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Commercialization of Renewable Energy Technologies in Ghana:
Barriers and Opportunities

Abstract

Although renewable energy technologies (RETS) have been in use in Ghanafor many
years, they have not seen much commercid success. Using solar PV as an example,
this paper attempts to explain some of the factors that have prevented growth of a
viable market for RETs. An adverse policy environment and lack of financing are
cited as the main barriers. Recommendations are made for government and
ingitutional support that would dlow private participants to successfully engage in
RET indudtries. An dectrification fund is proposed to support grid extenson to arees
of proven economic potentid.
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1 Introduction

Renewable energy technologies (RETS) have hdd promise for Ghand s development for
many years. However, efforts to make this promise aredity have not generdly been
successful. During times of energy crises-when thereis prolonged drought in the
catchment areas of the Volta Dam, or when the world ail prices increase sharply—there
issudden interest in RETs as a possible dternative to our dependence onthe grid. This
interest wanes as rgpidly asthe crissisresolved. The cycle has been repested most
notably during the recent 1997 dectricity shortfal.

Renewable Energy Technologies are methods of harnessing energy for human usein

such away that the source of energy is not depleted over time. For the purpose of this
discussion RETswill be further defined as smdl-scae, decentraized energy
technologiesinduding, but nat limited to the following:

Solar Photovaltaics (PV)
Solar Water Heaters (SWH)
Wind/Electric Turbines
Biogas Generators

5. Biomass Fud Sources

AP

RETsin generd are consdered more sugtainable and environmentaly benign then
conventiond energy sysemsthat are based on fossl fuels (oil, gas, cod). By being
smdl-scae and decentrdized, they are usualy considered to be less expensive because
of the reduced codt of trangporting and didributing fue and energy. In most cases the
RET produces energy &t its source for use in the immediate vicinity.

This paper will use solar photovoltaics as an example of an RET that has the potentid
for commercidization in Ghana, with the expectation that the lessons drawn from this
industry will be gpplicable to other industries and RETs asawhole. 1t should, however,
be noted that there is awide range of technologies and gpplications under RETS, and
some of theissues are not gpplicable to other energy sources. For example, solar PV's
are asource of dectricity and require the use and maintenance of capitd -intensve
technologies. On the other hand most biomass fud systems smply involve the
ugtainable gathering of fudwood for cooking and other heating purposes.
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1.1  Status of the Photovoltaic Industry

In early 1999, soon after the dectricity crigs of 1997, there were an estimated 24
companies primarily involved in the design, inddlaion, and sde of photovoltaic
sysemsin Ghana By the middle of 2000, fewer than haf of these companies were
actively involved in the industry. The reasons for this decline are varied, and include
the possihility that the companies involved had not sufficiently developed their business
plans. It istdling, however, thet the surge in demand created by the energy crissdid
not lead to aviable photovaltaic industry.

This phenomenon is not restricted to Ghanaor developing countriesin generd.  The
sharprisein ail prices during the 1970s led to energy shortagesin most parts of the
world, and creeted aboom in the number of companies offering renewable energy
dternatives. When power stabilized and economies recovered, the number of

companiesimmediady fell.

Table 1 shows the estimated sze and growth of PV sysemsin Ghana, based on
informetion provided by the minigtries of Mines and Energy, Hedth, and other
inditutions.
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Table 1. Satus of Photovaltaic Electrification in Ghana

Number of Systems Ingtalled (Cumulative)

Application 19911 19942 1998° 2000 (est.)
Lighting 25 67 1500 2200
Water Pumping 5 na &
Vaccine Refrigeration 63 56 180 210
Tdecommunications 214 500 80C 90C
Other 25 77 na 100
Total 337 700 2530 3490
Peak Watts of Systems I nstalled (Cumulative)

Application 1991 194 1998 2000 (et.)
Lighting 12 kKW 18 kKW 100 kW 120kW
Water Pumping 3kW n/a 20 kW 25 kW
Vaccine Refrigeration 32 kw 14 kW 40 kW 48 kW
Tdecommunications 102 kW 292 kW 350 kW 450 kW
Other 11 kW 26 KW na 50 kw
Tota 160 kW 350kw 510kwW 693 kW

1.2  The Promise for Renewables in Ghana

Renewable Energy Technologies, particularly PV's, can reduce the country’s
dependence on centraized power from hydro and fossl fud sources. In times of
domestic shortage, the cogt of importing power from neighboring countriesis even
higher. Datafrom the Electricity Company of Ghana (ECG) shows that domestic users
account for most of the dectricity demand in Ghana®. Outside of the urban areas where
demand per cgpitais high, most of the consumers of dectricity useit only for lighting
and low-consumption utilities such asfans, radio setsand televisons. These
applications can eadly be served by decentralized solar powver.

