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Abstract

:

The Association of Southeast Asian Nations (ASEAN) has experienced rapid social and economic development in the past decades, while energy shortage, environmental pollution, and climate change are the factors that prevent a sustainable development process. Deployment of solar photovoltaic (PV) power is one of the effective alternatives to overcome the above barriers and assist ASEAN to achieve the aspirational target of 23% renewable energy (RE) in the total primary energy supply (TPES). In this study, SWOT analysis is adopted to analyze the internal strengths and weaknesses and the external threats and opportunities tightly related to the development of solar PV power in ASEAN countries. Through the SWOT analysis, great potential for the development of solar PV power in ASEAN is found. As long as appropriate policies are implemented and proper actions are taken, huge space for deployment of solar PV power can be expected. Based on the SWOT analysis, countermeasures that emphasize further deployment of solar PV power in ASEAN countries are put forward. The tactics include arousing people’s awareness of a sustainable development process, government issue coherence and stable incentive policies, fostering a solar PV industry chain and master key technology, and seek opportunities via an international cooperation.
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1. Introduction


The Association of Southeast Asian Nations (ASEAN) is an important regional community. It was established in Bangkok, Thailand in 1967. Currently, 10 member states are on board: Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, and Vietnam. In recent decades, ASEAN’s economy has experienced rapid development and has become a vibrant engine for the world’s economy. In 2019, the total GDP of ASEAN countries was U.S. dollars 3166 billion, and per capita GDP was U.S. dollars 4819 [1]. The average annual GDP growth rate in the past 10 years was more than 5% and this trend will continue [2]. With the influence of economic development and population growth, ASEAN’s demand for energy has also grown rapidly. According to the ASEAN Energy Outlook (the 6th edition, 2017–2040), energy consumption in the ASEAN region nearly doubled from 2005 to 2020. The total primary energy consumption of ASEAN countries in 2020 is expected to reach 699 Mtoe, which is an increase of 62.18% compared with 431 Mtoe in 2005. The expected energy consumption could achieve 1589 Mtoe in 2040 [3]. Due to restrictions related to the economic development stage, the overall energy consumption in the ASEAN region is at a comparatively lower level and it has long-term dependence on fossil fuel energy. The development of energy is on an extensive model, the utilization efficiency is lower, and the environmental pollution problem in the production and use process is prominent [4]. To reduce dependence on conventional fossil fuel energy and secure energy security, accessibility, affordability, and sustainability, ASEAN has formulated an aspirational target for the deployment of RE, which means 23% of RE in total primary energy supply (TPES) is projected [5]. Solar photovoltaic (PV) power enjoys the intrisic characteristics such as inexhaustibility, safety, friendliness to the environment [6], and now becomes affordable [7], which has attracted most countries’ attention and some of them have set short-term and long-term goals for the deployment of solar PV power.



With the advancement of solar PV’s technology and sharp reduction of its cost caused by the economies of scale, solar PV power has become the world’s third-largest source of REs. Together with wind power, they have become important factors in meeting the increasing demand for energy globally. In 2019, the world’s newly installed solar PV power generation capacity was 98.12 GW (cumulative 584.84 GW), among which China’s newly installed capacity was 30.20 GW (cumulative 205.49 GW), and the EU’s newly installed capacity was 19.33 GW (cumulative 138.5 GW). The United States newly installed capacity was 9.11 GW (cumulative 60.54 GW). India’s newly installed capacity was 7.71 GW (cumulative 35.06 GW) [8]. As long as the ASEAN’s members are concerned, Vietnam is the only country ranked in the top ten of 2019, with an incremental capacity of 5.59 GW, but its cumulative installed capacity has not entered into the top ten. At present, among ASEAN countries, Thailand is also in the leading position for the utilization of solar PV power [9].Once considering the countries currently at the forefront of solar PV power deployment, all of them have implemented relevant supporting policies to motivate the development of solar PV power [10]. For instance, Germany has revised its Renewable Energy Law in 2000, which promoted the rapid development of the solar PV industry [11]. China enacted its Renewable Energy Law in 2006 and made serval trial experiments such as the “Golden Sun Project”, the concession projects, the feed-in tariff (FIT) policy [12],the revised FIT, and the Green Certificate Scheme that lowered the fiscal burden [13]. China’s “Top Runner” program together with distributed policy led the solar PV power to grid-parity era [14]. Solar PV will eventually assist China to achieve its 2030 carbon emission commitment [15]. National and state-level policies, including the tax-refund scheme, technology supportive program, and other financial supports made United States ranks at the top three in the solar PV field [16]. India heartens the development of solar PV energy by issuing favorable FIT rates, long-term Power Purchase Agreement (PPAs) and a tax preference [17]. Japanese prefer solar than wind. Even solar PV power is much more expensive. After the Fukushima nuclear accident in 2011, Japan has made remarkable achievements to improve its energy mix by adopting solar PV energy through stimulating technical innovation and lower financial costs [18]. BP Energy Outlook 2020 predicted that, in order to achieve zero carbon emission, the cumulative installed capacity of wind and solar PV power will reach 20,000 GW by 2050. An average installed capacity of wind and solar may reach 350 GW and 550 GW annually, respectively. Electricity generated by wind and solar PV will account for more than 60% of the total energy supply [19].



Although Thailand and Vetnam performed well in solar PV power, most ASEAN countries have fallen far behind due to constraints from ecomomic factors, lack of incentive policies, and other unfavorable conditions. It is crucial time for ASEAN countries to consider thoughtfully to accelerate the development of solar PV power immediately. The deployment of solar PV power can lead to a sustainable development process as well as fill the gap between the energy demand and supply and also mitigate the environmental pollution and climate change caused by the consumption of fossil fuel energy [4].




