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Abstract—Ghana's primary energy supply is heavily reliant on
petroleum, biomass, and hydropower. Currently, Ghana gets its energy
from hydropower (Akosombo and Bui), thermal power plants powered
by crude oil, natural gas, and diesel, solar power, and imports from La
Cote d'lIvoire. Until the early 2000s, large hydroelectric dams
dominated Ghana's electricity generation. Due to the unreliable
weather patterns, Ghana increased its reliance on thermal power.
Thermal power contributes the highest percentage in terms of
electricity generation in Ghana and is predominantly supplied by
Independent Power Producers (IPPs). Ghana's electricity industry
operates the corporate utility model as its business model. This model
is typically 'vertically integrated', with a single corporation selling the
majority of power generated by its generation assets to its retail
business, which then sells the electricity to retail market consumers.
The corporate utility model has a straightforward value proposition
that is based on increasing the number of energy units sold. The unit
volume business model drives the entire energy value chain to increase
throughput, locking system users into unsustainable practices. This
report uses the qualitative research approach to explore the electricity
industry in Ghana. There is the need for increasing renewable energy
such as wind and solar in the electricity generation. The research
recommends two critical business models for the penetration of
renewable energy in Ghana's power sector. The first model is the peer-
to-peer electricity trading model which relies on a software platform to
connect consumers and generators in order for them to trade energy
directly with one another. The second model is about encouraging local
energy generation, incentivizing optimal time-of-use behaviour, and
allow any financial gains to be shared among the community members.

Keywords—Business model innovation, electricity generation,
renewable energy, solar energy, sustainability, wind energy.

1. INTRODUCTION

ARBON dioxide (CO;) emissions have been steadily going

up; likewise, the level of atmospheric CO2 has increased
[1]. Today, the energy sector accounts for roughly three
quarters of greenhouse gas emissions, with fossil fuels
accounting for the majority of greenhouse gas emissions [2].
According to the Intergovernmental Panel on Climate Change,
human-caused greenhouse gas emissions are primarily
responsible for approximately 1.1 °C of warming since 1850-
1900 [3]. Under current trends, the average global temperature
is expected to rise up to and beyond 1.5 °C — the Paris
Agreement's target — over the next 20 years, and limiting the
warming to within 1.5-2 °C will be impossible unless
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immediate and significant reductions in greenhouse gas
emissions occur. Ghana relies heavily on petroleum, biomass
and hydropower as its primary energy supply [4]. Ghana’s
electricity generation was dominated by large electricity dams
until the early 2000s [5], [6]. However, thermal generation has
recently increased from 1,159 GWh in 2005 to 5,644 GWh in
2015 [6]. In Ghana, thermal energy sources for electricity
generation include light crude oil, natural gas, and diesel [6].
Because of the high proportion of thermal sources, CO»
emissions into the atmosphere are higher. Because energy
systems contribute to greenhouse gas emissions [7], there is a
call for a complete transformation in how we produce,
transport, and consume energy [2]. Renewable energy
technologies are becoming increasingly affordable, giving
electricity an advantage in the race to net zero. To enable the
penetration of renewable energy into Ghana's power sector,
changes in the business model are required.

The main goal of this paper is to propose sustainable business
model innovation in the Ghana power sector in order to reduce
reliance on fossil fuels in electricity generation by increasing
renewable energy, thereby reducing greenhouse gas emissions
and averting climate change. The path to net-zero emissions is
narrow, and staying on it necessitates the rapid and widespread
deployment of all available clean and efficient energy
technologies [2]. The literature review will concentrate on
sustainability and business model innovation in order to better
understand the research.

