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Summary
Thisreport is based on the February13, 2001, demonstration version of the ECOWAS
regional electricity trade model. Parameter values come from the ECOWAS Data Set #4
(February 2001). This data set marks an important stage of progress in the regiona
analysis but accurate data submission with reliable exchange rates into US dollars
remains amajor activity in the development of the West Africaregional electricity policy
analysis work.

At this early stage of the ECOWAS regional modeling the Ghana national case study
shows how the country’ s long-term electricity generation capacity expansion plans are
very dependent upon good water supplies and are highly sensitive to natural gas costs.
The total costs for Ghana's electricity planning period, 2001 to 2020, is of the order of
$1300 million to $1800 million. Ghana saves 40% of itstotal costs with afreetrade
scenario. Whatever the level of electricity trade Ghana always appears to build as much
new combined cycle generation capacity as possible, 2310MW. The existing
international transmission line load carrying capability isincreased threefold in the free
trade scenario in which both electricity energy as well as power reserves are traded.

Fuel costs, operational costs, capital costs, and generation capacity expansion proposals
are model inputs all needing further attention.



1. Coststo Ghanawith partial autonomy and full autonomy
Two scenarios are considered. Thefirst iswith 50% autonomy factors for energy trade in
MWh and trade of reservesin MW. Secondly the scenario is one of full autonomy with
energy and power autonomy factors both set at 100%. Thetotal cost to Ghanawith the
free trade scenario amounts to $1351 millions for the 20 year planning horizon and

increases to $1895 millions with the no trade scenario, a40% increase (Table 1). In both
scenarios the maximum amount of new combined cycle (CC) capacity (natural gas) is
built (2310MW, Table 3). A large part of the total costs to Ghanaisin the fuel cost of the
natural gas. Both scenarios use a cost of $3.2 per million Btu for Ghana, while allowing
a 50 cents shipment cost from Nigeria. Gas costsin Nigeria are left at the $2.7 per
million Btu level, as specified by ECOWAS, for the Data Set #3 demonstration scenarios.

The CC stations have natural gas cost of nearly one billion dollars (958 million) for the

20 years with no trade allowed (Table 1).

Tablel Ghana s Expansion Costsfor the Period 2001 to 2020

COSTS (FpNCC = $3.2 per 10°Btu) (Present VValue) AFs=0.5 AFs=1.0
ECOWAS Total Cost ($ 10°Pe=vae) 20,112 26,620
Ghana Total Cost ($ 10° =" vate) 1,351 1,895
Capital Cost of New Combined Cycle Capacity ($ 10°PeTvaw) 364 561
Capital Cost of Existing hydropower expansion ($ 10° P vatey 122 24
Capital Cost of New hydropower stations ($ 10° P vatey 250 207
Expansion cost for existing transmission lines ($ 10° ="V 22 6
Natural Gas Fuel costs ($ 10° PV 563 958
Water costs (existing & new hydro) ($ 10°Pe"vawe) 32 32

2. Existing electricity infrastructure

Ghana's existing thermal capacity is 550MW and its existing hydropower capacity is
1072MW. There are plans for the construction of four new hydropower stations and,
with the employment of the West African Gas Pipeline (WAGPL) there are plans for
large generation expansions with combined cycle stations. A summary of Ghana's
existing stations arelisted in Table 2. All of the values of parametersin the
demonstration model are noted in Tables 8 and 9, in the Appendix.

Table2 The Existing and Proposed Generation Stations in Ghana

Ghana Station (Data received Dec14, 2000) MW Type
TAPCOtakoradi-1 (Existing thermal) 330.0 PGO
TICOtakoradi-2 (Existing thermal) 220.0 PGO
TICOtakoradi-3 (Proposed combined cycle) 330.0 PGNCC
TEMA (Proposed combined cycle) 1980.0 PGNCC
Akosombo (Existing hydropower) 912.0 H
Kpong (Existing hydropower) 160.0 H
Bui (Proposed new hydropower) 400.0 HN
Juale (Proposed new hydropower) 87.0 HN
Pwalugu (Proposed new hydropower) 48.0 HN
Hemang (Proposed new hydropower) 93.0 HN




3. Ghana'sgrowth in electrity demand and expansion plan
With a growth rate of 7% in thefirst half of the planning horizon and a 5% growth in the
second decade then the peak demand levels of electricity expected for the country are
shownin Table 3.

Table3 Ghana s Peak Demands for 2001 to 2020

Year | 2005 | 2010 | 2015 | 2020

PEAK DEMAND (MW)
(From input files) | 1508 | 2018 | 2830 | 3612

To meet these demand levels there are maor expansions in the combined cycle plants
added in both trade scenarios. There is a maximum expansion, of 2310MW, with the two
new CC stationsin Ghana (Table 4). 150MW of new hydropower capacity is added to
the existing hydro stations and with free trade the totally new hydropower stations have a
much larger increase in capacity, 444MW as compared with 158MW with no energy
trade. The gainsfrom trade justify the construction of the more expensive hydropower
Sites.