2. Literature Review


With the development of solar PV power generation in some ASEAN countries, a variety of studies have been conducted to focus on ASEAN, and the studies mainly in the following three aspects.



The first aspect is to learn about the signal country’s policies. James Guild [20] compared the Philippines and Indonesia about their FIT scheme for the RE field (solar PV, wind, biomass). Indonesia was thoroughly defeated by the Philippines, since the Philippines’ FIT policy is market-based and the government effectiveness, regulatory quality, and rule of law are favorable, while Indonesia tends to protect the interest of monopoly giants in all aspects. Starting from 2006, Thailand performed very well on the solar side under the supportive policy of Alternative Energy Development Plan (AEDP 2018) with a target of 30% RE. Attractive FIT ensures the internal return rate (IRR) ranging from 11.83% to 15.32%. These incentive policies motivated the installation of solar PV power generation had reached 2812.62 MW by the end of 2018 [9], once ranked at No. one in the ASEAN region. Meanwhile, since 2019, because of the generous FIT rates up to U.S. dollars 95/MWh and also associated with long-term tax exemption making Vietnam surpass Thailand [21], the gaps between the cost of solar PV power and non-hydropower such as biomass power, geothermal power are narrowing, and the Vietnamese government is projecting a rise in solar PV power and wind power by implementing wider supporting policies [22].



The second aspect is taking ASEAN as an entire entity to evaluate and predict the development of RE. Abdul Muhaimin Ismail and Roberto Ramirez-Iniguez [23] reviewed the incentive policies for solar PV power in 10 of the ASEAN countries, but 5 of them were found without contribution and, therefore, resulted in low-level deployment, even though ASEAN countries’ are enjoying solar radiation of 1460 to 1892 kWh/m2 annually. A report issued by Asia Development Bank (ADB) in 2015 to explore the RE developments in 5 of Greater Mekong Subregion (GMS) countries focused on the technical consideration of solar resource, wind speed, and backup capacity of grid systems, policy, regulatory, and program measures were suggested to be implemented to reach sustainable development targets [24]. A report prepared by Abt Associates Inc. for U.S. Agency for International Development Regional Development Mission for Asia summarized that policy and regulatory incentives are key policy tools that drive the growth of clean energy in ASEAN countries, FITs, self-consumption schemes, tax incentives, soft loans, and other incentives performed together to expand the installed capacity of RE in ASEAN. The market-based mechanism of auction is also working to reduce the cost of the RE [25]. The research sponsored by Singapore National Research Foundation took the climate-based A-P model estimate that solar irradiation in ASEAN countries varies between 4.1 kWh/(m2/d) to 5.1 kWh/(m2/d), even though it is lower compared with Australia and India, considering the geographic advantages. The conservative potential generating capacity could be 430 TWh if 1% of the ASEAN’s land will be installed with solar PV power stations [26]. Building-integrated solar PV (BIPV) system is deemed to substitute some of the building materials, provides architectural elegance and the onsite generation of electricity produced by a solar PV system will reduce the utility bills. Akash Kumar Shukla studied the drivers and barriers existing in Southeast Asian countries for the exploitation of BIPV [27]. Though the cost of the solar PV power and other RE has declined rapidly in the past years, the reliable data to support the decision is still not adequate. Experts conducted a spital estimate of levelized cost of electricity (LCOE) by Net Present Value (NPV) in ASEAN countries, which provide strong insights and databases for solar PV power generation [28]. The Renewable Energy Institute also pointed out that the ASEAN countries are rich in solar resources and have appropriate wind speed. RE could play a more vital role in the energy mix in ASEAN countries [29]. Erdiwansyah et al. [30] researched the development of RE in ASEAN countries. They believe to achieve the 23% RE ratio by 2030, the governments have to remove subsidies for fossil fuels. Incentive policies for RE and regional cooperation are most urgent. Other scholars assessing the technical potential of ASEAN countries to achieve a 100% RE supply, found that solar PV power eventually will act as the most vital role. The ideal potential installed capacity is expected to reach 54,131 TWh [31].



The rest of the studies evaluated the yield performance of the solar PV power stations in ASEAN. Findings showed the fixed flat system was more affected by air pollution than the tracking flat plate [32] and anthropogenic haze from Indonesia to Singapore caused the yield loss of the solar PV system to a 15%–25% range [33], but the solar-assisted cooling system could help utilize the solar radiation to some extent [34]. This may result due to the temperature coefficient.



The existing studies have made a significant contribution to the development of solar PV power generation in some ASEAN countries. However, studies that focus on individual countries cannot provide macro guidance for the development of solar PV power in ASEAN countries, while research concerning overall REs from macro perspectives are too macroscopic to provide specific guidance for the development of solar PV power. In order to supplement the gap in existing research, it is extremely urgent to launch a research focus on solar PV power exclusively, since the development of solar PV power cannot only help to meet the increasing energy demand, control environmental pollution, and climate change but also has a practical significance for ASEAN countries to achieve the 23% target in TPES by 2030. To form a comprehensive understanding of the situation, Daniel del Barrio Alvarez and Masahiro Sugiyama [35] have set a good example for us. They adopted SWOT analysis to evaluate the development of large-scale grid-connected solar PV power generation in Myanmar. Inspired by their intelligence, we would like to adopt SWOT analysis to investigate the internal strengths and weaknesses as well as the external opportunities and threats confronting with the development of solar PV power in ASEAN countries.




