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Impact of COVID-19 on the Environment, Economy, Society and Health in Southeast Asia

Lihui Zhou', John Joseph Puthenkalam®

Abstract

The COVID-19 pandemic has reversed many of the hard-fought gains made by Southeast Asian
nations over the past few decades, not only damaging their healthcare systems but also impacting their
economies, society, and environment. As an emerging region, Southeast Asia has suffered a heavy blow from
COVID-19, with millions of people forced into poverty, enduring hunger, disease, and unemployment. Fully
understanding the debilitating impact of COVID-19 is a critical prerequisite for Southeast Asian countries
to “Build Back Better’ in the post-pandemic era. To date, few studies have examined these comprehensive
effects. To fill this lacuna, this study draws on the latest available data, applying the comparative research
method to analyze the widespread impact of COVID-19 on the region. It not only offers some clarity as to
what has happened in Southeast Asia but also provides a viewpoint of the short-and long-term effects and
implications of COVID-19. In addition, this paper presents the critical interdependence of the environment,
economy, society, and health and why recognizing this is crucial for Southeast Asian states to achieve
effective recovery. Finally, based on an in-depth analysis, the paper argues that the optimal strategy that
the region should employ to extricate itself from this tragic predicament is to adopt an integrated approach
that takes into account environment, economy, society and health, when developing sustainable plans and

practices for Southeast Asian states.

Keywords: COVID-19; Environmental impact of COVID-19; Social impact of COVID-19; Economic impact
of COVID-19; Health impact of COVID-19; Confinement measures
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Impact of COVID-19 on the Environment, Economy, Society and Health in Southeast Asia

Introduction

The outbreak and rapid spread of Covid-19 have had disastrous consequences on the sustainable progress
achieved worldwide in the past decade. As an emerging economy with a population of over 668 million®,
South-East Asia suffered a heavy blow from the first wave of the Covid-19 pandemic in January 2020. The
region responded quickly and implemented effective public health measures to successfully curb the large-
scale spread of the virus. However, since March 2021, the second wave, triggered by the new Alpha and Delta
virus variants, has rapidly swept over the region. The exponential escalation of confirmed cases caused a
collapse of the healthcare systems in the majority of SEA nations®.

To combat the spread of the virus, the governments of SEA states have enhanced travel bans, movement
restrictions, border shutdowns, and community quarantine®. Although these measures were effective in
controlling the spread of COVID-19, they have had a significant adverse effect on economic growth. The
travel industry and export trade have constituted the main driving forces of economic growth in most SEA
nations over the past 20 years. Therefore, travel prohibitions and the disruption of supply chains due to the
COVID-19 pandemic put many SEA countries in a difficult situation——an unprecedented economic crisis
with millions of unemployed and company failures®. The surge in poverty, hunger, and inequality caused
by the pandemic has reversed much of the region’s sustainable progress achieved in past years. While the
pandemic has reduced pollution in the industrial production and transportation sectors due to movement
restrictions, it has also had a huge negative impact on the environment, economy, society, and health in SEA.

Praveena and Aris (2021) have argued that the COVID-19 lockdown and mobility restrictions have had
a dual impact on SEA’s environment: (a) the improvement of air and water quality, and reduction of urban
noise and land surface temperatures, and (b) an increase in medical and plastic waste and damage to regional
environmental sustainability®. Duncan Boughton et al. (2021) claimed that the COVID-19 pandemic has
adversely affected agricultural production and food systems in SEA states®. Terence Tai Leung Chong
et al. (2021) suggested that the COVID-19 pandemic has resulted in an economic slump and large-scale
unemployment in the region®. Suriyankietkaew and Nimsai (2021) explained how the COVID-19 pandemic
had affected SEA sustainable development and recovery strategies®.

The above literature is important to understand some effects on the SEA region caused by the COVID-19,
but they also show that there is a lack of comprehensive and in-depth studies about the impact of the
pandemic on the whole region and the interdependence of the environment, economy, society, and health,
based on sufficient and accurate data. To “build back better”, it is crucial for SEA countries to better
understand the substantial impact of COVID-19 on regional development, which is necessary to ensure
that no one is left behind in the post-pandemic era. However, to date, research on this aspect remains scarce.
To fill this lacuna, this study draws on the latest available data from verified sources, such as the OECD,

IMF, the WHO, and the ILO, applying a comparative research method to analyze the widespread impact



of COVID-19 on the region. It not only offers some clarity as to what has happened in SEA region but also
provides a comprehensive viewpoint of the short-and long-term effects and implications of COVID-19. In
addition, the paper argues that the optimal strategy that the region should employ to extricate itself from
this tragic predicament is to adopt an integrated approach that considers health, the environment, economy

and society when developing sustainable plans and practices for SEA states.

Results and discussion
Below is a brief discussion and analysis of the impact of COVID-19 on the Environment, Economy,

Society and Health in Southeast Asia.

Environmental impact

With the rapid spread of COVID-19 across the region, governments in SEA countries have implemented
stringent domestic lockdowns for a relatively long period to protect people from infection®. Almost all mass
gatherings, such as sports events, religious festivals, and cultural activities, have been canceled. A wide range
of industries are prohibited from functioning normally because of these stringent restrictions. These lockdown
measures have had a remarkable environmental impact. The most noticeable benefit was the dramatic
improvement in air quality. Because of the closure of large-scale industrial production and less vehicular
movement, waste emission, including CO2 and other toxic suspended particles, has decreased at an unprecedented
rate. The data from the World Air Quality Report published by IQAir indicates an amazing improvement in
air quality in SEA, especially in Indonesia (Figures 1 and 2)"%. However, although mobility restrictions led to a
significant temporary improvement in air pollution in the region, waste emissions would substantially increase

once the social lockdown is relaxed and economic recovery is initiated unless effective measures are adopted”.
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Figure.1 Global map of estimated PM2.5 exposure Figure.2 Global map of estimated PM2.5 exposure
by country/region in 2019 by country/region in 2020

In addition, lockdowns and movement restrictions have had a dual impact on the biodiversity and

ecosystems in SEA region. On one hand, the decrease in human movement has greatly alleviated ecosystem



pressure and benefited the recovery of biodiversity, particularly at some famous ecotourism sites. For
example, during the national lockdown period, national park officials across Thailand documented increased
wildlife sightings of dolphins, dugongs, reef sharks, and primates?; a similar situation also occurred in
Indonesia. However, on the other hand, as economic depression has substantially reduced government
income and plunged 104 million people into extreme poverty in SEA states"?, some important environmental
conservation programs have been impeded due to lack of finance; meanwhile, due to economic hardship,
many people have turned to poaching, logging, illegal wildlife hunting and trafficking across the region"?,
which puts decades’ worth of progress in biodiversity and ecosystem conservation at risk of being lost in a
short time. Satellite data from WWF Germany reveal that there has been an enormous rise in illicit logging
and forest loss across Indonesia®® In Cambodia, bushmeat poaching has increased since the Covid-19
pandemic outbreak. These activities not only cause ecological catastrophes but may also trigger another
pandemic. As wildlife hunting, consumption, and trade bring animals into close contact with humans, this
creates the conditions for the emergence of new intra-specific and inter-specific pathogen transmission, thus
increasing the risk of developing new zoonotic infectious diseases’”.

Furthermore, other detrimental environmental consequences of the Covid-19 pandemic have occurred
in SEA nations. The first is the surge in waste generation across the region, particularly contaminated
medical and plastic waste. For example, the amount of medical waste in Bangkok, Thailand, has grown
dramatically and sometimes surpasses one ton per day. Medical wastes such as PPE and gloves in Malaysia
increased by 27% in March 2020 compared with 2019, followed by 31.5% and 24.6% increases in April and
May 2020, respectively. The plastic waste crisis in this region has become more severe than in previous years.
In Thailand, plastic waste grew to 6,300 tons per day in mid-May 2020 compared to 5,500 tons per day before
the pandemic in mid-May 2019"%. In Singapore, due to the mobility lockdown from April to June 2020,
an additional 1,334 tonnes of plastic waste were generated from food delivery services and takeaways. The
second negative consequence is the relaxation of environmental regulations. Some governments have delayed
or weakened their environmental management policies and regulations after the outbreak. For example,
Quezon City, located in the Philippines’ most populous highly urbanized area, postponed its implementation
of a ban on single-use plastics, originally planned for July 2020, to March 2021%.