Table4 Ghanaand the Regional ECOWAS Optimal Generation

Expansions for 2001 to 2020

AFs=0.5 AFs=1.0

New Combined Cycle Expansion (MW) 2,310 2,310
New Hydropower Expansion (MW) 444 158

Existing hydropower Expansion (MW) 150 150

With Cote With Cote
Existing transmission expansions (MW) D’lvoire - 1088 D’lvoire - 269

With Togo — 1157 With Togo - 377

As expected there is amuch larger expansion of the international transmission lines when
freetrade is encouraged. Thelineto Togo isexpanded by 1157MW with free trade as
compared with a377MW expansion with no e ectricity energy trade.

4. Expansion of Ghana's Combined Cycle plants (natural gas)

The WAGPL permits the use of natural gasin Ghana. This efficient form of electricity
generation combined with moderate capital investment costs is an important major
development for Ghana. Table 5 shows the pattern of CC expansions in Ghanafor the 20
year planning horizon. The bulk of the CC expansion is calculated to take place during
the 2016 to 2020 time period. With free trade 330MW of expansion takes place in the
first 15 years. More expansion, as aresult from no imports, of the CC takes place during
these first 15 years but still the most intensive construction period for Ghana, from the
optimization analysis, takes place in the longer term time period.



Table5 Ghana's Optimal Expansion Plan for Combined Cycle Expansions
(New Natural Gas Stations)

2001 - 2005 2006 - 2010 2011 - 2015 2016 - 2020
Combined Cycle
Expansions (MW) 161 0 169 1980
AFs=50%
Combined Cycle
Expansions (MW) 81 344 710 1176
AFs=100%

5. Sensitivity of Regional Fuel Costs & Optimal New Generation Expansions
Thetotal costsfor Ghana are significantly affected by the cost of imported natural gas
from Nigeria. Whatever the cost however of this fuel there is always a maximum amount
of CC new generating capacity added. When the cost of the gas becomes equivalent to
the cost of unused energy ($140 per MWh) then the new CC stations are not used for
generation. This takes place once the cost of gas reaches $17 per million Btu (Table 6).
The upper and lower levels for the cost of natural gas in the USA are $2 per million Btu
and $4 per million Btu.

Table6 Costsfor Ghana's Natural Gas at Different Rates for 2001 to 2020
(AF = 50%)

Natural Gas Rates 32 55 16.0 17.0
FpNCC ($/10°Btu)

Total Gas Cost for 2001
to 2020 ($ 10° 401 358 990 0

MWh Supplied for 2001
to 2020 14.94 8.31 7.90 0
(10° MWh)

New Combined Cycle
constructed (MW) 2310 2310 2310 2310

With heat rates of nearly 8 (10°Btu/MWh), Table 8B, and gas costs of 3.2 ($/million
Btu) then the cost of fuel is about $25/MWh (8 x 3.2). The cost of natural gas, in Ghana,
supplied for Data Set #4 is $5.5 per million Btu. Asthe cost of gas increases so too its
use is decreased as shown in Table 6. The cost of gas in Ghana cannot be disconnected
from the cost in Nigeria and so the $2.7 cost per million Btu, in Nigeria, ismaintained in
the model until data validation is received from Nigeria.

3. Electricity Tradefor 2000 to 2010

For the 20 year planning horizon Ghanais a net importer of electricity with all of it's
imports coming from Togo (Table 7). About half of the total imports during the 20 year
period are used domestically and the other half are wheeled to Cote D’ Ivoire. Thereisa
switch in the flow of trade with electricity trade tending to travel more from east to west
and thisis as aresult of the increased generating capacity from the use of natural gas and



the WAGPL project. A more detailed analysis of the energy flows across the region
should take place once the Nigeria data and expansion plan becomes more reliable.

