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Abstract. As the solar energy technology has been more competitive recently, it is common to see studies 

which examined how solar photovoltaic can technically emerge in the energy system in Indonesia. However, 

less research is conducted to study how the emergence of solar photovoltaic might impact different 

stakeholders in the electricity market in Indonesia. The increase of solar photovoltaic deployment will 

create winners and losers among the main stakeholders which are: the consumers, the national electricity 

company (PLN), independent power producers (IPP), and the Government of Indonesia. This paper asserts 

that consumers in Indonesia who do not have access to the grid will get benefits from the solar photovoltaic 

competitive costs. The consumers who have access to grid, however, will be indifferent in their position. In 

the longer term, these consumers will face the death spiral unless PLN, forced by the regulation, takes the 

loss. PLN will face bankruptcy due to the loss unless they invest in the distributed energy resources 

infrastructure. IPP will not gain in position due to unsupportive government regulations. Moreover, solar 

photovoltaic IPP will be vulnerable due to the policies that support imbalanced competition among 

renewable energies. On the other hand, the government will get some advantages that support their political 

agenda during the proliferation of solar photovoltaic. 

1 Introduction  

Solar energy has played a significant role in the last 

decade on the energy transition in many countries in the 

world. Solar photovoltaic (along with wind) has attracted 

massive amount in the global power sector investment 

over the last couple years [1–3]. The rise of solar 

photovoltaic (PV) technology in the electricity system 

has been gaining its momentum thanks to the significant 

falling cost [2, 3]. Aligning with the Nationally 

Determined Contributiona to achieve 31% of renewable 

energy share by 2050, the Indonesian government aims 

to increase the solar PV generation capacity to 4 GW in 

2030 from 0.06 GW in 2018 [4]. However, this target is 

considered too low by many scholars. Several studies 

explain that the potential of solar PV could be more than 

that. Liebman et al.[3] argue that more than 35 GW solar 

PV generation in total capacity can be achieved by 2027. 

IRENA[5] predicts that 47 GW of installed capacity is 

potentially reached in Indonesia by 2030. As solar b 

resources in Indonesia are abundant and all year long [5, 

6], it is common to see studies which examined how 

solar PV can technically emerge in the energy system. 

                                                 
a Nationally Determined Contribution (NDC) is post-

2020 climate actions as part of the Paris Agreement 

outlined by each country [30]. 
b Wind is not included in this paper since the potential of 

wind is modest in Indonesia. In particular, if it is 

compared to the potential of solar energy [5] 

However, less research is conducted to study how the 

emergence of solar PV might impact different 

stakeholders in the electricity market in Indonesia [1]. 

The increase of solar PV deployment will create winners 

and losers among the stakeholders in the electricity 

market [7]. The core stakeholders in the electricity 

market in Indonesia are defined as consumers, the 

national electricity company (PLN), the Central 

Government of Indonesia (the government) and 

independent power producers (IPP) [1, 6]. This paper 

will identify which major stakeholders will gain or lose 

from the emergence of solar PV in Indonesia.  In order to 

assess this, it is crucial to examine how the electricity 

landscape will evolve, what benefits and drawback might 

potentially arise in each stakeholder view, and what 

regulations will be changing during the emerging 

transition of solar PV in the electricity sector. 

2 Discussion and Analysis  

2.1. Electricity landscape in Indonesia   

Indonesia is the largest archipelago in the world, which 

comprises of 17000 islands. Most inhabitants live in the 

five big islands: Java, Sumatera, Sulawesi, Borneo, and 

Papua. Significant populations also live in the other 6000 

small islands [6]. However, most electricity demand 

comes from Java, Bali, and Sumatra. 74% of the total of 

electricity produced in 2017 was sold in Java-Bali (as 
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one interconnected grid), 14% in Sumatra and the other 

