as a liquid or a solid. The
World Bank, based upon FAO annual questionnaires, publishes the average precipitation of
economies. The figure below shows the average precipitations of APEC economies. In global
average, precipitations are estimated to be around 1000mm/year®®. Under climate change,
precipitations may drop also in areas of traditionally high precipitation such as Panama. Recent
news about the lack of rain to fill the locks of the Panama Canal®*’ can serve as warning signal.
In glacier-rich regions, climate change may increase the availability of freshwater by
accelerated glacier melting. For a recent global inventory on glacier melting under climate
change see WGMS®8,
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Average precipitation (in mm per year) by APEC
economy
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Fig6Rke Average precipitation of APEC

Source: APSEC using FAO/World bank data®®°

The point of the above explanations on different types of assets is to be able to define a
generalized GDP which can be called Gross Holistic Product (GHP). It is defined like the GDP,
simply by generalizing the investment term | to include all the types of gross capital formation
described in the two tables above and noted Il. Referring to energy agent A, the generalized
gross capital formation or investment of sector A can be called All, where All = (AE+) + (AH+)
+ (Al+) + (AF+). Similarly, the generalized gross capital consumption or divestment of sector
A can be called DDA, where DDA = (AE-) + (AH-) + (Al-) + (AF-). In general, for any agent,
these generic definitions are: Il = (E+) + (H+) + (I+) + (F+) and DD = (E-) + (H-) + (I-) + (F-).
Where the above tables state net capital formation or net capital consumption, the generalized
investment Il and generalized divestment DD, respectively, are meant to include the net terms.
The generalized GDP will be derived in the two following tables.

Compared to the similar input output table (IOT) with investment, divestment and trade and
capital balances shown further above, the table below has changed in the three last rows and
three last columns. The scope of investment and divestment has been widened to include
altogether four types of capital, which in sum is noted Il for the generalized investments and
DD for the generalized divestments. The sum of the last line and column is larger than in the
similar earlier table, hence noted AAA for agent A, and similar for the other agents.

Flows A B R V=F G © U=F ¢ X O=FEFE J KK 1l EEEFE
A AA AB AR AV AG AC AU AX AQ AJ AKK All AAA
B BA BB BR BV BG BC BU BX BQ BJ BKK Bl BBB
R RA RB RR RV RG RC RU RX RQ RJ RKK RII RRR
V= VA VB VR \A% G (] VU X VQ VJ VKK 1 VVV
T TA B TR T TG TC TU X TQ TJ TKK TI GGG
W WA WB WR W WG WC wu WX WQ WJ WKK | Wil CCC
U= UA UB UR uv UG uc uu UX uQ [ON] UKK ull Uuu
Z ZA ZB ZR y4 G ZC ZU ZX ZQ ZJ ZKK ZIl XXX
Q=FEF¥ QA QB  OR | ov | 06 qc QU X Q0 QJ okk | oIl | 000
J JA JB JR JV JG JC Ju JX JQ 0

KK KKA KKB KKR KKV KKG KKC KKU KKX KKQ

DD DDA DDB DDR DD DDG DDC DDU DDX DDQ

EEEE AAA BBB RRR VVV GGG CCG Uuu XXX QQQ

econor

Tabl® I nput output table (1 OT) withSpameral APSECI nv
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While the above table is used to make mathematical derivations, the table that will be used
in practice is again simplifying the balances in two single lines, which can be positive or

negative, hence the brown colour of the terms.

