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Abstract: Renewable energy has the potential to power the global economy and effective

business models will significantly aid this goal, being among the most criti-
cal factors in spurring expansion in the energy industry. This paper reviews
articles that discuss business models in the renewable energy sector. Long-
term economic, social, and ecological stability is concerned. Previous studies
have neglected the environmental sustainability of renewable energy business
models, focusing on their technical, social, and economic aspects, primarily for
energy access. The business models for solar home and pico systems relied
heavily on lowering costs through creative payment plans for customers to be
commercially viable. The demand for mini-grids requires end users to launch
businesses that can leverage electrification initiatives to be commercially via-
ble. The success of a mini-grid depends on the average consumption and reve-
nue per user. Affordability, unmet energy needs, low electricity demand, lack
of financing, unfamiliar business models, and immature markets have imped-
ed energy access in Indonesia. Our analysis revealed that future studies in this
field must include environmental sustainability to provide a complete picture
for decision-makers. Renewable energy needs in Indonesia can be achieved
through the sustainability domain, policy makers can consult this evidence set.
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1. Introduction

The Indonesian government has targeted increasing the energy capacity from
renewable sources as a part of the national energy supply from 2025 to 2040 [1-3].
However, this must meet all predetermined requirements, such as the global addi-
tion of many products. This estimate is based on efforts to achieve more reliable,
modern, and affordable energy access to increase energy consumption from 2025
to 2040. Access to renewable energy in Indonesia in 2021 is approximately 15%, but
it is still low compared to developing countries such as China, India, and those on
the African continent. In 2021, about 500,000 households did not have access to elec-
tricity, particularly those in the peripheral rural areas of Indonesia [4-6]. Indonesia
is one of the countries that has an abundant amount of renewable energy poten-
tial [7]. Productive energy potential is highly dependent on the market business
model system, which is still underserved, so economic and social development and
the fulfilment of environmental targets can be managed. The emergence of a busi-
ness model using renewable energy sources is one of the fastest growing in Indone-
sia and globally because of its lower price.

Additionally, this business model is highly affordable, technology-specific, and
can respond to policy requirements. This business model aims to adapt to create
and deliver acceptable economic, social, and environmental value. Simultaneously,
the development of business models from renewable sources has continued for var-
ious reasons. This is because the system has evolved and is offered new proportions
of value so that consumers can choose the company’s services with this product.
Consumer selection for this product is based on financing to encourage absorption
and promote renewable energy [8-10]. The development of this renewable energy
business model can also provide benefits and business opportunities to increase re-
newable energy and company revenues [11-13]. In addition, the development of this
business model can apply regulations and adapt to the environment, as shown by
the decarbonization of power plants [14-16].

Previous studies have investigated different countries’ trends, drivers, and dif-
fusion [17-21]. Of the many previous studies, only a few discuss Indonesia’s renew-
able energy business model [22-24]. This business model specifically discusses solar
energy sources, particularly for providing home energy systems with access to so-
lar energy. This study reviews socioeconomic development, policy, survival, and
technological innovation. It is also based on previous work taking stock of various
business models, mainly from renewable energy sources, in the literature criticizing
desired services and products. The first objective of this study is to offer an in-depth
analysis of the status quo of the renewable energy business model to understand the
adoption system and the factors that can influence it. The value propositions are mon-
etized and delivered to customers for economic and social benefits. Simultaneously,
the value delivery system and manufacturing process are interpreted as having sig-
nificant environmental impacts. A positive result of using renewable energy occurs
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when it is used as a substitute for fossil fuels [25, 26]. Simultaneously, the adverse
effects of using renewable energy technologies include resource depletion, pollution,
climate change, exposure to carcinogens, ecotoxicity, and non-carcinogens [27-29].
Jatropha, a drought-resistant plant with the potential for biodiesel production in arid
and semi-arid environments, has emerged as a promising option among biomass
feedstock for energy [30-32]. Consequently, the emissions and absorptions were cal-
culated to be 17 and 21 Mg-ha™ in CO,-eq, respectively, which indicates that the ab-
sorption was 4 Mg-ha™ larger than the emissions in four years of Jatropha farming.

In a different case, it was reported that the climate change potential (CCP) found
in Libya was 10.5/g CO,-eq. The problem of the environmental impact on renewable
energy business models is still infrequent because this type of research is still new
and has not been developed globally. The integration system presented in this study
was used to determine how the renewable energy business model can overcome this
problem. Thus, the second objective of this study is to evaluate social, economic, and
environmental value propositions. This analysis is a systematic review of the litera-
ture that provides answers and questions, namely:

— the types of renewable energy business models and factors can influence them;

— arenewable energy business model that provides sustainable economic, so-

cial, and environmental benefits.

Business models for renewable energy sources in Indonesia and the world are
discussed in this article. The literature can contribute widely to the topic, mainly by
providing empirical evidence so that it can be synthesized to evaluate the needs of
various sectors. This investigation provides information regarding the renewable
energy business model to integrate these three dimensions in a sustainable manner.
In addition, it suggests future directions in decision-making so that the performance
of the incumbent business model can be further improved.

2. Literature Review

This review systematically analyzes and identifies a renewable energy business
model published previously [33-35]. A broader renewable energy business model is
reviewed to obtain results relevant to the research relationship. Literature searches
were performed on the ScienceDirect, Google Scholar, and Web Journal databases
using Google searches. Keyword searches such as renewable energy, business mod-
els, and renewable energy technologies were used. Using these keywords makes it
easier to lead to the required study directly. The business model phase reviewed
in this paper is a choice for the keyword renewable energy business model. Thus,
information about the various elements of a business model can help address re-
search problems. First, the keyword search was limited to the main keywords; how-
ever, it was expanded to include renewable energy sources, such as wind power,
solar power, bioenergy, and hydropower. The business model is a search for exact
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keywords for accessing renewable energy, which was conducted in this study. The
investigation carried out in this study has limited relevant references; therefore, it
was slightly expanded to include influences and recommendations on the renewable
energy business model.

