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Since the joining of Asian STI Think Tank Network (ASTN) members
to ARP Editorial Board, ARP was able to expand its focus from being a
S&T policy-oriented journal to becoming the information platform for
Asian STT institutes. Last year, we introduced two members—KISTEP and
STPI— from the ARP Editorial board on renewed ARD and this year,
we are honored to introduce another leading STT institutes, ECO Science
Foundation from Pakistan and CSIR-NIScPR from India. ECOSF and
NISTADS have kept close cooperation with KISTEP, such as participating
Asian Innovation Forum and ASTN Roundtable Meeting as ASTN

members since 2015.

Through the forum and meetings, we, researchers, scholars and
policymakers, learned that we needed a platform beyond the event where
we could frequently circulate information on research projects and future
plans for cooperation opportunities. We hope the last year’s renewed ARP
served as the information platform and that this year’s publication provides

more insight on the Asian STI Think Tanks and S&T policy issues in Asia.

This year, ARP Honors Program’ was launched to encourage institutes and
researchers to share their research work, and two articles were selected to
introduce machine learning technology from STPI and regional innovation

system from CSIR-NIScPR. We hope reading the articles will be the first

step of finding collaboration opportunities amongst us.

Lette

The theme for ARP Vol. 12 S&T Trends is ‘carbon neutrality, as climate
crisis is AND will be the main concern of international organizations and
governments of many countries for the next half century. Korean government

recently announced ‘Carbon Neutral 2050’ and ministries for environment,

industry and trade, transport and land, science and technology, oceans

and fisheries are all making efforts to achieve carbon neutral by 2050. We
have invited experts from Malaysia, Vietnam, Indonesia, Japan, Pakistan
and Singapore to share S&T policy, R&D management and trending
technologies on achieving carbon neutral, and the articles will enhance our

understanding on current issues and challenges for the subject.

We hope this year’s ARP expands your knowledge and views on Asian STI
Think Tanks and global S&T issues.
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Introduction

of Asian STI1

Institutes

NIScPR

Since Asian STI Think tanks Network (ASTN) members
joined ARP Editorial Board, ARP has been introducing the ASTN

institutes to share information and find opportunities.

(@ In the next pages, we present two institutes from ARP Editorial Board.




ECO SCIENCE FOUNDATION (ECOSF)

A catalysf for promoting sience technology.and

innovation in the eco region

ABOUT ECOSF

In this era of the globalization and knowledge—
based economy, the role of Science, Technology
and Innovation (STI) is critical to achieve
inclusive economic growth and sustainable
development. Adequate investment in Science
& Technology (S&T) builds strong foundation
that helps sustain the economic growth,
boost community well-being and integrated
development for any nation. Although there
seems to be a realization of a demand and
supply gap for S&T workforce in the countries of
the South but existing efforts are not enough,
and there is a long way to bridge this gap. In
order to fill this gap, we must consolidate our
efforts by developing effective collaboration
mechanisms and leverage our limited resources
to make significantly large impact without
duplication of efforts and wastage of resources.
Economic Cooperation Organization Science
Foundation (ECOSF) is an intergovernmental
organization and a specialized agency of the
Economic Cooperation Organization (ECO).
Establishment of the Science Foundation was

envisaged in the “Treaty of lzmir”, the
Charter of ECO, and the ECOSF Charter was
signed in Islamabad in March 1995 by all the
10-member states, Afghanistan, Azerbaijan,
Iran, Kazakhstan, Kyrgyz Republic, Pakistan,
Tajikistan, Turkey, Turkmenistan and Uzbekistan.
However, the Foundation was established in
Islamabad, Pakistan on 20 December 2011,
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with holding of the 1st meeting of its Board of
Trustees (BOT), the highest decision-making
body.

The ECOSF serves as a platform to contribute
towards the promotion of research and
development in Science, Technology,
Engineering and Mathematics (STEM) as
well as STEM education to strengthen the
science base of future generations and the
regional economy of ECO member states. The
Foundation is at the cornerstone of Triangular
Cooperation (South-South-North) based STI
capacity building for development and transfer
of technology to bring socio—economic benefits
to its member countries.

Despite its relatively young age, the Foundation
has established itself into a successful regional
STl promotion organization with strong working
collaboration with a number of key players
with its focus on South—South and Triangular
cooperation. ECOSF has undertaken several
initiatives that supplement and complement its
STl programs with help of its strategic partners
to boost STI capacity building and contribute
towards regional cooperation and economic
integration. It strives to engage youth in all its
activities and integrates gender perspective in
policies, plans and actions directed towards
socio—economic development in line with the
ECO Vision 2025 and UN Sustainable
Development Goals (SDGs).

WHAT DO WE DO?

ECOSF aims to promote scientific and technological
research with an end goal to raise socio—economic
standing of 10 member states. The ECOSF serves
as a platform to build a reservoir of highly skilled
scientific and technical human resourceto carry
out scientific and technological research of applied
nature and other related activities among its
member states in collaboration with International,
Regional and National Organizations.

ECOSF pursues the goal of promoting research and technological development for sustainable
development and economic growth in the ECO region through the following key objectives:

Development of Human Resource Capacity for
science, technology and innovation as well as

science education in the ECO region

1 N

Scientific, Technological and Research
Collaboration and Cooperation among its
member states and the developed world.

o
Yy

)

Strengthening Institutional Capacity
in scientific research and technological
development among its members.

r
i

Exchange (Dissemination) of Information on Scientific
and Technological Research and Development through

workshops, conferences and meetings etc.
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2013

Accreditation of ECOSF as Observer/
Stakeholder of Intergovernmental Science-Policy

Platform on Biodiversity and Ecosystem Services

(IPBES)

ECOSF leverages strategic partnership with
leading regional & international organizations
for promotion of sience, technology and
innovation in the region

The Foundation believes in developing stronger working partnership with its
collaborators and exercises this philosophy in its true spirit of South—South
and as well as Triangular Cooperation. Since its establishment, the ECOSF
has established strong working collaborations with international and regional
organizations. The Foundation is proud to partner with many of most reputable
organizations and development partners as listed below:

2015

Asian STI Think Tanks Network (ASTN),
KISTEP Republic of Korea

2014

Asian STI Think Tanks Network (ASTN),
KISTEP Republic of Korea

2017

Sultan, Kazakhstan

(IRIS), Iran

2016

The Turkic World Educational and
Scientific Cooperation Organization
(TWESCO), better known as International
Turkic Academy, Nur-Sultan, - Kazakhstan

2018

- Pakistan Science Foundation (PSF), Pakistan

2020

- Beijing Technology and Business University (BTBU)

- Sukkur IBA University

- Belt and Road Science, Technology and Innovation
(STT) Think Tank Cooperation Network under the
auspices Chinese Academy of Science and Technology
for Development (CASTED).

- Tashkent State Agrarian University, Uzbekistan
- Ferdowsi University of Mashhad, Iran

- Children and Youth Science Centre of CAST (China)
- International Science & Technology Centre (ISTC), Nur-

- Islamic Development Bank (IsDB) for a broader cooperation
for promotion of S&T research and capacity building

- Isfahan Regional Center for Technology Business Incubators &
Science Parks Development under the auspices of UNESCO



ECOSF SERVES AS THE MEMBER OF PRESTIGIOUS
INTERNATIONAL SCIENTIFIC BODIES AND ASSOCIATION

* Intergovernmental Science Policy Platform for Biodiversity and Ecosystem
Services (IPBES) based in Bonn, Germany

* Founder member of Asian STI Think Tanks Network (ASTN) and the Asian
Innovation Forum in South Korea.

* Member Institute of the Asian Research Policy (ARP) Journal editorial board
in 2020, which is hosted by KISTEP

* UNESCO Man and Biosphere (MAB) Founding Member — Belt and Road STI
Think Tank Cooperation Network

F
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ECOSF AUGMENTS HUMAN RESOURCE
CAPACITY IN SCIENCE, TECHNOLOGY AND
INNOVATION (STI) SECTORS

ECOSF PROMOTES STI AS
A KEY INGREDIENT TO

SUSTAINABLE ECONOMIC
GROWTH IN THE REGION

012

The ECOSF fully realizes that there is an interactive
relationship between the development of STI
and economic growth. Thus, the Foundation has
undertaken several initiatives that supplement and
complement its STI programmes with the help of
strategic partners to boost regional cooperation,
socio—economic potential and cultural integration
through promotion of STI, science education and
literacy in the region.

events.

ECOSF is making efforts to boost science
literacy through the exchange of scientists of its
Member States in and out of the ECO region and
participation in various scientific and technological
ECOSF puts especial emphasis on

promoting science education and literacy among
young students and children of the ECO region.

states in collaboration with International, Regional
and National Organizations.

Program

Key Milestones

Impact

Inquiry Based STEM
Education

Trained over 1,000 Science Teachers

in the ECO region — around 650 of
Pakistani Teachers, 200 in Iran and 150 in
Kazakhstan.

Enhanced interests in science
subjects and learning outcomes —
over 200 K students benefited

Capacity Building Program
ECOSF Priority Areas —
Climate Change, Energy,
Water, Health and Food
Security

Organized over 200 conferences,
workshops and training programs. Provided
training opportunities to over 2,000 S&T
workforces in the ECO Region.

Around 1470 of Pakistani workforce

Strengthened S&T workforce and
enhanced capacity to address
and contribute to the critical and
emerging challenges of the ECO
region.

Engineering Qualification
Standardization,
Accreditation and
Professional System
(EQSAPS)

Improved and developed Standards of
Engineering Qualifications in the Central
Asian states with help of UNESCO and
Pakistan Engineering Council (PEC) in
conformity with FEIAP and WA guidelines

Rallied mobility of Engineers of
the Central Asian States with
other ECO Member Countries.

Belt & Road
Science Education
Program

Enabled participation of the Students of
the ECO region in Belt and Road (B&R)
Teenager Maker Camps | CASTIC |
Developed Science Curriculum based on
Fusion of Civilizations

Expanded exchange, network and
value—added capacity of young
student in core scientific areas:
Artificial Intelligence, Machine
Learning, Climate Change, &
Food Security

BTBU-ECOSF Joint
Training Center on
Science, Technology and
Innovation

Developed cross—industry and trans—
disciplinary international training program
to build essential human resource capital
relating to infrastructural development
among participating countries.

Trained Workforce in Critical
Areas of Infrastructure
Development, Special Economic
Zones, Low Carbon Development
and Electric Mobility

The Foundation has organized heaps of
international workshops, conferences, science
cultural festivals and science summer camps to
inculcate the urge among children and the public
at large for learning science around us and in the
universe.

The Foundation regularly contributes to key
thematic areas of agriculture, clean energy,
sustainable transport, water and climate change
and industrial development amongst the ECO

013

Member Countries with its technical and scientific
advice to the respective Governments.

ECOSF has developed an extensive outreach on
SDGs, non-formal science education, science
museums, women in science, role of media
in promoting science education and linkages
between science & sustainable development
and the STEM education at various levels from
preschool through primary, secondary and
tertiary/higher education to lifelong learning
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ECOSF PROMOTES INQUIRY BASED SCIENCE
EDUCATION (IBSE) IN THE ECO REGION

Realizing the significant potential of Inquiry Based
Science Education— IBSE pedagogy, ECOSF in
collaboration with La main a la pate Foundation
of France, the International Science, Technology
and Innovation Center for South—South
Cooperation under the auspices of UNESCO
(ISTIC) Malaysia, the InterAcademy Partnership
Science Education Programme (IAP SEP) and the

Islamic Development Bank (IsDB) launched its
Capacity Building Programme to promote IBSE
pedagogy at schools in the ECO Region. ECOSF
launched this Programme in June 2015 from Nur
Sultan (Astana), Kazakhstan as one of its flagship
programmes in the ECO region This program has
been continuing in Pakistan and Iran.

ECOSF HAS ESTABLISHED COLLABORATION
WITH CHINESE S&T INSTITUTIONS UNDER THE
BELT AND ROAD INITIATIVE (BRI) OF CHINA FOR
PROMOTION OF STI IN THE ECO REGION

The Belt and Road Initiative (BRI) of China is an
ambitious effort to improve regional cooperation;
and connectivity which is the core determinant
to this entire initiative. Thus, the ECO region
holds great potential and significance as an
important gateway to connect China with the
Middle East, South W est Asia and Europe and
beyond.

ECOSF is bringing its Member States on board
under BRI programs of China and helping them
to benefit from the expertise and capacity of

Chinese STI institutions, for infrastructure and
industrial development in the region.

The ECOSF has developed robust partnership
with Children and Youth Science Centre (CYSC)
of China Association for Science & Technology
(CAST) since December 2017. Under this
partnership, the ECOSF has been designated as
a Coordinating Center for promotion of STI and
Science Education under BRI in the ECO Member
States.

Under this initiative, ECOSF has collaborated
with CYSC-CAST in organizing a number of
mega science events, including four annual Belt
and Road (B&R) Teenager Maker Camps, B&R
Science Camps, China Adolescent Science and
Technology Innovation Contest (CASTIC) and
China Adolescent Robotics Competitions (CARC).
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Under this initiative, ECOSF has collaborated
with CYSC-CAST in organizing a number of
mega science events, including four annual
Belt and Road (B&R) Teenager Maker Camps,
B&R Science Camps, China Adolescent Science
and Technology Innovation Contest (CASTIC)
and China Adolescent Robotics Competitions
(CARC).

ECOSF in collaboration with the I|AP SEP is
also contributing to the development of Fusion
of One Belt One Road (OBOR) Civilizations
Curriculum Design (FoCEd). The curriculum
aims to highlight the different aspects of ancient
scientific discoveries along the BRI countries.

ECOSF is collaborating with CAST on Science
Literacy and  Engineering  Qualification
Standardization & Mobility of Engineers;
and with Chinese Academy of Science and
Technology for Development (CASTED) for
promotion of Innovation under BRI.
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BTBU-ECOSF JOINT TRAINING CENTER ON
SCIENTIFIC, TECHNOLOGICAL AND ECONOMIC
COOPERATION UNDER BELT AND ROAD

INITIATIVE

The Belt and Road Initiative (BRI) is a massive
global initiative aimed at connecting international
trading partners in the east and the west. The BRI
offers a tremendous potential to spur a new era
of trade, economic and industrial growth for the
countries in the Asia and beyond.
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ing Center on Scientific, Techn
¢ Cooperation under Belt and

In order to maximize the benefits of BRI, the
participating countries require to develop adequate
technological workforce and engage in an alliance
for promotion of cross—border cooperation in the
Science, Technology and Innovation (STI) sectors.

Appreciating the need for skill development and
capacity building in key economic sectors, the
Beijing Technology and Business University (BTBU)
and the Economic Cooperation Organization
Science Foundation (ECOSF) launched the
BTBU-ECOSF Joint Training Center on Scientific,
Technological and Economic Cooperation under
Belt and Road Initiative in September 2020. The
Center has won the financial support of China
Association for Science and Technology (CAST)
Program of International Collaboration Platform
for Science and Technology Organizations in Belt
and Road Countries.
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BTBU-ECOSF Joint Training Center aims to
promote the sustainable economic and social

LR E  Expert Representatives
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development of BRI countries through training
in the fields of technology application, industrial
economics, S&T standards and science
communication. The Center would serve as a
strategic training platform, which is deemed to be
critical for infrastructure development and socio—
economic growth for B&R countries, including the
10 ECOSF member countries.

The Joint Training Center organized its 1st training
program on Development and Management of
Economic Zones in December 2020 and its second
training program on Low Carbon Development
and New Energy Vehicles in July 2021.

ECOSF IS PROVIDING TECHNICAL ASSISTANCE
TO THE GOVERNMENT OF PAKISTAN ON
DEVELOPMENT OF FRAMEWORK FOR
STANDARDIZATION AND COMPLIANCE OF
ELECTRIC VEHICLE CHARGING STATIONS

ECOSF has partnered with the UNDP to provide
technical support to the Government of Pakistan
through Ministry of Energy in the formulation of
National Electric Vehicle Policy and its associated
Charging Infrastructure. Under this initiative,
ECOSF serves as key technical resource for
Government of Pakistan to provide strategic
insights into market adoption of electric vehicles
and development of National Standards and
Framework for Electric Vehicles and associated
Charging Stations.
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In this space, the Foundation has been assisting
various National Bodies, including Ministry of
Climate Change, National Energy Efficiency
Conservation Authority (NEECA), Engineering
Development Board (EDB), Pakistan Standards
Quality and Control Authority (PSQCA), National
Electric Power Regulatory Authority (NEPRA)
and Power Distribution Companies (DISCOs) in
quantifying benefits, trade—offs, evaluating need
assessment, tariff determination with a goal to
address key challenges towards electric mobility
transition in Pakistan.
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ECOSF AND ISDB PARTNERSHIP - REVERSE
LINKAGE DEVELOPMENT ROGRAMME
THROUGH SOUTH-SOUTH COOPERATION

IsDB have supported the International Centre
for Chemical and Biological Sciences (ICCBS)
of the University of Karachi, Pakistan to provide
scientific support and capacity building to Al-
Farabi Kazakh National University, Kazakhstan in
the field of Phytochemical Drug Development.

Likewise, ECOSF also collaborated with IsDB
and provided financial and technical assistance
to the Government of Pakistan to enhance
the capabilities of the Pakistan Meteorological
Department (PMD) for better risk assessment
and preparedness for natural disasters.

Under this project, ECOSF brought in the
technical expertise of Turkey by facilitating
Marmara Research Center (MRC) and Turkish
Cooperation and Coordination Agency (TIKA) of
Turkey to deliver technical support to

018

REVERSE LINKAGE

Development through South-South Cooperation

PMD for capacity building and human resource
development for better disaster risk assessment
and preparedness.

ENGINEERING QUALIFICATION
STANDARDIZATION, ACCREDITATION AND
PROFESSIONAL SYSTEM (EQSAPS)

Engineers play a lead role in ensuring sustainable
development by improving the efficient use
of energy, transportation systems and natural
resources as well as by improving health and
use of data. Engineers can benefit from gaining
work experience in different countries; however,
the host country often does not recognize their
qualification.

Realizing that there is a need for standardization of
engineering qualifications in Central Asia, ECOSF
is partnering with UNESCO, Pakistan Engineering
Council (PEC), Federation of Engineering
Institutions of Asia and the Pacific (FEIAP) and the
Chinese Academy of Engineering

and Technology of the Developing World
(AETDEW) based in Malaysia. Under this
program, ECOSF is assisting the ECO Economies
particularly those who lack a national accreditation
body, to improve and develop the Standards
of Engineering Qualifications in those member
states, particularly in the Central Asia with its
launch in Tajikistan.

This initiative is aimed at harmonization and
standardization of the engineering curricula within
the region in line with the FEIAP qualification
guidelines with technical support of PEC and
overall support of UNESCO.

ECOSF’s Scientific Outreach and Publications
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COVID 19 in the BCO Region:
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ICT Infrastructure,

and Response by the Member States
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AGLORAL PERSPECTIVE

o e Pakistan: Changing Landscape of
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Cthics and Cducstion In Pakistan:
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CSIR-National Institute of Science
Communication and Policy Research
(CSIR-NIScPR)

has been established after the merger of two prestigious institutes of CSIR
namely, CSIR-NISCAIR and CSIR-NISTADS working at the interface of S&T,
Society; and Science Communication and Policy Research. CSIR-NISCAIR
carries the legacy of pioneer in science communication and CSIR-NISTADS
has legacy of leader in STI Policy Research.

To become a globally respected Think tank and resource center for

Vision understanding Science, Technology & Innovation (ST&l)
Policy Research and Science Communication

To promote Science, Technology & Innovation (ST&l) policy studies

Mission and science communication among diverse stakeholders and act
as a bridge at the interface of science, technology, industry and
society

The new institute is mandated to carry—out the research study for the following:

* To provide evidence based policy advocacy on Techno—Socio—Economic issues
identified by CSIR/Government and other stakeholders

* To Identify ST&I needs for National missions and create road maps for Sustainable
Development

» To establish a repository of data, information, road—maps and policy documents
related to science, technology and innovation activities in India as well as the world
and create a digital Resource Centre for the Nation

+ To provide linkages of communication among the scientific community in the form
of research journals in different areas of ST&l

020

* To disseminate ST&l information to Society
* To harness information technology for science communication and publication

* To act as a facilitator in furthering the economic, social, industrial, scientific and
commercial development by providing timely access to relevant and accurate
information

* To collaborate with national and international Institutions and organizations having
objectives and goals similar to those of CSIR-NIScPR

CSIR-NIScPR become a globally respected Think Tank and Resource Centre for
understanding Science, Technology & Innovation (STI)

Policy Research and Communication.

The activities of CSIR-NIScPR is distributed among the two verticals:

A Science Communication
B Policy Research

Broad area of undertaking policy research are:

* Innovation, Entrepreneurship & Diffusion Research

+ Studies in Inclusive Health Research

« Studies in Science Communication (SC) Research

* Energy, Environment & Sustainability

 Agriculture & Sustainable Rural Development

« Traditional Knowledge (TK)

* Global Governance and Science Diplomacy Science Diplomacy

021
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CSIR-NIScPR publishes 19 research journal and several science magazine,
digest and newsletters.
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Broad area of undertaking policy research are:

e \Vigyan Pragati since the year 1952 (Hindi, monthly)
e Science Reporter since the year 1964 (English, monthly)

Releasing the “India S&T Vol-2" by the
Hon’ble President of India
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Major Achievements

A.Organizing India International Science Festival
(I1ISF2020 ):
Celebrating Science in the virtual platform
December 22-25, 2020

* Inauguration by Hon’ble Prime Minister of India Sh. Narendra
Modi ji

* Valedictory address by Hon’ble Vice President of India Sh.
Venkaiah Naidu ji

* Organized in Virtual Environment

* Attended by Hon’ble Ministers, eminent speakers, school
students, researchers, teachers, national and international
scientists, technocrats, industrialists, innovators, entrepreneurs,
craftsmen, artisans, artists, social service organizations,
farmers, health sectors, specially—abled people, film makers,
exhibitors, diplomats and policy makers. etc.

Created Guiness Book of World Records for

&

Largest Most people Most people
attendance for assembling washing hands
a virtual science sundial—kit simultaneously
conference in simultaneously online
one-week online

023
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Most people
applying
protective masks
simultaneously
online

Most viewers of
a nutrition lesson
live streaming
on a bespoke
platform
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B.Technology Readiness Level (TRL) Assessment of CSIR
Technologies

* To have a broad idea about how far a technology stands from entering
into the market

* To assess the gap between the current status of the technology and the
demands/expectations of the market from the technology

* Based on the implicit assumption that technologies with higher TRLs
may cost less to develop and integrate it with market in comparison to
those at lower levels

* Good tool in investment decision making on technologies

Socio—economic Impact Assessment of CSIR Technologies/Mission

* To give an idea about the impact created by a technology in terms
of benefits generated for the stakeholders like revenue creation,
employment generation, new customer base creation, enhancement of
brand image, creation of new business opportunities, etc.

» At Regional or National level, it gives an idea how much a technology
has contributed towards environmental benefits, import substitution,
earning of foreign exchange through export , breaking monopolies,
contribution to GDP at National or State level, etc.; thereby contributing
towards National competitiveness through enhancement of Industry’s
capacity to innovate and upgrade

* In this direction CSIR-NIScPR undertook the socio—economic impact
assessment of CSIR technologies/mission.

024

Creating Livelihood Opportunities in Rural
Areas through CSIR Technologies : A Joint

Venture between CSIR, Unnat Bharat National Coordinating
Abhlyan(IIT Delhl) and VIBHA Institution(IIT De|hl)

A repository of about 70 CSIR technology suitable

for rural development has been created containing 45 Regional Coordinating
information on Equipment and machinery required, Institutions(RCls)

Quality of technology, Market demand of the products

obtained, Resources required for operationalization
investment required, Advantages of the technology, 2614 Participating
target beneficiaries etc. Institutions(Pls)

International Linkages of CSIR-NISTADS (erstwhile)

UNESCO
DFG (Germany) IDRC (Canada)
KRISTI, STEPI
(South Korea) MSH International,
CNRS, CEFIPRA
(France)
CASTED (China) Majo_r
International
linkages
WAITRO
COLLNET
APCTT
UNDP UNU-MERIT
(Netherlands)

Russian Academy of
Sciences

Commonwealth
Science Council

025
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Reaching out to Society

* Bankura field station: STI based interventions for enhancing rural
capacity and traditional artisan industries of the district.

* Niche products, supply chain, enhancement of employment and
income.

» Development of institutionalised flower market in Delhi
* GIS based resource mapping & planning

* Proof of concept studies for air pollution monitoring, Ayurvatika,
carbon sequestration system

* Longitudinal studies on public engagement/understanding of

science

Knowledge and Awareness Mapping Platform “KAMP” is an International intellect
E-based assessment platform to evaluate cognizance of 21st century skills, awareness
and knowledge of Science, Technology & Humanities among students.

Objectives

* To help students identify their awareness and aptitude for Science, Technology and Humanities.
* To create awareness among students in emerging technologies

* To infuse a healthy competitive spirit through rewards, based on performance levels.

* Track student progress through a dynamic system.

* To create an performance index for all the participating schools/institutions.

Communicating India’s Scientifically Validated Societal
Traditional Knowledge

e
\SVASTIK

Objective

Conserve Indian traditional knowledge and practices, inculcate
R&D temper of verifying tradition in a scientific manner and instil
confidence among the citizens regarding the scientific value of

Indian traditional knowledge/practices.
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" KISAN
& SABHA
Registered Stakeholders
15-09-2021

1) Farmer 434627

2) Mandi Dealer 159

3) Transporter 31200

4) Service Providers 8541

5) Consumer 4670

&) FPO's 24

Total - 482181

Priority Areas

Mathematics, Astronomy, Architecture, Metallurgy, Water &
Sustainable Agriculture, Energy, Ecology & Environment, Indian
Medicine, Indian Commerce, and Indian Way of Education &
Philosophy

KISAN SABHA - Application for Supply Chain and Freight
Transportation Management System for Farmers

farmers directly to transporters, Service provider (for pesticides/
fertilizer/ dealers, cold store and warehouse owners, refrigerated
trucks, cold storage facilities, aqua farming and organic farming
options), Mandi dealers, customers (like big retail outlets, online
stores, institutional buyers) and other related entities.

Interference of middlemen is reduced, enhancing farmers’ margins.

To provide actionable policy recommendations for
Policy solving problems through S & T Interventions

Popularizing Science among
masses through IT, Social
Media(Blogs, Twitter etc.)

Developing linkages with reputed
global institutes, undertaking
comparative research studies to
learn from best practices

Collaborate

Advocacy

ST& Identify ST&I needs for National

needs
roadmap

missions by involving wide

variety of stakeholders

Creating repository of

Create information on ST&l research,

STal
NDRC

data, information, roadmaps,
policies, etc. (National Digital

resource center)

Facilitate economic, social,
industrial, scientific and
commercial development by
providing timely access to
relevant & accurate information
through data repository and
publications

Promoting Linkages among

ST&l
Research
Journals

Information
Access

scientific community through
Research Journals in ST&l

ST&l

Dissemination Disseminate ST&I information to society and to develop
understanding about public perception of science
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Abstract

We introduce the Formosa Language Understanding Dataset (FLUD), a large open-domain Traditional Chinese

machine reading comprehension dataset curated by professionals. FLUD contains more than 15,000 textual question-

answer pairs and corresponding articles from Wikipedia, news, and elementary school textbooks. The questions are

in the form of multichoice or short-answer problems, and the level of difficulty is evaluated by organizers of official

language proficiency tests. In addition, we incorporate task-oriented multiround dialogue and record parts of the

question-answer pairs spoken by humans to extend the breadth of this dataset. The aim is to design a more challenging

dataset that requires advanced reasoning beyond straightforward span extraction techniques to answer the questions

correctly. FLUD was used in two public machine-learning competitions, in which we conducted human evaluations

on the difficulty of this corpus. Human evaluations on the accuracy of multichoice and short-answer problems

amount to 89.6% and 62.7%, whereas the best machine performances are 53.7% and 40.8%, respectively. The public

competitions energize the scientific and engineering community and the public to develop a sense of the possibilities

and an urgent commitment to accelerate progress.

1. Introduction

Language understanding technology is receiving
considerable attention from the artificial intelligence
(Al) and natural language processing (NLP)
community and people in the general public. The
application ranges from text classification to question
answering (QA) and multiturn  conversations.
Furthermore, the machine needs to categorize
documents, produce casual conversations, and respond
to user questions regarding specific topics or tasks to
be comprehensive. In order to boost development in
this direction, we construct the Formosa Language
Understanding Dataset (FLUD), of which the level

of difficulty is set to match “Band C” of the “Test of
Chinese as a Foreign Language” (TOCFL) . This level
roughly corresponds to “Advanced” in other language
proficiency tests such as the Common European
Framework of Reference for Languages. The corpus
contains three different tasks: around 15,000
multiple-choice quizzes, more than 700 short-answer
questions, and 20 task-oriented multiturn dialogues.
The majority of this dataset contains audio recordings
as well as accompanying textual content. Moreover,
we design the questions with special attention to the
linguistic and logical aspects of machine reading. The
machine would require inference abilities beyond

simple span extraction to answer the more advanced

! The Test of Chinese as a Foreign Language (TOCFL) is a set of standardized language proficiency tests developed for non-native

speakers of Chinese.

030

questions correctly.

The main contributions of this work are as follows.
(1) We introduce the novel FLUD, the first large-
scale, open-domain machine reading comprehension
dataset with TOCFL Band C level questions and
accompanying audio recordings. (2) To the best of
our knowledge, it is the first corpus that considers
deeper language understanding techniques common
in human language and communication. (3) For
national technology policy, it is also the most extensive

Taiwanese Mandarin speech QA corpus that can

2. Related Work

Many new large-scale reading comprehension datasets
promote the rapid development of machine-learning
models that can answer factual questions based on
the provided information. This trend is pioneered
by a notable breakthrough in the formulationof the
Stanford Question Answering Dataset, or SQuAD
(Rajpurkar etal., 2016). The innovation of this dataset
lies in how the questions are composed; namely, each
answer can be extracted in a reference article collected
from Wikipedia. This dataset includes over 100,000
question-answer pairs along with their corresponding
articles, which is much larger than previous work,
e.g., MCTest (Richardson et al., (2013)). In addition,
it is the first corpus that does not come in the form of
multiple-choice questions, increasing the difficulty for
a machine-learning model to guess the answer based
on simple similarity measures between questions
and choices. Another QA dataset published around
the same time is the MS MARCO dataset (Nguyen
et al. (2016)), which contains the same number of
question-answer pairs, but with much more reference
paragraphs (over 1 million). They are collected from
user queries in the Bing search engine, and the
answers have been composed by humans. TriviaQA
(Joshi et al. 2017) studied this trend and made a few
improvements. The 650,000 question-answer pairs
and their corresponding document are collected from
various trivia competition participants. Thus, they are
created naturally, without reference documents. Then,
the evidence articles are gathered from the Internet
and Wikipedia. As a result, these questions are claimed

to be more realistic and organic. The comprehension
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enrich the development of accent-robust automatic
speech recognition systems. (4) We conduct an
extensive human evaluation of the quality and
validity of the dataset’s content and compare results
from machine-learning models, providing us with a
general understanding of current Al technologies used

to solve these types of tasks.

and inference of various sources, such as news,
encyclopedias, and social media, is required to answer
the questions in TriviaQA correctly. Subsequently,
more QA datasets emerge, (e.g., HotpotQA Yang et
al. (2018), ReCoRD Zhang et al. (2018), Cosmos
QA Huang et al. (2019), and TYDI QA Clark et al.
(2020)).

