NATIONAL RENEWABLE ENERGY REPORT

SUBMITTED TO

ENERGY COMMISSION

ACCRA, GHANA

January 2005
CONTENTS

FOREWORD

ACRONYMS AND ABBREVIATIONS

CHAPTER 1: BRIEF BACKGROUND INFORMATION


1.1 
Geography and climate

1.2 
Demography

1.3 
Economic background

1.4 
Energy and electricity consumption

1.5 
Major energy consuming industries

1.5.1 
Volta Aluminium Company (Valco)

1.5.2 
Electricity Company of Ghana (ECG)
CHAPTER 2: ENERGY-ECONOMY INDICATORS

2.1 
Foreign exchange impact

CHAPTER 3: ENERGY DEMAND (INCLUDING PROJECTIONS)

3.1 
Power Scenario (current and projected)

3.2 
Rural Electrification

3.3
Current Situation

CHAPTER 4: ENERGY SUPPLY (BASELINE PROJECTIONS)

4.1       Energy Sources

4.1.1    Natural gas and oil resources

4.1.1.1 Imported Crude Oil

4.1.1.2 The West African Gas Pipeline project (WAGP)

4.1.2    Large Hydropower Generation Resources

4.1.3    Traditional Biomass Resources

4.1.4    Renewables

4.2       Generation Capacity

4.3       Grid Network

4.4       Institutional arrangement

4.4.1    Process of energy planning

4.5       Policy and regulatory framework

4.5.1    Energy Policy

4.5.2    Regulatory framework

4.6       Energy Security Issues

CHAPTER 5: ENVIRONMENTAL ISSUES      

5.1       Energy use and carbon emissions     

CHAPTER 6: SOLAR AND WIND ENERGY RESOURCE ASSESSMENT

6.1 
     Solar resource information

6.1.1    Baseline (Prior to SWERA)

6.1.2    New Assessments - Validation and Improved Resolution

6.1.3    Hotspots

6.2       Wind resource information

6.2.1    Baseline (Prior to SWERA)

6.2.2    New Assessments - Validation and Improved Resolution

CHAPTER 7: TECHNOLOGY ALTERNATIVES

7.1
Deployment Potentials

7.1.1
Off-Grid and Grid Connected Remote Solar Home Systems

7.1.2

Solar Water Heaters and Crop Dryers

7.1.3    Grid Connected Wind and Wind Water Pumping 

7.1.4    Combined Cycle Power Plants

7.2
Economic Considerations

7.3
Penetration Levels Contributing To National Targets

7.3.1
Carbon Dioxide Reductions

7.4
Barriers

CHAPTER 8: ONGOING PROGRAMMES AND PROJECTS IN PIPELINE



8.1
Concepts for New Solar and Wind Projects (GEF/Com)

8.2
Past Off-grid Solar Electrification Projects

8.2.1
RESPRO Project

8.2.2
Ministry of Energy/Spanish government project

8.2.3 
Renewable Energy Development Project /DANIDA project

8.3
Master Plan Study on Rural Electrification by Renewable Energy 
Resources.

8.4
Appolonia Renewable Energy Demonstration Project

CHAPTER 9: MAJOR PLAYERS IN THE ENERGY SECTOR

9.1
Classification of major players in the energy sector

Bibliography

Appendix 1

FOREWORD
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University of Cape Coast, Cape Coast

Dr. F. K. Forson
Kwame Nkrumah University of Science and Technology, Kumasi

Mr. Fred Appiah
Kwame Nkrumah University of Science and Technology, Kumasi

Mr. Victor Antwi


University of Education, Winneba

Mr. W Agyemang-Bonsu

Environmental Protection Agencies, Accra

Ms. Ophelia Mensah


Secretary/Recorder

The critical energy situation in Ghana has led to intensive efforts at enhancing the country’s energy security. Ghana has no substantial fossil fuel deposits; the role of Renewable energy in the county’s energy mix is therefore very paramount. In this report, brief background information on the country is given and the energy demand/supply situations considered. Environmental issues concerning the energy industry is looked at as well as the solar and wind energy resources. The barriers that impede the development of the alternative energy resources are also considered. Finally the deployment potential of alternative energy technologies is looked at and the ongoing projects/programmes in the country assessed. 

ACRONYMS AND ABREVIATIONS

AESL - Architectural and Engineering Services Limited

a.g.l - above ground level

Btu - British thermal unit

BCF  - Billion cubic feet

BOST  - Bulk oil storage and transport

CEB  -  Communaute du Benin

CO2   - Carbon Dioxide

CDM  - Clean Development Mechanism

EC  - Energy Commission

ECG  - Electricity Company of Ghana

EGF  - Embedded Generation Facility

EPA  -  Environment Protection Agency

GDP  - Gross Domestic Product

GSB  - Ghana Standards Board

GEF  - Global Environment Facility

Goil  - Ghana oil

GWC  - Ghana Water Company

GNPC  - Ghana National Petroleum Company

GPRS  - Ghana Poverty Reduction Strategy

GW  - Gigawatt

GWh  - Gigawatt-hour

Gg  - Giga grammes

GJ  - Giga joules

HEP  - Hydro electric power

HRSG  - Heat Recovery Steam Generator

IRP  - Integrated Resource Planning

KWh  - Kilowatt-hour

KNUST  - Kwame Nkrumah University of Science and Technology

LEAP  - Long Rang Energy Alternative Planning

LPG  - Liquid Petroleum gas

MW  - Megawatt 

MCF  -million cubic feet

MSD  - Meteorological Services Department

Mtoe  - Million tonnes of oil equivalent

MOE  - Ministry of Energy

MBtu  - Million British thermal Units

NES  -  National Electrification Scheme

NPTB  - National Petroleum Tender Board

NED  -  Northern Electricity Department

NREL  - National Renewable Energy Laboratory

OMCs  - Oil Marketing Companies

OEP  - Off-grid Rural Electrification Programme

PURC  - Public Utilities Regulatory Commission

PV  - Photovoltaic 

RETs  - Renewable Energy technologies

RESPRO  - Renewable Energy Services Project 

SHEP  - Self Help Electrification Programme

SWERA  - Solar and Wind Energy resource Assessment

TOE  -Tonnes of Oil Equivalent

TOR  - Tema Oil Refinery

TWh  - Terawatt-hour

TAPCO  -Takoradi Thermal Power Plant

TFDPP  - Tano  Fields Development and Power Project
Valco  - Volta Aluminium Company
VRA  -  Volta River  Authority
WAGP  - West Africa  Gas Pipeline
CHAPTER 1: BRIEF BACKGROUND INFORMATION
1.1. 
Geography and climate

Ghana has a total land area of about 238,533 sq. km and lies about 750km north of the equator on the south central coast of West Africa. It is located between latitudes 4.30 and 11.30 degrees north; and longitudes 1.30 degrees east and 3.50 degrees west. It shares common borders with Burkina Faso to the North, the Republic of Togo to the East, Cote d’Ivoire to the West and the Gulf of Guinea to the south (Fig 1). Extensive water bodies (including the Volta and Bosomtwe lakes) occupy 3,275 square kilometres. The total coastline is about 539 km and the territorial waters extend 200 nautical miles out into the sea.

The climate is tropical with the southern part comparatively warm and humid and the northern part hot and dry. The country experiences two major seasons (dry and wet) with an average daily temperature of about 30oC. The annual rainfall varies between 2200mm in the south, 900mm in the north and about 700mm along the eastern coastal belt. All the major rivers in Ghana flow into the sea with the only area of internal drainage found around Lake Bosomtwe in the Ashanti region where streams flow from the surrounding highlands into the lake. The two main sources of water supply for the rivers are rainfall and spring. 

1.2. Demography

The population of Ghana is about 18.9 million (2000 census), with a population density of about 79.3 persons per square kilometre. About 41.3 % of the total population is below the age of 15 years and the annual growth rate estimated to be about 2.7%. This is below the sub-Saharan African average of about 2.9%. With this growth rate, the expected population of Ghana in 2030 will be about 42 million. 

Approximately, 43.8% of the population live in urban areas which tend to be the hub of socio-economic activities and infrastructure leading to over-concentration of people in the urban centres. The rate of infant mortality is approximately 66 per thousand life births while the overall life expectancy is 57years (2000).
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Fig. 1 Solar radiation map of Ghana
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Fig1:  Regional Map of Ghana

The current population of the capital city, Accra, is about 2.0 million with three other major cities - Kumasi, Sekondi-Takoradi and Tamale with populations either above or slightly below one million.

1.3  Economic background

The Ghanaian economy is a free market system with enabling legislation and institutional framework to accelerate private sector led economic development and attract direct private foreign investment. 

The per capita Gross Domestic Product (GDP) as reported in 2000 was US$390, making Ghana a developing country with a low-per capita income. The economy grew at an average annual rate of 4.18% between 1990 and 2000. The thrust of the government’s economic programme is to stimulate rapid socio-economic development to attain a per capita income of US$1000 before 2030. 

Ghana's economy is heavily reliant on agriculture and mining. In 2000, agriculture accounted for about 36% of the total GDP and together with forestry and fishery constituted over 40%. Agriculture was estimated to employ about 60% of the total Ghanaian work force and grew at an average annual rate of 2.81% between 1990 and 2000. The contribution of industry on the other hand, has been low in recent times. It accounted for 25.2% of GDP in 2000. The Industry and service sectors together accounted for about 75% of Ghana’ GDP in 2003. 

Exports of gold and cocoa are the primary sources of government revenue and foreign exchange. In 2000, gold accounted for thirty one (31) percent and cocoa for twenty four (24) percent of export revenue respectively. The Ghanaian economy experienced steady growth, with real GDP growth averaging 4.4%, from 1996-1999. In 2000, GDP growth was a meagre one (1) percent mainly due to depressed prices for Ghana’s main export commodities, coupled with a rise in world petroleum prices, government budgetary problems, and a depreciation of the national currency. Thus, inflation, which had fallen from 46.6% in 1996 to 12.4% in 1999, more than doubled to 25.2% in 2000.

The main imports include capital equipment, crude oil and petroleum products, food, consumer and intermediate goods. A decline in commodity prices of Ghana’s exports and high crude oil prices often put the economy under severe financial pressure.




1.4.
Energy and electricity consumption

The estimated per capita energy consumption as at the year 2000 was 5.5 million Btu. Total primary energy consumption of Ghana increased from 4.2 million tonnes of oil equivalent (Mtoe) in 1990 to 6.2 Mtoe (about 69,000 Gigawatt-hour) in 2000 at an average rate of 5.8 percent per annum. It then rose to 6.6 Mtoe by 2003 with an average growth rate of 2.4 percent per annum over the period 2000 – 2003. Since the mid-90’s, the composition of energy consumption in Ghana have been approximately seventy one (71) percent biomass, Twenty (20) percent crude oil, eight (8) percent hydropower and as it were, less than one (1) percent solar energy. The composition has changed significantly since then and as at the end of 2000 it was sixty (60) percent biomass, twenty-eight (28) percent oil products and eleven (11) percent electricity. Solar energy in this context refers to the sun-drying of cocoa, sheanuts, maize, paddy rice, sorghum, cashew nuts; and other exportable commodities. Solar energy for the production of electricity on the other hand is relatively negligible about one hundred and thirty-three (133) Mtoe. 
From the above data, there is a heavy reliance on biomass as a source of energy. Woodfuel supply in the country is entirely in the hands of the private sector. It is harvested in the rural areas and transported either in the form of firewood or charcoal by traders to the urban market centres. 
The Volta River Authority (VRA) generates all the electricity consumed in the country and also for the export market. Over the last five (5) years VRA imported approximately 1,000GWh of electricity, which represents about fourteen (14) percent of the overall supply. Table 1 represents the total electricity generation capacity of Ghana as at 2003. Ghana had a net export of electricity only in 2001 when there was unexpected abundant water in the Akosombo and Kpong hydroelectric reservoirs.

