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Section I EXECUTIVE SUMMARY 

A. PRINCIPAL FINDINGS 

Twenty-eight geothermal areas in Kenya were evaluated and 
prioritized for development. The prioritization was based on the 
potential size, resource temperature, level of exploration risk, 
location, and exploration/development costs for each geothermal 
area. Suswa, Eburru and Arus are found to offer the best short-term 
prospects for successful private power development. It was found 
that cost per kW developed are significantly lower for the larger 
(50MW) than for smaller-sized (10 or 20 MW) projects. In addition 
to plant size, the cost per kW developed is seen to be a function 
of resource temperature, generation mode (binary or flash cycle) 
and transmission distance. 

For the 3 sites with prospectively the most attractive 
development potential, estimated geothermal development costs range 
from about US$2,538/kW (including interest during construction) for 
a 50 MW plant to approximately US$3,324/kW (including interest 
during construction) for a 20 MW plant. Estimated cost per kWh, 
based on sensitivity analysis of avoided costs, financing mix, tax 
concessions and plant size, are within the range of the Kenya Power 
and Lighting Company's (KPLC) own geothermal development costs. 
At these levels, returns from development appear to offer an 
attractive prospect for foreign investors. 

KPLC sales of some 2,461 GWh and peak demand of about 480 MW 
in 1988-89 will both double by about the year 2001-02. New 
capacity added during the period 1988-89 to 2001-02 will need to 
be equal in magnitude to all capacity already constructed. This 
expansion will impose not only a financial challenge but also a 
substantial logistical challenge for KPLC. 

The purchase of additional or replacement capacity from 
pr ivate  sources has a number of p o t e n t i a l  b e n e f i t s  for KPLC. These 
include such possible tangible and measurable benefits as lower 
prices for power, lower capital outlays for development, shorter 
development lead time and reduced workload for scarce XPLC project- 
management personnel. Furthermore, numerous important 
uncertainties are reduced and risks are shifted by pursuing private 
purchases. These include reducing the risks and financial burden 
of geothermal exploration, reducing the risk of capacity or energy 
shortfalls due to project delays and higher-than-forecast energy 
or capacity growth, and reducing the burden of pursuing and 
acquiring capital loans in a constrained financial market. 

Private power development in Kenyz could follow one of several. 
models. One of the most common is the Build-Own-Operate-Transfer 
(BOOT) approach. Under this approach, private developers would 
explore, drill development wells, construct a power station and 
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sell power to KPLC for an agreed period. The project would 
thereafter transfer to KPLC (or KPC) at under mutually agreed 
terms. Another option is the Build-Own-Operate (BOO) approach, 
under which no transfer of ownership takes place. 

The Government of Kenya (GOK) has taken a number of actions 
to encourage private development of its geothermal resources and 
is aware of the critical role of foreign investment. In May 1990, 
the Geothermal Resources Act of 1982 was implemented, allowing 
private-sector geothermal development. The main assurances a 
private-sector developer would need are addressed, including rights 
to the resource, rights to sell steam or electricity and rights to 
repatriate income sufficient to meet debt burden and make a 
reasonable return on investment. Geothermal private power 
development requires the granting of a Geothermal Resources License 
and a license under the Electric Power Act, both to be granted by 
the Ministry of Energy (MOE); and in addition, a Mineral Lease 
consistent with the Mining Act of Kenya. 

Nonetheless, since a private geothermal undertaking would be 
a first of its kind in Kenya, it would still impose substantial 
risks on the developer. These include political and economic 
risks; for example, ability to obtain an adequate price for power 
to allow a reasonable return on investment, risk regarding 
conversion of revenues into foreign exchange, risk of changes in 
government policy or new legislation, risk of changes in taxation 
or duties, or force majeure. For this reason and given the strong 
public interest in the project's success, strong support and 
encouragement from the GOK, MOE and KPLC is essential for such a 
venture. 

In pursuing private power development in Kenya, the GOK would 
be able to benefit from the experience of many other developing 
countries, including Pakistan, the Philippines, Thailand, 
Indonesia, the Dominican Republic, Costa Rica and Turkey. Each of 
these countries has initiated policies and regulations encouraging 
private sector participation in their power supply plans. U.S. 
A.1.D would like to cosponsor with the Government of Kenya, a 
conference on opportunities for private investment in the power 
sector in Kenya. 

B. RECOMMENDED PLAN OF ACTION 

KPLC and MOE are invited to review and critique this report. 
The input and participation of both KPLC and MOE are critical to 
success of any private power effort. The team representing the 
U.S. geothermal industry which has prepared this report will 
respond to all comments, and will arrange to hold more detailed 
discussions with the GOK on geothermal private power development 
at the earliest opportunity. The report concludes that the 
development of a private geothennal project will require the 
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following steps: 

1. Review of this report by KPLC and MOE, and revision of the 
report based on this review, followed by meetings to present 
findings and conclusions. 

2 .  Agreement in concept by the XPLC and MOE to the 
development of a geothermal private power project in Kenya along 
the lines of this report, or as modified based on the 
considerations of KPLC and the GOK. 

Completion of a Memorandum of Understanding (MOU) between 
the appropriate Kenya government agencies and a U.S. geothermal 
developer, and related agreements which include: 

A joint-venture agreement, potentially with KPLC as 
a local joint-venture partner. 

3 .  

a. 

b. Granting of a Geothermal Resources License to drill, 
extract and utilize the resource, including 
confirmation of the availability of all concessions 
to the joint venture, and agreement on the general 
terms and conditions of a power sales contract; and 
a license under the-Electric Power Act. 

Granting a Mineral Lease consistent with the Mining 
Act. 

4 .  The U.S. geothermal developer will solicit and obtain 
funding for a full feasibility study, including any funds required 
for exploration drilling, with a reasonable contribution of funds, 
services or other support by the local joint-venture partner. 

5 .  The U.S. developer and local joint-venture partner would 
present results of feasibility study and, following acceptance, 
would finalize the necessary development agreements (geothermal 
lease, power purchase agreement, and construction, management and 
operations agreement) and operational convenants (tax treatment, 
currency treatment, etc.) with the responsible Xenya government 
agencies. 

c. 

C .  0 ” E R  ISSUES 

The successful development of private power in Kenya depends 
in large measure upon the degree to which KPLC and the MOE commit 
to the success of this approach and integrate the approach in 
KPLC’s future capacity plans. One means of ensuring this 
commitment would be for KPLC to allocate a portion of its new 
capacity requirement to the private sector for development. This 
would signal a solid commitment by GOK and greatly facilitate 
establishing the local conditions necessary for successful project 
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development. 

Local participation in this type of project is important at 
all phases to ensure that it is designed and developed in a manner 
to serve the best interests of Kenya. Mobilization of l oca l  
capital, potentially to participate through local currency in the 
long-term financing pool, is another area which GOK may wish to 
explore. 
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11. INTRODUCTION 

A. BACKGROUND 

In June, 1988, during the preparations for a U.S. geothermal 
industry definitional trade and investment mission to Kenya, a 
strategy for development of a private power project in Kenya began 
to take shape. During that mission and later, the MOE and KPLC 
identified rapidly growing demand and capital constraints which 
jeopardized their ability to provide adequate new electricity 
supply. Subsequently, the MOE and KPLC agreed on the desirability 
of exploring private power alternatives, and developed implementing 
regulations for private geothermal development. Oak Ridge 
Associated Universities continued this initiative through the 
Renewable Energy Applications and Training Project of A.I.D., and 
sought U.S. industry involvement through the National Geothermal 
Association (NGA) 

In mid-1990, funding was approved from the U . S .  A.I.D., U.S. 
Department of Energy (DOE) and the U.S. Trade and Development 
Program (TDP) to perform this private power prefeasibility study. 
The study is intended to gather and analyze technical, financial 
and institutional information, and help to define a private power 
approach to develop geothermal resources in Kenya. Specifically, 
the Kenya Geothermal Private Power Study is intended to evaluate 
various potential sites for geothermal development, evaluate the 
impact of private power development on the existing and future 
generation system, review the laws and regulations for private 
power development in Kenya, and generally to determine the legal 
and financial feasibility of a private geothermal project in Kenya. 

The U.S. geothermal industry has been represented in this 
effort, by the NGA via its members GeothermEx, Inc. and the Ben 
Holt Company, and Venable Associates. Interest in Kenya arises 
from the desire of the U.S. industry to play a role in development 
of geothermal resources in Kenya, and because of the expressed 
interest on the part agencies of the GOK in pursuing this 
opportunity. 

Report Format. The report which follows comprises a 
prefeasibility study for a private power development of a 
geothermal electric generation project in Kenya. Section I11 of 
the report provides a brief assessment of the state of the Kenya 
power systems, the need for power, financial requirements, and the 
prospective benefits of private power development. Report Section 
IV provides an assessment of the existing geothermal program and 
the geothermal resources of Kenya, along w i t h  a ranking of 
prospective sites for development. The costs for development are 
estimated in Sections IV and V f o r  a range of plant sizes; a 
financial analysis is performed in Section VI1 on t h e  potential 
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rate of return to a privake developer under a range of assumptions. 
Section VI of the report contains a brief review of the experience 
of a number of other countries with private power. A review of 
various methods for valuing private power and power pricing is also 
presented in Section VI. Section VI11 contains a review of the 
local institutional and legal and regulatory framework for private 
power development and a discussion of the major legal issues 
pertaining to private power project development. 

_ .  
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111. An Assessment of the Status of Kenya's Power Sector and 
Implications of Private Power for The Kenya Power and 
Lighting Company 

A. Overview 

The power industry in Kenya is largely owned by the Kenya 
Government, and is comprised of 3 entities. These are The Kenya 
Power and Lighting Company (KPLC), The Kenya Power Company (KPc), 
and The Tana River Development Company (TRDC) . The Kenya Power and 
Lighting Company is owned 49% by the Government of Kenya (GOK) and 
9.7% by other Governmental institutions. The balance of shares are 
owned by Kenya residents ( 3 4 % )  and non-residents (7%). KPLC is 
responsible for the overall distribution of electricity in the 
country, owning the distribution network, as well as certain 
standby facilities such as Kipevu in Mombasa, and several small 
diesels and hydro units. 

The Kenya Power Company is owned entirely by the GOK and is 
responsible for the development of riew hydroelectric and geothermal 
generation facilities and power purchases from Uganda. KPC is the 
owner of Tana river hydro facilities and the Olkaria geothermal 
power stations. KPC is in the process of acquiring the Kiambere 
and Masinga stations of the Tana River Regional Development 
Authority (TARDA) and Turkwell power station from the Rerio Valley 
Development Authority. KPC is also undertaking the planning for 
the Sondu Miriu hydropower proj ect . The Tana River Development 
Company is also wholly owned by GOK, and presently owns the 
Kamburu, Gitaru and Kindaruma hydro stations. TRDC sells in bulk 
to KPLC at cost. 

The basic framework for power system planning in Kenya is the 
Kenya National Power Development Plan 1986-2006 (KNPDP), prepared 
by Acres International Ltd in 1987. The KNPDP provided a new 
least-cost generation and transmission plan for Kenya. This plan 
represents the latest long-term development plan for the power 
sector available. Although the KNPDP has not been officially 
endorsed, it is believed to represent the best comprehensive basis 
for planning. This plan has been overcome by events in some 
areas, however, for example demand growth has been more rapid than 
forecast, and power development schedules have slipped. In this 
study we have therefore made aCjustments in forecest demand, new 
capacity scheduling and costs, among other areas, based on inpct 
from KPLC, in order to reflect the current demand and supply 
situation and the best judgement of KPLC on various planning 
assumptions. 
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Table 1 1 1  - 1 The Kenya Power and Lighting Corrpany 

Histor.: Sales o lect r i c 

( GUH ) 
ty by Customer ategory 

Large Comnercial and 681 a1 2 434 916 982 1041 1127 9.6% 
Industri a1 

.~ 

O f f  -Peak 

Street Lighting 

116 106 53 1 1 1  110 113 116 0.0% 

9 . 9  4 9 12 14 14 8.4% 
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B. Power Demand and Supply 

1. 

Historically the demand for energy and peak load power 
requirements in Kenya have grown rapidly, reflecting substantial 
growth in the industrial sector, as well as rapid urbanization of 
the country. Year to year fluctuations have also been significant 
as the affects of economic conditions flow through to power sales. 
In 1989 for example, energy sales growth dropped to 3.23% from 6% 
in the previous year. This was primarily due to a decline in sales 
to industry. Table 111-1 above summarizes the historic energy and 
power requirements met by the Kenya power system. 