In summary, the COVID-19 pandemic has had some positive consequences within a short time,
including improvement in air quality, reduction in pollution emissions, and mitigation of ecological
pressures. In comparison, the pandemic has also generated many significantly negative environmental
effects, such as the rapid increase in medical and plastic wastes, delays in the implementation of
important environmental programs, increase in illegal logging and wildlife hunting, and the relaxation
of environmental regulations. Another critical impact of the COVID-19pandemic is the escalation of
future uncertainty in regional ecological environments. On the one hand, the pandemic has given rise to
opportunities for SEA countries to decrease fossil energy consumption, alleviate climate warming, and re-
examine the relationship between humans and nature by changing the traditional ways of human production
and consumption and by promoting green development in post-pandemic recovery plans. However, it may

also intensify environmental risks in the region, especially in low- and middle-income countries. Economic



recession has meant that more people have fallen into poverty and increased government debt; survival
pressures tend to force people and governments to go back to the “old” ways——sacrificing environment
for economic growth. Considering that all SEA countries have lagged in all but two of the 17 SDG goals
since 2000?”, the choices they make in terms of recovery strategies would play a crucial role in the future

sustainability of the environment in the region.

Economic Impact

Most SEA countries have experienced miraculous growth thanks to export-oriented growth strategies in
the past two decades®, but the COVID-19 pandemic has brought their economies to a standstill. To control
the spread of the virus, governments in SEA countries have taken wide-ranging confinement measures,
such as lockdowns, travel restrictions, business closures, and community quarantines, which have resulted
in a sharp decline in tourism, the disruption of supply chains, reduced export demand, and a disastrous
impact on the regional economy®. To deal with the economic slowdown, governments in SEA countries
have implemented various fiscal policy packages and triggered a rapid increase in national fiscal deficits.

The most apparent economic fallout from the pandemic is characterized by the deeper-than-expected
contraction of GDP in SEA region. Tourism and export-oriented industrialization had helped sustain the
rapid economic growth of most SEA countries in recent years. The dramatic decline in the number of
tourists due to travel restrictions has pushed thousands of restaurants, hotels, and related small businesses
to the brink of collapse. According to the data from ASEAN Statistics Division 2021, the number of visitor
arrivals in SEA grew sharply from 37 million in 2005 to nearly 144 million in 2019, but there has been a rapid
decrease in 2020, ranging from approximately 50% to 80%, close to 100% in some famous destinations like
Bali® Apart from the huge loss to the tourism industry, SEA’s export volumes encountered a rapid drop in
2020 (except Vietnam). Export-driven growth in the region depends on the demand for export destinations
and supply of intermediate inputs, mainly from China, Japan, and the Republic of Korea®. Due to the
disruption of supply chains, the demand for export destinations sharply decreased in 2020, which dealt a
heavy blow to the export industry in SEA region. The downturn in the tourism and export industries led to
GDP growth in SEA countries that was lower than the 2020 and 2021 Asian average. The dramatic drop in
GDP growth presented in Figure 3 shows that the COVID-19 pandemic has hit the main ASEAN countries
very hard, especially Thailand and the Philippines.



Figure.3 GDP Growth Rate of 6 ASEAN Countries (%)
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As a result of the economic downturn, SEA region was confronted with an abrupt increase in
unemployment in 2020 and 2021, in contrast to the previous year (Figure 4). Due to the weak labor systems
in most SEA states, there were numerous informal workers before the pandemic, accounting for 76% of
the regional total employment®?. The majority of these workers worked in the sectors worst affected by
the pandemic, such as food services, accommodation, wholesale, and retail trade®. A 2019 ASEAN report
estimated that 57.5 million informal workers worked in these four sectors in eight of the 10 ASEAN member
states (excluding the Philippines and Singapore, which have no data) before the COVID-19 outbreak.
In Vietnam, Myanmar, Laos, and Cambodia, the informal employment rate in the food services and
accommodation sector accounted for 81-89%, and in wholesale and retail trade this figure was 70-97%.
After the pandemic began, these people were the hardest hit, as they did not have automatic access to social

security when they lost their jobs®.

Figure.4 Unemployment Rate of 6 ASEAN Countries (%)
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Figure.5 Government Fiscal Deficits between 2019 and 2020 in Southeast Asia

Government fiscal deficits in 2019 Government fiscal deficits in 2020

Source: Data from Asian Development Bank.

To prevent economic slowdown and reduce job losses, governments in SEA countries have provided a
range of fiscal support, including direct cash disbursement, forgivable loans, and deferment of payments®®.
All governments in the region have increased their fiscal expenditures, while government revenues
dramatically decreased due to lower tax revenue triggered by the economic depression. Increased spending
and decreased income result in a larger fiscal deficit® which means that a greater portion of government
income must be used to repay debts in the coming years, and the money to spend on other sectors, such
as innovation, public health, and infrastructure, will essentially be reduced. For most SEA countries that
remain in the low-middle-income bracket, large debt repayments may jeopardize their future.

In summary, the fight against the COVID-19 pandemic has caused huge economic losses in SEA region.
Employment growth, poverty alleviation, and human development programs have all been dramatically rolled
back. More importantly, regional economic recovery remains uncertain. On the one hand, because the spread
of the virus in individual countries has still not been controlled, various containment measures could not be
completely canceled in a short time. On the other hand, because of the export-oriented economic strategies of the
majority of the SEA states, the speed and depth of regional recovery will depend, to a great extent, on the global
market reviving. Moreover, the COVID-19 pandemic has had a varying impact on SEA economies. Some suffered
tolerable economic blows, while others were hit harder. For those countries where many people are struggling

to escape poverty or change their status from poor to low-income, the recovery path will be longer and harder.

Social Impact

Although SEA region adopted COVID-19 containment measures relatively early and seemed
more effective in doing so than other regions in the world in 2020, the overall damage caused to
regional social development remains immeasurable®”. This has become especially apparent since
the widescale spread of the Delta variant, which has caused a massive increase in poverty, food

insecurity, inequality, and education deficit, making the achievement of SDGs even more urgent®".



Poverty and food insecurity

The rise of the “new COVID poor” has exacerbated existing food security risks across the region, rolling
back much of the positive progress made by the majority of SEA nations in addressing poverty and food
insecurity over the past two decades®. As the economic depression triggered large-scale unemployment,
the number of families in desperate need of governmental financial support and assistance grew rapidly.
Most countries in the region must overcome these rising poverty problems. According to World Bank (2021)
calculations, the total number of poor people in East Asia and the Pacific is estimated to be 19 million
(at $3.20 PPP/day) and 29 million higher (at $5.50 PPP/day), respectively, in 2021, compared to the pre-
COVID-19 crisis period®. In Thailand, about 1.5 million Thais fell into poverty as a result of the COVID-19
pandemic, with the total number of poor people growing from 3.7 million in 2019 to 5.2 million in 2020
In Indonesia, about 2.76 million people slipped below the poverty line from September 2019 to September
2020; thus, the number of people living below the poverty line reached 27.55 million in 2020 and accounted
for 10.2% of the total population®. Other low-income countries in the region, such as Laos, Myanmar, and
Cambodia, also faced similar pressures due to economic stagnation, unemployed growth, and income losses,
resulting in increased poverty to varying degrees®®.

Income decline and poverty have further aggravated food insecurity in SEA nations. The number of
undernourished people and people suffering moderate or severe food security in the region increased by
2.8 million and 14.5 million, respectively, from 2019 to 2020%7, reflecting the precarious situation of food
and access to food. Farming remains a major source of income in most SEA countries. However, movement
restrictions caused acute labor shortages and triggered decreases in agricultural productivity and rural
income. Moreover, strict lockdown measures disrupted food supply chains, increased the costs of farming
production and transportation, and led to a rise in food prices. For people living in low- and middle-income
countries, who need to spend a larger part of their income, than those in rich countries, to sustain their
families, economic difficulties prevent them from purchasing sufficient food®®. If governments in the region
cannot take swift measures to solve food insecurity, more vulnerable groups, including farming populations,

will face the immense threat of hunger and malnutrition.

Inequality

The COVID-19 pandemic has greatly aggravated pre-existing inequalities within the region in multiple
ways, including by aggravating income and wealth disparities, and increasing educational gaps and gender
inequalities. With the spread of the COVID-19 pandemic, wealth disparities between the poor and rich have
increased rapidly in SEA states. In 2020, the richest 10% of the region owned nearly 69.1% of its total wealth. By
2021, this ratio had increased to 69.6%. Compared with the wealth growth of the rich, the wealth of the bottom
50% decreased from 3.42% to 3.4% during the same period (Figure 6). Moreover, this gap continues to widen
with the prolonged COVID-19 crisis®. In the main ASEAN states, not only has the number of billionaires
increased rapidly since the COVID-19 pandemic began, but also the rate of wealth accumulation has been
shocking (Table 1). Before the COVID-19 outbreak, SEA region was falling short of meeting the SDGs, because

rapid economic growth has been associated with high-level inequality in the long term“”. The COVID-19



pandemic has resulted in a significant spike in economic inequality across the region. Given the growing

societal tensions triggered by the wealth gap, governments in SEA states should pay more attention to this issue.