II. LITERATURE REVIEW

As the world transitions to a low-cartbon economy,
technological, economic, and societal advancements necessitate
changes in business models [8]. A disruptive innovation is
defined as the introduction of a better business model into an
existing market. "A business model describes the rationale of
how an organization creates, delivers, and captures value,"
according to [9]. A business model, as suggested, describes the
benefit an enterprise will provide to customers, how it will do
so, and how it will capture a portion of the value it provides
[10], [11]. Designing business models requires determining
how to deliver benefits and capture value [10], [12]. Reference
[9] believes that the best way to describe a business model is
through nine basic building blocks that demonstrate the logic of
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how a company intends to make money. Business model
innovation is frequently classified as technological,
organizational, or strategically driven [12]. These categories are
used to refine eight generic sustainability value propositions
[13]. Sustainability entails developing strategies to ensure that
the entity only uses resources at a rate that allows them to be
replenished, ensuring that they will continue to be available,
while also limiting waste emissions to levels that do not exceed
the environment's capacity to absorb them [14]. Sustainable
development is concerned with the environmental, social and
economic consequences, also known as the triple bottom line
[15]. The concept emphasizes the importance of organizations
meeting the needs of people (social goals), the environment
(environmental goals), and profits (economic goals).
Addressing inequalities is critical to achieving long-term
development [16]. Sustainable Business Models (SBMs) have
recently been discussed as a means of balancing ecological,
social, and economic needs through value proposition,
stakeholder involvement, and taking responsibility for
environmental burdens rather than transferring them to
customers or suppliers [12]. The deployment of specific
technologies in the energy value chain, such as storage [17],
[18], solar generation [19], and electric vehicle charging [20],
has been the focus of business model innovation research in the
energy field. These are important contributions to our
understanding of how new technologies allow new entrants to
compete with incumbent firms. Other research investigates the
iterative nature of technology selection and business model
design, as well as the interdependence of revenue capture
methods and business model design [21], [22]. These
contributions also demonstrate the importance of business
model research to the energy policy community by examining
how business model innovations can have both productive and
disruptive effects across energy markets [23], [24]. The
potential for SBM innovation in Ghana's power sector, on the
other hand, is less well understood.

The six SDG Transformations (see Fig. 1) provide a detailed
framework on which to construct integrated strategies for the
SDGs [25]. It is recognized that all 17 SDGs can be achieved
through six major societal transformations focused on: (1)
education and skills, (2) health and well-being, (3) clean energy
and industry, (4) sustainable land use, (5) sustainable cities, and
(6) digital technologies [26]. The six transformations lay out a
plan of action for government agencies, businesses, and civil
society. Transformation (3) seeks to ensure universal access to
modern energy sources, to decarbonize the energy system by
the mid-century mark in accordance with the Paris Agreement,
and to reduce industrial pollution of soil, water, and air.
Technology (6) permits artificial intelligence to cause
disruption in almost every industry [25]. This includes precision
agriculture in the agricultural sector, autonomous vehicles in
the mining sector, robotics in the manufacturing sector, e-
commerce in the retail sector, e-payments, trading strategies in
the finance sector, social work in media, diagnostics and
telemedicine in health, online learning in education, e-
governance, e-voting in government, and science and
technology [25]. Digital technologies have the potential to

International Scholarly and Scientific Research & Innovation 17(6) 2023

increase productivity, lower production costs, reduce
emissions, broaden access, dematerialize production, improve
market matching, enable the use of big data, and make public
services more accessible. They can also help to improve
resource efficiency, promote the circular economy, enable zero-
carbon energy systems, monitor and protect ecosystems, and
play other critical roles in achieving the SDGs.

SBM Innovation in the power sector requires the use of
digital technologies to disrupt the current business model to
ensure universal access to modern energy sources such as
renewable energy.

III. METHODOLOGY

A qualitative approach was deemed most appropriate for this
descriptive and exploratory study of SBM innovation in
Ghana's power sector [27]. The secondary data obtained from a
review of previous literature, The Energy Commission of
Ghana, the International Renewable Energy Agency (IRENA),
and the Oxford Institute of Energy Studies were used in this
research. There is also a Renewable Energy Master-Plan
(REMP) with the vision of transforming Ghana into a country
with expertise in renewable energy research, production, and
services.’

IV. FINDINGS

Ghana's primary energy supply is dominated by petroleum,
biomass, and hydroelectricity. Oil accounted for 44.48% of
primary energy supply in 2015, followed by biomass (37.87%),
hydroelectricity (5.27%), and natural gas (12.38%) [28].
Petroleum products and biomass dominate the final energy
consumed in Ghana. In 2015, petroleum products such as
gasoline, diesel, LPG, and jet fuel accounted for 47% of total
energy consumed [28]. 40% of the energy came from biomass
in the form of firewood, charcoal, and agricultural waste. Only
13% was accounted for by electricity [7]. The Ministry of
Energy is in charge of establishing Ghana's national electricity
policy. Ghana's state-owned Volta River Authority (VRA) is in
charge of producing and distributing electricity. Ghana's largest
power plant is the VRA-operated Akosombo hydroelectric
facility. The Brong-Ahafo, Northern, Upper East, and Upper
West Regions of northern Ghana are served by the Northern
Electrification Department (NED), a VRA subsidiary [29].