Forecasts of future energy and power are extremely important 
in determining the plans for necessary new capacity. For purposes 
of this report, we have utilized forecasts prepared for KPLC by 
Ewbanks-Preece, covering the period 1985-86 to 2005-6. Forecasts 
incorporate estimates of total system sales, average losses, 
generation station internal use, system peak demand and system load 
factor. Table 111-2 summarizes these data. 

The basic picture given by the projections in Table 111-2 is 
of a system with substantial continuing growth, about 5.4% in 
energy and peak demand. 4 The implications of these forecasts is 
that sales of some 2,461 GWh and peak demand of about 480 MW in 
1988/89 will both double by about the year 2001-2. Correspondingly, 
new capacity added during this period will need to be equal in size 
to all capacity already constructed to 1990. Given the higher 
prices for new capacity today, and the short time period during 
which this capacity will be needed, this expansion will impose not 
only a financial challenge but also a substantial logistical 
challenge for- KPLC. 

Current and Future Demand f o r  Electric Power 

2.  Kenya Electric Power Supply 

a. Power Supply Characteristics 

The current electric power system in Kenya is made up of 
somewhat over 800 MW of installed capacity, with an effective 
generation capability of about 5 5 0  MW. Of this effective capacity, 
375 MW are hydroelectric, 130.5 MW are oil-fired, and 43 MW are 
geothermal. Due to the addition of 85.7 MW effective capacity from 
the Turkwell hydroelectric plant in 1992-93, effective capacity 
rises to about 664 MW in that year. Given current and projected 
energy demand, this capacity will be able to provide all capacity 
requirements (on an average hydro year basis) in 1992-93, but 
allowing only a 14 MW reserve, where 95 MW are required to maintain 
the 15% reserve margin desired by KPLC. 

I 
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Even with the optimistic assumption that Kenya will be able 
to add the Sondu Miriu and Sererwa hy,dro projects for a total 
capacity of 49.4 MW By 1996-97, and geothermal capacity in the 
Olkaria Northeast field of 64 MW by 1994-95, the system by the year 
2001-02 would still require an additional 165 MW ggothermal and 180 
MW of coal. Table 111-3 details existing capacity and capacity 
additions planned by fuel type. Table 111-4 provides estimated 
generation from existing and planned capacity. 

b. Resource Options 

The geothermal resources of Kenya are among the best in the 
world and are described in some detail in Section IV below. In 
addition to geothermal potential, Kenya is endowed with substantial 
hydroelectric resources. Identified undeveloped hydroelectric 
resources in Kenya total over 1,400 MW of capacity and 6,000 GWh 
of average energy. This potential is found in 5 major river 
systems, the Tana River basin with about 40% of the total, 30% in 
the Lake Victoria basin, and about 10% each in the Ewaso Ngiro 
North, Rift Valley and Athi River basins. After the Turkwell River 
project, about to be completed, the most attractive projects appear 
to be the Sondu Miriu and the Sererwa projects, respectively. 

The Sondu Miriu project is being programmed for 1996-97, and 
would produce about 31 MW firm caEacity and average energy of 277.6 
Gwh. The Sererwa project would provide about 18.4 MW of power and 
an average of 157 GWh. Economics and feasibility of the Sondu 
Miriu project are currently under final review. The Sererwa 
project - is essentially a peaking power plant which would operate 
only during system peak periods. The KNPDP recommended further 
studies of this latter option. Apparently a feasibility study has 
recently been completed for Sererwa, but was not obtained for 
purposes of preparing this report. Finally, consideration is being 
given to a 7 2 . 5  MW third unit at Gitaru. The KNPDP did not 
incorporate this unit at Gitaru due to its high cost. Additional 
hydro potential at High Grand Falls, Leshota and Magwagwa was noted 
in the XNPDP, and further prefeasibility studies will apparently 
be undertaken on these areas in the future. 

Kenya has no developed oil, gas or coal resources. It must 
therefore import all its fossil energy resources, and currently 
refines crude oil resources to provide for fuel for oil-fired 
generation, transport and industry, among other uses. Although 
coal-fired generation is recommended in the KNPDP, Kenya has no 
commercizlly exploitable coal resources, although nearby Tanzania 
and Zimbabwe both have significant coal resources. Substantially 
expanded coal use in Kenya would require substantial investment in 
coal handling and storage at the Port of Mombasa which have not 
been factored into the estimated cost of coal power generation 
included in this paper. 
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Table 111 - 2 The Kenya Pouer,and lighting Carpeny - 
Forecast of Capacity and Energy Requirements 
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C .  Kenya's Electricity Supply Program 

1: Least-Cost Supply Plan 

The KNPDP or so-called "Master Plan" for electric power 
development in Kenya completed in 1987, provides the basis for much 
of the planning for new generation today by KPLC and was used 
extensively for this prefeasibility study. Updates and additional 
analysis of the Kenya electricity supply program have been 
undertaken recently by Ewbanks Preece for KPLC due to changes in 
demand for energy, as well as changing costs of new capacity and 
other factors. KPLC itself and various other consultants continue 
to further refine these plans as part of the planning and 
feasibility work for various new generation projects. Any changes 
in the KNPDP (ACRES Report) have been incorporated in the 
prefeasibility study to the extent information was available. 

a. Methodology 

It is important to understand the basic framework for supply 
planning in order to appreciate the comparison which will be 
presented later between private power alternatives and the XPLC 
planned generation program. This section presents a brief overview 
of the major considerations going into the planning process. 

The basic supply plan of KPLC is designed to allow the 
utility to reliably meet future peak demands and energy 
requirements, while at the same time, minimizing the cost of 
providing this service. The planning process incorporates 
consideration- of many factors, some of the technical factors 
include the reliability of equipment, maintenance needed and cost 
of new generation, and planning and construction requirements and 
lead times; and the other uncertainties, for example, as in future 
levels and geographic locations of electricity load growth, hydro 
conditions caused by dry weather, and fuel availability and cost. 
Given the uncertainties in these factors, sensitivity analysis is 
used to test various alternatives against these factors. 

The limited analysis of supply alternztives in this study 
could not possibly duplicate or attempt to redo the supply plan of 
KPLC. However, this study did involve both a thorough review of 
the KNPDP and its various revisions. This review was basically 
intended to permit a better understanding of the economic and other 
implications of providing additional generation to KPLC through 
private means. 

b. Description of Plan 

The KNPDP consists of a nix of new genaration, schedule for retirements, assuned purchases from 'Jganda, growth projections f o r  
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energy and power, financial requirements and resulting reliability 
implications. The supply analysis in this report takes this 
information as given, as modified by the Ewbanks-Preece report, and 
analyses the implications of private power alternatives to this 
plan. The principal differences which are analyzed are: project 
cost, timing, and differences in oil generation requirements and 
unserved energy which result. Since both the KNPDP and the 
Ewbanks-Preece report assume that a l l  energy requirements will be 
met, the analysis of unserved energy is for sensitivity analysis 
purposes to inform KPLC of the costs of not undertaking plans as 
scheduled, and the equivalent benefit if private power additions 
permit these hypothetical short-falls to be avoided. 

c. Planning Assumptions and Expansion Plans 

For this report we have attempted to be as consistent as 
possible with the planning assumptions used in the KNPDP and 
Ewbanks-Preece work. In general we have used the most recent data 
available, or in the case of several values have attempted to use 
the mean or most likely value, with sensitivity analysis used to 
evaluate the impact of divergence from this value. Table 111-7 
section presents the basic assumptions used for this analysis. 
These include capital and operating and maintenance costs, 
scheduled and forced outage rates, fuel costs, and fuel cost 
escalation (only for oil). Estimates for planned hydro output and 
costs are based KPLC's latest figures. 

d. Major Planning Issues and Uncertainties 

As part of both the general review of the KNPDP and subsequent 
analysis of expansion plans, the following major issues or 
uncertainties were identified which are the subject of analysis in 
this report: 

1. Fuel prices and escalation rates 

2 .  Energy and peak demand growth 

3 .  Hydroelectric generation levels realized, and output and 
timing f o r  additional hydro additions. 

4 .  Geothermal development and production rates, economics 
and lead times; and lead times for other types of 
capacity (i.e. combustion turbines). 

5. Generation financing (Section VI) . 
6. Unserved energy costs. 

+ 
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D. Comparison of KPLC and Private Power Alternatives 

1. Methodology for Comparison of K P X  XCP and Private Power 
Alternatives 

The analysis in this section is intended to demonstrate the 
potential advantages of private geothermal development in terms of 
reducing costs and risks of higher energy demand than forecast, 
higher oil prices, delay in KPLC expansion plans and higher KPLC 
geothermal costs. Advantages are demonstrated primarily through 
a comparisons of economic costs and benefits. These relative costs 
and benefits depend essentially on the costs of new capacity and 
directly associated transmission, and not on cost differences 
derived from total system expansion analysis. The incremental 
costs and the various costed items in this analysis therefore are 
not equal to the total incremental cost for generation expansion, 
which would include overall transmission and distribution, and 
certain other items. Since overall system costs not related to 
new project costs are not significantly affected by the new 
projects reviewed here, this partial analysis should accurately 
reflect the main differences between the KPLC plan and private 
power pro j ect . 

a. Annual Cost Curves 

In order to compare new generation capacity alternatives it 
is necessary to develop cost relationships for each type of 
capacity which reflect both capital and operation cost. It is also 
necessary to place costs which extend over a substantial period of 
time on a common footing. Cost relationships were developed for 
purposes of this report based on assumptions in the KNPDP, as 
revised in the Ewbanks-Preece report, and through communication 
with KPLC staff. The two basic cost components associated with 
each technology are annual capital cost (including fixed O&M costs) 
and annual operating and fuel cost. 

Annualized capital cost used herein for analysis may be 
thought of as the ccst of purchasing a unit of capacity on credit 
with repayment of principal and interest over the term of the loan. 
Variable cost depends on the number o f  hours the plant operates 
each year, and is m d e  up of operating and maintenance and fuel 
costs. Since capital equipment is not 100% reliable, capital 
costs for equipment rated at a nominal capacity are'adjusted to 
reflect estimated output after applying planned and forced outage 
rates. Inflationary effects have been removed from costs to allow 
comparison on a constaxt !*dollar:* basis. Only for fuel costs which 
are assumed to escalate in the future at a rate 4% per year higher 
than general inflation, have azyustments been made to reflect this 
differential. All discour.: fastors and other parameters in this 
analysis are on a so-calle2 tqrealtl terms basis, 
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It was not feasible with the resources and data available for 
this analysis to run a system optimization model for KPLC to 
optimize plant dispatching and fully simulate a least-cost 
expansion plan for each case analyzed. Therefore in this report 
the basic least-cost expansion plan developed by ACRES 
International and KPLC, as modified by Ewbanks-Preece is used. 

Figure 111-1 shows the total capital plus variable costs for 
each new generation type as its varies with capacity utilization. 
This figure demonstrates cost differentials by usage rate. It can 
be seen that geothermal is the lowest cost resource above 8 0 %  
capacity factor (utilization at rated capacity), while coal is less 
costly between 6 0 % - 8 0 %  capacity factor, with hydro (Sondu Miriu) 
being less costly below that level (but constrained by available 
water supply to only a capacity level of about 60%). The 
advantages of greater utilization of baseload capacity due to its 
lower costs can be seen with both geothermal and coal (whose costs 
exclude the port and handling infrastructure required). These 
resources are substantially less costly per kWh than combustion 
turbine or oil steam options when operated at high baseload 
capacity factors. Where generation is required either for standby 
or for intermediate or peaking duty only, it can also be seen that 
oil fired combustion turbine or other capacity would be more 
economic. 

Hydroelectric generation alternatives are more complex to 
evaluate for several reasons. As the variable costs for hydro 
generation are very nearly zero, hydro unit cost shows very little 
sensitivity to the rate of capacity utilization. This can be seen 
for the Sondu Miriu and Sererwa options in Figure 1. (Also note 
the low maximum firm capacity levels for these two hydro options 
shown in the figure.) Hydro costs are generally very site 
specific, with a good hydro site likely to provide economic 
baseload energy. Where a site is poorer low water conditions cause 
energy and/or capacity to be constrained, or a low head may limit 
power output. Given the major impact of dry year conditions on 
hydro energy and capacity, hydroelectric generation often requires 
thermal back-up f o r  reliability purposes, adding to real hydro 
costs. Due tothe extensive hydro development in Kenya, additional 
hydro being contemplated is not necessarily more cost-effective 
than fossil alternatives. 

b. Comparative Analysis Description 

The basic economic conparisons provided in this report section 
consider three basic factors. 