In addition to domestic use, many specidized gpplications such as water pumping and
vacaine refrigeration exist. For example, there are over 200 hospitals and nearly 1,000
dinics and hedth postsin the country. Many of them can be served with solar
dectricity more rdiably then the grid, and & alower long-term cogt.
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1.3 The Challenges

Many reasons have been given for the lack of aviable photovoltaic market in Ghana. In
some cases the high taxes have been blamed, and policy measures have been taken to
reduce the import duties on solar photovoltaics®. In others, it has been argued that the
introduction of manufacturing will reduce the cogt of solar dectric sysems and boost
the industry. This paper argues that the absence of aviable indudtry is due to the lack of
acoherent and coordinated policy on energy that takes RETs into account, coupled with

arepressve manufacturing environmen.

Each of the above reasons will be examined in turn to determine how well they assst
the solar PV industry in Ghana to reech asustaingble sate. In areview of the industry
conducted on behdf of AFREPREN in 1999, members of the solar energy indudtry cited
the following reasons among the factors inhibiting their growth and devel opment®.

High cost of components, leading to high system cost

Lack of financing for consumers

Lack of financing for service providers and ingalers

Perception of high cost of solar PV by the public

Unresponsiveness of potential market groups, eg., theredl estate industry

These and other barriers can be overcome with a concerted effort from the policy,
finandd, and marketing sectors.

1.4  Is Local Manufacturing Feasible?

It isuseful to review the question of local manufacturing, asit has often been cited asa
way of reducing cogs of solar photovoltaic sysems. In order to assess the impact of
local manufacturing on cogt, we mugt first examine the main cost dements for the
manufacture of photovoltaic modules, and for atypica solar home system (SHS).

The main argument for locd manufacture, other than technology transfer, isthat lower
labor cogts will reduce overdl cogts. Opportunities have been found in cdll Sringing as
well as module laminaion and framing. However, the labor component of module
manufacture is less than 10%, and reduces further as volumes increase and autometion
isintroduced’. Thus, asmall plant with high labor component will be largdly manud,
and will mogt likely produce non-uniform parts that will not sl well compared to

nicely finished imported modules from automated plants.
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The solar dectric systlem as awhole offers better opportunities for savings through local
manufacture. Thisismainly because the processes for many baance of sysem (BOS)
components can be easly adapted to other, non-solar uses. Such a plant could flexibly
meanufacture components for other uses when demand for solar PV islow. For example,
an dectricd fabrication plant for manufacturing controllers and inverters can aso be
used to produce voltage Sabilizers and battery chargers for automobiles. Table 2 shows
the impacts of loca manufacture for various system components.

Table 2. Rdative cogs of PV sysem components and opportunities for local

manufacture
component Cost Factor Opportunities for Mfg.

Modules 45% Low

Batteries 25% Medium
Controller 5% High

Inverter 15% Medium

Wiring 5% Low
Frames/supports 5% High

Note: The above is based on a household photovoltaic system delivering AC power with a system cost of
about $2,000. Rural solar home systems are usually DC (no inverter) and typically cost less than $1,000
initially.

It can be seen from the above that cost reduction should not be the overriding reason to
introduce locd manufacturing, because it will be adifficult god to achieve. Other
reasons should be taken into account, such as the need to transfer technology, improve

meanufacturing, and strengthen the country’ s human resources in research and
devel opmerntt.

2 Typical Photovoltaic system

Photovaltaic systems can be configured in various ways depending on the goplication.
A typica sysem includes aset of modules for generating eectrica energy from
aunlight, a battery for storing the energy in caseit is needed a night, aregulator or
controller for maintaining proper charge of the batteries, and an inverter for converting
direct current (DC) to dternating current (AC) voltage. The components are shown
schematicdly in Figure 1
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Figure 1L Typical phatovaltaic sysem showing the major components

All the mgor components listed above can be found in adomestic home power system
such asthose used in rurd gpplications. In water pumping gpplications baitery sorage
may not be needed, and purdly DC gpplications would omit the inverter. Other
components may be added to interface a solar dectric system with different power
sources such as agenerator or the grid.