3. Research Methodology


3.1. Brief Introduction to SWOT Analysis Framework


SWOT analysis is a common strategic analysis tool. It is also known as situational analysis, which can help to understand the internal strengths (S) and weaknesses (W) and the external opportunities (O) and threats (T) that the enterprise is facing. By synthesizing and generalizing all aspects of the internal and external contents, the analyzed factors are matched with each other, and a series of corresponding conclusions that, with a certain decision-making nature, can be drawn from them [36]. In a sense, SWOT analysis belongs to the internal analysis method of the enterprise, which can conduct a comprehensive, systematic, and accurate study of the situation of a specific enterprise, so as to formulate corresponding development strategies, plans, and countermeasures. A typical SWOT analysis matrix is shown in Figure 1.




3.2. Application of SWOT Analysis


The SWOT analysis is an effective situational analysis tool that helps an enterprise to conduct strategy analysis, strategy formulation, and strategy selection. By analyzing the internal strengths and weaknesses as well as the external opportunities and threats, it can assist the enterprise to formulate its strategy and provide guidance for further actions.



In recent years, scholars have gradually introduced the SWOT analysis approach into the energy field, conducted a comprehensive assessment and analysis of the energy development status of a region or a country, and made certain contributions to academia and practice. J. Terrados, G. and Almonacid, L. Hontoria [37] took strategic planning processes and a SWOT analysis framework as the tools to observe how the Spanish south located Jaén providence can transform from the olive-based agricultural region to an RE (solar PV power and biomass) elaboration region. Ritu Paliwal [38] has taken SWOT as an evaluation model to evaluate the Indian environmental impact assessment (EIA) system to find out the constraints and opportunities and made some practical suggestions to improve the EIA efficiency. Zhanglin et al. [39] collected data from the literature review, government reports, and regulations and also conducted a semi-structured interview to reveal the drivers and barriers in the course of implementing the rural building energy efficiency scheme in China, through SWOT analysis. Customized recommendations to the government were put forward.



Especially in the past 4 or 5 years, scholars further applied SWOT analysis to the fields of wind power and solar PV power generation. Chen Weiming et al. [40] examined Japan, South Korea, and Taiwan’s SWOTs in respect of RE’s development, in order to secure their energy security and promote a low-carbon economy, an additional capacity for RE deployment that was highlighted. Igliński Bartlomiej et al. [41] overviewed the history, current status, and prospect of utilization of wind power in Poland, and concluded that, though there are weaknesses and threats for the development of wind power in Poland, there are chances for promising development by introducing a renewed Renewable Energy Act Bill and promote the domestic produced small wind turbines. AG Lupu et al. [42] presented a SWOT analysis for RE sources in Romania. The country is rich in biomass and hydro, but it has good potential for solar PV energy because of its geographic location, legislative framework, well-developed research in academia, and personnel training. The result of their research emphasized technology innovation and financial support so as to achieve the Europe 2020 Strategy (20-20-20) [43]. Scholar Xunpeng Shi [44] took SWOT analysis to assess the ASEAN energy mix and found out that the existing energy mix cannot meet the continuous economic and population growth in a green and sustainable way. A greener and more suitable energy mix could be achieved by cleaner use of fossil fuels, adopting RE and enhancing energy efficiency. However, regional cooperation and energy connectivity are needed. Scholars from China, Angola, Germany, and the UK used SWOT analysis to investigate the internal strengths and weaknesses, external opportunities and threats, for the development of solar PV power in Africa compared with China. More opportunities and great potential were predicted, but the adverse environmental impact on the primordial ecological system is the main concern [45].




3.3. SWOT Analysis Modelling Procedure


A framework of SWOT analysis was formulated on the basis of work in Reference [39]. The SWOT analysis is composed of four steps and the modelling procedure is shown in Figure 2.



In step 1, a generic framework was formulated to determine the purpose of this study. It is to oberve the S.W.O.T. for the development of solar PV power in ASEAN. In Step 2, a list of strengths, weaknesses, opportunities, and threats related with the development of solar PV power in ASEAN was derived from literature review, government reports, ASEAN official website, and record of interviews with project developers, law firms, and accounting firms from Vietnam, Singapore, Thailand, Cambodia, Indonesia, and the Philippines. The main questions for the interviews as shown in Table 1 and free discussion were encouraged. The interviews were carried out during August 2018 to June 2020. Each interview session lasted 50–60 min. Based on the information from literature review, government reports, ASEAN official website, and interviewee’s answers to the questions, the SWOT factors related to the development of solar PV power in ASEAN countries were initially indentified. In Step 3, four authors and another four experts held a conference call to evaluate the reliablity of the SWOT factors. Important factors such as impact of COVID-19 were added, while unsuitable factors such as logistic cost were removed. The final list of SWOT factors was obtained after the evaluation process, and the SWOT matrix was established. In step 4, strategies and suggestions to accelerate the development of solar PV power in ASEAN were put forward.





4. SWOT Analysis for the Development of Solar PV Power in ASEAN


The matrix of the SWOT analysis is established on the basis of information derived from literature review, government reports, ASEAN official website, and interviews. The established matrix of SWOT analysis for the development of solar PV power in ASEAN is shown in Table 2. In this section, these factors are proceeded with a detailed discussion.