First, the relative cost for new additions is compared for the 
anticipated KPLC expansion plan (Base Case) versus private 
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power alternatives in terms of annualized costs using the same 
discount factor (lo%), 41 order to provide an approximation 
of relative economics. 

Second, a reduction in the use of oil-fired capacity and costs 
is calculated, to account for the benefit from new capacity 
ltbacking-outt8 less economic combustion turbine or oil steam 
generation. 

Third, benefits from a reduction in potentially tlunserved 
energy" (if any) due to the private power generation is 
included. Both ACRES and Ewbanks Preece have made estimates 
of the cost to end-users of going without electricity. These 
estimates are about Ksh. l5/kwh, an5we have used this value, 
or $0.65 for sensitivity analysis. 

2. - Comparative Analysis 

a. KPLC Expansion Program 

Shown in Table 111-6 is the KPLC expansion program prepared 
as t h e  Base C a s e  for a n a l y s i s  i n  t h i s  report. The t a b l e  p r e s e n t s ,  
first, the initial capacity and energy balances or requirements. 
These are based on the system forecasts and assume no capacity 
additions beyond committed and facilities under construction. 
These figures form the baseline upon which additional capacity is 
added. This balance is not an expectation of the state of the 
System, only a representation of future requirements. Generation 
requirements in the Base Case include both station use and 
estimated losses, while capacity figures include a 15% reserve 
margin. Second, Table 111-6 shows a revised balance after the 
planned KPLC- expansion program, together with a summary of 
additions. Third, details of the expansion program are provided 
year by year to 2005/06, including size in MW, average cost per 
kwh, cumulative generation, and annualized cost. Fourth, total 
annualized cost is calculated and shown together with incremental 
cost per kwh provided for each year. 

In Section VI, KPLC plans versus private power 1 
alternatives are compared in terms of specific pro j ect financing 
assumptions, to develop estimates of actual cash flows. 

- 2. The importance of costing and including unserved energy 
becomes apparent when wt consider the near to intermediate term 
period if KPLC has difficulty in installing adequaFe new capacity. 
By measuring the cost of unserved energy we are able to provide 
estimates of the impact of energy shortfalls, as well as the 
benefit of a potential private power project which might reduce the 
risk of unserved energy. 

. 
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Capacity requirements in the Base Case are about 80 MW in 
1992/93 and grow to a total requirement of 875 MW by 2005. Energy 
requirements. grow at a similar rate, increasing from 121 G W ~  in 
1993/94 to 4,305 GWh in 2005. Planned capacity additions to meet 
this demand (excluding Turkwell hydro plant soon to come on line), 
are about 740 MW, The after capacity expansion capacity balance 
shows that the planning reserve margin of 15% assumed in this 
report is not met after 1997/98, with reserves dropping to about 
4% in 2005. Capacity additions will be made up of 120 MW of 
combustion turbines, 284 MW geothermal, 87 MW (effective capacity) 
of additional hydro, and 2 4 0  MW of coal. Total incremental costs 
vary by year due to capital and operating cost differences in 
generation capacity being added, with values dropping from 
$O.l6/kWh in 1993/94 to about $0.06 in 2005/06. This picture 
reflects the fact that combustion turbine capacity must be added 
and oil capacity run more intensively in the short-run to meet 
loads before new baseload capacity can be brought on-line. 

Total capital requirements in annualized amounts are shown in 
Table 111-6, and demonstrate the tremendous increase in capital 
requirements of KPLC over the planning period. Requirements grow 
from about $2.0 million for capital and $90 million capital plus 
variable costs in 1992/93, to over $114 million for capital charges 
and $200 million in capital plus variable costs by the year 2000, 
reflecting the combination of combustion turbines, geothermal, new 
hydro and coal. These values which show the annualized costs for 
new capital additions, operating and maintenance costs and fuel 
costs, clearly represent a tremendous increase in revenue 
requirements. 

b. Sensitivity Analysis on KPLC Base -- The 
Implications of Adding Geothermal Private 
Power 

The purchase of additional or replacement capacity from 
private sources has a number of potential benefits for KPLC. These 
include tangible and measurable benefits such as possible lower 
prices for power, lower costs of development, shorter lead time and 
reduced workload for scarce KPLC project management personnel. 
Furthermore, numerous important uncertainties are reduced or risks 
shifted by pursuing private purchases. These include reducing the 
risks and financial burden of geothermal exploration, reducing the 
risk of capacity shortfalls due to new project delays, and reducing 
the risk of capacity or energy shortfalls from current or planned 
hydro generation. The sensitivity analysis below attempts to 
quantify and show the prospective costs to KPLC of these various 
tangible and intangible uncertainties. No attempt has been made 
to try and address the probability of occurrence for any of the 
above outcomes. It is likely that the best judge of the 
probability of any of the above eventualities will be KPLC staff 
themselves, and the purpose of this analysis it to provide a means 
for quantifying these judgments. 
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The sensitivities below involve a very large number of 
factors, years and assumptions. In order to try make this analysis 
understandable, while still meaningful, comparisons are shown in 
graphical form using percentage changes in average costs per kWh 
versus the original Base Case ( 4 %  growth forecast and 4% oil price 
escalation), for the various sensitivities. Average costs for a 
given year are the annualized capital cost for new generation f o r  
the plan for the respective year (total capital charges), plus 
total variable cost for that year, divided by total generation. 
Total costs, unserved energy costs, and total variable costs f o r  
each case can be found in the appendix. 

Alternative Scenarios 

Six basic scenarios or sensitivity cases were analyzed to 
provide a rough approximation of the implications for KPLC of 
various uncertainties and the benefits of private geothermal. This 
results in 60 basic cases, all of which are very briefly described 
here and summarized in the figures which follow. Details are given 
in a set of 4 tables in the appendix to the report. In all 
sensitivities the KPLC Base Case in Case 1 refers to the original 
KPLC expansion plan, that is, with the base forecast and oil price 
escalation assumptions. The other case comparisons give results 
of the changes in sensitivity conditions described, with the system 
adjusting only in operating terns, - all other factors equal. The 
results therefore represent an estimate of the maximum impacts 
which might be observed under these scenarios. 

Sensitivity Analysis: 

In order to understand both the impact of various 
contingencies-on the KPLC system and the prospective benefits of 
private geothermal development, we have done a common set of 
sensitivity analyses for each of the cases listed below. Cases 
refer to alternative forecast and oil price assumptions, with 
sensitivity analysis referring to analysis of various different 
capacity timing and cost assumptions. 

Basic Assumptions for the different cases are as follows: 

Forecast 
Growth 

Oil Prices 
Price Escalation Base Increase 

(1992-93) 

Case 1: 4% 

Case 2: 6.7% 

Case 3 :  4% 

Case 4: 6.7% 

4 %  

4% 

6% 

6% 
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Case 1 consists of the basic sensitivity results compared 
under KPLC base case assumptions on forecast growth (Table 111-2) 
and oil prices. 

Case 2 consists of a set of sensitivities on a revised KPLC 
base case with a high forecast of load growth. 

Case 3 again is a new set of sensitivities, this time with 
the original baseline forecast, but with oil price increasing more 
rapidly. 

Case 4 shows the impact of sensitivities on a base case with 
both a high forecast and high oil prices. 

The sensitivity assumptions which are examined in each case 
below are as follows: 

Sensitivity 
Number: Description: 

Figure 111-2 

Figure 111-3 

Figure 111-4 

Figure 111-5 

KPLC Base Case is modified by a delay in 
KPLC geothermal by 1 year. This forms the 
basic foundation for the analysis. Case 
1-4 forecast and oil price assumption 
are then applied to this modified base 
period. Sensivitityanalysis are shown f o r  
each case with the addition of 50MW of 
private geothermal, or alternatively 
2x20MW of private geothermal. 

KPLC Base Case modified by a delay in KPLC 
geothermal by 2 years. Addition of 50MW 
of private geothermal, or alternatively 
2x20MW of private geothermal. 

KPLC Base Case modified by a delay in KPLC 
hydro and coal additions by 1 year. 
Addition of 50MW of private geothermal, 
or alternatively 2x20MW of private 
geothermal. 

KPLC Base Case modified by a delay in KPLC 
hydro and coal additions by 2 years. 
Addition of 50MW of private geothermal, 
or alternatively 2x20MW of private 
geothermal. 
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Figure 111-6 KPLC geothermal capital costs increased 
by 25%. Addition of 50MW of private 
geothermal to replace 32 MW of KPLC higher 
cost geothermal. 

KPLC Geothermal Delay. The impact of a delay in KPLCls 
overall geothermal plan by 1 year and 2 years, respectively are 
evaluated in Figures 111-2 and 111-3, in terms of the percentage 
change from the Base Case. The impacts under the base forecast, 
high growth forecast, high oil price escalation (base forecast) and 
finally high growth together with high oil prices, are estimated. 
In the 1 year delay scenario (no other new KPLC capacity added), 
total costs rise by about 1.7% and average costs rise by about 
2.4%. Adding a 50MW private geothermal project in the 1994-95 time 
period to compensate for this delay eliminates this cost increase 
and reduces average costs below the base case by 2.3% 
Alternatively, adding two smaller 20MW private plants, one in 1994- 
95 and the other in 1997-98, leaves total costs increasing about 
1.9%, while raising average costs slightly less than with the delay 
and no private generation scenario. 

Another important feature of this scenario is the reduction 
in the total available capacity to meet reserve margin 
requirements. With capacity to meet a 15% reserve margin goal 
requiring about 100-140 MW over peak during the period.1992-93 to 
1999-2000, shortfalls range from a high of 122 MW in 1998-99 
(providing virtually a zero reserve margin) to 27 MW in 1993-94 in 
this scenario. This contrasts with the Base Case with no delay, 
with a highest shortfall of 72 MW (providing about a 6.5% reserve 
margin). Adding 50 Mw of private geothermal generation reduces the 
deficit in the delay case back to the base case level of about to 
72 MW in 1997-98, and substantia3ly lowers the average reserve 
deficit over the planning period. 

KPLC Geothermal Delay -- Hiah Forecast, Hish O i l  Price and Combined Hish Forecast and Hish Oil Prices Cases. The above 
picture would greatly change in the case of higher than forecast 
growth, that is, if growth is raised from 5.4% to 6.7%. In this case total costs of delay rise to 18% compared to the base case and 
average costs are 27% greater than the.KPLC Base Case. The lower 
cost 50Mw private geothermal plant in this situation lowers the 
total cost by 22% and shows only a 11% increase in average costs 
versus the KPLC Base Case. These conclusions result from two 
primary factors, first, the higher use of oil required to meet 
greater energy needs with a geothermal delay and high forecast, 
second, substantial unserved energy, and third, the lower cost of 
private geothermal versus KPLC geothermal plart. 

. Deficit in this context refers not to an absolute 
shortfall in capacity to meet peak demand, but to a deficit in 
capacity required to meet a 15% reserve margin. 
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KPLC - Geothermal Plan 1 Year Delay 
(Percent Change in Cost from Base Case) 

Figure 111 - 2 

Case 1 - Base Growth & Oil Price 

Case 2 - High Forecast 

Case 3 - High Oil Prices 

Case 4 - High Oil & High Forecast 

I I I 1 I 

KPLC Plan (No Geothermal Delay) KPLC Geothermal 1 Year Delay 

KPLC Geo. 1 Yr Delay + MOMW Priv. Geo. @ KPLC Geo. 1 Yr Delay+SO MW Priv. Geo. 