from the rest of the islands [8]. Uneven distributions of 

populations, demand, and geographical structure make 

electricity services in Indonesia not uniformly reliable 

while the worst reliability is experienced by the eastern 

part of Indonesia [6]. The same report published that, in 

2017, only 60 million people have access to the main 

grid.  The remaining 227 million have to rely on the 

isolated grid or do not have access to electricity. Diesel 

generators have been used widely for the past 30 years to 

supply electricity to the areas where on-grid access are 

not available due to its simple installation and lower cost 

[6, 9]. The total capacity of on-grid diesel generators 

provided by the utility companies is 4.6 GW in 2018 [4], 

whereas off-grid diesel generators which most villages 

used are accounted for around 1 GW in total capacity 

[10].  

2.2 Off-grid and on-grid consumers  

Solar PV offers better benefits and reliable solutions for 

consumers in rural areas who do not have access to the 

grid [10-11]. These consumers will get an economic 

benefit from the emerging competitive cost of solar PV. 

The economic benefit is assessed based on the Levelized 

Cost of Electricity (LCOE). LCOE is a good starting 

point to compare benefits and competitiveness of 

different technologies [10, 12]. Studies from Blum et 

al.[10] and Kunaifi et al.[6] are good basis of LCOE data 

for off-grid technologies in Indonesia. Bias in the data is 

eliminated since it considers access to fuel, access to 

transmission lines, and the optimal usage of each plant 

[12]. The studies have demonstrated that a solar PV 

combined with diesel engine (hybrid) has relatively 

lower LCOE than a pure diesel generator-only. Figure 1 

shows that most provinces have lower LCOE for Solar 

PV-hybrid compared to diesel generator alone. The 

further the consumers live from the city, the more they 

benefit from combining the diesel generator with solar 

PV since diesel generator LCOE depends so much on 

fuel cost. The fuel cost is much more expensive due to 

transportation cost when sold further from an urban area 

[6, 10]. Currently, solar PV with battery is more 

economically viable compared to a diesel engine only in 

some provinces (see figure 2). Nevertheless, the capital 

cost of the battery, which is one of the most significant 

components in LCOE evaluation [6, 13, 14], is predicted 

to be reduced to more than 60% by 2030 [15]. It will 

make solar PV with battery more appealing in the 

foreseeable future. Borenstein[12] asserts that LCOE is 

only a start for economic comparison. Consumers who 

use solar PV will also get additional benefit from 

reduced externalities cost caused by greenhouse gas 

emissions from diesel and other fossil fuel generators [1, 

12]. This is important for the consumers in Indonesia. 

Based on the interviews conducted by Kunaifi et al.[6], 

the majority of the electricity consumers were concerned 

and worried about climate change. Thus, powering 

villages grid by solar PV will not only address the 

electricity access issue for the community but at the 

same time, address the issue of climate change 

mitigation in the rural areas. 

 

Fig. 1.
[6] Difference in LCOE of the hybrid PV/ diesel 

configuration versus diesel-only for each province in Indonesia. 

Positive differences indicate a lower LCOE for PV. The dashed 

circles show the toal amount of electrical energy delivered by 

PV. Grey provinces do not have rural households lacking grid 

access. 

 

Fig. 2.
[6] Difference in LCOE of the stand-alone PV-battery 

systems versus diesel-only for each province in Indonesia. 

Positive differences indicate a lower LCOE for PV. The dashed 

circles show the total amount of electrical energy delivered by 

PV, Grey provinces do not have rural households lacking grid 

access. 
 

However, the impact of solar PV rising will be 

different to consumers who have access to PLN grid. A 

survey from Kunaifi et al.[6] discovers that most 

consumers who have access to the PLN grid are willing 

to pay (WTP) 10% to 30% increase from the current 

electricity bill to get more reliable access of electricity.  

As we can see from figure 3, none of the technologies‟ 

LCOE, including solar PV hybrid and solar PV with 

battery, could achieve the WTP. All of the technologies‟ 

LCOE is more than the PLN retail price plus 30%. 