Sample selection in the next step was carried out using criteria relevant to the re-
search topic. The first review was conducted to check the cross-study so that the ex-
act keywords could be omitted. More than 150 published publications were includ-
ed in this study. Keyword and title filtering was then performed to determine the
appropriate topics for this research. All the relevant issues were selected for the final
sample. Thus, studies that did not discuss the renewable energy business model
were not included in this analysis or were excluded from the search results. The use
of synonyms and keywords was based on two problems identified in this study. The
discussion in this study only covers the renewable energy business models included
as the search sample criteria. Several significant studies on the environmental and
social aspects of renewable energy that have the potential to influence recommen-
dations are considered outside the scope of this research and exclude the business
model. The number of studies is so low on the topic that ignoring the time and year
of the search is important to meet the required criteria.

The main explanation reviewed in this study considers the business model con-
cept, as reported in the literature [36-38]. This concept has been successfully em-
ployed in renewable energy analyses [39-41]. The literature review was carried out
systematically by applying the framework presented in each sub-chapter and the
research problem so that the identification reviewed produced the best results. At the
end of this research, we identified the differences and similarities in applying infor-
mation about energy applications and renewable energy technologies such as off-grid
and business models. The business models categorized in this study were identified
from the user and utility sides to provide an overview of the status quo of the re-
newable energy business model. Currently, there are two primary business model
choices, namely between the customer-side business model and the utility-side busi-
ness model [39]. The user-side business model phase discussed in this paper replaces
the customer-side business model, which can go beyond fulfilling and purchasing the
social dimension of using a given technology. The business model on the utility side
is classified in this study so that it is more focused on large-scale renewable energy
systems so that the energy supply is more adequate. Energy consumption and attrac-
tion to end users are impossible to consider in a business model with a utility side.

All business models can be systematically derived based on extensive categori-
zation, as reported in [42]. The sample in this study is the first to identify the general
terms related to business models. Simultaneously, sales systems without product
maintenance and bioenergy supplies that meet the product, use, and yield-oriented
service criteria are excluded. Furthermore, all the related categories were derived
based on their respective benefits. Identification has been explicitly carried out in
several studies related to their business model. This investigation was conducted on
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rental system products, pay-as-you-go, individual rentals, prosumer-store-on-grid
solutions, and electrification.

Meanwhile, other studies in the literature, such as the creation, value capture,
and delivery approaches, define result-oriented pay units. Investigations of direct
sales and purchases revealed only +10%, even though they were concurrent with the
business model. A sample of the bioenergy business model studied in this paper is
the supply of biomass from upstream sources or integrated with fuel production for
energy use. The supply chain is not directly included in the product-service systems
(PSS) category because the end use is unknown. Thus, they fall into agricultural mod-
els such as hybrid models, plantations, and contract farming [43-45]. As mentioned
earlier, the criteria that satisfy the PSS value are integrated into the grouping. Several
business models still overlap, so they can use categorizations such as ownership, mar-
ket factors, stakeholders, scale, space, and value proportion. In this study, all the de-
rived archetypes have business model elements with value propositions. The business
model aims to investigate different types of archetypes. Nine business model blocks
were identified in the literature, primarily with business model patterns such as activ-
ities, partnerships, value propositions, resources, customer relationships, approaches,
segments, channels, cost structures, and customer flows. The structured block system
analyzes the external and internal aspects of the business model. The business model
blocks in some studies have been explicitly defined [46-48]. In another study, a busi-
ness model canvas was used to identify the basic patterns of end use, purchasing
power, customers, and payments. The nine business model blocks were grouped into
four elements: services to product offerings (value proposition), channels, customer
relationships, demand segments (demand side), key activities, key partnerships, re-
sources (supply side), cost structure, and data collection (financial side).

3. Research Methods

Our work surveying various publications from previous research will refer to
analyzing renewable energy (RE) business models. Particular attention will be paid
to the availability of RE in supporting the economy, society, and the environment.
The articles analyzed were referenced from the WoS database, Scopus Elsevier,
Springer, Google Scholar, and several online publications.

4. Results
4.1. Business Models

The status quo of the business model and the feasibility value evaluated in this
study are the first questions to be addressed. Several studies have shown that the dis-
tributed off-grid renewable energy business model has attracted the attention of re-
searchers (Table 1). The off-grid solar PVs presented in this study are pico PV 1-10 W,
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solar housing 10-100 W, mini-grid from 50 kW to 1 MW, and micro-grid 1-50 W. Ca-
pacity, reliability, quality, availability, safety, duration, and affordability can be de-
termined through measurements using a multi-tier framework. This can be used
to measure access levels, as reported in several studies [49-52]. Solar PV and pico
energy are more commonly found in the literature than off-grid applications (mini-
grids), as shown in Table 1. This study focuses on an innovative business model that
can lead to underserved markets, so increased demand cannot be met [53-55].

The sample of regional perspectives cited in this study can provide insights into
regional differences in the level of technology diffusion on the side of the user. The
one-sided solar PV business model has shown some success owing to subsidies, tar-
iff reductions, and private sector investment guaranteed by the government [56, 57].
The price of solar PV and the high-interest rates on loans under a tariff regime, such
as in Kenya, are not profitable and have become obstacles to the commercial via-
bility of the business model on an industrial scale [19]. The largest market share in
Africa is from solar homes for all PV applications. This is because of the effect of
market pull, unlike in developed countries, which is driven by technology [58]. The
acceleration of business models in African countries takes advantage of the pene-
tration of the cellular market with a payment system according to usage [59, 60].
The delay in the diffusion rate in West Africa is due to the everyday use of mobile
money absorption systems [50]. High financing payments from renewable energy
technologies and a non-existent distribution network contribute to low business
model deployment for energy access [51, 61]. The ease of doing business in Africa
is due to low regulatory barriers, but hindered by insufficient financial support, so
simple business models are preferable to more complex ones [46]. A simple business
model operation is conducted in the early stages of the renewable energy project
cycle through the distribution of solar home technology, which constitutes most
numerical samples [62]. The recommends operating a complex business model at
a more advanced stage, which requires a larger infrastructure project. Support for
environmental policies, technical sustainability, feasibility of the financial system,
and flexibility in technical options are the main prerequisites for the continuity of
the business model to access energy [63, 64].