- 

Figure 111 - 3 KPLC - Geothermal Plan 2 Year Delay 
(Percent Change in Cost from Base Case) 

-10% oo/o 1oo/o 2Wo 30% 4% 50% 60% ~(WO 

Case 1 - Base Growth & Oil Pnw 

Case 2 - High Forecast 

Case 3 - High Oil P n w  

Case 4 - High Oil & High Forecast 

I 1 1  

I I 

I I 

I I 1 I I 

KPLC Plan (Yo Geotbernal De!ay) U L C  Geothermal 2 Year Delay 

KPLC Geo. 2 Yr Delay + Z O M W  Pnv. Geo. KPLC Geo. 2 Yr Delay+SO MW Priv. Geo. 
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KPLC - Hydro & Coal Delayed 1 Year 
(Percent Change in C o j r  from Base Case) 

-1wo 0% loso 2090 W o  40% 50% 6090 Figure 111 - 4 

Case 1 - Base Growth & Oil Price 

Case 2 - High Forecast 

Case 3 - High Oil P r i m  

Case 4 - High Oil & High Forecast 

W WLC Pian (NO Delay) 

I I 

KPLC Hydro & Coal 1 Year Delay 

KPLC Hydro-Coal 1 Yr Delay+SO M W  Priv. KPLC Hydro-Coal 1 Yr Delay + 2 d O M W  P n  

KPLC - Hydro & Coal Delayed 2 Years 
Figure 111 - 5 (Percent Cbange in Cost from Base Case) 

-10% 0% 10% 20% 30% w o  50% 6090 70% 

Case 1 - Base Growtb & Oil Price 

Case 2 - High Forecast 

Case 3 - High Oil Prices 

Case 4 - High Oil & High Forecast 

KPLC Plan (No Delay) KPLC Hydro & Coal 2 Year Delay 

KPLC Hydro-Coal 2 Yr D e l a y + S O  MW Priv. @ KPLC Hydro-Coal2 Yr Delay + LdOMW Pri 
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The impacts of higher oil prices with the base forecast are 
not so dramatic as with higher growth. Unserved energy is 
significant but only a small fraction of the high forecast case, 
and total costs rise only about 3% for the KPLC geothermal delay 
with no private geothermal, with average costs versus the KPLC Base 
Case rising by 18%. Again the addition of 50 MW of private 
geothermal significantly mitigates these higher costs. Total costs 
of the delay would be reduced by about 2.5% by adding private 
geothermal (50MW in 1994-95), and average costs would be only about 
10% greater that KPLC Base Case. 

Combining the higher forecast with higher oil prices produces 
a scenario similar to the high forecast case alone above, with 
similar relative benefits for addition of private geothermal 
(Figure 111-2 ) . 

Figure 111-3 shows the impact of a 2 year delay in KPLC 
geothermal and addition of private geothermal in two scenarios, the 
first case with 50MW added in 1995-96, and the second, two 20MW 
plants added, the first, in 1994-95 and the second, in 1995-96, 
respectively. The impacts of this case are similar in direction to 
the above 1 year delay case, however with the magnitudes of private 
power benefits increasing substantially. 

KPLC Hvdro and Coal Delay. -In order to test the sensitivity 
of the results to a delay in other aspects of the KPLC Base Case, 
two scenarios of delay in hydro and coal capacity were examined. 
In the first, each hydro and coal addition is delayed by 1 year 
(Figure 111-4), and in the second, hydro and coal are both delayed 
by 2 years (Figure 111-5). Results are similar but costs increase 
are about one-half those of the above geothermal delay cases. 
Under the base assumptions on growth and oil prices, total costs 
rise by 1%, and average costs versus the KPLC Base Case rise by 
about 2%. With the additional of 50 MW of private geothermal, 
total costs are reduced to slightly below the KPLC Base Case. 
Results obtained in the higher growth and higher oil price cases, 
as shown in figure. Figure 111-5 shows the results for a two year 
delay in the KPLC hydro and coal plans. 

KPLC Geothermal Cost Increase. In order to understand the 
implications of higher than anticipated costs for KPLC geothermal 
on the system, a case was evaluated with an increase of 25% in KPLC 
capital costs. All other things equal, a 25% increase in KPLC 
geothermal capital costs increases total system expansion costs by 
about 5%, there is no change in unserved energy (no unserved 
energy), and reliability levels and ability to meet reserve targets 
do not change. 
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KPLC - Geothermal Cost Increase 
W O  1 W O  2W0 m0 409, S O 9 i  

(Percent Change in Cost from Base Case) 
Figure 111 - 6 

Case 1 - Base Growth & Oil Price 

Case 2 - High Forecast 

Case 3 - High Oil P r i m  

Care 4 - High Oil & High Forecast 

wLc Plan (NO G-. Cost incrcax) KPLC Geothermal 25% G n t  Increase 

E2 KpLc Gee. Colt Incr. + s o w  priv G-. 
- -  

I 

The substitution of 50MW of private geothermal in the KPLC 
geothermal cost increase scenario, replacing 32MW of KPLC 
geothermal, produces substantial savings. Average costs remain 
above the no cost increase base case due to higher KPLC geothermal 
costs for remaining facilities, but overall the increase drops from 
5% to 2.7%. The average system cost increase of 4 . 5 %  drops to 
about 1.7%. The impacts are more dramatic with high forecast 
scenario, with the total costs with private geothermal dropping by 
6% from the KPLC Base Case with no cost increase. Average costs 
for the KPLC geothermal cost increase case with no private 
geothermal are 23% over the KPLC Base Case, versus a only a 16% 
rise with private geothermal substituting for 32 MW of KPLC 
capacity. These higher costs are heavily influenced by increased 
unserved energy in the high forecast case; which in the case of a 
50MW private plant versus 32MW KPLC plant, are reduced 
considerably. 
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Section IV -KENYA GEOTHERMAL PROGRAM - STATUS AND ISSUES 
CONCERNING DENELOPMENT 

A. INTRODUCTION 

The objective of this section is to assess the 
geothermal resources of Kenya in terms of their size, logistics, 
development potential, and the time requirement and probable cost 
of exploring and developing them. This information is to be used 
in decisions regarding private investment in the Kenya geothermal 
industry, and in determining the terms and conditions of such 
investment. 

This section is based both on original field work by 
the authors (McNitt and Koenig, of GeothermEx, Inc.), and on a 
review of published and unpublished work by others. Data on 
thermal manifestations and areas of youthful volcanism have been 
compiled and annotated, along with comments on the level of 
exploration previously achieved in each field or prospect. 
Estimates have been made of field or prospect area, depth and 
temperature. These estimates are based on the authors' experience 
in geothermal drilling in Kenya and elsewhere in the Rift Valley 
of East Africa (Ethiopia and Djibouti), and on experience in 
comparable geologic settings elsewhere. 

. From these findings, estimates of reserves have been 
made for each field or prospect. These vary in precision 
from order-of-magnitude for several poorly known areas to more- 
detailed for the Olkaria area and Eburru. Factors of topography 
and accessibility, distance from transmission lines, local 
markets, environment, and results of prior exploratory work have 
been considered, along with probable depth of drilling, possible 
drilling success rates and possible well yield, in a calculation 
of the cost of exploration and development. Where the estimate 
of reserves is considered sufficiently reliable, the total cost 
is converted into a cost per MW to develop. 

The several fields and prospects have been ranked in 
order of attractiveness for future development. The ranking 
represents the authors' judgement as.to where in Kenya investment 
in geothermal resources should take place during the remainder of 
this decade. Despite the experience of both authors in 
geothermal exploration and development, no warranty is offered or 
implied in the rankings presented herein. 

IV - 1 



B. GEOLOGIC SETTING OF THE KENYA GEOTHERMAL AREAS 

Geologically, Kenya consists of a Precambrian platform 
of metavolcanic and metasedimentary rocks, which regionally has 
been domed and uplifted, and both covered by younger rocks and 
sediment, and broken by younger structures (Figure Iv-1). 
Precambrian rocks do not crop out in the eastern coastal plain or 
in the Rift Valley, but are exposed in the walls of the Rift and 
across much of central and western Kenya. Paleozoic rocks are 
present only in the southeastern coastal plain. 
are more widespread, being exposed in the northeast and northwest 
as well as in the southern coastal plain. 

Mesozoic rocks 

However, the cover 'over the Precambrian basement is 
Miocene through Holocene sediment is mainly of Cenozoic age: 

distributed across the lowlands of eastern Kenya, and Oligocene 
through Holocene volcanic and sedimentary rock and unconsolidated 
sediment is present in the highlands of central and western Kenya 
and in the Rift Valley. 

Rift) is a broad trench that runs N-S  across western Kenya, 
extending on the N into Ethiopia and on the S into Tanzania 
(Figures IV-2 and IV-3). The Rift-escarpment is well-defined in 
some segments, and more diffuse in others. Similarly, its width 
varies from perhaps 2 5  km at the narrowest to over EO0 km in its 
more diffuse segments. Not only are the Rift margins 
fault-bounded: faults of general N-S trend cut the Rift floor in 
numerous places, sometimes as major sub-parallel swarms and 
occasionally as discrete individual fractures (Figure IV-4). 
This has resulted in creation of numerous blocks bounded on both 
sides by faults (horsts and grabens), or only on one side (half- 
horsts and half-grabens) with corresponding block rotation. 

normal to the Gregory Rift in western Kenya to Lake Victoria 
(Figure IV-4). 
lake into Uganda. 

Volcanism, and associated lacustrine and alluvial 
sedimentation, has been very intense within and on the margins of 
the Rift. 
generation of magma near the base of the crust, begbming late in 
Oligocene time in response to movement of the A f r i c a n  plate, in 
turn caused doming of the Precanbrian crust, r i f t h g  and volcanic 
erupticns on a massive scale. Lzkes formed in damndropped basins 
and behind volcanic dams. Enormous quantities of laws, ash and 
sediment accumulated within the r i Z t  to depths ranghg from a few 
tens of m on the Rift margins to several km w i 3 - h  deeply 
downfaulted sections. 

The Rift Valley (also known as the Eastern or Gregory 

A second rift, the Kavirondo Rift, trencfs E-W nearly 

The Xavirondo Rift cannot be traced across the 

This has been explained by postulating t ha t  the 
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Topographic elevation also varies along the Rift Valley 
floor, with the topographic high located in the vicinity of Lake 
Naivasha (elevation about 1.8 km), and with elevations decreasing 
by as much as 1.2 km to the S at Lake Magadi and 1.5 km to the N 
at Lake Turkana. The elevation difference is explained as being 
related to magmatic inflation of the Precambrian dome. 
along major fault escarpments reaches or exceeds 1,000 m in 
several locations. 

Relief 

Thickness of fill within the Rift Valley has been 
calculated from gravimetric and seismic refraction surveys, 
from geologic map interpretation. The fill varies from a 
calculated maximum of about 6 km beneath Lake Naivasha to minima 
of about 2 km beneath Lake Magadi and 1.5 km beneath Lake 
Bogoria. 
Tertiary mafic intrusive rocks underlie the Rift Valley fill. 
Although intrusions and local magma chambers are believed to 
exist (especially beneath certain active volcanoes, as discussed 
below), evidence is moot regarding a possible "axial intrusion" 
running the length of the Rift Valley at a few km in depth. 

and 

P-wave velocities suggest that Precambrian basement and 

However, the foregoing does not explain why many of the 
major Quaternary volcanoes of Kenya lie outside the Rift Valley 
(Figure IV-5), at distances of up to 200 km. 
the variation in chemical composftion of the volcanic rocks 
versus time of eruption and location relative to the Rift Valley 
have been prepared (Figure IV-6) in the attempt to explain this 
fact, without arriving at any convincing explanation. 

Diagrams showing 

What is demonstrated is that the more silicic volcanic 
rocks (rhyolite, comendites, pantellerites and their tuff and ash 
equivalents) are found most typically in the vicinity of the 
topographic center of doming in and adjacent to the Rift Valley. 
The more alkaline (nephelinite, trachyte, phonolite) 
(basalt) volcanics are distributed at the margins of the dome and 
beyond. 
producible geothermal systems with less-mafic or more-silicic 
volcanism, although this relationship is not without exceptions. 

Several of the well-known volcanoes of latest Tertiary 
or Quaternary age are shown on Figure IV-7, although several 
large eruptive centers, and smaller cinder cones, domes and rnaars 
too numerous to list do not appear. 
(springs, fumaroles, steaming ground, etc.) are associated with 
many of the major volcanic centers, such as Silali, Paka, 
Longonot, Eburru and Suswa. However, many major volcanic 
cen+ers, such as Shombole, Mt. Kenya, Rangwa and Lenderut are not 
known to have hydrothermal manifestations; these tend to be older 
than the fumarolically active volcanoes, and often are outside 
the main Rift Valley. Also, a very large number of thermal areas 

and mafic 

Worldwide, there is a generalized association of 

Thermal manifestations 
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are not obviously associated with any major volcanic center, such 
as Lake Bogoria, Lake Magadi, Arus and Lorusio. These tend to be 
locally low points of elevation, and may represent outflow of 
thermal waters from reservoirs elsewhere. 

In general, the principal thermal areas are found 
within the Gregory Rift. However, others are associated with the 
Kavirondo Rift (Homa Bay area) or are outside of the Rift Valley 
system (for example, Masamukye, SE of Nairobi, and Mwananyamala, 
S of Mombasa). In general, again, the areas of known fumarolic 
activity, steaming ground and boiling springs are within the Rift 
Valley; those outside of it exhibit lower surface temperatures 
and/or appear to have lower temperatures at depth. 