Almost all existing large-scale QA datasets consist
of English content, whereas two notable Chinese
corpora have been proposed, i.e., DuReader (He
et al. (2018)) and DRCD (Shao et al. (2018)). The
former includes simplified Chinese QA and the latter
Traditional Chinese. DuReader contains questions
from search engines as well as online forums, and
the answers are generated by humans. There are
200,000 questions, 420,000 answers, and one
million reference documents. DRCD stands for Delta
Reading Comprehension Dataset, as constructed
by Delta Electronics, Inc. It is an open-domain
QA dataset, including over 10,000 paragraphs,
2,000 documents from Wikipedia, and over 30,000
questions. Similar to SQUAD and other extractive
QA, the answer to each question can be extracted
entirely from the accompanying paragraph and
ismanually created by humans. The newly constructed
FLUD stands out from previous research in several
aspects. First, multiple logical inference techniques or
linguistic knowledge are required to answer a question
correctly. The answer to a question often cannot be
directly extracted from the document. Second, open-
ended essay questions can also be answered using the
accompanying document apart from questions with

exact answers. In addition, many multiple-choice
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questions and task-oriented dialogue scripts are also
included, further increasing the diversity of this
dataset. Lastly, there are advanced questions where the

answer covers multiple, noncontinuous spans of the

3. Methodology

In this section, we describe how this corpus is
constructed, including the collection of documents
from various sources and composing the questions.
Notably, The primary aims of building this dataset
are to boost the development of machine reading
comprehension and to be able to release it to the
general public. Therefore, special attention is paid to
assert the copyright of this data and the difficulty of

the questions.
3.1. Data Collection

There are three parts in FLUD, namely, multiple-
choice QA, short-answer QA, and dialogues. In this
section, we introduce in detail the construction of

each part.
3.1.1. Multiple-choice Questions

The first section of FLUD contains multiple-choice
questions and their corresponding articles. There are
1,000 Band C and approximately 14,000 Band B
level questions in this portion, respectively. According
to TOCFL, the Band C level is designed for the

following types of learners:

1.Non-native Chinese speakers at the advanced level.

2.Studied Chinese for over 960 hours in Taiwan or for
1,920 hours in non-Chinese-speaking regions.

3.Familiar with about 8,000 Chinese vocabulary

terms.

Source Data type

National Education Radio (NER)

text and speech

reference article. These characteristics greatly enhance
the level of understanding required to respond

correctly to the questions.

Taking content diversity into consideration, we collect
articles from the Science Development magazine
and Chinese literary classics. The question domains
include festivals, cuisines, traveling, music, sport,
leisure, social and cultural topics in Taiwan, classical
literature, Internet phenomenon, environment, and

news in multichoice questions.

Nevertheless, collecting high-quality speech data that

corresponds to the above content is time-consuming,.
In order to solve this problem, we inquire organizations
such as radio stations to authorize us with the right to
use their programs along with raw data from radio
shows. For example, the Police Broadcasting Service
(PBS) provideddaily news in 2018,and the National
Education Radio contributed archived programs from
2012 to 2017. Moreover, we recruited more than 50
speakers to participate in the speech recording of the
remaining questions. See Table 1for the sources, data
type, and data for matfor this portion of the FLUD
dataset.

After acquiring raw data, either in text or speech,we
perform data cleaning for further use. We recruit
annotators to carefully type and check every word
while listening to the radio program. Then, they
are asked to generate one to five questions from an
article. Each question has four options and one
answer. Answers to each question could be contained
inthe article, while others may not. One example of a
multiple-choice question set is listed in Table 2. Note

that the exact wordsof the answer to this question are

Format

Mono, 16kHz, 16 bits PCM, *.wav

Police Broadcasting Service (PBS)

text and speech

Mono,16kHz, 16 bits PCM, *.wav

Science development (online
magazine)

text and speech

Mono,16kHz, 16 bits PCM, *.wav

Chinese literary classics

text and speech

Mono,16kHz, 16 bits PCM, *.wav

Table 1. Source and data types of multiple-choice questions
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not present in the reference article. or 2 points according to its complexity and difficulty.

3.1.2. Short-Answer Questions More specifically, we design these questions so that
they can cover a wider range of NLP techniques
We also utilize multiple sources for the second part than straightforward span extraction. In order to
of FLUD when collecting the short-answer and essay answer theshort-answer questions correctly, the
questions. The first major source is the Traditional
Chinese version of Wikipedia (shortened as WTC
hereafter). We gathered over 1,000 articles from
WTC dumped on Aug. 20, 2019. Another source is

from all elementary school textbooks published by

human/machine requires multiple types of inference
strategies. ‘The eight categories includel exical
definition, enumeration, temporal relation, spatial
relation, quantity, entailment, causal relation, and
essay questions. For the reader’s reference, the original
Chinese termsare “F 3, JI28, FFEIE (%, Z=REEE
%, B2, B3, BER, B\, respectively. There are

also combinatory questions that require more than

the Taiwanese government before 1980 since they are
open to the public. Next, we collected news articles
from online news sites. The last source is the archive

of public announcements made by the Taiwanese one of these types of methods. Detailed descriptions

government. After collecting and cleaning the raw and some examples are as follows.

textual data, the question-answer pairs are manually

created by three curators. In order to ensure the * Lexical definition: Using synonymy, hyponymy,

quality and accuracy of the answer(s), they are cross- antonymy, and definition information to understand

checked by all curators. In the end, we compiled a the question. For instance, the question “What is

training set of 746 question-answer pairs and over the lastname of the U.S. President?” requires the

100 related documents. Each question is assigned 1 definition of “last name.”

Paragraph

ERAKRIEYER  —FNFLIUEIREAMKR - BRAESBOnT - TARRSE - EFAET -
=7 BE  DEBENEOE; ERRENSRENAT  ER  HR%  EEMRNEX | RXEFZETED

BENRE , —FNFFERMN - BF  ANEKRILm
g SENKREHFEZ  NRRSERE  —EZAdBEFTHKR -

%
R
$h
O
=
ar
o
=k

N
i
k>
i
g
B
-
|_|
=
&EIi
>H
&
can

Taiwan is known as the Kingdom of Fruits. Different fruits can be tasted all year round because of the changing
terrain and the comfortable climate. In the spring, there are plums, apricots, and loquat, etc., which you could feel
the sweet in your heart when tasting. In summer, there are thirst—-quenching watermelons, mangoes, lychees,
etc. to get rid of the sultry summer. In autumn, you can eat pomelo for mid-autumn festival. In winter, you can
eat citrus: kumquat, citrus, orange, etc., the sweet and sour taste makes people feel that they are in love. There
are pineapple, wax apple, papaya and other fruits that can be tasted throughout the year. Fruits in Taiwan are really
delicious. If you come to Taiwan, you must try fruits in season

BENPHNEFEMERR ? What does “in season” mean in the text?

Paragraph

1. FEWZE Main season
2. FEEEMWZEE Growing season
3. BERKRIES Rich variety

Paragraph

2. FEEEMZEE Growing season

Table 2. An example of multiple—choice QA, along with the reference article in FLUD, with English translations
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* Enumeration: The model must selectively extract
multiple spans from the reference document. For
example, we provide an article regarding COVID-19
and ask the question, “What are the symptoms of
COVID-192” The answers may be scattered over

different parts of the reference article.

Temporal relation: The model must know the
. « » o« »
meaning of, e.g., “next month,” “last year,
regarding the current or a specific day. For example,
the reference article can be about the stock price of
company X separated by year. We may ask: “What

was the value of company X last year?”

Spatial relation: The use of relations such as “on top
of” and “within” to find the answer. For example, we
can include a news article regarding an earthquake
and the city’s name in which the center is located.
We may ask: “In what province did the earthquake

originate?”

Quantity: The ability to count or compare quantity.
For example, there is an article about the number of
deaths and hospitalized people due to COVID-19
and SARS-related diseases. We can then ask: “How
many people were affected?” or “Which disease is

more lethal?”

Entailment: Understanding the logical relations
betweenevents or entities, such as “A contradicts
with B” or “A entails B.” For instance, given the
information “X is married to Y,” one can answer, “Is

Y a family member of X?”

* Causal relation: Utilizing the cause-effect relations
in the document. For example, given the sentence
“The disease can spread to birds, pigs, and humans.”
One can answer thequestion, “Can this disease

affect multiple species?”

* Essay questions: the answer consists of a longer
segment, often more than one sentence. It can be
thought of as a form of summarization. There can
be more than one correct response, as long as they
correspond to the content ofthe reference article.

One example of a multiple-choice question set is

shown in Table 3.

3.1.3. Task-oriented Dialogue

Lastly, FLUD also incorporates conversation scripts
for 20 tasks. We compose 20 scripts, each targeting
a specific task, as the training data of task-oriented
conversational agents. They include train ticket
reservations, purchasing home appliances, ordering
drinks, travel recommendations, foreign exchange,
savings account, restaurant reservations, sports game
ticket reservations, and car rentals. We compose
spreadsheets for each with important information
that is required for their completion. Notably, there
are situations where more than one client may contact
the agent for some of these tasks, or the same client may
call multiple times to change their previous request. We
believe that these scenarios are more realistic and useful

when training a task-oriented conversational machine.

Paragraph

FEETEFIHEBR T 28FRNIE - SMEEIB75200M - B5ESES1188 =TT ( NWFHAEE245E T ) -

TR TR 2 RE A S KRB AR M ER - A&

130187 - BiE L FERENS - HEE "aE&Es, | "B

2. REAHESHEHNEAART - TMNFHFB0RZNT - NI RELEHAEES W2/ "TE2, - XNE
EMARZ, AR "KE, - —RIEIERNE  B55IEKR - EEoRHEZE) 12208 -

O ERBRZ R FEMNBRMEN MNE - BHRHE

=

B¥ , CIt—RIBAEZEEEAE - WHEIFEYA -

REGEZRERRTER - REISHERXUARSRAIEREL - MI0FLIR - EEMNELEXREBHELENS
FeEENBEASIET - REEAARSE85.4%5 - MHEERE - MEXRS24ERZR - BIRERA - LESREZE
MIVEE - EHATHERER448% - DRlEHFHFHRE - PRI - 1915 - TIOBAFEKR/250HE - ER
PEIIBIRES19% - BIRIRT - SMBEMMEN R - HH "SHR-HE . R 'SRNREERXZ ., F5EE
OREEEERFTER  BRNARESSVER B 7PBEBEANmEESN - AR APERERE  BREEI LA
DL - BIRHSHERT - WERGERSERIR - BXECEN5E -

The domestic export value of domestic edamame reached a new 28-year high, with an external sales
volume of 37,520metric tons and a trade volume of US$81.18 million (about NT$ 2.45 billion). It also helped 7
frozen food companies tobuild new plants or expand factories in Taiwan. With an investment of NT$ 3 billion and
thousands of job opportunities, itis called “Taiwan Green Gold”! “Edamame” is the immature and greenish-colored
edible soybean. When the fresh pods ofthe whole plant are 80% full, the pods are green with fuzz, so it is called
“edamame’, also known as “vegetable soybean”,and it is called “edamame bean” in Japan. Generally, beans
contain cottonseed sugar, which may cause flatulence.
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Question

. ESEERGEBNEEIEY? |s edamame a Taiwanese cash crop?

B TaEse ) ZHENZEI—TEEY? Which plant is called “Taiwan Green Gold”?
. BERWM—ERIRINER? From what year did the edamame export start?

. EZAMLERIFE? What other names are there for edamame?

 NAPIEHEZEMLEEZEFMD? In the text, which nutrients are found in edamame?
. ZREIREB=EERE? |s eating edamame healthy?
. BEEDIMEEMLE? To which countries are Taiwanese edamame exported?

PANN 1

. BEETNEREDROE? Where is the production area of Taiwanese edamame concentrated?
0. MPFEmiEEENNED @EZMMIE? What are the two varieties of edamame that have applied for

various patents?

1
2
3
4
5.z 7 REEERIRENREZM—E A7 What is the cause of flatulence from eating beans?
6
7
8
9
1

M. ELMA "8EFE ) NEZSBMLESG? What are the advantages of edamame as the “Taiwan Green

Gold™?

Table 3. An example article in FLUD, with English translations, as the question reference

4. Evaluation

In this section, we first depict the design and the
results of the human evaluation of FLUD. Then, we
provide the machine performances achieved in the

open competitions in which this dataset was used.
4.1. Human Evaluation

A predefined test set is split from FLUD for the
purpose of the competition. Therefore, we assess
human performance on the test set as the bar for
machine-learning models. The human evaluation is
divided into three parts according to the question
format (e.g., multiple-choice, short-answer, and
chatbot). First, similar to the TOCFL online test,
10 participants are asked to complete an exam with
50 multichoice questions in the form of spoken
content. The duration of the test is 70 minutes. When
recruiting the participants, the minimum education
level is set as college or graduate school. The result
of the human performance evaluation on the test set
with multiple-choice questions is 89.6% in terms of

accuracy.

Second, we randomly selected 30 from 167
participants who volunteered to join the short-answer
exam in our study. Those who want to join the exam

should meet the criteria as follows:
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* foreigners who passed TOCFL Band C,

* or native speakers with a senior high school degree.

All of them are instructed to complete 50 short-
answer questions individually, in the form of an
online survey. The distribution of the question’s level
of difficulty matches that of the competition for
machines. In other words, the number of basic and
advanced questions match those in the competition.
In the end, the average score is 50.21 out of 80.
Therefore, the accuracy is equal to 62.7%.

For the last part of the test, namely, task-oriented
conversational agent, we recruit five participants
to perform multiround dialogue. Notably, the
competition organizerselects five as the final testing
category out of the 20 provided training topics in
FLUD, including travel recommendations, restaurant
reservations, insurance, car rentals, and housing
loans. Therefore, each of the five participants in this
experiment corresponds to one of those categories.
Meanwhile, the participants in this experiment must
have at least one year of customer service experience.
The human customer service score is evaluated by a
committee of five judges identical to the machine
competition. In the end, the human score is 18 out of

20, denoting an accuracy of 90%.

4.2. Performance of Machine-Learning Models
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The performance of machines is evaluated in an open
competition, where participants provide computer
programs that receive input from the organizers
machine and return correct responses. In order to
evaluate the machine-learning models, they first must
define the scoring criteria. The competition is scored
in textual form. For multiple-choice questions, the
criterion is clear, namely, selecting the correct answer.
The short-answer questions and multiturn dialogue
tasks are reviewed and scored by the committee. The
essence of the answering criteria is listed in Table 4,
and the complete document can be found on the

competition website.

Two open competitions using different parts
of FLUD were held. During the first multiple-
choice competition, a machine must answer 1,000
multichoice questions in 90 minutes. Interestingly,
the organizer of this competition posed an extra
challenge. The participating machines must first
perform speech recognition since the input is in the
form of wave (WAV) files. There is no limitation

regarding the resources that they can utilize. In other
words, the participants can make use of third-party
speech recognizers and knowledge bases. In the end,
the best performance in this competition is 53.7% in

terms of accuracy.

For the other two tasks, the participants (machine-
learning models) must answer 50 questions (short-
answer and essay) and five task-oriented dialogues
in this competition without external resources. The
total score sums up to 100, in which the 50 questions
account for 80 points. Recall that some advanced
questions are worth 2 points and others 1 point.
Moreover, essay questions and dialogue transcripts
are evaluated by the committee—the finalist scores
of this competition range from32.7 to 15.3 for the
short-answer and essay questions. For dialogue agents,
the scores are between 14 and 4. Finally, the total
score among 10 finalists ranges from 36.7 to 4 out of
100. Below is the performance comparison between

humans and machines.

Judgment Criteria

Incorrect

Irrelevant answers, incomplete sentences,wrong sentence structure,
unclear, and wrong meaning

Correct

Appropriate description, fluent sentence, high—quality content information,
precise words, or extensive knowledge

Table 4. Scoring criteria for short-answer and essay questions in FLUD

Multiple—choice

Short-answer Task—-oriented chatbot

Human Performance 89.6% 62.7% 90%
Best Performances of Machine-Learning 53.7% 140.8% 20%
Models

Table 5. Comparison between the performances of humansand machines in three different tasks.

5. Conclusions

We introduce the FLUD, a new Traditional Chinese
machine understanding dataset. FLUD is the largest
dataset focusing on deeper linguistic knowledge and
substantial amounts of spoken content. To the best
of our knowledge, the dataset is also the first speech
corpus published by a noncommercial entity that

covers speakers of all ages using Taiwanese Mandarin.
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Notably, there are four unique features of FLUD.
(1) It consists of four types of questions that can
serve as a stepping stone to the development of
machine comprehension models. (2)The background
knowledge within this dataset contains vocabulary,
common sense, and geographical information
specific to the Taiwanese people/region. (3)The
cultural diversity of this country is also reflected in

the dataset. Specifically, the topics include festivals,

cuisine, traveling, music, sports and leisure, social
and cultural activity, classical literature, Internet
phenomenon, environment, and news. (4) It is the
largest Taiwanese Mandarin speech QA corpus that
contains around 400 hours of recordings. (5) The
level of language understanding required to answer
the questions is very sophisticated, as evidenced by
the comparison between the human evaluation and
machine competition results. We envision that FLUD
can significantly enhance the development of NLP

and Al technologies worldwide.
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1. Introduction

The concept of regional science is an important part
of the literature on innovation system as it explains
how regional economic processes operate to produce
agglomeration, urbanization, and industrialization.
Economists  have recently  rediscovered  the
importance of this field and labeled it “new economic
geography.” ‘Traditionally, regional science and
industrial innovation studies have focused on new
rationalization strategies within enterprises. Sternberg
and Muller (2005) highlighted that entrepreneurial
activity is largely a regional event. They argued that
local conditions are more significant if an individual
decides to be an entrepreneur or an enterprise survives
and grows. Industrial clusters and regional economic
growth are correlated. Consistent with the literature
on innovation systems, enterprises are neither
atomistic nor do they interact with others based only
on business considerations. Any business activity is
embedded in a broader socio-institutional context;
therefore, the economic dimensions or relationships
cannot be separated from the socio-institutional ones.
In this context, Regional Innovation System (RIS)
explains the phenomenon well where business activity
is embedded in a socio-institutional context where
the relationship between that context, namely, the
regional environment, and entrepreneurial activities
is analyzed. According to Feldman and Martin
(2005), enterprises’ success and regional economic
growth are mutually dependent. Knowledge-based
new enterprises positively influence RIS in various
ways (Koschatzky, 2001). Malecki and Spigel (2013)
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claimed that entrepreneurs have more to learn from
their local environment and other actors within it
(Zahra et al., 20006). In case of startups, entrepreneurs’
interregional  connections enrich  their  socio-
institutional capacity and increase their survival rate.
A regional startup ecosystem is an effective method
for endorsing regional innovation and developing the
business environment, along with securing the growth
of domestic product and employment in a country
(Krajcik and Formanek, 2015). These associations
between institutions linking knowledge-producing
hubs, such as universities and public research labs
within a region, and innovative enterprises leads to
knowledge spill over among various organizations,
thus increasing a region’s overall innovativeness

(Cooke et al., 1997).

In this context, India is considered the next Asian
wonder owing to its rising entrepreneurial success
(Huang, 2008). The government's grip on the
economy is limiting, and there are indicators that India
is transitioning toward a market-oriented economy.
India has also established a clear-cut policy and goal
of becoming a premier business-friendly economy
(World Bank, 2008). Startups and small businesses
have played a critical role in India’s economy, with the
world's third-largest startup population (ET, 2016b).
India is likely to have more than 45 million small-
and medium-sized enterprises (SMEs), accounting
for more than 40% of the country's gross domestic
product (GDP) (ET, 2016b).

The State's domination over the economy is gradually

declining and there are indications that the country is

moving toward a market-oriented system. “Startup
India” is the governments flagship initiative that
intends to build a strong ecosystem for nurturing
innovation and startups to drive sustainable economic
growth and generate large-scale employment
opportunities. It empowers startups to grow through
innovation and design. The government has initiated
several steps to create an environment of ease of
doing business; ready availability of essential services
such as office space, location, supplies, and telecom
connectivity; and mentors to provide strategic advice
and knowledge sharing. Additionally, National
Institution for Transforming India (NITI) Aayog
has initiated the Self-Employment and Talent usage
(SETU) program to support startups, particularly in

technology-driven areas through a Techno-Financial,

2. Startups:
Growth Engines for the Economy

New company registrations have increased from
15,000 in the 1980s to nearly 100,000 in the
2010s, due to favorable demographics and an open,
commercial culture, among other factors. At an
average age of 28 years, India's entrepreneurs are
among the world's most promising young talent.
As the number of startups continues to increase,
their benefits are extending beyond traditional sites
to regional economies. Entrepreneurial ventures are
upending long-established company models and

generating entirely new markets. Startup enterprises

Incubation, and Facilitation Programme. To facilitate
credic availability for startups, the government
had announced the Micro Units Development &
Refinancing Agency (MUDRA) scheme operated
by Small Industries Development Bank of India
(SIDBI). Against this backdrop, India is offering its
new Science Technology and Innovation Policy—the
draft of which is already in the public domain.
Considering the importance of an RIS framework
to boost innovations in startups against this thrust
on creating a vibrant ecosystem for startups in India
and the release of the new Science, Technology and
Innovation (STI) policy, this study explores the RIS
pathways for startups in India.

are threatening to disrupt existing businesses and
traditional  distribution channels across various
industries. As a result, they are likely to serve as
catalysts for innovation and collaboration across
India's corporate ecosystems (IBM, 2016).

Startups are regarded as India's hope for employment
generation, wealth creation, and spurring innovation.
TIE and Zinnov (2019) reported that Indian startups
have immense potential for job creation. Specifically,
travel and hospitality industry is likely to create 52.3
million jobs by 2028, and the food and foodtech
industry will generate 9 million jobs by 2024. Figure
1 reflects the growth in the number of jobs reported as

India witnesses the growth of startups.

Source: Compiled by authors from Evolution of Startup India, 2016-2020
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India has more than 1500 traditional skill-based
groups, covering a wide range of abilities from textile
design, handicrafts, technology, paper manufacturing,
coal, leather, and brass items to timber industries
and everything between (Karma Bhutia, 2016) that
can nurture prospective startups, which, in turn, can
generate jobs, particularly in rural India. Moreover,
with Industry 4.0, and technologies such as artificial
intelligence, 3-D printing, and the Internet of things
are no longer considered “next great things,” the
digital technology revolution will significantly affect
on every discipline, industry, and economy in every
country. In this line, the growing number of startups

in India can elevate the country from its status as a

3. Startup Ecosystem in India

Isenberg (2011) classified an ecosystem into
six domains: policy, finance, culture, support,
human capital, and markets. Aspects of the
ecosystem's systemic conditions include networks of
entrepreneurs, leadership, financial resources; human
capital; knowledge; and support services. These
factors, and their interactions, play a significant role
in determining the success of an ecosystem. However,

a diversified and talented pool of employees (referred

4. Institutional structure and
governance for startups in India

Various government policy initiatives have enabled
the growth of startups in India. Along with a strong
policy shift toward innovation and entrepreneurship
visible in different policy articulations, such as Make
in India and Atamnirbhar Bharat (Self-Reliant India),
specific policies has been developed for startups.
“Startup India” is the government’s flagship initiative
that intends to build a strong ecosystem for nurturing
innovation and startups. The policy is directed
toward sustainable economic growth and large-scale
employment opportunities. It empowers startups to
grow through innovation and design. The government
has initiated several steps to create an environment of
ease of doing business and provide entrepreneurial
support. The core of the initiative was to build an

ecosystem in which startups can innovate and excel.
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hiring destination for low-cost I'T services to that of
a global leader in skilled work. The Indian startup
ecosystem hosts nearly 167,540 startups, which can
drive digital revolution in India and leverage the
enormous opportunities to advance the economy.
India is on the right route, as stated by the recent
reports that the Indian venture capital business had
invested $10 billion in 2019, which is 55% greater
than the total investment in 2018. Startups can play
a significant role in transforming India from world's
information technology, services, and business
process outsourcing hub to a key R&D center for

international corporations.

to as “talent” in certain cases, as in Lee et al., 2004) is
possibly the most critical component of a successful
entrepreneurial  ecosystem.  Entrepreneurship s
determined by the factors that affect entrepreneurial
performance (Ahmad and Hoffmann, 2008). Studies
have shown that the various determinants of startups
and entrepreneurship development can be divided
into three categories: (1) regulatory framework,
(2) values, culture, and skills, (3) access to finance,
market, R&D, and technology (Kshetri, 2014).

The larger program reflects on comprehensive learning
program, setting up research parks, incubators, and
startup centers across the country. A network approach
that involves different stakeholders, academia, and
industry, industry bodies with government framing
policies and joint partnerships underscore the new
policies (Table 1).

Startup India mission also includes learning programs,
ease of patent filing, easy compliance norms,
Relaxed Procurement Norms, incubator support,
innovation focused programs, funding support, and
tax exemptions. Various other initiatives that enable
and complement the Startup Mission include “Make
in India,” “Skill India,” and “Digital India”programs.
Department of Promotion of Industry and Internal
Trade (DPIIT) is an important government body that
has created an enabling support system for startups.

They have simplified norms for startups so that they

Scheme

Funding
Organization

Source: Compiled from the websites of respective departments

Linked Institutions

Amount/Incentive (key highlight)

Startup India NITI Aayog Flagship program of Indian Fund of funds — INR 2500 Cr (approx.
Action Plan government encompassing several US $337.2 million) per year; Tax
institutions of different verticals all Exemption on capital gains for capital
over the country gains invested in Fund of Funds; Tax
exemption to startups for 3 years; It
also encompasses and funds other
programs such as NIDHI.
Atal NITI Aayog All Schools, universities, Higher Grant=in—aid of INR 2 million (approx.
Innovation Education Institutions, Research US $30,000) to each school (one-time
Mission (AIM) Institutions all over India establishment cost of INR 1 million

(approx. US $15,000) and operational
expenses of INR 1 million (approx. US
$15,000)

Biotechnology
Ignition
Grant (BIG)

Biotechnology
Industry
Research
Assistance
Council
(BIRAC), New
Delhi

IKP Knowledge Park, Hyderabad:;
Centre for Cellular and Molecular
Platforms (C-CAMP), Bangalore;
Foundation for Innovation and
Technology Transfer, New Delhi;
KIIT Technology Business Incubator,
Bhubaneswar;

Venture Centre (Entrepreneurship
Development Centre), Pune

INR 5 million (approx. US $75,000) for
each project

Biotechnology

Biotechnology

Partnership with industry in various

The development of technologies in

Industry Industry fields and sectors and facilities:; the context of national priorities.
Partnership Research Evaluation Committee comprising Supports startups, SMEs and other
Programme Assistance members from various ministries and | biotech companies on cost-sharing
(BIPP) Council government departments basis;
National IPR (BIRAC), New provides a fund of US $270,000
Policy 2016 Delhi (approx.) to US $1.3 million (approx.).
National IPR Department SIPP Scheme - 80% IP-filing rebate
Policy 2016 for Promotion for startups

of Industry

and Internal

Trade (DPIIT)
Social Biotechnology For academia, capping of INR 5 million
Innovation Industry (approx. US $75,000) per project
program for Research For Companies/LLP, capping of INR
Products: Assistance 10 million (approx. US $150,000) per
Affordable Council project
& Relevant (BIRAC), New
to Societal Delhi
Health
(SPARSH)

Table 1. Major Publicly Funded Schemes for facilitation of startups
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can avail fiscal and infrastructure facility. A startup
registered with DPIIT enjoys a simplified compliance
structure, 80% reduction in the cost of filing patents,
tax exemptions, and the option of closing business
within 90 days of application and many other
benefits. A significant growth in the registration of
startups with as many as 10,000 registered in the past

6 months shows the success of this policy initiative.

Following Start-up India, NITI Aayog, a public
policy think tank, initiated the Self-Employment and
Talent Utilization (SETU) scheme to support various
aspects of startups, particularly in technology-driven
areas through Techno-Financial, Incubation, and
Facilitation Programme, with an investment INR
10,000 million (approx. 134.75 million USD) for
setting up of incubation centers and improving skill
development. This scheme aims at increasing the
number of startups by incubation and extending other
services for reducing the rate of unemployment in the
country. To ease the credit availability to the startups,
the government had announced the MUDRA scheme
operated by SIDBI, which is a financial institution for
developing and financing micro, small, and medium
enterprise sectors. Tables 2 and 3 show the various
forms of incentives framed for startups to leverage and

flourish in India.

Regarding the regulatory framework, to be eligible
for registering as a Startup, the criterion of INR 0.25
billion turnover was stipulated at the inception of

the program, which has now been increased to INR

1 billion. Startups in India have been incentivized
with 80% rebate in patent filing fees and 50% rebate
in trademark filing fees. Additionally, startups are
considered for expedited examination of patent
applications to reduce the time taken for granting

patents.

An innovation promotion platform, Atal Innovation
Mission (AIM), involving academics, entrepreneurs,
and researchers was initiated. It is a flagship initiative to
promote a culture of innovation and entrepreneurship.
AIM fosters innovation in different sectors of the
economy, provides a platform and collaboration
opportunities for different stakeholders, and creates
awareness and an umbrella structure to oversee the
innovation ecosystem. AIM has established “Mentor
India,” one of the largest mentoring networks in
India, from the professional and industry community
to mentor startups. Significant technical support is

provided under various programs of AIM.

1 Section 54GB has undergone change for capital gains exemption to Startups Feb 2016
Taxation of convertible notes - Period for which a bond, debentures, deposit certificate held

2 : ) - A i Mar 2016
before conversion to be considered for determining period of holding

3 | The introduction of section 54EE to encourage Startups May 2016

4 | Tax exemption on investments above Fair Market Value (FMV) June 2016

5 Startups to be provided exemption on income tax for 3 years out of 7 years Feb 2017

6 | Minimum Alternate Tax carries forward period increased to 15 years Feb 2017

7 | 25% corporate tax slab for companies with an annual turnover of less than INR 250 crores Feb 2018
Exemption from levy of income tax (angel tax) on share premium received by eligible Startups

8 ) Apr 2018
under section 56 of the Act

Table 2. Regulations about Taxation to incentivize startups in India
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Source: Compiled by Authors from various sources

Regulations about Banking and Commercial Borrowings

The opening of foreign currency account — Indian Startup, having an overseas subsidiary
1 - . . . June 2016
allowed to open foreign currency accounts with a bank outside India
2 External Commercial Borrowing regulations relaxed for Startups October 2016
Regulations about Investments
Investment by foreign Venture Capital Investors (FVCI) - SEBI registered FVCI can invest
3 | in equity or equity-linked instruments or debt instrument of Indian ‘Startup” under an October 2016
automatic route
) . ) November
4 | Angel funds allowed to invest up to 25% of their corpus in overseas Startups 2016
o ) ) ) November
5 Upper limit for number of angel investors in an angel fund increased to 200 2016
. ) . N b
6 Minimum investment made by angel fund in a Startup reduced to INR 25 lakhs OZSTG er
5 Increase in maximum investment amount by an angel from five crore rupees to ten crore March 2018
rupees
8 Requirement of minimum corpus of an angel fund reduced from ten crore rupees to five March 2018
crore rupees
. . ) November
9 Lock in period for investments made by an Angel Fund reduced to 1 year 2016

Table 3. Snapshot of regulations to promote access to finance for startups in India

5. Human Resource

The Make in India campaign has gained much
recognition, especially during the COVID-19
pandemic. Despite of India's vast market size and
thriving startup scene, startups account for only 4%
of globally recognized unicorns (startup businesses
valued at USD 1 billion or more). Most (70%)
venture capitalists believe that firms fail because
they are unable to hire personnel having appropriate
capabilities. Human resource with appropriate skill set
is another component that determines the success of
startups in a country. In this context, India also enjoys
demographic dividend and will be at an advantageous
position compared with China in terms of the
working population of the age range 20-24 years.
India is a young country, with 65% of its population

falling under the age bracket of 25-35 years. Figure 2
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shows that the maximum population lies in the age
range of 20-24 and 24-44 (highlighted in red). This
demographic dividend with the appropriate skill set
will result in a better startup culture. Figure 3 further
substantiates that most students have enrolled in
bachelor’s degree in Arts, followed by Technology,
Science, Computer Application, Pharma, and MBBS
courses, which indicates that most students are
enrolled in professional undergraduate courses. Thus,
with courses and curriculum, the need of the startups
for personnel with the appropriate capabilities and
skill set is satisfied.
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Source: Census 2011

0-4 5-9 10-14 15-19

20-24

25-44 45-64 65-79 80+

Figure 2. Population distribution across different age groups in percentage

source: Census 2011

BA BSc Bcom Btech/BE BEd

BBA LLB  Bpharm BSc(Nur) MBBS

Figure 3. Enrollment in various professional undergraduate courses in percentage

6. Other Facilitators of the Startup
Ecosystem: Incubators, Accelerators,
Mentors, and Investors

Recognizing the catalytic role played by facilitators,
such as incubators, accelerators, mentors, and
investors, India has created a portal called Startup
India under the Ministry of Commerce and
Industry. This portal contains multiple resources for
networking, training, and guidebooks for startups. A
set of 19 action points has been outlined under the
promotion for startup development in India. Table 4
summarizes the facilities available for startups in India
across sectors, which reflect sectors like heathcare,

edutech, and food gaining prominence.