4.2. Energy Product Service System to Customers

A product-service system aims to provide real-life services and tangible goods,
as reported in several studies [42]. The application system is divided into three main
subtypes of product-service systems:

— renewable energy product orientation and maintenance systems,

— user orientation for renewable energy rental systems,

— product sales orientation.

This study investigates a business model with payment-usage compatibility. The
pico PV system sells with an innovative design through a solar home system that
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offers maintenance services even at low-income levels. A business model with a value
proposition can provide a plug-and-play system that is more affordable and simpler
for end-user financing to reduce adoption barriers. The popularity of the business
model is reviewed in this paper, where the payment system and usage are adjust-
ed [65, 66]. In general, the theme of a business model is a centered approach to energy
access usage systems. Users’ ability to make payments with the pay-as-you-go model
is centrally paid in the first-access stage, with the energy output. A review of studies
generally concludes that the value created is a payment model with consumption
adjustments and depends on the energy company. Meeting energy needs involves
lower costs than those using alternative fuels. The findings also show that electrifi-
cation targets in rural areas can be increased. However, the initial financing system
for solar homes is a challenge, especially for people with low purchasing power [67].

Pay-as-you-go business models have a leg-up on product-centric models that
do not involve transferring ownership to customers because they offer customer
financing and customizable repayment plans. For instance, in the case of over-the-
counter purchases, the item is immediately made available for pickup, while in
the case of layaway, the thing is held for pickup until the user pays the remaining
balance [68-70]. The premise of end-user financing in the pay-as-you-go business
model is to remove barriers to energy access. However, user resistance to the value
proposition has implications for timelines for achieving electrification targets. One
group of Zambians, for instance, favored a traditional layaway system over a pay-
as-you-go system that grants immediate access [68-70]. This is similar to how low
user compatibility with the payment plan can lead to defaults and a return to prima-
ry energy sources, such as kerosene [71-73]. In such a scenario, the pay-as-you-go
business model loses its economic viability, and companies must adapt to new types
of customers.

Also considered is how digitalization might speed up energy access [74]. Digita-
lization is used by the energy industry to enhance product performance. The Smart
Solar platform was developed by BBOXX to monitor the efficiency of its solar home
systems and the customers’ ability to pay for them remotely in countries such as
Kenya and Rwanda. According to the studies reviewed, remote activation and de-
activation are the most reliable ways to guarantee consistent rebates for solar home
systems. Some other studies have been analyzed, including [71-73]. The limitations
of the rent-to-own payment plan inherent in the pay-as-you-go business model were
also discussed. The risk of default is elevated when (i) users are unfamiliar with
extended repayment plans; (ii) they do not understand the contract terms, such as
access during the payment period and ownership once payments are completed;
(iii) their income fluctuates seasonally, as is common in farming communities; and
(iv) they do not keep track of repayment frequencies [72-74]. When Guajardo [8]
examined the effect of remotely locking solar home systems whenever payments
were late, he found that the default rate was between 7% and 11%. High default rates
on pay-as-you-go repayments are strongly correlated with access to grid electricity
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because solar home systems are only used as backups during outages [50]. The like-
lihood of nonpayment is also exacerbated by regional disparities in a country’s eco-
nomic development.

Nearly 20% of research (including studies that examine multiple business mod-
els) focuses on leasing and renting as a means of providing energy access [75-78].
There is some overlap between these business models and pay-as-you-go models.
Like the pay-as-you-go model, leasing and renting eliminate obstacles to the spread
of renewable energy systems by removing upfront costs and charging customers
for use rather than ownership. To increase the value of PV applications, the leasing
model involves installing solar home systems on a user’s property in exchange for
regular payments for the energy consumed or uptime of the system over the lease
term. Two distinct perspectives on renting in the research were analyzed (i.e., fee-
for-service). Using the first method, users can obtain portable battery kits that can
be charged on an as-needed basis at a central energy kiosk fed by a solar PV mini-
grid [79, 80]. In the second method, customers rent solar panels, lights, and batteries
from utility providers [81-83].

Companies are increasingly turning to finance and renting as business strate-
gies to reduce risk and bridge the affordability-access gap in low-income markets.
Several studies have found that the pay-as-you-go business model faces substantial
financial risks when funding end-users to customers who cannot provide informa-
tion about their income or credit [17]. However, the financial risk associated with
leasing and renting is moderate because of the need to pay service providers. How-
ever, users have a low chance of success owing to scheduled maintenance [84-86].
It is crucial that the sampled studies confirm the viability of leasing and renting
models. Considering that solar home systems are more expensive than dry cell bat-
teries, candles, and kerosene, studies such as those conducted in Zambia suggest
that the leasing model is more beneficial for households with higher purchasing
power [87, 88].

Additionally, in the same country, most batteries go unused shortly after rollout
because the rental business model is unappealing to users, as it raises household
energy expenditure [68]. Different types of financing, such as leasing, credit, or cash
sales, make other business models more or less feasible [65]. Some argue that current
energy-access business models are crucial but insufficient to bring about global elec-
trification. Therefore, subsidies may be necessary to promote installing solar energy
systems in private residences [65]. In contrast, if the fee remains too high for users,
significant benefits cannot be guaranteed by subsidizing energy companies to cover
their costs and provide subsidized products [67]. Studies on leasing and renting as
business models have revealed a preference for accessibility over ownership. Users
prefer pay-as-you-go over lease and rent in energy-access business models [17]. En-
ergy providers would use cash or credit sales instead of leases or rentals because
potential customers have a lower risk of non-payment [85]. Theft is relatively un-
common, but losing expensive equipment might put some people off [87].
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Approximately 30% of the studies in the sample, including those that analyze
multiple business models, use a pay-per-service (PSS) model for electricity gener-
ation and sales. The value propositions of businesses that fit these criteria are as
listing:

— micro- and mini-grids provide first-time electricity access in previously un-

connected areas [89];

— warm electrification refers to the practice of connecting individual solar pow-
er systems to create low-voltage micro-grids [90];

— for example, efficient use of electricity in the workplace [11];

— seeds of electrification, whereby prosumers replace diesel use by selling ex-
cess electricity to nearby homes and businesses [91];

— energy cost savings, decarbonization of distributed generation, and inno-
vative financing for prosumer business models are the three primary value
propositions for decarbonizing the grid [19];

— energy efficiency and digitalization, for instance, can lead to the creation of
virtual power plants for prosumers, which can then be used for energy man-
agement and to generate income [92];

— battery storage for electricity in conjunction with micro- and mini-grids to
meet peak demand or store energy produced locally [93].