Name of Plant
Installed capacity of Plant (mw)


Available capacity of Plant (mw)
Comments

Akosombo Hydro Plant
1,038
850
Installed capacity based on turbine capacity of 173 MW/unit for 6 units after completion of retrofit in 2005.Unit generator capacity of 170 MW, however limits the plant output to 1,020 MW. Current available capacity of 850 MW is 170MW times 5 units 

Kpong Hydro Plant
160
120
Four units of 40 MW each. On going retrofit work. Current available capacity is 40MW times 3 units

Total Hydro
1,198
970


T1
330
330


T2
220
220


Takoradi thermal Power Plant
550
550


GOECF Power Barge
125
0
The OECF barge is not operational yet

Tema Diesel Plant
30
20


Total Thermal
705
570


TOTAL
1,903
1,540


Table 1: Installed electricity generation capacity in Ghana (2003)

From 1999 through 2002 approximately 75 percent of the overall supply of electricity in Ghana was hydro-generated. Since 2003 it has consistently been reduced to about sixty five (65) percent. The per capita electricity consumption was 358 KWh in 2000 indicating an increase of 15.9% as compared to 309 KWh in 1999. The per capita electricity consumption in Ghana is lower than the weighted average in the sub-Saharan region. 

VRA also undertakes direct bulk sale of electricity to some West African countries and to  the two electricity distribution companies in Ghana - Communaute du Benin (CEB) (as a result of the power exchange agreement between Ghana and Togo),  the Electricity Company of Ghana (ECG) and the Northern Electricity Department (NED). 
1.5. Major energy consuming industries

Though electric power constitutes only eleven (11) percent of Ghana’s energy supply mix, it plays an important role in the country’s economy, powering its industrial, commercial and urban development. The major energy consuming industries in Ghana are: the Volta Aluminium Company (Valco), Electricity Company of Ghana and the Northern Electricity Department. 

1.5.1 Volta Aluminium Company (Valco) 

Volta Aluminium Company (Valco) was the largest consumer of energy from Akosombo until the ECG surpassed it in the 1980’s. According to a 30 year contract which expired in 1997, VRA was to supply electricity to Valco at an annual level of 2,760 GWh. In the last five years, Valco’s consumption had reduced significantly to a point where the plant was completely shut down. At its peak, Valco represented approximately 34 percent of VRA’s total sales. AngloGold-Ashanti on the average purchases approximately 440GWh representing 6 percent of the overall VRA sales.

1.5.2 Electricity Company of Ghana (ECG)

On the domestic front, the Electricity Company of Ghana (ECG) is the largest VRA consumer with approximately fifty-five (55) percent of VRA’s sales. A subsidiary of VRA, the Northern Electricity Department (NED) also consumes about four (4) percent of the total sales. 

With the exception of the enumerated organisations, the power exchange agreement between VRA and Communaute du Benin (CEB) guarantees the supply of 300GWh/yr from VRA to meet the electricity needs of Togo and the Republic of Benin. This constitutes about four (4) percent of VRA’s sales. VRA thus, exports about four (4) percent of the electricity it generates to the neighbouring countries. CEB requested an additional supply of 387GWh recently which VRA is supplying. VRA also supplies electricity to some border towns in Burkina Faso. It is clear that the largest consumers of electricity from VRA are Valco and ECG. Together, the two of them account for approximately ninety (90) percent of its sales. Since the demise of Valco, ECG now, single-handedly, accounts for about sixty-five (65) percent of the sales. AngloGold-Ashanti with its six (6) percent is the second largest consumer with NED and CEB together ranking third. Bulk sales are also made to a number of smaller industrial and mining consumers in Ghana. It is interesting to note that the Accra-Tema metropolitan area, including Valco accounts for over sixty (60) percent of the total power demand in Ghana with the Kumasi and Obuasi (AngloGold Ashanti) areas also accounting for about twenty (20) percent.

CHAPTER 2: ENERGY-ECONOMY INDICATORS

2.1
FOREIGN EXCHANGE IMPACT

Ghana’s energy challenge begins with her expanding economy and growing population. Increasing the country’s prosperity and sustaining a modern way of life would require a sustained energy use. Ghana’s population is projected to reach about twenty-six (26) million by 2012 and thirty-two (32) million by 2020. The total number of households in Ghana, which was about four (4) million in 2000, is expected to reach between five to six (5 – 6) million by 2012. Even though, urbanisation is expected to increase from around forty (40) percent in 2000, the country will still be about forty-five (45) percent rural in 2012. About fifty-seven (57) percent of the population in the year 2000 depended on or used kerosene for lighting.  Essentially, kerosene use is mainly a rural phenomenon with eighty-two (82) percent of the rural population depending on it for lighting. Kerosene use is associated with extensive indoor air pollution with its associated hazards.

Whereas the  real GDP per capita in 2000 was US$390 and the gross GDP about US $7 billion, the Gross Domestic product in 2002 was estimated to be $6.0 billion yielding a per capita GDP of $326. Between 1995 and 2002 the GDP growth in Ghana averaged 4.1 percent and ranged from 3.7 percent to 4.5 percent. Even though the real GDP growth rate was in a low-level equilibrium of approximately 4 percent, for the first time in seven (7) years it increased at a fast rate for three consecutive years between 2000 and 2002. Thus, after declining from a high of 4.7 percent in 1998 to 4.4 percent in 1999, the real GDP rose steadily from 3.7 percent in 2000 to 4.2  percent in 2001 and then to 4.5 percent in 2002.

With respect to the growth rates of the various sectors of the economy, the agricultural sector which accounts for about 36 percent of the GDP averaged 4.1 percent over the 1995-2002 period. The agricultural sector’s growth rate lags behind the industrial and service sectors. The growth in the economy is largely spurred by the service sector which since 1995 averaged a growth rate of 5.3 percent. In 2001, the service sector accounted for the largest (1.5 percentage points) contribution to the overall real GDP growth rate of 4.2 percent followed by the agricultural sector (1.4 percentage points) and the industrial sector (0.7 percentage points). Crude oil imports account for approximately 10 percent of total commodity trade (i.e., import plus exports), and consumes between 15 and 40 percent of the nation’s export earnings.   In 2000, an amount of US$ 528 million, about 27 percent of the country’s total export earning was spent on the importation of about 1.1 million tonnes of crude oil and 0.8 million tonnes of petroleum products. The nature of world crude oil prices and the negative impact on the nation’s balance of payment made the Ministry of Energy to constitute the National Petroleum Tender Board (NPTB) to coordinate the procurement of crude oil and petroleum products. 

In order to stimulate economic growth and reduce poverty, the Government initiated the Ghana Poverty Reduction Strategy (GPRS) in 2001 as a strategic framework to tackle the twin goals of economic growth and poverty reduction. The GPRS was to transform the country’s low-income status to middle-income with about US $1,000 per capita by 2012. Such a transformation involves energy intensive economic activities like creating more jobs within the economy and improving access to quality education. It also involves reaching out to segments of the society in communities where the national electricity grid is not accessible. Thus, alternative but decentralised sustainable energy systems could be easily deployed into such remote and distressed communities and brought into the overall national energy mix. Obviously, this will include solar vaccine refrigerators for the preservation of vaccines for child immunisation programmes in remote and off-grid parts of the country. The provision of energy services contribute directly and indirectly to poverty alleviation. 

Interventions in the Energy sector provide new, high quality and cost competitive energy services to the poor thus alleviating poverty. They also provide services to support small-scale, local, income generating activities thereby enhancing employment opportunities. Such interventions provide jobs in industries that result from the macroeconomic growth enabled by access to energy services, infrastructure, and technical capacity.

For the economy to achieve a US$1000 GDP per capita by 2012 the total real GDP is expected to increase from US$7, 37 billion to US$25, 03 billion in 2012. The structure of the economy is therefore expected to change significantly to achieve this target. There would have to be a drastic increase in the activities of low energy intensive industries such as textiles and agro processing.

CHAPTER 3: ENERGY DEMAND (INCLUDING PROJECTIONS)

3.1
Power Scenario (current and projected)
Electrification is viewed mainly in the context of providing electrical energy to urban households and industries. In 2000 primary electricity generation was about 7,224 GWh which dropped to 5,901 GWh by 2003. The electricity energy balance of Ghana from 2000 to 2003 is presented in Table 2. It includes the officially recorded total national power outages and also private diesel generation to meet shortfalls. 

Except for the drop in 2003, there had been a constant rise in power supply, from 0.9 to 1.8 percent per annum. The drop was mainly due to the suspension of the operations of the VALCO aluminium smelter. Irrespective of this, demand for electricity was projected to increase from 6.58 TWh in 1997 to about 20 - 21 TWh by 2020. VRA’s forecast indicates an increase of 20 TWh by 2020 considering average economic growth from 1990-2000. 

As the electricity generation capacity of the country increased, many decisions concerning different power generation options had to be considered to meet the projected demand. A decision regarding the use of centralised power solutions had to be made as the present power sector is dominated by hydroelectric power which constitutes about sixty- three (63) percent of the nation’s installed capacity. 

For the low growth scenario, VRA’s projection was 16 TWh at an average demand growth of between six (6) to eight (8) percent per annum. For ECG, the average demand growth was about seven (7) percent per annum. 

The demand for petroleum was projected to rise from 1.6 million tonnes in 2000 to over 3 million tonnes in 2012 if the GPRS’s targets were to be met.

ELECTRICITY ENERGY BALANCE
2000
2001
2002
2003

Primary electricity generation

Ghana only
Gigawatt – hour (GWh)  
7,224
7,860
7,297
5,901


 Percentage thermal
8.49
15.91
30.97
33.83


Percentage hydro
91.50
84.07
69.01
65.84


Percentage solar
0.01
0.02
0.02
0.02








Carbon dioxide emissions due to electricity generation
Thousand tones
443
894
1,742
1,405








Total imports 
Gigawatt – hour
864
462
1,146
940

Total exports including wheeling 
Gigawatt – hour
675
846
833
833

Net import (+) / export (-)
Gigawatt – hour
188
-384
313
79








Total primary supply
Gigawatt – hour
7,411
7,476
7,610
5,980


Percentage thermal 
8.27
16.00
29.30
33.39


Percentage net import
2.54
0
4.11
1.32


Percentage hydro
89.19
84.38
66.18
64.97


Percentage solar
0.01
0.02
0.02
0.02








Transmission losses

229
259
368
333

Distribution (technical losses)

552
561
549
615

Total technical losses

781
820
917
948


Percentage losses over primary production
10.8
10.4
12.6
16.07


Percentage losses over primary supply
10.5
11.0
12.0
15.85








Final supply expected 
Gigawatt – hour
6891
7284
7,061
5,524








Officially recorded total nationwide power outages in hours
NA
704
501
485

Actual electricity reaching consumers (Gigawatt – hour)
6890.5
7166.5
6,867.6
5,243.1

Private diesel generation to meet shortfall (Gigawatt-hour)

117.5
193.4
281







Percentage share of total electricity consumption






Residential
32.26
30.85
34.17
46.85


Agriculture & Fisheries
0.04
0.04
0.06
0.10


Commercial & Services
6.46
9.71
11.02
15.00


Industry 
24.89
24.19
25.53
33.53


VALCO
36.35
35.21
29.22
4.52

Table 2; Electricity supply balance

Grid electricity demand grew from about six thousand nine hundred (6,900) GWh in 2000 to a projected figure of about double by 2012. Natural gas is expected to replace light crude oil by 2007 as a fuel for electricity generation should the West African gas pipeline project commence as planned. It is projected to overtake hydropower as the dominant primary fuel for power generation by 2010. Depending solely on natural gas from the West African gas pipeline for electricity generation however, could put the nation’s energy security at risk. 