2.1 Recent Advances

Much has been achieved in the solar eectric industry in recent years. Severd countries
induding the United States, Germany, Japan and South Africa have introduced mgor
programs to boodt their locd indudtries by active government participation in the
development of solar dectricity. Thisis being pursued through research programs, tax
incentives, palicy initigtives, finandng, and high vishility projects In the US, for
example, where tax obligations can be high, it has been shown that tax incentives can
result in asignificant burdt of activity intheindustry. Ther effects, however, lagt only
as long as the incentives exigt, and many indudtries that spring up to take advantage of

tax incentives are no longer viable when the incentives are removed ®

On the technicd Sde, the efficiency of photovaltaic cdlls has been improved while cogts
continue to fal. Consolidetion in the industry, with the expanson of companieslike
Kyoceraand BP Solar, has meant more intensve R& D initiatives that will result in
chegper and more efficient modules in the near future.
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2.1.1  Amorphous technology (Kenya Study)

Amorphous PV cdls have been burdened with the reputation that they are less efficient
(interms of power per unit module ared) and degrade fagter than their poly- and mono-
crysaline counterparts in spite of their lower cogts. A recent study conducted by
Kammen a d in Kenyaindicates that the difference between sysemsthat use
amorphous and crystaline modules may not be that large, and the rate of degradation of
amorphous modules may be lower than expected, after the initid Stagbler-Wronski
Effect.’

Asthe body of evidence on thefield builds, such developments could provide benefits
for the Ghanaian PV indusiry by introducing more cogt-effective ways of providing

energy to many customers who may not have accesstoit.

3 Market Potential

The Minidry of Mines and Energy in Ghana estimates thet the grid reaches only about
30% of the country’s population.® Put another way, it is estimated that about 4,000
communities do not have access to dectricity.”t Many of these communities will not be
served by the nationd grid in the near future. In addition to the off-grid households,
meany inditutions such as schools, hospitals, and government offices are located in off-
orid aress. Findly, many applicationsin off-grid communities can be sarved by solar
and other renewable energy sources. Theseinclude water pumping, learning centers,
and stredtlights.

Based on the 1998 leve of penetration of the nationd grid, the Ghanaian market for
solar dectric systems can be dassfied broadly as shown in Table 3. All 110 Didtrict
Capitalsin Ghana have been connected to the grid, and therefore mogt of the 4,000 off-
grid communities are likely to be smdl with populaions of less than 10,000. Usng 100
households as an average community size, it is further assumed that 5% of the
households would be ready and willing to acquire domestic solar eectric sysems. A
penetration level of 20% was used to esimate the number of communities that may be
served with community-level gpplications. 1t should be noted thet the table is merdly
indicative of the potentid market, and a detailed demand andysis will be required to
determine market Size.
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Table 3 Potential usersof solar dectric PV sysemsand their digribution.

Market Group Example Applications Estimated size
(number of sysems)
Households in off-grid Home lighting systems, home 20,000
and rurd aress power systems, domestic water
Sorage
Institutionsin off-grid Rurd teephony, vaccine 800
and rurd aress refrigeration, irrigation, etc.
Community-based Water supply, community 800
systems lighting, street lighting
Other gpplications Backup systems, 5,000
communications, etc.

The achievable levels of penetration for each of the market groups will depend on the
marketing efforts of solar energy companies aswell asincentives provided by
government programs and financing schemes. The income levels of mogt rura
communities are well below what is needed to afford a durable solar home system
without the assistance of gppropriate financing mechanisms.

The opportunities within the Ghanaian market for localy produced systems and
components will depend on the willingness of project sponsors and donors to promote
locd manufecturers. In this regard, projects that involve the wholesde importation of
kits should be discouraged in favor of those thet dlow certain parts or components of
the systemn to be sourced or produced localy. Adeguate qudity Sandards can be
established and maintained to ensure that the systems perform to expectation.