A B R V= €] ¢ UsEE | X QFFF| Il | EEFS
A AA AB AR AV AG AC AU AX AQ All | AAA
B BA BB BR BV BG BC BU BX BQ BIl | BBB
R RA RB RR RV RG RC RU RX RQ RIl_| RRR
V= VA VB VR wW G © VU X VQ | VW
T TA B TR T TG TC TU TX TQ Tl | GGG
w WA WB WR WG WC wu WX wQ Wil | CCC
U=E ¥ UA uB UR uv uG uc uu UX uQ ull_| uuu
Z ZA ZB ZR z ZG zC ZU ZX ZQ ZIl_| XXX
Q=FFF | QA QB QR QV QG QC QU QX QQ Qll | QQQ
J 0
KK
DD DDA DDB DDR | DDV | DDG DDC | DDU | DDX DDQ
EZFE | AAA BBB RRR | VW | GGG CCC | UUU | XXX QQQ

Table 20: Table used to define the Gross Holistic Product GHP

Source: APSEC

With the above notations, the Gross Holistic Product (GHP) can be defined in the same way
as the GDP has been defined in the similar table used further above. Define consolidated

holistic surplus of the primary, secondary and tertiary sectors as:

Consider

Which transforms to

And also:

+

VW=W+G+C+X+ll=VW+T+W+Z+

GHP=G+C+ X1 Z+Il

GHP =(VW1i 2)T W

=T+W+

=T+W+

Similar to the GDP, the GHP is also defined in three ways:

GHPL1 at expenditure approach:

GHP2 at income approach:

GHP3 at value-added approach:

GHP=G+C+XT Z+Il

GHP =T +W +

GHP = (VWi 2)i W

+ DDV

The Net Holistic Product NHP can be defined in a similar way as the Net Domestic Product
NDP, by deducting gross holistic capital consumption from the GHP: NHP = GHP 1 DDV.

The GHP shares many characteristics with the GDP. It is even less an indicator for
sustainability as GHP is larger or equal to, but not smaller than GDP. It can be negative only if
the G + C + X + Il < Z, which is even less likely for the GHP than for the GDP as Il is larger

than |I.

In corporate accounting, GDP is equal to the sum of gross value-added of the producing
sector. Likewise, the GHP is the sum of holistic value-added of the producing sector which
adds the three other types of capital formation described above to the conventional gross
value-added. Conventional gross value-added appears to understate the true amount of gross
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value-added of corporate entities of the productive sector. The detailed comparison with similar
terms described by GRI or ESG accounting remains to be spelled out.

The main reason for defining the GHP and NHP is that the data to calculate these two
indicators is needed to define a global-level sustainability indicator as well as a city-level
sustainability indicator and the equivalent sustainability indicators for each sector. A secondary
reason for defining the GHP is to show that the GDP is incomplete in its own logic as it does
not include all the types of assets that are necessary for describing economic performance.

The unique sustainability indicator emerging from the above can be called Net Holistic
Surplus ( ). The Net Holistic Surplus ( ) or Net Holistic Loss ( ) is calculated as
Gross Holistic Surplus (GHS) minus Gross Holistic Loss (GHL).

From the table further above that contained the Input output table (IOT) with generalized
investment and divestment and the table used to define the Gross Holistic Product GHP, the
Net Holistic Surplus can be calculated for any agent, e.g., agent A, as (JAT AJ) + (KKAT AKK)

= + . For the city U, this is calculated as (JU i UJ) + (KKU i UKK) = + At
global level Q, the Net Holistic Surplus is calculated as JQ + KKQ T (QJ + QKK) = + 0.
For the global level and only for this level, JQ = QJ, hence KKQ i QKK = +0

The World Bank calculates a somewhat similar term to the Net Holistic Surplus called

Net Adjusted Savings Rate (NASR)*° which presents some similarity and some differences
with the Net Holistic Surplus. The first difference is that NASR it is expressed as a savings rate,
more precisely, as a share of Net Adjusted Savings in GNI (Gross National Income). The GNI
is very similar to the GDP, see the APEC Green Finance Report®? for a quantitative
comparison between GNI and GDP for all APEC economies.