Figure.6 Wealth Inequality between 2020 and 2021 in Southeast Asia
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Source: Data from World Inequality Database

Table.1 The Growing Wealth of South-East Asia’s Millionaires during the COVID-19 Pandemic

March 2020 Nov 2021
Country Wealth, $bn Number of Wealth, $bn Number of
billionaires billionaires
Indonesia 53.7 15 91 21
Malaysia 44.7 12 59 16
Philippines 31 15 45 16
Singapore 90.7 27 137 29
Thailand 66.4 20 78 29
Vietnam 10.2 4 20 6

Source: https://www.forbes.com/billionaires/

Apart from economic inequality, the pandemic has exacerbated the existing educational gaps in SEA region
and caused greater inequalities that may undermine future human capital and welfare owing to learning loss
and an increase in dropout. After July 2020, schools and universities closed across the region because of the
COVID-19 crisis. More than 152 million children and youths are affected. The closure of schools has posed an
immediate and uneven impact on the population in the region due to unequal access to infrastructure, devices,
and resources, a basic premise for quality multimodal teaching and learning“". Figure 7 shows the enormous
disparities in households with electricity and broadband in all ASEAN countries. While these countries moved
to remote learning modalities during the pandemic, children from poor families and economically backward
areas who could not afford electronic devices and internet connections due to lack of money had considerably
fewer opportunities to engage in online or face-to-face learning activities than those from wealthy families and
economically developed areas. Another crucial factor in intensifying learning loss is the shortage of essential

support for poor families and weak students during school closures.
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Figure.7 Electricity and Broadband Internet Coverage across the Region
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In addition, gender inequality has similarly increased across the entire region. Since the COVID-19
outbreak, domestic violence against women and girls has escalated in SEA states. Women across the region
suffered more violence than men due to food insecurity caused by COVID-19 and the lack of economic
empowerment; 25% of respondents in Lao PDR and 83% in Indonesia thought that domestic violence
intensified because of the pandemic. In Thailand, the number of domestic violence cases doubled during
the quarantine period“?. Similar increases have occurred in Singapore and Malaysia®?. Based on a recent
study conducted in Vietnam, 99% of 303 women aged 18-60 years suffered either economic, psychological,
physical, or sexual abuse during the lockdown; 84% said that they experienced more violence than before
the pandemic, while 80.7% reported that they were physically injured during these fits of rage®?.

In short, the COVID-19 pandemic has had a significant negative social impact on SEA region. The
increasing poverty, food shortage, and unequal access to income, education, and other infrastructure
reduce the life opportunities of those who already face numerous inequalities. If the problem of huge
socioeconomic inequality is not addressed swiftly by social reform, SEA region will face an uncertain
future. New inequalities will soon emerge, and more children and youth will be trapped in a vicious cycle
and fall further behind®). When that occurs, SEA region as a whole will be thrown into continual political

and economic unrest.

Health Impact

SEA region was regarded as a successful model because of the public health measures effectively
implemented during the first wave of COVID-19 in 2020. However, the rapid spread of Alpha and Delta
variants in the region from March 2021 transformed the situation“?. The exponential growth in the infection

rate, compounded by the shortage of healthcare instruments, triggered a collapse of the healthcare system
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and a substantial number of deaths and years of life lost in most Southeast Asian countries“”. Based on the
data published by the WHO Dashboard (until February 21, 2022), the total number of confirmed cases and
deaths in SEA region surpassed 18 million and 310,000, respectively.

The health impacts resulting from COVID-19 vary greatly due to the huge gaps in socioeconomic
development and public health coverage within the region’s countries; the low- and middle-income countries
suffered the most severe shock. In Figures 8, we see that the death rates in Indonesia, Myanmar, and
Cambodia are 2.9%, 3.5%, and 2.4%, respectively, far higher than those in Singapore (0.2%), Thailand (0.8%),
and Malaysia (1.0%). Given the significant disparity in health information systems and the limited testing
capacity in developing countries, published data on deaths and confirmed cases in SEA region are probably
considerably lower than the real number“?. Moreover, increasing evidence has shown that COVID-19 can
result in long-term and lingering symptoms called post-COVID-19 syndrome in some patients recovering
from the infection, such as fatigue, headache, concentration disorder, and lung damage®. It is therefore
impossible to assess all direct health impacts on infected people in the short term; other far-reaching effects

on public health will require additional time to identify and verify over a sufficient time span.

Figure.8 Fatality Rate of COVID-19 in Southeast Countries (to February 21, 2022)
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In addition to direct health impacts, there were huge and indirect negative effects on prevention and
treatment services for non-communicable diseases due to disruption caused by the pandemic to the supply
and demand for health facilities and care personnel®?. Confronted with the rapid spread of COVID-19 across
the region, most SEA countries had to reallocate scarce medical resources and national funds in order to
reduce morbidity and mortality from the pandemic, which resulted in the denial of urgent health services
and medicines to many people with other diseases such as cancer, chronic dermatitis, cardiovascular disease,
pneumonia, and diabetes, particularly in low-income countries®”.

Even routine immunizations in children have been significantly affected, for example, approximately
84% of immunization services in Indonesia ceased operations, especially for the MMR vaccine®. In
Singapore, there was a 25.6-73.6% decrease in MMR uptake rate and 8.0-67.8% drop for PCV®?. In addition,

public health sector funding for other disease control programs such as HIV, malaria, and TB have been cut
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down to support COVID-19 containment. For example, it is well known that SEA region remains a high-risk
tropical area for malarial outbreaks and plays a pivotal role in global malaria elimination and eradication
strategies. However, almost all malaria activities planned for 2020 have been disrupted because of the
reprioritization of the national budget and lockdown policies in some SEA countries, including Indonesia,
which has the highest burden of malaria in the region®?. These complications resulting from the COVID-19
pandemic have led to an enormous number of deaths and potential years of life lost.

In summary, the COVID-19 pandemic has caused an immense loss of life across SEA region. This poses
a severe threat to regional sustainability. In most SEA countries, investment in health has remained lower
than economic growth for a long time. Out-of-pocket spending is far higher than the global average. These
inadequacies have greatly augmented the mortality rate due to COVID-19 and other non-communicable
diseases in the region, particularly in low- and middle-income countries. To mitigate health losses in future
crises, it is crucial for SEA states to re-examine the role of sound healthcare systems in national development,

increase governmental health spending, and establish adaptable health systems.

Conclusion

Not only has the COVID-19 pandemic shown how an infectious disease can set back socioeconomic
achievements by years in the SEA region, but also how vulnerabilities in healthcare systems can have a
huge impact on public health and environmental conservation. The COVID-19 crisis has revealed that SEA
states have paid a huge cost by neglecting the interdependence of economic, social, environmental, and
health factors in traditional development models for a long time. This provides a window of opportunity
for all SEA states to rethink development and promote a model shift towards sustainable development in
the post-pandemic era. The COVID-19 pandemic is not likely to be the last; the question is how SEA region
will prepare for the next pandemic? Every country and government must draw upon the lessons from the

current crisis to make changes necessary to defeat the next outbreak.
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Evaluation of water environment in Lake Yanaka

using phytoplankton as indicators

Qi Dong, Guangwei Huang

Abstract

The species composition, dominant species, extant quantity, and other indicators of algal communities
sensitive to environmental changes in water quality vary in water environments with different nutrient levels.
Thus, algae can reflect the ecological conditions of waters in a timely, accurate, and comprehensive manner.
The main objective of this study is to investigate the community structure and diversity of phytoplankton
in the Watarase Retarding Basin, to analyze the water quality of the Watarase Retarding Basin in
combination with biological indicators, physical and chemical indicators, and to analyze the correlation
between phytoplankton density, species, diversity, and seasonal changes, to provide a scientific basis for the
management and environmental protection of the Watarase Retarding Basin. It also provides a theoretical
basis for the evaluation of water ecological health indicators as well as water ecological remediation. In this
study, the species diversity and richness data (Margalef richness index, Shannon-Wiener diversity index,
Simpson index) of the phytoplankton community were compared, and the relationship between biological
indicators, physical and chemical indicators, plankton community, and water quality indicators were

analyzed, and the plankton was used as an indicator for evaluating water quality and ecological environment.