Operation
Electricity demand and generation requirement in Gigawatt-hour



2008
2012
2020

Business – as –usual economic growth


Demand
Without VALCO
6,960 
8,530
12,780


With VALCO
9,550
11,450
15,500

Generation required
Without VALCO
8,400 ( (3%)  
10,600 ( (2%)  
15,500( (2%)  


With VALCO
10,900 ( (3%)  
13,100 ( (2%)  
18,000 ( (2%)  

GPRS High Economic Growth


Demand
Without VALCO
15,640
19,065
27,380


With VALCO
17,540 
21,065
29,180

Generation required
Without VALCO
17,500 ( (3%)  
20,150 ( (2%)  
30,400 ( (2%)  


With VALCO
20,000 ( (3%)  
22,650 ( (2%)  
32,900 ( (2%)  

Table 3: Electricity demand to meet economic growth scenario

Without Valco, the residential sector of the economy takes on about fifty-four (54) percent of the country’s generated electricity supply. Residential electricity consumption increased from 688.03 GWh in 1990 at an average growth rate of eleven (11) percent to 2373.8 GWh in 2000. Detailed demand and corresponding generation requirement for 2008, 2012 and 2020 are presented in Table 3. The two scenarios considered are the business-as-usual scenario and the GPRS high economic growth scenario. In both scenarios the power consumed by Valco is considered as it is the biggest power consumer in Ghana.

3.2
Rural Electrification

Universal access to electricity was initiated in 1988 as a National Electrification Scheme (NES) at a time when access to electricity by the entire population of the country was 33 percent. The objective of the electrification programme was to support the economic recovery programme, which had been initiated by the government to increase the overall socio-economic development of the nation. The extension of electricity to rural areas was to open up the country for socio-economic development thereby, slowing down rural-urban migration. Since its inception all regional and district capitals have been connected to the national grid system. 

As a complementary activity to the NES, the Self-Help Electrification Programme (SHEP) was initiated with the sole aim of assisting rural communities get access to electricity. Electrification was facilitated mostly by grid extension and about 43.5 percent of the population had access to grid electricity by 2000. The rate of electricity usage in the rural areas was estimated to be higher in the coastal and forest ecological zones -  about twenty seven (27) and nineteen (19) percent respectively. In the savannah areas of the country it was approximately 4.3 percent. 
It was very expensive to extend grid power to some remote and rural communities such as the scattered islands on the Volta Lake and to a larger extent the “overseas” areas of the northern regions of Ghana. It was thus, estimated that about twenty- three (23) percent of the total population would have no access to electricity by 2020.

The Energy Commission (EC) thus, initiated a National Off-grid Rural Electrification Programme (OEP) targeting remote communities for the provision of electricity through renewable energy technologies. The detailed report is attached as Appendix 1. The overall goal of the OEP was to achieve substantial level of penetration of solar electrification as a platform for the promotion of solar PV systems for basic lighting in rural off-grid communities. Its specific objective was to establish solar battery charging service centres for the promotion of solar PVs, thereby endorsing ownership of solar home systems. It was also to help establish a solar PV market in Ghana. The extension of electricity coverage to the rural areas was perceived as a tool for improving the socio-economic conditions in the rural communities.

The OEP was scheduled for implementation in six (6) phases to cover the entire country over a period of fifteen years from 2005 to 2020. Its details are presented in Table 4. 

A total of 19,000 communities were targeted for electrification during this period and 2,000 satellite solar battery charging centres planned for installation to serve the communities within a 5 kilometres radius. The charging centres were to serve as foundation for a vastly expanded use of Solar PV applications for Off-grid renewable energy electrification. 

Phase 1

2005-2005

(1) year
Phase 2

2006-2008

(3) years
Phase 3

2009-2011

(3) years
Phase 4

2012-2014

(3) years
Phase 5

2015-2017

(3) years
Phase 6

2018-2020

(3) years

14 

towns

0.1% penetration rate
2000

towns

10%

penetration rate
2000

towns

10%

penetration rate
4000

towns

22%

penetration rate
800

towns

42%

penetration rate
2986

towns

16%

penetration rate

Table 4: Off-grid Solar Electrification Programme (2005-2020)

Renewable energy sources (excluding HEP) generate less than one (1) percent of electricity in Ghana. According to a 1998 estimate, the total renewable energy consumption in Ghana was 235 trillion BTU, about 6 percent greater than the 1997 estimate indicating a gradual increase in the consumption of Renewable energy.

3.3
Current Situation
Presently, there are about 20 solar battery charging stations and 4,500 solar home systems in the country. The majority of these installations were made under the Royal Danish funded Renewable Energy Development Project and the United Nations Development Programme/Global Environmental Facility/Renewable Energy Services Project (RESPRO). Both projects ended in 2002.

There are also,  many battery-recharging stations established by private entrepreneurs that receive their source of power from the national electricity grid. Some households in remote rural villages use light provided by car batteries and depend on battery charging stations for service. The problems encountered under these conditions are; long travel distance, loss of productive man-hours, relatively high transportation and high charging fees.

With the vast majority of the population located in the rural areas that do not have access to grid power or main road network, grid-based battery charging stations are not possible. These areas are thus, targeted by the programme for installation of solar battery charging Centres. A few solar service providers have established communal solar facilities in these areas but have some problems bordering on the lack of familiarity with the technology, inadequate marketing channels and inadequate technical and financial management capacity for running solar PV service in the rural areas.

The OEP programme examines the generic issues in expanding rural electrification into remote areas and considers putting in place the institutional, financial and technical structures necessary for sustainable deployment of solar PV systems.

CHAPTER 4: ENERGY SUPPLY (BASELINE PROJECTIONS)

4.1 Energy Sources

4.1.1 Natural gas and oil resources

Even though there are indications of oil and gas resources in Ghana, their potential is yet to be fully exploited. Seventy five (75) percent of about forty-eight (48) exploration wells drilled in Ghana’s sedimentary basin encountered oil or gas and seven discoveries made. Among the modest discoveries were the Tano and Saltpond oil and gas fields. 

At the Tano Fields, the estimated volume of natural gas and crude oil was 850 BCF and 131 million barrels respectively.  Recent estimates however, suggest 193 BCF as recoverable volume of natural gas and 16.2 million barrels of crude oil. 

The discovered natural gas deposit was earmarked by GNPC for power generation. A three barge-mounted natural gas high efficiency generator with an estimated total cost of US$67 million was specifically acquired for that purpose. The extraction of crude oil and natural gas was to be at a constant rate to enable the source last for about 20 years. The price of crude oil was assumed to follow that of Nigeria and the natural gas estimated at 0.27 US cents per cubic feet, making  2.82 US$/MBtu. This amounted to about 60 cents per MBtu more than the natural gas to be delivered by the WAGP which was estimated at 0.21 cents per cubic feet, about 2.2 US$/MBtu. This perhaps is one of the reasons why the implementation of the Tano project is running behind schedule. So far, only the “Osagyefo” power barge has been acquired for the project. The extraction of gas from the Tano field for power generation using a single cycle gas turbine (WPC SCGT) has been rescheduled to commence by 2006. Initial estimate of natural gas and oil at the Saltpond Oil and Gas fields was found to be 56 BSCF of oil and 20 BCF recoverable gases.  

4.1.1.1 Imported Crude Oil

Ghana imports all her crude oil requirements, which amount to 60,000 bpsd. Out of this, 30000 bpsd is imported from Nigeria on government-to-government contract with an additional 15,000 bpsd purchased by bid-offers, through the National Petroleum Tender Board. Fifteen thousand (15,000) bpsd of light crude oil is also purchased by the Volta River Authority (VRA) to feed its thermal plants at Aboadze for electricity generation. Importation of crude oil and petroleum products and debt servicing have been a drain on the nation’s hard currency earnings chopping off about forty (40) percent of export earnings in the early 1980s and dropping to an average of thirteen (13) percent by 2000. The pattern of importation of fossil fuels into Ghana since 1997-2000 is presented in Table 5. 

YEAR
1997
1998
1999
2000*

Oil Imports (US$ m)
234
221
323
N.A

% of Imports (fob)
11
10
12
20

Table5.  Ghana’s fossil fuel imports (1997-1999)

The Tema Oil Refinery processes all the imported crude oil into refined petroleum products. It also imports refined petroleum products to meet the national demand as the case may be. Any attempt to introduce alternative fuels that would reduce cost of oil imports and transportation will definitely enhance the sustainability and fuel security of the country. 

4.1.1.2 The West African Gas Pipeline Project (WAGP) 

The current project of high priority to the Government of Ghana is the West African Gas Pipeline (WAGP). It will carry natural gas from fields in the Niger delta of Nigeria to Ghana through Benin and Togo. The West African Gas Pipeline project (WAGP) is expected to be operative by 2007 with its fuel cost estimated at 2.2 US$/MBtu. The cost comprises resource and production of natural gas in Nigeria at 0.6 US$/MBtu whilst the rest of the cost US$1.61 MBtu cover transmission and revenue collection.

The maximum delivery of gas by the West African gas pipeline is determined by the pressure level, which is limited by the maximum design pressure of the pipeline. WAGP would transport 100-120 MCF of gas per day from Nigeria to Ghana. The pipeline and the compressor stations are constructed to deliver an initial quantity of around 0.62 Mtoe on commissioning to about 4.70 Mtoe by 2021, resulting in about 200 BCF/year.

If all the proposed power plants that utilise gas are run to their maximum outputs, there would be excess natural gas of about 156 MMscfd or 7.06 TWh for electricity by 2010 and about 195 MMscfd or 8.8 TWh for electricity by 2020.

4.1.2 Large Hydropower Generation Resources

The country has a number of rivers with identifiable hydroelectric power development potential. The gross potential hydroelectric power exploitable resource has been estimated at 10 TWh/year. Of all the rivers in Ghana, only the Volta River has been exploited for the development of two hydroelectric power stations at Akosombo and Kpong. The remaining yet to be exploited major hydroelectric power sites are the 200MW- 400MW plant at Bui on the Black Volta, 93MW plant at Hemang on the Pra River and 87MW plant at Juale on the Oti River. Others are a 56MW plant at Tanoso on the Tano River and a 48MW plant at Pwalugu on the White Volta.

The development of these hydroelectric power sites have been hindered by their potential high generation costs, which have been estimated to range between 7.3-18.0 US cents /kWh. There are also a number of potential sites for the development of small, mini and micro dams. The total capacity of these small hydro- dam sites has been estimated as 24,505 kW. 

4.1.3   Traditional Biomass Resources 

In line with the objectives of the Ministry of Lands and Forestry, forest and woodland resources of the country are demarcated as reserves and off-reserves. Woodfuel resources are predominantly associated with the three ecological zones of the country: the rain forest, the moist deciduous forest and the savannah woodland. The total tree stock in the open forest and woodland has been estimated to be about 800 million tonnes with a potential annual production of almost 30 million tonnes. Biomass resources constituted sixty (60) percent of the total energy consumed in Ghana as at 2000. 

The most acceptable estimate for the cost of biomass from energy forests delivered to a power plant is about US$2 per GJ with an additional US$1 for chipping and drying. Forest operations yield a large amount of residue, which is usually not considered valuable and rejected outright as waste. Such residues left in the forest from commercial logging amount to almost 1.1 million tonnes annually in Ghana. Sawdust and wood pose disposal problems and also constitute fire hazard. They can be harnessed for energy use and it has been estimated that about 1.0 million tonnes of sawdust and wood waste was generated in 2002.

To ensure a better and sustainable use of existing bio-energy resources the Ministry of Energy aims at:

· conserving forest resources through improved methods for charcoal and firewood production;

· decreasing consumption of firewood and charcoal by introducing and using more efficient cooking devices;

· expanding the productivity and usage of bio-energy such as biogas and charcoal briquettes from logging and wood processing residues;

· converting municipal waste and domestic garbage into biogas and electricity;

· planning for the future security of biomass supply through the implementation of a sustained programme of forest regeneration and afforestation and

· substituting LPG for firewood and charcoal as sources of energy.

4.1.4 Renewables

By virtue of its geographic location, Ghana is well endowed with renewable energy resources. They are inexhaustible and offer many environmental benefits over the conventional energy sources. Each type of renewable energy resource has special advantages that make it uniquely suited to certain applications

Some identified renewable energy technologies for Ghana are solar PV, small and mini hydro, solar water heaters, and wind energy. The most common are solar, wind, small and mini hydro with solar and wind being indigenous and capable of guaranteeing supply security for the power sector. The objectives guiding the development of the renewable energy resources in Ghana are divided into short-term and medium to long-term. 