Incubators and other new organizational frameworks
have helps entrepreneurs in growing and bringing

breakthrough products and services to market. In
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2010, it was claimed that India had approximately 40
incubators; each of which mentored 4—20 businesses
(Chaudhary, 2010). For example, Villgro (htep://
www.villgro.org/) reported mentoring 119 businesses
as of mid-2016. It also invested US$2.2 million as seed
money and assisted them in raising more than US$19
million in funding. Thus, more and more incubation
facilities have been established in India to nurture the
ideas/ventures of startups, particularly Technology
Business Incubators (TBIs). TBIs are instruments that
help the growth of new enterprises through innovative
technological interventions. They also lay the path
toward faster setup of new technologies, which are

results of market research.

Sector

Healthcare (Healthcare IT,
health &wealth, healthcare
research, healthcare
technology, medical devices,
biomedical devices)

Start ups

9401

Mentors

136

Investors

39

Accelerators

62

Corporates

Incubators

251

Agriculture (Agritech,
Agriculture chemicals, organic
chemicals)

4814

116

33

47

306

Entertainment and Media
(digital media, digital
marketing, digital blogging,
digital news, publishing,
videos, movies, Social media)

2139

80

24

28

61

Ed-tech (E-Learning &
Education technology, skill
development, NLP)

9863

333

57

103

332

Food (Processing, technology,
food and beverage)

6193

159

39

50

312

Clean tech (Clean technology,
renewable energy, waste
management, solar & wind
energy)

6046

143

34

60

270

Construction (Engineering,
Materials, supplies, and
fixtures)

4401

34

16

39

IT (IT Consulting, IT
Management, IT Services,
Data science, KPO)

6752

194

41

80

206

Accounting & Sales

2663

281

52

74

167

Apparel & Accessories

2897

70

16

19

59

Machine Learning, Robotics
Application and Technology

2693

132

50

89

255

Business (Business
Intelligence, Business support
services, business support
supplies, business finance)

5223

296

57

90

210

Others

104625

639

91

161

25

864

Table 4. Sector-wise facilitators available for startups in India
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Figure 4. Sector-wise TBls under Department of Science and Technology (DST) in India

Department of Science and Technology (DST)
stated that TBIs are proposed in select thrust areas
(Figure 4) for faster growth, such as information and
communication technology, the Internet of Things
(IoT), healthcare and digital health (medicines
and  drugs), manufacturing-related  industries
(agriculture and allied fields), clean technologies
(including renewable energy), food processing, and
nanotechnology. Thus, DST has established many
TBIs; each of which focuses on distinct sectors such
as startup companies, biotechnology, agriculture
and allied industries, food processing, medicine and

pharmaceuticals, and other related fields.

Corporates support startups in various ways as some

could directly buy the startup products and offer

7. Access to finance

Over time, startups have attracted more number
of international investors, thus increasing their
confidence in India as a destination for foreign direct
investment. From INR 3260 million in 2014 to more
than INR. 2,7030 million in 2019, the investment
amount raised by SEBI-registered venture capital
funds has more than doubled, representing an increase
of up to eight times in the previous 4 years. Although
the proportion of investment money converted
to promises was just 35% in 2014, the percentage

has already grown to 61% in 2019, indicating that
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support to the entire entrepreneurial ecosystem
through angel networks or by providing co-working
space or mentorship. Some act as angel investors that
provide financial support. In fact, corporate—startup is
a mutually beneficial partnership, where both benefit
mutually. Startups collaborate with corporates to
avail several benefits, such as free and independent
working space, scalable customer base, and attractive
retail chain, lesser risk in internationalization, market
knowledge, and mentoring, while corporates are
equally benefited as they acquire external innovation
ideas, innovators with long-term trustworthy
relationship, customer focus, and entrepreneurial

culture.

investors are recognizing India's investment potential.

Following the launch of Start-up India, SETU scheme
was initiated by NITI Aayog to support various
aspects of startups particularly in technology-driven
areas through Techno-Financial, Incubation and
Facilitation Programme. An amount of INR 10,000
million (approx. 134.75 million USD) was invested
at the onset for setting up of incubation centers and
improve skill development to enable the startups in the
country. This scheme aims at increasing the number
of startups by incubation and extending other services

for reducing the rate of unemployment in the country.

Source: Compiled by authors from Evolution of Startup India, 2016-2020
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Figure 5. Startups funded under fund-of-fund scheme across states

To ecase the credit availability to the startups the
government had announced the MUDRA scheme-
Micro Units Development & Refinancing Agency,
operated by SIDBI (Small Industries Development
Bank of India is a financial institution for developing
and financing micro, small and medium enterprise

sector.

The Atal Incubation centre establishment is another
program under which facilities to support startups
into scalable and sustainable enterprises are the
focus. A support of US $ 1.35 million can provide
for setting up of incubation centers. The AICs are set
up at higher education institutions, R&D institutes,
corporate sector, registered alternative investment
funds, business accelerators, groups and via individuals
who can provide 10,000 sq. ft. of space for setting up

the facilities. The incubation centers cover areas of

8. Data and Methods

Our empirical analysis focuses on Indian startup firms
established across various geographical regions, and it
is based on data drawn from current startup activity
and information about historical industry structure,
human resources, raw materials, market, regulations,

and information sources.

Human resource availability and higher education
are our primary indicators of an area's knowledge
base; alternatively, the amount of R&D institutes and
higher education institutions in the region are our

primary indications of a region’s knowledge base.
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manufacturing, transport, energy, health, education,
agriculture, water and sanitation where they provide
world class support facilities. This mission includes
corporates and private individuals that shows an
intent to increase the size of network of incubation

centers.

Among the important government initiatives is the
“Fund of Funds” created to help startups gain access
to funding. Figure 5 illustrates that, among Indian
states, most startups in Karnataka have availed funds
under this scheme, followed by Delhi, Haryana, and
Tamil Nadu.

To understand the presence of RISs for startups
in India, primary data were collected through a
structured questionnaire on the various innovation
factors for entrepreneurship from startups in India
operating in various sectors such as healthcare,
renewable energy, education technology, agriculture
technology, ~ human  resource  management,
advertising, and financial services sectors. Data were
gathered on dimensions of innovation, institutions,
rules and regulations, and regional characteristics that
contribute to the development of entrepreneurs in the
startup ecosystem of the country. Besides, interviews
were conducted for approximately 1.5 hours with

various stakeholders of the startup ecosystem to gain

AJ170d HOYV3IASIY™ NVISY

SaPIY



Sl. No ‘ Major Domains Number of Experts
1 Startup Entrepreneurs 31
9 Financiers covering Seed Funders, Angel Investors Venture Capitalists and 2
Private Equities
3 Government Official 3
4 Accelerator/Co-Working Space/Technology Business Incubator 1
® Educational & Research Institute Professors 3
6 Mentors 2

Table 5. Experts interviewed under different stakeholders of the startup ecosystem in India

a general understanding of tech startups, their key
characteristics, the components of the entrepreneurial
ecosystem, the factors that determine the effectiveness
of an ecosystem for startups, and factors that
contribute to the emergence and growth of an RIS for

startups in India. Table 1 lists the number of experts

9. Significance of RIS for Startups

The argument that innovation is a geographical
process and the skills are perpetuated through
regional networks that share common knowledge
bases (Maskell and Malmberg, 1999; Asheim and
Isaksen, 1997) has been recognized because of the
an emphasis on regions as the most appropriate
geographical scale for an innovation-based learning
economy; it is clear that unique and regional resources
are critical for stimulating the enterprises” innovation
capabilities and competitiveness. Regarding long-term
competitive advantage in a global economy, Porter
(1998) argued that it is frequently local, stemming
from a concentration of highly specialized skills and
knowledge, (formal) institutions, relevant businesses,
and customers in a particular region that takes the
lead. In support of this argument, earlier studies on
the RIS have illustrated how the innovative activity of
firms is based on localized resources, such as a highly
specialized workforce, subcontractor and supplier
systems, local learning processes and spillover effects,
local traditions for cooperation and entrepreneurial

attitude, supporting agencies, and government.

Thus, the literature on regional science focused on

the role of proximity, which is defined as the benefits
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interviewed during our research. We located these
specialists through Internet search, print media, and

professional contacts.

derived from localization advantages and spatial
concentration, and the territorially prevailing sets of
rules, conventions, and norms that govern the process
of knowledge creation and dissemination (Kirat
and Lung, 1999). Empirical studies have provided
the evidence that aspects of the learning process
and knowledge transmission are extremely localized
(Maskell and Malmberg, 1999). The concept of RISs
had developed when government is concentrating on
systematic support of localized learning processes to
ensure the regional competitive advantage (Asheim
and Gertler, 2004). To improve local enterprises’ skills
and performance, and their business environment,
the RIS framework is focused on these two objectives.
Thus, interactions between different innovative actors
who have compelling reasons to collaborate should
be encouraged, such as interactions between firms
and universities or research institutes, or interactions
between small startup firms and larger (customer)
firms (Cooke, 2001).

Essential aspects influence the development and
long-term  viability of startup companies (O'Shea,
Chugh, and Allen, 2008; Vohora et al., 2004; Vohora
et al., 2004). These elements emerge throughout
the company's learning process, during which

the existing information is insufficient for the

company's development, necessitating knowledge
acquisition. It can be employed both internally
within the organization and externally through
market transactions throughout the knowledge
life cycle (Baskerville & Dulipovici, 2006; Coase,
1937, Naicker, 2013). Internal knowledge is related
to professional knowledge, which is considered
a company advantage because (1) it determines
when to acquire external knowledge and when it
can be generated internally through rearrangement
of existing knowledge; (2) it establishes, when
necessary, the relationships of knowledge through
external partnerships; (3) it determines when
internal knowledge can be commercialized; and (4)
it determines when internal knowledge cannot be
commercialized. In situations when to complement
the learning process of a firm there is need for external
knowledge, the existence of a regional ecosystem
in the region where a startup is operating aids the
learning process, thereby influencing the long-term
success of the firm. Because a startup is typically based
on a single, novel, high-technology product (Midler
& Silberzahn, 2008), the level of risk and uncertainty
is high during the early stages. Entrepreneurial
innovation  occurs when startup  companies
successfully launch new products and services into
the commercial marketplace, thereby becoming key
sources of technological and industrial growth in
their respective industries (Baumol, 2002; Scherer,
1980). The importance of institutions in establishing
production systems, and the extent to which
innovation processes are institutionally incorporated
into the setup of production systems is another aspect
that is external to the firm but plays a major role to
aid the innovation process. Numerous individuals
and circumstances, both within and external to the
organization, contribute to the process of innovation
(Dosi 1988). The social aspect of innovation refers to
the collective learning process that occurs between
several departments within a company (e.g., R&D,
production, marketing, and commercialization), and
external collaborations with other firms, knowledge
providers, financial institutions, and training providers
(Cooke et al. 2000). Regional science addresses the
role of proximity, that is, the benefits derived from
localization and spatial concentration, and the
territorially prevailing sets of rules, conventions,

and norms through which the process of knowledge
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creation and dissemination occurs. Regional science
can be divided into two categories: (1) knowledge
creation and dissemination and (2) regional science
and policy (Kirat and Lung, 1999). As a result of a
collaboration between firms and knowledge-creating
and disseminating organizations such as universities,
training organizations, R&D centers, technology
transfer agencies and other similar entities over time,
an RIS is characterized by an innovation-supportive
culture that allows both firms and systems to evolve
over time. Thus, we examined the relevance of RIS
framework for the growth of startups in India. Figure
6 explains the spread of startups across different sectors
in states of India. IT sector is the leader followed by
healthcare, food, and agriculture. Coinciding with
this sample also as in Figure 7, the respondent startups
in the primary survey undertaken are also more from
healthcare, IT, and agritech.

From the regional innovation system perspective,
choosing an appropriate location for setting up a
venture for a startup is all about positioning oneself
in the best situation for success by making use of
available local/regional resources. Startups do not
simply choose the most fashionable and popular
place for their business set up; rather, they chose the
region based on the requirements of the firm and
the availability of market and other input resources
in the area. Successful entrepreneurs give serious
consideration to the location in which they wish to
build their enterprise. One of the most important
elements to consider while selecting a business location
is the demographics of the area, which is followed
by affordability and community involvement in the
local area. It is critical to be in close proximity to the
intended customer group. Sales will be higher in a
densely populated location where the target market
can be found. A well-developed infrastructural setup
is also equally essential for any type of successful
business to operate. It is important to consider basic
amenities, variables such as uninterrupted electricity
and water supply, as well as the accessibility of the area
in some cases. Often it appears that the ideal location
to establish a business is to locate it in an urban region
with a large number of clients. Most of the time, urban
regions are preferred locations for young, up-and-
coming entrepreneurs to set up a business. Besides

its appealing characteristics, the urban region faces
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intense competition from other firms that are already
established in the marketplace. In India, the situation
is that startup entrepreneurs are increasingly choosing
rural locations for their operations and production
because rural areas have a lower population density
than urban areas, which makes them more attractive to
investors. In a rural region, there is a greater likelihood
of reduced overhead expenses and lower costs, which
translates into higher profits for businesses. Funds can
be directed to other costs to increase the quality of

your products and services. Because overhead costs

are significantly reduced, banks will allow for the
acquisition of direct loans because lower expenses
mean that they will not need to rely on third parties
for approval. This is the reason that in our primary
study it reflects metro areas account for around only
38 percent of startup-manufacturing units, with the
remaining 34 percent located in other cities. The
majority of startups are concentrated in urban areas,

with only 14 percent based on rural areas (Figure 8).

Source: Compiled by authors from Evolution of Startup India, 2016-2020
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Figure 6. Sector-wise registered startups across states of India
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Figure 7. Sector-wise distribution of sample data According to our sample data,

Agritech businesses account for about 20% of all startups.
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The study also highlights that startups mostly prefer
locally skilled human resources as a benefit from
the geographic region of the location of their firm.
47% startups agree that local skilled labor is the
major benefit from the region followed 21% of them
has voted for the availability of raw materials in the
region as a major benefit.. Climate condition gets
16% weight favoring their firm, followed by public
infrastructure facilities by 11% (Figure 9). That the
firms have experienced availability of local skilled
labor as a greatest advantage of regionality is future
substantiated in Figure 9, where we find a large pool
of educated young population in the cities where the
sample firms are located across several disciplines.
Over 80% of the startups have rated that they are
dependent for human resource, knowledge resources
and tacit knowledge from the region that further adds to
the argument on how regional resources are important
in bringing innovation and hence the significance of
regional innovation system is undoubtedly effective in
building the startup ecosystem in India. Although only
25% startup firms have rated high on being directly
dependent upon the natural resources in the region for
their production, as for the rest of the firms production
process is not dependent on the natural resources. Even
in this scenario too almost 60% of firms give importance
to the regional natural resources (Figure 11). Accordingly,
only 11% of the firms get their raw materials from the
local market, whereas 15% get it from nearby cities
(Figure 12). Only 16% firms depend on the local
market for their raw material, due to the sector like
ICT, Advertisement, Edu-tech for which raw material

as knowledge base is across the nation. The reason for

B Cities
Metro Cities

B Rural

Figure 8. Location of Production Units of startups

m Sub-Urban Parts
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startups ranking high on the availability of knowledge
resources as in Figure 13 is explained well in Fig, which
reflects the presence of R&D institutes and universities
in the cities from where the startups are located from

whom data were collected.

ties like Bangalore, Hyderabad, Mumbai, Delhi and its
NCR region are hubs for such knowledge producing
organizations from which the startups are directly or
indirectly gaining momentum in their areas of operation.
Figure 14 shows the source of technology for the startups
in the sample and reflects that the majority of them are
developing them in house. It is followed by 18% of the
firms using open source technologies for their day-to-day
operation perhaps. About 9% of the firms are resorting
to import of technologies and very less of them have
developed technologies in collaboration with universities/
R&D Institutes. This reflects that active collaboration
with the knowledge producing organizations is missing
in the region but at the same time the firms opine high
on the availability of knowledge resources might be due

to spillover effects.

Over 40% of the firms ranked the benefits derived from
regional government as poor on provisioning of facilities
for R&D, mentorship, input materials, market, and
skilled human resources. Only 20% of the firms ranked

such provisioning as high.

M Local skilled
manpower

Climatic
conditions
= Public

acilities
B other

Figure 9. Factors providing regional benefit to
the startups in India

B Raw materials

Ingrastructural
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Figure 16. Opinion on regional government support necessary for the growth of the startups in the region

52% startups firm confirmed that skill development
initiative by the regional government are important
and conducive in their region for the growth of their
business. Funding is the most desired component of
startup ecosystems, it is in general provided by central

government-governed policy, so therefore on little more

10. Discussion and Conclusion

The current study investigates a number of issues
relating to the role of entrepreneurs in a RIS
entrepreneurship policy framework, both theoretically
and, to provide a better understanding of the subject.
According to Asheim et al. (2016), a fundamental
challenge is that different sorts of regions are faced
with different forms of systemic difficulties. These
develop because of fundamental structural disparities
between different contexts (Asheim et al., 2011a),
and they provide difficulties for policymakers when
formulating region-specific innovation strategies.
Bengaluru, India's Silicon Valley, is still the country's
startup capital in 2020, thanks to a total funding
amount of $28 billion spread across 1,876 deals from
2014 to 2020, which makes it the country's startup
capital. Bengaluru, India's Silicon Valley, is still the
country's startup capital in 2020. It is regarded as
India's "Startup Capital,” with a population of over
a million people. Additional top hubs include Delhi
and Mumbai, as well as Pune and Hyderabad, which
have witnessed annual growth rates of 45 percent and
37 percent, respectively, over the previous five years.
Additionally, the fastest-growing hubs include Beijing
and Shanghai.

Three major aspects of the region have been

highlighted to better understand these concerns.
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than 20% of the firms felt that regional government
initiative/promotion is conducive for enabling startup
ecosystem in their business domain. As startup policy
varies from one state to another, opinion on regional
government initiative/promotion being conducive for

marketing is variable as reflected in Figure 16.

The first is the nature, availability, and challenges
associated with human resource development in
the respective locations. When it comes to human
resources, the startup company has extremely specific
skill requirements specific to their industry. One of
the most dominant sectors in the world, information
and technology (IT), necessitates the development of
cutting-edge skill sets and understanding of current
technical advancements in the area. Such technology
sector firms are less reliant on regional human resources
than other types of firms. Because the majority of TBIs
are located within academic and research institutions
around the region, entrepreneurs are heavily reliant on
the students of these institutions. High-skilled human
resources, on the other hand, are relocating to other
regions in search of better employment opportunities.
Because of the disparity between the growth of the
region in terms of better infrastructure and greater job
possibilities, qualified human resources are migrating

to other locations to find work.

The success of a firm is heavily reliant on the talent
and skills strength of its employees. The hiring of
experienced professionals with track records of
excellence within their area of expertise ensures that
the mission and goals of the firm will be conducted
efficiently and with competence. Almost 90% startups
across the different sectors found the usefulness of

local skill-set-based human resources for their firm,

where as 25% of the startup firm rated high on the
quality and usefulness of the local skill set.

The second factor to consider is the character of the
region's knowledge base. Historically, the relationship
between knowledge base and entrepreneurship has
been extremely substantial, and this indicates a
strong persistence of both regional knowledge and
entrepreneurial activity. Our findings also suggest that
a historically developed regional knowledge base and
a tradition of science-based entreprencurship, as well
as the interaction between the knowledge base and
the level of general self-employment, are important
factors in explaining entrepreneurial activity in
innovative industries today. More than 60% startup
firms found regional tacit knowledge is important for
their development in the region. In the recent past,
the government initiative for skill development like
Skill India helps to nurture skill bases in the regions.
Most of the startups relies on in-house technology
development which also reflects the regional
knowledge base and strength of R&D and academic
institute like universities, science & engineering

institutes in the region.

The tacit knowledge and the regional knowledge
resource are most liked by the firms in the region.
The regional factors and actors providing knowledge
resources became important for developing startup
ecosystems in the region. Other regional logistics
facilities like transport, electricity is also getting higher
attention by the startup firms. Most of the firms agree
with the present and the importance of market for
the development of the firm in the region. More than
70% rated more than moderate for the importance of
market in their region. The firm also getting benefits
from the initiatives from the regional government for

developing marketing facilities in the region.

In  conclusion, Fritsch and  Storey (2014)
demonstrated that there is a pattern in which some
regions entrepreneurial stay entrepreneurial for a
time regardless of policy intervention. Because of
this, entrepreneurship policy has been absent from
the development of some types of RIS, particularly
those that are focused on high-tech entrepreneurship.
Entrepreneurship policies, on the other hand, do

make a difference in the way certain regions work in
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some cases. They accomplish this through addressing
a combination of entrepreneurship, enterprise,
and innovation policies, which takes into account
economic, social, and institutional aspects, among
others (Asheim et al., 2011a). Entreprencurial
cultures and networks, human capital, and technology
transfer are all important considerations. Whether
entrepreneurs shape an RIS is determined by their
objectives, which include those of both people (such
as Schumpeterian entrepreneurs) and policy actors

who are there to assist them.

There are, of course, certain limits to our study's
findings. Regional clusters were identified based
on the responses collected from the startup firms
across a range of different industries. Because of the
COVID-19 pandemic, travel was restricted and it
was difficult to communicate with all stakeholders
in enough number. In the current situation, only
a few sectors, such as healthcare, information
technology, and education technology, among others,
are performing well. However, because the majority
of IT-related firms operate in a virtual environment
from various locations, they were satisfied with their

participation in the survey.
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Abstract

This study establishes a consolidated body of knowledge on the potential of different renewable energy resources and
the state-of-the-art technologies adapted to increase the renewable energy capacity in the energy mix of Malaysia.
A systematic review of the current energy policies, renewable energy policies, and academic research is thoroughly
performed. The secondary data collected and the primary data generated through the life cycle assessment method
of biogas production provide a good understanding of the potential of agricultural wastes and palm oil mill efluent
as biogas production sources. This is in line with the environmental and energy policy targets of increasing the
renewable energy capacity to 31% by 2025 to take the burden off natural energy resources, reduce carbon emissions

and footprint, and positively contribute to Malaysia’s environmental sustainability.

contributes to the socio-economic development

1. Introduction
(Mohsin et al., 2019) of a nation because of its

The demand for energy almost proportionately availability, accessibility, and affordability; however, it

increases with the increase in population and puts the environmental sustainability of that nation at

population growth rate (Masud et al., 2020). The stake. The release of greenhouse gases (GHG) is one
of the primary causes of global warming and climate
change worldwide (Vaka et al., 2020), (Mohsin et al.,

2019) and (Gong et al., 2021).

global population growth rate has doubled over the
last decade (Lee et al., 2016), leading to immense
pressure on existing natural resources to fulfill the
global energy demand. In 2000, roughly 86.1% of
the worldwide energy demand was met by fossil fuels,
which reduced to 84.3% in 2019. This reduction

has seen the emergence of renewable energy sources,

One of the critical challenges that Malaysia is facing
as regards tackling climate change issues is the lack of
renewable energy resources and their contribution to

such as hydropower, solar power, wind, and biofuels, mining fossil fuels, which have led to the depletion

meeting the global energy demand with a share of of their natural energy resources (Aziz et al., 2020).

11.4%. The remaining 4.3% comes from nuclear Energy Commission Malaysia (2020) has articulated

power (Ritchie, 2019). The use of fossil fuels positively that the current share of renewable resources in
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Malaysia stands at 9% capacity in 2020, increasing
by 3% over 2 years from 2018 (Miranville, 2019).
However, this is far from the target of 31% share
of renewable energy resources by 2025 (Energy
Commission Malaysia, 2021). The increase in the
share of renewable energy sources in Malaysia would
eventually improve the nation’s long-term energy
security (Shadman & Chin, 2021; Shadman et al,,
2021).

Some of the recent studies on renewable energy
worldwide, such as those of Toquica et al. (2021),
Kaya et al. (2021), and Pupo-Roncallo et al. (2021),
believe that renewable energy is a promising option
for overcoming the threats of climate change if the
challenge of intermittency and discontinuous supply
can be solved. Thommessen et al. (2021) also stated
that electricity generation from renewable energy
sources is growing, creating jobs, and decreasing costs.
This would eventually promote a circular economy
around biomass waste to biogas conversion plants,

solar power plants, hydropower plants, etc.

The key objective of this research is to identify
the state-of-the-art technological innovations in
renewable energy as an alternative source of fuel for
Malaysia. The particular source of interest is how palm
oil mill efluent (POME) and other agricultural waste
can be used to the best of their potentials to create
biogas as one of Malaysia’s forerunners of renewable

energy sources. This objective is further analyzed

2. Methods

A project based on a literature review can be conducted in
several ways. This study particularly aims to conduct an
SLR of the existing literature in academic databases and
the databases of the Ministry of Energy and Natural
Resources, Energy Commission, and other statutory and
regulatory bodies of Malaysia. The academic research data
are from peer-reviewed, high-quality journals, ensuring
robust and validated secondary data for this research.
The data from ministry and regulatory bodies are
provided in the public domain for data transparency.
This study followed the methods mentioned by Okoli
and Schabram (2010), Centobelli et al. (2017), and
Xiao and Watson (2017) to perform the SLR.
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by evaluating the environmental impacts of biogas
production based on the life cycle assessment (LCA)
perspective. The Malaysian Palm Oil Board (MPOB)
and SIRIM Berhad have primarily conducted LCA
studies in Malaysia.

The overall economic impact of biogas as an alternative
fuel, conversion of agricultural waste to biogas and its
effects on the climate change challenges, mitigation
strategies, and renewable energy policies of Malaysia
have been studied in-depth. The output of fulfilling
these research objectives would guide the use of
biomass and biobased fuel to meet the future energy
demand of Malaysia to some extent. This would
reduce the pressure on natural resources, reduce
dependency on fossil fuels, and positively contribute

to Malaysia’s environmental sustainability.

‘The remainder of this paper is structured accordingly.
Section 2 discusses the processes of the systematic
literature review (SLR) and the LCA methods
observed. Section 3 presents a systematic review of
the existing literature classified as the secondary data
for this study. This review is done to ensure that the
current body of work is reflected herein to provide
critical thinking and analysis of these secondary data.
Section 4 discusses the overall findings of this study.
Finally, Section 5 provides the conclusion, policy

implications, and recommendations.

Mohamed Shaffril et al. (2021) suggested a seven-
step guide to an SLR comprising the following
steps: (1) development and validation of the review
protocol/publication  standard/reporting  standard/
guidelines; (2) formulation of research questions; (3)
systematic searching strategies; (4) quality appraisal;
(5) data extraction; (6) data synthesis; and (7) data
demonstration. Torres-Carrién et al. (2018) also
suggested similar stages of SLR: 1) identification
of the need for review; 2) development of a review
protocol; and 3) conducting the review. Therefore,
this study validates the method used herein to identify
and analyze the most critical academic research

papers. An overall combination of these studies and
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their key findings has led to the development of the

steps mentioned below and depicted in Figure 1.

e Selection of literature or paper: This stage is critical
and done from databases, such as Scopus and Web
of Science. These databases will only have peer-
reviewed journal articles that researchers around
the globe critically acknowledge. Some of the
search string keywords used to filter the papers
are “renewable energy resources for Malaysia,”
“biomass and biogas production in Malaysia,”
“LCA  approach for biogas production,”
“renewable energy policies of Malaysia,” “energy
policies of Malaysia,” and “energy security and

o
energy efficiency.

e Setting the inclusion criteria for the research
(Xjao and Watson, 2017): In this case, the
benchmark was the year of publication and the

scope of research within Malaysia.

* Setting of the inclusion and exclusion criteria:
These criteria were set for this research. One is
the filter for the year of publication. The priority

1. Defining the scope of research

3. In—depth search for
literature in scientific
databases
(Scopus, Wos, Scholar etc)

5. Shortlisting the relevant literature

was to ensure that papers within 2-3 years were
studied and identified. However, this boundary
was excluded from reviewing energy policy
documents because there are energy policies
from 1949 to 2021. Once the papers within
the past 2-3 years were saturated, we moved
on to searching papers in the past that still hold
valuable information for this research to be

conducted.

* Content analysis of the literature: This stage
involves reading the Abstract and Conclusion
sections to identify if the report’s significant
findings are relevant to the research topic. Once
this criterion is met, the paper is studied in-depth
to understand the methodology, key findings,

and gap assessment.

¢ 'The last stage of the SLR followed in this study
involves a descriptive analysis, where papers are
analyzed from different perspectives to find the

similarities and differences between studies.

2. Conceptualisation of the research topic

6. Assessing the gap
within these
shortlisted literature
for your current /
future scope of work

based on the scope

Figure 1. Summary of the first stage of the research methods for this study

3. Systematic review and discussion
of the current initiatives and energy
status of Malaysia

This section provides an in-depth overview of the key
objectives of this study from a secondary data point of
view. Critical analysis and discussion were performed

for the existing body of literature to determine the best
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possible innovation and renewable energy solutions

for Malaysia.

3.1. Malaysian governmental Science and Technology
R&D programs and carbon neutrality policies

Recent environmental issues, including climate
change, caused by conventional methods have drawn

the attention of the government and policymakers

as regards the discovery of more sustainable energy
resources. The Green Technology Master Plan
(GTMP) is a part of the Eleventh Malaysia Plan
(2016-2020) that has earmarked green growth to alter
the trajectory of the nation’s growth. The GTMP has
created a framework to implement green technology
into the planned developments of Malaysia while
encompassing the four pillars set, namely energy,
environment, economy, and society in the National
Green Technology Policy. Industrialization and
population growth (i.e., 32.4 million with 1.4%
annual growth rate in 2018) increased the demand
for energy in Malaysia (Chua and Oh, 2010). This
could become a problem in the upcoming decades

considering the energy source depletion.
The government has made efforts to ensure the long-

term sustainability of the energy sector through

resource diversification, continuous investment in

35%

new infrastructure, and deployment of state-of-the-
art technology. The main challenge highlighted in the
future energy economy is governance, which will be
critical in setting the tone for harnessing renewable
energies and energy storage technologies. A series
of initiatives has also been put into place to address
efficiency in electricity generation and consumption.
Accordingly, funding to buffer the transition to a
more market-based approach in energy generation
and supply has been provided along with funds for
rescarch and development and commercialization.
Figure 2 depicts the energy sector targets based on
renewable energy and energy efficiency for 2020,
2025, and 2030.

Table 1 presents the latest announcement made by the
Ministry of Energy and Natural Resources in the “39%
ASEAN Ministers on Energy Meeting and Associated
Meetings.”

30%

25%

20%

20%

15%

15%

10%

10%

5%

0%

2020

Figure 2. Target for Malaysia’s energy sector

Joint declaration by ASEAN ministers

Transitioning toward low carbon energy by intensifying
energy transition initiatives.

ASEAN aspiration and goals

The RE capacity target for the electricity supply is set at
35% by 2035.

Malaysia’s renewable energy initiatives

This would lead to increased job opportunities and open  The target is to achieve an RE capacity of 31% by 2025
up green investment opportunities and 40% by 2035.

Strengthening energy security for the region.

Malaysia is committed to achieving these targets.