Letting aside the difference of being defined as a rate, the Net Adjusted Savings (NAS) is
defined by the following formula:

NAS =GNS 1 Dh+ CSE T E Rnf, dD, where the terms are:
GNS = Gross National Saving (corresponding to SS = J + KK + DDV further above)
Dh = Depreciation of produced capital (corresponding to DDV above)

CSE = Current (non-fixed capital) expenditure on education which is the educational part of
the cost of creating human capital. As mentioned above in the explanations concerning human
assets, the cost side of human capital should include the contribution of all three sectors:
households, education and health industry. In the above input-output tables, education and
health costs are included in the exchange part of the table as they all create monetary flows
as compensation. In ISIC Rev.4, all forms of education are in division P, which is part of the
tertiary sector R, whereas the medically treated health cost is part of the income of the health
sector which ISIC Rev.4 includes in division Q which is also part of the tertiary sector R in the
above tables. Education and health costs are therefore included in the term RG (if it is paid by
the government) or RC (if it is paid by the households). In both cases, education and health
costs are included in GDP as they are either government spending, included in term G of the
GDP, or consumer spending included in term C of the GDP.

Rn,i = Rent from depletion of natural capital i; where rent of fossil energy resources coal, oil
and gas is defined as: Rent = ( Production Volume) times ( International Market Price - Average
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Unit Production Cost). Here, it is not understandable why the depletion rent is used instead of
the regeneration cost. The loss of natural capital should be determined by the regeneration
cost or similar.

CD = Damages from carbon dioxide emissions. The global marginal social cost of a metric
ton of carbon emitted is assumed to be USD20 in 1995 (Fankhauser, 1994). This is deflated
for other years using the U.S.A. GDP deflator. This is a proxy for the degradation of health
level with a somewhat arbitrary chosen USD20/tCO2 price. Methodologically, it would be
preferable to separate the degradation of health level into two parts, one which is being
medically treated and one which is not. The part of damages from carbon dioxide emission
which is being medically treated is part of the income of the health sector which ISIC Rev.4
includes in division Q which is part of the tertiary sector R in the above tables. If paid by
households, it is included in the term RC; if paid by government, it is part of RG. Not all
damages are, however, being medically treated. The damages that are not being medically
treated should be added as other part of (AH-) and should be estimated by shortened life
expectancy of the damaged individuals, as proposed in the approach presented above.

Another point is that the Net Adjusted Savings should be put into relation with the other
macroeconomic aggregates such as the GDP or the beyond GDP discussion, or new corporate
accounting principles such as GRI or ESG. This is what the above agent-based presentation
is doing.

To summarize the comment on the Net Adjusted Savings, it can be seen as an interesting
first development to represent the fact that corporate and economywide accounting are not
complete and need to add environmental and social degradation. For corporate accounting,
GRI and ESG disclosure are steps in the right direction. For National Accounting, the System
of Environmental Economic Accounting (SEEA) represents an indispensable complement, but
it still excludes human capital which is being partially added by the Net Adjusted Savings. The
above methodology addresses all these issues in a coherent way that allows for seamless
disaggregation or aggregation.

Based on what has been explained above, the above methodology allows presenting the
typology of the eight basic categories of sustainability (or lack of sustainability, respectively) of
any agent or any city.

The eight basic categories of sustainability (or lack of sustainability, respectively) of any city
can be distinguished, depending on the relative size of the four quantities JU, UJ, KKU and
UKK, in other words, by looking at whether the Net Holistic Surplus (NHS) defined above is
positive or negative, and by decomposing the HNS into its two components, nhamely trade and
capital, respectively. Using the terminology developed further above, for the city U, there is Net
Holistic Surplus if (JU + KKU) > (UJ + UKK), Net Holistic Break even if (JU + KKU) = (UJ +
UKK), and Net Holistic Loss if (JU + KKU) < (UJ + UKK). This is very simple to understand, yet
the eight different categories mark entirely different patterns of sustainability or lack of
sustainability, respectively.
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Category 1:
Net current surplus
Net capital formation
Overall surplus

Category 2:
Net current surplus
Net capital loss
Overall surplus

Category 4:
Net current surplus
Net capital loss
Overall break-even

Category 6:
Net current surplus
Net capital loss
Overall loss

Category 8:
Net current loss
Net capital loss

Overall loss
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Fig6B8e The eight basic categories of

Sour ce: APSEC

Category 1: This city is sustainable in all regards. The current exchange or trade balance
of the city with the rest of the world is positive, and simultaneously the net capital formation of
the city on its territory is positive (gross holistic investment Il is larger than gross holistic
divestment DD). Materially speaking, this city exports more goods and services to the rest of
the world than vice-versa and hence makes a positive material contribution to the rest of the
world. Simultaneously the city also increases the overall stock of capital on its territory and
hence makes a positive contribution to its own substance.