Moreover, Veldhuis & Reinders[16] concludes that grid-

connected PV LCOE is ranging between PLN retail price 

plus 50% and PLN retail price plus 200% in different 

provinces in Indonesia. Thus, going with solar PV soon 

is not a good economical option for these consumers. 

Furthermore, sometime in the future, when grid parityc is 

achieved, another phenomenon will happen. This 

phenomenon is explained in the analysis of gain and loss 

of PLN as the national electricity company on the next 

subsection.  

                                                 
c Grid parity is when the electricity cost of PV is equal to 

the cost of electricity from the grid [31]. 
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Fig. 3.
[10] LCOE for generic Indonesian village grid with 

various technologies. The black lines represent the range of 

LCOE for any configuration with diesel components, 

demonstrating the influence of fuel costs due to remoteness of 

the village. The most left (smallest) LCOE within a variation 

represent locations close to distribution centre, the most right 

(highest) represent the furthest locations. The red vertical bars 

represent the PLN retail tariff range. 

2.3 PLN as the sole purchasing agency  

As Newbury[17] stated in his paper, the distributed 

generationd, like solar PV and battery storage will likely 

trigger the destruction of monopoly and disrupt the 

incumbent business model. Indonesia electricity business 

adopts a single buyer model [6, 18]. In this model, PLN 

is the sole purchasing agency of electricity produced by 

generation companies through a power purchase 

agreement (PPA). PLN coordinates the transmission, 

distribution, and retail. Setyawan[18] infers that this 

model is hardly changed due to the restriction by the 

Indonesian constitution. An example in 2002 showed 

that an electricity law which allowed further competition 

of IPP in retailing was annulled by the Indonesian 

Supreme Court [18]. Based on the latest regulation, IPP 

can still sell electricity directly to consumers under a 

concession area permitted by the ministry of energy and 

mineral resources (MEMR). However, the first right of 

selling to consumers always goes to PLN [19]. The price 

for the IPP consumers shall be agreed by the MEMR.  

On the other hand, the electricity price sold by PLN to 

end consumers is determined by the government 

(MEMR or governor) subject to approval by the house 

representatives [20]. With the business model mentioned 

above, PLN bears most of the demand risks [21]. When 

the consumers disconnect completely from the grid due 

to grid parity, the total number of PLN consumers will 

drop. In the case of a liberalised market, this will create 

the death spirale. However, the impact in a single buyer 

                                                 
d Distributed generation is locating power on the 

consumers site [32]. 
e Death spiral is a condition when more consumers 

disconnect completely from the grid, the higher 

electricity price will be borne by the remaining 

consumers since they have to pay for the fixed cost. This 

condition leads to even more consumers leaving the grid 

and so on [33]. 

market where PLN price is dictated by the government 

will be slightly different. If the government increases the 

electricity price to cover the PLN fixed cost, a similar 

story of the death spiral will happen.  If the government 

does not increase the electricity price, then PLN will 

incur loss higher and higher. The latter scenario is more 

likely to happen. Since the Indonesian constitution 1945 

amplifies that the use of vital utilities should be 

controlled by the state and use for the prosperity of its 

people, frequent tariff increase which backs PLN will be 

hardly achieved.  The national electricity objective is 

energy security, universal access to electricity, and low 

price for electricity [1]. Thus, the increase of electricity 

price has always been politically tied [9] and it has been 

proven with some cases in Indonesia. Electricity price 

remained unchanged from 2004 – 2009. On the year of 

2004 until 2014, some efforts to increase the electricity 

price had been rejected by the Indonesian Parliament [9, 

10]. In order to avoid bankruptcy when solar PV 

becomes economically viable, PLN as the incumbent 

major supplier needs to join the proliferation of solar PV 

technology by preparing the infrastructure which 

accommodates distributed energy resources (DER). 