4  The Policy Environment

4.1 Tax and duty exemptions

In the wake of an energy shortage in 1998 the Ghanaian government removed import
duties and sales tax on “solar generation systems’ as a measure to increase imports of
solar dectric systems and encourage the use of solar energy as an dternative source of
energy. At the sametime, the duties on diesd generators were aso reduced. With the
introduction of the Vadue-Added Tax at the end of 1998, solar dectric systems remained
exempt from import duties but were charged VAT.
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Theimpact of these policy measuresis unclear, but empirica evidence suggedts that
they have had little impact on the commercid success of the PV industry. Severd
factors may contribute to this. Firgtly, the wording of the exemptions was unclear, and
the Customs Service (CEPS) has often been unable to assign a Harmonized System
(HS) Codeto imported solar energy equipment. For example, an ingtdlation company
thet imports various components for assembly would have to pay duties and taxes on dl
components except the modules themselves. On the other hand a company that imports
complete kits including lights and gppliances will enjoy the exemption because the crate
islabded “ Solar Generation System”

Secondly, the cost component of the duty exemptions makes very little impact on
affordability of the sysems. Asdiscussed above, solar panels condtitute less than half
of the cogt of the entire system.  An exemption of 10% duty will result in a5% price
reduction if the savings are passed directly to the consumer. Even a amonthly income
of 2 million cedis ($400 a mid-2000 exchange rates), awell-paid Ghanaian worker will
have to devote five months sdary towards the purchase of a solar eectric system for
his home.

Findly, the policy of tax and duty exemptions does not recognize the dternatives
available to most people when they make energy choices. In most cases the user can
more cheaply meet their needs using grid dectricity, even when it isafew kilometers
away. At longer distances, diesd generators provide aless expensve short-term
solution. Few potentiad solar customers choose it for environmenta reasons.

4.2  Rural electrification

The Nationd Electrification Scheme (NES) has been alargely successful government
program initiated with donor assgtance in 1989 with agod of extending the grid
throughout the country by 2020. To date dl 110 digtrict capitds are on the nationd
orid, as are many communities dong the high- and medium tenson power lines

With the gated god of the NES, there is little room for decentralized energy sources
such as solar home systems. In addition to the high cost of systems, peoplein
communities without grid power remain convinced that the grid will be extended to
them soon, and are not willing to pay subgtantialy more for solar energy in the short

term.

Mawuli Tse Commercialization of RETs in Ghana Page12



It should be noted thet the cost of extending the grid to low-voltage pointsis estimated
a $2,000-$3,000 per connection, arange which is comparable to the cost of amid-szed
solar dectric sysem. Thisisin addition to the cost of medium and low voltage

transmission lines

Under these circumstances, the Nationa Electrification Scheme has shut out alarge
sector of the market for photovoltaic sysems. The subsidies enjoyed by users under the
NES are ds0 not available to RET users, who are forced to bear the full cost of their
power systemsin advance.

5 Impact of Pilots, Donors, and Development Projects

Many projects have been initiated to test and deploy RETsin Ghana over the years.
Mog of these projects have not led to commercidization of the technologies mainly
because this was not the primary objective, and aso because the indtitutions responsible
for developing the projects did nat involve the private sector in the process. As
historica traders, Ghanaian entrepreneurs are quite efficient at meking use of a
commercid opportunity when they see one. This postive attribute has hardly been
exploited in the projects that have been developed. One mgor PV project even
envisonsinvolving the private sector afull three years after the project has been
initiated.

Donor projects are usudly not necessarily digned to nationd interests, and can derall
commercid efforts of entrepreneurs. When equipment such as solar PV componentsis
donated, it often serves more as ameansto get rid of surplus materids in the donor
country or generate employment for the donor country in times of economic downturn.

Deve opment projects that do not take into account the after-effects of their impact end
up doing harm to commerdidization of RETs. Although many recent projects attempt
to include entrepreneurid initidtives, there are till many that focus only on the
immediate impact of the project objectives. A vacuum is crested when the project
winds up, leading to abandoned eguipment, lack of ownership, and opportunities thet
arenot viable for entrepreneurs. In many cases the ass stance would have been offered
a highly subsidized rates, and an entrepreneur who atempts to charge economic rates

for the same serviceis bound to fall.
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For policy messures to be effective, they must be broadly fashioned to provide fair
access for arange of energy sources. The current environment heavily favors extension
of the grid even to areas where it is not economicdly justified. The needs of such
communities could be easly met with the same level of subsdy enjoyed by grid usarsif
they were given the choice between solar, wind, micro-hydro, and other sources.