The short-term objectives include improving the efficiency of production, conversion and use of woodfuels in all the socio-economic sectors and promoting the development of renewable energy industries, which have strong indigenisation prospects over the short and medium terms. 

The medium to long-term objectives include the demonstration and evaluation of renewable energy technologies with the potential to meet the needs of prioritised socio-economic and welfare objectives. They also include the provision of support for research, development and demonstration of renewable energy technologies with the greatest potential to increase and diversify the country’s future energy supply base.

Estimated solar radiation levels are about 4 to 6 kWh/m2 and wind speeds are considered moderate along the coastline. Average wind speed along the coastal areas is estimated at 5m/s and a little more than that in the off-shore areas. 
4.2 Generation Capacity

From VRA’s projections, hydropower generation is expected to annualise at 4,800GWh for 2004- 2008. This indicates that, the current VRA reservoir will maintain hydro supply at 98 percent reliability level corresponding to a firm supply of 4,800GWh. This will ensure a reliable and sustainable hydro supply with a long-term average capability of about 6100 GWh of power per annum. Meanwhile, a policy to re-adjust the hydro/thermal balance of the national electricity supply in favour of thermal has been put in place. In respect of this, there has been a drop in the hydro share of generated electricity from about 92 percent in 2000 to almost sixty-five (65) percent in 2003. Whilst the hydro share of primary energy was dropping, the thermal component rose from about eight and a half (8.5) percent in 2000 to thirty-four (34) percent in 2003. It is worth mentioning that the percentage shares of hydro and thermal in the primary generation are about the same as the primary electricity supply. 

To meet the growing demand for electricity, the thermal power capacity at the Takoradi plant is to be upgraded from 550MW to 660 MW. The combined cycle power plant availability, which is currently averaging at sixty-three (63) percent, is expected to increase to ninety (90) percent by 2006. The annual firm energy supply from VRA's combined hydro and thermal generation systems is approximately 7,300 GWh (4,800 GWh hydro and 2,500 GWh thermal). It is also expected that the West African Gas Pipeline Project (WAGP) would be completed by mid-2007, and gas from the pipeline will replace both oil in the combined cycle power plant (T1) and the single cycle power plant (T2) at Takoradi. Thermal generation of electricity is projected to overtake hydro as the dominant primary fuel for power generation by 2010. The single cycle plant (T2) is to be expanded to a combined cycle plant by 2006 and become operational from 2007. It is to have a power factor of twenty (20) percent initially due to low demand and increase to sixty (60) percent by 2007. Generating from the T2 plant must be arrived at carefully as it might have negative cost implications particularly if compared to the price of importing electricity from Cote d’Ivoire.

4.3 Grid Network

Ghana’s transmission networks consists basically of a 161kV double loop grid that interconnects the main load centres in the southern part of the country and a long 161kV radial transmission line that extends northwards from Kumasi through Techiman to the relatively smaller load centres  in  the northern parts of the country. In all, the 161kV transmission network is over 4000km long with 36 sub-stations or “bulk supply points”. Fig. 2 is a map of Ghana showing the grid distribution network. Several transmission bottlenecks have emerged over the past decade in VRA’s networks. Transmission losses have been on the rise, from 229 GWh in 2000 to 333 GWh in 2003 whereas distribution losses averaged 576 GWh per year. Accordingly, total technical losses (transmission and distribution) rose from 781 GWh in 2000 to 948 GWh in 2003. Historically in Ghana transmission losses have been in the order of 3 percent but averaged approximately 4.5 percent in 2002 and 2003. 

Apart from 2000, where expected electricity supply and the actuals were about the same, expected supply and actuals for the subsequent years diverged reaching a maximum shortfall of 281 GWh by 2003. The yearly shortfalls are evident by the officially recorded number of hours of power outages as recorded by both the VRA and ECG. The shortfalls were vividly felt largely by the industrial sector. The consumption of diesel by the industrial sector in generating electricity during outages was quite high. The industrial sector consumed from a minimum of 35,000 tonnes of diesel in 2001 to a maximum of 93,000 tonnes of diesel by 2003, to meet emergency power needs. 

One of the major reasons for the increase in losses was the delayed implementation of the Prestea-Obuasi transmission line which was identified as critical to the network in the late nineties. In July 2003 the line was constructed and commissioned and subsequently, transmission losses dropped to their historical value of three (3) percent. Given the practical load growth, transmission losses are expected to increase if critical lines are not implemented on time.

4.4 Institutional arrangement

The energy sector comprises a number of governmental agencies including the Ministry of Energy, Volta River Authority (VRA), Electricity Company of Ghana (ECG), the Northern Electrification Department (NED), Ghana National Petroleum Company (GNPC), Tema Oil Refinery (TOR), Bulk Oil Storage and Transportation Company (BOST), and the National Petroleum Tender Board (NPTB). There are also about 21 registered oil marketing companies (OMCs) with five of them being multinational. With the exception of Ghana Oil Company (GOIL) which is state owned the remaining companies are privately owned.

The Ministry of Energy; is the official mouthpiece of the Government with respect to energy matters and is also responsible for energy administration and supervision of all the other sector entities. VRA is the only national power generation utility company. It owns the national transmission network. ECG and NED are distribution companies responsible for power distribution in the southern and northern parts of the country respectively. ECG is a public limited liability company with the government owning 100 percent shares while NED is a subsidiary of the VRA. 

GNPC is responsible for petroleum exploration and TOR which is the only refinery in the country has an added responsibility of primary distribution of fuels since 2001.  Whereas NPTB coordinates the procurement of crude oil, as well as administering the petroleum pricing policy of Ghana, BOST manages the country’s petroleum products strategic reserve stocks. 

4.4.1 Process of energy planning

The energy sector can broadly be divided into demand and supply sectors. An analysis of the energy sector starts with the identification of the various demand and supply sub-sectors. In the process of energy planning in Ghana the demand-side is analysed in terms of the energy requirements of Households, Industry, Commerce and Services, Transport, Agriculture and Fisheries. The supply-side sub-sectors on the other hand, comprises of Electricity, Petroleum (oil and gas), and the Renewables including traditional energy resources. The demand and supply sub-sectors are further sub-divided as required. Together with these, several cross cutting issues concerning the environment, poverty and gender, efficiency and conservation had to be addressed. In the Ghanaian setting, two main computer-based planning tools were used for the energy analysis - LEAP (Long-range Energy Alternative Planning) and IRP (Integrated Resource Planning). Forecast for the energy demand and supply was carried out using LEAP. For sectors with planned future production outputs and power plants to be commissioned or retired in the future time series analysis was applied. Regression analysis was also used for projecting sectors with limited data. 

The major results of the LEAP demand analysis is the forecast of the final net energy demand. IRP is used to rank the supply technologies and the demand-side appliances in terms of generation/production cost, job creation potential and emission of air pollutants. The generation costs of various electricity production technologies is also documented with the aid of the IRP

4.5 Policy and regulatory framework

4.5.1 Energy Policy


The vision of the Ministry of Energy is to develop an ‘Energy Economy’ that would ensure sustainable production, supply and distribution of affordable and environmentally friendly high quality energy service for Ghana’s future while making significant contribution to the country’s export earnings. It is this thinking that informed the formulation of the energy policy in Ghana. 

Ghana recognises that woodfuels constitute the primary source of energy for most households while the industrial sector depends almost entirely on hydro-power.  It is acknowledged that this situation poses a serious threat to economic development and to the environment.  Efforts are therefore made to develop the country’s indigenous energy resources in a manner that will help reduce the impact of energy development on the environment. To reduce the pressure on forests for wood fuels, the development of renewable energy resources is being promoted, and the efficiency of production, conversion and use of woodfuels improved.  Appropriate incentives to promote the use of renewable energy sources are given to industries. 

Attempts are also being made to readjust the hydro/thermal ratio in the national electricity supply mix in favour of thermal. This will change the over dependence on hydro energy thereby, improving on the national energy security by diversifying the sources of energy supply.  

In order to implement the energy policy, there is the need to 

· Stimulate economic development by ensuring that energy plays a central role in Ghana’s economic development. 

· Consolidate and improve existing energy infrastructure.

· Increase access to modern and high quality energy services in order to contribute to poverty reduction. 

· Secure and increase future energy security by diversifying sources of energy supplies.

· Accelerate the development and utilization of renewable energy and energy efficient technologies.

· Attract private sector participation in energy infrastructure development. 

· Minimize environmental impact of energy production, supply and usage. 

· Sustain and promote commitment to energy integration as part of economic integration of West African states. 

To enable the energy policy have the desired impact, the government has to take a number of actions to ensure that the nation derives maximum benefits through prudent applications of the policy guidelines. Specifically the government has to:

· Provide affordable energy services for poor communities in a sustainable manner.

· Increase the penetration of modern energy into agriculture for increased agricultural production, to achieve the nation’s food security objectives.

· Strive to attain hundred (100) percent universal access to electricity by 2020. 

· Increase the use of renewable energy sources and technologies in the Ghanaian energy mix.

· Secure and increase future energy security by diversifying sources of supplies.

4.5.2 Regulatory framework

The Energy Commission (EC) was established to perform functions relating to the regulation, management, development and utilization of energy resources in Ghana; for the granting of licenses for the transmission, wholesale supply, distribution and sale of electricity and natural gas; refining, storage, bulk distribution, marketing and sale of petroleum products and to provide for related matters. 

The principal objective of the Commission is to regulate and manage the utilization of energy resources in Ghana and co-ordinate policies in relation to them. Specifically, the Commission is mandated to among other things:

· recommend national policies for the development and utilization of indigenous energy resources; and 

· secure a comprehensive data base for national decision making on the extent of development and utilization of energy resources available to the nation.

Just like the Energy Commission, the Public Utilities Regulatory Commission (PURC) was established to regulate and oversee the provision of utility services by public utilities to consumers and to provide for related matters. Together, the two institutions are to come out with technical regulations, including standards and codes for generation and interconnection to the grid especially on network voltage range, voltage fluctuations, harmonies, and thermal rating. 

To facilitate the development of grid-connected Renewable Energy Technologies (RETs) the necessary regulatory framework comprising Renewable Energy Portfolio Standard was instituted. The initial costs of RETs have been the single major barrier to their widespread deployment. With their high initial cost, it is crucial that for the implementation of renewable energy solutions, adequate financing schemes should exist. The existing tax exemption regime for RETs - wind power and solar energy equipment is commendable. The GIPC Investment Code makes provision for tax exemptions for Renewable Energy manufacturing.  In addition, wind powered and solar energy generating sets, plants; machinery, equipment or parts for the establishment of manufacturing facility are exempt from import excise duties as well as VAT. The Government supports the Energy Commission and other local agencies to solicit funding from international donors such as the Global Environment Facility (GEF) and the Clean Development Mechanism (CDM). 

The PURC also institutes favourable feed-in tariffs for electric power from Renewables in particular and imbedded generation in general

4.6 Energy Security Issues

The most abundant indigenous energy resource in Ghana next to solar energy and biomass is hydroelectric power. Ghana lacks substantial indigenous supplies of oil and natural gas. Since independence, an energy system prone to failures with catastrophic consequences as happened in 1987/1988 and 1997/1998 was established. In view of this, increased efforts at oil and gas exploration activities and improving efficiency in the internal distribution networks was intensified leading to the establishment of the Tano Fields Development and Power Project (TFDPP). It was established to meet the country's growing demand for power and separated into two distinct portions: offshore field development and onshore power generation. 

The “Osagyefo” power barge, which is part of the TFDPP onshore power generation system, was constructed in the late 1990s and is supposed to be sited at Effasu in the Western Region. It is a 125 MW open cycle plant comprising two modern 62.5 MW gas turbines. The plant can be converted to a 180 MW combined cycle system by retrofitting with a 60 MW steam turbine when it is necessary. It can deliver extra power of a maximum of 931 GWh/year when in full operation. In order to enhance the energy security needs of the nation, the plant was designed to run on distillate oil like diesel and aviation kerosene. 