Table 1. Latest energy targets set by the Ministry of Energy and Natural Resources
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The path-breaking Paris Agreement adopted in
December 2015 marked a dramatic turn in the global
efforts to mitigate climate change. The establishment
of a new framework combining nationally determined
contribution with new muldlateral mechanisms
aims to ensure transparency and accountability and
promote a greater ambition over time. Malaysia
pledged to reduce its GHG emission intensity of
the GDP by 45% by 2030 relative to the emission
intensity of the GDP in 2005. This is 35% on an
unconditional basis, and a further 10% is conditional
upon receipt of climate finance, technology transfer,

and capacity building from developed countries.
3.2. Renewable energy policies of Malaysia

In their study, Shadman and Chin (2021) stated that
Malaysia has never historically relied on renewable
energy for electricity generation and as a fuel in the
primary energy supply of the energy mix. The first-ever
energy policy that involved any source of renewable
energy was the Four-Fuel policy in 1981, which
aimed to diversify fuel sources and mainly introduced
hydropower. The Fifth-Fuel policy succeeded this
policy in 2000, emphasizing the potential of biogas,
biomass, mini-hydro, and solar power for electricity
generation (Chua and Oh, 2010). The renewable
energy policies in Malaysia failed to meet the targets
set in the policy documents, leading to a poor
implementation of the renewable resources in the
energy mix (Chua and Oh, 2010; Ong et al., 2016).

Sovacool and Drupady (2011) mentioned that the
‘Small Renewable Energy Power (SREP) Program’
in 2001 only managed to fulfill 3% of its target by
2005 due to the lack of stakeholder intervention,
lengthy approval process, lack of monitoring, and
capacity caps. The SREP program was succeeded by
the ‘National Renewable Energy Policy and Action
Plan’ (NREPAP) after 8 years of implementation. The
NREPAP aimed to ensure the best utilization of the
indigenous renewable energy resources of Malaysia
to contribute to socio-economic development and
electricity generation (Cheng, 2020). Its primary
objective was to ensure the sustainable management of
natural resources and increase the share of renewable
energy resources. The success of this program and

policy did not just rely on government intervention,
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but also required cooperation from private and third-
party energy consumers in different economic sectors.
This eventually led to an increase in job opportunities,
better quality of life, and a circular economy around

renewable energy plants.

By 2005, the 8th Malaysia plan aimed to generate
5% electricity equivalent to 600 MW. However,
only a total capacity of 12 MW out of 600 MW
was generated by the given timeline, indicating an
unsuccessful policy implementation (Mustapa et al.,
2010). Similarly, in the 9th Malaysia Plan (2006—
2010), the government set a target of 300 MW
electricity generation in Peninsular Malaysia and 50
MW in Sabah (Mustapa et al., 2010). By 2018, 2,057
MW of electricity generation capacity was established
in Malaysia (Miranville, 2019). A target of 20% RE
penetration with hydro projects smaller than 100 MW
by 2025 was initially set in the 11th Malaysia plan.
Out of which, 9% of the renewable energy capacity
for electricity generation in 2020 had been established
by 2020 (Energy Commission Malaysia, 2020).

Shadman and Chin (2021) also discussed the
importance of the Renewable Energy Transition
Roadmap (RETR) 2035 that SEDA is developing in
collaboration with industry stakeholders to determine
strategies that would be viable to ensure a successful
implementation of the policies in place. The RETR
2035 aims to strike a balance between three key

boundary conditions (Energy Commission, 2019):

1. to reduce GHG emissions and fulfill the 20% RE
penetration by 2025;

2.to maintain the affordability of energy and
economic benefits that the policies bring; and

3. to maintain system stability at the highest level.

Out of all projects, solar power plant projects,
particularly large scale solar (LSS) projects and net
energy metering (NEM), have been at the forefront
of increasing the RE capacity for electricity in
Malaysia. Four LSS projects have been sanctioned,
with two projects fully functional, and the other two
to be operational soon (Energy Commission, 2019).
Accordingly, 27.81 MW of NEM had been approved
as of the 31st of December 2018, and 9.01 MW
total capacity had been commissioned (Miranville,

2019). Approximately 4.12 million buildings in

Peninsular Malaysia have been installed with rooftop
solar plants, encouraging the future adoption of more
NEM schemes (“Malaysia renewable energy 2025:
private financing key to reaching target,” n.d.). Figure
3 depicts all the energy policies and programs that the
Government of Malaysia has introduced since 1949
to utilize renewable energy resources to the best of
their potential (Nair et al., 2021).

3.3. Malaysia’s efforts to reduce carbon footprint

and carbon emissions

3.3.1. Existing plans

Some of the existing initiatives taken by the Malaysian
government to reduce carbon emissions in terms of
electricity generation include the introduction of the
NREPAP and the Feed-in Tariff. This plan aims to
increase the RE contribution in the national power

generation mix, facilitate the growth of the RE

industry, ensure reasonable RE generation costs,
conserve the environment for future generations,
and enhance awareness of the role and importance
of RE. The Malaysian Biomass Industry Action Plan
2020 provides a biomass-to-wealth scenario, which
will drive the development of national clusters in
pellets, bioethanol, and biobased chemical industries
and fulfil the national renewable energy target for
converting biomass to energy while ensuring that
sufficient nutrients are left for soil replenishment.

The other existing initiatives of our government
include the Malaysian Electricity Supply Industries
Trust Account, Capacity Development and Training
Programs, Incentive-Based Regulation, Efficiency
in Power Generation, NEM, LSS plant, and a large
hydropower plant. In terms of energy efficiency
approaches, Home Energy Report, Minimum
Energy Performance Standards, and National Energy

Efficiency Action Plan were taken by the government.

after and up to 2000.
1949 - 2000

for industrial development.

- Energy policies and relevant inititives have been adopted in Malaysia since 1949, but they were executed actively only

1974 and 1975 petroleum development act and policy were in place to monitor the utlisiation of the natural resources

- 1980 depletion policy aimed at reducing the use of fossil fuels to prevent depletion.

- Eighth Malaysian Plan (8-MP)

- Third Outline Perspective Plan (OPP3) under Vision 2020.

- Introduced RE especially biomass as the fifth fuel into the existing energy sources so that 5.5% of the country’s electricity
derived from RE can be achieved by 2020

- Ninth Malaysian Plan (9-MP)
2006 - 2010

export of biodiesel.

Financing Scheme (GTFS) 2010.

- Strengthen the initiatives for energy efficiency (EE) and RE with a variety of fiscal and monetary incentives
- National Biofuel Policy of Malaysia 2006. The key focus was on the commercialisation, usage, research, technology, and

- Malaysian Biofuel Industry Act 2007 was introduced to further regulate and promote biofuels.
- National REPolicy & Action Plan in 2009 to increase awareness on importance of renewable energy and Green Technology

- Tenth Malaysian Plan (10-MP)

—— - Stronger incentives for investments in RE projects to boost the growth of green economy and sustainable energy supply
- ReACt 2011 established the FiT system to catalyse the generation of renewable energy.

2016 - 2020

- National Energy Efficiency Action Plan (NEEAP) in 2011 focused on energy efficiency plan. It included establishing a
sustainable funding mechanism to implement energy efficiency initiatives and promoting private sector investors.

- Emphasize “green growth” in society, which aims to reduce the environmental impact

- Conserve natural resources through the aspects of energy-efficient lifestyle and stressing more on 3Rs (i.e. Reduce,
Reuse and Recycle) in households and the industrial sector

- Improve the current educational systems

Figure 3. Summary of the renewable energy policies of Malaysia
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3.3.2. Way Forward

The future approaches planned for generating
electricity are the energy planning framework,
planting up scenario, exploration of other resources,
and reinvigoration of the co-generation policy. Long-
term plans for the electricity tariff rate for higher
renewable mix, introduction of new technologies,
and enhancement of the cross-sectoral collaboration
in R&D&C to develop localized technology are
also being considered for the future of electricity
production. Reinvigorating the demand side
management in electricity thermal and transport,
smart grid technology (incorporating digital grid,
etc.), tailored communication strategy to a different
target audience, and reinvigorating the National
Energy Efficiency Action Plan are being considered to

acquire more efficient energy.
3.4. Agricultural biomass waste

Malaysia is world-renowned for its abundant oil
palm plantations, being the second largest palm oil-
producing country in the world. Aside from oil palm,
some of the agricultural crops include rubber, cocoa,
and rice grown by both public and private sectors.
Malaysia has a land area of 32.98 millihectare, with
31.2% of the land suitable for agriculture (Aminuddin,
1991). In the last three decades, Malaysia has become
one of the most important poles of biofuel technology
globally due to its abundant natural sources consisting
of forests and agricultural fields covering 76% of its
total land (Department of Statistics Malaysia Official
Portal, 2018-2019). According to the MPOB
statistics in 2017, the total oil palm planted area

Figure 4. Malaysia's agricultural residue
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in Peninsular Malaysia in 2017 was 2.70 million
ha (46.6% of the total), followed by Sarawak with
1.56 million ha (26.8% of the total) and Sabah with
1.55 million ha (26.6% of the total). Consequently,
many biomass wastes are being produced due to the

accelerating growth in Malaysia’s agricultural sector.

The increase in the price of natural gas in the electricity
sector increased coal-fired generation, which was
a challenge in CO2 reduction. Thus, Malaysia
faced problems in terms of sustaining the fossil fuel
produced from natural gas and coal in electricity
generation. This led to many financial incentives and
policies promoting the use of renewables, such as the
Five-Fuel Policy in 2001. The Five-Fuel Policy aims to
utilize renewable energy from four renewable sources,
namely biomass and MSW;, biogas inclusive of landfill
and sewage, solar photovoltaic (PV), and mini-hydro,
as additional fuel sources for electricity generation
aside from conventional sources. According to Griffin
et al. (2014), in Peninsular Malaysia, agriculture
residue is estimated at 17 Mt. Accordingly, 77% of
the total residues is from oil palm; 9.1% is from rice
residues; 8.2% is from forestry residues; and 5.7% is
from other residues like rubber, cocoa, and coconut
(Figure 4).

Approximately 75% of the oil palm waste is composed
of OPF and OPT, which are readily available in
plantation sites. EFB, ME PKS, and POME that
account for the remaining 25% are usually available
at mill sites during palm oil extraction from the fresh
fruit bunch. The general oil palm yield for commodity
trading includes crude palm oil (CPO), crude palm

| Oil palm
Rice
Forestry

m Other

kernel oil, and palm kernel cake (Hanafiah et al., 2018).
Thermal treatment, which is a traditional treatment
of biomass as a solid fuel, is used for cooking and
heating agricultural wastes, such as fuelwood, wood
chips, straw, sawdust, and logging residues. However,
this type of biomass treatment significantly affects
coal replacement in the electricity sector. The main
advantage of biomass over coal is the availability of
a carbon sequester, where the CO2 produced from
combustion to generate power can be reused for
photosynthesis, which will significantly reduce the air
pollution from the sulfur oxide (SOX) and nitrogen
oxide (NOX) released from combustion with coal
(Hamzah et al.,, 2019). Unlike biomass, which is
regularly available, fossil fuels require thousands or
millions of years to reproduce. The annual biomass
yield has pros and cons because it depends on
the location, weather and climate condition, crop
management, fertilization, and soil type. Agricultural
residues have attracted biomass feedstock because
low-cost by-products make an excellent economic
value for solid fuel production. However, the
thermochemical conversion for agriculture residues
is more challenging than wood because the ash
content in wood is usually less than many agricultural
residues. The other technical challenges of biomass
include low bulk, energy density, and calorific value,
which require upgrade and densification that make

the feedstock costly.

Moreover, biomass is more susceptible to moisture
or hydrophilicity, which causes problems connected
to fuel storage and handling. Most power station
operators are concerned about logistics and boiler
issues, such as fouling and corrosion of heat
exchanger surfaces, slagging, ash deposition, and
SOx and NOx emissions (Livingston, 2016; Rahman
and Shamsuddin, 2013). Therefore, biomass pre-
treatment is necessary for improving chemical and
physical properties by increasing the energy content,
grind ability, and hydrophobicity.

3.5. Palm oil mill efluent

POME is a type of greasy wastewater produced by
the processing mills of palm oil. It contains various
suspended materials, which when improperly

discarded, are harmful to the environment due to
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their high oxygen-depleting capability in aquatic
systems. Improper wastewater disposal can result
in contaminant leaching, which can pollute the
groundwater and the soil and release methane gas into
the atmosphere. The worldwide methane potential of
POME is approximately 600 million m3 per annum.
This gas has a GWP that is 25 times higher than that of
carbon dioxide (Shakib and Rashid, 2019). After soy,
palm oil is the second most traded vegetable oil crop
worldwide. Over 90% of the world’s palm oil exports
is produced in Malaysia and Indonesia. According
to MPOB, in 2019, Malaysia is the second largest
producer of oil palm (more than 20.3 million tons) in
the world. The global palm oil production and trade
have steeply and continuously risen from the 1970s
onwards, with average growth rates achieved by oil
palm substantially exceeding those of other oils and
fats. The factors explaining the interest of the global
marketplace in palm oil include:
* high level of substitutability with other soft oils;
* high melting pointand low trans fatty acid content,
which is of special appeal to the food industry; and
* reconfirmed health benefits (notably as a rich
source of carotenoids).
According to the MPOB, in 2018, oil palm trees
were planted in 5,849,330 ha of land in various states

around Malaysia.

Palm oil production is abundant due to its high
demand on a global scale; hence, the amount of waste
it generates is also large. Accordingly, an efficient
method of treating its waste must be developed.
However, its waste can be reutilized as valuable
renewable energy by generating biogas through
anaecrobic digestion (Aziz and Hanafiah, 2018;
Hanafiah et al., 2017). Anaerobic digestion is a cost
effective technique of treating POME and producing
biogas that can be used to simultaneously generate
power. Palm oil mill biomass mainly comprises
24%—65% cellulose, 21%—-34% hemicellulose, and
14%-31% lignin (Palamae et al., 2017). The high
cellulose content in POME makes it an ideal source
for generating different biofuel types. Other than
that, the high fatty acid content in POME serves as
a suitable substrate in the fermentation process of
hydrogen production (Mamimin et al., 2019). Figure
5 shows the biohydrogen production process from
palm oil mill biomass (Aziz and Hanafiah, 2018).
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Figure 5. Biohydrogen production process from palm oil mill biomass

The BioGen Project is one of the earliest initiatives that
the Government of Malaysia jointly funded with the
United Nations Development Program, the Global
Environment Facility, and the Malaysian private
sector. Pusat Tenaga Malaysia is the implementing
agency under the executing agency, which is the
Ministry of Energy, Water and Communications. The
broad objective of the BioGen Project is to reduce the
growth rate of GHG emissions from fossil fuel-fired
activities and the decomposition of unused biomass
waste from palm oil mills. This is to be achieved by
removing significant barriers to developing biomass-
based combined heat and power projects to supplant
part of Malaysias current fossil fuel electricity
generation. The project explicitly aims to reduce
the growth rate of GHG emissions from fossil-fired
combustion processes by 3.8% by the end of 2008.

Malaysia has tons of biomass that can be utilized in
a sustainable manner to produce bio-products for a
circular green economy. At the 15th Conference of
Parties in Copenhagen, Malaysia volunteered to
reduce its gross domestic product emission intensity
by up to 40% by 2020 from the 2005 level. Natural
resources, forestry, and agricultural resources, such
as POME, will contribute to the renewable energy
production. Based on the processing capacity recorded
for 2016, 1 ton of CPO production is associated with
9 tons of biomass generation. Figure 6 was adopted
from the studies of Aziz et al. (2019) and Aziz and
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Biological process Thermal &
- Dark Fermentarion Thermochemical
- Light Fermentarion - Pyrolysis
- Biophotolysis - Gasification
BIOHYDROGEN
Hanafiah (2020).

3.6. Life cycle assessment of POME

The LCA approach has long been practiced worldwide
(Luo et al., 2018), but it is still new and under
development in Malaysia. Hence, this study took a step
further toward evaluating the environmental impacts
of biogas production based on the LCA perspective.
The MPOB and SIRIM Berhad primarily conducted
LCA studies in Malaysia. The conversion of POME to
renewable energy causes emissions along the process;
thus, LCA would provide a more detailed statistics
that will be useful in reducing the environmental
impacts (Aziz et al., 2019; Aziz and Hanafiah, 2020;
Izzah et al., 2017; Banch et al., 2020). Approximately
60% of GHG emissions comes from activities in crop
plantations (e.g., irrigation, fertilization, and diesel
used by vehicles for transportation) (Lam etal., 2009).
Mohd Yusof et al. (2019) conducted a research to
study the aspects of bioethanol production from oil
palm using the LCA SimaPro 8 software. They found
that fermentation and transportation are the main
contributors to fossil fuel energy consumption, ranging
from 52% to 97%. The outcome of the LCA analysis
and the environmental performance of the biogas
generation from POME have drawn the attention of
decision makers in relation to the plantation phase
(upstream stages) for achieving sustainability in the
process (Aziz and Hanafiah, 2020; Ashraf and Mohd

Hanafiah, 2019; Aziz et al., 2020). Tan et al. (2010)
also concluded that 506-971 kg CO2 eq. was emitted
per ton of CPO with biogas capture produced. Figure
7 depicts the life cycle system of biogas production

through the anaerobic digestion process.

Figure 7 depicts a simplified representation of the
LCA of biogas production. Figure 8 shows a more
detailed framework for biogas production from
POME (Abdul Aziz et al., 2019).
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Figure 6. Overview of the palm oil industry of Malaysia
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Figure 7. Life cycle system of biogas production
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Figure 8. Life cycle inventory of biogas production from POME

4., Policy implications and conclusion

This study developed consolidated knowledge and
understanding of the renewable energy resources,
policies, and their implementations within Malaysia
from as early as 1949 up to the present. Various
renewable energy sources are readily available within
the nation and are yet to be explored to the best of
their potential. Solar energy, hydropower (small or
large scale above 100 MW), and waste-to-energy
conversion have excellent prospects within Malaysia’s
context. This research particularly focused on the
POME and other agricultural wastes as a biogas
source. The LCA framework and overall assessment
was conducted to ensure that the most viable strategies
and processing methods for biogas formation are

sustainably implemented.

However, a successful implementation of the existing

policies would be the key to increasing the share
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of such indigenous renewable resources, which
would eventually safeguard the environment and its
sustainability. The threat toward climate change and
global warming is potent, and fossil fuels will only
worsen the situation. If its potential is utilized well,
biogas can be a suitable substitute for fossils in the

future.
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Abstract

With a young population of more than 96 million by 2019, Vietnam is one of the fastest-growing economies in
Southeast Asia and the fourth largest GHG emitter the region. Since the early 2010s, Vietnam has been facing
increasing pressure to control its emissions and shift to a low-carbon economy in decades to come. This pressure is
from both international and domestic, reflecting Vietnam’s role in global/regional mitigation efforts, as well as the
growing demand by citizens for better environmental conditions. In Vietnam’s nationally-determined contribution
to the 2015 Paris Agreement on climate change, the country has not yet mentioned its carbon emissions peak but
the country committed to reducing the emission from 8 to 25% as compared to the baseline by 2030. Given that the
energy sector would play the most important role in the national NDCs’ implementation, the Politburo of Vietnam
has recently issued Resolution 55 on the orientation on Vietnam’s national energy development strategy to 2030,
with a vision to 2045, which presents the overall target of firmly ensuring national energy security as well as the high
engagement of the country to achieve its NDCs’ targets through energy activities. This paper reviews some recent
energy figures and climate targets for intensely understanding about the country’s climate mitigation efforts in the

energy sector in decades to come.

JEL Classification: L94, O13, P28, P48, Q48
Keywords: NDCs, energy, Vietnam, perspective, climate policy

1. INDC and the latest NDC of Vietham A constructive engagement in the arena of

international climate change mitigation is considered

Vietnam’s emission per capita, regardless their to contribute towards establishing a good international

. . o1 .
remarkable growth in the last two decades, still reputation for Vietnam as a ‘reliable partner’ in the

remains far below the global average. However, region, which could then have positive spillovers to

Vietnam’s carbon intensity is still considerable, which other policy arenas, such as trade negotiations or

has increased significantly in the last decade due to an investment treaties. The most relevant example for

increasing consumption of fossil fuels. In addition to this argument is that, on 12th February 2020, the

that, Vietnam’s energy intensity has increased in the EU-Vietnam free trade and investment protection

last decade and higher than China and other countries deals have been approved by the Parliament of EU

from ASEAN region. (European Parliament 2020). This remarkable
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milestone has opened up many opportunities for the
implementation of Vietnams NDCs as technology
transfer and investment flows from EU to Vietnam
are highly expected to be stronger and faster in years

to come.

As a member of the Climate Vulnerable Forum (CVF)',
Vietnam knows that their people experiencing some
of the worst impacts of climate change, and inaction
to combat the climate change is no longer an option.
Vietnam has recently implemented a variety of policies
relevant to climate change mitigation. Internationally,
the country has contributed to greater ambition in the
Paris Agreement of a global goal to limit temperature
increase to 1.5 degrees Celsius, under the motto “1.5
degrees to thrive”. Viet Nam’s INDCs has set a target
of a reduction of 8% of total GHG emissions by 2030
compared to the baseline (Table 1), equivalent to 62.65
MtCO2e, with domestic resources. This target could
be increased to 25%, equivalent to 197.94 Mt CO2e,
if international support is received through bilateral
and multilateral cooperation, as well as through the
implementation of new mechanisms under the Paris

Agreement (The Government of Viet Nam 2015).

Vietnam has submitted its updated Nationally

Determined Contributions (NDCs) to the United
Nations Framework Convention on Climate Change
(UNFCCC) in 2020. To prepare for the COP26
conference in Glasgow this November, the president
of Vietnam emphasized, at the Leaders Summit on
Climate, the commitment of the country in this
updated NDC to reduce its emissions in 2030 by 9
per cent unconditionally, with domestic resources,
and by 27 per cent conditional on bilateral and
multilateral support with the updated baseline of
2014. The total greenhouse gas (GHG) emissions
in 2030 in the Business As Usual (BAU) scenario
would be 927.9 MtCO2eq, about 3 times higher
than the 2014 emissions of 284 MtCO2eq (Table
2). Emissions from energy would be 684 MtCO2 in
2030, accounting for 74% of total BAU emissions
— including 452.3 MtCO2eq in emissions from
electricity. Energy is thus by far the largest contributor
to GHG emissions. GHG emissions from energy
production and consumption are the bulk of Viet
Nam’s current and future emissions, quadrupling
between 2010 and 2030 in absolute total, and making
up 86% of total GHGs emissions in 2030, according
to the baseline scenario. The economic, social and
environmental co-benefits of mitigation actions in

the energy sector will very likely also support the

Unit: CO, equivalent mil tons, Source: Nguyen Khac Hieu et al. 2015; MONRE 2015

2010 2020 2030
Energy 1411 389.3 675.5
Agriculture 88.3 100.8 109,3
Waste 15.4 26,6 48.0
Land Use, Land-Use Change and Forestry -19.2 -42.5 -45.3
Total 225.6 474.2 787.5

Table 1. National baseline scenario of GHG emissions by sector for the INDCs of Vietnam

Unit : MtCO2eq. 2014 2020 2030
Baseline 284 528.4 927.9
Unconditional scenario 844.0
Conditional scenario 677.1

Table 2. Vietnam greenhouse gases emissions scenarios according to the updated NDC (2020)

T https://thecvf.org/web/climate-vulnerable-forum/cvf-participating-countries/: CVF is the group of the world’s most disaster-prone,
climate-vulnerable countries. There are 10 Asian members: Afghanistan, Bangladesh, Bhutan, Cambodia, Mongolia, Nepal, the

Philippines, Sri Lanka, Timor-Leste, and Vietnam.
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achievement of Vietnam’s NDCs. Viet Nam could
achieve the NDC targets by 2030 with stronger
policies to increase renewable energy deployment and

the rate of energy efficiency. This will also provide

2. The energy sector and its
contribution to NDCs of Vietnam

2.1. Current development status

Vietnam is one of the largest electricity markets in
ASEAN, driven by low-cost resources such as hydro, gas
and coal recently. The country has supplied electricity to
99.98% of communes and 98.83% of rural houscholds with
relatively low cost in comparison to neighboring countries
(EVN 2018). Vietnam's carbon emissions have grown by
more than 10% in most years after 1990. Large increases of
carbon intensity after the 1990s can majorly be attributed to
an increased use of oil, but coal also plays a significant role.
During the period 2000 — 2010, coal is the main driver of
the carbonizing the Viethamese energy system, with annual
increases ranging from 2 to 5 percent per year. Since last
10 years, total power capacity from fossil fuels in Vietnam
has always accounted for more than 40 percent, notably this
rate is more than 50 percent in the two recent years: 2018
and 2019 as presented in Figure 1 (NLDC 2020). Notably,
the power capacity from coal has increased to 19 800 MW/
by 2019 from 3 790 MW in 2010, about 5 times higher for
a period of 9 years.

With decreasing costs of renewable electricity and favorable

many related benefits such as a cleaner and healthier
environment for people, e.g. because current plans for
more coal-power plants could result in serious human

health problems because of air pollution.

policies for the energy transition towards a cleaner energy
development in Vietnam, it is expected that by 2030, 47.3
billion kilowatt-hours of electricity in the country will come
from wind and solar energy. Under the revised National
Power Development Plan 7 (PDP 7R) of the government,
renewable energy will account for about 20% of the
national electricity capacity in 2030. Upcoming National
Power Development Plan 8, which is under the preparation
by MOIT, is expected to give more ambitious targets of
renewable energy from solar and wind power, including

floating solar and offshore wind power.

During last two years, thanks to the attractive Feed-in-
Tariffs for solar power, the development of renewable
energy in Vietnam has made significant progress (see
Figure 2 (VIR 2019)). Notably, with a record level of
solar power facilities put into operation, Vietnam has
become a very active and attractive renewable energy
market in Southeast Asia. However, this incredible
development is also posing new challenges for the
steady development of the national grid, as well as
land wuse, electricity pricing, human and financial
resources, and especially for equitable and sustainable
development, that is, to ensure that no one is left
behind because of losing their livelihoods, jobs, or

agricultural land in the process.

2018

B Import M Renewables Oil & diesel Gas M Coal M Hydro power

2019

Figure 1. Installed Capacity Power (MW) of Vietnam in 2018 and 2019
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Source: MOIT

Power capacity (MW) 2030 (PDP7 revised) 2030 (1st draft PDP8)

Total 21,542 34,524 129,500 137,700

Hydro 8,124 13,617 22,000 24,800

Coal 3,941 9,843 55,000 37,300

Oil 575 537 - -

Gas 7,402 7,914 1,900 28,900

Small hyd d RE 500 2,054 2,700 39,800

5 @ e 2 &\L\Q o 0@& Q&\% Q&\v %@\%Q@\L& QQ\LO Q&\% Q,@*\q Qz\@g o e@ﬁ Qeﬁ Qe\y @@@% me R
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Figure 2. Growth of renewable electricity capacity (MW) in Vietnam during the first 6 months of 2019 Table 4. Power capacity by sources of Vietnam up to 2030

Source: EVN

MW Share (%)
Coal 21.6 31.10%
Gas 7.1 10.30%
Hydro 20.8 30.00%
Renewables 17.5 25.30%
Oil 1.5 2.20%
Import 0.6 0.80%
Others 0.2 0.30%
Total 69.3

Table 3. Vietnam’s Power Mix by sources in 2020

By the end of 2020, the total installed capacity of
power sources of the whole system reached 69,300
MW, an increase of nearly 14,000 MW compared to
2019, of which the total capacity of renewable energy
sources was 17,430 MW (an increase of 11,780 MW
compared to 2019), and accounted for 25.3%. The
scale of the electricity system in Vietnam ranks 2nd
in ASEAN region and 23rd in the world. The output
of electricity produced and imported for the whole
system in 2020 is 247.08 billion kWh, up 2.9%
compared to 2019.

2.2. Future development plans

Available scenario analyses for Vietnam predict a
continuation of the observed trend in the future,
with energy demand increasing substantally in
the upcoming decades. In its national energy plan,

Vietnam expects energy demand to increase by factor
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four until the year 2025 (compared to 2005 levels)
in baseline scenarios of most studies, mainly driven
by industrialization and rising household income.
Scenarios expect a huge part of the demand to be
covered by (carbon-intensive) coal (Table 4). In
consequence, emissions from its energy sector are
expected to more than double until 2020 (251 mil
tCO2e) and quadruple by 2030 (471 mil tCO2e) as
stated in its Second Communication to the UNFCCC
(MONRE 2010).

Vietnam is as richly endowed with renewable energy
sources such as solar, wind and bio energy spreading
over the country. Over the last decades, the country has
been experiencing a sustainable energy development,
starting with large hydro power in 1970s then solar
and wind power by late 2000s as a driving force for
meeting the power demand of the whole economy.

The renewable energy sector of Vietnam has got

high attention from both public and private players.
The lessons gained from different types of renewable
energy projects reveal that with a careful forward
planning, renewable energy can provide far-reaching
benefits on the three domains of sustainability:
economic, environmental and social to Vietnam.

According to the World Bank (WB), Vietnam has
a theoretical and technical potential of 475 GW of
offshore wind power. In a report by the Danish Energy
Agency (EREA and DEA 2019), Vietnam has a fully
viable potential of 162 GW); of which 132 GW of
offshore wind power in the seabed depth of less than
50 m and 30 GW use floating foundation technology.
With its potential and advantages, the development of
offshore wind power in Vietnam in the Draft Power
Master Plan VIII is considered by many experts and
businesses as one of the solutions to help Vietnam
ensure its supply target. enough electricity with
decreasing electricity prices, not having to depend on
imported raw materials, improving the localization
rate, creating many new jobs, reducing carbon

emissions as committed by the Government.

In the most recent draft of Power Development Plan

VIII, installed power capacity from the renewable

3. Consistent policies on climate
change and clean energy during the
last 10 years in Vietnam

In 2012, the Government issued the National Green

Growth Strategy, which aims to reduce energy

primary sources would play a significant share of the
national power mix in the coming decade. For the first
time in Vietnam, defining the concept of an offshore
wind power project (an area with a seabed depth
greater than 20m), the power capacity from offshore
wind power is separate from onshore wind power and
close to the seabed in the first draft PDP VIII. In this
draft, offshore wind power capacity is from 2-3 GW
by 2030, accounting for 1,45% to 2% of the total
capacity by 2030.

In the 2nd draft released, the total installed capacity
of the baseline reaches 130,371 MW and 143,839
MW at the high load scenario. Renewable energy
((including wind power, solar power, biomass)
will increase from about 17,000 MW at present to
31,600 MW in 2030, accounting for about 24.3%
of the total installed capacity of the whole system.
Large, medium and small hydroelectricity and storage
hydroelectricity are 17.7% - 19.5%; PDP VIII
minimizes the development of new coal-fired power
plants. The total installed power capacity from coal in
the baseline in 2030 is 40,700 MW (28.3% - 31.2%),
about 15,000 MW lower than the PDP VII revised.
gas and oil thermal power plants (including LNG)
reached about 21.1% - 22.3%.

consumption as a percentage of GDP by 1-1.5%
annually up to 2020 and reduce greenhouse gas
emissions from energy by 10% to 20% compared
with normal development. By 2030, greenhouse gas
emissions from energy would be 20% to 30% lower

than the normal development option.
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Vietnam's Renewable Energy Development Strategy
for 2030 with a vision to 2050 was published in 2015.
The share of renewable electricity (including large and
small hydropower) in total electricity production is to
reach 38% by 2020, 32% by 2030, and 43% by 2050.
The target of this Strategy is reflected to some extend
in the Draft National Power Development Plan for
2021-2030 period with a vision to 2045 (Drat PDP8).

The Vietnam National Energy Efficiency Program
3 (VNEEP 3) for the period of 2019 — 2030 has an
energy-saving rate of 5.0 to 7.0% of the total national
energy consumption up to 2025. Power losses are to
fall below 6.5%, and the average consumption rate
of some specific industries and sub-sectors would be
lower. By 2030, total national energy consumption
would fall by 8-10%, power losses would drop below
6.0%, and the average consumption rate of some

specific industries and sub-sectors would fall.

Most recent high-level guidelines for clean energy
development in Vietnam by the Politburo

In Feb 2020, Resolution 55 issued by the Politburo
of Vietnam re-confirms the importance of the energy
sector to implementation of NDCs, the climate change
mitigation, and economy of Vietnam in decades to
come (Vietnam’s Politburo 2020). This is the first
time the highest political unit of Vietnam issues a
particular resolution, for the energy sector, presenting
the long-term targets of firmly ensuring national
energy security and sustainability with strong links
to the implementation of the NDCs of Vietnam. The
Resolution sets out the goal of providing stable and
high-quality energy at affordable prices for powering
rapid socio-economic sustainable development of the
country. This presents obviously a strong engagement
of Vietnam in achieving its NDC targets as well as
its long-term energy sustainable development. The
sector must ensure country’s defense and security
at both local and national levels; improve the living
standard, and contribute to protecting ecological
environment protection. Particularly, the Resolution
gives quite high ambitious targets of renewable energy
development and GHG emission reductions from the

energy sector, as presented in Table 5 and Table 6.