Keywords: Watarase Retarding Basin, phytoplankton, water, evaluation
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OVERVIEW OF THE LOCALIZATION OF RENEWABLE ENERGY TECHNOLOGY IN INDONESIA:
TYPES, BARRIERS, AND OPPORTUNITIES OF THE IMPLEMENTATION

Deanty Mulia Ramadhani, Masachika Suzuki

Abstract

Indonesia is expected to achieve the national target of renewable energy use by up to 23 percent by
2025. Multi-sectoral efforts and collaborations are encouraged to pursue this target since renewable
energy transition requires the roles of multi-stakeholders and institutional arrangements at any levels. The
objective of this article is to overview the development of community-based renewable energy transition in
Indonesia, particularly small hydropower (SHP) and solar PV projects. It identifies the development of the
implementation types of energy transition at the local level, what the barriers or challenges faced during the
transition process, including the potential opportunities emerging from the localization of renewable energy
transition process, particularly in hydropower and solar PV, where remote areas and islands in Indonesia
have huge potentials within them. The research illustrated in this article used two main research methods
consisting of literature and policy document reviews and stakeholders’ interviews. This article addresses an

inter-disciplinary approach in the context of community participation in rural energy transition process.
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OVERVIEW OF THE LOCALIZATION OF RENEWABLE ENERGY TECHNOLOGY IN INDONESIA:
TYPES, BARRIERS, AND OPPORTUNITIES OF THE IMPLEMENTATION

1. Introduction

Indonesia is expected to achieve the national target of renewable energy use by up to 23 percent by 2025.
Multi-sectoral efforts and collaborations are encouraged to pursue this target since renewable energy transition
requires the roles of multi-stakeholders and institutional arrangements at any levels. In respond to synergize the
Paris Agreement and 2030 agenda, in which to increase the affordability of clean energy (SDG #7) and intensify
climate actions (SDG #13), Government of Indonesia (Gol) aligns the national energy policy with Nationally
Determined Contribution (NDC) with the involvement of, not limited to national and local government,
also non-state actors, for instance NGOs and private sectors. Several strategic national plans to reduce the
emissions to 29 percent by 2030 in sub-sectoral approaches are taken by Gol. Policies and programs on energy
sector through the implementation of clean and renewable energy transition is asserted as one of the national
mitigation measures on NDC and implemented under the Presidential Regulation Number 71/2011". The
development of renewable energy sources, such as solar PV, wind turbine geothermal, biogas, biomass, and
hydropower for electricity production is taken into consideration as an approach to meet an ambitious national
energy mix target (See Figure 1). Despite of the largest contribution of oil and coal in the total energy mix,

Figure 1 shows the slight rise of new and renewable energy supply percentage from 2019 to 2021.

Primary Energy Supply (2019) Primary Energy Supply (2021)

m ol mOoil
m Coal m Coal
Gas Gas

New Renewable
Energy (EBT)

New Renewable
Energy (EBT)

Figure 1. Primary Energy Supply of Indonesia (2019) and (2021)
(Source: Handbook of Energy and Economic Statistics of Indonesia, 2021)

As Indonesia has abundant renewable energy sources, the Gol believes that clean energy could be a
solution to decrease the discrepancy of energy access and affordability between urban and remote areas.
In order to promote renewable energy transition for energy security and affordability particularly in rural
and remote areas, the Gol has stipulated several policies and regulations related to clean and renewable

energy utilization through commercial and non-commercial power plants®?. Missing the 23 percent target of
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national renewable energy in the energy mix is an eye-opening notice for the Gol to be committed to a market
expansion and investment acceleration of renewable and clean energy in Indonesia despite of its abundant
resources and current policies existence. Not limited to the Gol, the role of private sectors, both foreign and
domestic investors, is also imperative to improve the feasibility and sustainability of the smart-grid projects in
Indonesia. The Gol is required to create an investor-friendly with considerably less-risky market atmosphere
and predictable regulatory system®. In this way, the investors could have more confidence to do investment in
a settled market system. On the other hand, it is important as well for the private investors to take into account
and align with the principles of renewable energy business opportunities set by the Gol which include (1) the
local content requirement and (2) investment and ownership restrictions. The characteristics of energy market
in Indonesia should be identified and recognized by the relevant involved actors, in particular private investors
to successfully develop smart grid transition projects in Indonesia. Creating inclusivity and viability within
the project are two main points that has to be necessarily taken into account.

As mentioned above, the Gol claims that they have enacted supporting policy regulations related to clean
energy transition acceleration through business and investment opportunity. In 2000, the Gol reformed
energy regulatory body from the Ministry of Mines and Energy to the Ministry of Energy and Mineral
Resources (MEMR) and re-defined national energy dominant polices. The commitments of the Gol to
clean and renewable energy development target and priority are incorporated into the National Energy Plan
(Rencana Umum Energi Nasional or RUEN)™. According to MEMR, hydropower, bioenergy, and geothermal
play primary and substantial roles in clean energy development in Indonesia which the installed capacity of
each account for 4,826 MW, 1,438 MW and 1,671 MW respectively (See Table 1). In developing country,

such as Indonesia, financial, and economic feasibility becomes an important

Table 1. New and Renewable Energy Potential Capacity

No. | Type of renewable energy Potengsll V;a)pacity Instali;[i ‘;’a)pacity Percer(l;)a)ge use
1 | Geothermal 29,544 1,438.5 4.9
2 | Hydropower 75,091 4,826.7 6.4
3 Mini-micro hydro 19,385 197.4 1.0
4 | Bioenergy 32,654 1,671.0 5.1
5 | Solar (4.8 kWh /nzlgj"iis) 78.5 0.04
6 | Wind 60,647 (£4m/s) 3.1 0.01
7 | Sea wave 17,989 0.3 0.002

Source: MEMR (2017)

determining factor to install renewable energy technology. In that case, hydropower is considered as a

cost-efficient technology option compared to others in terms of the construction, installation, operational

and maintenance with the minimum payback period around from 1 to 6 years!*"8],
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On the other hand, solar PV which has the largest potential capacity (207,898 MW) accounts for less than
100 MW and smaller compared to other installed renewable energy sources in Indonesia. Despite of the small
number of the installed capacity, MEMR targets to optimize solar PV installation through developing two
types of solar PV, which consist of solar PV ground mounted and rooftop solar PV®. According to RUPTL,
the Gol under the PLN, as a state-owned electricity company in Indonesia prioritizes the development of
solar PV named centralized PV for electrification acceleration in rural and remote areas where the national
grid is not accessible. The decreasing cost installation of solar PV at the global market influences the solar PV
deployment, both on- and off-grid technology appears to be more potentially competitive and prominent in
Indonesian energy policy targets'. Despite the abundance of solar energy potential, as Indonesia is located
nearby equator line with sun lights along the year, the Gol still has difficulties in achieving national target
of the installed solar PV technology according to the National Energy Planning (RUEN). The geographical
advantage that Indonesia owns is not conformable to the government capacity to manage renewable energy
sources into worthwhile clean energy technology.

Despite those identified advantages of hydropower and solar PV technology as clean energy, in the aim of
installation, the Gol prioritizes more on the development of small scale and micro-grid technology (SRETs)
rather than the larger ones, especially in the rural, remote and island areas. In terms of the sustainability risk
aspect, large hydropower could expose effects to the safety of aquatic biota biodiversity and the water quality!"!.
Although there is still no absolute agreed definition of small-scale hydropower that is scientifically proved, a
maximum of 10 MW is the accepted installed capacity of micro-hydropower scale. This case also applies to solar
PV technology where the government’s ambition is primarily focused on developing small scale distribution and
off-grid solar PV networks to be deployed in the rural area settings"?. Small scale renewable energy technology
might fit to the developing countries such as Indonesia. From the economic and environmental points of view, it
is more cost-efficient, less adverse effects to the environments, and more feasible in decentralized management.
The implementation of small-scale renewable energy in rural and remote areas might have advantages for the local
people to increase the energy supply. However, at the same time, it also could be challenging for the government
to have good practices and find the right actions in the implementation and management that involves multi-
stakeholders, such as private sectors, investors, non-governmental organizations (NGOs), regional government,
local community, and others, with multiple interests.