The viability of value propositions was the primary focus of the studies sam-
pled. Whether electricity can be provided for the first time in emerging markets is
determined by factors such as the quality of the existing infrastructure, availability
of supportive policies and funding, and sophistication of the relevant technology.
The current social infrastructure and social enterprises help increase the commercial
viability of mini-grids in rural areas with low population densities [63]. Mini-grids
owned by developers can only profit if they attract anchor clients and users with
light electric loads, such as homes [66]. Uniform tariffs, which do not account for
the high capital cost of implementing electrification projects in distant rural low-in-
come markets, constitute a significant barrier to private sector mini-grids, according
to a study [42]. Because anchor customers have such high levels of electricity con-
sumption, they provide a stable and predictable demand pool, which is attractive to
private sector development firms [51, 52, 94].

4.3. The Business Model for Utilities

The increased focus on energy access in Africa may explain the fact that utility-
scale business models have received less attention than user-side business mod-
els as shown in (Table 1). Two studies focused on utility-scale renewable energy
systems [95-97], while another two incorporate both utility and user-centered ap-
proaches to measurement [98-100]. Although there is a limited number of studies,
the few there are provide sufficient data to answer both research questions and are
representative of utility-scale renewable energy.
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All four studies examine unique scenarios, but they share a focus on the fac-
tors encouraging and discouraging renewable energy development in Indonesia.
One example of a value proposition is the use of engineering, procurement, and
construction contracts to expedite the installation of renewable energy facilities on
a massive scale [96] and the provision of low-carbon electricity to the grid by, say,
independent power producers [98-100]. Studies found that executing the value
propositions among the drivers of implementing large-scale renewable energy proj-
ects required private sector involvement via private-public partnerships. Standard
models for private-public partnerships include build-transfer turnkey solutions and
build-own-operate power purchase agreements. Blocks of this kind are crucial to the
continued growth of Nigeria’s renewable energy industry [56] and for co-financing
large-scale infrastructure projects with reduced risk [98-100]. Every case study high-
lights financial limitations as a detriment to expanding renewable energy sources.
Low-cost projects and the entry of vertically integrated multinationals, particularly
from China, make wind energy projects possible in addition to conventional financ-
ing routes [95].

Several significant challenges to the widespread adoption of renewable energy
generation in the sampled studies have been identified. First, market orientation
and maturity, such as regulations encouraging competitive pricing, are essential
to the commercial viability of capital-intensive projects like wind farms. Wind en-
ergy projects carry more risks when rules and guidelines are not streamlined and
kept current with market developments [101]. The cost of doing business needs
to be reduced, and this can be accomplished through market orientation reforms
like bolstering the legal system, physical infrastructure, and the labor market to
attract investment and skilled labor [95]. Second, the limited number of domes-
tic suppliers for wind power projects drives up prices [101]. In the build-transfer
model used by vertically integrated multinationals, it may be challenging to source
locally available replacement parts during the operation phase or a pool of local-
ly skilled workforce [69]. Third, the implementation of renewable energy projects
is hampered by community structures that give residents a financial stake in the
projects (2.5% of the total cost) and access to the revenue generated by those proj-
ects (1%) [101].

4.4. Social Long-term Viability

To answer the second research question, this section explores whether the value
propositions extend beyond the delivery of products and services to translate into
societal benefits. The social aspects of business models are linked to the demand
side of business models, which consists of customer segments, customer relation-
ships, and channels, using the business model canvas as a framework for analysis.
Users’ perceptions of the cost of energy access products and services are inconsis-
tent with the available evidence. Value propositions such as cost, lighting quality,
reliability, and functionality all play a role in the decision to switch to renewable



18  Erdiwansyah, A. Gani, R. Mamat, M. Nizar, S. Yana, S.M. Rosdi, M. Zaki, R.E. Sardjono

electricity sources at the household level. Subscription fees for pay-as-you-go, rent-
ing, and leasing models reduce household income initially, but the savings from
avoiding costly fuels like kerosene more than make-up for it [102]. For instance,
savings of up to USD 10 per month are possible by switching to solar panels on
a pay-as-you-go basis.

Several studies, however, show that when low-income households transition
to a fee-for-service arrangement, their energy bills skyrocket and become unafford-
able [17, 68, 87]. Similarly, mini-grids have been shown to reduce residential energy
costs by as much as 33% compared to pre-electrification levels [103]. On the other
hand, some are notoriously pricey, such as medical care [51, 66]. After electrification,
some families still spent the same amount of money on energy, possibly because
renting solar home systems was comparable to buying kerosene [76]. Renewable en-
ergy solutions are less expensive than some alternatives, but they are not always the
cheapest, according to several studies that compared household expenditures for
various energy options [104]. The cost of renewable energy sources, such as biogas,
is lower than the cost of using petroleum products like kerosene, which are heavily
subsidized by governments; for example, households pay USD 0.8/kg per day for
biogas, USD 0.6/kg for kerosene, and USD 1.2/kg for firewood [103].