There are three major energy security concerns for Ghana:

· Limiting vulnerability to oil supply disruptions in the short term 

· Smooth functioning of the international energy system so as to ensure that supplies meet the rising demands at reasonable prices in the long term and 

· the need for production and use of energy to minimise damage to the environment in order to enhance sustainable development. 

Transforming Ghana into a state capable of achieving her sustainable developmental goals is definitely not an easy task. The energy requirement is huge and can only be achieved through developing both the renewable and non-renewable energy sources.

To advance the energy security concerns, the Government of Ghana through VRA has a contractual power import of between 200-250 MW from neighbouring Cote d’Ivoire. The Ghana-Cote d’Ivoire contract is basically an exchange agreement; flexible to allow supply from both sides of the border when the need arises. Even though, opportunity exists for renewing the contract, the long-term development programme of Cote d’Ivoire up to 2020 is uncertain. Nevertheless, such a facility can make available an average of 1,000 GWh of electricity every year. Also, there is a new 330 MW (300 MW net) combined cycle natural gas thermal plant slated for construction at Tema by 2006. The operational maximum yield from this plant will also be about 2,457 GWh per year similar to the blocks at the Takoradi Thermal power station. 

Since 2001, the Government of Ghana through the Energy Commission has been considering the development of the Bui hydro project. The Bui hydro project has two main variants – a 200 MW and a 400 MW plant with the same projected electricity output of about 946 GWh/year. By virtue of its size, the Bui-400 has wider environmental implications. It is estimated to inundate about 383 square kilometres of forest reserve and displace about 2,200 – 3,000 persons around the Bui catchment area. Feasibility studies for the Pwalugu, Juale, and Hyemang hydropower plants have been undertaken to establish their economic viability.

The government seeks to introduce renewable energy resources into the electricity generation mix and is planning to increase the percentage of solar energy for off-grid electricity supply. In support of this, the Public Utilities Regulatory Commission (PURC) has developed a transitional electricity tariff plan to ensure the financial viability of electricity utilities. They are also restructuring the power sector to introduce competition in electricity generation. Already, some industrial establishments in the country have their own generation capacities. Tema Oil Refinery (TOR) has an installed capacity of 6.5 MW. An expansion project is being undertaken to provide an additional installed capacity of 5.5 MW. The large sawmills and Oil Palm Mills in the country (i.e. Benso, Twifo, and Kwae) generate some electricity from their biomass wastes to supplement their grid electricity supply. The Ghana Water Company and AngloGold-Ashanti also operate large diesel plants as backup to the grid electricity supply. AngloGold-Ashanti has about 21 MW installed diesel capacity at Obuasi in the Ashanti Region. All together, the industrial establishments contribute a minimum of about 35 MW towards energy security of the country. It must be noted that, independent grid connected distribution systems like large diesel plants usually have high operational costs and consequently, are likely to be displaced by the national grid as the latter improves in reliability and as generation costs go down.   

The main distribution pattern of energy sources in West Africa threatens the energy security of all the countries. To enable her meet the total energy requirements, Ghana spends her scarce foreign exchange on the importation of oil. This compounds her already weakened economic base. This also affects all the other West African countries. 

The emergence of a regional perspective to energy development is not very new in the West African sub-region. Ghana has been supplying electricity to Togo, Benin and until very recently Cote d’Ivoire and Burkina Faso. Ghana imports most of her crude oil from Nigeria and Equatorial Guinea. Incorporating into these mutual collaborations a regional dimension will have a potential for considerable benefits to the whole sub-region. 
Most of the countries in the West African sub-region have energy sectors that are small by international standards. Economies of scale could be achieved through integration by harmonising technical standards and avoiding duplication. This will lead to the various countries being able to operate supply facilities more rationally than would have been possible if they operated as single nations. The need for a regional approach is all the more pressing considering the capital-intensive nature of the energy sector. 

Fortunately for the sub-region, ECOWAS is already in place and will make things much easier in this regard. It will be relatively easier for a group of countries cooperating to seek funding for a regional project than a single country considering the high foreign exchange content of investment and the limited availability of such funds in the region. Regional integration also offers to private investors a broader market base, which will help address the commercial risks of projects and make investments more likely. The West Africa Power Pool being pursued by the Ecowas countries couldn’t have come at a better time than now. It will definitely enhance the energy security of the sub-region.
CHAPTER 5: ENVIRONMENTAL ISSUES

Energy operations worldwide have bigger environmental impact than most other economic sectors. Ghana’s energy use is dominated not by electricity but by traditional woodfuels of firewood and charcoal, followed by petroleum products. Unsustainable use of woodfuels leads to serious forest and environmental degradation.  

Uncontrolled emission of acidic gaseous pollutants of sulphide (SOx) and nitrogen (NOx) oxides into the atmosphere due to increasing use of petroleum fuels are later rained back to earth in the form of  acid rain to acidify poorly buffered soils and freshwaters. For the restoration of acidified farmlands, fertilizers are required. The construction of the Akosombo hydroelectric reservoir displaced more than 80,000 families from their indigenous homes and farmlands. About 8,500 sq.km of land was flooded. This led to deforestation in the watershed of the Volta River leading to siltation in the Volta Lake. Poverty thus can be exacerbated by the impacts of serious land degradation due to unsustainable charcoal burning, firewood extraction, secondary effects of acid rains and displacement of poor households from fertile lands due to inundation by large hydroelectric projects.

5.1 
Energy use and carbon emissions

The emissions from the energy sector in Ghana grew by 6.6% from 1990 - 1996.  The energy sector contributed about 49% (7, 278 Gg) to the total CO2 equivalent emissions in 1994.  The share of fuel combustion was 3,048 Gg from the sector, while biomass burned for energy accounted for 4,073 Gg. The country's per capita CO2 emission from commercial energy was relatively low for this period. This was due to the fact that only twenty (20) percent of the national energy consumption was attributable to fossil fuel combustion, which led to CO2 emissions.  The other eighty (80) percent of the national energy consumption came from hydropower (10 percent), and biomass energy (70 percent).  Non-CO2 emissions from fossil fuel combustion were not estimated. 

In 2000, the total CO2, SO2 and NOx emission was about 449.44 Gg, 0.67 Gg and 1.23 Gg respectively. These emissions increased to 1372.32 Gg for CO2, 2.06 Gg for SO2 and 3.74 Gg for NOx by 2003. The abatement of the increase of greenhouse gases (GHGs) in the energy sector was considered over a time period from 1994 to 2020.
In estimating the baseline emissions, Vision 2020, which was the Government’s main development plan at the time up to 2000, and other estimates of energy demand was used.  The emissions of CO2 equivalent of GHGs was estimated up to the year 2020.  This is called the baseline emissions because it considers the national development path without reductions in GHGs.  The result showed that the CO2 equivalent of emissions for the baseline will increase from 7.278 Gg in 1994 to 118.405 Gg in 2020. 

Four abatement scenarios were looked at in this projection: 

· replacing some biomass with LPG

· use of biogas and LPG in place of some biomass from 2010 to 2015 when only LPG and biogas will be used with the largest proportion of cooking by biogas 

· gradual penetration of solar PVs to the existing mix 

· gradual penetration of biogas instead of a huge penetration as in the second and third scenarios

The CO2 equivalent reductions from the abatement measures of the various scenarios are 495,506 Gg, 700,044 Gg, 712,515 Gg and 543,778 Gg respectively. The cost implications of the reductions are important.  The cost of reduction of a Gg. of CO2 equivalent of emissions for the various scenarios is also $32.22, $2,701.56, $6,932.22 and $9,448.86, respectively.


Fig 3: Solar radiation map of Ghana

CHAPTER 6: SOLAR AND WIND ENERGY RESOURCE ASSESSMENT
6.1
Solar resource information

The average duration of sunshine varies from a minimum of 5.3 hours per day in the cloudy semi-deciduous forest region to 7.7 hours per day in the dry savannah region. This brings the average solar energy incident in different parts of the country to between 4 - 6 sun hours (1 sun hour = 1 kWh/m2-day) per square metre per day. High diffuse radiation constitutes more than thirty (30) percent of total solar radiation in the country. Fig. 3 is a map of the distribution of solar energy in Ghana.

Ghana receives a mean solar irradiation of about 1000 watts per square metre with corresponding annual sunshine hours of between 1900 to 3000 hours. The mean daily solar radiation intensity ranges from 16MJ to 20MJ gradually increasing from the south to the north.
Solar radiation can be converted into useful energy directly using various technologies. It can be absorbed in solar collectors to heat up water at relatively low temperatures. It can also be concentrated by parabolic mirrors to provide heat up to several thousands of degrees which may then be used either for heating purposes or to generate electricity. 

The more than thirty (30) percent diffuse radiation of the total solar radiation in the country is not very good for the performance of concentrating collectors used in solar thermal power plants. Flat plate solar collectors and photovoltaic (PV) modules are hardly affected by the diffuse fraction and hence perform satisfactorily in most parts of the country. It makes flat-plate solar collectors for water heating, drying and electricity generation via solar photovoltaic (PV) ideal for Ghana.  

6.1.1
Baseline (Prior to SWERA)

The success of all solar energy technologies depend largely on the availability of accurate and reliable solar energy data. The Meteorological Services Department (MSD) until recently have been solely responsible for collecting solar energy resource data. Together with other institutions such as the Solar Energy Applications Laboratory (KNUST) they have collected and analysed solar energy data from all over the country. Prior to SWERA, data was collected mainly by the Meteorological Services Department (MSD) using Bellani-distilation pyranometres. Data collected included solar radiation, sunshine hour duration, relative humidity and air temperature. The MSD measured global solar radiation data until 1988 when they changed over to measuring duration of bright sunshine using Campbell-Stokes sunshine recorders.

MONTH
KNUST
MSD
%ERROR

JAN
266.67
314.08
-17.78

FEB
333.33
371.00
-11.30

MAR
380.25
416.42
-9.51

APR
405.08
403.67
0.35

MAY
413.75
400.25
3.26

JUN
341.33
350.33
-2.64

JUL
300.42
321.50
-7.02

AUG
236.75
242.75
-2.53

SEP
292.00
298.58
-2.25

OCT
374.67
378.25
-0.96

NOV
351.50
364.33
-3.65

DEC
303.83
319.00
-4.99

AVERAGE
333.30
348.35
-4.51

Table 6: Comparison of KNUST and MSD Monthly Hourly Mean Solar Radiation (W/m2) Data for Kumasi in 1988.

Independently, the KNUST measured solar radiation (global and diffuse) using Kipp and Zoen radiometers connected to a data logger. The Kipp and Zoen radiometers (5% margin of error) are more accurate than the Bellani-distillation pyranometres (15% margin of error). Except for 1988 when solar radiation data was available at both institutions facilitating straight forward comparisons, there was the need to convert the measured sunshine hours into global irradiation before any comparison of the two measurements from the MSD and KNUST could be made. Table 6 shows the results of the monthly comparison for 1988 when both institutions were measuring actual global solar irradiation

6.1.2   New Assessments - Validation and Improved Resolution

In comparing the MSD solar radiation with KNUST data, the MSD monthly averages were higher than the KNUST monthly averages. The average percentage error margin was - 4.91% for 1988 when both institutions measured actual global solar radiation. From 1995 to 2002 the average percentage error margin increased to 10%. This could be attributed to errors introduced in the use of empirical formulae to convert the measured sunshine hour duration to monthly mean global irradiation. Table 7 shows results of the comparison after the conversion of the MSD data from sunshine hours to irradiation with the KNUST data. 