Although the investment might not be profitable and 

tempted to hold the incumbent not to invest, which is 

called “incumbent curse”, providing the innovative 

infrastructure earlier will ensure that PLN will not be left 

behind [17]. 

2.4 IPP, regulations and the government 

position  

Involvement of the private sector like IPP in financing 

electricity access is important. However, government 

involvement is also essential to enable a favourable 

environment for the private business to participate [22]. 

In other words, IPP participation in the deployment of 

solar PV will heavily depend on government regulations 

[10]. Kunaifi et al.[6] have demonstrated how the up and 

down of solar PV installed capacity has a strong 

correlation with the government policy. From the year 

2013 to 2016, the total solar PV installed capacity had 

increased significantly because the feed-in tariff was 

very attractive for IPP. The uniformly feed-in tariff of 25 

cents USD/kWh – 30 cents USD/kWh was introduced 

across the country under the MEMR Regulation 

no.17/2013. However, in 2016 a new minister reduced 

the feed-in tariff which ranges from 14.5 cents 

USD/kWh to 25 cents USD/kWH depending on the 

provinces. This regulation depleted the solar PV 

installation. In 2017, solar PV installed capacity 

decreased significantly due to the approval of new 

regulation. The tariff for solar PV for IPP is capped at 

85% below the regional production cost (BPPf) of PLN 

                                                 
f BPP reflects the PLN cost for generating power and 

procuring electricity supply from third-party suppliers 

such as IPP. However, the cost does not include cost of 

transmission. BPP is stipulated annually by the MEMR, 

based on a recommendation from PLN. BPP includes 

both national and local BPPs [34]. 
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which ranges from 7 cents USD/ kWh to 17 cents 

USD/kWh [1, 6]. The modality of the project in this 

2017 regulation is under build-own-operate and transfer 

(BOOT) scheme. The scheme is not attractive for 

investors since it prohibits IPP from having the project 

as the collateral asset. These regulations are seen as a 

high barrier for renewable energy projects such as solar 

PV [23]. As we can see from the examples above, it is 

essential to identify how feed-in tariff and other 

regulations will evolve since it heavily influences the 

investment environment and the risk/return profile of 

solar PV in Indonesia significantly [24].  

The 2020 regulation which was released just for 

months ago brought some fresh air for renewable energy 

developers. BOOT scheme was revoked and replaced by 

the build-own-operate (BOO) scheme. The latest 

regulation also set feed-in tariff for hydro, geothermal, 

and waste power plant to be remained at maximum 

100% capped from BPP. While the 85% capped for solar 

PV is remained [25]. It brings interesting relation 

between different renewable energy sources. First, it 

implies that PLN prioritises geothermal, hydro, and 

waste energy in their electricity share. Second, the 

enactment of BOO scheme will help capital incentive 

renewable energy project (such as geothermal) induces 

its competitiveness to other renewable energies [26]. 

Thus, the new regulation puts solar PV position in 

jeopardy among other renewable energy sources. 

Setting a feed-in tariff which satisfied both the 

monopoly company and IPP in a single buyer market 

model is not easy. Governments have been always 

struggling set the fair amount for both parties [1]. As 

previously discussed, the lack of change of the single-

buyer market model means that the feed-in tariff policy 

will remain unattractive for solar PV IPP. The new 

regulation on 2020 did not address the main concern of 

IPP on the feed-in tariff [25]. In the past, MEMR has 

tried to do another mechanism other than feed-in tariff. 

They allowed the auction mechanism for less than 10 

MW renewable energy project. However, this 

mechanism was revoked by the Indonesian Supreme 

Court in 2015 with the argument that refers to the 

Indonesian Constitution 1945 about the vital goods ([5]). 

With the 85% capped policy, every additional solar PV 

to the systems will reduce the BPP for the following year. 