The Electricity Company of Ghana (ECG), established in
February 1997 under the company's code (1963), is a limited
liability company that is wholly owned by the Government of
Ghana and operates under the Ministry of Energy. On April 1,
1947, it was established as the Electricity Department, and in
1962, it was renamed the Electricity Division. It was later
renamed Electricity Corporation of Ghana by NLC Decree 125
in 1967. The company's goals are to buy electricity in bulk from
the VRA or any other supplier for distribution and sale to
consumers in eight out of the 16 regions in Ghana [30].

Government policies (from the Ministry of Energy) heavily
influence ECG's strategic direction [31]. The industry has been
opened up to allow independent generators to generate energy
and transmit it to customers; as a result, ECG now purchases
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from transmission companies rather than generators and
distributes it to customers [31]. ECG does not set the rate that
customers pay. The tariff set by the government determines it.
The power sector has been deregulated in order to foster

private-sector investment. The private sector is encouraged to
diversify into thermal power and enter directly into power
purchase agreements with bulk power end users such as mining
companies [31].

Leave no one behind

Transformation 6
Digital revolution for
sustainable development

Transformation 5
Sustainable cities
and communities

Transformation 4

Sustainable food, land,
water and oceans

Transformation 1
Education, gender
and inequality

Transformation 2
Health, well-being
and demography

Transformation 3
Energy decarbonization
and sustainable industry

Circularity and decoupling

Fig. 1 The Six SDG Transformations [25]

TABLEI
GHANA THERMAL POWER GENERATION FOR 2021 [34]

Plant Description Location Fuel Nameplate Cap (MW) Dependable Cap (MW) Generation 2020 (GWh) Gas Consumed 2020 (MMBTU)
TAPCO (T1) West LCO/Gas 330 300 1,087 9,074,910
TICO (T2) West LCO/Gas 340 320 1,193 10,564,047
TT1PP East LCO/Gas 110 100 427 5,310,005
TT2PP East Gas 80 70 90 869,884
KTPP East Gas/Diesel 220 200 368 3,915,969
Ameri West Gas 250 230 1,283 8,789,571
CENIT East LCO/Gas 110 100 711 8,099,758
Sunon Asogli East Gas 560 520 2,905 11,350,911
Karpower West  Gas/Diesel 470 450 3,128 25,826,036
AKSA East HFO/Gas 370 330 398
Genser East Gas 22 18 511 5,101,989
Cenpower East LCO/Gas 360 325 568 2,835,096
Twin City West LCO/Gas 203 202 196 1,676,366
Bridge Power East LPG/Gas 154 145
Early Power East LCO/Gas 144 140 10
East 2,130 1948 5,988 37,483,611
West 1,593 1,502 6,388 55,930,930
Total 3,723 3,450 12,876 93,414,541

Large electricity dams dominated Ghana’s electricity
generation until 2003. However, thermal generation has
recently increased significantly [32]. Ghana’s power supply
sources are from hydroelectricity 38%, thermal fuelled by crude
oil, natural gas and diesel 61%, solar less than 1% and also
imports from La Cote D’Ivoire. Electricity demand in Ghana
has been steadily increasing at a rate of 7% per year over the
last decade, and this trend is expected to continue for the next 5
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years or so [33]

Thermal power plants represent some 70% of the dependable
capacity [33]. Evidence suggests that in 2020, thermal plants
generated some 63% of total electricity production [33]. Total
electricity generation in 2020 was slightly less than 20,000
GWh; this is expected to rise to 21,265 GWh in 2021 and
28,550 GWh by 2026 [34]. The 2021 Electricity Supply Plan
includes some additional small hydroelectricity and solar

152 1SNI:0000000091950263



Open Science Index, Energy and Power Engineering Vol:17, No:6, 2023 publications.waset.org/10013144.pdf

World Academy of Science, Engineering and Technology
International Journal of Energy and Power Engineering
Vol:17, No:6, 2023

electricity generation, but gas-fired power will account for
nearly all of the current committed increase in generation. The
thermal power generation for 2021 is shown in Table I.