A similar trend in the variation of the monthly averages of global irradiation was shown when a time series data was developed for 10-year duration for 9 synoptic stations (Table 8). January to April for each synoptic station saw a steady increment in global irradiation results.. The average percentage increase from January to April was thirteen (13) percent. This steady increment was followed by a steady reduction from April to August with an average of seventeen (17) percent and then a steady rise after the decline from August to November. The average percentage increment was thus estimated to be twenty (20) percent when they were measuring global solar radiation. The measurement finally dropped in November to December seeing a seventy (70) percent reduction in the mean global irradiation.

6.1.3   Hotspots
From the 1995 to 2002 monthly averages computed for Kumasi, the highest level of solar irradiation occurs in June (5.696 KWh/m2-day) with the minimum occurring in August (4.112KWh/m2-day).

YEAR
KNUST
MSD
%ERROR

2002
4.30
4.83
-12.21

2001
4.36
4.82
-10.38

2000
4.233
4.715
-11.38

1999
4.609
4.759
-3.27

1998
5.323
4.652
12.62

1997
6.739
4.630
31.29

1996
7.309
4.565
37.54

1995
4.355
4.861
-11.63

AVERAGE
5.154
4.729
8.237

Table 7: Yearly Comparison of KNUST and MSD Solar Irradiation Data (KWh/m2- day) 

   for Kumasi.

A similar 10-year monthly average computed for 19 synoptic stations out of 22 in the country revealed that, Wa, the capital of the Upper West region, has the highest level of solar irradiation (5.524 KWh/m2-day) across the country. May is the month with the highest solar irradiation (5.897 KWh/m2-day), with August recording the lowest measurement (4.937kWh/m2-day) in Wa. Akim Oda on the contrary is the location that records the lowest radiation (4.567kWh/m2-day) measurements across the country. The highest measurement in Akim Oda was recorded in the month of April (5.176kWh/m2-day) and the lowest in August (3.802kWh/m2-day). 

Upon validation, it was established that although the MSD is using lower accuracy equipment in measuring sunshine hour duration, the comparison with the KNUST data indicates that the MSD data is fairly accurate and can be relied upon. Satellite data obtained from NASA was also compared with MSD ground measurements obtained from the 22 synoptic stations in the country for 10 year duration. The satellite data on the average exceeded the ground measurements by about 5.4% with the maximum being 15.9% (Akuse) and minimum 1.3% (Kete Krachi). The satellite measurements thus, compare favourably with the MSD data. Table 9 shows a summary of the comparison of the results. 
MONTH
KUMASI
ACCRA
AXIM
NAV’GO
HO
ADA
K’DUA
WENCHI
TAMALE

JAN
4.818
4.660
4.882
5.391
4.872
4.995
4.711
5.193
5.124

       FEB
5.313
5.206
5.399
5.400
5.224
5.381
5.139
5.495
5.479

MAR
5.305
5.256
5.569
5.783
5.509
5.649
5.260
5.483
5.613

APR
5.356
5.665
5.605
5.958
5.716
5.937
5.434
5.711
5.890

MAY
4.709
5.416
5.051
5.934
5.576
5.570
5.287
5.507
5.869

JUN
4.029
4.613
3.936
5.719
4.916
4.978
4.641
4.972
5.510

JUL
4.036
4.189
4.242
5.339
4.601
5.064
4.074
4.356
4.954

AUG
3.783
4.527
4.230
5.098
4.187
5.065
3.842
4.120
4.841

SEP
3.992
5.107
4.382
5.324
4.663
5.510
4.437
4.405
5.004

OCT
4.707
5.623
5.178
5.677
5.500
5.872
5.174
4.927
5.472

NOV
5.000
5.510
5.466
5.616
5.624
5.480
5.241
5.127
5.695

DEC
4.552
4.930
4.986
4.824
5.074
5.359
4.857
4.905
5.213

Av’ge
4.633
5.059
4.911
5.505
5.122
5.409
4.841
5.017
5.389

Table 8:10-Year Monthly Averages of Solar Irradiation (kWh/m2-day) at 9 Synoptic Stations

Synoptic Station
Ground 

(kWh/m2-day)
Satellite

(kWh/m2-day)
% Error

Kumasi
4.633
5.155
-11.3

Accra
5.060
5.180
-2.3

Navrongo
5.505
5.765
-4.7

Abetifi
5.150
5.192
-0.8

Akuse
4.814
5.58
-15.9

Wa
5.520
5.729
-3.7

Akim Oda
4.567
5.177
-13.3

Wenchi
5.020
5.093
-1.5

Ho 
5.122
5.223
-2.0

Kete Krachi
5.280
5.345
-1.3

Takoradi
5.011
5.200
-3.8

Yendi
5.370
5.632
-4.8

Bole
5.323
5.570
-4.6

Table 9: Summary of comparison results (solar irradiation in kWh/m2-day)

The abundance of solar energy is particularly conducive for the installation of solar energy systems. In spite of this high potential, solar energy technologies are not as widely diffused into the Ghanaian society as one would have wished mainly due to the low level of information and technical know-how about solar energy technologies in general. 

Deng Solar Energy Systems are in the process of developing and assembling solar PV systems in Ghana. They also produce solar water heaters suitable for homes, hospitals and industrial pre-heating. This single investment shows that there is a vast potential for solar energy systems in Ghana. There are a whole lot of places where solar energy systems could be more economical than the other conventional energy systems. The rural areas have long been recognised as areas where it is cost effective to harness renewable energy for development.

An inventory of PV installations in the country taken by the Ministry of Energy revealed that the installed solar PV capacity could exceed 1MW. The Ministry has also installed a 50kWp PV-grid integrated roof demonstration facility at its premises and has also produced technical specifications for solar home systems and communal systems for schools, community and health centres. 

6.2 Wind resource information

6.2.1
Baseline (Prior to SWERA)
Winds are large scale movements of air masses in the atmosphere. The movements are created on a global scale primarily by different solar heating of the earth’s atmosphere. Wind speeds, of up to about 13 ms-1 can be harnessed by wind turbines to provide sufficient power in remote areas. 

Wind data collection in Ghana (Accra) dates back to 1921 by the MSD, using a wind vane. In 1936, MSD installed a cup counter anemometer and dines pressure tube anemometer to measure instantaneous wind speed and direction. They have since recorded wind speed and direction data at 2 metres above ground level (a.g.l.) from all their 22 synoptic stations sited within every latitude (between 40 40’ and 110 11’N) and longitude (between 30 11’W and 10 11’E) of the country. The data obtained from the MSD indicate wind speeds of approximately 2.4ms-1 at 2 m a.g.l at stations set up with objectives other than for energy applications. The sites were deliberately selected for their low wind regimes as the measurements were made for meteorological and agricultural applications. The obtained data could therefore not be used as a true assessment of the wind energy potential in the country. For a long time, the lack of dependable countrywide data on wind energy has been the main obstacles for harnessing wind energy. 

Nonetheless, it is quite obvious that Ghana has some winds that could be tapped to supplement her energy requirements.

6.2.2 New Assessments - Validation and Improved Resolution

The Energy Commission in 1999 started wind energy resource measurement along the coast of Ghana with the view to develop adequate, accurate and reliable wind energy data and evaluation tools as an integral part of Ghana’s energy planning and policy framework. Measurements were taken at 11 sites East and West of the Meridian. Fig.4 shows the Energy Commission’s wind measurement sites. The sites east of the Meridian were Tema, Adafoah, Lolonya, Pute, and Kpone with the sites west of the Meridian being Asemkow in Takoradi, Warabeba in Winneba, Mankoadze, Bortianor, Gomoa Fetteh and Aplaku. These studies and others made by private concerns at six coastal sites east of Tema in 1999 indicated the existence of fairly strong winds that could be utilised for power generation. The data collected included average wind speed, average wind direction and standard deviation. The monthly average wind speed measurement at 12 m a.g.l varied in the range of 4.8 to 5.5 m/s. The data somehow validated a six year satellite-borne measurement provided by the U.S National Renewable Energy Laboratory (NREL), which suggested that Ghana has appreciable wind resource for power generation. 

A wind energy system usually needs an average annual wind speed of at least 4 m/s to be practical (Table 10). The NREL data was computed from satellite ocean wind measurements by the US military, off the coastline of Ghana. The maximum energy that


Fig 4: Wind measurement sites of the Energy Commission

could theoretically be tapped from the country’s available wind resource for electricity using today’s technology is about 500 – 600GWh/year.

Over the last decade, there has been a marked change towards offshore wind as a key energy resource. Increased wind speed and reduced wind turbulence offshore are much more appreciated now, and this in conjunction with more cost effective infrastructure has reduced the predicted cost of energy from offshore projects. Offshore Ghana has a considerable high potential for wind energy from the conducted studies undertaken by NREL. Fig. 5 shows the Global Telecommunication System surface meteorological stations in Ghana. They are part of NREL’s global database

Sensor Height* (m/s) 
July 
Aug 
Sept 
Oct 
Nov)
Dec 

12 metres
4.56
5.41
5.49
6.36
5.08
4.74

40 metres
5.41
6.31
6.54
7.54
6.02
5.18

Satellite (NREL) ¤
5.4 – 6.0
4.6 – 5.2
4.8 – 5.3
4.5 – 5.0
3.5 – 3.7
3.6 – 4.2

Table 10: Average wind speeds for coastal Ghana; between Lat. 5o–6oN and Long.00-10E

       [*These are monthly average wind speeds at Tema and four other surrounding  

          coastal towns, namely; Kpone, Lolonya, Adafoah and Pute in 1999 compiled  

          by the     Energy Commission.  


    ¤ Extracted from Wind speed data from 1988 – 1994 for Ghana Coastal Region  

          compiled by NREL and computed from Satellite Ocean Wind Measurement  

          conducted by U.S satellites].

The average wind speed measured about 10 kilometres off the coastline in the direction of the sea is about 5.5 ms-1. It is about the same in the western and central regions which constitute about two thirds of the total coastline of Ghana. The offshore wind energy potential is huge and worth pursuing. 

Over land, with the wind speeds recorded medium power turbines could be operated as alternative to large-scale turbines. Some investors have shown considerable interest in the 
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Fig 5: Global telecommunication System Surface meteorological Stations in Ghana

exploitation of wind energy in Ghana. Indeed, some private firms are already in touch with the Energy Commission on the possibility of setting up wind farms for power generation.

From the statistical analysis of the wind speeds measured at 12 m a.g.l the potential of wind power in the coastal sites was investigated by digitizing the wind data measured at ten minutes interval over a one year period, by year, by month, day and hour. The average wind speed of the extrapolated data for all the 22 synoptic stations were in the range of 2 to 5.1 m/s at 12 m a.g.l. and 3.5 to 8.4 m/s at 50 m a.g.l. Adafoah recorded the highest average wind speed whiles Sefwi Bekwai registered the lowest. Figures 6 and 7 show the wind speed distribution at 12 m and 50 m respectively for four selected sites across the country. The highest potential sites were along the coast except Abetifi (3rd highest). 

The average wind speed along the coast was in the range of 4 to 5.1m/s at 12m a.g.l. and 6 to 6.4m/s at 50m a.g.l. along the coast, west of the meridian, Mankoadze recorded the highest mean speed of 6.08m/s whilst Oshiyie recorded the lowest of 3.33m/s. The predominant direction for Mankoadze was 300 with a directional mean wind speed of 6.7m/s and frequency 28% and followed by 600 with frequency 18%.
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Fig.6: Wind speed distribution at 12 m a.g.l. across the country. 
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 Fig.7: Wind speed distribution at 50 m a.g.l. across the country. 

On the east coast of the meridian, Lolonya gave the highest wind speed of 5.43 m/s and the predominant direction of the wind speed was 2400 with a corresponding mean wind speed of 5.66 m/s and frequency 47%. For Adafoah the mean wind speed was 5.33 m/s and the predominant direction of the wind speed was 2400 with a corresponding mean wind speed of 5.52 m/s and frequency of 47% followed by 2100 with mean speed of 5.69 m/s and frequency of 31%.

The analyses of the available wind data indicate that the mean wind speed for Mankoadze, Lolonya, Adafoah, Petu, and Aklaku were in the range of 5 to 6.1 m/s at 12 m a.g.l with corresponding power densities of 119 to 410W/m2. With these speeds electric power generation is favourable. Fig 8 and 9 show the wind power classification maps.