This analysis suggests that current energy access business models can help
lessen the gap between socioeconomic classes while further dividing the poor. Due
to a regressive relationship between the unit cost of electricity and consumption
for off-grid systems, as opposed to a progressive relationship for grid electrification,
off-grid electricity is more expensive than grid electricity when compared to nation-
al averages [105]. One study found that the tariff charged by the national grid was
ten times cheaper than that charged by a private mini-grid operator [66]. This leads
to a phenomenon known as “energy stacking,” whereby consumers use multiple
devices to simultaneously lower their electrical loads [65]. Others, whose systems
have been repossessed by energy providers due to non-payment, revert to energy
sources used before widespread electrification [71]. Such situations call for energy-
access business models that supplement existing offerings rather than completely
replace them.

Some studies have shown that call centers, technical support, and adaptable
payment plans are among the most effective customer relationships and channels for
learning about users’ needs after electrification. Affordability is a significant barrier
to achieving energy equality and security and retaining customers. Cross-subsidies
and creative payment plans can help alleviate this problem [98]. Analyses of the
effects of energy access on women’s and men’s economic well-being showed dispar-
ities. Male-owned businesses are more likely to make productive use of electricity in
rural areas, according to a study of enterprise distribution by gender [106-108]. Un-
like male-dominated industries like milling and fishing, which benefit significantly
from energy companies’ efforts to stimulate demand, female-owned businesses con-
sume less energy on average [106-108].
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The studies on off-grid applications reveal that, like cost, user satisfaction with
value delivery after electrification varies. This includes, for example, how happy
customers are with aspects of a service like lighting [82]. To compensate, they are
willing to pay more for electricity generated by conventional means [87]. There is
evidence that productive electricity use can boost rural economies, albeit to varying
degrees [11]. Several studies have found that users are more receptive to value prop-
ositions when they include promises of increased household income from sources
like energy crop cultivation, employment in bioenergy supply chains, and improved
living conditions [109-111].

On the other hand, there are obstacles to switching to cleaner energy sourc-
es, such as unfulfilled community expectations and needs after electrification. For
instance, unmet pre-electrification needs arise when communities construct small
mini-grids in response to an underestimated demand for energy [63]. Inadequately
sized mini-grids can limit or even cut off power to customers with high electrical
needs [66]. For businesses with low electrical demands, an increase in electricity
prices could reduce profits [66].

Multiple studies have found that energy access business models successfully
address issues of gender equality, health, and education. However, they are limited
in their ability to fulfil all needs and promote social progress [112, 113]. Community
involvement in these business models’ value propositions and customer relation-
ships is more likely to be successful when addressing culture, values, and social
issues [61]. Community involvement in developing business models is often limited
to awareness-raising, land acquisition, and tariff setting because energy companies
may claim to know already and have solutions to societal needs [81]. Due to a lack
of knowledge and understanding of the business model, local communities are less
likely to reap its benefits, especially in the face of shaky customer relationships [81].
The failure to adequately inform the public about crucial issues such as the scope and
capacity of the project is a common cause of unmet community expectations [66].
The social implications of on-grid systems have not been thoroughly explored in the
reviewed studies on business models for these systems. There is a good chance that
this is the case because, in utility-scale designs, IPPs rarely, if ever, contact consum-
ers directly. In addition to lower energy bills, prosumers have experienced increased
energy security due to fewer outages caused by the grid’s unreliability [19].

4.5. Economic Long-term Viability

Here we assess the long-term viability of energy companies’ profitability by con-
sidering the costs and revenues associated with delivering the value propositions.
Depending on factors like market maturity (e.g., availability of skilled workforce),
customer base and their load profiles, and subsidies, the upfront and ongoing costs
of mini-grid projects in Africa can range widely [14]. Installation costs for solar mini-
grids can reach USD 9.51/Wp, higher than the module price of USD 0.95/Wp [14].
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Solar photovoltaic (PV) systems are estimated to cost less than USD 3500/kW, ba-
gasse boilers less than USD 2500/kW, onshore wind less than USD 2000/kW, and
hydropower between USD 2000/kW and USD 4000/kW [98]. Several factors affect
the risk-reward ratio of solar mini-grids in Sub-Saharan Africa [114]. Among these
are the low demand for electricity in off-grid areas, unpredictable load curves,
and high capital costs. Even with a high user willingness to pay for electricity, the
economic value of solar mini-grid businesses is still dependent on electricity de-
mand [89]. Researchers have found that mini-grids can be financially viable if they
focus on increasing demand, which reduces the levelized cost of electricity (LCOE).
In Nigeria, for instance, the LCOE of solar mini-grids ranged from USD 1.2/kWh to
USD 1.4/kWh for non-productive uses and from USD 1.1/kWh to USD 1.4/kWh for
productive services, such as running high-load machinery [11]. When prosumers
switched from self-generation and consumption to selling excess electricity generat-
ed by solar systems to neighboring households, the Levelized Cost of Energy (LCOE)
decreased by 4% [91]. In 13 African countries, LCOE for prosumer-implemented, on-
grid solar PV systems ranged from USD 0.07/kWh to USD 0.18/kWh due to varying
loan interest rates [19].

Due to the low to a medium economic barrier of business models, solar home
systems and pico systems have achieved widespread market penetration [105].
Retail prices for these products range from USD 10 to USD 100 and from USD 75
to USD 1000, respectively. One study has indicated that the market potential for
fee-for-service and leasing is roughly 70% and 50%, respectively [85]. In compar-
ison, the market potential for credit and cash sales is approximately 20% and 3%,
respectively. However, businesses typically prefer credit and cash sales due to their
low financial and technical risks. For instance, leasing and renting models typical-
ly necessitate a minimum of 150-200 customers and substantial upfront funding,
both of which can be prohibitive for young businesses [87]. Poor maintenance and
excessive use cause batteries to fail in under a year rather than the predicted three
years. The cash flow can be affected if customers fail to pay for rented, leased, or
pay-as-you-go systems. Compared to solar mini-grids, hydropower mini-grids have
lower operating costs and higher energy yield, making them a potentially stable
source of income [51]. Several factors affect whether or not solar mini-grids can turn
a profit, including the value chain’s organization, the tariff model, subsidies, usage
patterns, revenue per user, and access to working capital, among others [51, 59, 89].
Numerous sources highlight unattractive tariffs as a significant barrier to the finan-
cial viability of private-sector-led solar mini-grids [115]. A uniform tax for publicly
and privately led mini-grids might not be economically viable due to the high cost
of generating electricity per kilowatt-hour in off-grid areas. Internal factors have
less of an effect on economic viability than external ones, such as the lack of subsi-
dies and capital for early and growth-stage energy companies, the perceived high
risk of financing energy projects in developing countries, and the lack of a track
record to attract traditional lending [115].
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4.6. Maintaining a Healthy Ecosystem