Valley. Historic eruptions are reported for Teleki's Volcano, 
just S of Lake Turkana (shown as Barrier on Figure IV-7), most 
recently in 1921-1922; Andrew's Volcano, just to the S of 
Teleki's, appears to have been active within the past 100 years. 
Emuruangogolak has been dated by I4C radiometry to have been 
active approximately 300 years before the present, and may have 
erupted as recently as the end of the 19th Century. 

active during the past few centuries. Paka volcano, closer to 
Lake Baringo, probably was active within the past few thousand 
years, and possibly within the past few centuries. It is located 
in the northern Rift Valley about midway between Lake Baringo and 
Lake Turkana. 

Both volcanic and seismic activity continue in the Rift 

Silali, to the S of Emuruangogolak, may have been 

Longonot, E of Olkaria, has yielded cultural evidence 
of an eruption sometime between 1858 and 1868. Suswa, S of 
Longonot, probably had its most recent eruption within the past 
300 years. 
Suswa, as well as beneath many of the other historic or 
quasi-historic volcanic centers. Shaitani and/or Chaimu, 
basaltic volcanoes located near the NW corner of Tsavo West 
National Park in southeastern Kenya, outside the Rift Valley, 
reportedly erupted in the 1850s, perhaps in 1855. 

There is evidence that a magma chamber exists beneath 

Several other major volcanoes, as noted above, are 
fumarolic; and many of these, including Menengai, yield evidence 
of eruption within the Holocene Epoch (past 10,000 years), and 
possibly within the last few hundred years. Basalt flows of the 
Elmenteita area, S of Menengai, fall into this category also. In 
addition, numerous isolated cinder cones, domes and basalt lava 
flows probably are latest Pleistocene and Holocene in age; and 
some may have erupted, unreported, in historic time. 
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Faulting probably has occurred in several major 
episodes to form the Rift Valley, and then to break the Valley 
floor. Seismic activity continues, but is irregular in 
distribution both geographically and in time. 
volcanic features show fault offset (the slopes of Paka volcano, 
for example). This suggests fault movements into historic time. 
However, most investigators have concluded that seismicity (and 
therefore fault movement) is greatly diminished from 
Plio-Pleistocene time; and that most of the prominent, 
scarp-forming faults are inactive. However, seismic activity and 
fault offset can be expected to continue locally. 
Rift is believed to be seismically inactive (a so-called "failed" 
rift). 

Some very youthful 

The Kavirondo 
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C .  IIISTORY AND STATUS OF GEOTHERMAL EXPLORATION AND 
DEVELOPMENT IN KENYA 

During British colonial times, reconnaissance studies 
of geothermal manifestations were carried out by the Kenya 
Geological Survey. These studies noted the presence and 
temperature of thermal springs and fumaroles, and related their 
distribution to faulting and volcanic activity within the Rift 
Valley. In the 1930s speculation began on possible commercial 
utilization of the fumaroles of the Lake Naivasha region for 
electric power generation. 

At Eburru, beginning in the early '40s, steam from low- 
pressure fumaroles was condensed as a fresh-water source in an 
otherwise waterless volcanic upland. Steam also was used in 
small operations to process pyrethrum flowers as a source of 
high-quality natural insecticide. During the ' 4 0 s  and '50s 
several wells drilled for water in various parts of the Rift 
Valley encountered hot water or steam. 

Between 1956 and 1959, as a result of further 
geological and geophysical reconnaissance in the Rift Valley, 
emphasis became focused on O l k a r i a  (then spelled Orgaria). 
Beginning in 1956 and continuing into 1958, a consortium of 
private investors in Kenya and Great Britain, including Power 
Securities Corporation Limited and East African Power & Lighting 
Co. Ltd. (EAP&L), drilled two exploratory holes within a few km 
of what is now the Olkaria production field. Hole X-1 went to 
about 500 m and encountered temperatures over 120'C before being 
suspended. Hole X-2 reached temperatures over 2 0 0 ' C  by 940 m. 
Despite repeated efforts, the wells could not be brought into 
sustained production for testing, and the project was abandoned. 

In the mid-l960s, further geophysical surveys of the 
Rift Valley between Lake Bogoria and Lake Magadi again drew 
attention to the geothermal potential of the region. Anomalous 
areas of low electrical resistivity had been mapped previously at 
Olkaria, Eburru and elsewhere. The Olkaria anomaly covered 
between 50 and 100 km2 in area. Based on this renewed interest, 
the Government of Kenya requested United Nations assistance in 
1969 for a geothermal exploration project. The project 
(KEN/70/525) began in October 1970, with EAPCL (a parastatal 
organization) and the United Nations Development Programme (UNDP) 
named respectively as counterpart and executing agencies. 
senior author of the present report, Dr. J. R. McNitt, was 
appointed project manager by UNDP. 

Geological, geochemical and geophysical surveys were 
carried o u t  at various scales across an extensive zone between 
Lake Magadi and a point N of Lake Bogoria, but centering on 
Olkaria, Ekurru and Lake Bogoria. Simultaneously, well X-2 was 
cleaned OX and brought into sustained production (1972), 

The 

, 
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discharging steam. Based on these sunreys and tests, and 
calculations of the ecoriomics of drilling and development, 
Olkaria was selected for exploration drilling and development. 

Drilling at 0l.karia began in 1973; by 1976, when the 
first stage of the UNDP project was completed, 6 wells had been 
drilled. Well OW-2 was the first to indicate commercial 
productivity. Depths of the 6 wells ranged from 900 to 1,685 m. 
Production zones were identified and tested between 6 5 0  and 900 m 
and between 1,100 and 1,300 m. Steam was produced, with an 
increasing water percentage from deeper,holes and from holes 
farther to the north. Temperature of the production zone was 
found to be approximately 245OC, with higher temperatures found 
in the deeper and water-saturated zones. Teams of British and 
Icelandic consulting firms (including Merz and McLellan, and 
Virkir) determined by testing and data analysis in 1976 and again 
in 1977 that the field was suitable for commercial power 
generation. 

Total UNDP expenditure under KEN/70/525 was 
approximately US $1.5 mi.llion. EAP&L expenditure is not known, 
but may have been approximately equal in amount. 

The World Bank: was then asked by the Government of 
Kenya to finance construction of-the initial 30 MW power plant, 
22 km of 132 kv transmission lines, purchase of a drilling rig, 
completion of the development wellfield, construction of 
auxiliary facilities, arid purchase of support materials. Late in 
1979, an agreement was reached under which the Bank agreed to 
lend US$40 million of the US$89 million required to construct the 
two 15 MW power plants and other facilities at Olkaria. Terms 
included a 20-year loan period, 5 years of grace, and 7.95% 
annual interest. The Commonwealth Development Corp. agreed to 
provide US$20 million, with the remainder coming from Kenya Power 
Company (KPC), a subsidj-ary of EAP&L, and from the Government of 
Kenya. KPC was appointed as the executing agency. Consulting 
firms from New Zealand, the UK and Iceland were employed in 
various capacities regarding drilling, resource assessment, power 
plant design and construction supervision. 

At that time, 11 holes had'been drilled. The first 15 
MW plant went on-line in June 1981. By that time, 19 wells had 
been drilled, of which It4 wells were capable of supplying 34 MW. 
Various consul ing reports had estimated resewes to be 17 
within a 12 km area, arid up to 1,400 MW within the 100 km 
greater Olkaria area. 

Under the ternis of an internal agreement within the 
Government of Kenya in 3.979, the Ministry of Energy was given 
responsibility for all geothermal exploration and exploratory 
drilling within Kenya. 

s m  5 

EAP&L was given responsibility for 

I v - 7  



development and operation of the Olkaria field and of any field 
subsequently discovered. 
for Olkaria to its subsidiary, KPC. 

EAP&L in turn delegated responsibility 

Assistance in geothermal exploration/development also 
was provided by the Japan International Co-operation Agency 
(JICA) under a bilateral agreement signed by the Governments of 
Kenya and Japan in November 1979. The Ministry of Energy was 
appointed as the counterpart agency of JICA. Eburru, which along 
with Lake Bogoria and the Menengai and Longonot volcanoes had 
been identified in the UNDP project as highly attractive, was 
selected. Geological, geochemical and geophysical surveys were 
begun; however, the project was stopped late in 1981 before the 
anticipated completion period of 3.5 years. Temperature-gradient 
holes were not drilled, despite having been planned. 

Planning for a follow-on geothermal exploration project 
began between the UNDP and the Government of Kenya in 1979. The 
geographic area and scope of work were decided upon after a 
reconnaissance assessment by the present junior author, J. B. 
Koenig, late in 1980. The project, KEN/82/002, was approved in 
May 1982; after an offer of supplementary technical assistance 
f r o m  the Government of I t a l y  was accepted by Kenya in 1984, a 
budget of USs4.8 million (USs3.4 million from UNDP and USS1.4 
million from Italy) and Kenya Sh 28,000,000 (approximately US$2 
million at 1984 exchange rates) was approved. The UNDP and 
K i n i s t r y  of Energy were appointed as executing and counterpart 
agencies. 

In 1985, the Government of Kenya also entered into a 
bilateral agreement with the Government of the United Kingdom, 
under which the Overseas Development Assistance would provide 
f575,000 (approximately US $700,000 at 1985 exchange rates) for 
qeoloqical and related surveys of the central part of the Rift 
L"al1ey. Work was to proceed simultaneously with the UNDP-Italy 
project. In practice, a group from the British Geological Survey 
azmduzted geological mapping and fluid geochemistry and isotopy 
b t h e  Longonot-Suswa region, and regional hydrology of the Lake 
flaivasha-Suswa area; and a contractor provided by the Government 
of Italy (Geotermica Italiana) performed geological, geochemical 
a d  geophysical studies of the Menengai-Bogoria region, and 
3talian and Icelandic firms did geophysical surveys in parts of 
t h e  LDngonot-Suswa area. 

The second 15 MW power plant was comzissioned by Kenya 
Power and Lighting Co. Ltd. (successor to EAP&L) in December 
3982; and t h e  third 15 MW unit was ;&aced on-line in March 1985. 
Embine-generators and associated electrical equipment were 
supplied by Mitsubishi Iieavy Industries Ltd. Twenty-six wells 
had been arilled to supply t h e  45 Wt production, of which 22 
%ells were in use. Yield per well averaged just over 2 MW. 
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Drilling at locations elsewhere in the Olkaria region 
began in the early '80s. Discoveries of potential commercial 
importance were made in northeastern and western Olkaria. By 
1986, 13 wells had been drilled, of which 5 were considered to be 
commercially productive. Higher temperatures (over 300'C in 
several wells) were encountered in holes of 1,800 to over 2,400 m 
in depth, indicative of a water-dominated system. Drilling 
proved difficult in many cases, with several wells being 
suspended because of drilling or completion problems. 

the Olkaria production wells. Principal areas of upflow from the 
deep reservoir were identified in NE and W Olkaria, and the 
Olkaria production field was identified as an outflow zone. This 
led to revisions of the Olkaria field model, calculation o f  
requirements for make-up drilling, dedication of an additional 
area of proven reserves for the 45 MW power plant, and the 
planning for expansion of elkctric power production into NE 
Olkaria. 

At the same ti.me, pressure declines were observed in 

In 1984, the World Bank and the Government of Kenya 
signed IDA Credit 1486-KE, which provided for exploratory 
drilling of up to 8 wells at Eburru and further drilling in the 
Olkaria region. This exploration project was funded by the Bank 
at SDR 23 million (USS24.5 million at the May 1984 exchange 
rate), with Kenya Sh equivalent to USS9.8 million also to be 
provided by KIC and the Ministry of Energy. 
Ministry of Energy had been given responsibility for exploration 
outside of Olkaria, KPC was given responsibility for the Eburru 
drilling. New Zealand project consultants (GENZL) were employed 
by KPC. 

Although the 

Subsequent to this, severe problems in drilling, and 
other extensive project delays, and overspending in various 
project categories, led to a reassessment of project goals and 
opera t ing  methods. A subsequent IDA credit was agreed upon in 
1988 between World Bank and Government of Kenya. This provided 
for reallocation of approximately USS3.2 million from Credit 
1486-KX to the  new Credit 1973-KE to allow the delayed Eburru 
drilling to proceed, plus funds for a. new IDA loan to continue 
drilling and appraisal of the Olkaria region, along with 
infrastructural support. Because of (a) subsequent reallocations 
between Credits 1486-KE a,nd 1973-KE, (b) fluctuations -in the 
dollar exchange rate of the SDR, Deutschmark (drilling contract 
so denominated), and Kenya shilling, and (c) allocation of part 
of the Credit to non-geothermal activities, no dollar amount f o r  
Credit 1.973-KE is provided herein. 