Feed-in-Tariff for Renewable energy: the most

important financial tools for promote RE

technologies

Viet Nam has issued a number of support policies
with feed-in-tariffs (FITs) for different renewable
energy technologies. FITs are the price at which the
off-taker must buy RE from the plant owner for the
economic lifetime of projects of 20 years. The first
FITs for solar PV, issued in 2017, are 9.35 USD cents
per kWh. The Vietnamese government has recently
re-set new, unfortunately lower, FITs rates for utility-
scale and rooftop solar installations. In this policy,
floating PV projects appear as the first time to benefit
the FITs. PV developers will only qualify for the
new rates if they put their projects into commercial
operation by Dec. 31, 2020. The main progress was
made with solar power. Nearly 16.5 GW of solar
farms and rooftop solar were commissioned within
2 years (2019-2020), which increased the share of
solar power capacity in the power mix from negligible
at the end of 2018 to 25% by the end of 2020. All
other projects afterwards will be subject to price
determination through a competitive bidding process.
Due to the negative impacts of the Covid-19 on the
sector, the timeline for this new FITs seems too short
and unrealistic for new investors. Therefore, new solar
PV projects in Vietnam should prepare for the option

of solar auction in their financial calculation.

After the first FITs for wind power, issued in 2011,
failed with only 3 projects in 7 years and the total
capacity was below 200MW, the revised FIT for
onshore wind power in 2018 is 8.5 USD cents per
kWh and for off-shore wind power the FITs are set
at 9.8 USD cents per kWh, which must be operating
before 1 November 2021. Table 7 presents the
current support mechanisms for renewable energy
technologies (VIET 2019).

Energy Efficiency Technologies in the NDCs

Although the energy intensity of Vietnam is relatively
higher than China and other countries in ASEAN,
energy intensity of the country has been decreasing
with successful implementation of energy saving
programs since last 15 years. In 2018 Vietnam’s
energy intensity has remained at 499 kgOE/1.000
USD since 2015 (General Statistics Office of Vietnam
2019). Comparatively low energy efficiency and high

CO, intensity in the present situation, and according
to current power demand projections also in future,
suggests a significant potential for improvement

of energy efficiency, reducing energy demand and

limiting emissions growth. The technologies that
shaped the commitments in the NDC for improving
energy efliciency, reducing energy demand, and

reducing emissions are listed in Table 8.

2030 2045 2050
TPES %RE TPES %RE TPES %RE
Resolution 55 175-195 15-20 32=0-350 25-30
The development strategy of
renewable energy of Vietnam by 194 32.3 314 44
2030 with a vision to 2050*

Table 5. Total primary energy source (TPES, mil TOE) & percentage from renewable energy (%RE) by year

Year 2030 2045 2050
Resolution 55 15 20 -
The development strategy of renewable energy of Vietnam by 2030 with a vision to 2050 25 - 45
The Nationally Determined Contribution of Unconditional scenario 4.4 - -
Vietnam* Conditional scenario 9.8 - -

Table 6. Mitigation of greenhouse gas emissions (%) in the energy activities compared with the baseline

RE type Technology Price type 2050

598-663 VND/kWh (by time, region, season)

Small . Avoided cost 302-320 VND/kWh (excess electricity compared to

) Power generation )

hydroelectricy published annually | the contract)
2158 VND/kW (capacity price)

Wind power Power generation | FIT price 20 years 8.5 US¢/kWh (on shore) and 9.8 US¢/kWh (off shore)
7.09 US¢/kWh for ground-mounted PV plants

Solar power Power generation | FIT price 20 years 8.38 USg/IkWh for rooftop PV arrays

7.69 US¢/kWh for floating solar projects over a
period of 20 years

Biomass energy

Cogeneration
Power generation

Avoided cost
published annually

5.8 US¢/kWh (for cogeneration)
7.5551 US¢/kWh (North)
7.3458 US¢/kWh (Central)
7.4846 US¢/kWh (South)

Waste to
energy

Direct burning
Burning of gases
from landfills

FIT price 20 years
FIT price 20 years

10.5 US¢/kWh
7.28 US¢/kWh

Table 7. Summary of current price support mechanisms for renewable energy types
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Cost: per tonne GHG emission mitigation

Negative cost (=financial benefits)

« High efficiency residential lighting

« Cement-making technology improvements

* Brick—-making technology improvements
 Passenger transport mode shift - private to public
* Freight transport switch from road

Very low costs

* High efficiency residential air conditioning
* High efficiency residential refrigerators
* High efficiency commerecial air conditioning

Table 8. Energy efficiency technologies to reduce energy consumption and GHGs emissions in Vietnam

The technologies listed in Table 8 were all judged to
be negative or low cost, meaning that they should be
implementable with minimal external support, or
even lead to profits of entreprencurs. The high energy
consuming industries must adopt energy efficiency
measures with priority, such as steel and aluminum,
cement, pulp and paper, beverage and fertilizer

industries. Aided by international projects, Nationally

4. Energy policy perspectives for the
climate targets of Vietnam

Given that emissions from energy activities of
Vietnam are expected to more than double by 2020
and nearly five time by 2030 compared to 2010 levels
(Table 1), it is obvious that if higher-bound reduction
targets of 20% in 2020 and 30% in 2030 compared
to the baseline will be achieved, the result will be
considerable as compared to today’s level. Especially
in view of the considerable negative-cost or low-cost
mitigation options identified in recent reports by
MONRE to UNFCCC, the potential for emission
reductions seems to be significant. As discussed earlier,
Vietnam’s main motivation in its emission reduction
efforts seems to be not only directly related to climate
change mitigation but also reaping ancillary benefits
as in the energy sector in particular and in the whole
economy in general. To attain these objectives, a set of

policies and actions must be conducted harmonizely.

Power sector reform

There are numerous factors that will be crucial for
the success of the policies for climate change and

clean energy development in Vietnam. First, the

082

Appropriate  Mitigation Actions (NAMAs) have
been formulated to improve energy efficiencies and
reduce emissions in several industrial sectors. NAMA
proposals sometimes include elements of Public
Private Partnerships, with some public financing or
ODA for e.g., capacity building and investment in

technologies by private businesses.

electricity market development pathway and other
reforms announced in the power sector, particularly
with respect to pricing structures, are at the heart of
a potential success. It is difficult to judge from the
outside how different forces in Vietnam will react on
electricity prices to increase and subsidies to be cut.
However, the pressure on Vietnamese policy makers
facing the high budget deficit, a banking crisis and
stagnating growth rates could be sufficient to push
through the necessary reforms despite the resistance of
powerful interest groups. The Government owns and
directly manages the State-Owned Enterprises (SOEs)
that hold the majority of electricity generation and
has a monopoly of the transmission and distribution
of electricity. Since 2000s, the Government has passed
policies to encourage all economic sectors to invest
in and produce renewable electricity. A road map to
establish the competitive retail electricity market was
also approved and being implemented, in which the
goal is to have the market officially operated in 2024.
This introduction of retail electricity competitive
market in Vietnam could offer an opportunity for
decentralized power systems where consumers can
choose the power suppliers to buy their electricity
from. The future power grid should be able to

accommodate this and to manage the penetration

of more intelligent devices, electric vehicles, variable

renewable energy.

Incentives for renewable energy and introduce

external costs in the power generation

The most important global trend over the past years
and into the foreseeable future is the decreasing cost
of renewable energy. Renewable energy technologies
have become much cheaper in the four years since the
formulation of the NDC. GreenID (2017) analysed
the levelized costs of energy /electricity (LCOE) of
all sorts of power technologies under Vietnamese
conditions in different years. Figure 4 gives their
LCOE estimates for 2017, based on technology and
price assumptions for that year as deemed applicable
in Viet Nam. This included estimates for renewable
energy costs under the Vietnamese conditions: solar
PV LCOE of 8.84 USD cents/kWh and wind power

Waste incineration

LCOE of 8.77 USD cents/kWh.

While LCOE: in Firgue 4 exclude external costs, the
ones in Figure 5 consider social and environmental,
called “external”, costs. Fossil fuel based power
would be made more expensive by phasing out all
. « RS

indirect support and by “internalizing” costs to the

environment, health and livelihoods.

External costs can be internalized through fees, taxes
or for example carbon-cap-and-trade systems. It
would make the fossil fuel based part of the power mix
more expensive and provides an upward pressure on
the retail price. It means that the full cost of electricity
would shift to companies and electricity consumers,
and no longer depend partially on the State and tax
payers. It would also increase the RE share, which is

at the moment more expensive than the lowest cost

Waste-Landfill ¥

Small hydro

Large hydro | 4.20

4.92

8.35

Timber waste |
Rice Straw

10.08

Ricehush

Begasse |

Ground mounted solar grade 1
Rooftop solar PV grade 1

11.90

Geothermal

Wind grade 1 1

9.62

Pulverized coal-imported coal — 7.23

Pulverized coal-domestic coal |

8.77

6.70

8.14

Gas turbine-domestic gas |
CCGT-domestic gas I

1 7.30

0.00 2.00 4.00

6.00 8.00 10.00 12.00 14.00

Table 7. Summary of current price support mechanisms for renewable energy types

Waste incineration |
Waste-Landfill 1

6.79

Small hydro

Large hydro 4.20

4.92

8.35

Timber waste 1

Rice Straw 1

10.08

Ricehush 1

7.65

Begasse 1

Ground mounted solar grade 1 1
Rooftop solar PV grade 1

8.84

Geothermal 1

11.90

Wind grade 1 1mm————————————— S, ] 7

Pulverized coal-imported coa
Pulverized coal-domestic coal |

6.70

7.23 15,08
520

Gas turbine-domestic gas |
CCGT-domestic gas |

30 s — 1 24

0.00 2.00 4.00

6.00 8.00 10.00 12.00 14.00

B LCOE m Extemal cost

Figure 4. LCOEs in 2017 in Viet Nam, including external costs of fossil fuel generation technologies
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fossil fuel generated power, but becomes relatively
more economical. These measures will initially make
the total power mix more expensive. However, RE
will continue to become cheaper, as has happened in
other countries, at a rate that will depend on capacity
development and mechanisms such as the auctioning
of concessions to build RE plants. Further reduction
in the costs of RE and a larger RE share will then

reduce the overall power mix cost.

“Net metering” of electricity production by rooftop

solar PV systems on homes and businesses.

“Net-metering” allows residential and commercial
customers to generate their own electricity from solar
PV to feed electricity they do not use back into the
grid. This feature in the solar PV regulation has started
to be applied at a small scale. This may cover on-
site demand during sunny hours, send excess power
into the grid and draw from the grid when there is
no sun. Based on current solar PV system costs on
the Vietnamese market, this can already offset some
of the retail tariffs in Viet Nam, making it financially
attractive to some consumers. However, application
of net-metering is administratively not yet sufficiently

simple, and not yet applied by all branches of EVN.

Household participation: Internationally, private
stakeholders in the electricity sector can participate in
reducing GHG emissions, including the using-purpose
change of low-productivity lands for renewable energy
development, purchase of production land from local
people, land leasing, and the use of land as shares.
Among these models, using land as shares could be
a sustainable mechanism for the case of Vietnam.
Local people with land can become shareholders
in renewable energy projects by contributing their
plots of land, therefore, enterprises do not have to
incur enormous amount of capital upfront for land
compensation. In addition, people can participate in
the protection and development of renewable energy
areas, which would also mean protecting their own
productive assets. This approach could help people
earn dividends from electricity projects, and at the
same time have a source of monthly income based
on their own land and do not have to forgo the land
permanently. Before implementing this model at wide

scales, it requires a process of testing, cost-benefit

084

analysis, repurposing of land use, and provision of
guidelines for provincial governments to work with
investors. Most of all, this shareholder model requires
a participatory process that includes landholders
throughout the process of developing renewable

energy projects.

Electrification of transport: Viet Nam has not yet
highly addressed this opportunity in transport
policies, energy policies, or the implementation of
the NDCs but international developments such as
the uptake of electric cars as well as regulation on
phasing out of diesel and petrol cars is gathering pace.
In combination with renewable electricity generation,
the batteries of vehicles can be charged during supply
peaks of intermittent solar and wind power, creating
large “virtual” energy storage. As a result, national
GHG emissions would be substantially mitigated
when compared with the NDC targets. The electric
transport could result in considerable emission
reduction and major positive impact on urban air
quality. Viet Nam should plan to benefit from this
trend over the period to 2030.

Private Investments in Renewable Energy

Development & Green Finance

The Government of Viet Nam has capped public
sector debt. Foreign and domestic private capital will
have to become the primary or even sole source of
investment in future power production capacity. Till
now, the private sector had spent about ten billion
on RE projects, mainly in solar power, small-scale
hydropower and also wind power. This includes a
large share of international private finance. UNDP-
Viet Nam reviewed (foreign) private investor interest
and suggests that “at least USD 10 billion” foreign
capital is immediately available “to support Viet
Nam’s transition to cleaner energy and energy saving”
“if barriers are removed” (UNDP 2018). According
to existing plans, more would be needed for RE in
particular, but the study found that external private
capital can be mobilized. Achieving the NDC targets
will require major investments, especially in the
energy sector. Investment capital can be generated by
the non-state sector. Vietnamese banks would be able
to supply a large part of the required capital for EE

investments. Foreign investment for RE is available,

and improved regulations are needed to unlock this,
e.g. by making power purchase agreements (PPAs)
bankable. Any public investment still allocated to
the energy sector should be used strategically, for
example for improving electricity transmission and

distribution systems.

Recently, Resolution 55 has opened opportunities
for the private sector to participate in energy
development. Task 4 of this Resolution asks to create a
favorable and transparent environment; to public the
planning and list of investment projects, to remove all
barriers to attract and encourage private participation
in investment, and to encourage and to attract foreign
investment with scale, quality and efﬁciency for the

CIlC['gy sector.

The role of other countries and donors: Arguably,
policy formulation in one country can be influenced
by policies that have previously been adopted in
other countries, described as policy transmission
or translation. During last two decades, energy has
become one of the priorities of Vietnam and key
international development agencies such as World
Bank, Asian Development Bank, EU Delegation to
Vietnam, GIZ, USAID, AFD, etc. In June 2017,
the Government of Viet Nam and its international
Development Partners formally established the Viet
Nam Energy Partnership Group (VEPG) with the
aim to strengthen cooperation, dialogue and exchange
of experiences and knowledge in the country’s
Energy Sector. The overall objective of the Viet
Nam Energy Partnership Group (VEPG) is to work
towards effective and efficient international support
to sustainable energy development in Viet Nam, in

line with national law and international agreements of

5. Conclusion

Taking actions to combat the climate change is one
of the priorities of the whole Vietnamese political
systems. Coincidence that the energy sector is a
strategic sector and this contributes major part of
GHGs emission mitigation in Vietnam, the Politburo
of Vietnam has signed the Resolution 55th on the
National Energy Strategy to 2030, with a vision to

2045. This particular Resolution is the first one ever
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which Viet Nam is a member. VEPG, with Ministry
of Industry and Trade (MOIT), address key policy
development processes and other activities to boost
the development of the Vietnamese energy sector in
five priority areas, including renewable energy, energy
efficiency, energy sector reform, energy access, and
energy data and statistics in the energy transition
of the country. Bringing lessons learned from other
countries to the case of Vietnam are one of many
activities of VEPG. Working closely with the MOIT,
VEPG is supporting Viet Nam to achieve the NDC
targets with energy related projects

Developing a domestic carbon market: Improve
quality and efficiency of state management works
on NAMAs, credited NAMA through revision and
supplementation and issue a number of policies and
management tools related to carbon market; Develop
market-based instruments, database system on GHG
emissions and the roadmap to join the carbon market
in the field of solid waste; Pilot credited NAMAs,
develop reporting systems for GHG emissions and
the roadmap to join the carbon market in steel
production in Vietnam; Raise awareness and provide
knowledge for management agencies from central
to local authorities in management, control and
supervision of the activities related to carbon markets
and organizations and individuals involved in carbon
market.

Customers in industrial parks, industrial clusters
and processing zones will have opportunities to get
direct power purchase agreement (DPPA) when
coming revised regulations/mechanisms on control
and operation of electricity market will allow the
development of on-site and self-sufficient power

generation plants in specific areas.

in the history aims to ensure energy security and
sustainability with strong links to the implementation
of NDCs. The transition of the energy sector with
direction to renewable energy such as solar, wind,
including floating solar and offshore is the key path to
achieve both objectives on energy and NDCs. Stated
in their latest NDCs, many countries committed to
halve their emissions by 2030. Vietnam also plans
to peak its net emission in the same year. With the

rapid development of renewable energy, particularly
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solar and both onshore and offshore wind energy, in
Vietnam recently, the country has huge opportunities
to achieve its emission reduction target in next decades.
Under the current policy scenarios and with domestic
resources, Vietnam can achieve its climate targets.
However, with international supports, Vietnam still
hardly can reach the high ambitious target of zero
emission by 2050. This target even has never been

appeared in the official policy in the country.
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Annex

Annex 1 Selected recent policies for environment

protection and climate changes in Vietnam

- Decision No. 1183/QD-TTg dated August 30th,
2012 of the Prime Minister approving the National

Target Program to respond to climate change in the

period 0f2012-2015 aimsat reducing GHG emissions,

developing a low carbon economy, participating in

the international community to protect the Earth’s

climate system. The program piloted GHG mitigation

models in priority areas, namely agriculture, forestry,

land use, water, energy, transportation, construction.

1

Resolution No. 24-NQ/TW dated 03rd, June
2013 issued by the 11th Central Committee of
the Party on actively response to climate change,
improvement of natural resource management and
environmental protection has identified climate
change adaptation as an opportunity to promote
growth pattern transformation towards sustainable
development and simultaneously to conduct

adaptation and mitigation actions.

Law on Environment Protection No. 55/2014/
QH13 (The 13th National Assembly, dated June
23rd, 2014) provides statutory provisions on
response to climate change, including assessing
climate change mitigation and adaptation
measures, managing GHG emission and regulating
the roadmap and modality for participation
in reducing global GHG in conformity with
socioeconomic conditions and commitments
made in the international treaties to which the
Socialist Republic of Viet Nam is a party.

Decision No. 403/QD-TTg dated March 20th,
2014 of the Prime Minister approving the National
Action Plan on Green Growth in Viet Nam for the
period of 2014-2020, including: (1) Setting up
institutions and formulating green growth action
plans at the local level; (2) Reducing the intensity
of GHG emissions and promoting the use of clean
and renewable sources of energy; (3) Greening
production; (4) Greening lifestyles and promoting
sustainable consumption.

Decision No. 2053/QD-TTg dated October 28th,
2016 of the Prime Minister approving the Action
Plan for Implementation of the Paris Agreement
on climate change for the period of 2016-2020
aims to: 1) review existing regulations and develop
a Decree on the roadmap and modality for
GHG emission mitigation; (2) develop a carbon

market within the country; piloting the system,
policies and market tools for mitigation of GHG
emissions in potential sectors; and (3) develop and
implement GHG mitigation and green growth
proposals in accordance with national conditions
for implementation of NDC.

Resolution No. 120/NQ-CP dated November
17th, 2017 of the Government of Viet Nam
on sustainable development in the Mekong
River Delta region with the vision to 2050. The
Mekong Delta region will be on a more advanced
development level compared to the country as a
whole, with advanced social structure; with per
capita income higher than the national average, and
with people’s livelihood secured; the proportion
of ecological agriculture and high-technology
agriculture to be 80% and proportion of forest
coverage to be increased to over 9% (compared
to 4.3% now), along with efforts to preserve and
develop important natural ecosystems.

Annex 2 Mitigation options in the Nationally
Determined Contribution

- The energy sector consists of 17 options with the
total mitigation potential of 65.93 MtCO2e.

- The agricultural sector consists of 15 options with a
total mitigation potential of 45.78 MtCO2e.

- The LULUCEF field consists of nine options with
total GHG absorption potential of 66 MtCO2e.
- The waste sector consists of four options with a

total mitigation potential of 20.23 MtCO2e.

In order to prepare for the global effort assessment
in 2018 and to update the new policies related to
climate change, Viet Nam is reviewing and updating
the NDC, which is expected to be completed in 2019

with the following contents:

- To review policies related to energy, agriculture,
waste and LULUCEF;

-To update BAU and develop potential GHG
mitigation options for energy, agriculture, waste
and LULUCEF for the period of 2020-2030;

- To analyze, compare and evaluate national efforts
to achieve the mitigation target of 2030 in case of
conditional contribution (25%) and unconditional
contribution (8%) compared with BAU.

Energy Policies

- Decision No.37/2011/QD-TTg dated June 29th,
2011 of the Prime Minister on the provision of
assistance in the development of wind power
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projects in Viet Nam.- Decision No. 24/2014/
QD-TTg dated 24 March 2014 of the Prime
Minister on support mechanism for development
of biomass power projects in Viet Nam.

Decision No. 31/2014/QD-TTg dated May
05th, 2014 of the Prime Minister on supporting
mechanisms for development of power generation

projects using solid waste in Viet Nam.

Decision No. 2068/QD-TTg dated November
25th, 2015 of the Prime Minister approving the
development strategy of renewable energy of Viet
Nam by 2030 with a vision to 2050. One of the
objectives of the strategy is to develop and udilize
renewable energy sources in a way that contributes
to fulfilling the objectives of sustainable
environment and development of green economy

Decision No. 428/QD-TTg dated March 18th,
2016 of the Prime Minister approving the Revised
Master Plan of National Power Development for
the period of 2011-2020 with the Vision to 2030
(Master Plan VII-revised), in which the proportion
of renewable energy (namely small hydropower,
wind power, solar power, biomass power) in total
electricity output is projected to reach 6.5% by
2020, 6.9% by 2025 and 10.7% by 2030.

Decision No. 13443/QD-BCT dated December
08th, 2015 of the Minister of Industry and Trade
approving the Green Growth Action Plan for
the industry and trade sector for the period of
2015-2020, which concretizes the key tasks in
the industry and trade sector to implement the
objectives and mandates of the National Green
Growth Strategy and National Green Growth
Action Plan for the period of 2014-2020.

Decision No. 11/2017/QD-TTg dated April 11st,
2017 of the Prime Minister on mechanisms for
encouragement of development of solar power in

Viet Nam.

Decision No. 13/2020/QD-TTg dated April 6th,
2020 of the Prime Minister on mechanisms for
encouragement of development of solar power in
Viet Nam.
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Abstract

Under the Paris Agreement, the Jakarta city government as non-state actor is preparing the Indonesia first long-
term strategy at sub-national/province level through the Low Carbon Development Strategy (LCDS) to achieve
Jakarta’s target 2050. The strategy was developed based on the existing masterplan and future development plan.
The article aims to analyse the impact of strategy on public transport development, electrification of vehicles and
biofuel program and its impact on GHG emission in Jakarta 2050. Two scenarios of business as usual associated
GHG emissions without considering mitigation effort while countermeasures scenarios were developed to envision
pathways to achieve low carbon city. We used a non-linear programming model ExSS GAMS v 23.3 to analyse
the impact of transformative actions on transport sectors in Jakarta city. The use of alternative biofuel from the
biodiesel for commercial trucks provide a large GHG emission reductions in the mid-term while the electrification
of vehicles and improvement of fuel efficiency of public transport provide large GHG emission in the long-term. The
massive developments of public transports supported by urban infrastructures such as pedestrian walkway encourages
the modal shift from private vehicles, however, the impacts on GHG emission relatively small due to large share
of travel demand by private vehicles. To maximising the impact of electrification of vehicles, upstream policy on
renewable energy in necessary and combine with the downstream policies to increase diffusion of electric vehicles.
A complimentary policies and strategies on travel demand managements is needed to increase the modal shift from

private vehicles to public transport in Jakarta city.

Keywords: Low carbon transport, Jakarta city, electric vehicle, biofuel, modal shift

1. Introduction in 2050. In order to contribute to GHG emissions

reduction of 29% (unconditional target) and 41%
Under the Daris Agreement, the Indonesian (conditional target) below the baseline, the energy
sector should reduce its GHG emissions level in 2030

by 314 Mton CO,e and 398 Mton CO e (Indonesia

government begins to prepare a long-term strategy
(LTS) to achieve GHG emissions reduction target
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NDC, 2016). To achieve this level, the GHG emissions
is estimated become 5.63 ton CO,e per capita in 2030
or equal to almost three times compare to the emission
per capita in 2010. In the long-term, Indonesia
has the potential to deeply reduce GHG emissions
from the energy sector to about 1.31 ton CO,e per
capita in 2050, equal to 0.69 of the emission level
per capita in 2010 (Siagian, 2017). The Indonesian
government begins to prepare a long-term GHG
emissions reduction target (2050) involving various
stakeholders, state and non-state actors. Action and
inactions by central, regional and local government
will give significant impacts on climate mitigation
actions at city level (Heidrich et al, 2016; Reckien
et al, 2015). The government of Indonesia already
developed roadmap implementation of Nationally
Determined  Contributions (INDC) in 2018
(Masripatin et al, 2018). Several local governments,
as a non-state actor, are actively develop local action
scenarios attempting to reduce their GHG emissions
and contribute to the NDC.

The Jakarta city government as one key non-state actor
is pioneering the Indonesia’s first long-term strategy at
sub-national/province level through the Low Carbon
Development Strategy (LCDS) to achieve Jakarta’s
target 2050. The local government committed to
implement GHG mitigation strategies through the
governor regulation of DKI Jakarta no 131/2012 on
local action plan on the GHG mitigations actions
(RAD GRK) and set an ambitious climate change
strategy reducing GHG emission by 30% by 2030
using a 2010 baseline (Dewi et al, 2016). Considering
its emissions sources, geographical situation of urban
coastal city and built environment conditions, the
energy sector accounted for 89% of totral GHG
emission of Jakarta (Dewi et al, 2016). Thus, the
Jakarta’s mitigation actions also explicitly heavily
rely on energy sector about 35 Mtoe CO, (Diyarni,
2018). While waste sector and agriculture forestry
and other land use (AFOLU) expected to contribute
about 8% and 2% respectively. The long-term strategy
(LTS) of Jakarta city will still focus the attention on
energy, power and waste sectors, while a few concern
on AFOLU sectors. Within the energy sector,
transportation sector account for about a quarter of
energy-related CO, emission globally (IPCC, 2018;
International Energy Agency, 2020). In the Jakarta
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case, transportation contribute about 19% of total
GHG emissions in Jakarta city (Diyarni, 2018).
Decarbonisation of Transport sector is key component
on mitigation actions in heavily dense urban area as
like as Jakarta city. At present, more than two-thirds
of transportation emissions are from road travel (Sims
R et al, 2014), but air travel has the highest emission
intensity and is responsible for an increasingly large
share. The strategies to reduce GHG emissions from
transportation includes: avoid unnecessary travel,
modal shift (shifting to lower-carbon option, like
rail); improve vehicle efficiency and fuel substitution
to alternative fuels and electrification (Sims R et al.,
2014).

A low carbon scenario for the transport sector
should ideally be a balanced and context appropriate
combination of ‘Avoid- Shift-Improve’ (ASI) strategies
that applicable uniformly across passenger and freight
movement (Hidalgo and Huizenga, 2013). In the
urban context such as Jakarta, the mitigation actions
from the road transport sector, both passenger and
freight, offer the largest magnitude of mitigation
potential (Taptich, et al, 2016) and GHG emissions
reduction may came from direct actions or indirect
actions (Gomi, 2011). For example, transportation
infrastructures can lock-in high emissions from
urban area due to their very long lifespans and
increasing the demands as impact of economic and
demographic growth especially in the developing
country context while on the contrary, compact
city development may avoid (A) unnecessary trip
(Romito, 2019). The intensive improvement of
public transport infrastructures such as Mass Rapid
Transit (MRT); Light Rail Transit (LRT), Bus Rapid
Transit (BRT), non-motorized transit (NMT) may
encourage the modal shift (S) from private vehicle to
public transport which contribute to the reduction of
GHG emissions. Those infrastructures development
stand as the intersection between development goals,
improve efficiency and competitiveness of city and
climate change imperative. The other direct actions
focusing on the improvement of vehicle performance
and efficiency through a technology interventions
such as fuel switching from fossil fuel to electric
vehicles or biofuel (biodiesel) which is in line with
national government programs in Indonesia may

reduce fossil fuel consumption and GHG emissions

(Nugroho, 2020). This article aims to analysis those
above initiatives as long-term strategies initiated by
Jakarta’s government in collaboration or synergy
with national government and other international
cooperation initiatives and its contribution to achieve
mid and long-term emission reduction target of
Jakarta’s government. To do so, this research apply
an integrated assessment model (IAM) non-linear
programming model ExSS using GAMS v 23.3. The
back casting approach applied through the developing
sets of desirable goals/targets in the future and explore
the way to achieve the target. The GHG emissions in
2010 was used as baseline to estimate future situations
or conditions of the targeted the impacts in mid-term
(2030) and long-term period (2050). Projection of
future scenarios was calculate based on business as
usual (BaU) and counter measures (CM) scenarios.
The BaU scenario envisions future development paths
on transport sectors and its GHG emissions without
considering mitigation efforts. The mitigation
scenarios developed to envisage various transformative
actions and programs on transport sector to achieve
low carbon city in Jakarta city. The transformative
actions at the local level focusing on modal shift (S)
from private vehicle due to intensive and massive
development of public transport and non-motorized

transport infrastructures provide a large opportunity

2. Literature Review and Methodology

2.a. ASI approach for Decarbonizing Land

Transport Sector

Global transport is the fourth largest source of GHG
emissions in 2018, producing about 14% of total
GHG emissions or about 23% of global energy-
related CO, emissions (International Energy Agency,
2020). Transport greenhouse gas emissions trends
have increased fast over the last two decades, and
since 2010, the sector’s trends have increased faster
than for any other end-use sector, averaging +1.9%
annual growth since 2000. The largest component
of transport emissions and their main source is
from the movement of passenger and freight in
road transportation (6.2 Gt CO,eq, 73% of total).
Urban transport is responsible for about 8% of global
CO emissions (3Gt CO, yr-1) (IEA 2012, Creutzig,

2016). Land-based transport is a crucial component of
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to reduce GHG emissions in the long-term period.
The action the implementation of national program to
improve combustion engine (I) based on mandatory
of fuel switching to biofuel for freight (commercial
trucks) gave larger opportunity to reduce GHG
emission in a short and medium term on transport
sector in Jakarta city. While the other improvement
on technology initiated through electrification of
vehicles (public transport and private vehicles) by
local government may provide limited opportunity
to reduce GHG emissions in the mid-term, but may
significant in long-term. However the impacts could
be maximising under the complimentary policy on
renewable energy due to its dependency on the mix
energy supply for the electricity which is still under

responsibility and control by the national government.

The remainder of the article is divided into four
sections. The next section reviews literature low carbon
pathways and assessment. A third section describes the
study location, actions plans and assumptions used in
the assessment model. A fourth section presents key
results. A final section concludes with a discussion of

areas for future research.

the urban mobility system, however decarbonization
of land transport has been identified as key barrier
because of its high cost of substituting energy-dense
liquid fossil fuel (Kahn Ribeiro, S et al, 2012). This
is because of the high energy density of fuels required
for many types of vehicles, which constrains low-
carbon alternatives, and because transport policies
directly impact end-users and are thus more likely
to be controversial. Low carbon technologies for
land-based transport will be increasingly important
to meet decarbonisation goals, as demand for these
services will continue to grow in the future. The
strategies can be categorized into avoid, shift and
improve categories which constituting a simple
analytical framework and well established in transport
sector (Sims R et al, 2014). There have been also
divergent developments for decarbonization efforts
in transports sector focusing on the improvement (I)

involving accelerating deployment of technologies
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that increase performance of vehicles and fuels (Gota,
et al, 2015; Lutsey & Sperling, 2012). The adoption
of alternative fuel (e.g., electricity, hydrogen, biofuels,
and synthetic hydrocarbons/e-fuels) could support
decarbonization and offers many potential climate
benefits on the transportation sector (Chester and
Horvath, 2012). On the road transport, electrification
for light-duty vehicles are now commercially available
and are likely to be more cost competitive in the near
future. The light vehicle electro-mobility systems with
high Technology Readiness Levels are likely to provide
the major opportunity for the transformative scenarios
toward the net-zero, especially where mainstreaming
interventions include removing commercial barriers,
facilitating  markets and especially  providing

e-charging infrastructure facilities.