4.1. The Strengths Analysis


4.1.1. Abundant Solar Radiation Resource


Solar PV power generation is based on the rationale of the photovoltaic effect. The effect elaborates that sunlight can be converted into direct current (DC) electricity through silicon-based semiconductors, and the DC electricity can be converted into alternating one through inverters [46]. The amount of conversion capacity relies on the intensity of the solar radiation and the conversion efficiency of solar PV panels. ASEAN is located in Southeast Asia, bordering China in the north, and Australia in the south, at the “cross-road” of Asia and Oceania and between the Pacific and the Indian Oceans. The latitude and longitude coordinates range from 92°10′ to 141°05′ east longitude and 09°32′ to 11°15′ north latitude. The ten-member countries of ASEAN are all located on both sides of the equator. They have tropical and subtropical climates. Most of this area is hot and rainy with long, time-exposed sunshine hours throughout the year with high radiation intensity and abundant solar resource. The Global Solar Atlas (version 2.0) shows that the total annual solar radiation of the ASEAN countries ranges from 1460 kWh/m2 to 1892 kWh/m2 [47]. The average radiation intensity is greater than 1750 kWh/m2. Performance of the PV array may become better when coupling ArcGIS and TRNSYS [48]. It is suitable and favorable for the development of solar PV power generation. Figure 3 demonstrates the solar resource in ASEAN countries.




4.1.2. Rich Untapped Land Resource


Owing to the lower density of solar PV power generation, even the conversion efficiency has been raised from 16% to 22.5%–23% in the year of 2006 to 2020 [49]. Furthermore, 1 Km2 land is estimated to install 43.65 MW solar PV power generation [50]. A utility-scale solar PV power station with a capacity of 500 MW may take up 11.5 Km2’s land. Therefore, sufficient land resource is the fundamental precondition for the development of solar PV power generation in any country or region. The ASEAN region has an overall area of 4.4950 million km2 and, with a population of 655.90 million only, it undoubtedly has a huge advantage when compared with those countries who are pioneers in the field of solar PV power development but with a limited land resource such as India and Japan. The concern is ASEAN countries have to save land resource even though they are rich in this respect. Large-scale deployment of BIPV is strongly recommended [51]. Table 3 shows the comparative advantage of ASEAN region compared with India and Japan in terms of land resource.




4.1.3. Flexible Application of Any Type of Solar PV System


There are various application types of solar PV power generation. Classified by the capacity, the solar PV power stations are identified as centralized solar power stations (CSPS) and distributed solar power stations (DSPS) [52]. Regarding whether it is connected to the grid or not, it is called on-grid solar power station or off-grid solar power station [53]. Solar PV power is integrated with diesel sometimes [54] or with other kinds of energy. It is called pure solar PV power station or hybrid solar PV power system [55]. In the meantime, solar PV power stations can also be integrated into agriculture to enhance the comprehensive benefits [56] or, when there is not sufficient land, even the solar PV stations can be constructed on the surface of the water and fish can be raised in the pond [57]. Since the application types of solar PV power generation are diverse, people can choose any type of solar PV power system according to their purpose of utilization, investment budget, land availability, and expected effects. For example, it is suitable to promote BIPV in high-density cities [58]. Large-scale grid-connected CSPS is the wonderful choice in LuNinh Providence in Vietnam. Agriculture-integrated solar PV power station around Bangkok can improve the awkward status of the farmers when facing loss in the pure agriculture industry. Small-sized grid-connected solar PV plants (<50 MW) in Vientiane and large ones (above 100 MW) in Attapu are possible in Lao’s. In Java island, a solar and diesel hybrid system can secure the electricity supply and the solar home system (SHS) will ameliorate the living standard of the non-electricity rural citizen in Northern Myanmar [59].





4.2. The Weaknesses Analysis


4.2.1. Not Mastering Key Technology and Equipment


The ASEAN countries are relatively lagged behind in terms of RE development [60], which are also lagging in technology, equipment manufacturing, and construction capability of power generation infrastructure, and have not fostered a complete solar PV industry chain [61]. Thereby, as a result in weakness of independent self-supply, innovation capabilities of key technologies and equipment, some of them are not matured in personnel training and management. Key components of a solar PV power station such as solar PV panels, solar inverters, and transformers all depend on import from China and Europe. Most of the EPC (Engineering, Procurement, Construction) work and operation & maintenance (O&M) of solar PV power stations are almost conducted by Chinese and European companies. Although Chinese companies have established some solar production plants in Vietnam, Thailand, and Malaysia, they cannot be converted into the advantages of ASEAN countries in a short time. The shortcomings of ASEAN countries in terms of the solar PV industry supply chain, technology, and management cannot turn the advantage of the solar resource into advantage in the deployment of solar PV power generation. The above-mentioned deficiencies do not increase the cost of developing solar PV power generation in ASEAN countries merely, but are also inconducive to the sustainable development of solar PV power generation. Another issue that needs to draw people’s attention is the recycling process of solar PV power stations. It refers to recycling of materials and disposal of wastes (cements, etc.) at the end of commercial operation. France tried to recycle solar PV panels in 2019 under the PV Cycle Program and very few studies focus on recycling technology in China since most of the solar PV power stations are less than ten years after the commercial operation date (COD).