Late in 1986, Acres International Limited presented a 
r e p o r t ,  "Kenya National Power Development Plan, 1986-2006", Lnder 
funding provided by World Bank and UNDP. This plan concluded 
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that geothermal power represented the least-cost base-lo d 
alternative available to Kenya for power generation through the 
year 2006. 
generation be added, beginning with 30 MW each in 1994 and 1995, 
and continuing with 55 MW in 1998; 2001, 2003 and 2005. Specific 
sites were not identified, but it was implied that the majority 
of this new geothermal generation would be installed in the 
Olkaria region and Eburru. 

It recommended that 280 MW of new geothermal 

Although the Acres report has not formally been adopted 
by the Government of Kenya, KPLC has acted informally to begin 
implementation of its geothermal recommendations. 
study by Ewbank Preece Limited was completed in December 1989 f o r  
the northeast Olkaria block, in which it was concluded that two 
32 MW power plants were economically and technical feasible for 
commissioning in 1992 a:nd 1993, and that the potential exists f o r  
a third 32 MW power p1a:nt in the same area. 

A feasibility 

Work was extended under UNDP project KEN/82/002 into 
Recommendations submitted in 1989, with additional financing. 

1989 by the principal consultant, Geotermica Italiana, included 
the drilling of 6 to 8 exploration wells in an area immediately N 
of Menengai volcano (Olongai-Olobanita caldera complex), and in 
the area S and SE of Olkaria field (mouth of Hell's Gate canyon 
and on lower flanks of Longonot Volcano) to depths of 2,000 m or 
greater. If drilling and testing confirmed the existence of an 
exploitable reservoir, it was recommended that a non-condensing 
power plant be installed on one, two or 3 wells to demonstrate 
the technical and economic feasibility of large-scale 
development. 
not specified, 5 MW was discussed. 

Although size of the demonstration power plant w a s  

Since that time, there have been extensive 
communications between the Government of Kenya, 
Government of Italy regarding possible bilateral (Kenya-Italy) 
and trilateral (Kenya-Italy-UNDP) projects. The sum of USS25 
million was discussed, although no firm cost figure was agreed 
upon. Most recently (February 1990), an Italian consortium of 
Ansaldo GIE (turbine manufacturer), Geotermica Italiana (resource 
consultant) anc! SICOM (driller) has proposed to KPLC that they be 
given a contract by KPLC: in the amount of ECU 26.9 million 
(approximately US$33 million) and Kenya Sh 7 5 . 4  million (cTSS3.4 
million) for drilling at. either the Menengai or Longonot 
locations, followed by installation of a 5 Mw turbine-generator. 
No Italian government financing was offered, but it was inferred 
that such support would be forthcoming following signing of a 
commercizl contract  between YPLC and the Italian group. 

the UNDP and the 

In 1988, the G,overnment of the United Kingdom granted a 
3-year, f833,000 (USS1.35 =illion at 1988 exchange rates) 
extension of I t s  cocperative proaram, fDr detailed geological 
napping and fluid geochsnistry in the volcanic terrain of t h e  
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northern Rift Valley by BGS. 
Korosi, Paka, Silali, Emuruangogalak and Namarunu volcanoes. 
has in part utilized results of an earlier (1981-1984) 
cooperative geologic mapping project involving BGS and Kenya 
Mines and Geological Department (KMGD) scientists. Results of 
this earlier work were published in 1987 and 1988 by KMGD; the 
current results are to be released in late 1990. 

Work has focused on the trachytic 
It 

UNDP presently proposes to conduct environmental 
assessments of geothermal development in the greater Lake 
Naivasha region, and to provide miscellaneous support to the 
Ministry of Energy program. Approximately US$500,000 may be 

. authorized. 

In 1987, in response to continued operational problems 
at Olkaria, KPC signed ii technical assistance agreement with 
Petro-Canada International Assistance Corporation (PCIAC). Under 
this grant agreement, PGIAC provided Canadian advisors in 
drilling and wellfield operating for a period of up to 3 years, 
for help at Olkaria. 
drilling. 
(USs1.9 million at 1987 exchange rates), and subsequently has 
been augmented and extended until at least early 1992. 
performance at Olkaria has improved significantly. 

to participate in exploration and development of Kenya geothermal 
resources was approved :in 1982. Under terms of that Act and 
Rules gazetted in 1990, companies from the United States and 
other countries have expressed interest in investment in the 
Kenya geothermal industry. Unocal Corporation, beginning early 
in 1988, co-nducted a reconnaissance assessment of geothermal 
prospects. 
t3 explore Paka, Menengai and Lake Bogoria prospects: no action 
is known to have been taken by the Government of Kenya in 
response. A consortium of American companies, including 
GeothermEx, Inc. and T h e  Ben Holt Company, have held discussions 
with Magadi Soda Company Ltd. (a unit of ICI) regarding 
development of off-grid geothermal electric power to supply 
Magadi Soda's mining and processing operations at Lake Magadi. 

GflNZL's role w a s  restricted to Eburru 
The agreement: was valued at Kenya Sh 38.6 million 

Drilling 

An Act allowing for the licensing of private companies 
- 

Unocal informally has requested exclusive permission 

Additionally, private and quasi-governmental companies 
in Iceland, Italy and Japan, and possibly elsewhere, have 
submitted unsolicited proposals to KPLC and/or Ministry of Energy 
regarding sale of goods and services to the Kenya geothermal 
program. 
Mitsubishi Heavy Industries has suggested that KPLC request 
assistance from Overseas Economic Cooperation Fund (OECF) of 
Japan in arranging financing f o r  the planned two 32 MW power 
plants at NE Olkaria. 

The recent Italian proposal was discussed above. 

:No action has been taken by KPLC. 
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- . . . . . . . . . - - 

The World Bank: has initiated discussions with KPLC 
regarding a possible futxre I D A  credit, to cover the two 32 m . plants, feasibility determinations for geothermal power plants at 
either W Olkaria or Eburru, exploration of an additional 
prospect, and technical and infrastructural support. 
credit might be granted in mid- or late 1991 or early 1992. 
Value could exceed U S $ l O O  million. 

Such a 

Drilling at Eburru, under World Bank financing, finally 
began in 1989. 
encouraging as KPLC and its consultants G E N Z L  had anticipated. 
Drilling of two more wells is underway now at Eburru. 
contrast, the results of drilling at Olkaria production field, 
and at W and N E  Olkaria have surpassed expectations. More than 
half the wells needed for the two 32 MW plants at NE Olkaria have 
been drilled; and make-up wells sufficient for several years of 
operation have been completed at the main Olkaria field. 

Results of the first 4 wells have not been as 

By 

Geoscientific, research continues in the Rift Valley. 
This includes student t.heses, o i l  exploration surveys (no oil or 
gas has been found in Kenya), and scholarly research into crustal 
structure. 

From 1970 to date, approximately US$170,000,000 (in 
dollars of those yezrs) has been spent in geothermal exploretisn 
and development by 211 parties, including the Government of Xenya 
and its agencies, the TJNDF, the World Bar-k, the Governments of 
Italy, Japan end the UK and other governments, and r,iscellaneous 
research. agencies and Ipivate companies. Of this amount, perha3s 
ane-quarter has Seen s:pent in Kenye on local eq-uipmenx, su2plies 
2nd services. 
purchase goods and services in: 

The largest overseas expeneitures have been =c 

Jzpan - turbine-generators and related equipment; explorzcicr. 
se,rvices; vehicles and other equipmen= 

New Zezland - exploration and engineering services; management 
services; training services 

Belgium - drilling contracts 
United Kingdom - engineering services; miscelleneous su;?plies and. 

equipment 

Iceland - engineering services; individual consultzncies; 

Italy - exploration services; training services 
training services 
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Perhaps 3% has been spent in the United States f o r  wellfield 
services and supplies, individual consultancies, and scientific 
equipment. 

If, indeed, some 280 MW of geothermal electricity will 
be added by 2005, a further expenditure of at least USS600 
million will be required for exploration, drilling, field 
development, power plant design and manufacture, and 
construction, as well as for purchase of equipment and supplies, 
and for training and infrastructural support. The percentages to 
be derived from international lenders and donors ,  the Government 
of Kenya and its agencies, and private investors cannot be 
estimated closely. 
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D. THE BASIS FOR RANKING GEOTHERMAL PROSPECTS 

1. Background 

A s  described elsewhere, Kenya has extensive geothermal 
potential, estimated at several thousand MW for 30 years. Few of 
these geothermal areas have been explored in detail, although 
geological reconnaissance, cataloguing of thermal manifestations, 
and fluid geochemistry has been accomplished at many prospects. 
Reconnaissance or detailed geophysical surveys (principally 
gravity and electrical resistivity) have been run in the region 
between Suswa and Lake Bogoria. Drilling of geothermal wells has 
been accomplished only in Eburru and the greater Olkaria area. 

Therefore, a wide variation exists in the detail of 
exploration and level of knowledge for each prospect area. A s  
the levels of knowledge increase through time, the ranking of 
each prospect can be expected to change, both absolutely and 
relative to other prospects. The ranking methodology must 
therefore be capable of processing unequal quantities of 
information on a common basis, so as to provide statistically 
reasonable projections that can be tested and revised in the 
future. 

Further, the conditions of accessibility, the proximity 
to transmission lines and to market, and the technical complexity 
or degree of risk to be expected in developing the resource 
affect project cost and ease of financing, and ultimately help to 
determine which fields are developable. It would therefore be 
incorrect to establish ranking solely on the size of the 
resource. The present methodology attempts to utilize all the 
factors described herein. 

2 .  Types of Assessment Methodologies 

The simplest method of assessing a resource is by 
analogy. For  example, calsulations of MW per )rmr of field 
routinely have been made by KPLC's consultants, on the basis of 
( a )  s i z e  of the measured surface electrical and geochemical 
anomalies, (b) experience with geothermal fields elsewhere in 
comparable geological settings, and (c) inferences regarding data 
q u a l i t y  or reliability of the surface anomalies. 
typicaLly are presented as a single best-estimate, or 
occasionally as an upper and lower estimate, without a percentage 
probatility for any estimated value. 
kefora or after initial well drilling; it has been used at both 
Clkaria and Eburnu. 
this nethad nsw seem to ka*Je been unrealistically high. 

Results 

- 
This xnethod may be used 

Pre-drilling estimates made at Eburru by 
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Another method, often used after the initial round of 
drilling has been accomplished, but before there is an extensive 
history of well testing or production, involves calculation of 
the field volume, along with an estimation of the recoverable 
energy within that field volume. 
upon a knowledge of the distribution of field depth, thickness, 
areal extent, permeability and temperature, as well as fluid 
chemistry, and chemical and physical constraints on extraction. 
Here again, a single value or an upper and lower value typically 
are presented, without any calculation of the probability that 
the value(s) are correct:. Volumetric calculations were utilized 
by the U . S .  Geological Survey in a series of published 
assessments of United States geothermal reserves, including 
numerous prospects that had not been drilled. Subsequent 
drilling resulted in modification of many of these values. 

Volumetric calculations depend 

There is inevitably some uncertainty over what value or 
range of values to assign for a given reservoir parameter in a 
volumetric calculation. To minimize this, reserves can be 
estimated in a probabilistic way, using a Monte Carlo simulation. 

Even where there has been no drilling (or no 
significant drilling), Monte Carlo simulation can be done. The 
range and distribution of possible values is estimated for each 
critical parameter. The values of these uncertain parameters are 
sampled randomly, perhaps 1,000 or 10,000 times, using a 
specially designed Monte Carlo simulator. The results are used 
to calculate recoverable energy, as in other volumetric analyses, 
and are presented in terms of the percentage probability of any 
numerical value of reserves. 

The advantages of this method are that it (a) provides 
a common basis for evaluation of prospects f o r  which there is 
little information, as well as fields for which extensive 
well-test data are available, and (b) it allows a quantification 
of risk associated with exploration or development. 

The principal. disadvantage is that there is a tendency 
to use the same or similar values of reservoir parameters having 
to do with depth, thickness and permeability for all unexplored 
prospects, thus resulthg in similar’ (or identical) reserve and 
probability values. 
of confidence may result. 