Because Bridge Power and Early Power were not operational
in 2020, the East (Tema) enclave had 52% of dependable
capacity but only 46% of actual generation. Because some
plants used alternative fuels for part of the year, the percentage
of gas consumed was lower [33].

Total installed renewable energy capacity (electricity) was

approximately 1,602 MW at the end of 2015, accounting for
approximately 43.8% of total national installed electricity, with
hydropower accounting for 43.2%. Due to low rainfall in the
Volta basin, hydropower generation decreased significantly
between 2007 and 2015 [5]. According to data from the
International Renewable Energy Agency [35], renewable
energy accounted for 31.3% of total electricity capacity in 2020.
Table II depicts renewable energy capacity from 2011 to 2020.

TABLE II
RENEWABLE ENERGY CAPACITY FOR GHANA 2011-2020 [35]
Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Total Renewable Energy
MW 1,187 1,187 1,590 1,593 1,623 1,626 1,631 1,656 1,656 1,663
Hydropower
MW 1,180 1,180 1,580 1,580 1,584 1,584 1,584 1,584 1,584 1,584
Wind Energy
MW 0 0 0 0 0 0 0 0 0 0
Solar Energy
MW 0 0 3 5 30 34 39 105 106 106
Solar Energy (Photovoltaic)
MW 7 7 7 8 8 8 8 8 8 8
Off-Grid Capacity
Total Renewable Energy
MW 6.774 6.774 6.774 9.624 13914 15.152 15.888 15.892 16.292 16.292
Solar Photovoltaic
MW 1.350 5.609 6847 7.583 7.587 7987 7987
Other Renewable Energy
MW 6.774 6.774 6.774 8274 8305 8305 8305 8305 8305 8.305
Renewable Energy Share of Electricity Capacity
% 545 519 51.6 561 441 426 368 37.1 313 31.3

42.5% of the CO: emissions in the world come from the
production of electricity [36]. Further, 73% of this can be
attributed to coal-fired power plants, which produce electricity
while emitting 950 grammes of CO: per kilowatt-hour as
opposed to 350 grammes for gas-fired power plants. Renewable
energy-based power plants, such as those powered by hydro,
wind, solar PV, and solar thermal, only produce CO: during
construction [36]. Accordingly, a solar PV system "emits"
between 60 and 150 grammes of CO: (depending on where the
solar panels were manufactured), a wind turbine between 3 and
22 grammes, and a hydropower plant 4 grammes for every
kilowatt-hour of electricity produced. Table III gives CO:
emissions for electricity production by fuel type.

TABLE 111
CO:2 EMISSIONS FOR ELECTRICITY PRODUCTION [37]
Generation Type Tons CO: per MWh

Nuclear 0

Hydro power 0
Coal 0.999
Oil 0.942
Gas 0.439

Geothermal, Solar, Tide, Wave, Ocean, wind, Waste 0

and other

According to data from the World Bank, CO: emissions from
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electricity and heat production, total (% of total fuel
combustion) between 1971 to 1997 averaged 4.372818519%
[38]. CO: emissions however jumped to 22.5274725% in 1998
when thermal sources were added to the generation. Fig. 2
shows the percentage of CO: emissions from electricity
production in Ghana between 1971 and 2014. It can be seen that
between 1971 and 1997 when Ghana relied solely hydropower
for electricity generation CO: emissions remained low virtually
negligible in 1997. However, upon the decision by government
to introduce thermal sources into the generation mix, emissions
remained high rising to about 31% in 2007.

Electricity and heat production saw the largest jump in CO-
emissions by industry in 2021, increasing by more than 900 Mt.
[39]. Renewable energy sources produce electricity that has a
much smaller environmental impact and is practically endless
[36]. Renewable power generation technologies, such as
floating offshore wind and emerging ocean energy
technologies, could support long-term development and drive a
vibrant blue economy [40]

V. DISCUSSION

Every industry is built on long-held, often implicit,
assumptions about how to make money [41] These guiding
beliefs reflect widely held beliefs about customer preferences,
the role of technology, regulation, cost drivers, and the
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foundation of competition and differentiation.
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Fig. 2 CO: emissions from electricity and heat production, total (% of total fuel combustion) in Ghana [38]