4.2.2. Insufficient Capitals to Invest in Solar PV Power


Solar PV power generation is a dual capital and technology-intensive industry. It requires a large initial investment amount and the fund needs to be raised in a short time. Project finance is a clear shortcut [62]. Although the investment quota of solar PV power generation has been dramatically declined in the past decade, the per W investment is reaching approximately U.S. dollars 65–70 cents or even lower [63]. U.S. dollars 70 million are required for a 100 MW solar PV power station and the budget of a 5 kW SHS is roughly U.S. dollars 5000. According to Bloomberg Finance L.P. (BNEF), in 2020, the global investment in solar PV power is about U.S. dollars 148.6 billion, among which China, the US, and Japan accounted for approximately 36.15, 19.2, and 6.8 billion U.S. dollars, respectively. In stark contrast, the ASEAN countries’ investment in solar PV power is only U.S. dollars 7.76 billion, which takes up only 5.32% of the total global investment in the solar section [64]. Although some international organizations have offered financial support for the development of ASEAN’s solar PV power, sustainable development relies on the economic development of ASEAN countries. Although the ASEAN economy has experienced rapid development in recent years, most of the ASEAN member countries are developing countries, except for Singapore, Brunei, Malaysia, and Thailand. The per capita GDP of the rest ASEAN member countries is less than U.S. dollars 5000. Cambodia, Vietnam, Laos, Myanmar and other countries are still struggling in low levels of economic development with lower fiscal revenue. What’s more, the local banks also have limited financing capability. The current economic status will hinder further development of solar PV power generation. The International Energy Association (IEA) estimated that ASEAN’s expected investment in energy industry is U.S.D. $2.36 trillion from 2016 to 2040. Solving such a huge funding gap seems to be a key barrier in the development of solar PV power in ASEAN countries.




4.2.3. Dis-Match Demand and Existing Stereotypes and Misperceptions


Advocacy of the government and the participation of the public are indispensable to the development of RE. At present, most ASEAN member countries have not formed an atmosphere for the development of RE and the knowledge for solar PV are lacking among the publics, business communities, and bankers [65]. People’s concern and enthusiasm for green and sustainable development are related to the stage and level of local economic development [66]. Most ASEAN countries are relatively backward in development levels. What the people most concern themselves with are pragmatic things closely related to their living standards, such as food supply, health and medical care, and education for the next generations. Most of them have not reached the view of pursuing green and sustainable development. When talking about solar PV power, it is also related to the basic requirements of daily life [67]. From the government’s point of view, the primary priority is to improve peoples’ livelihood. Urgencies include boosting economy, creating job opportunities, bettering medical service, and educational conditions. What’s more, long-standing prejudices and misperceptions about RE may also be the barrier that impeded their enthusiasm and engagement for solar PV power. A survey conducted by Chinese scholars in Tianjin city China revealed that, although people realized solar PV power is green and sustainable, a certain ratio of the sampled population engaged in the investigation held stereotypes and misperceptions on solar PV power. They mistakenly believed solar PV power is at a higher cost level than coal. The technology of solar PV power is immature and the electricity supplied by solar PV power stations is unstable [68].




4.2.4. Vulnerability of the Grid Connection


Solar PV power generation has the same characteristics as wind power generation, such as intermittent, random, and volatile characteristics. Its instability will cause fluctuations in grid voltage. Current and frequency, once connected to the grid, will consequently affect the power quality and safety of the grid [69]. In order to eliminate the adverse effects, grid companies have to add an additional spinning reserve capacity, which will lead to a cost rise and indirectly affects the development of the RE source. At this stage, the overall structure of the ASEAN’s power grid is relatively fragile. The high-voltage transmission lines are fewer. Even the ASEAN Power Grid (APG) is established and, with a transmission capacity of 7645 MW (Laos-Thailand-Malaysia-Singapore), it is not sufficient to facilitate the electricity flow among the ASEAN member states [70]. In addition, the scale of the pumped storage power station and hydropower stations with strong regulating capability in ASEAN countries are small. Thus, the peak regulating capabilities of the power grids is limited. To a certain extent, the development of RE (including solar PV power) is restricted. On the other hand, most of the households without access to electricity are located on isolated islands and remote rural areas [71]. For example, the population without access to electricity in Indonesia live on the isolated island of Maluku and Dongnusantungara, while the population without access to electricity in Laos live in the mountainous area on the border with Thailand. The cost of building a transmission line to extend electricity to areas without access to electricity is very expensive. Without subsidies, most power generation nor grid companies have no motivation to make the investment, even stated-owned giant-companies, like Perusahaan Listrik Negara (PLN) in Indonesia. Consequently, the large-scale grid-connected solar PV power generation that should enjoy a scale economic effect is restricted from further promotion. The development and application of off-grid solar PV power generation systems have to become an alternative option.





4.3. The Opportunities Analysis


4.3.1. Fast-Growing Demand for Electricity


By the end of 2020, the per capita electricity consumption of ASEAN member countries was 2511 kWh, which is at a far lower level when compared with the top ten of European Union (6569 kWh), Japan (7519 kWh), and China (5365 kWh). Taking current economic development status into consideration, consumption for electricity will increase at a growth rate of 4.6% to meet the annual economic growth at an average rate of 5%–5.5%. Demand for electricity in ASEAN countries is expected to reach 103.9 billion kWh in 2020 [3]. What’s more, it is estimated that around 55 million people in ASEAN countries still suffer without access to electricity [71]. In Cambodia, only 58% of the households have access to electricity. In Myanmar’s 10.877 billion households, only 4.709 million (equals to 43%) have access to electricity, while 11.68% of Philippines’s rural areas are without access to electricity, etc. Demand for electricity from households in these areas will undoubtedly continue to grow at a higher rate. Countermeasures to fill the gap between the electricity supply and demand include at least three routines: improvement of energy efficiency (more efficient industry, greener transport, higher electrification rate), new technology to upgrade existing coal-fired power plants, or new ones to be built with new technology (supercritical and ultra-supercritical coal-fired power plants have an efficiency up to 42%–45%, while subcritical stations’ efficiency is 38%) [3] adoption of RE resources such as wind power, hydropower, and solar PV power. The government of ASEAN countries have formulated relevant policies and tried all means to enhance the electricity supply capability. Due to the rapid decrease in the cost of solar PV power in the past ten years, it has a short lead time and flexibility in terms of utilization. The above features make solar PV power generation become the preferred alternative solution to meet the increasing demand for electricity.