6 Financing

High cogt isthe reason most often cited for the low penetration of solar eectric systems.
A mgor opportunity therefore liesin the financing of the industry. Two forms of
financing are possible: financing for end-users as away of making the systems more

affordable, and financing for retallers and service providers to boost their activities.

6.1 Financing for end-users

As discussed earlier, solar dectric systems are beyond the means of most Ghanaian
households, particularly if they have to bear the full cost up front. Many customers
have expressed willingness to purchase systemsiif the cost were spread over a
reasonable period of time. However, interest rates are presently high and such financing
from banksis undttractive for most borrowers. Borrowing from inditutionswill have to

be backed by certain guarantees that will alow repayment terms of ten years or more
for homeowners.

Alternatively, revolving funds could be sat up with seed funds coming from the
government or development agency. Such revolving funds have been shown to be
viable for smal communities where there is high societd pressure on borrowers to
maintain their payments. Many rurd communities could benefit extensvely from such
afund.

6.2  Financing for Retailers and Installers

Retallers and ingtdlers of solar dectric systems are faced with the same harsh
conditions as their counterparts in other fields. These include lack of accessto capitd,
high finance cogts, exposure to credit risks, and increasing import costs due to currency
devduaions. Inorder to promote RETsin generd, it would be necessary to provide
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additiond incentives through financing for entrepreneurs interested in engaging in the
development of renewable energy systems.

One suggested means of achieving this would be through programs of commercid loans
through banks. Entrepreneurs would have to meet minimum requirements of the banks
(years of operation, audited Statements, etc.), but once qudified would be digible for
low interest loans, operationd support, and import credit facilities. Particular incentives
should be applied to companies thet set up operationsin rurd aress, closer to the end
users.

6.3  Venture Capital for Manufacturers

Financing for the industry must pay specid atention to the needs of entrepreneurs who
add vaue to the systemsthey inddl. As mentioned earlier, the cost savings from locd
manufacture of solar eectric system components are rdatively smal, but the advantages
of technology trandfer, employment generation, and maintaingbility, are big enough to
judtify specid support.

In some cases, the potentid entrepreneur or manufacturer may not be aware of the
financid support available to him or her, both localy and internationdly. To thisend
the Minigtry of Mines and Energy and other research agencies can play avitd role by
compiling and disseminating informeation on finencing schemes and procedures to the

entrepreneurs.

Manufacturing facilities must first be shown to bevigble. Thisisusudly evident from a
strong business plan and flexible manufacturing facilities. Manufacturing activities
should be coordinated to ensure that industries complement each other. Where possible,
exiging fadilities should be sdlected for outsourced manufacturing insteed of building
new plants from scratch. For example, metd fabrication plants can easly accommodate
orders for module framing even a high volumes, a a chegper cost because the capitd
costs have dready been sunk.

7 Recommendation

Successful commercidization of RETsin Ghanais possible, but the current market,
economic, and policy conditions are working hard againg it. If successisto be
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achieved, certain fundamenta changes would have to be made, sarting with a broad
policy shift thet will be based on energy provison rather than grid extension, asisthe
cae presently. The new policy would need to take into account the various
decentraized sources of energy and afford users the choice of the best energy option for
al parts of the country.

Structures are dso needed to guarantee financing for the users and providers of RETS.
Thisisagood area of intervention for development agencies, where basic objectives
such as hedth improvement, adult education, and economic development can be met.

Financing and policy mechanisms can be usad to creste the enabling environment for
rurd dectrification usng RETS, ingtead of extending the grid to aress where it is not
economicaly judtified. To judtify grid extenson, it is suggested that an dectrification
fund be set up for the financing of eectricity to remote areas. Funds will be made
available to companies uch as mines, plantations, and agro-indudtries as part of an
overdl infragtructure plan. With the higher income levels, individuds will be aile to
afford grid extenson to their homesiif they wish.

With alevd playing fidd in the policy arenaand available financing for RET
deployment, it will be possible to engage in the much needed task of educating the
market on the benefits of renewables, and reducing the public perception that they are
overpriced and exatic technologies suitable only for pilot projects.
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