Various schemes of renewable energy technology deployment have been implemented in Indonesia.
For instance, the Gol has set strategies and regulations to increase the renewable energy infrastructure
in Indonesia to optimize the energy supply in the rural and remote areas. However, the implementation
is conducted in various business schemes, particularly when it comes to rural community which has the
influence to the transition process. Therefore, this article overviews how clean and renewable energy
transition process is localized following the distinctive inherent characteristics of each rural area and
community. This study identifies the development of the implementation types of energy transition at
the local level, what the barriers or challenges faced during the transition process, including the potential
opportunities emerging from the localization of renewable energy transition process, particularly in

hydropower and solar PV, where remote areas and islands in Indonesia have huge potentials within them.
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2. Literature Reviews
2.1 Energy Policy Framework in Indonesia

In terms of the energy sector, Indonesia has set of specific regulations stipulating national energy policy,
which is called as National Energy Policy (KEN: Kebijakan Energi Nasional). This regulation is recognized as
a set of national fundamental energy policy framework that refers to Energy Law No. 30/2007. According to
this law, it enacts that government is responsible to guarantee the energy supply to the community, efficient,
optimum, and sustainable energy sources management, and provide subsidy for poor community groups, and
international. In Article 17 and 18 under the Law No. 30/2007, the national government is obliged to involve
regional government and take into accounts the opinions and inputs from the local community™. The
roles of the community in the national and regional energy strategic planning are imperatively mentioned
within the law. In Article 23, it is also mentioned that energy exploitation services can be carried out by the
business entity, permanent establishment and individuals comply with government regulations. It depicts
that energy supply services and management requires varies of stakeholders, not limited to governmental
actors, also non-governmental ones. Based on this law, President of Indonesia formed the National Energy
Council (DEN: Dewan Energi Nasional) to formulate national energy policies stipulated by the government
with parliament members’ approval and supervise the energy policy implementation. Table 2 summarizes

the contents of Energy Law No. 30/2007.

Table 2. Summary of Energy Law No. 30 / 2007

Articles Contents
Article 3 Guarantee of stable energy supply
Article 4 Control and regulation of energy resources carried out by the government
Article 5 Guarantee of national energy reserve
Article 7 Provision of subsidy fund for poor community groups by national and regional government
Article 9 Government is obliged to encourage local content requirement in energy management
Article 12 National energy council establishment
Article 17 The involvement of regional government
Article 19 The roles of non-governmental actors, including individual community or groups
et e ) | Do s snd et oyt o sy aspcs d s b
Article 21, verse (3) Facility and or incentives from nati.onal and. or regional 'government'for' u'tilization of new and
renewable energy conducted by business entity, community group or individual.

Source: Constructed by the author

As mentioned above, the KEN is the fundamental Indonesian energy planning policy. The KEN was signed
and stipulated by the President of Indonesia under the Government Regulation (Peraturan Pemerintah No.

79/2014). This government regulation is established to carry out Law No. 30/2007 regarding the energy policy
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implementations. The KEN provides directions on management of energy independence and supports the energy
development compiled as a guide for national energy security. Within this PP No. 79/2014, there are also some
articles that promote the involvement of non-governmental actors from cross-sectoral and level organizations in
the national energy management. In Article 23 verse (1), it is mentioned that the development and strengthening
energy access and the infrastructure is carried out by the national and or regional government. However, in the
following verse (2), it clarifies the previous verse that the development and strengthening energy access and
infrastructure is conducted in several ways, and one of them is providing the access to and facilitating community
in gaining energy-related information in transparent and accessible ways. In the article explanation of PP No.
79/2014, the Gol also acknowledges that energy-related problems in Indonesia is not limited merely to the lack
of energy infrastructure and national budget, but also the energy management has not fully implemented the
principles of the sustainability"”. Table 3 summarizes the main content of PP No0.79/2014 that is related to the

energy localization and the involvement of the non-governmental actors.

Table 3. Content Summary of PP No. 79/2014

Article Contents

Article 3, verse (1) | National energy policy consists of 2 (two): main policy and supporting policy

Supporting policy complies the energy diversification, subsidy and incentives, infrastructure and

Article 3, verse (3) energy access for community, technology development and funding

Article 6 Promoting energy management independence and fair and equitable access for community

Increasing the energy mix with 23 percent of renewable energy by 2025 and minimum of 31

Articl,
rticle 9 percent by 2050

Source: Constructed by the author

Table 3. Content Summary of PP No. 70/2014 (Cont.)

Article Contents

Article 11 Energy development prioritizes utilizing local energy resources

Renewable energy sources from hydropower and geothermal are utilized for electrification; and

Article 12 . . L . .
solar is for electrification, industrial, transportation, and household sectors

Government controls renewable energy market, including minimum quota of electricity sourced

Article 20
rhce from new and renewable energy

National and regional government provides fiscal and non-fiscal incentives for renewable energy

Article 22 verse (1) diversification

Incentive provision for the development, business, and utilization of small-scale renewable

Article 22 verse (2) .
energy located in remote and rural areas

Acceleration of new and renewable energy infrastructure provision and convenient access to

Article 23 .
community

Article 26 Regionalization of electricity energy supply to areas outside Java Island

Source: Constructed by the author
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Another policy instrument to support the development of new and renewable energy in Indonesia is
Presidential Regulation (Perpres) No. 112/2022. This regulation is enacted to accelerate renewable energy
transition development across Indonesia and increase the energy investment!®. This regulation explains
about the position and role of Perusahaan Listrik Negara (PLN), the owned-state electricity company, as the
most authorized institution to conduct sale and purchase agreement and formulate RUPTL which contains
the procurement, transmission, distribution, and/or sales of electricity power business to the consumers.
However, based on Ministerial Regulation (Permen ESDM) No. 53/2018, PLN is diverted to become a limited
liability company or Persero. Within Perpres No.112/2022, it regulates that if the power plant is established
by private business actors, renewable electricity energy procurement pricing consists of 2 (two) methods,
(1) the rooftop benchmark price, (2) deal price, with or without considering the factor of location. The
rooftop benchmark pricing applies for hydropower and solar PV. In order to strengthen the electricity supply
system, PLN in this case can buy the excess power from the business license holder that utilizes renewable
energy sources. If the power plant is established wholly or partly by government or regional government,
including grant project, the procurement pricing applies the rooftop benchmark price for all power plant
capacities. The power procurement process owned by business entity is carried out by 2 (two) methods;
direct appointment and direct selection. Those processes are conducted under the authority of PLN. The
decision of power procurement methods depend on who holds the business license holder (IUPTL)"”. The
Direct appointment method is applied if the power purchase comes from hydropower that utilizes dam or
irrigation channel owned by the government, including the capacity expansion from solar PV. On the other
hand, direct selection is carried out through the lowest prices offer based on the rooftop benchmark price
and conducted in transparent and fair without giving privilege to any party. The power procurement process
applies different methods if the power plant is established by governments or considered as the grant project.
This project is included as non-commercial power plant project, which the goal of the energy infrastructure
development is located in rural, remote and island areas of Indonesia.

The Gol, under MEMR, also has enacted the Ministerial Regulation No. 38/2016 regarding the
acceleration of rural electrification in remote areas and isolated islands through utilization of small-
scale renewable energy development. This regulation is to manage electricity supply in a small scale
with maximum total capacity of 50 Megawatt (MW). In the case of non-governmental-owned power
plant, Gol has set regulation PP No. 25/2021 which one of the main points is about Business Area (BA).
According to the regulation, one business area is undertaken by merely one business entity, which could be
government, private business holder, including local cooperatives. This policy provides wider opportunity
of participation in electrification acceleration for multiple stakeholders, from governmental to non-
governmental institutions. Wide policy instruments are existed to differentiate various types of renewable
energy electrification business model in Indonesia, including regulating the depth of non-governmental
actor participation within the transition process. Figure 2 summarizes the administration and regulatory
process with regards the renewable energy infrastructure development acceleration according to the national

policy instruments and regulations.
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Generally, the government strategy in accelerating renewable energy infrastructure development consists
of 2 (two) aspects, which include (1) commercial and (2) non-commercial renewable energy projects™®. Figure 2
depicts that either commercial or non-commercial energy project, the aspect of community is considered within
the process. However, the extent to which the involvement of community within the transition process is not
explained further yet. According to Ministerial Regulation No. 36/2018 with regard to Operational Guidelines
of Special Allocation Fund (DAK) Implementation on Small-scale Energy Sector, government strategy in
renewable energy acceleration is focused on funding physical installation through DAK to those rural and
remote areas where electricity access is not available yet. The renewable energy power plants primarily focus on
micro-hydropower, solar PV (floating and centered), biogas, including the revitalization of micro-hydropower
and solar PV. In the context of hydropower and solar PV installation, regional government is authorized to
designate an organization to conduct the operational and management of power plant installation, including
community organization. According to Ministerial Regulation No.38/2016.