The Indonesian government strategies on low
carbon transport have five focuses areas consists of:
(a) transportation and interaction with land-use
and spatial planning; (b) improvement on urban
mobility and reducing urban traffic jam; (c) supply
management; (d) the reduction of urban emission
and air pollution; and (e) improvement on traffic
safety. The next logical step in pursuing those goals
and strategy has been task sub-national and municipal
governments with their policies and climate mitigation
action plans to reduce GHG emissions (Jaeger, 2015).
Cities have increasingly been identify as important
places for sustainability transitions and system
innovation on climate issues (Frantzeskaki et al.,
2017). The transition towards a climate compatible
urban development and framing climate mitigation
actions also involves two methodological challenges
(a) the establishment of linkages between actions
and outcomes (e.g. through a quantitative modeling
approach) and (b) a way of objectively comparing
the outcomes of different actions (Junghans, L., et
al, 2018). The backcasting has been consider as one
of the best method for realizing the transformation
of technology and society toward sustainability
(Vergragt, 2011). The desirable future GHG
emissions reduction target already determined by the
city government through the Governor Decree no
131/2012, then, looking backwards from that future
(2030 and 2050) to the present in order to strategize
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and to plan how transport sector could contribute.

2.b. AIM Modeling ExSS

The quantitative modelling approach and policy
analysis helps policy makers to understand the
impacts of certain policy to achieve the desire goals
of GHG emission reduction target to contribute to
the NDC. To do so, we use the Asia-Pacific Integrated
Assessment Model Extended Snapshot (ExSS) using
GAMS v 23.3. The model relies on the framework
of non-linear programming supported by various
technical, economic and social parameters. The
structure of the ExSS tool includes input parameters,
exogenous variables and variables between modules as
illustrated in figure 1. The population and economic
developments are the main driving force of energy
demand and, correspondingly GHG emissions. While
scenario of development and choice of technology and
type of fuel will determine the magnitude of energy
demand and its associated GHG emissions. Based on
the back casting approach, first, we developed sets of
desirable goal and explore the ways to achieve it. It
includes (i) setting of framework such as time period,
environmental target and number of scenarios; (ii)
collecting data for the baseline information i.e.,
socio-economic assumption; (iii) collecting data on
the low carbon transport counter measures (CM);
(iv) estimate future snapshots with and without
countermeasures. The baseline year 2010 used in
this study while future desired target will be 2030
(mid-term) and 2050 (long-term). The projection
of future scenarios was develop based on business as
usual (BaU) and mitigation/counter measures (CM)
scenarios. ‘The BaU scenario envisions development
paths and the associated GHG emissions without
considering mitigation effort. The mitigation scenario
developed to envision the development paths to
achieve low carbon city. The relationship between
economic activity and energy sector development
illustrated in Figure 2. Projection scenario for both,
BaU scenario and mitigation scenario, uses the same

socio-economic indicator assumptions (see Table 2)
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3. Study Location, Transport Action
Plans and Assumptions

3.a. Study Location

DKI Jakarta is the capital city of Indonesia with
population more than 10.5 million in 2020 and
has grown at 1.15% annual change since 2015
(World population review, 2021). It is the biggest
city in the country and one of the most populous
urban agglomeration in the world and largest city in
Southeast Asian region. It is a metropolitan area with
surrounding cities called as Jabodetabek stands for
Jakarta, Bogor city, Depok city, Tangerang City and
Bekasi. The metropolitan area of Jabodetabek has a
population exceeds 30 million with a total land area
of 4,384 square kilometres. While Jakarta city has 662
km? of land area and 6,977 km? of sea area. Jakarta
and population density around 14,464 people per

square kilometre.

Jakarta is an important alpha world city with major
financial institutions, Indonesia Stock exchange,
and corporate headquarters of numerous Indonesian
companies and multinational companies. It is home
for several Forbes Global 2000 companies, Fortune
500 Companies and other Union Companies
significantly contributes to the country’s economy.
The city’s GRP was about $483.4 billion USD and
GDP around 396 trillion Rupiah (at constant price
2000) in 2010. The city accounts for 17% of national
GDP. To support the urban mobility, the city heavily
rely on private vehicles (cars and motorcycle). The
share of public transport in Jakarta metropolitan area
around 27% (ESCAP, 2017). The local government
try to improve share of public transport through the
various interventions by providing public transport
infrastructures  in  collaboration with National
Governments and others. The population growth,
economic characteristics, and transportation condition
has to lead climate change issues with GHG emissions
level. The ambitions and commitment of the Jakarta’s
government on emissions reduction target in 2030
declared in the local regulation, governor decree no
132/2012 about local mitigation actions to reduce
GHG emissions in Jakarta city. This commitment has
been monitored and reviewed in order to response

to the latest development in the national as well
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as regional level, particularly related to the GHG
Emissions. The city government also enacted seven-
point of Governor Instruction No 66/2019 on air

quality control.

3.b. Transformative Actions on Low carbon

transport in Jakarta city

Transport action plans in Greater Jakarta areas
consists of several plans by National Governments
and local governments. In the Jabodetabek region,
the Greater Jakarta Transportation Masterplan (RIT])
2018-2029 was approve through the presidential
decree 55/2018. The transformative actions on low
carbon transport currently being updated and revised
to respond to the latest development in the national
as well as regional level, particularly, which are related
to the GHG Emissions. First, the city government
are motivated to accelerate the implementation of air
quality control to improve the better air quality. The
detail actions were implemented through the seven-
point of Governor instructions No. 66/2019. At this
moment, the city heavily rely on private vehicles (cars
and motorcycle) for urban mobility and the share of
public transport in Jakarta metropolitan area around
27% (ESCAPD, 2017). To improve the situations, the
national government and local government developed
various public transport infrastructure such as mass
rapid transit, light rail transit and others (Table 1).
The government also improve pedestrian and non-
motorized transport facilities to encourage modal

shift for walking and cycling within the city.

In summary, the decarbonization plan mainly consist
of three main Avoid-Shift-Improve approaches. The
detail of each approached as follows:

(a) Avoid: TOD, land-use planning and city
developing planning especially along the corridor
of new railway development (Mass Rapid Transit
(MRT) and Light Rail Transit (LRT)) and its
stations. One of TOD model project was located
in Poris Plawad in Tangerang City, one of neighbor
city of Jakarta nearby Jakarta Airport in the western
part of the city (Selenia EP, 2018)

(b) Shifting to Public Transport and Non-Motorized
To encourage modal shift, national and local
government build public transport infrastructures

aggressively. The first phase of Mass Rapid Transit

was built since 2013 and start to operate in March
2019.

(c) Improve (Shift to Electricity and Biofuel)
Electrification of vehicles in Indonesia started by
Low carbon emission program as the initial steps
(Schroder, et al, 2021) and followed by President
regulation to promote BEV (2019). The national
policy aims to establish EVs hub; create the link of
EVs and Battery Production (Schroder et al 2021).
The government also aims to promote the local EV
Manufacturing and export EVs to Australia and
other ASEAN countries. The national policy also
announced EV adoption target such as target EV
market share (Li & Chang, 2019). The national
government have set a target of EV market share
about 20% of domestic vehicle sales by 2025 and
25% by 2030. In the long-term, it is expected
to have BEV stock equal to 4.2 million vehicles
& 10,000 units of charging stations by 2050
(Schroder, 2021). In response to the national policy
of electrification of vehicles, the local government
of Jakarta decided to play as an early adopters of
the BEVs especially for the public transport fleets,
Trans Jakarta. The transportation agency of Jakarta
city released the decree no 120/2019 to assigned
Trans Jakarta to conduct trial run of EV buses in
Jakarta. The company also developed a roadmap
for electrification of their fleets up to 2027. The
ministry of energy and mineral resource (MEMR)
released the policy on the provision of electricity
charging infrastructure for batter-based electric
motor vehicles aims to accelerate the programs.
The international cooperation and technical
assistant from international organization such as
UNEP CTCN and C40 were implemented to
support Jakartas transition to electromobility. A
comprehensive study on electric vehicles by the
ministry of Industry and ministry of research
and higher education of Indonesia together with
Toyota Indonesia and several universities show the
key findings on fuel efficiency and CO2 reductions
from EVs.

Due to the large potential for bioenergy, the Indonesian
government set up a policy on the production and
use of biofuels and, in particular, biodiesel produced
from the refining palm oil. The biodiesel blending
program was first introduced in 2015 through

095

MEMR Reg No. 12, which targeted 20% blending
(B20) by 2016 for transportation and industrial
consumption. In September 2018, the government
expanded the subsidy scheme to non-Public Service
Obligation (PSO) organizations through Presidential
Regulation No.66/2018. The program is expended
and also mandatory for other sectors such as mining,
and other diesel-using industries. There is also an
intention to further increase the target for blending
for 30% biodiesel blending (B30) and 20% ethanol
(E20) blending from 2025 onwards. The intention of
increasing the blending mostly due to the oversupply
of domestic market palm oil caused by the decreasing
of the overseas market especially in the European
region due to recent decision of the EU on biofuels
(Suharsono et al, 2019). This exogenous shock
reduces the overseas demand and the biofuel policy is
therefore designed to provide an additional domestic
market. The biofuel policy also aims to reduce diesel
fuel imports (and thereby boost the trade balance)
(Suharsono et al, 2019) and to reduce the fiscal cost

of subsidizing diesel.

3.c. Basic assumption in the Assessment Model _

The population of Jakarta city will continue to grow
with an annual rate 1%. Total population in 2030 and
2050 are 1.17 times and 1.24 times compare to the
reference in 2010 (Table 2). In parallel, number of
household will also increase up to 1.17 times in 2030
and 1.3 times in 2050. In the long-term, increasing
rate of household slightly higher due to the decreasing
of family size in the household compare to the
reference in 2010. On the socio-economic indicator,
the GDP assumed to be increased on average 5.7%
per year from 2010 to 2050. As result, the macro-
economic indicators such GDP and Gross output
will increase almost 3 times in 2030 and more than 9
times in 2050. The GDP per capita will also become
double in 2030 and increase 9 times in 2050 compare
to 2010. Looking at the economic sector, tertiary
industry (commercial and services) will be dominant
in the future. It will followed by secondary industry
such as manufacturers and constructions industry and

the rest will be primary industry.
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Source: Authors compilations

Category Policy Expected _ . . :

Target of Implementation Indicator in Modeling
measures Outcome

A.Shift

Investment in Shift from a.MRT 1st Corridor (south—north) phase 1: Already | Increasing the modal

public transport | private vehicles in operational stage since March 2019 share of public transport

infrastructures to public b.MRT 1st Corridor phase 2: 2025 mode and reduce

(Mass Rapid transport ¢.MRT 2nd Corridor (East-West): 2027 modal share of travel

Transit; Light d.LRT Jabodebek (intercity with peripheral): 2022 demand by private

Rail Transit) e.LRT Jakarta (inner city) — Corridor 1 Phase 1: vehicle around 55.48 in

Already in operation since December 2019 2030 and about 53.63
in 2050 (Table 3)
Investment in Shift from Pedestrian: 2600 km pedestrian network. Increase the modal

Non—-motorized

private vehicles

Progress: 2017: 78 km; 2018: 118 km; 2019: 67

share of non—

transport (NMT) | or motorized km; 2020: 95 km. motorized and cycling
facilities vehicles to Bicycle Path: Progress: Trial route 63km in 2019; around 0.4% in 2030
non-motorized 128 km in 2020 and 0.8% in 2050
transport (Table 3)
B.Improve
Fuel efficiency Switch from National target EV market share: 20% of domestic | Penetration of EVs in
standards, gasoline or vehicle sales by 2025 and 25% by 2030. 4.2 the vehicle population
fuel efficiency diesel vehicle million vehicles & 10,000 units of charging about 17% in 2030 and
incentives; to electric stations by 2050 (Schroder, 2021) 100% in 2050
taxes on fuels; vehicles; 2-3
subsidies for wheelers;
ev and hybrid smaller cars
vehicles (improve);
Switch from EV Bus. Replacement program will start in 2021 Rejuvenation of public
Diesel Bus to and will finish completely 100% in 2027 (Nugroho, | transport and flue
EV buses for 2020) gas emission testing.

the fleets of
Trans Jakarta
BRT

Penetration of best
available technology
around 18% in 2030
and 75% in 2050.

Fuel Switching
from regular
diesel to
Biofuel
(Biodiesel) for
commercial
trucks

B30: 2020
B50: 2030
B100: will be achieved in 2045

Ratio of Biofuel in the
Market, around 50%
(B50) in 2030 and
100% (B100) in 2050.

Table 1. Summary of Transformative Actions on Transport Sector in Jakarta
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Note: Data as input parameters for ExSS Modeling

2010 2030 2050 2030/2010 2050/2010
Population Persons 9,640,400 11,310,000 11,914,751 1.17 1.24
No. of households Households 2,416,000 2,834,000 3,135,000 1.17 1.30
GDP mil. Rp 1,075,761 3,073,233 9,856,274 2.86 9.16
Gross output Bil.Rp 2,309 6,608 21,193 2.86 9.18
Primary industry 70.481 194.860 624.944 2.77 8.86
Secondary industry 958.496 2,737 8,777 2.85 9.16
Tertiary industry 1,280 3,676 11,791 2.87 9.21
Gross capital ormation | mil. Rp 136,947 418,655 1,342,683 3.06 9.80
Export mil. Rp 473,891 1,135,113 3,640,460 2.39 7.68
Import mil. Rp 704,743 2,166,537 6,948,378 3.07 9.86
Transport demand
Passenger transport bil.Pass—km 84.328 259.360 303.704 3.08 3.60
Freight transport bil. Ton—-km 2.943 13.440 43.104 4.57 14.65

Table 2. Socio—economic indicators in DKI Jakarta

3.d. Future Low Carbon Transport Scenarios

Scenarios are used to envision the direction of future
visions to achieve low carbon development goals
toward 2050, i.c., Business as Usual (BAU) scenario
and low carbon scenario (CM). We use the similar
assumptions on the basic socio-economic indicators
in Table 2. While the specific conditions on transport
sector are associated with the transformative actions
on transport sectors (Table 1). The total passenger
demand around 84,328 million-passenger kilometer
in 2010 and mostly dominated by private vehicle
(62.85%). The data in 2015 shows the passenger
demand increased 1.9 times while the share of private
vehicle decreased about 5%. The population and
economic development of the city will increase the
demand around 3 times in 2030 and 3.6 times in
2050 compare to 2010. The massive developments
of urban public transport infrastructures and other
transformative actions in Jakartaand surrounding areas
is expected to increase the share of public transport
(road and rail) about 7% in 2030 and around 9% in
2050. The mode share of non-motorized transport is
also expected to increase around 0.41% in 2030 and
about 0.8% in 2050. Public transport rejuvenation
through the technology interventions and switching

to electric vehicles will also reduce GHG emissions.

097

It is assumed in the modeling, the penetration rate of
electric vehicle will be around 18% in 2030 and around
75% of private vehicle in 2050 while 100% of public

buses will use electric vehicle since 2030 (Table 1).

The freight transport increase 1.75 times in 2015
from the reference data around 2,944 million ton-km
in 2010. The freight transport will also rise rapidly
and even faster than passenger transport. One of the
main reason is due to shifting of industry activities to
the tertiary industries such as commercial and services
that need a lot of support from the logistic and freight
(Table 2). As result, we estimated rapid increase of
freight around 4.6 times in 2030 and more than 12.7
times in 2050 compare to the reference year in 2010.
There is limited transformative actions on the “avoid
and shift” of freight transport and the decarbonization
efforts will rely on the technology intervention
through the improvement of the efficiency through
the fuel switching from diesel to biofuel/biodiesel
following the national government policies and
strategies on bioenergy for transportation system. In
the simulation model of freight transport, the modal
share of road, railway and shipping were assumed will
remain same while the penetration ratio of biodiesel
used for commercial trucks will follow the mandatory

program by national government.
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Descriptions

Source: Authors calculation

Passenger Transport
Private Vehicle 62.85 % 58.44 % 58.42 % 55.48 % 53.63 %
A Public Transport — Road 26.32 % 31.88 % 31.86 % 29.51 % 28.63 %
Public Transport — Rail 10.35 % 9.23 % 9.27 % 14.15 % 16.50 %
Airline/Aviation 0.48% 0.45 % 0.45 % 0.45 % 0.45 %
Non-Motorized 0.00 % 0.00 % 0.00 % 0.41 % 0.80 %
Freight
5 Road/Truck 47.46 % 47.46 % 47.46 % 47.46 % 47.46 %
Railway 20.46 % 20.46 % 20.46 % 20.46 % 20.46 %
Shipping 32.08% 32.08% 32.08% 32.08% 32.08%

Table 3. Summary of Transport Demand (Modal Share ~ %)

4. Result of Estimation and Discussion

In parallel with the economic development and
population growth, the transport demand for both
passengers and freight will continue to grow in Jakarta
city and surrounding areas. The energy demand will
continue to grow around 2.96 times (2030) and 5.62
times (2050) higher than the energy demand in 2010
about 5,743 Mtoe. Looking at the profile of energy
use, transportation is the leading sector in 2010 while
it will gradually shift to commercial sector in 2050
(IGES, 2019). As the main industrial activities will
gradually shift to commercial and services (tertiary
industry), the freight services also increase rapidly.
The GHG emission from transport sector will increase
3.08 times (2030) and 3.89 times (2050) compare
to the situation in 2010 about 7,535 Mton Co,.
The low carbon transport programs for passenger
transport and freight transport may improve the
final energy demand on transport sector in 2030 and
2050. Total potential saving from both passenger and
freight transport will be around 1,656 Mtoe (2030)
and 5,700 Mtoe (2050). It gave potential emission
reduction about 10,055 Mton CO, (2030) and 9801
Mton CO, (2050). The potential reduction of low
carbon transport will be decrease in 2050 due to the
improvement and diffusion or penetration of advance
technology on transport priori to 2050. While in
contrast, the diffusion and penetration of low carbon
technology is still limited, therefore, the migration

from less efficient to the low carbon technology create
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a large scale GHG emission reduction in 2030.

The fuel switching program Biodiesel of commercial
trucks on the freight transport demand will give
significant reduction of GHG emission in 2030.
The potential GHG emission reduction is estimated
around 7,728 million ton COye, while the
rejuvenation and improvement of fuel efficiency of
public transport will reduce GHG emission around
1,194 million ton CO,e (Table 4). First, the freight
demand increase rapidly and the penetration of
biodiesel will achieve around 50%. However, in
the long-run, the improvement of fuel efficiency of
public transport will give more significant reduction
of GHG emissions due to its penetration of best of
available technology (75%) (Table 3). The emission
reduction from the improvement of fuel efficiency of
public transport and flue gas emission test will reduce

around 5,542 million ton CO,e (Table 4).

Electrification of private vehicle will potentially reduce
GHG emissions up to 0.427 Mton CO,e and 0.040
Mton CO,e in 2030 and 2050, respectively (Table
4). The impact of electrification of private vehicles
in 2030 is bigger due to the share of best available
technology still very low (18%) in 2030. While in
contrast, most of vehicle (75%) will use best available
technology in 2050 and therefore, the electrification
of vehicles give less impact on GHG emissions. A key
to maximizing the impact on the reduction of GHG

emission from the electrification of vehicle as climate

change mitigation actions on Road Transport in Asia
and the Pacific is to reduce the use of coal for electricity
production. Power generation is the most important
source of CO, emissions from BEV in Asia and the
Pacific. The AP region relies heavily on coal-based
electricity generation (IMF, 2021): coal comprises 60
percent of the region’s generation mix, higher than the
world average of 40 percent. Further, 90 percent of
the region’s CO, emissions from electricity generation
originate from coal. Thus, ongoing plans to invest
massively in coal-fired power plants do not bode well
(IME 2021). The national government of Indonesia
try to increase the share of new and renewable energy
supply up to 31% in 2050 (Erdiwansyah et al, 2019).
Beside the heavily rely on the electricity sources, the
specific policies and strategies at the downstream
areas also play an important role in determining the

significant influence of electrification of vehicles.

5. Conclusion and Way Forward

Transport sector is one of the main source of global
GHG emissions & road transport for the movement
of passenger and freight are the biggest contributors
compare to other transport modes. Freight emissions
are growing faster than passenger transport emissions,
and future emission trajectories of urban transport
will be determined in rapidly urbanizing Jakarta. The
mitigation actions from the road transport sector,

offer the largest magnitude of mitigation potential

Mitigation Actions on Transport

Beside the decarbonization efforts through the
technology interventions as mentioned in above
paragraphs, the transformative actions and massive
developments on providing public transport and
supporting infrastructures such as pedestrian and
walkway also provide potential GHG emission
reductions in Jakarta city. The potential GHG
emission reduction due to shifting from private
vehicles to public transport and non-motorized about
0.703 Mron CO_e in 2030 and 1.134 Mton CO_e
in 2050. Although the transport demand from the
private vehicle will still above 50% in 2050 (Table
3), it gradually decreased compare to the situation
in 2010. To increase the modal shift and reduce the
share of transport demand from private vehicles, it
should be complement with the other policies on
traffic demand management such as parking policy,

road taxation etc.

and there have been also divergent developments
for decarbonization efforts specially focusing on
technology interventions which have different
technology readiness and commercialization levels.
The adoption of alternative fuel (e.g., electricity,
hydrogen, biofuels, and synthetic hydrocarbons/e-
fuels) could support decarbonization and offers
many potential climate benefits on the transportation
sector (Chester and Horvath, 2012). Electrification
for public transport and light-duty private vehicles

include motorcycle are most promising on road

Source: Authors Calculation

GHG emission reduction Mton CO2e

2030 2050
A Passenger Transport

1 Improvement fuel efficiency of public transport 1194 5542
Electrification of Private Vehicles 0.427 0.04

3 Modal Shift from Private to Public Transport & NMT
3.1 BRT 0.110 0.184
3.2 MRT & LRT 0.162 0.195
3.3 Electric Train (Intercity commuter railway) 0.315 0.528
3.4 Non-motorized transport and Bicycle 0.116 0.227

Freight

Substitution of Diesel to Biofuel/Biodiesel 7728 3080

Table 4. Summary of Decarbonization of Road Transport in Jakarta city 2030 and 2050
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transport because it is now commercially available and
likely to be more cost competitive in the near future.
Second, the adoption of biofuel from the biodiesel
produced from palm oil due to its large potential
sources for bioenergy and exogenous shocks from
the overseas markets may improve fuel efficiency and

reduce GHG emissions from transport sector.

The case study in Jakarta city shows the transformative
actions on low carbon transport through various
actions on providing public transport infrastructure
to encourage modal shift from private vehicles
and utilization of alternative fuels (electricity
and biofuel) helps to reduce GHG emissions in
the mid and long-term. The use of biofuel from
commercial trucks provide immediate impacts on
GHG emissions while the improvement of fuel
efficiency and electrification of public transport may
give more significant impact in the long-term. To
maximizing the impact of electrification of vehicle,
complementary program on renewable energy in the
upstream and providing additional supports in the
downstream such as charging facilities. The charging
infrastructure was most strongly related to electric
vehicle adoption (Sierzchula, et al, 2014; Yao, et, al,
2020). The policies focused on early adopters and
niche markets such as public transport companies
would create complementary system effects that
will lead to increased PEV market penetration and
realization of intended societal benefits (Green,
H.E., 2014). Bringing on board the local authorities
and stakeholders strengthen the diffusion process of
EV (Gordon, et al, 2012; Kunle, 2020). The GHG
emission reduction from the modal shift from private
vehicles to public transport as the results of massive
development of public transport infrastructures in
Jakarta city shows a promising mitigation actions on

transport sector too.

The integrated assessment model (IAM) non-linear
programming model ExSS using GAMS v 23.3 could
be used to assess the GHG emission reduction in
the mid and long-term. The result of the bottom-up
approaches at the city level provide opportunities to
reduce GHG emissions in the mid and long-term
future pathways on low carbon transport and GHG
emission at the local level. The top-down approaches
could be combined with the top-down that could

help to explore and identify more transformative and
ambitious actions needed in order to achieve Net Zero
target in 2050 on road transport sector in the Asia-

Pacific Regions.
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Abstract

The Paris Agreement sets the goal to limit the global warming to well below 2°C and preferably 1.5°C. The recent

IPCC report warned that 1.5°C-warming may occur much earlier than expected. To meet the 1.5°C target, global

emissions of greenhouse gases (GHGs) should be net zero by 2050 or earlier. Increasing number of countries, local

governments, and private companies are committing for the 1.5°C target worldwide.

In Japan, this zero carbon movement was initiate by several local governments in 2019, followed by the national

government’s commitment in 2020. Now, over 400 local governments, representing nearly 90% of the national

population in Japan, announced themselves as the “Zero Carbon City” under the national framework (as of July 30,

2021).

‘This article illustrates the rapidly increasing trends of the Zero Carbon Cities with the overview of emission and

energy status in Japan, and analyzes the triggering and supporting elements including the new development of

national policies and strategies to ensure the implementation of zero carbon measures at local level as well as to create

social and economic co-benefit to the local regions.

1. Introduction

1.1. International call for carbon neutrality

The Paris Agreement is an international treaty on
climate change adopted by 196 nations at the 21*
Conference of Parties (COP21) of the United
Nations Framework Convention on Climate Change
(UNFCCC) in 2015. It set a goal to limit global
warming to well below 2 degree Celsius (°C), more
ambitiously 1.5°C above the pre-industrial level.
In 2018, the Intergovernmental Panel on Climate
Change (IPCC)" issued a special report entitled
Global Warming of 1.5°C, which rang the alarm bell
that an increase of 2°C in global temperature may
cause higher and, in several cases, irreversible impacts

and risks compared to 1.5°C (IPCC, 2018). From this

104

report onward, increasing number of countries, local
governments, and private companies, among others,
are supporting the 1.5°C target, which requires that
global carbon dioxide (CO,) emissions should reach
net zero by approximately 2050. Furthermore, the
most recent IPCC report presented new projections
that a global warming of 1.5°C may occur during the
near term, that is, 2021-2040, which is earlier than
expected (IPCC, 2021). This finding calls for further
accelerated actions toward global carbon neutrality
before 2050.

According to the Race to Zero Campaign? of the
Climate Ambition Alliance by UNFCCC, 121
countries, 733 cities, 31 regions, 3,067 companies,

173 investors, and 661 organizations are registered as

Source: MOE, 2021
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Figure 1. Number of Japanese local governments that announced net zero CO, emissions by 2050

actors who pledged net zero CO, emission by 2050.
The country itself as well as 91 local governments
are participating in this campaign from Japan. The
number of registered Japanese cities (91) is the second
largest after Argentina (254), followed by the United
States (75) and Denmark (64) (UNFCCC, 2021).

1.2. Rapid expansion of zero-carbon cities in Japan

In Japan, a total of 432 local governments (i.e., 40
prefectures, 256 cities, 10 special wards,® 106 towns,
and 20 villages) have announced their commitment
to achieving net zero* CO, emissions (in certain
cases, greenhouse gases [GHGs]) by the year 2050.
These local governments represent a population of
approximately 111 million and cover nearly 88% of
Japan’s national population. These announcements
are registered in the national framework named zero-
carbon city led by the Ministry of the Environment
(MOE), Japan. MOE defines a zero-carbon city as “a
local government in which head of the municipalities
or the local government itself publicly announced
a goal to achieve net zero CO, emissions by 2050.”

Figure 1 presents the number of local governments

that announced that the zero-carbon city has grown
rapidly from four local governments in June 2019 to
432 local governments in the present (as of July 30,
2021) within the past two years.

Apart from the international influence, certain
domestic factors promote the participation of zero-
carbon cities. Such factors can be categorized into
three stages. The first was initiated voluntarily by
the four frontrunner local governments (Yamanashi
Prefecture®,  Kyoto City, Tokyo Metropolitan
Government, and Yokohama City). This initiative
then developed into the second stage after the
inauguration of the Minister of the Environment
Koizumi in September 2020, who vigorously called
for participation in the zero-carbon city project.
The initial number increased to over 160 before
the national announcement on carbon neutrality in
October 2020. The third stage was triggered by the
national announcement to achieve net zero GHG
emissions by 20508, which dramatically increased the
number of zero-carbon cities to the current 432 (as of
July 30, 2021).

TIPCCis a body of the United Nations established in 1988 by the World Meteorological Organization (WMO) and the United Nations
Environment Programme (UNEP) with the objective of providing scientific information related to climate change.

2Race to Zerois a global campaign by UNFCCC to mobilize the coalition of leading net zero initiatives of various actors who pledge

efforts to net zero CO, emission by 2050.

310 special wards (Tokubetsu-ku in Japanese) are under the Tokyo Metropolitan Government (comprises 23 special wards).

4 Net zero indicates achieving equilibrium between anthropogenic GHG emissions from sources and removal by sinks, such as forests.

5 Yamanashi prefecture stated "CO,-zero Yamanashi” as a long-term vision toward 2050 in their Action Plan for Global Warming

Countermeasures in 2009.

61n the speech, Prime Minister used a mixture of terms, such as GHGs, carbon-neutral, and de-carbonization.
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In terms of number, zero-carbon cities (432) account
for approximately 24% of the total local governments
in Japan (1,765 local governments: 47 prefectures,
792 cities, 743 towns, and 183 villages”) (Ministry
of Internal Affairs and Communications, 2021).
Large units of local governments tend to display high
percentage of zero-carbon cities: 85% of prefectures
(40 out of 47), 32% of cities (256 out of 792), 14% of
towns (106 out of 743), and 11% of villages (20 out
of 183) (Figure 2).

1.3. Greenhouse gas emissions in Japan and zero-

carbon cities

Japan’s national GHG emission reached 1,213 metric
tons of carbon dioxide equivalent (MTCO,e) for
fiscal year (FY) 2019, which translate to a decrease
of 14% compared with emissions for FY2013 (base

year for Japan’s nationally determined contribution
to the Paris Agreement). This statistics is lower than
the emissions for FY1990, which was the original
base year of the UNFCCC (MOE, 2021). Japan’s
GHG emission reached its peak in FY2013 and has
been declining ever since (Figure 3). However, Japan
accounts for 3.2% of global emissions and ranks as

the fifth largest emitter in the world.

The main factors for the decline in GHG emission
in Japan are the decrease of energy consumption
(e.g., energy savings) and reduction of CO, emissions
from electricity through the expansion of renewable
energy and restarting of nuclear power plants. A
total of 84.9% of Japan’s GHG emissions (FY2019)
were energy-related CO, (Figure 4; MOE, 2021).
Therefore, energy-related policies and on-ground

implementation at the local level are critical.

Source: MOE and Ministry of Internal Affairs and Communications, 2021
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Figure 3. Japan’s national greenhouse gas emissions (FY1990- FY2019)

7 Prefecture overlaps with cities (generally population above 50,000), towns (condition set by respective prefecture, generally population
above around 5,000-8,000), and villages [smaller population than town) (Ministry of Internal Affairs and Communications, Japan, 2021).

Data source: MOE, 2020
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Figure 4. Japan’s national greenhouse gas emissions by gas (FY2019)

data source: MOE, 2017
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Figure 5. Distribution and size of GHG emissions (FY2017) of Cities, Towns, and Villages that announced their

commitment to achieve net zero CO, emission by 2050°

The total emissions from zero-carbon cities in Japan
are approximately 940 MTCO,e (FY2017 8), which
accounts for approximately 72% of national emissions
for the same year despite zero-carbon cities (432 as
of July 30, 2021) and represents only approximately
one-fourth of the local governments in the country
(MOE, 2021). The reason underlying this statistics
is that many zero-carbon cities include large or

industrial cities that fall under the so-called Pacific

Belt (an industry concentrated line from Kanto region
to northeastern Kyushu). Approximately 35% of the
national CO, emissions are derived from the industry
sector (FY2019). Figure 5 illustrates the geographical
distribution and scale of GHG emissions of cities,
towns, and villages that announced themselves as
zero-carbon cities (prefectures are excluded to avoid
duplication). The size and color of the dots reflect the
amount of CO, emissions of each zero-carbon city.