Category 2: This city is overall sustainable. Its current exchange or trade balance with the
rest of the world is positive, yet it consumes more of its capital than it regenerates, but the net
capital consumption is smaller than the net trade balance. This city makes a positive material
contribution to the rest of the world, but this contribution happens to a certain degree at the
expense of the citybés own capital stock.

Category 3: This city is overall sustainable, even though its exchange or trade balance with
the rest of the world is negative, the net capital formation on its territory is still positive. This
city receives a material contribution from the rest of the world, but it uses this contribution to
regenerate its own capital stock which grows to a larger extent than the net contribution the
city receives from the rest of the world.

Category 4: This city is overall at a break-even situation. Its exchange or trade balance with
the rest of the world is positive, but this is at the expense of its net capital formation on its
territory which is negative by the same amount. This city makes a positive material contribution
to the world, but this happens entirely at the expense of its own capital stock.

Category 5: This city is overall at a break-even situation. Its exchange or trade balance with
the rest of the world is negative, but it uses the resources gained through trade with the rest of
the world to regenerate its own capital stock. This city receives a material contribution from the
rest of the world and uses all this trade surplus to regenerate the capital stock on its territory.
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Category 6: This city is overall unsustainable, even though its exchange or trade balance
with the rest of the world is positive. This happens at the expense of its own capital stock which
is consumed at a higher rate than the trade surplus with the rest of the world. This city makes
a material contribution to the rest of the world, but to do so, it depletes the capital stock of its
territory and receives a material contribution from its substance which exceeds the contribution
of the city to the rest of the world.

Category 7: This city is overall unsustainable. Its exchange or trade balance with the rest of
the world is negative, but it manages to use a part of its trade surplus to regenerate the capital
on its own territory. This city receives a material contribution from the rest of the world and
uses part of this contribution as a contribution to regenerate its own capital stock.

Category 8: This city is unsustainable in all regards. Its trade balance with the rest of the
world is negative. Furthermore, it uses more of its own capital than it regenerates. This city
receives a material contribution from the rest of the world as well as a material contribution
from its own substance.

Looking now at the example of Hong Kong, China, presented in the input-output table further
above, the city has a current surplus as well as a capital surplus, falling therefore into category
1 (sustainable in all regards). The point made here is, however, that three types of capital
formation and capital consumption (environmental, human, financial) are either not
represented at all yet, or still insufficiently represented in the above table. If they were, the city
could be in categories 1, 2, 4, or 6, depending how high the holistic capital production-
consumption balance is compared to the other flows already shown in the input-output table.

The meaning of capital stock or substance in the explanations above can be summarized
as follows. A given city is more sustainable than another city if it has:

1 High endowment with natural assets and relatively low levels of pollution. Typically,
cities are not located at places where mineral resources can be found. However,
cities can be located above groundwater or near surface water reserves which
should be considered as natural assets. Concerning the atmospheric assets, most
cities are polluters rather than cleaners. As for biological assets, cities could in
principle be built in symbiosis with biodiversity. For example, the 2020 masterplan
of the new Indonesian capital Nusantara®’? tries to reconcile urbanity with nature.
Should this promise be realized, it would, however, be the first time in history that a
biofriendly city is built.

9 High quality of human skills and relatively little negative impacts on health levels.
Cities typically are characterized by both aspects.

1 Well-developed and disaster resilient infrastructures and relatively little unrecycled
waste. Cities typically are characterized by both aspects.