On the other hand, in the commercial aspect which the funding source is mainly from the private
sectors, Gol also enacts regulations through Ministerial Regulation No. 38/2016, No. 53/2018 with regard
the acceleration of the small-scale rural electrification. Despite the business license holder is handed over to
the private actors, the participation of community is also taken into account within the transition process in
various agreed business model. During the administrative process, community characteristics are identified
prior to install the power plant in the area. Through the regulations, the Gol encourages the establishment of
the community engagement between the private actors and the local community where the energy transition

project is installed.

2.2 Current Stage of Localization of Clean and Renewable Energy Transition in Indonesia

As an archipelago and tropical country, Indonesia has abundant natural resources of water and sunlight
along the year. It is expected that with those rich domestic natural resources, Indonesia is able to meet the
energy and electricity demand at the national level. Contrarily, the utilization of solar PV and hydropower
have not been optimal yet. The share of new and renewable energy in total energy mix of Indonesia
approximately reaches 12 per cent by 2021 with hydropower becomes one of the most substantial utilized
renewable energy sources which accounts for 3 per cent™. On the other hand, solar PV contributes for 0.05
per cent of the total energy mix of Indonesia by 2021 with slight increase per each year. Those numbers show
that the utilization of renewable energy sources is not growing side by side with the potential of the available
natural resources. Nevertheless, there is still no previous literature mentioning the significant influence of
renewable energy potential availability to the ability of meeting the electricity energy demand. In this case,
the availability of natural resources for renewable energy utilization has to take the good® practices and
sustainable management into consideration, including who controls the operational and management, who
the actors are involved, and how those relevant actors are interconnected, including the existed regulations
and supporting policy enacted by the government to rule the implementation. The role of local communities
and non-governmental organizations is the key aspect in building a sustainable and reliable system for

renewable energy development in Indonesia.
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There are numerous of theoretical frameworks used to identify the involvement of community in
energy transition in different ways of aspects. The concept of ‘community’ has a wide-range of ways and
is challenging to define, in which it is notable to consider the sizes, levels, and process of social norm
development to have community engagement. The ‘community’ term has been tailored to the energy
sector and emphasized with the emergence of community energy. A number of studies show a significant
intercourse between ownership scheme and the implementation process of decentralized community energy
projects?. Ownership was identified as one of the determinant aspects to increase the participation of local
communities, particularly in rural areas®!. However, little of them explores the extent to which degree of
participation of the community in particular ownership models in energy transition projects. The rationales
for local community engagement within the renewable energy project might be encouraged by the expected
outcomes from the project to multiple stakeholders®, mainly by the financial issues which is considered as a
primary contributing factor in successful low-carbon energy initiatives®!. In the community-based energy
project, community participation depends on agreement and contract which the involved actor’s community
agree, for instance community energy project in Europe emphasizes not limited to social inclusion, but
also financial inclusions, which local community organizations invest and run the project?. Therefore,
the implementation of ownership model in community energy can be varied in terms of arrangements,
structures, and level of inclusivity. In addition, willingness of community to participate is also connected
with the extent to which participation level is opened and accessible for community. Social expectations,
for instance, can be an important aspect which influence the community expectations and participation

roles which the locals want to involve®,

2.2.1 Badan Usaha Milik Desa (BUMDes)

Generally, regional governments also have responsibility in ensuring the energy supply to the regional and
village areas of Indonesia. One of the responsibilities of the regional governments is depicted in the Regional
Energy Planning or called Rencana Umum Energi Daerah (RUED). In order to attract the interest of external
investors and boost community involvement, it is necessary for them to provide a business model that is not
only investor-friendly, but also reliable and appropriate for local customs and characteristics. Community-
based energy projects have been expanding widely, particularly in rural and remote areas of Indonesia.
Community participation is an imperative factor to influence the success of renewable energy power plant
operational and management®”. Promoting the establishment of community autonomy in management of
small hydropower (SHP system, such as local cooperative (koperasi) and local business entity or Badan Usaha
Milik Desa (BUMDes) is one of the ways to involve local community within the renewable energy transition
process in rural and remote areas. Gol regulates the role of BUMDes in Presidential Regulation (PP) No.
11/2021 which defines BUMDes as a legal entity established by the village or together with villages to manage
business, exploit assets, develop investment and productivity, providing services and/or providing types of
business for the greatest welfare of villagers®. Through decentralized scheme of renewable energy technology,
it could stimulate business opportunity and increase the job employment for local community®”. The

business unit can vary from economic to public services that are managed independently by the organization.
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2.2.2 Local Cooperatives (Koperasi)

Local community is mostly represented by locally or village organized cooperative, which is commonly
called as Electricity Cooperative (Koperasi Listrik Pedesaan/KLP)®". Despite of significant role of local
cooperatives in rural electrification program, not only providing social participation, but also aiming to
increase the business opportunity and economic benefits for local community, it is often left behind during
the development process. Whereas, in order to increase four main indicators of energy security (availability,
accessibility, affordability, and acceptability), energy policy and infrastructure development are not adequate
yet to improve the energy security. As social and cultural transition can only be driven through structural
changes and collective values and awareness, the role of village cooperatives is necessary as an institutional
instrument at the local level®. Indonesia is a country where the cooperatives have significant role and
influences to the economic growth, particularly in the villages and rural areas®. The Gol has enacted Law
No. 17/2012 and supporting Government Regulations No. 7/2021 regarding the cooperatives. According to
those regulations, the local cooperatives get access to Special Allocation Funds (Dana Alokasi Khusus) from
the national government to business activity empowerment and development, including electricity energy
provision for the interest of the local people. The International Labor Organization (ILO) also promotes that
local cooperatives can significantly contributes to the rural electrification acceleration, either in developed
or developing countries®™!. Based on Law No. 30/2009 about electricity, not limited to private actors, but
other non-governmental organizations, such as the cooperatives or community organizations are allowed
to involve in electricity supply business®*. The form of participations of local cooperatives could be various
depending on the power plant capacity, from building partnership with private developers to owning the

power plant®,

2.3 Community-based Hydropower Development

According to the data from MEMR (2016)%?%7), Indonesia has approximately 75 GW large hydropower
and 19 GW small hydropower potentials. However, only around 9 per cent of the total potential is installed
into the large hydropower power plant!. Besides the abundance of hydropower resources potential, Gol also
has been encouraging the development of hydropower in Indonesia, particularly in rural and remote areas
due to its safety and less risk. A wide range of study have previously mentioned that hydropower is widely
known as one of the most significant advantages renewable energy technologies with lower cost and risk yet
high reliability which might be compatible for rural condition®*, In particular, small hydropower (SHP) is
regarded as one of the reliable renewable technologies to expand the participation of local community and
self-sustainability in rural energy transition. Imo et al. (2019), for instance, analyzed that small hydropower
technology, which is less risky and complex compared to the large one, gives impact to rural and remote
community, especially in driving the economic and social benefits to the dwellers.

Community-based business models in SHP development in rural have been evolving around the world.
Some previous studies have identified several case studies of micro hydropower across the world that provide
business opportunities for local community to involve, not limited as the user or the consumer, but also

as the owner, the investor and or the management. Alam et al. (2021) studied a case study of community-
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based SHP in rural areas of Miyazaki prefecture in Japan. Their research identified the constructed business
scheme within SHP where independent community cooperative is purposively established to build business
operational and management at the local level. The study found that community manages from the
upstream to the downstream of SHP development, without the intervention of external stakeholders, such
as government and private sector. According to this study, this type of a community-owned SHP business
model is acknowledged to provide an opportunity for the local dwellers to build more reliable and sustainable
system of SHP as the technical and organizational aspects are taken care by the local community, in this case
the local cooperative as the business management. In Nepal, community owned and managed-hydropower
is also considered as a renewable energy technology that fits to the needs and local dwellers and geographical
characteristic, particularly producing multiplier effects to agricultural household productivity*”!. Koirala
et al. (2019) concluded that renewable energy development that positions community as the owner and
management could aim to reduce the poverty at the local level. The electricity tariff is also mutually agreed
by the local community as the owner and the users at the same time. In addition, besides community-owned
SHP, community ownership also embodies in co-owned SHP business model in which the community
collaborates with either government or non-governmental actors. El Bote SHP, for instance, located in
North-Central Nicaragua is also another example of how community initiative based renewable energy
project with co-funding sources is built and managed by the local dwellers. According to the report of the
United Nations Industrial Development Organization and the International Center in Small Hydro Power
[2019], El Bote SHP was established using a combination of private and public funding sources and bank
loan for the construction. This report depicts that co-ownership model of SHP could increase the efficiency
and quality-service of the technology. Through collaboration in funding and management, the potential

risk and burden of maintenance could be shared with the private sector as well.