4.3.2. Cost Reduction Makes Solar PV Power Affordable


The development of solar PV power generation is affected not only by the maturity of the technology but also affected by the economic benefits. Historically, coal-fired power generation has dominated the power mix in ASEAN countries because the LCOE is relatively lower. In 2015, the LCOE of the coal-fired electrify was U.S. dollars 50–60/MWh. Considering the return on investment (ROI), ASEAN countries may take fossil fuel energy as the primary choice to meet the increasing energy demand. However, from 2010 to 2019, the LCOE of RE energy has dropped dramatically. The cost of wind power electricity and solar PV power electricity has fallen by 39% and 82%, driven by the improving technologies, economies of scale, and competitive supply chains. The LCOE of solar PV power has reached U.S.D. $0.068/kWh [63]. In many countries, newly installed solar PV power has already reached the grid-parity level, or even lower than fossil fuel energy [72]. Hence, it has obtained the capability to compete with coal-fired electricity. Inferred from the development trend, the LCOE of the coal-fired electricity will not be further optimized by 2035. Conversely, the LCOE of solar PV power generation will be further reduced with the advancement of technology, and the competitiveness will also be significantly enhanced once the comprehensive cost of carbon emission and governance are taken into account. The comparative advantage of solar PV power generation will undoubtedly be more prominent. The price trends of solar PV panels and solar systems are shown in Figure 4.




4.3.3. Aspirational Target for RE in the Energy Mix


Energy supply security, environmental pollution, and climate change have aroused the public’s awareness of a low-carbon development society and the importance of RE. The 2002 Johannesburg summit in South Africa has highlighted sustainable development and energy security. The Tokyo Protocol taken and effected in 1997 has assigned distinct responsibilities according to the different stages of countries’ development to prevent humankind harmed by drastic climate change. The Paris Agreement under United Nations Framework Convention on Climate Change (UNFCCC) has set specific targets for controlling climate change and carbon dioxide emissions in the 21st century and call on alliance members to make national determined contributions (NDCs) based on their capabilities. All ASEAN countries have submitted their NDCs and formulated their own carbon dioxide emission reduction targets. The development of RE is an inevitable choice for the ASEAN countries to fulfill their NDCs. The ASEAN Cooperation Plan (APAEC) Phase II:2016–2025 has set a target to increase the component of RE to 23% in the ASEAN energy mix by 2025 [5], which is a much more ambitious goal compared with NDCs (17.7%). However, at the end of 2018, the RE takes up only 13.9% in the TPES [5]. AEO6 projected that share of RE will be 14% by 2025 at the Business as Usual Scenario (BAU), 18% under the ASEAN Target Scenario (ATS), and 23% under the ASEAN Progressive Scenario (APS), to realize the APS. The solar PV power’s installed capacity must increase to 40% of the total installed capacity [3], or it is extremely hard or unreasonable for ASEAN countries to meet their NDCs or APS [4]. Therefore, there is abundant space for the deployment of solar PV power generation. Figure 5 dominates different situations under BAU, ATS, and APS.




4.3.4. Prospect of More Mature Inter-Connection with Neighboring Nations


Due to the inherent fragility of the ASEAN grid transmission lines, the electricity transmission capability is relatively weak, which hinders the development of solar PV power generation result from the solar PV power’s intermittent, random, and volatile characteristics. However, the special geographical lactation of ASEAN countries facilitates the possibility of the interconnection of ASEAN grid transmission lines with its internal member. This will help to enhance the feasibility of the grid for the integration of RE [73]. The APG project has already connected Laos-Thailand-Malaysia-Singapore with a transmission capacity of 7645 MW and a cumulative 30.2 GWh of electricity was traded. The second phase is under construction [5]. The feasibility of interconnection with other neighboring countries are under studies. For instance, the grid transmission lines in the Greater Mekong Region have already been connected with China’s Yunnan Providence under China’s Belt and Road Initiative [24]. There are also potentials and possibilities to establish interconnections with Australia [74] and other Pacific Rim region across the sea [75]. If the interconnections are duly established with its neighboring countries and regions, the economics and flexibility of the ASEAN power grid system could be greatly improved, and new windows for development of solar PV power can be opened up.





4.4. The Threats Analysis


4.4.1. Fossil Fuel Dominated Energy Mix


For a long time, conventional fossil fuel energy has dominated the leading position in the energy mix of ASEAN. The laws and institutional system promulgated by the governments tend to support the utilization of fossil fuels energy and protect the rights and interests of fossil fuel energy stakeholders. The penetration and utilization of RE are inadequate, which discourage business leaders and investors’ enthusiasm in exploiting the alternative energy source. From 2008–2018, fossil fuels accounted for 85% of the growth in TPES and the share of RE seemed to stagnate [76]. At the same time, the urgency faced by most of the governments of ASEAN is to develop the economy to improve people’s livelihood. Policymakers choose to pay much attention to short-term economic benefits instead of focus on long-term sustainable development. The consequence is the dominated position of fossil fuels energy, which had been established and even had to be transformed. At end of 2020, RE energy accounts for 29% of the global energy mix [77]. Simultaneously, in ASEAN, fossil fuels accounted for 82.8% of the energy mix, and the RE’s ratio is only 13.9%. The development of solar PV power is bound to conflict with the interests of the fossil fuel-dominated energy mix. Figure 6 shows the updated energy mix of ASEAN by the end of 2018.