9 High consolidated external creditor position and relatively low external debts. Cities
typically are characterized by both aspects.

The question as to whether the above bullet points indicate whether a city consumes
resources of future generations can now be answered as follows: Bullet points 1 to 3 indicate
accumulation or overconsumption of local resources for which i at present i no debt towards
future generations is created, whereas bullet point 4 indicates accumulation or
overconsumption of distant resources, for which at present a debt is created. Depending on
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how rapidly this debt is reimbursed will determine to what extent this debt remains on the
shoulders of present or future generations.

The above allows introducing the equivalents of balance sheets, showing the state at the
beginning and the end of the year, as proposed by the System of Environmental-Economic
Accounting (SEEA)®”3. The tables below show what a balance sheet in the agent-based
presentation looks like. The agents shown in columns are the same as in the flow tables. In
the tables below, all terms referring to the beginning of the period have the index (to) to
differentiate them from the equivalent terms at the end of the period (t1). Environmental, human,
and industrial assets cannot be negative and are shown in black. Net financial assets can be
positive, zero or negative and are shown in brown. The holistic accumulated surplus can in
principle also be positive, zero or negative. The holistic accumulated surplus is negative if

EKA(to) + HKA(to) + IKA(to) + FKA(to) < 0, i.e. FKA(to) < - (EKA(to) + HKA(to) + IKA(to))

This is the case if accumulated chronical debt is larger in absolute numbers than the other
assets taken togeter. For this to be the case, the agent must have made holistic accumulated
losses during many preceding yeatrs.

The opening holistic annual surplus accounts are zero by definition and are shown in purple.

ASSETS AT BEGINNING OF PERIOD 1 INDUSTRY CITY-LEVEL WORLD
A B R v [€] C y X Q
Environmental assets EKA(to) EKB(to) EKR(to) EKV(to) EKG(to) EKC(to) EKU(to) EKX(to) | EKQ(to)
Human assets HKA(to) HKB(to)  HKR(to) HKV(to) HKG(to) HKC(to) HKU(to) HKX(to) | HKQ(to)
Industrial assets IKA(to) IKB(to) IKR(to) IKV(to) IKG(to) IKC(to) IKU(to) IKX(to) | IKQ(to)
Net financial assets FKA(to) FKB(to) FKR(to) FKV(to) FKG(to) FKC(to) FKU(to) FKX(to) | FKQ(to)
Holistic accumulated surplus (opening) | EFHSA( t BHSB( tEH)SR([t BHSV ( t|BHSG( tHOHSC( | oAHSU( t|B HS X (| ¥ Q(
Holistic annual surplus (opening) 0 0 0 0 0 0 0 0 0

Table 21: Assets at the beginning of period
Source: APSEC

At the end of the period, the resulting assets are calculated by initial assets plus gross asset
formation minus gross asset consumption. For the environmental assets of energy agent A,
this is EKA(t1) = EKA(t,) + (AE+) + (AE-), and similar for the other capital forms and agents.
The holistic accumulated surplus of agent A is given by:

= EKA(t]) + HKA(t1) + IKA(ty) + , Where includes the net trade
surplus of the period as well as the net lending i borrowing surplus activity of the period.
ASSETS AT END OF PERIOD 1 INDUSTRY CITY-LEVEL WORLD

A B R v G C U X Q

Environmental assets EKA(t1) EKB(t1) EKR(t1) EKV/(t1) EKG(tl) EKC(t1) EKU(t1) EKX(t1) | EKQ(t1)
Human assets HKA(t)  HKB(t1) HKR(t1) | HKV(t1) | HKG(t1) HKC(t1) HKU(t1) | HKX(t) | HKQ(t1)
Industrial assets IKA(tL) KB(tl)  IKR(tl) IKV(t1) KG(l)  KC(tl) IKU(t1) KX(t1) | IKQ(t1)
Net financial assets FKA(t) = FKB(t1) FKR() | FKV(t1) | FKG() FKC(t1) FKU®D) | Frx(t) | FKQ(t1)
Holistic accumulated surplus (closing) FHSA(tFIHSB( #FHSR((tAHSV( {RAHSG( tFIHSC (|t EHSU( tIRHSX (EHB Q(
Holistic annual surplus (closing)