The corporate utility business model has traditionally been
the dominant business model in Ghana's power sector [42]. The
corporate utility model operates a vertically integrated business
strategy where a large single corporation sells the majority of
the power it generates to its retail business for onward sale to
the retail consumer market. The value proposition is based on
the capacity to increase the number of energy units it can sell
and this is what actually drives the entire value chain the effect
of which locks system wusers into practices which are
unsustainable [43]. The unit volume business model forces the
entire energy value chain's throughput to expand, tying system
users to harmful behaviours. [44]-[46]. Because business
revenues were typically tied directly to the sale of more units of
energy, the route to market for services that can reduce final
demand for grid electricity, such as energy efficiency and
demand-side management, was also limited.

Because of the inherent variability of weather-dependent
renewables, the entire system faces challenges, necessitating
the presence of other technologies that can provide system
flexibility in order to provide a reliable electricity supply.
According to the findings, due to the country's unreliable
rainfall patterns, hydropower generation has remained low,
with an increased reliance on thermal power. Our reliance on
fossil fuels has been the primary cause of environmental
damage thus far, and ongoing damage from this use can be
avoided if we shift to renewable energy sources such as wind,
solar, and hydropower.

Using renewable energy instead of fossil fuels to generate
electricity has significant health benefits. Air and water
pollution caused by fossil-fuel power plants has been linked to
respiratory issues, neurological damage, heart attacks, and
cancer [47]. It has been discovered that replacing fossil fuels
with renewable energy reduces premature mortality and lost
workdays, as well as overall health costs [47]. Ghana, like many
other countries, is focusing on incorporating renewable energy
into the national energy mix to ensure energy security, a cleaner
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environment, and to help mitigate climate change [5].

Ghana has signed several international conventions, treaties,
and regional programmes aimed at promoting sustainable
energy development, including the UN Sustainable Energy for
All (SEforALL) Initiative, the Sustainable Development Goals
(SDGs), the Paris Agreement on Intended Nationally
Determined Contributions (INDCs), the African Union Agenda
2063, the Economic Community of West African States
(ECOWAS) White Paper on Energy Access, and the ECOWAS
Renewable Energy Efficiency Policies [S]. All of these
conventions, treaties, and regional programmes aim to
vigorously promote renewable energy and, as a result, reduce
the incidence and effects of climate change, in order to ensure
a future conducive to its generation [5]. Renewable power
generation technologies, dominated by wind and solar, have
developed rapidly over the last decade, according to the 2017
version of the Renewable Global Futures Report [48].

Wind energy is non-polluting and emits no carbon dioxide as
a by-product [49]. It is also entirely renewable because there is
always wind. Prices for energy sources such as fossil fuels
frequently fluctuate [6]. A typical wind farm's carbon footprint
is repaid in six months or less, providing decades of zero-
emission energy that replaces fossil fuel energy [50]. Solar
energy is completely renewable, and the installation costs can
be recouped through energy bill savings [49]. The only
disadvantage of solar panels is that they deteriorate over time
and are not completely weather-proof in countries with erratic
weather patterns. Renewables are becoming the default option
for new generation capacity.

The need for greater penetration of renewable energy into
Ghana's power sector has resulted in the emergence of new
business models that are fundamentally different from the
corporate utility model.

In January 2016, a mini-grid policy was approved to
mainstream mini-grid electrification into the National
Electrification Scheme [5]. Mini-grids are public-sector
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investments under the policy, with the VRA and the ECG/
NEDCo responsible for generation and distribution,
respectively. Under the rural electrification arrangement,
customers on mini-grids would have the same policy as those
on the main electricity grid [5].

With changes in the location of financial value, vertically
integrated corporate utilities can choose to remain vertically
integrated or evolve in various directions, such as owning and
aggregating distributed assets (e.g. distributed storage, metres,
electric vehicle charging points), constructing large-scale low-
carbon power plants (e.g., offshore wind, nuclear), or providing
connected services for assets owned by others (e.g. demand side
response) [40].

Systemic innovations are needed that go beyond enabling
technologies to integrate innovations in business models,
markets and regulations, and system operations to unlock the
flexibility of the power system and integrate rising shares of
Renewable Energy.