4.4.2. Discontinuity and Non-Systematic Incentive Policies


According to the findings obtained from previous literature, those countries who are in the leading position in the field of solar PV power development have implemented a series of continuous and incentive policies, including FIT [10], tax preference, R&D subsidies [78], and favorable financial interest rates [79]. All supportive policies are adjusted dynamically according to the changes based on internal and external conditions, such as economic development status, technology advancement levels, and cost reduction trends. Although some of the ASEAN countries have also implemented various incentive programs, barriers related to policies are also found in ASEAN state members, including slow implantation of supportive policies, lack of policies in some member states, an existing complicated permitting process, and non-systematically policies [30]. Discontinuity of the policies bring uncertainty to solar PV participants. Thailand is an example in this sector. Its AEDP 2030 has set an ambitious target for RE, but the development progress paused during 2017–2020 because the newly on-board government did not release their renewed policy. Another example is Indonesia, which would like to vigorously promote solar PV power generation domestically, but local state-owned companies may oppose and some of the government tenders had to be rescinded [80]. To protect the local companies’ interest, for this purpose, they put forward the requirement of at least 60% of local product content. Even if the domestic solar PV supply chain is incomplete, blocking Chinese solar PV panels enjoy a reputation for advanced technology and competitive price outside the door.




4.4.3. Fluctuating Price of Solar PV Panels


The initial investment of a solar PV power station includes development cost (DC), engineering cost (EC), equipment cost (EQC), construction cost (CC), and installation cost (IC). Among all factors, solar PV panels play a big portion, accounting for approximately 30%–35% of the overall investment. Therefore, the price fluctuation of solar PV panels can greatly affect the internal return rate (IRR) of a solar PV power station. The rapid decline in the cost of solar PV panels offers positive opportunities for the accelerated development of solar PV power generation. However, the price of solar PV panels has been on the rise since the second half of 2020. The unit price for monocrystalline panels with a peak power output of 340 W was U.S.D. $0.2/W, but the prices surging in glass, copper, aluminum, and other bulk products have pushed the solar panel’s price to U.S.D. $0.22/W in quarter 3 and 4 of 2020. A 10% raise in solar PV panel price may affect 3%–3.5% of the total investment of a solar PV power station. Until now, this trend has not been conversed. If this trend will not come back to the routine, the development progress of solar PV power may slow down somehow. Figure 7 shows the cost structure of a 100 MW solar PV power station.




4.4.4. Underlying Impact of COVID-19


The occurrence of major accidents always has a huge impact on the socio-economy and public’s lives. The Spanish Flu in 1918 caused thousands of deaths. The Second World War led to a global economic depression in the 1930s. The emergence of fast-spreading Coronavirus Disease (COVID-19) in the second half of 2019 disrupted the world’s order and slowed down the world’s economy [81]. By 24 March, 2021, more than 123 million people worldwide had been infected, among which 2.7 million were deprived of their lives [82]. It triggered a global economic crisis and generated domino effects on any sector. The energy research company Rystad Energy warned that COVID-19 slowed down the pace of global economic development. It has severely hindered the cross-border movement of people and commodities. It could lead to a complete halt in the growth rate of RE installations. A few solar PV power stations around the world scheduled to be finalized within 2020 had to be postponed. Until now, although the COVID-19 epidemic has been controlled to a certain extent, the impact of the COVID-19 epidemic has not been eliminated thoroughly, and it may rebound at any time. If such a situation continues, ASEAN countries’ motivation in participating in the investment in solar PV power will also be negatively affected in the coming years.






5. Suggestions for the Development of Solar PV Power in ASEAN


Through SWOT analysis, great potential for deployment of solar PV power generation in ASEAN is realized. Suggestions for ASEAN to speed up the development of solar PV power are listed hereafter in Section 5.



5.1. Arouse the Public’s Awareness of Sustainable Development


Participation of the public is the cornerstone for the development of solar PV power. ASEAN countries should elevate the concept of sustainable development to national strategies, formulate and review specific annual development plan on the basis of the overall development target of REs, publicize the benefits of solar PV power to the public through various channels (social media, forums, exhibitions, open day posters, schools, etc.), to change public’s misperception on solar PV power and eliminate the dilemma that the investors are discouraging from investing in solar PV power generation. Demonstration projects for the public should be set up by the governments and mandatory green energy quotas to enterprise are also advised.




5.2. Strong and Systematic Incentive Policies Have to Be Implemented


To achieve sustainable economic and social development, transforming the current fossil-fuel-dominated energy mix, promoting the development of solar PV power vigorously, adopting and implementing coherent, reliable, predictable, and systematical incentive policies are necessary. For utility-scale solar PV power plants, the above-market level FIT is recommended to attract domestic and worldwide investors, while the auction mechanism is suggested to be introduced. For commercial and industrial applications, the net-metering and tax-refund scheme are advised. For rural areas, the government’s supports in the field of funds and technology are indispensable. All the above three aspects should be escorted with a tax preference, favorable finacing rates, an easy grid access service, a convenient permitting procedure, and reliable PPAs. The specific situations in each ASEAN country are complex and diverse, since there is no one-size-fits-all method. When stimulative policies are implemented, they must comply with distinct scenarios. Measurements also should be taken to ensure the fiscal burdens of ASEAN countries should not be increased.




5.3. Foster Solar PV Technology to Ensure Sustainable Development


The core technology of solar PV power and key equipments cannot be supplied locally, which increase the LCOE of solar PV power generation, and also harms the development prospect of solar PV power generation in ASEAN. Without mature recycling technology, it will damage the environment and lead to waste of resources. When formulating incentive policies to promote the development of solar PV power generation, ASEAN countries also need to try every means to cultivate the solar PV supply chain and draw up schemes for talent training. It is recommended that the ASEAN countries should give priority to grasp the technology and skill associated with EPC and O&M of solar PV power generation, then take the advantage of low-cost land and sufficient labor supply to vigorously develop the solar PV industry chain, and start the R&D program concerning recycling technology of solar PV power stations at the very beginning.