Table 22: Assets at the end of period
Source: APSEC

The holistic annual surplus in the closing accounts reflect the sum of both, current and

capital balance described earlier: | = , the Net Holistic Surplus of agent
A identified in the earlier tables, and similar for the other agents. Thus, at the level of the city
U, T = , Where . For the opening in the next period,
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the holistic annual surplus is added to (or, if negative, deducted from) the holistic accumulated
surplus so that the opening in the new period is zero again.

As liquidity was mentioned to be decisive for causing bankruptcy, it should be noted, for
reason of completeness, how the liquidity balance of each agent evolves during the period.
This is shown in the table below. Net Financial Assets (for energy agent A: ) of the table
above are first divided into two parts: liquidity L (for energy agent A: LA(to)) which is always
positive, and illiquid money M (for energy agent A: MA(to)), which is the balance lent i
borrowed and can have any sign. The variation of liquidity for each agent due to trade during
the period 1 is taken from the table used to define the GHP above. It can be positive, zero or
negative. The liquidity variation due to borrowing 7 lending is reflected in the balance (for
energy agent A: (AF-)-(AF+)) as shown in the table below. It can be positive, zero or negative.
Remind that borrowing is the consumption of financial capital and lending is the creation of
financial capital. This inverts the signs in the corresponding row, as shown in the table below.
The last row shows the resulting liquidity at the end of period 1. It is always positive. The lent
T borrowed balance as well as the borrowing i lending balance at global level are zero. The
sum of liquidity held by all agents worldwide LQ(to) and LQ(t1), respectively, is normally equal
to the corresponding liquidity debt of the issuing central banks.

LIQUIDITY INDUSTRY CITY-LEVEL WORLD
A B R \ G © U X Q
Liquidity L at the beginning of period 1 LA(to) LB(to) LR(to) LV(to) LG(to) LC(to) LU(to) LX(to) LQ(to)
Netilliquid finanial assets M (lent - borrowed) 0
Variation from trade 0
Variation from borrowing - lending 0

Liquidity at the end of period 1 LA(t1) LB(t1) LR(t1) LV(t1) LG(t1) LC(t1) LU(t1) LX(t1) LQ(t1)

Table 23: Liquidity variation during period 1
Source: APSEC

Environmental and human assets are not yet part of the System of National Accounts (SNA)
and would be zero in SNA balances, whereas financial assets are partially included.

To revert to the issue of accounts-based indices, recall that the holistic annual surplus is
a comprehensive annual sustainability indicator for each agent as well as for the city and for
the world. It reflects the balance of interactions of agents among each other as well as their
interaction with nature in the four types of assets. It can be accumulated over the years in the
holistic accumulated surplus and thus represent the historical sustainability record of each
agent as well as the city or the world. Depending on how GRI or ESG disclosure requirements
develop in future, the missing information will be made available sooner or later. The
conceptualization made in this section represents an important prerequisite to data collection
for an accounts-based sustainability indicator.
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3. Urban Reporting Frameworks and Case Studies

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.

CDPisaglobalnon-pr of it organization running the
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 Climat e Leader ship Group,
N a

wor |l

Pl anet City Challenge, as wel |l as the United

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 USD2.4 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 1,500 times

A

as high as CO2. Chil eds NDC recognizes bl ack

neutrality. Actions include thermal improvement of homes, replacement of heaters,
development of district energy projects and monitoring black carbon emissions.
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3.1. Urban Carbon Reporting Frameworks

3.1.1. Challenges and Opportunities of the Global Covenant of Mayors to
Collect Urban Energy and Climate Data

Authored by Peter Haems, Global Covenant of Mayors

The Gl obal Covenant of Mayors for Climate

largest alliance of cities with around 12,500 local and regional government signatories
including around one billion inhabitants worldwide. The GCoM is co-funded by the European
Union and Bloomberg Philanthropies. Supporting partners are, among others, C40 Cities, CDP,
ICLEI, UCLG and UN Habitat. GCoM is established worldwide, having regional covenants in
many parts of the world, such as in Canada; Japan; Korea; the United States; East Asia;
Southeast Asia; Latin America; Oceania and others. The GCoM members take the
commitment to implement policies and measures to reduce greenhouse gas emissions, to
prepare for climate impacts and increase sustainable energy access.

