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Abstract— Our research group has been developing models to 

understand the long-term interactions between investment and 
performance in the electric power system. In this paper, we discuss 
some of our initial results in applying these tools to understand the 
expected pattern of investment in the proposed West African Power 
Pool (WAPP). The main result shows that the interconnection 
between countries has a clear impact on the local system prices and 
investments in new construction but there will still be large 
regional variations in prices and new construction. 
 

Index Terms— Deregulation, investor behavior, market models, 
power system planning, system dynamics. 

I.  INTRODUCTION 

BEGINNING in the early 1990s, much of the industrialized 
world began experimenting with deregulation of the 

electricity sector, primarily in an effort to reduce costs. The 
results have often been more than disappointing, catching 
even the biggest proponents by surprise. For example in 
California, the electricity markets opened for business in 
1998. Roughly two years later in the summer of 2000, 
California was experiencing rotating outages and price spikes 
at multiples of a 100 or more. This crisis was only expected to 
worsen but just as suddenly conditions stabilized and neither 
chronic outages nor price spikes reappeared in the summer of 
2001. One key to the stabilization of the market was that many 
new power plants came on line. In one sense, the markets 
worked by creating new investments, but the unfortunate 
result was a glut in supply. Some have claimed this instability 
is a fundamental artifact of poorly designed wholesale 
electricity markets [1] while others simply believe greater 
public investment can “break the cycle of boom and bust” [2]. 

Despite such failures and lack of understanding of the 
underlying causes, governments throughout the developing 
world have also begun experimenting with deregulation of the 
electricity sector. In these countries, while the primary 
motivation is to encourage private sector investment, the 
market designs are similar. If a crisis could arise in the 

sophisticated and high tech economy of California, can the 
developing world be expected to fare any better?  

Our research group has been developing models to 
understand the long-term interactions between investment and 
performance in the electric power system. Specifically, we 
have contributed by developing modeling and analysis tools 
of: 
 
• pricing regimes [3], market transparency [4], and bidding 

activity under transmission constrained systems [5], in 
order to understand some of the market forces on 
suppliers,  

• investor behavior, in order to understand the sluggish 
behavior of investors whose construction of new power 
plants lags behind the growth in demand [6], 

• transmission network planning and its impact on in 
investment decisions in different supply options [7]. 

 
In this paper, we discuss some of our initial results in 

applying these tools to understand the expected pattern of 
investment in the proposed West African Power Pool 
(WAPP). The main result shows that the interconnection 
between countries has a clear impact on the local system 
prices and investments in new construction but there will still 
be large regional variations in prices and new construction. 

II.  BACKGROUND 

A.  System Dynamic Studies for Power System Planning 
Most planning models in the electric industry are static with 

the primary focus of the studies centered on studying possible 
future scenarios. These models fail to represent the dynamics 
of the planning process under market conditions. The models 
we are constructing incorporate these dynamics using 
concepts from the field of system dynamics, a simulation 
method pioneered by Forrester [8] and popularized in texts by 
Ford [9] and Sterman [10]. System dynamics can be defined 
as [11]  
                                                            

branch of control theory which deals with socio-economic 
systems and that branch of management science which 
deals with problems of controllability. 
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Methodology and Data 

The general building blocks of the model to perform the 
dynamic system of competitive electric market require:  
 
• Initialization of parameters for each area. Specifically: 

o Combined cycle (CC) plants total levelized cost, 
o construction permit shelf life, 

 
Fig. 1 An exa
approach 
 

mple of modeling using exponential growth system dynamics
cades, differ greatly from the detailed modeling o the goal for permits by developers, 
o initial peak annual demand, 
o demand annual growth rate, 
o investor weight given to CCs in the construction 

pipeline, 
o generating capacity from all units, 
o variable cost of different units, 
o natural gas prices, 
o transmission network topology and line parameters, 

and 
Fig. 2 An example of modeling using an engineering approach 
(implemented in Simulink) 
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understanding of the future power system 

e must include analysis of the transmission system. 
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nections are known, most power exchanges use a 

linearized transmission model to avoid 
nal problems. For the broader analysis in this work, 
r approximations are needed.  
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variables. Fig. 2 shows the Simulink® model of the 
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as an advantage due to the explicit representation. 
, the power flow equations and the transfers across 
 the primary constraints of concern. For more 

he model development, the reader is referred to [7, 

ERICAL STUDY OF WEST AFRICAN POWER POOL 

g of West Africa Power Pool 
nal work focused on the Western US. That system 
veloped and there is little difficulty in arriving at 
meters for the model. For developing countries, 
 is not trivial as even the expected demand is 

o peak demand for each area over the study period.  
• Creation of a typical 24 hour demand curve for each 

month of the year.  
• Computation of the price and power generated for each 

demand hour of a given day that represents an entire 
month and which can be used to determine the forecasted 
profit for each generator.  