8 The figure is calculated based on the MOE data source for local government emissions (Jichitai-karte) for FY2017. To avoid duplication,
if a prefecture has announced itself a zero-carbon city, then the emissions of the prefecture are counted (emissions from cities, towns,
and villages within the prefecture are excluded). If the prefecture did not announce, then all cities, towns, and villages that announced

themselves as zero-carbon cities are included.

9 The map is made by author with assistance of IGES intern, Mr. Fedor Myasoedov, using the MOEJ's emission data of FY2017 for local

government, Jichitai-Haishutsuryo-Karte.
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Emission Under revision Before revision
status in FY (Reference)
2013
(Mt CO2eq.) Reduction target in Reduction target in Reduction target in
FY 2030 (%) FY 2030 (%) FY 2030 (%)
Total GHG emission 1,408 760 46% 26%
Carbon dioxide (CO2) 1,317 750 43% 24%
Energy-related CO2 1,235 680 45% 25%
Industry 463 290 37% 7%
Commercial and other 238 120 50% 40%
Residential 208 70 66% 39%
Transport 224 140 38% 28%
Energy transformation 106 60 43% 28%
CO2 not related to energy 82.3 70.0 15% 7%
Methane (CH4) 30.0 26.7 1% 12%
Nitrous oxide (N20) 21.4 17.8 17% 6%
F-gases 39.1 21.8 44% 25%
Hydrofluorocarbons (HFCs) 32.1 14.5 55% 32%
Perfluorocarbons (PFCs) 3.3 4.2 +27% +27%
Sulfur hexafluoride (SF6) 2.1 2.7 +29% +23%
Nitrogen trifluoride (NF3) 1.6 0.5 69% 64%

Table 1. Japan's GHG emission status in FY2013 and reduction target in FY2030

2. National policy framework in Japan

2.1. Carbon neutrality by 2050 is now legally
binding

The Act on Promotion of Global Warming
Countermeasures (Law No. 107 of 1998) plays
a central role in Japan’s framework for its climate
change policy, and the provisions have been amended
through successive revisions based on domestic and
international trends. In response to the declaration of
Prime Minister Suga on carbon neutrality on October
2020, the latest revision was enacted on May 26,
2021, to position carbon neutrality as a basic principle
in the law. Countries that stipulated carbon neutrality
in their laws remain limited, such as the United
Kingdom and France. Thus, this movement was
widely recognized as the strong will and commitment

of the Japanese government toward carbon neutrality.

Aligned with its long-term goal, Japan’s mid-term
goal was announced in April 2021 (i.e., reduce GHG
emissions by 46% by FY2030 from its FY2013 level
and continue strenuous efforts in its challenge to
meet the lofty goal of cutting its emission by 50%).
Although this mid-term goal is not legally binding,
this statement has further enhanced the predictability
of Japan’s policy.

Along this line, the GHG emission reduction target
by sector has also been revised (Table 1). Although
these figures remain tentative, a large increase in the
rate of reduction is observed in all sectors, such as the
residential and commercial sectors, which required a

concerted national effort.

2.2. Development of carbon-neutral-related

policies

The challenge of realizing a carbon-neutral society

10 The latest plan was endorsed by the cabinet on May 13, 2016.
" The latest plan was endorsed by the cabinet on July 3, 2018.

12 The latest long-term strategy was endorsed by the cabinet on June 11, 2019.

Source: Council for National and Local Decarbonization. Translated into English by authors.

Regional Decarbonization Roadmap - Overall picture of measures and policies

o Mobilize policies over the next five years to actively support human resources, technology, information, and finance )

(1) Create at least 100 “model decarbonized regions” by FY 2030

(2) Implement priority measures nationwide (e.g., self-consumption solar power, energy-efficient housing, electric vehicles) %)
o Implement three fundamental measures: 1) continuous and comprehensive support, 2) lifestyle innovation, and 3) institutional reform

Priority measures

Self-consumption solar power
generation, such as rooftop PV;
Renewable energy that coexist with
and benefit the local community;

o Propagate the model nationwide and achieve decarbonization without waiting for 2050 (Decarbonization domino effect) (3) Through energy saving, renewable
electricity procurement, and promotion
2020 2025 2030 e 2050 Y procurement, ancp
) * ) * of ZEB for public facilities and other
e commercial buildings upon renewal
2050 and renovation;
Mobilize policies 4 \ (@) Improving the energy-saving
over the next five years 8 g performance of homes and buildings;
§ 2 é c (6) Zero carbon drive (renewable electricity
< St p
(1) Create at least 100 “model decarbonized regions” by FY 2030 £EY E g ;% HEYIRYTES!
- - 83 cEx (6) Transition to a circular economy
(2) Implement priority measures nationwide cZ 583
88 €eg through the advancement of
T ©
% = § g é resource recycling;
*Fundamental measures % EE - (7) Decarbonized urban development
2 K through, e.g., compact plus networks;

C

To be implemented in collaboration with policy programs such as “Strategy for Sustainable Food Systems”, “Green Challenge for

Balancing the improvement of

[R

productivity and sustainability of food,
agriculture, forestry, and fisheries.

Land, Infrastructure, Transport and Tourism”, “Green Growth Strategy Through Achieving Carbon Neutrality in 2050”

Figure 6. Outline of the roadmap for decarbonization of all local governments by 2050

by 2050 is currently positioned as the new growth
strategy of Japan with a virtuous cycle of economic
growth and environmental conservation. One of the
four driving forces set by the Japanese government
is the realization of a green society, which will
be achieved through the promotion of private
investment and innovation, the procurement of
renewable energy as a main source of electricity, and
the utilization of carbon pricing (Cabinet Office,
2021). This basic policy is reflected in the drafts of
the Plan for Global Warming Countermeasures,'”
Strategic Energy Plan," Japan's Long-term Strategy
under the Paris Agreement,? as well as other sectoral
plans. The Roadmap for Decarbonization of All
Local Governments by 2050 (Council for National
and Local Decarbonization, 2021) presents the
following approaches: (1) establishing more than
100 “model decarbonized regions,” where CO2
emission from commercial and residential electricity
consumption should be reduced to net zero is a must,
and (2) implementing priority measures throughout
Japan by 2030 (Figure 6). The specifics of the
requirement for the model decarbonization regions
should be determined by the local governments with
consideration of the local conditions. However, the

roadmap calls for strong support from the national
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government and for collaboration among local
governments, businesses, and financial institutions
for implementation, because the local governments
cannot tackle this project on their own.Along this
line, the GHG emission reduction target by sector
has also been revised (Table 1). Although these
figures remain tentative, a large increase in the rate
of reduction is observed in all sectors, such as the
residential and commercial sectors, which required a

concerted national effort.
2.3. Roles and responsibilities of local governments

Under the Act on Promotion of Global Warming
Countermeasures, the local governments are required
to formulate and implement comprehensive and
systematic measures to control GHG emissions
according to the natural and social conditions of
each area pursuant to the Plan for Global Warming
Countermeasures. Action plans can be grouped into
two categories, namely, action plans for administrative
operations and action plans for area-wide policies
(Table 2). The first focuses on the management
of public facilities and operations, where all local
governments should formulate the necessary policies.

The second is obligated only for municipalities with
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a population of more than 200,000 given that its
comprehensive nature targeting area is within the
jurisdiction of the local government. For municipalities
that aim to become zero-carbon cities, action plans
for area-wide policies are essential. However, reading
national policies into local conditions and planning
for the year 2030 with a long-term vision up to 2050
is difficult for them in a situation of high uncertainty,
where national policies are being formulated one after
another, whereas discontinuous innovation is foreseen
(Orta and Akagi, 2021). Other challenges exist, such
as the lack of local data or the lack of expertise. With
the objective of addressing these issues, the national
government has been promoting the enhancement of

local capacity by setting up a menu of support for the

Plan Outline

Action plan of | A limited plan to promote the
administrative | reduction of GHG emissions
operations associated with office work and
operation of local governments.

formulation of local action plans (MOE, 2021).

Furthermore, with the recent amendment to the law,
the local governments are required to include targets
for implementing measures in the action plan and
to support projects that utilize renewable energy. By
certifying projects that meet the conditions set by the
local governments and providing support through the
application of special exemptions, the introduction of
renewable energies that benefit the region is expected

to progress in a smooth manner.

Source: Ota and Akagi, 2021

Target

All local governments are obliged
to formulate a plan (3,349
organisations).

Formulation status
63%

Action plan A comprehensive plan to promote

of area~wide GHG emissions control according to

policies the natural and social conditions of
the area.

Measures include the promotion

of renewable energy, energy
conservation, convenience of public
transporttion for user, greening,
sound material-cycle society such as
reduction of waste generation, etc.

Prefectural governments, ordinance-
designated cities, and core cities
(Chukaku=shi: more than 200,000
population) are obliged to formulate a
plan (152 organisations)

Cities that are smaller than the core
city (Chukaku-shi), such as wards,
towns and villages are encouraged to
formulate a plan (no obligation).

100% of 152
organisations

26.6% of a
whole (1,788
organisations)

* The above status is from the results of a FY 2019 survey by the Ministry of the Environment. The Survey was conducted targeting a

total of 3,349 organisations, including 1,788 prefectures and municipalities (including special wards) and 1,561 local public organisations

(including unions).

Table 2. Outline of action plans by local governments

Source: MOE |, 2021

Plan formulation Renewable Energy saving Transport

energy

Waste Nature Awareness

conservation —raising

Figure 7. Sectors covered by the overview of initiatives in each zero—carbon city in Kyushu
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Other

Note: Adapted for the Agency for Natural Resources and Energy and the Institute for Sustainable Energy Policies (2021)

Actual status for FY2019

Prospective target by 2030 (Japan’s Sixth Basic Energy Plan)

Hydro 7.4%

Solar 7.4%
Renewable 18% | Biomass 2.7% 36-38%

Wind 0.76%

Geothermal | 0.24%
Hydrogen and Ammonia 0% 1%
Nuclear 6% 20-22%
Liquefied Natural Gas 37% 20%
Coal 32% 19%
Petroleum And Others 7% 2%

Table 3. Energy mix in Japan (actual status for FY2019 and prospective target by 2030)

2.4 Carbon neutrality related policies in Kyushu

Kyushu region, which consists of seven prefectures,
is located in the south-most part of the main lands
of Japan and accounts for approximately 10% of
the national population, 10% of the national GDD,
and also 10% of GHG emissions of Japan, with a
high potential for renewable energy (Ota and Akagi,
2021). Since Kumamoto Prefecture became the
first municipality in Kyushu region to declare itself
a zero-carbon city in December 2019, a number of
other municipalities have followed suit. By the end of
July 2021, this number reached more than 50. Although
the majority of the declared cities are in the process of
developing or revising their action plans, a few of the
early movers, such as Kumamoto Prefecture, Ooki Town,
and Kumamoto Cooperation Center Urban Area'?, have
released new plans. In any case, many municipalities
are focusing on measures in the energy sector, such as
renewable energy, energy saving, and transport sectors
(Figure 7). Awareness-raising, which includes the
promotion of life style change and capacity building

initiatives, are also important, because collaboration

with local stakeholders is essential for implementing

the action plans for an area-wide policy.

The private and academic sectors have also issued a
series of expression of carbon neutrality commitment.
For instance, the Kyushu Economic Federation, which
is composed of approximately 1,000 organizations,
expressed its commitment through the formulation
of the Future Vision of Kyushu 2030 (Kyushu
Economic Federation, 2021). Furthermore, three
financial institutions have joined an international
initiative called the Task Force on Climate-Related
Financial Disclosure (Regional Banks Association of
Japan, 2021)." A total of 19 universities have joined a
domestic initiative called the University Coalition for
Achieving Carbon Neutrality (Ministry of Education,
Culture, Sports, 2021). Moreover, the Kyuden group,
the major electric power company in the region,
developed the Carbon Neutral Vision 2050 (Kyushu
Electric Power Co., 2021). The number of local energy
companies that promote local economy revitalization
through local production and local consumption of

energy with local governments has increased five-

18 Kumamoto Cooperation Center Urban Area consists of the following 18 local governments: Kumamoto City, Kikuchi City, Uto City, Uki
City, Aso City, Koshi City, Misato Town, Gyokutou Town, Ozu Town, Kikuyo Town, Takamori Town, Nishihara Village, Minamiaso Village,
Mifune Town, Kashima Town, Mashiki Town, Kosa Town, Yamato Town. Net zero GHG emissions by 2050 was announced jointly in

January 2020.

14 Fukuoka Financial Group (Fukuoka Bank, Juhachi-Shinwa Bank), Nishi-Nippon Financial Holdings (Nishi-Nihon City Bank), and Kyushu
Financial Group (Higo Bank, Kagoshima Bank) have expressed their support for the recommendations of the TFCD.
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fold after the deregulation of the electricity market
(Ministry of Economy, Trade and Industry 2021)."

In this manner, the enabling environment for carbon
neutrality is being developed. To embody projects
that will benefit the local community and to promote
a fair transition, the creation of a mechanism that
enables local stakeholders to collaborate organically
and to develop human resources who can act as local
coordinators is urgent. Specifically, learning about
specific examples of renewable energy projects that

benefit local communities can drive local action.
3.1. Wind power in Japan
Among the various renewable sources, recent years has

seen the special attention given to the possibility for

wind power after the widespread use of solar power.

Wind power was introduced in Japan in the 1990s.
Currently, 2,414 wind turbines (the sum of onshore
and offshore units) generate approximately 3,920,000
kW as of 2019 (Figure 8). However, it accounts for
less than 1% of the national energy (Table 3).

Furthermore, a great number of wind power projects
are certified and waiting to be installed. Figure 9
indicates the regional amounts of introduction (under
operation) and certification (pending operation)
of wind power generation (the sum of onshore and
offshore units) through the Feed-in-Tariff system.
Tohoku has the largest introduction of wind power
(1,467,000 kW) followed by Hokkaido (541,000
kW) and Kyushu (513,000 kW). For the certified
amount, Kyushu (1,350,000 kW) ranks second after
Tohoku (2,375,000 kW).

2,500

B Amount of introduction of wind power generation (10,000kW)

Figure 8. Accumulated amount of wind power generation and number of wind turbines in Japan (FY2004 to 2019
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Source: Agency for Natural Resources and Energy, 2021
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Figure 9. Introduced and certified amount of wind power

Certificed amount (before operation)

(sum of onshore and offshore) through the Feed-In-Tariff System by regions in Japan in the FY2019

150ut of the 75 regional energy companies partially owned by the local governments in Japan, 16 are based in Kyushu. When the
liberalization of the electricity market began in April 2016, the region contained only three.

16 Figures until FY2016 are based on Japanese fiscal year (April to March), and figures after 2017 are calendar year (January to December)

112

Source: Public-Private Council on Enhancement of Industrial Competitiveness for Offshore Wind Power Generation, 2020.

Introduction targets

2040

Approx. 30GW~
Approx. 45GW

_ 1@%

Figure 10. Introduction target by 2030 and 2040 for offshore wind power in Japan

As the Japanese archipelago is surrounded by several
bodies of water, it has the large potential for offshore
wind power. However, certain natural conditions,
such as the lack of shallow ocean beds and frequent
incidences of typhoons, remain challenging for
offshore wind power as well as the active fishing
industry. In addition to onshore wind power, the
Japanese government has been promoting offshore
wind power in recent years. The Act on Promoting
the Utilization of Sea Areas for the Development

of Marine Renewable Energy Power Generation

3.2. Decarbonized local models: Goto City and
Kitakyushu City in Kyushu

The national government plans to create approximately
100 model decarbonized regions by 2030, which are
expected to initiate the domino effect to all regions in
Japan and to revitalize local societies at the same time.
This section showcases promising and potential models
from two zero-carbon cities in Kyushu, namely, Goto
City (a remote island off Nagasaki Prefecture) and
Kitakyushu City in Fukuoka Prefecture. In these cities,
flagship offshore wind pilot projects were conducted,
which are currendy stepping up as large commercial operations.

Facilities, which was enacted in April 2019, designates
promising sea areas, which render large-scale offshore
wind farms more feasible for long-term operation.
The first version for the Vision for Offshore Wind
Power Industry was developed in December 2020
by the Public—Private Council on Enhancement of
Industrial Competitiveness for Offshore Wind Power
Generation." It set a new target to increase offshore
wind power to 10 GW by 2030 and 40 to 25 GW
by 2040, with the consideration of regional targets
(Figure 10).

<Case of Goto City>

A pilot project of a floating-type wind turbine (2,000
kW) was conducted in Goto City from 2010 to
2015 through funding from the MOE (Figure 11).
The project was verified as durable against typhoons
and to bring local benefits. The foundation parts,
which are made of concrete and steel anchors, were
manufactured in Goto City and other parts of
Nagasaki Prefecture, which, thus, created new local
industries and employment. Furthermore, the project
was found to be a sound environment for nesting
micro marine organisms, which, therefore, attracted

various species of fish (photo on the right; Figure 11).

7 public-private council established in 2019 by the Ministry of Economy, Trade and Industry (METI), the Ministry of Land, Infrastructure,
Transport and Tourism (MLIT), and the industry to advance the offshore wind power generation and competitiveness of industries.
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Renewable-related councils, study groups, and local
energy companies have been actively established by
local stakeholders, such as city administrations, the
industry, academics, and civic organizations. Together
with other renewables, such as solar, renewable energy
reached 51% of the entire electricity consumption
in Goto City (FY2019), which is outstandingly high
compared with the national average of approximately
20%. Eight other offshore wind turbines are under
construction via private consortium, with a total
generation capacity of 16,800 kW (2100 kW x 8)
and are expected to boost the renewable ratio in the
city to 80%. Furthermore, Goto City sets the target of
renewable supply at 132% by 2030 in its Basic Energy
Plan (Goto City, 2014).

Figure 11

<Case of Kitakyushu City>

Kitakyushu City, which is located in northeastern
Kyushu and features a 200-km coastal line,
implemented a pilot project for offshore wind
turbines. Currently, it plans to build a large-scale
offshore wind farm with a maximum of 44 offshore
units. This prospect plan aims not only to install wind
power but also to create an integrated base for a wind
energy industry named Green Energy Port Hibiki
(Figure 12). This port is expected to be the base for the
following functions: (1) wind turbine shipping, (2)
import and export, (3) operation and maintenance,
and (4) wind turbine-related industries. The city aims

to create new industries and employment along with

related research and education.

(left). Floating—type offshore wind turbine named “Haen—kaze” in Goto City / Source: Goto City

(right). Fish attracted to the offshore wind turbine foundation under water in Goto City / Source: Marine Renewable Energy and Fisheries

Source: Green Energy Port HIBIKI: A Wind Energy Industry Hub in Japan, Kitakyushu City, 2021

The Hub has the following 4 functions in one place

Import, export, and shipping base function Logistics base function for turbines, parts, and raw materials

Wind energy Business base function

Industry cluster, supplying projects, services and all other required

for the industry. E.g. Manufacturers, EPCls, O&M, etc.

Wind farm Construction base function

Staging and marshalling port, pre-assembling, loading, shipping-out

of turbines and its components.

0&M base function
Import,export, and |: Wind energy Business

shipping base function base function

Base function to support offshore wind farm operations and maintenance.

Wind farm Construction :l I: 0&M base function J

base function

Figure 12. Imagery of functions of Green Energy Port Hibiki in Kitakyushu City
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4. Conclusion

The zero-carbon movement has been spreading
globally to meet the preferable 1.5 °C target of the
Paris Agreement, which is grounded on the findings of
IPCC. In Japan, zero-carbon movement was initiated
using a bottom-up approach implemented by several
local governments in 2019 followed by the vigorous
call by the MOE, and, lastly, the national pledge
in 2020. In only nearly two years, over 400 local
governments joined the zero-carbon city initiative
established by the MOE. In 2021, epoch-making legal
foundations and policies were built and formulated,
respectively, to realize all levels of commitment.
The revision of the Act on Promotion of Global
Warming Countermeasures afforded a legal status to
the announcement of net zero GHG emissions by
2050 and created an assured environment for local
government and private sectors to invest in long-term
measures toward zero CO2 emission. The Regional
Decarbonization Roadmap indicated a clear timeline
toward 2050, that is, intensive mobilization of
policies by 2025; creation of 100 model decarbonized
regions by 2030; and promoting the domino effect
to all regions by 2050. The Sixth Basic Energy Plan
increased the renewable energy target to 36%-38%
by 2030.

At the present, the legal framework, strategies, and
plans are harmonized toward the common goal
shared by the national government and numerous
local governments and private actors. Thus, the
next step entails the creation of a roadmap and
concreate plans and actions by each actor as well as
the fostering of human resources who can effectively
manage and implement such plans and with certain
knowledge of rapidly advancing technologies and
information. Under the big slogan of a zero-carbon
society, integrating other important issues, such
as regional revitalization, aging and depopulation,
circular economy, resilient society, adaptation, and
digitalization, is crucial. Therefore, determining
common values and avoiding tradeoffs among various
issues and stakeholders is essential for building a
sustainable zero-carbon society. Inevitably, industrial
transformation will occur nationwide, which may
exert negative impacts to certain industries and

people. Thus, ensuring a just or fair transition is
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important, especially from the local perspective.

Local regions hold a large potential for realizing the
zero-carbon society, especially when multiple groups
of people are engaged in determining the synergetic
effects to other important issues in a region. To
create a domino effect from 100 model decarbonized
regions, learning from one another at the local and
national levels is necessary for the carefully design of a
foundation, where a model domino piece will knock
down an adjacent domino piece. Research institutions,
such as the Institute for Global Environmental
Strategies (IGES), can provide assistance in bridging
the national/international communities and local
actors. IGES is eager to contribute by providing
perspectives on how local actors can create synergetic

effects in their region and continue the domino effect.
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Abstract

Electric vehicles (EVs) are anticipated to play an important role in meeting global goals on climate change.
Electrification of road transport is one of the crucial pathways that can considerably mitigate the emissions in this
sector that could limit warming to well-below 1.5°C, which would be inline with the Paris Agreement’s targets (Logan
et al., 2020).

Road transport sector in Pakistan relies heavily on fuel imports; hence it takes a heavy toll on Pakistan’s fuel import
bill (Anwar, 2016). Pollution in major cities has reached alarming levels (Usman et al., 2019). Apparently, Pakistan
currently faces a power surplus crisis. Increased EVs penetration could serve as a productive power demand to achieve
adequate level of utilization of existing power capacity and bring down unit cost of electricity. Electrification of
transportation is one of the effective means to reduce energy intensity in the road transport sector (Lee et al., 2021).
Besides, EVs offer lower running and operational costs, as well as lower tailpipe emissions. All these factors put

together make a strong case for EV adoption in Pakistan.

While recognizing the multiple economic, environmental and social benefits of electric mobility, Government of
Pakistan (GoP) introduced its first ever National Electric Vehicle Policy (NEVP) in 2021, which outlines a number
of fiscal and regulatory incentives to promote Electric Mobility (eMobility) in the country. The two major drivers
behind the rollout of this NEVP are; to reduce Pakistan's heavy reliance on fuel imports to reduce energy intensity

and Greenhouse Gas (GHG) emissions in the road transport sector.

Electric mobility is quite a new space in Pakistan and it is at the very initial stages of its development. Hence, the
Economic Cooperation Organization Science Foundation (ECOSF) immediately recognized the need for capacity
building of various state regulators, market players and grid planners towards accelerated adoption of EVs. This
is a critical step to enable evidence and knowledge based policy decision making to help promote the accelerated

transition towards eMobility in the country.

In this backdrop, the ECOSF in collaboration with United Nations Development Program (UNDP) provided
strategic support to the Government of Pakistan through Ministry of Climate Change (MoCC) and National Energy
Efficiency and Conservation Authority (NEECA), Ministry of Energy (MoE) to explore the potential development
pathways of the eMobility market. This chapter provides some brief highlights of the work undertaken by the ECOSF
on decarbonizing the road transport sector in Pakistan as part of its support program to the Government of Pakistan
in meeting its climate goals. Through this effort, we assessed the climate benefits of accelerated adoption of eMobility
in Pakistan in terms of lower demand for transport fuels, reduced GHG emissions and the need for grid expansion

and strengthening of distribution network in Pakistan (Cornell, 2019).
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One of the key outcomes of this work was computing the GHG emissions of road transport sector to assess climate

mitigation potential of electric vehicles in Pakistan. The findings of this report served as the primary input to Pakistan’s

revised Nationally Determined Contributions (NDCs) to the United Nations Framework Convention on Climate

Change (UNFCCC) (Gyanchandani, 2016).

1. Electric Mobility to Enhance
Nationally Determined Contributions
(NDC) Ambitions and Climate Actions
of Pakistan

Nationally Determined Contributions (NDC) are
non-binding national plans highlighting climate
actions, including climate related targets for
greenhouse gas emission reductions, policies and
measures governments aim to implement in response
to climate change and as a contribution to achieve the
global targets set out in the Paris Agreement. Under
the NDC Partnership program, which supports
the revision of Pakistan’s Nationally Determined
Contribution (NDC) at the MoCC, ECOSF and
UNDP jointly contributed to developing a set of
crucial guidelines for public and private stakeholders

towards implementation of NEVD.

This chapter highlights the execution strategy of
Pakistan’s NDC targets and vision for the transport
sector. It does this by reviewing Pakistan’s NDC and
the EV policy; exploring the transport sector and most

effective policy options for increased adoption of EVs;

2. Measuring the potential climate,
technical and economic impact of
electric mobility in Pakistan

Projecting GHG Emission Mitigation Potential of
EVs.

The GHG emission mitigation potential of EVs was
measured in the form of reduced consumption for
fuels with increasing number of EVs. Results show

that EVs offer tremendous climate benefits in terms
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identifying a wide range of barriers and issues that are
currently restricting adoption of EVs; and outlining
key proposed actions and initiatives for overcoming

these barriers.

This work primarily undertook a comparative
assessment of Pakistan’s national EV policy and
emerging EV markets in the US, EU, China, and
India in the context of EV deployment targets, carbon
emission regulations, fuel economy standards, phase-
out plans for Internal Combustion Engine (ICE)
vehicles and purchase incentives for EVs (ZImm,
2021).

In addition, this work provides insight into global EV
market, highlights key drivers for global EV adoption,
reviews national EV policy of Pakistan in comparison
to other leading economies and underlines the global

EV battery value chain.

Subsequently, the work also examines the key
challenges and factors that will drive the EV
adoption in Pakistan and concludes with some policy
recommendations for accelerated adoption of electric

mobility in Pakistan.

of net emission reduction even after factoring in the

grid emissions.

We measured the net GHG emission reduction
potential based on total emissions avoided by
switching to EVs minus the GHG emissions associated
with electricity consumption for charging EVs. Figure
1 reflects that EVs offer tremendous environmental
benefits in terms of net emission reduction after
factoring in the grid emissions. It demonstrates that
EV could achieve climate benefits within the range
of over 100 MTCO2-eq in high EV penetration

High EV Penetration

B |CEV Emission Reduction ® Electricity Emission

Medium EV Penetration

Low EV Penetration

Net Emmission Reduction

Figure 1. Net GHG emission mitigation potential of electric mobility in Pakistan

scenario to 30 MTCO2-eq GHG emission reduction

in worst case scenario.

This analysis highlights that climate benefits of electric
mobility in Pakistan would continue to increase
with further decarbonization of the grid if we meet
the target of 30% of renewables in total electricity
generation as planned under the Alternative and
Renewable Energy Policy 2019 (IEEFA, 2020).

Assessing impact on fuel demand with increased
EV penetration: EVs were found to reduce fuel
consumption, based on high, medium and low EV
modeled scenarios. With the best-case scenario, high
EV penetration in the market would offer a fuel
reduction of over 18 Million Tonnes of Oil Equivalent
(MTOE) during the period 2021-2030. Similarly, in
a medium EV penetration case, potential reduction in
fuel consumption is expected to be about 10 MTOE.
While in the low growth scenario, fuel saving potential
is estimated to be about 5 MTOE. This translates into
fuel savings of over US$ 12 billion, US$ 7 billion
and US$ 3.1 billion for high, medium and low EV

penetration scenarios, respectively.

EVs Impact on Grid & Distribution Network: The
result underlines that even in the high EV penetration
case with cumulative addition of over 8.2 million EVs
by 2030, our model demonstrated that it is unlikely
to cause large increases in power demand through

2030; instead, it potentially adds about 2 percent to
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the total and requires an extra about 1.7-2 gigawatts
(GW) of generation capacity by 2030.

While the high market EV deployment is not likely
to be a major challenge for electricity grid network
in Pakistan; EVs are likely to reshape the electricity
demand curve and might coincide with existing peak
loads in the evening, if majority of EV owners decide
to charge at home after work (Engel et al., 2019). To
mitigate this impact, Time of Use (ToU) electricity
tariff could be employed to influence charging
behaviors and incentivize charging at off-peak periods
to manage peak demand. This would require the
distribution companies (DISCOs) to plan for system
upgradation. This may require installing transformers,
distribution lines and switch gears to mitigate the

network impacts.

Projecting EV DPenetration based on Total Cost
of Ownership (TCO): We assessed the economic
viability of EVs across different vehicle segments and
various use cases using the TCO analysis. TCO is the
sum of all costs involved in the purchase, operation
and maintenance of a given asset during its lifetime

(Hou et al., 2014).

Based on TCO analysis, we found that 2W -
motorbikes and 3W - autorickshaws are already
at TCO parity with their ICE equivalent models.
Hence, these two segments are likely to shift to EVs
much more rapidly. Whilst TCO equation is not yet
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attractive for 4W passenger electric vehicles as of now
due to higher upfront costs and lower daily mileage.
However, it can economically be viable for 4W electric
commercial fleets with high daily utilization rates.
Whereas the electric buses have a very high upfront
cost differential due to the large size of the battery.
TCO parity can be achieved at the daily usage of over
250 km. However, we believe that the adoption in
buses would be based on support from government

driven demand in the form of additional purchase

3. Key challenges and barriers to mass
of adoption of EVs in Pakistan

Worldwide, major barriers to mass adoption of EVs
are typically higher purchase cost, limited driving
range of EVs, and lack of charging infrastructure.
Although policy and fiscal incentives are in place in
Pakistan, a range of barriers could restrict greater
adoption of electric mobility — These barriers can
be identified across four major areas, including;
policy and governance, infrastructure, financing and
resources and regulatory framework. Our analysis
reveals that there are four critical factors that will
drive the EV adoption in the country over the next
decade — policy support, global battery costs, charging

infrastructure and localization of supply chain.

I.Higher purchase costs act as major impediment
to EV adoption

Higher purchase costs act as major impediment to
EV adoption. While the policy incentives can create
momentum for EV adoption, the eventual large-
scale adoption will only happen when EVs make
economic sense to the end-user. For Pakistan’s market,
consumers are especially sensitive to the upfront cost.
Thus, policy instruments can play predominant role
in scaling up the uptake of electric vehicles.

Currently, EVs are significantly more expensive than
ICE vehicles in terms of the upfront cost (Kumar
and Kanuri, 2020). Hence, the regulatory duty and
tax concessions alone would not be able to drive the
market for large scale adoption — that will happen
only when upfront cost is significantly reduced, and

economic parity is achieved in favor of EVs.
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subsidies and not on TCO parity.

The work also explored the capabilities of local
vehicle manufacturers, how the market is currently
positioned in terms of vehicle sales, who are the
current leading market players and, most importantly,

how the market is expected to change in future, based
on TCO analysis.

II. Additional policy support is needed to generate

the required traction

Governments around the world have introduced
ambitious policies with wide array of subsidies,
purchase incentives for EVs and investments in public
charging infrastructure to support the transition
towards electric mobility. The policy support can be
in form of long-term regulatory signals with targets
for EV with specific timeframes, CO2 emissions
regulations, fuel economy standards, the phase-
out of internal combustion engine vehicles and
financial support as demonstrated in Table 1 below.
These incentives provide a strong signal both to
manufacturers and consumers, which is essential
to build the confidence at the early stage of market
development (IEA, 2021).