For the above purpose, the GCoM members collect data. In 2018, a Common Reporting
Framework (CRF) was launched. The CRF ensures robust assessment, target setting,
integrated climate action planning and monitoring, as well as streamlined reporting across all
three pillars of the initiative. The GCoM has a mitigation pillar, an adaptation pillar and a more
recently introduced energy access and energy poverty pillar. The CRF allows collecting data
in a standardized way while leaving some flexibility to regional covenants, giving them the
possibility to set priorities.

For each of the tree pillars, cities can earn badges and showcase their progress. Each of
the badges contains three steps. As an example, for the mitigation pillar, the first step consists
of elaborating a baseline emissions inventory, the second step of setting the emissions
reductions targets, and the third step of elaborating and submitting a mitigation plan. The
GCoM does not oblige cities to keep the order of these steps, but instead allows the cities to
change the order of these steps if they think it better for their development.

The energy access and energy poverty pillar is structured along three attributes: secure,
affordable and sustainable energy. These attributes are reflecting SDG 7 as well as the latest
findings from across the energy community. Cities can earn badges across the attributes.
Besides the possibility for cities to earn badges, a number of other opportunities of the CRF
were identified. These are summarized in the figure below.
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* Functions as a simplified MRV system — measure, report, verify
- tracking progress over time

 Enhances transparency and visualizes political commitment

» From data to information to knowledge that informs local
climate action and acceleration

+ Leads to improved data quality with increasing accuracy and
coherence over time

» Identifies data gaps, to be addressed/resolved with GCoM
support

» Clusters and hosts data for city staff, academia and researchers
— exchange on experiences

- Widespread reporting enables mapping of domestic, regional
and global trends — informs need for improvement and
financing/investment

« Enables data aggregation, comparison and monitoring over
time

« GColM global streamlined reporting process provides a robust
benchmark

Figéde Further opportunities ar iFgiamg wfor &km
Source: GCoM

The CRF allows the GCoM every year to report detailed progress to the Conference of
Parties of the Climate Convention. Based on current targets and actions, the GCoM cities could
collectively reduce global emissions by 2.3GtCO2e annually in 2030 compared to a business-
as-usual (BAU) trajectory®’. The figure below illustrates graphically the meaning of this impact.
The commitment of over 9,500 GCoM members is to set goals at least as ambitious as the
NDC of their respective economy. The aggregate baseline scenario of all GCoM members
shows an increase of emissions till 2050. The aggregate NDCs show a diminution, but the
aggregate GCoM plans are more ambitious than the NDCs. However, even these ambitious
plans do not suffice to achieve the 1.5°C target of the Paris Climate Agreement.
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Fig6bbe GCoM signatory emiB8z30®H0hs scenarios 20!
Source: The 2022 GCoM Impact Report i Energizing City Climate Action

This data has been elaborated using the nearest neighbour model. A white paper has been
presented showing this methodology and how it allows aggregating the GCoM signatories to
aggregate figures.

A number of challenges remain and should be seen clearly. An emission inventory is not an
easy challenge for many cities. The GCoM has in its statutes the objective to grow the number
of adhering member cities, and if the entry requirements are too high, this could hamper that
growth.

Fig66e Chall enges remaining for the Common Repo
Source: GCoM

Flexibility is introduced into the GCoM by the third pillar favouring secure, affordable and
sustainable energy. Through this pillar, the Common Reporting Framework offers flexibility to
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