2.4 Community-based Solar PV Development

Solar PV has been rapidly developed as one of the alternative renewable energies in rural areas in
Indonesia. In order to foster the implementation of Solar PV transition in rural areas, the concept of localized
business scheme has been promoted as one of the tools to elicit inclusive community participation and pave
the way for community in business opportunities through a co-ownership energy model. Through the co-
ownership scheme, community participation is expected to be executed in a concrete form and inclusive
program, not merely limited to social participation, also financial inclusion. It is expected to increase
community participation in rural energy development and encourage provision of community benefits.
Indonesia has increased its oft-grid solar PV installed capacity for approximately 6% in a year from 2021
to 2021, with private production (owned by private or non-PLN) accounts for around 114 GWh, more than
production owned by PLN (6 GWh) in 2021 (BPS, 2021). This number is away from the national target set by
Gol through the national Energy General Plan (Rencana Umum Energi Nasional, RUEN) 6.5 GW of solar
power installed capacity®!. Even though, solar power is considered as the largest source Indonesia has, which
accounts for 208 MW compared to other renewable energy sources in Indonesia (MEMR, 2021). Gol steps

up the ambition to achieve the national target of installing 1000 solar PV projects focused in rural, remote
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and island areas. This program is devoted to the areas of Indonesia where face the drawbacks on electricity
expansion and unreachable network access from PLN. The off-grid mode is regarded as one of the win-win
solutions for rural electrification considering the distance of rural and remote areas from the national grid.
Wide range of studies analyze pertinent the development of solar PV in Indonesia, particularly discussing
the potentials and the roadblocks of the installation. Hamdi (2019) identified the policy dynamics which
influence the solar PV development in Indonesia®?.

One of the issues that Gol has to pay attention to is aligning the human resources capacity and skills
to go along with the energy infrastructure development. Another core issue in accelerating the potential of
renewable energy development in Indonesia is also the national energy-related regulations mandated by the
Gol which tend to extend the bureaucracy process of the energy installation®. The complexity between the
institutional context and the human resource issue hinders the acceleration of energy transition in Indonesia.
Regarding the potential capacity, solar PV is recognized as one of the largest renewable energy alternative
sources in Indonesia. It is taken into account by Gol as an efficient, low emission-produced energy sources
and win-win solution to rural and remote electrification. On the other hand, the installed capacity of solar
power plants is far away reaching from the national target mandated in RUPTL by MEMR. High-cost solar
PV investment and maintenance is one of the drawbacks of the solar PV expansion. Modjo (2019) criticized
the Gol priority in solar PV acceleration is inverse with solar PV-related policy and regulations mandated
by Gol. He mentioned that according to RUPTL 2019-2038, solar PV planned capacity is targeted at 207,898
MW of 127 GW as the total capacity needs in 2025. This number indicates that PLN primarily rely on
solar panel installations for increasing solar PV installed capacity, while commercial solar PV mini-grid
is not prioritized yet. In this case, MEMR requires private collaboration and investment to boost solar PV
development in Indonesia, not merely limited to on-grid large solar PV, but also mini off-grid scale and

encourage solar panel installation for residential and business buildings.

3. Research Methods

The objective of this article is to overview the development of community-based renewable energy
transition in Indonesia, particularly SHP and solar PV projects. This study used 2 (two) main research
methods which consist of: (1) literature and policy document reviews and (2) stakeholders’ interviews.
This article affords an inter-disciplinary approach in the context of community participation in rural
energy transition process. This article builds on data collection and review analysis of existing relevant
literatures on community-based renewable energy, in particular with regard to solar PV and SHP. The
review includes reports, presentations, articles, policy documents, evaluation and monitoring documents,
published or non-published documents and literatures issued by the government* as well as scientific
institutions that captures the development of community-based solar PV and SHP projects in Indonesia.
The study focuses on policy document and literature review analysis, as the other previous studies overview
the energy community, its evolution and transition process*I“#7 Subsequently, this article also collects

policy instruments-related documents from municipal authority to analyze and understand to what extent
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policy and regulation dimensions have been reaching out the development of the localized renewable energy
transition in Indonesia, particularly small-scale projects that involves local community and local institutions.

All the chapters of official governmental policy documents are identified and summarized into several
main points which explain the development of community energy, including the determinant factors and
aspects that might influence the policy implementation. To measure the validity of this overview, this
study merely considers studies (journals/papers/articles) that are undertaken by scientific institutions
or public authorities. Through conducting initial review of policy papers and relevant scientific journals
and documents, the authors include the papers with at least one contribution found by the keyword for
community energy or energy community.

The second step of this study methods is conducting semi-structured interviews adopting snowball
sampling as the method of stakeholder’s selection. The objective of the in-depth interview aims to illustrate
how the development of community energy at the level of implementation, from the business scheme,
the involved relevant stakeholders, the existed barriers and the potential opportunities. The goal of the
stakeholder interviews is to perceive to what degree the policy instruments and regulations are executed
and influence the implementation of the community energy. The interviewees cover non-governmental
organizations and private sectors, including the local cooperative, private donor, and the local business
entity or known as BUMDes in Indonesia. The last step is to conduct analysis on business model canvas. In
order to aim visualizing various business models implemented in the localized community energy project
in Indonesia, business model canvas is used as a mapping tool to identity a wide range of constructed
community-based energy business models in Indonesia, particularly in rural areas. The business canvas
model helps to generate the potential business models in the field of renewable energy sources*?. It also
directs to identify the existing business models and generate other potential business models*”. Figure 3

summarizes the structure of research presented in this article.
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LITERATURE AND POLICY REVIEWS

| STAKEHOLDER INTERVIEWS

Types of literatures: List of Interviewees:

Proceeding journals, peer-reviewed

papers, reports, books, database and
official policy documents

-JICA (Japan International Cooperation
Agency)

-Yayasan HIVOS (Humanist Institute for
Development Cooperation) - NGO

-Local cooperative (Koperasi Jasa Peduli
Lingkungan)

-PT. SKY Energy (Private developer)

Language used:
Bahasa Indonesia and English
Publication Year:

2005-2022 Used languages:
Search engines: Bahasa Indonesia and English
Science Direct, Google Scholar, Interview tool:
ResearchGate, Google Zoom
Keywords:
Community Energy, Energy Main points of questions:
Community, Community-based -Perception regarding localized community
energy, community-owned energy, energy
co-ownership, Public Private -The roles and the degree of the
Partnership (PPP), Hydropower, participation of affiliated institutions in
Solar PV community energy transition
development
-The benefits and drawbacks of community
energy implementation
-The challenges of the implementation of
localized community energy.
| Total identified journals/books (n = 35) | | Total stakeholders interviewed (n = 4)

| Total identified policy documents (n = 24) |

Figure 3. Systematic review on community energy in Indonesia constructed by the authors

4. Results and Discussions

This section outlines the result and discussions which comprise 3 (three) parts; the types of community

energy in Indonesia, the barriers and the opportunities of energy community practices in Indonesia.

4.1 Constructed Types of Community-based Energy in Indonesia

Despite of multiple interpretations regarding the terms of community energy or energy community
or localized energy, this article identified the relevant journals and policy documents of Indonesia and
sum up the ‘constructed’ definition of community energy that is implemented in Indonesia. The community
energy followed with the constructed term depicts that the embodiment of the localized community
energy might lead to various practices and forms of partnership in different areas and cases. According
to the stakeholder’s interviews, most of the interviewees, both from private donors and local community
cooperatives agreed that a project is properly defined as localized energy transition project when community
(including the community organizations and cooperatives) is the main actor within the process, either it
is community- or private and government-initiated project. The geographical condition and community

characteristics primarily raise the distinctive on business models and partnership implemented within
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the localized energy projects. However, theoretically and practically, the role of locally-organized business
entity and cooperatives play major positions and influences the extent to which the community energy can
possibly implemented in reliable and sustainable ways. According to the collected data, there are basically
two types of identified localized community energy in Indonesia. First, community-owned energy where
the transition initiatives primarily come from the local community itself. Using business model canvas,
the author documented how the community-fully owned energy project is implemented. The roles and
influence of national government, in this case MEMR and Ministry of Villages are not that significant
since the local community mainly controls the transition process, from the installation to operational
and management. One of the interviewees on this study from the representative of the local cooperative,
mentioned that the benefits of this scheme of localized energy is the community is not necessary to deal
with complex government administrative bureaucracy. The highlight of this business scheme is that the
locally managed business entities take a control in the energy financing management, including making
estimations on the nominal of dues, the profits and revenues. The role of private actors is limited to providing
the funding or grants to the community-initiated energy projects. They have finite authority on operational
and management of the renewable energy supply projects.