 
These inputs then feed into a market simulator that 

determines expected prices for typical days during each month 
of the year. From these simulated prices and forecasting the 
trend, the nature of investments in the generator market is 
modeled. Here, we focus only on CC plants. Generally, we 
assume rational investor behavior but discount generators in 
the process of being built. This represents typical market 
activity as competitors rush to the market expecting to take 
advantage of favorable conditions before prices drop. Fig. 3 
shows a very high level view of the developed model. The 
interconnections between countries are shown in Fig. 4. The 
simulation begins at the point when there is enough supply to 
meet the demand. For this purpose, the Table I shows the data 
made to run the 14 WAPP model.  
 

TABLE I 
WAPP SUPPLY AND PEAK DEMAND DATA 

Area 
Number 

Country Supply 
(MW) 

Demand 
(MW) 

Adjusted 
Demand (MW) 

1 Benin 91.1 98 78 
2 Burkina Faso 124.1 102.1 --- 
3 Cote D’Ivoire 708 1203 --- 
4 Gambia 22.8 21 16 
5 Ghana 1622 1281 --- 
6 Guinea 191.7 241.98 161 
7 Guinea Bissau 8.3 21.4 5.05 
8 Liberia 7.2 44.2 4.42 
9 Mali 231.4 126.4 --- 
10 Niger 57.5 69.1 39.1 
11 Nigeria 3959.4 4100 3200 
12 Senegal 382.2 284.39 --- 
13 Sierra Leone 95.57 23.6 --- 
14 Togo 100 116 31.6 
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Fig. 4.  Interconnections between countries of the WAPP 
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For the purpose of our simulations, the available data required 
some modification. The primary concern is the peak demand 
as this must be adjusted below available supply. 

B.  Construction of New Units 
For a 30-month simulation of this market, countries with 

shortage and relatively high prices show new CCs being built. 
For example in Togo (Fig. 5), results show 0.75 MW new CCs 
to come some time during the 18th month and construction 
continues almost constant through the 27th month. Over the 11 
month period, there are about 8.25 MW of new CCs brought 
on-line. Some of the countries, such as Sierra Leone, and Mali 
show no new CCs, this can be explained from the data given 
in Table 1. The two countries have adequate supply through 
out the simulation period in order to keep the price of 
electricity below the cost of the construction of new CCs. Mali 
also experiences a very low electricity price as shown in the 
next section due to its very low variable O&M cost of 
generators. 

Niger (Fig. 6), among others, sees new CCs come on line 
relatively early since the peak demand nearly equals the 
available supply. Other countries show a much greater delay, 
e.g., Nigeria (Fig. 7). Note, the initial value for the CCs under 

construction and permit blocks is set to be zero and so there is 
at least a 12 month delay in building. 
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Fig. 7.  Monthly rate of CCs connecting to the system in Nigeria 

C.  Electricity Prices 
For the same 30 month simulation of the market, Fig. 8-10 

show prices in selected countries. The price of electricity for 
some countries is extremely expensive. This stems primarily 
from the relatively high cost of gas and higher O&M cost. 
Moreover, the transfer capacities between countries are not 
sufficient to alleviate the price differences. This is shown 
clearly in Fig. 8.  

0 5 10 15 20 25 30
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9
New CCs On-Line for Togo

Time (month)

N
ew

 C
C

s 
O

nl
in

e 
(M

W
)

Fig. 5.  Monthly rate of  CCs connecting to the system in Togo 

 Fig 4 shows the highest price was experienced in Senegal. 
Based on the available data, Senegal has variable O&M cost 
for hydro generation of $22.86, while Mali on the other hand 
has $0.29 for thermal and $0.76 for hydro. This explains the 
consistently low price of electricity in Mali. We cannot vouch 
for the validity of the cost data but they do show the effects of 
these costs on an interconnected system. Finally, Fig. 5 shows 
the price of electricity for Nigeria, which is moderate. 

IV.  CONCLUSIONS 
This paper has shown a relatively simple study of the 

construction patterns and prices for a 30 month study of the 
WAPP. The developed model faces several challenges in 
developing more meaningful results. Namely: 
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Fig. 6.  Monthly rate of  CCs connecting to the system in Niger 
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Fig  8. Electricity prices for Benin (a1), Burkina Faso (a2), Cote D’Ivoire (a3), 
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Fig  9. Electricity prices for Mali (a9) and Senegal (a12). 
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Fig 10. Electricity prices for Nigeria. 
 

• obtaining more realistic data on costs by country, 
• developing a model of investment appropriate for West 

Africa, 
• researching issues associated with under served demand, 

and 
• incorporating other demand side models into the analysis. 
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