In the future, when the decreasing rate of LCOE can not 

keep up with the reduction rate of BPP, solar PV 

deployment by IPP will be slowing down [1]. If the 

government tried to increase the feed-in tariff, based on 

the regulation, the government needs to fund the gap 

between the tariff to the BPP of PLN [5]. The 

government will be loaded with extensive budgeting to 

support this rapid transition of solar PV. IRENA[5] 

argues that the investment needed to accelerate solar PV 

to deployment to achieve 47 GW in 2030 is USD 6.6 

billion. Current international funding to support the 

renewable energy transition in Indonesia is very small 

[1]. It will put the government in a poor position. It is 

unlikely that the government will take this option. The 

government objective in electricity in Indonesia is to 

provide energy to support economic growth and 

prosperity to the people while maintaining low 

electricity price [1]. Renewable energy is only a tool to 

achieve that. Investing in renewable energy while the 

coal next door is more economically viable will 

politically not be acceptable [1]. Thus, government 

regulation in feed-in tariff will hardly incentivise IPP.   

The latest event of COVID-19 has triggered the 

government to review renewable energy regulations. The 

government has realised that although the demand for 

electricity in Indonesia dropped during COVID-19, the 

demand from variable renewable energy like solar 

globally is not affected [27]. A strategy that the 

government just released to support solar PV in response 

to COVID-19 is allowing floating PV to be installed on 

reservoirs and dam area. This regulation, which is under 

the Ministry of Public Works no 6. 2020, allowed 

floating PV to occupy a maximum of 5% reservoirs or 

dam area. However, the effect of adding this regulation 

will not be significant. The government predicts that 612 

MW floating PV will be added by 2025. Nevertheless, 

the target of solar PV installed in 2025 is still kept at 4 

GW, exactly the same as what the government declared 

in the Indonesia National Energy Plan 2019 [27]. In 

short, IPP will not gain in position for the proliferation 

of solar PV in Indonesia due to the ineffective 

government regulation.  

Although government regulation to support the 

emergence of solar PV is questionable, the emergence of 

solar PV deployment will bring benefit to the 

government. The government, which aimed 100% 

electrification ratio in 2025, will be helped by the 

deployment of solar PV in rural areas in Indonesia [28]. 

Lower electrification ratio is common in rural areas due 

to geographical challenges and economic challenges to 

connect the consumers to the grid [6]. This paper has 

demonstrated how solar PV becomes a viable solution to 

electrify rural areas in Indonesia. In addition, higher 

installation of solar PV in the electricity generation will 

also help the government to achieve the greenhouse gas 

(GHG) emissions reduction target from the energy sector 

by 2030 [29]. Currently, the electricity sector contributes 

to more than 50% of the total emission in the energy 

sector. Electricity generation has produced more than 

231 Mt CO2e a year [29]. With the help of solar PV 

beating diesel generator economically, lower GHG 

emissions will be produced caused by the less usage of 

diesel generators. The solar PV proliferation will help 

the Indonesian government to achieve some of its 

political agenda such as the emission reduction target, 

and the increase of electrification ratio.  

3 Result and Conclusion  

In summary, this paper has investigated which 

stakeholders will win and lose related to the emergence 

of solar PV technology in Indonesia. It argues that the 

consumers who do not have access to the grid will get 

benefits from the reduction of electricity cost and the 

reduction of GHG emissions caused by less usage of 

diesel generators. In the shorter term, the consumers who 

have access to PLN grid will be indifferent in their 

position. However, in the longer term, they will face the 
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death spiral unless PLN, forced by the regulation, takes 

the loss. PLN will be in a bad position in the scenario 

where they have to take the loss. They will face 

bankruptcy due to the loss unless they invest in the 

distributed energy resources infrastructure. Furthermore, 

IPP will not gain in position because the government 

will not issue any policies that will put them in an 

unfortunate place to support the rapid deployment of 

solar PV. Besides, solar PV IPP will be vulnerable due to 

the government regulations that support imbalanced 

competition among renewable energies. On the other 

hand, the government will get some advantages that 

make them achieve some of their political agenda during 

the proliferation of solar PV. 
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