The second identified type of the localized community energy is co-owned energy projects. This
type of community energy model basically involves local community and other relevant stakeholders,
which could be private sectors and/or local governments. The role of community is not as strong as in
the community-owned energy scheme. The key partners are similar to the previous business scheme.
However, PLN has the obligation to procure the electricity produced by the power plant producers if
the capacity is less than 10 MW, including the excess power supply by cooperatives®. If we take a look
back at the identified policy documents issued by the Gol, Indonesia has basically provided a wide space
for the local entities and communities to directly involved in community energy transition in rural
areas. The birth of policy instruments that governs the community initiative of energy projects and
decentralized energy project managed by local cooperatives, such as Law Presidential Regulation (PP)
No. 11/2021, Law No. 17/2012 and supporting Government Regulations No. 7/2021 have shown the
commitment of national government to boost energy independency through localized energy system in
rural areas and attract private donors or investors to collaborate with local communities. Those regulations
stimulate the evolution of types of community energy practices in Indonesia, especially in rural areas,
where local community and cooperatives become the initiator, owner, including the operator and

manager. Figure 4 and 5 separately summarize business model canvas on two different types of projects.
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Figure 4. Business Model Canvas on Community-fully Owned Energy Project (Analyzed by the authors)
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Figure 5. Business Model Canvas on Co-ownership energy business model (Analyzed by the authors)

4.2 Barriers of Implementation

The existing barriers within the localized community energy project vary depending upon the

implemented business models and the scale of the installed power plant. First, in the context of community-

owned energy project, the local cooperatives as the locally-controlled business entity found that the lack

of financial security is the primary identified barrier during the implementation process. Although

the community-owned energy project receives the funding from external private donor company or

organization, the allotment of funding is used for technology equipment and installation of the power

plant, such as generator procurement, solar PV array, battery bank installment, and the electric grid supply.
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According to the stakeholders’ interviews, international private organizations, such as JICA and HIVOS
mostly contribute to the community project financing and have less intervention and involvement within
the management. Since the principal goal of establishing community-owned energy project is to provide
electricity supply to rural local community, business activities and profits are considered as the least priority.
According to the literature reviews, most of previous studies show that community-owned energy project
primarily focuses on fulfilling the needs of local community in terms of electricity demand for lightning
and other household activities. On one hand, the revenue streams are limited to the voluntary contribution
of community. On the other hand, the electricity tariff in community fully-owned energy project is decided
based on the agreement of local community and cooperatives which makes this business model is not feasible
to receive governmental subsidy for the electricity tariff. This kind of system tends to be vulnerable in the
context of project and finance sustainability for the long-term. Paticularly, in the case of solar PV technology
that requires high-cost maintenance and repair in the emergency case, community-owned project faces
difficulties in this term.

Secondly, with respect to the co-owned energy projects, they incline to be less susceptible in the context
of financial security. If community is in partnership with the government, MEMR has designated a specific
area and budget project for renewable energy development within the co-owned energy. The sources of the
project budget also come from potential various stakeholders, which could be private donors, international
grant donors, including national budget (APBN) that has been regulated within the national energy plan of
Indonesia. In this case, the pricing system is decided following the flooring electricity tariff determined by PLN.
Therefore, within the co-owned energy company, the consumers feasibly receive the governmental subsidy
for the electricity tariff reduction, in particular among underprivileged citizens in rural and remote areas.
However, in the sense of energy project procedurals, this type of the localized community energy business
models has reliability on governmental bureaucracy procedures, as the project area is legally categorized under
governments or private’s business areas. Meanwhile, in the community-fully owned energy, community has
lack business on governmental bureaucracy, since the business area is not connected to the national grid and
legal authority’s business area. Local cooperatives, as the main actor of management of community-owned
energy project, for instance, are not required to propose the repair check and maintenance if there are technical
and managerial troubles related to power plants, including the local control at the household levels. In this
case, the dependency of community on authorities’ power is less than compared to co-ownership model. Most
stakeholders during the interviews agreed that the matter of cost is the primary barriers in terms of operational,
management and maintenance under the community-owned energy scheme. This matter becomes the potential

hindrance for the sustainability of the community-owned energy project.

4.3 Potential Opportunities

Despite of the remaining barriers and drawbacks among those two different localized community-based
energy schemes, each of them has potential opportunities. According to the above-mentioned literature
studies, most of them highlighted that through community-owned energy project, the local citizens and

organizations are provided with more spaces of learning and empowered. The system within the community-
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owned energy project can bring energy independency and energy security closer to the community, not
merely because of the electricity grid position, but also the control and management is operationalized
locally at the household and/or local cooperative’s controls. Through community-owned energy scheme,
community can gain more socio-economic benefits. Local cooperatives, in particular, can conduct the
community services and at the same time generate the direct economic benefits and intangible advantages
to the local community, such as knowledge, technical and managerial skills, including the access to control
the demand, supply, and the community expectation management towards the transitions in decentralized
system. These potential opportunities might not have within the co-owned energy scheme, as the control
and managerial tend to be centralized by powerful actors, for instance private developers and governments.
The top-down managerial scheme might hinder the knowledge generations to the local community. The
interdependencies and interconnections between community and private developers and government
incline to be significant and complex. However, this scheme could provide communities to the access of
modernization and acceleration of technology development in their areas. The co-owned energy scheme

can bring open access to the energy investment to increase the local economic productivity.

5. Conclusion

In the community-based energy project, community participation depends on agreement and contract
to which the involved actor’s community agree. Therefore, the implementation of ownership scheme in
community energy can be varied in terms of arrangements, structures, and level of inclusivity. In addition,
willingness of community to participate is also connected with the extent to which participation level
is opened and accessible for community. Through the localized community energy scheme, community
participation is expected to be executed in a concrete form and inclusive program, not merely limited to
social participation, also financial inclusion. It is expected to increase community participation in rural
energy development and encourage provision of community benefits. Through this way, local community
potentially can get more exposures and influence on potential impacts and opportunities. As Gol has enacted
supporting policy instruments and regulation frameworks regarding the transparency and open access for
local community to the rural energy transition, it is necessary for the local government to minimize the
policy implementation gaps of rural energy community scheme. Therefore, community energy, either the
community-owned or public private partnership scheme, can increase and maintain the energy supply to
rural and remote community. At the same time, it generates tangible and intangible benefits that are in
line with the energy technology modernization and local community’s needs and expectations. Despite
the major role of the local cooperatives in community energy, government existence is necessary to aim
tailoring the benefits and potential opportunities from the energy transition implementation. Private sectors
also are required to follow the existing local customs and regulations, make the transition process equity,
transparent and inclusive, and pull out a mere business interest from the community energy scheme. The
implementation of any scheme of community can be optimized if the local business entity or cooperative

can be empowered and positioned as the literal main actor of the energy transition process.

45



Initially, the determination of specific business model or scheme of community energy project in
Indonesia basically depends on an area and its characteristics, the potential scale of energy project, and
the agreement among the stakeholders. Therefore, there is no one-size-fits-all solution in the context
of the determination of business scheme implemented in energy project. In addition, in terms of the
implementation of the localized energy project in rural areas of Indonesia, the technology development
should be aligned with the local economy and human resources empowerment, including woman and youth
participation access provision. Not merely focusing on bringing the electricity to the community, but also
thinking on how to improve the quality of human resources are essential. In this way, the community-based
energy scheme can run sustainably for the long term and minimize the termination of the energy projects

in a short time.
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Abstract

A choice experiment was conducted to understand consumers’ preferences of environmental labels
and other environmental attributes of printers, assuming a situation in which they purchase a monochrome
laser printer for home use. The results of the latent class model analysis revealed that there were three groups
of respondents with different preferences, that low power consumption was positively evaluated in all the
three groups, and that a certain number of consumers are willing to pay for the use of biomass plastics and

environmental labels that do not directly benefit them.
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