The International Renewable Energy Agency identified 30
innovations for integrating wind and solar PV in power
systems, which are clustered in four dimensions as shown in
Fig. 3 [40]. To form an innovative solution, innovations from
two or more dimensions must be combined. Because there is no
"one-size-fits-all" solution, these must be tailored to each
country's specific power system characteristics.

47N
Operation of a Electrification
decentralised of end-use Digitalisation ~Hydrogen o, -\ .0
Storage
complementaries Emerging
in renewable innovations
generation for the integration o
ric
of solar and vehicles
wind power
Encourage
flexibility Energy as
a service
Empowering Value spatial oy Peer-to-peer

p Aggregators

electricity trading

Fig. 3 Emerging technologies for integrating variable renewable
energy sources. Technologies for enabling, market design, business
models, and system operation [40]

Policies based on sustainability seek to achieve equity in
resource distribution, preserve the integrity of the global
ecosystem, and increase human population self-reliance [23].
The Sustainable Energy for All (SEforALL) [5] initiative aims
to mobilise the UN system, governments, the private sector, and
civil society to take concrete action toward three critical goals
that must be met by 2030: The goals are:

e Ensuring that everyone has access to modern energy
services,
e Doubling the rate at which energy efficiency is improving
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globally, and
e Increasing the proportion of renewable energy sources in
the world's energy mix [5].
In 2012, the Ghana SEforALL Action Plan sought to address
three key areas [5].
e Off-grid renewable energy-powered power solutions for
remote communities
e Access to modern cooking energy; and
e  Productive use of energy

VI. CONCLUSION

As the world transitions to a low-carbon economy,
technological, economic, and societal advancements necessitate
changes in business models. A business model explains how an
organisation creates, delivers, and captures value. The
traditional electricity business model has a relatively simple
value proposition; to remain profitable, national utilities rely on
increasing kWh units sold (relative to costs) [51], [52], [42].
Both the national focus and the reliance on increasing unit sales
have an impact on new entrants' ability to compete in or enter
the market [38]. The entire energy value chain is driven by the
unit volume commercial model to improve throughput, trapping
system users into unsustainable practices [44]-[46]. Because of
the inherent variability of weather-dependent renewables, the
entire system faces challenges, necessitating the presence of
other technologies that can provide system flexibility in order
to provide a reliable electricity supply. Renewables are
becoming the default option for new generation capacity. Even
though Ghana's energy mix is currently clean, with hydropower
accounting for 43.2% of installed capacity in 2015, it is prudent
that Ghana begins to develop its renewable energy resources in
order to keep it clean, reduce reliance on imported fuels for
power generation, and contribute power to the country's energy
needs for accelerated economic development [S]. A thriving
renewable energy sector will also generate 'homegrown' jobs.
Indeed, recent renewable energy programmes and projects have
demonstrated that renewable energy interventions have
enormous potential to reduce poverty and improve the country's
socioeconomic development, particularly in rural communities.
In light of this, efforts have been made to develop a clear
regulatory framework for the Renewable Energy sector,
including the development of policies, strategy documents, and
the enactment of laws. However, policymakers should pay
close attention to emerging business models in the electricity
supply market because they have the potential to result in
significant benefits, both in terms of system efficiency and
socioeconomic gains. Future policy can be guided by the
identification and classification of value propositions, value
capture, and business model archetypes.

VII. RECOMMENDATIONS

Two crucial business models are suggested in this paper for
the use of renewable energy in Ghana's power sector. Peer-to-
peer (P2P) electricity trading is the first business model. In this
arrangement, consumers and generators are linked via a
software platform to enable direct energy trading between them.
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Customers can select a generator based on price, energy type,
or location, and they can switch generators as often as they
want. This is an exchange that operates outside of the existing
wholesale trading market. By increasing the visibility of nearby
generators and community energy projects, the platform will
aim to facilitate the development of local renewable energy
markets. The P2P business model's success is dependent on
consumers' willingness to change. The second business model
involves empowering communities to operate and maintain a
self-contained grid that supplies power to the entire community.
With no connection to the mainland grid, the community's
electricity can be supplied by renewable sources such as hydro,
wind, and solar PV energy. This business model will encourage
local energy generation, incentivize optimal time-of-use
behaviour, and allow any financial gains to be shared among
the community members. In the absence of clear commercial
benefits, such models may be difficult to replicate in areas with
existing grid access because they necessitate the participation
of the entire community to reach an investable scale.
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