Currently, the lack of purchase subsidy and other
government incentives restrict the adoption of
electric vehicles across various vehicular segments.
Leading markets in this space demonstrate that
policy incentives are extremely critical to help drive

momentum for mass EV adoption.

III. Localization of EV Supply Chain

Localization of the supply chain is critical from the
perspective of reducing the cost differential between
EVs and ICE vehicles. A well-developed indigenous
supply chain could help reduce the cost of electric
vehicles. In short term, EV manufacturing in
Pakistan would largely be contingent upon imported
components. Currently, the scale of EV adoption
is too small, which does not justify the localization
of critical components. However, going forward, it

would be important to develop a road map for scaling

Country

Zero Emission
Vehicle (ZEV)
Targets

Average vehicle
fleet emission
target

Fuel Economy
Standards
(Litres/100KM)

Phase—out
of Internal
Combustion
Engine Vehicle

EV Purchase
Incentives

China 30% of New Sales | 117 gCO2/km for | 4.0 L/100km by - US$ 3,200 with
of EV by 2030 2020 2025 maximum price of
EV at US$ 42,400
USA 3.3 million EVs by | 93 gCO2/KM by 4.25 L/100KM 2050 Tax credit up to
2025 2025 by 2025 for Us$ 7500
passenger
cars, and 5.985
L/100km for light
duty trucks by
2025
India 30% of New Sales | 113 gCO2/km for | 4.77 L/100km Earlier adopted US$ 130/kwh -
of EV by 2030 2021 for sedan cars by | this target for US$ 400 for 2/3
2022 2030 but later wheels and US$
withdrew 2000 for 4 wheels
Europe 30 million zero—- 95 gCO2/km for 4.1'1/100 km by Netherland, US$ 2000-7000
emission vehicles | 2020 2021 Iceland, Ireland depending on the
on its roads by and Denmark by type of the vehicle
2030 2030, France and | and capacity of
Spain by 2040, the battery
Germany by 2050
Pakistan | 30% of New Sales | - - - -
of EV by 2030

Table 1. Incentives/Regulatory Signals and policy driven support for ~Electric Vehicles in selected countries

(Compiled by the Author)

up the EV market with vibrant domestic supply chain.
Lithium-ion battery cells, which are the highest cost
component in EVs, are also the most difficult to
indigenize due to reliance on critical earth metals
(Focus on Catalysts, 2020). Thus, Pakistan is likely
to play a limited role in the electric vehicle Li-ion
battery value chain. In medium term, the Pakistani
EV battery industry is expected to remain limited to
battery pack manufacturing wherein the cells may

have to be imported.

Likewise, electric motor and controllers are also
challenging to localize due to their reliance on rare
earth magnets, which could become a bottleneck
to domestic motor industry. However, for small
motors for light electric vehicles should be easier to

manufacture locally.

IV. Lack of fuel economy and emission standards
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for automotive sector

Curbing vehicle population growth, reducing travel
demand and improving vehicle fuel efficiency are three
key elements to reducing overall energy intensity and
GHG emissions in the road transport. Fuel economy
standardization programs and emission targets have
proven to be among the most cost-effective tools in
suppressing fuel demand and GHG emissions from
motor vehicles (Sen et al., 2017).

Despite the fact that road transport sector heavily relies
on fuel imports, Pakistan has not yet established the
national fuel economy standards for local automotive
manufactures. The idea behind a fuel economy
standard is to push automakers to produce vehicles
that travel further on the same amount of fuel, thereby
reducing the need for petrol or diesel and decreasing

pollution. In the absence of these benchmarks,
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there is no motivation for automakers to introduce
more efficient variants in the markets. Besides, these
benchmarks are quite significant in monitoring the
progress towards the commitment that Pakistan has

made under the Paris climate agreement.

V.Charging Infrastructure

Globally, EV adoption has been supported by
widespread charging infrastructure  development
(Altaleb and Rajnai, 2020). Seemingly, with low
market EV penetration, it is expected that the
utilization of charging stations would continue to
remain low at initial stage. In this case, it would be

challenging for private sector to make an investment

4. Conclusion

As the EV revolution is just beginning, Pakistan
adopted its first ever National Electric Vehicles Policy
2020 — a move in the right direction. Global EV
sector is still in its early stage and it would be wise
to ride the wave, as countries with strategic foresight
identify the trends early on and develop technological

capabilities to emerge as the market leaders.

Electric Mobility can potentially bring a number
of benefits to Pakistan: depressing the import bill,
reducing vehicular emissions and noise, developing
a new value-chain for automakers, creating jobs and
adopting cheaper mobility. We demonstrated that
EVs offer tremendous climate benefits in terms of
net emission reduction even after factoring in the
grid emissions. We conclude that following are some
crucial areas that require further actions to help
achieve sustainable transition to electric mobility in
Pakistan.

* Dolicy implementation through robust regulatory
framework to support electric vehicle deployment.
While top-level policy is in place, reflecting
high-level aspirations, however, there has been
a limited action from government setting out
clear directives for taxation, import clearance,
instructions and procedures for implementation
of this national EV policy. The absence of
operational- level work is a fundamental barrier
to EV market development. For effective policy
implementation, key entities need to develop
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into charging infrastructure, which in turn would

reduce the convenience of EV ownership.

Hence, some kind of infrastructural support from the
government may be needed with targeted subsidies
towards installation of charging infrastructure.
This will not only address the range anxiety issues
amongst current EV owners but it will also serve
as demonstration effect for general public, which
can further improve consumer confidence in this
emerging market. While EV policy has provided
some incentives for charging equipment with reduced
duties and taxes, it requires further regulatory and

financial support to help accelerate this transition.

and notify regulations procedures, and standards
for EVs, batteries, charging infrastructure. and
for licensing of companies engaged with their
imports, manufacture, installations, sales, and

maintenance.

Promotion of strategy for ‘Made in Pakistan’
Transition to electric mobility for Pakistan
would not be sustainable unless the indigenous
capabilities and manufacturing base for EV market
are built. This requires channelizing investments
into local manufacturing of assembly lines and
critical parts, including batteries, motors and
electronics for EVs. China dominates the battery
production industry, and we can leverage our
partnership with China for local manufacturing
of lithium-ion cells in the country.

Development of adequate financing, technical and
human resources capacity to scale up the uptake
of EVs Currently, there is insufficient expertise on
the job market, and inadequate technical support
to electric vehicle operators and consumers.
This necessitates additional training and skill
development for practicing mechanics and
technicians in workshops and garages to handle
EV related maintenance and operations. Hence,
it is essential to introduce capacity building
programs with donors’ support for both private
and public sector professionals, technicians and
engineers.

* Regulatory framework for Charging Infrastructure
is critical to streamline the development of
uniform EV charging stations across the country.
Relevant entities shall define clear permitting,

licensing and approval procedures for setting up
EV charging stations. There is an immediate need
for designating a federal agency for facilitating
one window operation for setting up, permitting,
ensuring, compliance and oversight towards
development, standardization of EV charging
infrastructure in the country. This would be
an essential step to develop the set of technical
standards and safety precautions that govern
the EV chargers to promote and facilitate the
sustainable uptake of EV charging infrastructure.

e Charging Infrastructure plays a key role in
enabling and supporting EV adoption. DISCOs
need to plan for system upgradation to mitigate
the grid impacts — transformers, distribution lines
and switch gears. Encourage Time of Use pricing
models (off-peak and peak electricity rate) to
manage the impact of increasing demand on local
distribution network. Standardization of charging
infrastructure is the key to help develop safe,
reliable, accessible and affordable EV charging

ecosystem.

Transport modal shift In addition to promotion
of eMobility, Pakistan needs to adopt additional
transport measures to encourage mode shift to
public transport and railways, improving traffic
flow, promoting eco-driving and car sharing, and
introducing low-carbon transportation strategies.
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In a region responsible for the majority of the world’s
energy consumption, Asia Pacific countries are faced
with a critical tension between a pressing need for
energy to fuel economic development and global
pressure to reduce carbon emissions. Under the Paris
Agreement (which was signed in 2015 by all countries
in the Asia Pacific and the vast majority of countries
globally), the objectives are to reduce greenhouse
gas emissions to limit global temperature increase in
this century to 2 degrees Celsius above preindustrial
levels, and to pursue efforts to limit the increase to
1.5 degrees Celsius. For these targets to be met, it is
critical that the world transitions away from a fossil
fuel economy and, for this to occur, a sustainable and

green source of alternative energy needs to be found.

Hydrogen (produced from low or no carbon energy),
in particular, green hydrogen, has been cited as a

potentially key enabler for this energy transition to

1. Production of Hydrogen

Hydrogen can be produced through different methods
and it is common in the industry to categorise those
methods through a “colour-coding” system based on

the methods of production (differentiated according

occur. Strong government and commercial support,
coupled with technological advancements, point
to promising prospects for development of clean
hydrogen in the Asia Pacific region. However, there
remain various significant challenges to be overcome
before a true hydrogen economy in the region can
mature and take root. In the immediate term, the push
for hydrogen as a clean energy source must confront
and overcome economic uncertainties brought about
by the COVID-19 pandemic. In the longer term,
industry and government participants will need to
develop both the supply and demand ends of the
hydrogen economy (balancing that development
so as toensure its overall commercial viability). This
introductory article provides a broad overview of the
hydrogen market - introducing some of the market’s
key concepts and fundamentals, and highlighting
some of its key opportunities, challenges and recent

developments.

to the carbon intensity involved in the production
method). Broadly, hydrogen can be divided into
brown, grey, blue and green hydrogen (Figure 1).

* Brown hydrogen is produced from the gasification
of coal to produce what is known as syngas (which
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contains, amongst other things, hydrogen). Due
to the production of carbon dioxide and carbon
monoxide, the production process is relatively
polluting. Most of the hydrogen produced by
China (currently the world’s largest hydrogen
producer) is produced in the form of brown
hydrogen.

Grey hydrogen is currently the most common
method of hydrogen production. Under
this process, hydrogen is produced by steam
reformation of natural gas - natural gas is reacted
with steam at a high temperature to produce
carbon monoxide and hydrogen. The process is
energy intensive, and similar to brown hydrogen,
not environmentally friendly.

Blue hydrogen adopts the same production process
as grey/brown hydrogen, but utilises carbon
capture and storage (“CCS”) technology for the
capture and storage of associated carbon dioxide.
However, due to the need for CCS infrastructure,
this is a more expensive method of hydrogen
production (compared to brown/grey hydrogen).
Blue hydrogen is considered to be a transitional
step on the path to green hydrogen production.

Green hydrogen is produced by electrolysis,
which is essentially the process of splitting water
molecules into hydrogen and oxygen, by passing
electricity through water. If the electricity for
electrolysis is generated through renewable energy
sources, the production process does not result in
a carbon by-product, and it is therefore an ideal
(clean) form of hydrogen production from an
emissions reduction perspective.

H: O

O H:

Figure 1. The colours of hydrogen.

One of the main challenges for clean hydrogen
(i.e. blue or green hydrogen) lies in its production
costs. When compared to conventional sources of
energy, these costs are simply too high for hydrogen
to be produced (economically) at a scale sufficient
to substantially replace conventional fossil fuels.
Continual reductions in the cost of production
infrastructure and related technology will be key to
encouraging the widespread adoption of hydrogen.
Apart from the cost of electrolysers, which has been
decreasing over time due to technological and design
improvements (DiChristopher, 2021), the cost of
renewable energy used in producing electricity is
an important factor when it comes to the final cost
of production for green hydrogen. In recent times,
of course, wind and solar costs have come down
significantly, particularly in countries with plentiful
access to sunshine and wind (such as Australia). It is
also important to bear in mind the effect of economies
of scale — the larger the scale of clean hydrogen
production becomes, the more likely that the costs
of production will fall, whether in the form of CCS

infrastructure, electrolyser technology or otherwise.

While the emissions reduction benefits of clean
hydrogen are well-acknowledged, the only way clean
hydrogen can make a significant impact on greenhouse
gas emissions (in line with the emissions targets of the
Paris Agreement) is for clean hydrogen to become a
commercially affordable source of energy and cost-
competitive against fossil fuel. As further discussed

below, there remains promise that reductions in

the cost of renewable energy, advancements in
green hydrogen production technology and scaling
up of hydrogen production will help to improve
the commercial viability of hydrogen production.
And (again, as discussed in further detail below)
government and policy intervention to make carbon
intensive fuels more expensive (for example, through

carbon taxes or emissions trading schemes) or to lower

2. Hydrogen policy development in
the Asia Pacific region

In Asia, there continues to be a heavy reliance on fossil
fuels and the overall energy demand is projected to
continue to grow in the longer term (albeit that we
have seen a recent drop in demand due to the effects
of the COVID-19 pandemic). In line with the Paris
Agreement, there has been a regional push to reduce
greenhouse gases and to lower local environment
pollution. Briefly, we discuss below the current state
of hydrogen-related policy making as well as the
hydrogen production and udilisation potential for

various countries in the Asia-Pacific.

Japan: Under the Basic Hydrogen Strategy
announced by METI in 2017, the Japanese
government announced its plans to realise a
hydrogen-based society, via measures such as the
creation of a commercial hydrogen fuel supply chain,
expansion of usage of fixed fuel cells and fuel cell
vehicles (“FCV”) and the promotion of hydrogen
usage in power generation (METI, 2017). Related to
the Basic Hydrogen Strategy, Japan has also released
a New Strategic Roadmap for Hydrogen and Fuel
Cells to set new targets related to the utilisation of
hydrogen technologies and to set out measures for
achieving these goals (METT, 2019). Japan is a world
leader in the funding of research into hydrogen
technologies, and for the financial year (ending March
2021) the total government budgetary support for
hydrogen is 70 billion yen, which is approximately
USD 650 million (MFAT market reports, 2020).
Given its relative lack of renewable resource (when
measured against its ambitions to increase hydrogen
consumption uptake), Japan is also slated as one of

the potential top Asian importers of green hydrogen.
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the cost of hydrogen production (for example, through
green energy subsidies). This kind of intervention
can, of course, help to level the playing field in terms
of costs, and facilitate continued investment and
technology development, with the long term view of
enabling green hydrogen to become cost-competitive

in its own right.

Korea: In January 2019, Korea announced its
Hydrogen Economy Roadmap with the objective of
placing Korea at the forefront of the global hydrogen
transition. The roadmap sets out the governments
plan to increase hydrogen production and usage, and
to promote the continuing development of hydrogen
technologies, in particular fuel cell technology.
Amongst other things, the Roadmap outlines goals of
producing 6.2 million fuel cell electric vehicles and
rolling out at least 1200 refilling stations by 2040
(IEA, 2020). There is also strong support from the
commercial sector to back the government’s plan.
As part of its 'FCEV Vision 2030" plan Hyundai
Motors plans to invest approximately KRW 7.6
trillion (approximately USD 6.7 billion) in hydrogen-
related R&D and facility expansion (HMG, 2018).
As outlined by President Moon Jae-in, hydrogen is
seen as a key means of bolstering economic growth,
improving energy security and improving reducing
environmental pollution (Korean ~Government,
2019).

Australia: Under the National Hydrogen Strategy
unveiled in November 2019, Australia aims to
become a hydrogen ‘powerhouse’ by 2030 (COAG
Energy Council, 2019), particularly blue and green
production through CCS and access to substantial
renewable resources, both for local consumption
and overseas export. The national strategy is one of
many in play — a number of State governments have
declared similar intentions'. At least a dozen hydrogen
projects for production, transportation or export and
consumption have been announced or are underway.
Some of these are ‘pilots’, to test new technologies
and production processes, while others are being
commercialised. One example is the ‘Hydrogen Energy

Supply Chain’ project, which recently commenced
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commercial-scale production, liquefaction and export
in the world’s first LH2 carrier, the Suiso Frontier
2. Another project of note is the ‘Asian Renewable
Energy Hub’ located in the Pilbara region of Western
Australia, designated with ‘major project’ status by the
Australian government in October 2020. It will use
around 15 GW of wind and solar energy to produce
green hydrogen for export to Asian consumer centres.
By supporting industry, the Australian government is
working towards a goal to produce clean hydrogen for
under $2 per kilogram. With its political will, access
to abundant renewable resources and close proximity
to major Asian consumers, Australia is positioning
itself as a prime candidate for future commercial

exports of green hydrogen to Asian consumers.

China: At a virtual meeting of the UN General
Assembly in September 2020, Chinese President
Xi Jinping announced a commitment from China
to achieve carbon neutrality before 2060. This will
require a significant shift away from fossil fuels, and it
is expected that clean hydrogen will have a major role
to play in that transition. Already, China has stepped
up investments in clean hydrogen and announced
initiatives to promote the usage of hydrogen,
particularly in the transportation sector — according
to the New Energy Vehicle Industry Development
Plan (2021-35) released by China’s State Council,
China will focus on expanding the use of hydrogen in
heavy transportation and developing infrastructure to
support such expansion (Xin, 2021). Between 2016-
2019, the number of hydrogen refuelling stations
doubled every year and there are clear steps to roll
out new subsidy policies to promote the usage of
hydrogen fuel cell vehicles (Yuki, 2020; Jin and He,
2020). Issued last year, the new draft Energy Law of

the People’s Republic of China lists hydrogen as an
energy source for the first time and, while there are
few other details relating to hydrogen in the draft law,
this is an important step towards hydrogen gaining

recognition as a green fuel in the Chinese economy.

ASEAN: While still in its infancy for many countries
in the ASEAN region, some initial steps have been
taken to promote the development of the hydrogen
industry. Increasingly, there is a growing recognition
that hydrogen has significant potential to reduce
the region’s dependence on fossil fuels. In 2020, the
Singapore government announced a $49 million
(approximately USD 36 million) Low Carbon Energy
Research Funding Initiative, which will support the
research and development of low carbon technologies
such as hydrogen (Energy Market Authority,
2020). In the same year, a number of agreements
were executed between Singaporean and Japanese
companies to explore the importation and usage of
hydrogen as a green energy source 34, In Brunei,
preliminary steps have also been taken to explore the
production and transportation of hydrogen - last year,
as part of a hydrogen supply chain demonstration
project, a total of 4.7 metric tonnes of hydrogen
was shipped to Japan from Brunei Darussalam’s first
pilot hydrogenation plant, which is operated by the
Advanced Hydrogen Energy Chain Association for
Technology Development (Kon, 2020).

T Western Australia Renewable Hydrogen Strategy (July 2019); Victorian Hydrogen Investment Program (December 2018); "Hydrogen
Roadmap for South Australia’ in 2017 followed by the South Australian Hydrogen Action Plan (September 2019); Queensland Hydrogen
Industry Strategy (May 2019). A significant number of other State and Federal Government studies and roadmaps have been produced

over the past few years, including the 'H2 under 2’ initiative, which is the first economic target pursuant to the National Hydrogen Strategy.

25ee hydrogenenergysupplychain.com. The project is developed pursuant to intergovernmental and host government agreements between

Japan, Australia, Victoria and the project’s sponsors.

8 Under a memorandum of understanding, PSA Corp. Ltd., Jurong Port Pte. Ltd., City Gas Pte. Ltd., Sembcorp Industries, Singapore LNG
Corp. Pte. Ltd., Chiyoda Corp. and Mitsubishi Corp. will develop ways to utilize hydrogen as a green energy source. See https://www.

4 Keppel Data Centres and Mitsubishi Heavy Industries signed a memorandum of understanding to jointly explore the implementation

of a hydrogen powered trigeneration plant concept for data centers in Singapore through the Steam Methane Reforming process. See
https://www.kepcorp.com/en/media/media-releases-sgx-filings/keppel-and-mitsubishi-heavyindustries-to-jointly-explore-hydrogen-

powered-tri-generation-plant-concept-for-data-centresin-singapore/

3. Potential for hydrogen usage and
production

Hydrogen has a wide array of uses, and it has been
used in various applications for many decades. As of
now, hydrogen is most commonly used in industrial
applications (for example, in oil refining, as a reagent
in industrial sectors such as chemical and fertiliser
production, and as an ingredient in the production
of plastics, fabrics and dyes). However, a key to
realising hydrogen’s potential as a decarbonisation
tool is encouraging its adoption as a fuel source in
transportation and power generation and also as a
means of energy storage. It remains early days but
there are promising signs of a building momentum for

the usage and deployment of hydrogen in these areas.

e Transportation has been identified as a leading
area of hydrogen deployment (albeit still in its
initial phases). In the Asia-Pacific, there is a broad
range of commitment across the government
and private sectors to support the usage of
hydrogen in the transportation sector, being
a major emissions contributor. In particular,
while battery electric vehicles are presently the
preferred choice as a low carbon solution for
small vehicles travelling shorter distances, heavy
vehicle transportation has been identified as a
promising sub-sector for hydrogen FCVs and
more vehicle manufacturers are seeking to invest
in this area of hydrogen usage. Japan, China
and South Korea all have an express objective to
promote the usage of hydrogen FCVs. According
to Japan’s Basic Hydrogen Strategy, the goal is
to have 200,000 FCVs by 2025 and 800,000
FCVs by 2030, and also expand the number of
hydrogen stations to 320 by 2025. Apart from
road vehicular transportation, hydrogen is already
used as a rocket fuel, and there is also potential
for its use as a marine fuel (especially given the
International  Maritime ~ Organizations new
bunker fuel regulations limiting sulphur content
of marine fuels to 0.5% from 1 January 2020) as

well as an aviation fuel.

* In the power and heating sector, there are also

plans afoot to gradually replace natural gas with
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hydrogen. Already pipeline hydrogen injection
is part of the national hydrogen strategy for
various countries including Australia, Japan and
South Korea, and a key plank in the broader
decarbonisation strategy. Initial plans are to blend
hydrogen in a low concentration with natural
gas for injection to avoid major modifications
to pipeline networks (higher concentrations
may require network modifications such as
replacement of steel with polymer pipes or
replacement of compressors). Certain newer
and more advanced gas turbines are already able
to accept fuel blends which may contain 50%
or more hydrogen, and already major turbine
manufacturers are developing gas turbines that
could run on 100% hydrogen. While there is
a long way to go before hydrogen might fully
replace natural gas, the substitution of natural
gas with hydrogen will be a very significant step
away from fossil fuels and towards a low carbon

economy.

* Asameans of energy storage, hydrogen can work in
tandem with renewable energy projects to address
the drawbacks of reliance on renewable energy. By
producing green hydrogen through electrolysers
(powered by renewable energy), energy generated
by wind or solar power projects can be stored and
transported from regions with higher production
and lower demand to areas with lower production
and higher demand, or otherwise simply stored
during low consumption periods until there is
peak in energy demand. Naturally, production of
hydrogen for energy storage purposes will carry
some costs in financial terms and energy losses.
However, the falling cost of renewable energy
enhances the economic viability of hydrogen as
a means of long term, seasonal and transportable
green energy storage. At least in the early days the
utilisation of hydrogen as a means of localised
energy storage may be the most practical and
promising usage, as a step towards long distance/

cross-border transportation of hydrogen.

On the supply side, Asia Pacific holds the potential
for clean hydrogen exports from regions with
plentiful access to renewable resources to high

demand centres in Asia. As noted, Australia stands
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out as a potential exporter of clean hydrogen, due to
its geographic proximity, existing infrastructure and
abundance of renewable resources. New Zealand has
also demonstrated interest in exploiting its hydrogen
export potential. Presently the majority of New
Zealand’s power is generated from renewable energy
sources and the government is keen to support the
development of green hydrogen projects-one example
is the development of a pilot geothermal-powered
hydrogen production facility in New Zealand by a
joint venture between the Tuaropaki Trust and Japan’s
Obayashi’s Corporation. Apart from Australia and
New Zealand, Brunei is exploring its ambitions to
be a hydrogen exporter, having exported a maiden
shipment of hydrogen to Japan (as mentioned
above). Due to land constraints, Brunei’s hydrogen

is more likely to be produced from gas rather than

4. Challenges

Despite the promising prospects for hydrogen, there
are still some significant challenges in the path of its
development as a clean fuel in widespread use. In this
section, we briefly discuss some of these challenges,
and how they might be overcome, in order for a

successful transition to a hydrogen economy to occur.

* Production of blue or green hydrogen remains
expensive compared to fossil fuels. Currently, the
cost of production of green hydrogen is estimated
to be USD 2.50-6.80 per kilogram, whereas the
cost of production of blue hydrogen is estimated
to be USD 1.40-2.40/kg (Collins, 2020). For
green hydrogen to become cost-competitive with
the fossil fuels, it has been said that the production
cost needs to be lowered to USD 2 per kg (Lane,
2020). A key to reducing green hydrogen costs
will be lowering the cost of renewable electricity
and prices for electrolysis facilities. In recent years
there has been a precipitous drop in solar and

wind power costs®, and there are expectations

wind or solar power, and the development of CCS
infrastructure will be key to enabling its production

of blue hydrogen.

Opverall, while it remains to be seen whether hydrogen
production and export can take off on a commercial
scale, there are already several potential candidates in
the Asia Pacific which could serve to supply green or
blue hydrogen to users throughout the region.

that this trend will continue. For blue hydrogen,
the cost of CCS technology will also need to
reduce to improve its cost-competitiveness, and
already there are various CCS projects being
developed to explore the use of CCS technology
on a significant commercial scale®. For projects
which need to source power (rather than self-
produce), managing the electrolyser to meet
downstream demand will generally require
certainty of firm power purchase arrangements. If
those arrangements are with a retailer, “firming”
of the supply adds further cost (and “partial
firming” can add complexity). Project proponents
in this position will want to be in a position to
optimise their cost base by dispatching power
into the grid at higher electricity market prices
(where this market option is available). For
projects and markets with these characteristics,
this may drive participation by those with a
strong power portfolio (or access to one) rather
than infrastructure investors without vertical
integration and who are seeking more stable
returns.Concurrently, there is also increasing

government support for the uptake and usage of

5 From2010-2019, the costofenergyproductionfromsolarphotovoltaics fellbymorethan80%andthe costofenergy productionfromonshore
wind fell by nearly 40%. See https://energypost.eu/5-charts-show-the-rapid-fall-in-costs-of-renewable-energy/#:~:text=Although%20
all%20forms%200f%20renewable,Energy%20Agency%20(IRENA]%20says.

8 For instance, Australia’s CarbonNet Project seeking to integrate various CO2 capture projects and inject CO2 into underground storage

sites in Victoria’'s Gippsland region.

hydrogen. Government support works on both
ends of the equation - in the form of financial
subsidies and investment to make hydrogen
production and usage more economical, and in
the form of carbon taxes and emissions trading
schemes, to increase the cost of fossil fuels.
Various countries in Asia (e.g. Japan, South Korea
and China) have already implemented emissions
trading schemes in different forms, and in 2019
Singapore became the first country in Southeast
Asia to introduce a carbon tax. Especially during
the initial deployment phases, policy and financial
support from the government for hydrogen
technology and infrastructure will be critical to
improving the commercial competitiveness of
hydrogen versus fossil fuels. Hydrogen subsidy
schemes should be coordinated with other
environmental incentive schemes (for example,
relating to carbon pricing or CCS) to ensure
that desired policy outcomes are achieved in an

efficient and targeted manner.

Transportation of hydrogen (particularly over
long-distances) can comprise a significant
component of the final landed cost of hydrogen.
For long distance transportation (for example,
from Australia to Asian countries), the most
realistic options will be for hydrogen to be
liquefied or converted into ammonia prior to
loading on specialised vessels. Both processes
involve a degree of energy consumption and
losses during the conversion and transportation
process. For instance, during the ammonia
conversion process, energy will be utilised to
convert hydrogen and nitrogen to ammonia, and
at the landed destination chemical processing
is required to convert liquid ammonia back to
gaseous ammonia. Being able to control and
reduce transportation costs of hydrogen will be
key in promoting the long-distance export of

clean hydrogen.

Widespread deployment of hydrogen will also
require more investment in the distribution
infrastructure. While certain existing natural
gas pipeline networks can accept a limited
concentration of hydrogen, existing pipeline

infrastructure will generally need to be retrofitted

131

to accept the injection of more concentrated
or pure hydrogen. Similarly, for refuelling
infrastructure, the current infrastructure is
inadequate to promote and support a significant
increase in FCVs. Already FCVs cost considerably
more than cars with normal combustion engines,
and without the construction of hydrogen
refuelling stations, it is unlikely that there will
be a significant uptake in demand for hydrogen
FCVs. Due to the commercial dynamics (i.e.
parties may not invest in infrastructure unless
there is demand but demand will not materialise
without the infrastructure), there is a need for
investors to take a long-term view and also a role
for governments to provide financial and policy

support for additional infrastructure investment.

The development of a hydrogen economy will
require the drafting and implementation of a
clear and comprehensive regulatory framework.
For instance, operational, environmental, safety
and technical standards need to be implemented
in order to ensure consistent standards for
utilisation (for instance, blending with natural
gas), transportation and storage of hydrogen.
In particular, the cross-border transportation
of hydrogen is still in its infancy, and the more
consistent and clearer that such regulations
pertaining to transportation can be, the more
likely this will in turn promote the growth and
development of hydrogen projects. Some countries
have already rolled out initial laws pertaining to
hydrogen usage and domestic safety standards (for
example, in January 2020, the Korean National
Assembly passed the Hydrogen Economy
Promotion and Hydrogen Safety Management
Law). However, substantial further work is still
required to develop detailed rules and regulations,
particularly in the sphere of international and
cross-border regulation of hydrogen trade and

transportation.

In the longer term and for large scale hydrogen
export projects to truly take off, there is a need
for the development and integration of the full
commercial, and operational value chain for
hydrogen. This covers all of the factors described

above, requiring each link in the value chain
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(production, storage, transportation, importation
and downstream distribution) to be progressed
in tandem (and at least in some cases as part of
integrated projects). Due to the complexities
and costs of the hydrogen value chain, the cross
border export of hydrogen will also likely need to
be underpinned by long term offtake agreements,
which in turn will provide the capital and
guaranteed cashflow for project development.
The development of deep and liquid markets
for the marketing, trading and transportation of
hydrogen will also be fundamental to the long term
success of the hydrogen economy. Features such
as appropriate pricing mechanisms, conventions
for measurement and determination of quality
specifications, and consistent methodologies for
the labelling and tracing of hydrogen (such as
certifications for “green” or “blue” hydrogen)
will all be important. Resilient, trustworthy and
traceable certification of hydrogen as having been
produced from clean energy sources will be key to
accelerating hydrogen’s success in the global push
to reduce carbons emissions. Already, there are
several green hydrogen certification and guarantee
of origin schemes proposed in different markets

(for instance, in Europe and Australia). However,

5. Conclusion

Despite the potential advantages offered by hydrogen
in terms of energy decarbonization, there is still
a long way to go before hydrogen can be deployed
on a wide commercial scale. That said, the signs are
promising given the falling cost of production, and
strong, growing government and commercial support

for hydrogen projects.

As a part of the world which holds both significant
potential for clean hydrogen production and is home
to potentially significant demand and consumption
centres, there are strong prospects for countries in
the region to lead in the transition to an international
hydrogen economy. In these carly days, broad-based
government support and commercial commitment
(taking a long-term view of hydrogen’s potential) will
be critical to accelerating the trend towards widespread

hydrogen usage. Over the long term, hydrogen
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these schemes are in their infancy - whether and
how any of them is successfully developed, tested
and adopted at any critical scale remains to be
seen. In this regard, it is possible to look to the
development of the LNG industry as providing
something of a roadmap for hydrogen. Originally
relatively localised and dependent on transport by
physical pipeline, the gas industry transformed
its product into a global commodity through
liquefaction at source, regasification at destination
and long distance ship-based transport connecting
the two. The industry developed on the back
of the project financing of extremely capital
intensive infrastructure, supported by revenue
under long term multi-billion dollar sale and
purchase agreements. In terms of pricing, LNG
has also developed certain pricing indices for its
sale contracts (for instance, the Japanese Crude
Cocktail (JCC) and more recently the Japan
Korea Marker) and increasingly become a more
liquid and flexible traded commodity over time.
Indeed, the connections to LNG may not end
with parallels of this nature - already we are seeing
examples of planning for LNG terminals to have

hydrogen capacity too.

technology and commercial supply and production
chains will also need to form a commercially viable

and cost-competitive alternative to fossil fuels.
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