Table7 Electricity Trade (GWh energy total) for Ghana, 2001 - 2020

AFs=0.5
Electricity Exports (GWh)
To-Togo 3,500
To— Cote D’ lvoire 64,150

Electricity Imports (GWh)
From - Togo 119,000




000°002'2 - 100 «10°0 '€ 186, 000'9€ ZreIseyo VNI L
000°002'2 €002 100 «T0°0 «C'€ 186, x000'02 TRIS 'Y €-1pelodelnd | L
(JAUMIN) (%) (%) (%) (maot/8) | (UMmIn/mart) | CAMING)
DOUIN 201V DONAe®RQ DONdsadH DONdH DONYH DD INOXI
#9p0D
uoleis aweN uolris
Suo IS few.sy 1 eueys MeN pasodold (penunuo)) g8ajgeL
¥4 8/T0 900 600 0'099T 0°0€E 0°0EE 000°22. 000000082 | ZEIS®YD (D0) VINTL
X4 8/T0 900 60°0 00 0°0€E - = 000°000'02T | TEISEBYD (0D) £-IpeioxeI0D 1L
(UMIN/S) (%) (%)20N (%) (MIN) (MIN) (M) (MIN/S) )
20O upID dO4N | DONYOH | XewdINSDd | HUIDOND | desdxeDON | 1S000%0DDN 2094
#98p0D aWweN uoleis
uolreis
SUOIRIS [ewsy L eueys MoN/pasodoid dg8oldel
€002 000°00%'T 10 100 «0T 89 ZreIs ey Z-1peJoXe1001 L
. 000°000°C 70 100 «0T a4 7RIS ey T-1peJ0Xe100dV L
(Aypolied 1v) (AumIn) (%) (A1 %) (A1 %) UM
BuluossILwossp uiwbd 09sady) od4 #9p0)D alWeN uolris
a2 104 abesn ul N wyisey arel Aesaq uolire[esss pn4 1500 PN+ uolreis
suolelS fewssyl eueys bunsixg  (psnunuoD) vgalce.L
(000Z BNBNY - £# 1S eled anfen pabueyo/peppe anpind seredipul| «)
«T €z 8/T0 900 600 0 0 0 0022 ZreISeyo Z-1peJoXeI0D | L
«T ¥4 950T°0 900 600 0 0 0 0°0€€ TRIS 'YD T-1p2J0XRI00dV L
UMIA #9p0D
/maot | UMWG) | (1K%) (%) (%) (MIN) (MIN) (MIN/S) (MIN) uolels
OdH OWO A 111D 09d¥04N | 09dY04 | XewQ9d | desdxe09d | 109dxeQ | HUIODd aweN uolels
SUOIRIS [ewRY L eueyo bunsixa vgaldeL

xipuaddy




000 00€ - - - 100 «C0 000 06/ ¥ IS eyo BueweH
000 St'T - - - 100 «0 000 019 crISeyo nbnemd
000 862 - - - 100 «'0 000 OVT T ZESeyo afenr
000 706 - - - +100°0 «C0 000 025 2 T ESeYD Ing
eueys v
(JATHMIN) (poied) | (polled) (po1ied) (1A19%) (UMIN/S) (1A) #29p00 UoIeIS
NHUIIN NHUY NHleg UHIV NHAeoeQ UUuINO A Yu INOX I 0JpAy Buisix3g aWeN uolels
suolels JemodopAH eueys meN/pasodoid (penunuoD) gealgel
9800T°0 00 000 9€€ 0 0 0 000 000 8ST 06 ¥ IS ey BueweH
9800T°0 ¥0'0 000°09T 0T 00T 000°00S‘€ 000°0£2'66T 08y ¢ EIS®eYD nbnemd
9800T 0 ¥0'0 000'G8€E 0 0 0 000°082'0rE 0/8 ZESeyo afenr
ZrozT’0 ¥0'0 006296 0 0 0 000°000'v8Y 0°00¥ T EISeYD Ing
#°p0d
uonels
(1A1%) (%) (AYMIN) (MIN) (MIN) (MIN/S) %) (MIN) 0.1pAy
yuyio HNYO4 4INH dodXoNH | XeWANH ISOOANH ISOO4NH HUINH Buisixg aWweN uolels
suoirIs JemodoipAH eueys maN/pasodo.id g69|0el
- 000 978 6T°0 100 Z eiseys Buod
- 000 000 ¥ 6T°0 100 T RISRYD OQuUIOSOX Y
(po1ied) (AUMIN) (%) (1A1%) # Uolreis
Hwosp4 HUI I pAusey OHAeoRQg 0.1pAy Bunsix3g aWeN uoleis
suolels JemodoipAHeueys bunsixg  (penunuo)d) Ve a|de L
«C0 00 ¥0'0 000'2€0'T 0 0 0 0'09T Zeseyo Buod
«20 G800 ¥0'0 000°00T'S 0ST 0g 000 0€. 07216 T RSO OQuUIOSOX Y
#9020
UMB) | (A1%) (141%) (JATHMIN) (MIN) (MIN) (MIN/S) (MIN) | uoireis oipAy aweN uolels
UoNOIA | Yyuid yoqOo4d 4710H XeWAQOH deisdxsoH ISOOAOH | MuloH Busix3g

suo RIS JemodoipAH eueys bunsix3

V6 9l0e L