Aerial survey by an international team on the SWERA project identified some spots inland Ghana with high wind regimes. These potential sites are yet to be corroborated by ground measurements. For now, the potential is confined to the coastline and the most economic exploitation based on current technology is at 50 metre-height with average wind speeds between 6.0 – 6.3 m/s. The corresponding wind power density ranges from 185 - 210 W/m2 at 1.225 kg/m3 air density.
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Fig 7: wind power classification map at 50m.
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Fig 8: wind power classification map at 50m 

CHAPTER 7: TECHNOLOGY ALTERNATIVES
7.1
Deployment Potentials

Even though the potential for large scale deployment of alternative technologies in the energy sector is not likely to happen in the short to medium term, it still makes sense to pursue their development in the long term.  Indeed, the contribution of alternative technologies, in the long term, could provide some leverage in the overall energy strategy of the country. 

Renewable energy as an alternative could be used to support provision of basic social services and infrastructure such as health, education and telecommunication in a large number of rural communities. It could increase access to the rural population of high quality energy supply by replacing inferior energy sources such as kerosene, candle etc. Solar PV lighting could replace such sources used for lighting in over 2 million residential homes in the country; provide power for 500 health centers, police outposts, schools and power for telecommunication facilities in off-grid rural and remote communities. On the basis of this, some strategic targets for the deployment of alternative technologies could be met by increasing the supply of renewable energy in the national inter-connected grid electricity supply system to 10% of the projected national capacity requirement by the year 2020.  This will represent a capacity requirement of 290 MW and could be achieved by maximising the development of the technically exploitable potential of all indigenous renewable energy resources.

7.1.1
Off-Grid and Grid Connected Remote Solar Home Systems

The role of solar energy in the county’s energy mix is paramount. Photovoltaic (PV) systems (stand alone home systems) are well diffused to some extent in Ghana due to programmes put in place by the government. It is estimated that there are well over 4,600 solar PV systems installed in Ghana.  This was made possible by financial support from the international donor agencies to promote solar PV for remote off-grid rural electrification. A 50kWp grid connected solar system has also been installed in one of the buildings at the Ministry of Energy for purposes of demonstration. 

Import duties and sales tax on "solar generation systems" were removed by the government as a measure to encourage the use of solar energy as an alternative source of energy. Independent Power Providers (IPP) in the Renewable Energy Sector are permitted to obtain license and operate as Embedded Generation Facilities (EGF) with the option to operate in remote or off-grid areas as local power generation agencies.  The use of outdoor solar lighting retrofits in street lighting, car parks and security areas could substantially reduce energy consumption. To enhance the potential of its massive deployment in the country, a number of barriers will have to be overcome. These will include

· Instituting a friendly pricing framework in competitive applications such as grid-connected electricity supply.

· Providing funding support for non-grid connected PV technologies for economic (particularly in agriculture) and social services.

· Encouraging utility companies, namely Electricity Company of Ghana (ECG), Volta River Authority (VRA) and VRA-Northern Electrification Department (NED) to adopt renewable energy technologies in their supply mix particularly solar PV systems.

Solar PV roof systems in grid-connected areas serve as back-up for commercial and residential applications. Replicating the MOE solar PV grid system in about 100 government ministerial buildings to operate lighting, fans and office equipment during working hours could free 5 MW grid power per day and also in addition pump excess power into the grid as well as serve as back up during grid outages.

Specification for solar home PV systems has been prepared at the instance of the Ministry of Energy/Danida Energy Sector Programme Support, Renewable Energy Component. The standardised requirements and recommended practices in the specification for solar home PV systems are aimed at providing the minimum requirements, tests and inspections required to evaluate photovoltaic (PV) modules when they are imported into, assembled or manufactured in Ghana. This standard has since been gazetted by the Ghana Standards Board (GSB)
7.1.2
Solar Water Heaters and Crop Dryers

Solar water heaters have been known and their potential tested and demonstrated in Ghana over the past two decades. They are used in residential dwellings, health institutions, hotels, restaurants, and laundries. The main problem that has limited their wider application is their comparatively higher initial costs as compared to electric or gas water heaters. This is particularly so with respect to the imported foreign brands.  Most solar water heaters identified in the country are in the rural health posts and installed by local producers. The Ministry of Energy have taken inventory of local installations and commissioned a local manufacturer to install some demonstration units in selected hospitals. Some imported solar water heaters can be found in the high income residential areas.

Solar crop drying technologies on the other hand, have been researched into and tested for the past two and half decades in Ghana.  Both natural convection and forced convection dryers have been field tested in the country and have been used to dry crops and wood. Unfortunately the market penetration of this technology has been very low due to its high cost of installation.

To enhance the potential of deployment of these technologies, regulations and code of installation and recommended practices should be developed and their local production encouraged and standardized. The public must be educated and well informed on the benefits and potential of solar water heaters and dryers particularly for the purposes of preheating in factories and hotels. It would be necessary for the upward adjustment of electricity tariffs to economic levels to reduce the reliance on grid electricity for heating and drying purposes.
The Government has sponsored a number of workshops on the benefits of the technology and also helped in exposing local engineering enterprises to modern production techniques and adopting backward integration of the technology for long-term sustenance. Funding must be sought and made available to local entrepreneurs for the manufacture of these items. 

Solar water heating has great potential in hotels and restaurants considering the rapid growth of the tourism industry.  Growths in the number of hotels and restaurants are linked to the growth of tourism in the country. Available data suggests that tourism is the third largest contributor to foreign exchange earnings in the country. Indigenisation of the technologies could be necessary in order to achieve remarkable acceptance and penetration.

7.1.3
Grid Connected Wind And Wind Water Pumping 

Since the Energy Commission and other government organizations put together data indicating wind speeds in Ghana are sufficient to be harnessed for energy, some investors have shown considerable interest in it. Indeed, private firms are already in touch with the Energy Commission on the possibility of setting up wind farms for power generation. Wind energy is harnessed for electricity in Ghana for standalone purposes in off-grid areas as well as for grid connected applications. In the remote areas, it could also be harnessed directly for pumping water.

Wind energy technologies are not well diffused in Ghana because of the lack of general knowledge of their potential. Until comparatively recently, the most highly held perception was that there was no adequate wind regime in Ghana suitable for power generation. Thus, wind resources in Ghana generally remain untapped as compared to the other resources.

A Memorandum of Understanding was signed between the Ministry of Energy and NEK of Switzerland to establish a 50MW wind energy park in the Tema District to generate power into the national grid. The project will be financed by NEK through a group of financiers and the Government of Ghana through the GEF fund. The World Bank is currently working on Ghana’s application to source the GEF fund. A permit has been obtained from the Environment Protection Agency (EPA) for the implementation of the project. NEK is also finalizing arrangement with the traditional authorities, PURC, ECG and VRA following which a license will be issued from the Energy Commission. 

In order to enhance the deployment potential of wind energy, the following barriers must be overcome: 

· Expertise in wind technology through exchange programmes and technology transfer must be provided. 

· Regulations and code of installation and practice must be put in place for investors. 

· Wind measurement equipment must be installed all over the country to produce reliable and dependable country-wide data since that is the main obstacle for harnessing wind energy.

Indications based upon provisional analysis of the Energy Commission’s data suggest that the total proven wind resource along the coast of Ghana is about 200 MW. Assuming an average wind speed of about 5.1 m/s at 12 meter height, a capital cost of between US$700 – US$1500/kW for a wind plant has been suggested.  An annual operation and maintenance cost is estimated at US$32/kW, i.e. about 2.9% of the investment cost and a plant capacity factor of about 20%. Considering a wind power plant costing US$1100/kW and assuming a wind farm of 200 MW gives an electricity cost of 8.5 cents per kWh. The maximum energy that can theoretically be tapped from the available wind for generating electricity using today’s technology is about 500 – 600 GWh per year. 
7.1.4 Combined Cycle Power Plants

Combined cycle technology provides the highest thermal efficiency of any large thermal power plant. It is rapidly becoming the power generation technology of choice where natural gas is available as a fuel. Combined cycles have efficiencies of up to about 45% whereas the efficiency of conventional combustion and steam turbines hover around 20 – 30%.  

A combined cycle plant can be built faster and at a lower cost than a steam turbine plant of equivalent capacity. It is more compact and can be installed at a smaller site than a steam plant. VRA’s thermal power complementation plan envisages an additional total installed capacity of 2200 MW to existing capacity by 2020.  The combustion turbines of 1540 MW capacity will be upgraded to combined cycle system that will provide additional 660 MW capacity.

With the West African Gas Pipeline in place, this technology has a higher deployment potential particularly along the coast. The only combined cycle plant in Ghana is in Takoradi, at the VRA’s thermal site. It is cheaper to generate power from combined cycle plants than single cycle plants. This will contribute to meet the growing demand for electricity and also provide energy security to a larger extent. The only factors working against the rapid deployment of this technology is the high initial cost compared to combustion turbine and the inadequacy of skilled manpower.

Combined cycle plants are flexible in the sense that combustion turbine plant can be upgraded into combined cycle configuration by the addition of waste Heat Recovery Steam Generators (HRSG) and conventional steam turbine. Plant output is increased by some 50% with no additional fuel requirement. 

7.2
Economic Considerations

The economic considerations guiding the alternative technologies are numerous. Most of the technologies are hampered by high initial capital cost. Since these technologies are highly recommended for the remote and rural off-grid communities, their implementation is rather difficult in view of the low economic status of rural dwellers. 

In considering solar PV for rural electrification, it is envisaged that the life cycle cost competitiveness will over-ride its high initial cost and rather improve the standard of living of rural off-grid communities. Kerosene is the main lighting fuel in off-grid communities and in 1997 alone kerosene consumed in Ghana was around 83.2%. Since Ghana’s population is projected to exceed 30 million by 2020, kerosene demand in these communities beginning 2002 to 2020 is estimated to be 2,306 thousand TOE (2.1 million tonnes), an average of about 110 thousand tonnes per year. Besides this, the planned installation of a secondary conversion unit at TOR to boost output of mainly 

gasoline and LPG, means, kerosene will have to be imported to meet the demand of the off-grid communities and any shortfall in future. Replacing kerosene with solar PV for rural lighting will therefore make available the kerosene, which would otherwise have been used in the off-grid communities for blending as aviation fuel (ATK). Aviation fuel is more economically beneficial besides the better lighting quality the solar PV will provide for the off-grid communities. 

Solar water heating could have greater potential in hotels and restaurants considering the rapid growth of the tourism sub-sector.  Indigenization of the technology would, however, be necessary in order to achieve remarkable acceptance and penetration in the society as well as creating job opportunities. Growths in the number of hotels and restaurants are linked to the growth of tourism in the country. As tourism is the third largest contributor to foreign exchange earnings in the country, solar water heating could be used to reduce the peak demand for electricity by hotels and restaurants in the country. 

Implementation of a reliable source of energy generation in the rural areas will lead to confidence building for investors in renewable energy projects. This will lead to productive uses of electricity in rural communities and lead to increased economic activities, job creation, poverty alleviation and improved living standards nation wide. It will also lead to the creation of employment opportunities and increase technical knowledge of the population leading to a reduction of expenses in foreign exchange to the state. Most of the alternative technologies have environmental benefits over conventional energy sources. Each type of renewable energy source has its own special advantage that make it uniquely suited to certain applications. They enhance improved quality of life through reduction in levels of pollution.

7.3

Penetration Levels Contributing To National Targets

7.3.1

Carbon Dioxide Reductions

The environmental gains of deploying the alternative technologies are so enormous. Most of them do not emit any gaseous pollutants into the atmosphere. In the case of off-grid and grid connected solar PV systems, about 450,000 tonnes savings in kerosene and over 1.4 million tonnes of carbon dioxide emissions would be avoided by 2020 if a fifty percent (50%) penetration of solar PV as an alternative for lighting in rural areas is assumed. With a fifty percent (50%) penetration of solar PV, an issue of concern will be the disposal of spent storage batteries. A nationwide mass promotion of solar home systems would involve a large disposal of spent batteries after some few years. Also improper disposal of the electrolyte, lead sediments and plates could lead to leakages and contamination of the soil and groundwater. 