This overview defines environmental sustainability primarily in terms of green-
house gas emission reduction. Most studies present this background information
in the introduction and do not dig any deeper than describing the renewable ener-
gy technology under consideration. While the social and economic aspects of sus-
tainability have been thoroughly explored, the environmental dimension has been
largely ignored. Only eight studies examined the effects of renewable energy on the
environment [14, 110, 116]. A few studies have shown that switching from fossil fuel
diesel and kerosene to renewable energy sources results in a significant reduction
in emissions after electrification. Let us take kerosene use as an example. This fuel
has a climate change potential at baseline of 5.5 x 105 kg CO,-eq/household/year,
compared to 1.0 x 105 kg CO,-eq/household/year for going off-grid and 1.4 x 104 kg
CO,-eq/household/year for hooking up to the grid [105]. To a similar extent, replac-
ing fossil diesel with solar mini-grids that last for 20 years results in a significant re-
duction in emissions, somewhere in the range of 120,000 t CO,-eq to 180,000 t CO,-eq.
By replacing diesel [110] generators with a biomass gasifier system, about 190 metric
tons of carbon dioxide equivalents per year can be saved, and about 271 metric tons
of CO, matches can be saved by recovering heat from waste [110]. Using these re-
sults, we can deduce that renewable energy contributes positively to carbon reduc-
tion efforts.

According to some studies, off-grid electrification projects typically use solar
mini-grids for primary power generation and diesel generators for backup (5-liters,
for example). Such hybrid systems can produce high levels of greenhouse gas emis-
sions if solar energy generation and use are lower than diesel. Small-scale feedstock
production for rural development is not expected to have a significant impact on
global warming [116]. Emissions from large-scale plantations for the export market
become a concern if the feedstock helps meet international decarbonization targets.
Changes in land use, such as the destruction of natural habitats and the death of
species, were noted in two studies [116, 117]. The effects of feedstock production
on water depletion and degradation [115]. However, neither the magnitude nor the
significance of these effects has been established.

Finally, several other studies reference the environmental viability of renew-
able energy business models. PSS business models can save resources for energy
access projects in Africa [85]. While there are some studies in the literature, none of
them provides strong evidence of attribution. PSS business models include an envi-
ronmental sustainability component to help slow resource loops through the more
efficient use of those resources. The sampled studies highlight these business mod-
els’” social and economic sustainability dimensions to lower the barriers to adopting
renewable energy technologies. Evidence suggests that depending on the user’s per-
spective and value of ownership, renting, or leasing solar home systems does not
result in a longer lifespan for the product. For instance, one study discovered several
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motivations for renters to take good care of their batteries [87]. The difficulty of recy-
cling batteries was further exacerbated by inefficient battery usage patterns and the
need to replace batteries after less than a year of use. In a different scenario, unused
batteries deteriorated and failed because consumers stopped renting in favor of buy-
ing their batteries [68]. Changing value propositions, such as the adoption of PSS,
may have unintended environmental consequences due to burden-shifting. Hotspot
analysis of activities on both the supply and demand sides may be necessary to im-
prove environmental impacts using a multi-criteria approach that combines a busi-
ness model framework with a life cycle assessment.

5. Discussion

Off-grid areas typically have low electricity demands before electrification,
which, combined with the high capital cost, reduces the profitability of mini-grid
businesses [114, 118, 119]. The effectiveness of demand stimulation and the useful-
ness of micro- and mini-grid developers in increasing electricity consumption have
been the subject of multiple studies [89]. However, when energy-hungry appliances
are included in the deal, both consumption and revenue increase [89]. However, al-
though these devices can increase electricity consumption, they do not ensure a con-
tinuous need for electricity [66]. Consumer participation is required to prevent ener-
gy stacking and the use of traditional energy sources in these appliances [66]. Value
propositions for productive use specifically geared toward the community’s prima-
ry economic activity, such as agricultural processing for farmers, lowering the LCOE
cost of legalized electricity, and increasing cash flow, are desirable [11]. Demand
stimulation and productive use strategies would greatly benefit from a knowledge of
the local community’s energy needs and consumption patterns [81, 120-122]. Mini-
grid connections can be a viable solution in areas where grid densification is costly,
such as in the form of fixed costs of service dropping to businesses and households
close to power distribution networks [105]. Unfortunately, there are too many peo-
ple in off-grid areas to serve micro- and mini-grids effectively. Swarm electrification
is not technically feasible in most rural areas because of the widespread dispersion
of households [90].

Similarly, mini-grids are only economically and technically viable in highly
populated areas [17]. Current off-grid technology business models synergize and
thus benefit many end users. Smaller systems are better suited for customers who
do not meet the criteria for mini-grid connections, such as those with low incomes,
those who live beyond the mini-distribution grid area, or those who reside in ru-
ral areas.

Fewer studies have been conducted on grid-connected renewable energy ap-
plications than off-grid ones. Five studies barely touched on them [19, 102, 123].
Business-to-business transactions between prosumers and utilities create value for
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such companies. Prosumer value propositions succeed because of incentives such
as tax breaks, funding availability, regulatory reforms, and favorable tariff struc-
tures [19, 102, 123]. However, governments’ increasingly complex energy auctions
and the unattractive feed-in tariffs in most countries discourage prosumer business
models. A new store-on-grid scheme based on novel power purchase agreements
was found to have more tremendous potential than feed-in tariffs in African coun-
tries with time-of-use taxes [19, 102, 123]. Due to the low LCOE, low PV module pric-
es, and favorable lending rates, the study found that the project was only viable in
four out of thirteen countries (such as Togo and Namibia). However, in most coun-
tries, accurate assessments of the commercial viability of the store-on-grid scheme
are hampered by government subsidies on time-of-use tariffs. Joint ventures with
equity investors and using private sector expertise to operate special-purpose vehi-
cles have been shown to reduce marketing risk and boost the commercial viability of
neighborhood mini-grids [112, 114, 124]. Prosumer power plants have only been the
subject of a single study, so their potential success in different regions is unknown.
However, the business model relies on utilities that efficiently coordinate and pool
power purchases, bid flexibility of aggregator sites, and monitoring of networks [92].