A second difficulty is that a spurious level 

Once there are extensive well-test data or production 
histories, it is reasonable to’perform numerical simulation 
modeling. This involves constructing a detailed 3-dimensional 
gridded model of the reservoir and, through multiple iterations, 
achieving a natch betwleen the model and the well-test or 
production data. The model thereupon can be used to forecast 
field operating conditions, operating costs, reserves and field 
life under various scmarios. This has been done for the main 
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Olkaria field by KPLC's UK and Iceland consultants. Well-test 
data still are insufficient for meaningful numerical simulation 
modeling of West.Olkaria and Eburru. 
for all other Kenya geothermal prospects. 

simplest basis of comparative evaluation, analogy. There are  
insufficient data for many prospects of potentially large size, 
especially those of the northern Rift Valley, to allow volumetric 
or Monte Carlo simulation methods to be used meaningfully. The 
tendency to use identical (or closely similar) values for 
important parameters for which no exploration data exist, makes 
volumetric and Monte Carlo values too unreliable in this setting. 
Once the data collected in the northern Rift Valley by the BGS 
become widely available and are evaluated independently, it may 
be possible to perform a Monte Carlo simulation with greater 
accuracy. 

Well-test data are lacking 

After serious consideration, it was decided to use the 

An alternative approach would be to treat each prospect 
separately, utilizing various methodologies to match exactly the 
level of data available. This would fail the first test of 
providing a common basis of analysis, without significantly 
improving the assessment f o r  m o s t  prospects .  

3. Detail of Application 

The available data for each significant prospect have 
been reviewed, and are described and tabulated in section 5.0. 
An assessment has been made of data quality, extent of coverage, 
and internal .compatibility of results. Because much of this 
comes from unpublished or proprietary sources, the data cannot 
always be discussed in detail. 

The likelihood of finding a geothermal field by 
drilling has been assessed for each prospect. The prospects are 
then grouped by risk (likelihood). Each prospect then is 
evaluated for probable size of field, using data developed at 
Olkaria as a reference value. 

Following this estimate of reserves, the costs of 
exploration, drilling, wellfield development, transmission-line 
construction, and power plant construction were applied, to 
obtain a final ranking. For many prospects, costs have been 
expressed in terms of dollars per MW ($/MW) of developed resource 
at wellhead. 

The prospects were then evaluated in terms of reserves 
(MW) and cost ( $ / M W ) ,  to provide the final ranking. These are 
then discussed, and recommendations are made for selection of one 
or more prospects. 
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Eo I N I T I A L  PRIORITIZAT'ION OF GEOTHERMAL PROSPECT8 BY 
POTENTIAL SIZE, LEVEL OF EXPLORATION RISK AM) LOCATION 

1 Methodology 

The 28 geothermal prospects and one producing field 
(Olkaria) described in this section have been identified by the 
presence of some form of surface thermal activity, such as 
fumaroles, steaming ground and boiling or warm springs, or by h o t  
groundwater or steaming conditions found in shallow wells. The 
prospects, identified by these thermal features', can be divided 
into 3 groups: 

Grour, 1: 

These are characterized by surface thermal features that are 
at the boiling point, and that are closely related 
geographically to areas of Holocene volcanic activity. 
Prospects with thermal features extending over areas of 2 4  
to 40 km2 are classified as Group lA, whereas those with 
areas of 2 to 12 kn2 are classified as Group 1B. Probable 
reservoir temperature for Group 1A and 1B prospects is in 
the range of 240' t :o '300"C.  

- 
Grour, 2 :  

_ .  These are also characterized by surface thermal features at 
the boiling point, but the thermal features are not located 
close to areas of Holocene volcanic activity. Probable 
reservoir temperatures are likely to be in the range of 
150'to 215'C. 

Grow 3 :  

These are characterized by surface thermal features at 
temperatures significantly less than boiling, and which are 
not located close to areas of Holocene volcanic activity. 
Group 3A prospects have probable reservoir temperature of 
100' to 200'C, whereas Group 3B prospects have probable 
reservoir temperatures of 40' to 150'C, as determined from 
geochemical thermornetry . 
For several reasons, the chances of finding exploitable 

geothermal resources by drilling these prospects are greatest for 
the first group, decrease for the second, and are least for the 
third. There is a high probability thattemperatures of Group 1 
prospects will increase with depth along t h e  boiling-point-for- 
depth curve, because temperatures already are at a maximum for 
surface conditions, and the presence of a nearby volcanic heat 
source implies proximity to a thermal fluid upflow zone. 
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The absence of obvious volcanic heat sources close to the 
Group 2 prospects could mean that the surface thermal activity, 
although at the boiling point, may represent an outflow zone 
which, although high-temperature is cooler than its associated 
upflow zone. In addition, temperatures beneath outflow zones 
typically decrease with depth for some distance below the 
outflow. 

Group 3 prospects, characterized by springs which are at 
less than boiling temperature and which are not associated with 
recent volcanism, often are related to deep, regional groundwater 
flow and tend to have lower reservoir temperatures than either 
upflow or outflow zones associated with a volcanic heat source. 

Table IV-1 lists the geothermal prospects of Kenya grouped 
into the categories described above. The locations of these 
prospects with respect to access roads are shown on Figure IV-8, 
and with respect to power transmission and distribution lines on 
Figure IV-9. Although Olkaria is a field undergoing development, 
rather than a prospect, it was found useful to include Olkaria in 
Table IV-1 and Figures IV-1 and IV-2 for purposes of completeness 
and comparison. 

Table IV-1 also gives estimates of possible field areas, 
reservoir temperatures and power generation capacities of the 
various prospect groups and sub-groups. The basis for these 
generalizations is discussed in the following section. 
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Table I V - 1 :  C l a s s i f i c a t i o n  of G e .  
i n  Kenya by Level of 

L i s t e d  i n  Groups f r o ?  

Group 1 A  - P o s s i b l e  f i e l d  a r e a s  
P o s s i b l e  r e s e r v o i r  tc 
P o s s i b l e  f i e l d  capac 
a r e a  only)  o r  310 (e: 
as 5 0 0  MW 
L i s t e d  from N t o  S :  

s i l a l i  
Paka 
Korosi 

Group 1 B  - 

Group 2 - 

Group 3A - 

Group 3 B  - 

P o s s i b l e  f i e l d  a r e a s  
Possible r e s e r v o i r  tf 
P o s s i b l e  f i e l d  capac 
L i s t e d  from N t o  S: 

Cent ra l  I s l a n d  
B a r r i e r  ‘Volcano 
Namarunu 

P o s s i b l e  r e s e r v o i r  t. 
P o s s i b l e  f i e l d  capac 
L i s t e d  from N t o  S: 

- 

Chepchok 
Loruk 
01 Kokwe 

P o s s i b l e  r e s e r v o i r  t 
Possible field capac 
L i s t e d  f:rom N t o  S: 

Kapedo/Lorusio 
Homa Mou:ntain 
Lake Magadi 
Mwananyamal a 

P o s s i b l e  r e s e r v o i r  t 
P o s s i b l e  f i e l d  capac 
L i s t e d  form N t o  S: 

Loyangul a n i  
Kiurru 
Kureswa 
K i j  abe 
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!irmuLu 
Silali 
Paka 

Eburru 
Suswa 

K n r n c  i ..-. "-. 

ti 
4 

R) Central Island 
I m 
0 Barrier Volcano 

Namarunu 
Emuruangogol ak 
Menengai 
Longonot 

me2 
Chepchok 
Loruk 

Area o f  
thermal 

gnomal v ,  km 

Probable 
reservoir 

temper at u re: 'C 

240 

240 

240 

285 
300 

240 

240 

240 

240 

240 

240 

150 - 2 1 5  

150 - 2 1 5  

Probable Distance to 
depth to transmission 

groundwater, m 1 i : ie,  km 

250 

150 - 550 

50 - 350 

100 - 800 
600 - 700 

I 

50 

350 - 700 

4 30 

600 - 700 

200 - 300 

7 50 

140 

40 

100 

100 

90 

13 

35  

200 

150 

120 

1 1 5  
6 

10 

100 

85 

Distance to 
distribution 

1 ine. km 

4 5  

70 

Distance to 
access 
road, km 

1 2  

18 

? 

0 

0 

on island 
30 

50 

35  

5 

1 

6 

0 



01 Kokwe 
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2. Summary of Prospect Characteristics 

a. Possible Areal Extent 

The possible maximum field size of 40 km2 shown in Table IV- 
1 for prospect Group 1 A  is the maximum area of fumaroles and 
steaming ground for any prospect in that qroup. The minimum area 
of fumaroles and steaming ground is 12 km. The same maximum and 
minimum, figures for Group 1B prospects are 2 and 12 Ian2. 

This wide range of field areas estimated for Group 1 A  and 1B 
prospects reflects the uncertainty of these estimates. 
example, at Paka, Korosi, Olkaria and Suswa, fumaroles and 
steaming ground cover 35 to 40 km2 at each prospect. 
this ground, however, may be underlain by relatively cool, and 
perhaps undevelopable, outflow zones. At Eburru prospect, the 
central area of Holocene eruptive centers and craters. is about 5 
km2. The remaining area at Eburru might largely be outflow from 
the principal upflow zone. However, outflow zones often are 
developable commercially, either by use of flash-steam or binary- 
cycle technology. Therefore, presumed outflow zones cannot 
automatically be excluded from this assessment of resource size. 

For 

Some of 

Alternatively, some of the smaller thermal areas may be 
underlain by much larger reservoirs. 
the 2,000 MW Geysers field in northern California, for example, 
covers less than 2 %  of the area of the developed reservoir. 
Consequently, in some cases the surface-area values given in 
Table IV-1 nay be a bett-er measure of the rate or intensity of 
heat release from the upflow zones than an approximate estimate 
of the areas of the underlying reservoirs. 

The surface thermal area at 

Probable field areas have not been estimated for the 
prospects listed in Groups 2 and 3 that are characterized by hot 
springs, because hot springs are points of discharge from a 
reservoir and, as such, give no indication of the size or precise 
location of the reserv0j.r. Three areas of steaming ground are 
included in Group 2 :  Chepchok, Loruk and Arus. These are 
relatively small prospec:ts, each covering 1 km2 or less. 
stated above, however, they may overly much larger reservoirs. 
The Olobanita prospect j i s  identified from wells which found hot 
water or which were dry but steaming, but because the wells are 
so few and so widely spaced, the extent of the prospect is highly 
uncertain. 

ks 

b. Probable Reservoir Temperatures 

Estimates of reservoir temperatures can be made prior to 
drilling by interpretation of the chemistry of hot spring waters 
and fumarole gases. Because of the generally great depth to 
groundwater in the Rift Valley, most of tke thermal areas 
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associated with the larlger prospects consist of steaming ground 
and fumaroles rather than hot springs. The steam supplying the 
fumaroles has boiled off groundwater at depths ranging from a few 
tens of m to hundreds of m. 
gases which, in some cases, can be used to estimate reservoir 
temperatures. 
estimate reservoir temperature for those prospects that are low 
enough in elevation for the groundwater table to reach the land 
surf ace. 

The steam carries non-condensible 

The chemistry of hot springs can be used to 

Because of their height above the groundwater table, no hot 
springs, but only steaming ground and fumaroles occur at the 
Group 1 prospects and at 3 of the Group 2 prospects (Chepchok, 
Loruk and Arus). All the thermal activity associated with the 
Group 3 prospects, however, plus two Group 2 prospects, 01 Kokwe 
and Bogoria, consists of hot springs and local patches of 
steaming ground. 

The ranges of probable reservoir temperatures given for each 
group in Table IV-1 are based on: 

(a) the geochemical temperatures derived for a number of 
chemical parameters, which were then applied to all the 
prospects in their respective groups; and 

- 

(b) the assumption that Group 1 reservoirs will have 
temperatures comparable to those found at Olkaria, 
which has the characteristics of a Group 1 prospect. 

c. Possible Power Capacities 

The range of power capacities estimated f o r  the Group 1 
prospects is given in Table IV-1. It is based on the results of 
numerical simulation of the Olkaria reservoir, which h s iven a 
maximum unit-area power capacity of about 13 MW per km9. 'The 
fi Id area estimates for Group 1A prospects range from 24 to 40 
lun , and from 2 to 12 kln2 f o r  Group 1B prospects. From these 
values, the power capacity for Group 1A prospects using the above 
methodology is calculated to range up to 500 MW; the minimum 
calculated value may be as low as 65.MW, if only the central 
volcanic structure is considered, or as high 310 MW, based on the 
areas of fumaroles and steaming ground. For Group 1B prospects, 
the minimum and maximum power capacities are calculated by this 
method as being between 25 and 150 MW. 

5 

The power capacity estimates for Group 2 and 3 prospects 
(Table IV-1) are based in part on the extent of the area of 
thermal activity, and in part by analogy with developed fields 
located in similar geologic settings and which have similar 
reservoir temperatures. 
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3. 