5.4. Seek Opportunities via International Cooperation


A solar PV industry is an international division of labor and collabration. During the development process, each country has formed its advantages and accumulated expertise experience. Therefore, ASEAN countries can also discover opportunities and inspirations from international cooperation. The suggested cooperation are as follows. To begin with, ASEAN countries can get financial support from developed countries, the World Bank, Asian Infrastructure Development Bank, etc. Secondly, solar PV panels and other solar products can be imported from China. EPC and O&M technology can be introduced from China and Europe. Current production facilities established in Vietnam, Thailand, and Malaysia by Chinese companies can be treated as the first pilot factories to cultivate solar PV supply chain. Last but not least, this improve the interconnection of power grids within ASEAN countries and its neighboring nations in due course, conduct the possibility analysis, and techno-economics feasibility study of establishing power grid interconnection with China, India, and Australia. The interconnection will surely enhance the regulation capacity of RE generation in ASEAN countries and provide a strong guarantee for the sustainable development of solar PV power generation.





6. Conclusions and Discussions


ASEAN’s rapid economic and social development has brought continuous increasing energy demand. Thus, it has caused a gap between the energy supply and demand. However, ASEAN’s energy mix is dominated by fossil fuels energy, which causes environmental pollution and climate change. Therefore, it cannot support a sustainable development. In this paper, a specific SWOT analysis is conducted focusing on the development of solar PV power in ASEAN. Great potential for the deployment of solar PV power is realized, and suggestions to accelerate the development of solar PV power are put forward. As long as appropriate policies are implemented and proper actions are taken, ASEAN countries can make full use of the strength factors and take advantage of the opportunity factors. Meanwhile, they can overcome the weakness factors and dissolve the threat factors. Hence, we can assist ASEAN to achieve a sustainable development process.



The SWOT analysis framework is adopted to identify the internal and external factors associated with the development of solar PV power in ASEAN, and precise suggestions are made out. Still, there are limitations in this paper that have to be further studied. Firstly, this paper focuses on solar PV power only. A comparison between solar PV power and other RE energies (wind power, hydropower, tidal energy, etc.) could be conducted by adopting the Fuzzy Analytic Hierarchy Process (FAHP). Secondly, since SWOT analysis is a qualitative method, quantitative tools are needed to examine the expected economic benefits of solar PV power stations such as the NPV model or Sensitivity Analysis on Profits (SAP). The third is life-time management, especially the recycling of materials and disposal of wastes at the end of the commercial operation, which requires close attention from experts and stakeholders.
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Figure 1. Typical SWOT analysis matrix. 
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Figure 2. Modelling procedure of the SWOT analysis. 
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Figure 3. Solar radiation resource in the Association of Southeast Asian Nations (ASEAN) countries. Source: Global Solar Atlas 2.0, Solar resource data: Solargis. © 2019 The World Bank. 
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Figure 4. Cost reduction trend of solar panels and solar project. Source: the author. 
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Figure 5. Energy mix under three scenarios of ASEAN. Source: The 6th ASEAN Energy Outlook 2017–2040. 
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Figure 6. Energy mix of ASEAN by the end of 2018. Source: The 6th ASEAN Energy Outlook 2017–2040. 
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Figure 7. Cost structure of a 100 MW solar PV power station. 
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Table 1. Main questions for interviews.
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Code

	
Question

	
Detailed Explanation






	
Q1

	
What are the strengths for the development of solar PV power in ASEAN?

	
What are the internal factors that are positive for the development of solar PV power?




	
Q2

	
What are the weaknesses for the development of solar PV power in ASEAN?

	
What are the internal factors that restrict the development of solar PV power?




	
Q3

	
What are the opportunities for the development of solar PV power in ASEAN?

	
What are the external factors that can promote the development of solar PV power?




	
How do you evaluate the government’s policies?




	
Q4

	
What are the threats for the development of solar PV power in ASEAN?

	
What are the external factors that restrict the development of solar PV power?
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Table 2. SWOT analysis results for the development of solar PV power in ASEAN.
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Internal

	




	
Positive

	
S

	
1. Abundant solar radiation

	
W

	
1. Lack of solar PV technology

	
Negative




	
2. Rich untapped land resource

	
2. Shortage of capital




	
3. Flexible application of any type of solar PV systems

	
3. Public’s unawareness and mispercep tions




	
4. Vulnerability of the grid




	
O

	
1. Growing demand for electricity

	
T

	
1. Fossil fuel dominated energy mix




	
2. Rapid cost reduction of solar PV power elec tricity

	
2. Unstable incentive policies




	
3. Aspirational target for RE

	
3. Fluctuating price of solar PV panels




	
4. Possibility of more mature interconnection

	
4. Underlying impact of COVID-19




	

	
External
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Table 3. Land resource comparative advantage of the Association of Southeast Asian Nations (ASEAN) compared with Japan and India.
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	Country/

Region
	Population (Millions)
	Land Area

(1000 km2)
	Km2/1000 people
	Cumulative Capacity





	ASEAN
	655.90
	4495.00
	6.85
	11.15



	Japan
	126.48
	378.00
	2.99
	61.84



	India
	1380.00
	2980.00
	2.16
	35.06







Notes: 1. Population by end of 2020 source: https://population.un.org/wpp/Download/Standard/Population/ (accessed on 14 February 2021) 2. Cumulative installed capacity at end of 2019 [8].
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