Gasifiers, biogas micro-grids, buying biomass pellets outright, and renting
micro-gasification cookstoves are four of the fifteen bioenergy studies that examine
potential revenue streams for producing electricity and heat [103, 104, 110, 125, 126].
The smallholder farming model and independent large-scale producers, in which
farmers grow and sell energy crops to bioenergy companies, are the focus of the
remaining studies, along with their respective methods of feedstock procure-
ment [109, 115, 127], which are based on the model of centralized ownership of large
tracts of land, either through freeholds or concessions. This seems to be an excellent
strategy for bioenergy crops that require a significant upfront investment. Energy
or fuel independence, wherein businesses, large farms, and individual growers all
grow bioenergy crops to meet local demand [116, 128, 129], a system that combines
the advantages of both large- and small-scale farms, in which individual farmers
and large corporations share the ownership of critical inputs such as land [130-132].
Models of contract farming implemented via out-grower programs involve a bind-
ing agreement between a processor and a group of farmers [130-132]. For example,
out-grower procedures are a type of agricultural insurance model in which farmers
and a processing plant enter a contract for the delivery of energy crops, the purchase
of feedstock, and, in some cases, the provision of farm inputs [117, 133, 134]. This
includes charcoal cultivation, processing, and sales on a small scale [135-138].

Oil blending, ethanol for heating and cooking, exports, and electricity gen-
eration are the main objectives of bioenergy production for most African coun-
tries [116]. Unlike corporate plantations, where bioenergy companies are vertically
integrated and produce feedstock for energy conversion, farmers control value prop-
ositions in out-grower schemes, smallholder farming, and hybrid models. To sup-
plement household income and enhance rural livelihoods, household-led biomass
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enterprises (such as charcoal production) use biomass as their primary re-
source [135-137]. Business cases in countries such as Kenya, where forests have
been better managed, have failed because of a ban on charcoal meant to slow defor-
estation and safeguard native tree species [135-137]. The sustainability of business
models and value propositions is directly impacted by concerns about the effect
of bioenergy crop production on African food security. Farmers in Tanzania have
found that by contracting farmers to cultivate jatropha as hedgerows on unused
boundary land, they can reduce competition for nutrients and water while increas-
ing their income [109]. According to one case study, farmers in Zambia preferred
intercropping jatropha with food crops, such as sweet potatoes or beans, because of
the low yield of hedgerows. However, most African nations still use jatropha and
sugarcane as their primary feedstock [116]. Because of its invasive nature, jatropha
was outlawed in South Asia, where other feedstocks, such as sugarcane and sun-
flower, are more valuable and profitable [130]. Financial constraints, low yield, cor-
porate inability to meet contractual agreements, and toxic seedcakes all contribute to
the low profitability of the jatropha business model, as has been shown by a number
of studies [116]. Low profits from feedstock sales, concerns about food security, and
unfavorable contract terms all encourage farmers to take part in out-grower schemes
(e.g., land availability due to long contracts of up to 30 years) [109, 117, 138].

The results shed light on the social, economic, and environmental dimensions
of sustainable business models for renewable energy in Africa. The recommenda-
tions and ramifications of the lessons are discussed here:

1. Risk of community disconnection and unproven business models

As a result of developments in solar photovoltaic (PV) technology and nov-
el business models for underserved markets, solar energy now represents
the lowest-cost option for providing widespread access to electricity [139].
New, forward-thinking business models aim to make their products more
accessible to lower-income people, thus reducing the widening price gap in
these markets. However, the profitability of the business models is impact-
ed by things like user preferences, contract complexity, and lifestyle incom-
patibility [71]. The rent or lease fee in the reviewed studies was calculated
using the users’ energy consumption or ability to pay before electrification.
According to research into the solar PV leasing business model in the United
States, optimal lease fees should be determined by energy yield, consump-
tion, and the number of users [140]. To be financially sustainable, the busi-
ness model needs optimal fees to lower customers’ energy bills. However,
delivering energy access projects in low-income markets is challenging for
reasons beyond pricing; doing so calls for market development strategies
that do not limit community participation. In turn, energy companies cannot
cater to their diverse customer base. There’s a disconnect between commu-
nity groups who know what’s best and those who provide the necessary
services [141-143]. A competitive advantage considering user feedback may
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require a business model developed with customers. After all, customer
tastes are a driving force behind new business models just as much as new
technologies [144, 145].
2. Obtaining funding requires institutional help
The growth of renewable energy in the European Union is driven by market
liberalization, guaranteed minimum prices, competition, subsidies for new
technologies, and well-established regulations for old ones [146]. Subsidies,
tax breaks, and the availability of a skilled workforce pose challenges, but
high capital costs, high-interest rates on loans, and worries about the mar-
ket’s maturity are the biggest ones [96]. As a whole, African countries have
a less than enviable reputation when it comes to international trade [60]. One
of the most significant issues plaguing the bioenergy industry is the uncer-
tainty of import duties and trade restrictions, which causes cheap imported
feedstock to flood the market and cause havoc for local prices and business
profitability [115]. Investors are wary of what they perceive to be unstable and
rugged policy environments, such as a weak top-down approach to enforc-
ing trade regulations and lengthy and costly bureaucratic processes [115].
These challenges increase the reliance on grants, reducing the bankability of
renewable energy business models. Energy startups and growing businesses
have difficulty getting funded because their risk-reward profile makes them
unattractive to microfinance institutions and traditional lenders. To obtain fi-
nancing, it is often necessary to group multiple projects [114]. In cases where
it is impractical to pool resources, securing catalytic funding and various
creative financing options is essential for advancing energy access projects.
3. Failure to live up to expectations