Solar PV system is a technology that is well diffused into the Ghanaian society. It can be found in almost all the regions and is actively supported both by the private and non-governmental organisations as well as government organisations. The main factor that influences the rate of diffusion of the technology is the high initial capital cost. 

For grid connected wind and wind water pumping, no gaseous pollutants are released during operation. Other environmental concerns like noise emissions and interference with birds’ habitats are minimised with strict adherence to the Environmental Impact Assessment and Management guidelines before setting up wind farms. If wind generators are used in place of the Takoradi Thermal Power Plant (TAPCO), the wind generators will prevent the emission of between 110,000 -113,000 tons of carbon dioxide per year. That is, if (TAPCO) was run on light crude oil instead of the wind generators. On the other hand, if it was run on natural gas it will prevent the emission of about 83,000 tonnes of carbon dioxide per year. It will release between 630 – 644 g of CO2 per kWh depending on the efficiency and capacity factor of the plant if light crude oil was used as the main source of power. 

There are modest attempts to harness the wind energy potential of Ghana but these attempts are mainly by international investors. Their attempts are however hampered by the lack of nation-wide data on the wind regimes across the nation. This technology is not as popular as solar PV and hot water heaters.

The environmental impact of a combined cycle plant is also low as a plant operating on natural gas produces considerably lower emissions than a comparable oil-fired plant. Oxides of sulphur and particulates are essentially absent from the exhaust when firing natural gas. 

Meanwhile, the Ghana Water Company (GWC) relies on more expensive diesel powered mechanised pumps to deliver pipe-borne water to non-grid areas. GWC used between 331,000 - 400,000 tonnes of diesel for its operations from 1997 – 1999. This generated a significant amount of GHG emissions. A possible solution to this problem is to encourage solar PV water pumping in the non-grid areas.

Implementing energy efficient technologies through retrofitting could also result in savings of up to US$50 million by the year 2010 for consumers and reduction in carbon dioxide emissions of about 230,000 tonnes over the same period assuming the marginal source of electricity supply is crude oil. The transfer and use of energy efficient technologies will help address the country’s energy needs and reduce environmental problems (pollution, land degradation, etc).  Reduced energy consumption yields a favourable environmental impact in the form of reduced atmospheric discharge of toxins.  Every kilowatt hour of unused electricity prevents the emission of 53 tonnes of particulates, 292,000 tonnes of carbon dioxide, 566 tonnes of sulphur dioxide, and 889 tonnes of nitrous oxides as well as pollution attendant upon mining and transporting power plant waste.

7.4     Barriers

There are many barriers that mitigate against the rapid diffusion of the alternative energy technologies into Ghana. The barriers could be attributed to many factors and some of them are:

· Restricted application and use of the technologies due to limited capacity and scientific know how.

· Lack of favourable credit facilities for interested users despite weak local currency which makes the system more expensive to import day by day

· Lack of standards and recommended practices. 

· Low level of information about alternative energy systems in general. 

· Lack of skilled labour and high initial capital cost.

· Lack of commercial market due to demand and resource  availability mismatch

· Lack of policy to implement the development of alternative energy sources.

· Lack of sufficient incentives to attract private capital for renewable energy projects. 

· Excessive government regulation. 

· Lack of human and institutional capacities leading to inadequate skilled manpower.

CHAPTER 8: ONGOING PROGRAMMES AND PROJECTS IN PIPELINE

8.1
Concepts for New Solar and Wind Projects (GEF/Com)

The Ministry of Energy’s renewable energy programme currently focuses mainly on solar and wind. These involve the electrification of remote communities with solar PV systems. The solar systems and type of services provided under these projects include:

· Solar Home System for basic house lighting, radio and TV (B/W) operation,

· Solar Hospital System for vaccine refrigeration and lighting

· Solar School System for class room lighting and television for PSI on distance education.

· Solar Streetlight System for lighting general meeting points, such as markets, lorry stations, water supply points and important busy paths/roads requiring visibility. 

· Solar Water Pumping System for the provision of water and irrigation.

· Solar battery charging system for charging automotive batteries for operating TV and radios in rural communities.

· Centralized solar system for providing AC power into the grid.

To date, about 4,500 solar systems of different types have been installed in over 89 communities through out the country. The supply and installation of the systems were financed from a US$5million credit facility from the Spanish government and another US$2.4 million UNDP/GEF facility implemented under the Renewable Energy Services Project (RESPRO). RESPRO currently manages all the solar PV projects installed by the Ministry of Energy. As the national grid approaches these communities, the solar systems are retrieved and relocated to further remote communities where the national electricity grid is not likely to be extended to in the immediate future. Work is currently in progress to retrieve about 900 solar systems in 6 communities in the Fanteakwa, Kwahu-South and Krachi Districts.

Special focus for the year 2004 is the electrification of 130 remote Junior Secondary Schools in Northern Ghana. Data on all unelectrified health centres and security outposts (Police & CEPS) in southern and central Ghana have been compiled for electrification with solar PV systems. Data collection for the northern sector is also in progress.

Work is also in progress on securing grants and concessional loans from the Spanish, Indian and Chinese Governments for the supply and installation of Solar PV systems for Off-grid rural electrification in the country.

8.2
Past Off-grid Solar Electrification Projects 

There have been three major interventions aimed at supporting socio-economic development through the promotion of renewable energy services for the rural areas.

8.2.1

RESPRO Project

About 13 (thirteen) communities in northern Ghana (East Mamprusi district and Tenzu) have been provided with electricity under the Renewable Energy Services Project (RESPRO) utilising solar Photovoltaic systems. The RESPRO project is being funded by the Ghana government, the United Nations Development Program, and the Global Environment Facility (GEF) The project's goal is to demonstrate the economic viability and sustainability of energy services to rural (off-grid) communities. The programme started in 1997 and completed in 2002. 

8.2.2
Ministry of Energy/Spanish government project

The Ministry of Energy/Spanish government through ELECNOR (a Spanish firm) also supported an off-grid solar PV rural electrification project for 10 rural communities in the northern part of the Volta region (1998-2003). 

 8.2.3 
Renewable Energy Development Project /DANIDA project

Renewable Energy Development Project REDP/DANIDA, also provided solar electrification for 14 communities in the Eastern, Ashanti, Brong Ahafo, Upper West and Northern regions (1999/00 – 2002). 

All the interventions were short-term donor funded projects and intended to augment the National Electrification Scheme as part of the Rural Electrification Programme. They sought to supply electricity to communities 20 kilometres and more from the national grid.  Although these projects contributed immensely to the promotion of PV systems, immediately the projects came to an end and donor support ceased, serious operational problems began.

8.3
Master Plan Study on Rural Electrification By Renewable Energy Resources.

In June 2003, the Ministry of Energy requested the assistance of Japan International Cooperation Agency (JICA) to undertake a Master Plan Study on Rural Electrification by Renewable Energy Resources in the three Northern regions of the country.

The main objective of the study is to formulate a comprehensive policy of rural electrification in the north to include off-grid renewable energy sources.

The request received a favourable response from JICA following which a technical team from Japan was in the country in February 2004 and September 2004 for a pre-feasibility study for the proposed study and to agree on the scope of work. Based on the outcome of the visit, JICA has expressed its willingness to support the master plan study to commence in April 2005.

The study will consist of the following four components:

1. Preliminary Investigation

2. Analysis on optimal method of rural electrification

3. Development of Strategic plan for capacity enhancement for off-grid electrification

4. Formulation of a master plan.

The Ministry of Energy shall act as a counterpart agency to the Study Team from Japan and also as a coordinating body in relation with other government and non-governmental organizations concerned for the smooth implementation of the Study.

8.4
Appolonia - Renewable Energy Demonstration Project

The Appolonia Renewable Energy Project was commissioned in 1991 as a demonstration and research project aimed at establishing the technical and socio-economic conditions for the use of biogas as an alternate source of energy for cooking and generation of electricity. 

Lessons learnt from the project suggest that the use of biogas as a source of energy though technically feasible, is not financially competitive with grid extension or the diesel power generation option. It was also found not to be competitive with firewood or charcoal when used directly for cooking. It was against this background that the Ministry’s interest in biogas primarily for energy production derailed. Instead, the Ministry concentrated more on biogas-based toilet facilities as favourable alternatives to the public KVIP systems. However, considering the investment already made by the Ministry in Appolonia, the Biogas Project was redesigned to use the facilities to demonstrate different types of Renewable Energy Technologies being installed by the Ministry and other organizations in the country. 

Renewable Energy technologies currently being demonstrated in Appolonia are described in table 11.

The Ministry of Energy is rehabilitating the facilities in Appolonia in order to upgrade the project into a National Renewable Energy Demonstration Centre through which new renewable energy technologies and knowledge could be transferred. This could be done through South-South and North-South cooperation by channelling funding, projects, and researchers of special relevance for increased use of renewable energy at the national level.

TYPE OF SYSTEM
QTY
PURPOSE

Biogas digesters
16
Cooking and Electricity

Bio-latrine
2
Toilet facility for the community & to provide feedstock for digesters

Organic Experimental farm
1
Demonstrate the use of biogas slurry for farming.

Solar Home Systems
8
DC power for home lighting, radio & B/W TV

Solar Water Heaters
2
Hot water supply for project & medical staff.

Solar Streetlights
3
Community lighting

Solar Refrigerator
2
Test performance under Ghanaian conditions

Solar Battery Charging
1
Charging used automotive batteries for powering radio & TV

Research & Training Center
1
Research, testing & training

Table 11: Renewable energy technologies currently being demonstrated at Appolonia.

CHAPTER 9: MAJOR PLAYERS IN THE ENERGY SECTOR

9.1
Classification of major players in the energy sector

In the Ghanaian Energy Sector, the major players can be categorised into four groups. They can further be classified into organisations involved in the importation and distribution of energy products and those in the development and administration of the resource. The multinational agencies and banking organisations are involved in funding and exploratory activities whereas local organisations are more or less in the distribution sector. The main actors are:

National Organisations: Meteorological Service Department, Environmental Protection Agency(EPA), Ministry of Energy, Energy Commission, Ministry of Environment, Science and Technology, Ministry of Roads and Transport, PURC, Local solar dealers, District Assemblies/Local Government, Electricity Company of Ghana (ECG), Volta River Authority (VRA), VRA-Northern Electrification Department (NED), Ministry of Health, Irrigation Development Authority, Ministry of Food and Agriculture, Ghana Water Company, Local Universities, Ghana Standards Board, Ghana Solar Energy Society, Architectural and Engineering Services Limited GNPC, Tema Oil Refinery, 

Private sector Organisations (domestic and International):

Ghana Oil, Mobil, Shell, Chevron, Private business

Financial institutions, banks, and non-banking financial organizations:

World Bank, EXIM Banks, International Finance Company, International Monetary Fund, , African Development Bank, Ecowas bank, Ghana Commercial Bank.

Non-Governmental Organisations: 

Energy Foundation, New Energy, Health related NGOs, GEF, KITE, Ghana Solar Energy Society, Friends of the Earth, Community Based Organisations (CBOs), Centre for Renewable Energy Studies (CRES), Energy Research Group.

Bilateral and multilateral organizations, including multilateral development banks:

National Renewable Energy Laboratory (NREL) – US, Canadian International Development Agency, , European Union, Swedish International Development Agency, United States – Department of Energy/USAID, Danish International Development Agency (DANIDA), France (CDF), British (DFID), United Nations Development Programme (UNDP), European Union, German Technical Cooperation (GTZ), Japan Technical Cooperation Agency (JICA), International Fund for Agriculture (IFAD), Food and Agricultural Organization (FAO), United Nations Environment Programme (UNEP), CTI, CPC, UNIDO, Agence Francais de Development (ADF).
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