The findings show that electricity demand is low in off-grid areas, particu-
larly when the target consumers do not pay for electricity [68]. As a result,
developers face significant obstacles in providing reliable estimates of elec-
tricity demand and price. Pre-development hype for electrification projects
raises community members’ hopes and expectations. The results show that
the construction of mini-grids with insufficient capacity relative to demand
led to lower electricity consumption and fewer customer connections than
anticipated [66]. After electrification, energy consumption may rise exponen-
tially, calling for improved forecasting methods. Evidence shows that when
bioenergy companies go bankrupt, contract farmers are left with unprofita-
ble feedstock [117]. Farmers’ risk can be mitigated by selecting high-profit
feedstock, but investment risk is introduced when contractual agreements
are implemented without policy protections. According to research conduct-
ed in the United Kingdom, the lack of established markets and the accompa-
nying uncertainty regarding the profitability of investing in novel feedstock
and enforcing contracts presents an obstacle to the spread of agricultural
production [147-149].
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4. Environmental effects

In the studies we considered, there was scant evidence that renewable en-
ergy technologies were environmentally sustainable beyond their ability
to reduce GHG emissions. Life cycle analysis reveals considerable negative
environmental impacts from renewable energy development [150-152]. The
social and economic dimensions of business models affect the ecological
sustainability of renewable energy, but the full extent of these impacts is not
considered in the existing literature. Particularly relevant here are life cycle
impacts, which originate in the central actions of business models (i.e., pro-
duction, installation, use, and end-of-life). Past studies have demonstrated
that off-grid hybrid solar PV-diesel generator systems have a sizeable CCP
on a life cycle basis, with results like 164.0 g CO,-eq/kWh from a micro-grid
installation [153-155]. As the renewable energy industry expands, so do
the accompanying waste disposal problems, a cause for concern in Africa.
In Morocco, for instance, the treatment and landfilling of a 1 GW multi-
crystalline PV system resulted in a CCP of 37.0 t CO,-eq/MW [156-158].
Greenhouse gas emissions from renewable energy sources can be reduced
through recycling. One Libyan wind farm, for instance, saw its CCP drop
from 10.5 g CO,-eq/kWh without recycling to 4.6 g CO,-e/kWh with recy-
cling [153-155]. These studies in Africa show the unintended consequenc-
es of embracing renewable energy. Information from a life cycle approach,
which considers both production and disposal, helps assess the environ-
mental viability of existing business models. Whether or not the business
models of the reviewed studies are linear or circular is unclear, as is their
focus on the utilization stage of renewable energy technologies. Adopting
circular economy principles may require incumbents to alter their value
proposition and create new connections between processes [159-164]. There
is no guarantee that a new business model will be better for the environ-
ment [164-166]. It needs to be accompanied by life cycle assessments to
measure the extent to which impacts like climate change, pollution, toxici-
ty, etc., is being felt [167-169].

6. Summary

The research presented on the renewable energy business model adopted a fea-
sibility system to provide sustainable economic, social and environmental value.
The focus of the study is the investigation of access to renewable energy by utilizing
small-scale off-grid solutions, especially mini-grid photovoltaic solar power, pico
systems, and solar power. Decentralized on-grid systems with utility-scale applica-
tions are still rare in the literature. The review carried out in this paper reveals several
technical, economic, social, and environmental factors influencing the sustainability



The Business Model for Access to Affordable RE... 27

of the renewable energy business model. The renewable energy business model
shows that the design was first implemented to reduce barriers to deploying renew-
able energy technology systems. The presence of the on-grid market has pushed
underserved systems, capabilities, and willingness to pay for energy. The goal of
financing based on end-use is to reduce the amount of energy output to consumers.
The land tenure system will determine the model’s attractiveness to bioenergy agri-
culture and raw materials, potentially improving the rural economy. Factors that do
not fulfil expectations or match lifestyle choices are not affordable and do not match
preferences are obstacles to the success of the renewable energy business. The use
and demand for productive electrical energy have proven to reduce costs so that
the commercial viability of the renewable energy business model can be increased.
However, high loan interest rates, unfavorable rates, immature markets, financing
challenges, and inadequate policies have affected the economic viability of the ap-
plied business model.

In highlighting the sector’s needs and the sustainability of the business models
for decision support, the synthesized evidence from the studies adds to the larger
body of literature, one in which numerous gaps have been identified. First, there is
a lack of research or exploration into the business models of alternative renewable
energy sources like those that do not rely on solar photovoltaic or a select group of
first-generation bioenergy crops. The region could benefit from more research into
the economic viability and long-term sustainability of alternative renewable energy
business models to solar photovoltaics. Second, despite its importance to the prog-
ress of renewable energy, environmental sustainability has received little focus in the
studies we have examined. Future researchers should employ holistic approaches
incorporating environmental dimensions to better understand the long-term viability
of existing business models. Thirdly, the research strategy may have missed some of
the relevant literature because it did not include those specific keywords. For instance,
if a certain combination of keywords is used, studies that address social and environ-
mental dimensions of renewable energy outside the business model framework or
in non-energy disciplines may be missed. This study paves the way for others to
build upon it and address these gaps, ultimately providing more substantial backing
for the recommendations made to policymakers. To lower prices for consumers and
make clean energy a viable business option, policy support is needed to overcome the
obstacles highlighted in this study. Policy backing is essential for the widespread im-
plementation and long-term success of the business models discussed and the accep-
tance of new business models is necessary. This acceptance can be achieved in several
ways, including the creation of enabling environments that encourage innovation and
make it easier for businesses to operate, providing incentives that allow companies
to provide energy at lower costs, and promoting a generally positive attitude toward
these developments. Furthermore, key performance indicators for environmental
sustainability in renewable energy business models must be regulated.
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