Following is a brief description of the individual 

Within each group, 

Prospect Descriptions by Risk Group 

prospects. The groups are discussed in sequence from the lowest 
risk group 1A to the highest risk Group 3B. 
however, prospects are listed from N to S, a sequence which 
clearly has no bearing on the relative risk of finding an 
exploitable reservoir within the group. 

a. Group 1A 

These prospects are characterized by extensive surface 
thermal activity at the boiling point, and by a close association 
of this activity with recent volcanic centers. 
drawn around the scattered fumaroles and the broader patches20f 
steaming ground enclose areas ranging from about 2 4  to 4 0  k m  . 
The expected range of reservoir temperatures in this group is 
from 240' to 300'C, and the estimated power capacities range up 
to 500 Mw. From N to S,, these prospects are Silali, Paka, 
Korosi, Eburru, Olkaria and Suswa. 

Boundary lines 

Silali 
center is about 55 km N of the N shore of Lake Baringo, and about 
1 2  km E of the nearest road access at the town of Kapedo. T h e  
thermal activity, as ma:pped by the BGS, consists entirely of 
fumaroles and steaming ground at temperatures between 38' and 
97'C. This activity mainly is concentrated within an enclosed, 
elliptically shaped caldera measuring 5 x 7 kn. 
caldera is at an elevation of 1,000 m, whereas the lowest point 
on the caldera rim is at 1,200 m. The water table, as indicated 
by the elevation of the hot springs at Kapedo, is at an elevation 
of 7 4 0  m or slightly higher. Therefore, water rest-levels in 
wells drilled within the crater should be at a depth of about 2 5 0  
m. If temperatures increase with depth along a curve of the 
boiling point with hydrostatic depth, temperatures on the order 
of 250'C could be expected between depths of about 600 to 700 m. 
However, for purposes of conservatism, a minimum depth of 1,000 m 
below the water table i.s assumed as the likely drilling depth f o r  
all prospects, based on the Olkaria experience. Non-condensible 
gas samples have been c:ollected by the BGS f o r  the purpose of 
estimating the reservoir temperature: preliminary results were 
made available for this report. Data are expected to be released 
in final form at the end of 1990 or early in 1991. 

Paka This prospect is located about 30 km NNE of the N shore of 
Lake Baringo, and is about 18 km E of the nearest access road. 
The area of steaming ground and iumaroles, as mapped by the BGS, 
is about 4 x 9 km. 
volcano, and its long dimension coincides with NNE-striking 

This prospect extends over an area of about 2 4  h2 whose 

The floor of the 

The anomaly straddles the crater of Paka 
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faults which offset the young lava flows. The elevation of the 
area of steaming ground ranges from about 1,000 to 1,400 m, and 
because the elevation of the groundwater table probably is about 
850 m, the depth to ground water should range from 150 to 550 m. 
The BGS has taken samples of non-condensible gas from these 
fumaroles, which were available for this report. Final data are 
scheduled to be released at the end of 1990 or early in 1991. 

Korosi This prospect is located about 6 km N of the N shore of 
Lake Baringo and, like Paka, it is a 4 x 9 km area of scattered 
fumaroles straddling the crater area of a young central volcano. 
The prospect is 7 km from the nearest road. The long axis of the 
anomaly parallels the NNE trend of the many faults crossing the 
volcano. The topographic elevation of the prospect ranges from 
about 1,000 to 1,300 m, whereas the elevation of the groundwater 
table beneath the area is estimated to be 950 m. Depth to 
groundwater, therefore, is estimated to range from 50 to 350 m. 
Although there are no hot springs to be sampled to determine 
reservoir temperatures, gases from the fumarole have been sampled 
for this purpose by the BGS. 

Olkaria The steaming ground associated with Olkaria defines an 
irregularly shaped area covering about 35 km’ just to the SW of 
Lake Naivasha. The thermal areas are associated with a number of 
recent domes and craters, as well as with N- and NW-trending 
fracture zones. It has been suggested these features are 
genetically related to a young caldera 8 x 10 km in diameter. 
Forty-five MW of electric power are beinq produced from some 2 5  
wells covering an area of less than 4 km. The average 
productivity of Olkasia wells is 2 . 5  to23.0 MW. 
drilling has proven an additional 10 km of producible field to 
the N and NW of the existing well field. The southern part of 
the Olkaria area, as defined by surface thermal features, appears 
to be an outflow zone, in which temperatures are cooler at depth 
than in the productive field, and which may prove to be largely 
unproductive. 

E b u r r u  The steaming ground and fumaroles defining the Eburru 
prospect extend over an area 8 km N-S by 4 km E-W. The prospect 
is located 12 km NW of Lake kaivasha and is easily accessible by 
road. On the S (at 2,500 to 2,700 m elevation), the thermal 
areas are associated with several young craters on the top of 
Eburru volcano. Further north the thermal areas occur along 
N-trending faults and young extrusion centers down to an 
elevation of 2,000 m. 
at Eburru during 1989: 
crater area, and 2 E of the steaming, N-trending faults. The 
hole drilled in the crater area was successful, producing thermal 
fluid with a generating potential of about 2 . 5  Mw. 
holes were unsuccessful. Two additional wells were drilled in 

Exploration 

Four deep exploration wells were drilled 
one in the crater area, one S of the 

The other 3 
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mid-1990 to the N and NW of the initial successful Eburru well. 
These were designed to test a chemical and geophysical anomaly of 
about 5 km2 in area. Pxeliminary temperature data suggest that 
one hole may be unsuccessful, whereas the second hole remains 
untested at this time. The large area of steaming ground located 
at lower elevation on the N flank of Eburru volcano (sometimes 
called Cedar Hill, Eburru Station and the Badlands) has yet to be 
tested. It remains unknown if this lower-elevation zone is 
outflow from the main crater area, or represents a separate 
upwelling of thermal fluid. 

Suswa The high-temperature fumaroles associated with Suswa 
volcano define an area of 8 x 5 h. Suswa volcano, which is 
located about 50 km NW of Nairobi, is unique in having a central 
ring structure which foirms a deep, topographic trench which, in 
turn, surrounds a central "island" structure. The diameter of 
the island within the trench is about 5 km. Many of the 
fumaroles associated with Suswa volcano occur within the trench, 
but others occur within a larger outer caldera. The outer 
caldera is easily accessible by existing dirt tracks, but the 
island is difficult to reach, even by foot. The elevation of the 
outer caldera floor averages about 1900 m. As the local 
elevation of the groundwater table is estimated to be about 1 2 5 0  
m, the estimated depth to groundwater is 600 to 700 m. Because 
of the depth to groundwater, no hot springs occur at Suswa. 
Armannsson (1987), however, has calculated reservoir temperatures 
from CO, gas discharging with the fumarole steam: fumaroles in 
the trench give temperatures in excess of 300°C; the caldera- 
floor fumaroles indicate temperatures a little below 300'C; and 
the caldera rim fumaroles give temperature of 2 7 0 '  to 2 9 0 ' C .  

b. Group 1B 

The expected range of reservoir temperatures in this group 
is t h e  same as f o r  G r o u p  1A prospects ,  b u t  t h e  s u r f a c e  thermal 
anomalies associated with Group 1B are significant18 smaller than 
in Group 1A ( 2  to 12 km2 as compared to 24  to 40 km). 
Consequently, the probable potential of a Group 1B prospect is in 
the range of 2 5  to 150 157. 

The Central Island, Barrier Volcano and Namarunu prospects 
are all located in the far N of the Rift Valley; because of their 
remote location they have yet to be surveyed in detail. All that 
is known is that they contain fumaroles and steaming ground 
associated with ycung volcanic centers. They have been placed in 
Group 19 because it is believed that the areas of steaming ground 
extend m e r  areas of o n l y  a few L a 2 ,  but this assumption may be 
revised when better information becomes available. 
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A brief description of the Group 1B prospects, listed from N 
to s, follows. 
Central Island This prospect is located on Central Island in 
Lake Turkana. This is a volcanic island located 12 km from the 
western (nearest) shore of the lake. Although hot springs and 
steaming ground at boiling temperature have been reported, little 
else is known of the occurrence. No chemical analysis or 
geochemical temperatures have been reported. 

Barrier Volcano This prospect is located at the S end of Lake 
Turkana where a young volcanic complex forms a topographic 
barrier between the lake on the N and the lower-elevation Suguta 
valley on the S. From Silali volcano northward to the Barrier, a 
distance of 130 k m ,  the Suguta Valley occupies the axis of the 
Kenya Rift. The Barrier is composed of 2 principal volcanoes, 
Teleki's volcano on the N and Andrew's volcano on the S. 
Fumaroles are associated with both volcanoes. Teleki's volcano 
was active in historic time; Andrew's also may be active. The 
elevations of Teleki's and Andrew's volcanoes are about 650 m and 
1,000 m respectively. By comparison, the probable groundwater 
elevation beneath the Barrier is at about 300 m. Depth to 
groundwater, therefore, is expected to range from 350 m to 700 m. 
No inferred resenroir temperatures from chemical geothermometry 
have been reported. The nearest-maintained road is 30 km from 
the prospect. 

Namarunu This prospect is characterized by fumarole activity 
associated with Namarun'u volcano, which is located in the Suguta 
Valley about 40 km S of the Barrier volcanoes and 50 k m  N of 
Emuruangogolak volcano. Because of its extreme remoteness, the 
prospect has not been m,apped in detail, and no accurate 
information is availablje concerning the extent of the fumarole 
field or the chemistry #of the fumarole gases. The elevation of 
the volcano averages ablout 7 0 0  m compared to the elevation of the 
Suguta valley, directly to the E, at 270 m. Depth to 
groundwater, therefore, would be about 430 m. 

Emuruanqosolak This prlospect is located 95 km N of the N shore 
of Lake Baringo and is the most remote of those surveyed thus far 
by the BGS. Although a track passes'within 8 km of the the-mal 
area, the closest maintained road is 35 km to the E. Thermal 
activity, in the form of fumaroles and steaming ground, occurs 
over a circular 7 km2 area located near the summit of a young 
volcano. Steam temperatures range from 47' to 94'C. As in the 
case with the thermal areas associated with the 3 volcanoes to 
the S, the BGS has recently collected gas samples at 
Emuruangogolak for the purpose of estimating reservoir 
temperature. This information may be released late in 1990. The 
estimated range of depth to groundwater beneath the thermal area 
is 600 to 7 0 0  m. 
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Menenqai Two fumarole fields have been described in Menengai 
caldera (McCall, 1967) ranging in temperature from 6 4 '  to 90'C. 
The extent of these fields has not been mapped, but evidently 
they are quite small compared to the size of the caldera itself, 
which is 8 x 12 km. The volcano appears to have been active 
within the past few thousand years. The caldera is located just 
N of Nakuru, and the rim is easily accessible from the 
surrounding farm land. However, the caldera floor consists of a 
great expanse of slaggy lava flows which make the interior of the 
caldera difficult to traverse, even by foot. Terrain elevations 
within the caldera range from 1,800 to 2,100 m. Although no 
wells have been drilled to determine depth to groundwater, it is 
estimated that the groundwater table in the caldera is at an 
elevation between 1,700 and 1,800 m. Depths to groundwater, 
therefore, would range from 100 to 300 m. 

Loncronot Longonot is a prominent central volcano located just SE 
of Lake Naivasha, and only 15 km E of the Olkaria geothermal 
field. Fumaroles, ranging in temperature from 4 7 "  to g o ' ,  occur 
along the inner rim of the summit crater of the volcano. The 
crater is 2 km in diameter, and is accessible only by f o o t  
because of the steep outer slope of the volcanic cone and the 
even-greater steepness of the inner crater rim. The steep cone 
of the volcano occupies the east side of a caldera which is 6 km 
in diameter. Four small areas of steaming ground, ranging in 
temperature from 4 3 '  to 74'C, occur on the S side of the caldera. 
It is unknown if these are related to outflow from a high- 
temperature zone to the N, or represent a separate zone of 
upwelling. The elevations of the top of the groundwater table 
and the top of geothermal fluid production may be at about the 
same elevation as at Olkaria; that is, 1,600 m and 1,200 n, 
respectively. Because of the difficult terrain, directional 
drilling from outside the crater would be required to access the 
area beneath the crater. Assuming a maximum horizontal throw to 
depth ratio of 1:2, it would be difficult to find many drilling 
sites on t h e  s t e e p  s lope  of the volcano that would be close 
enough to the crater to allow the drilling of targets located 
vertically beneath it. One such site, however, may exist on the 
NW side of the volcano at an elevation of about 2370 rn. Depth to 
groundwater from this site would be about 750 m. 

c. Group 2 

The Group 2 prospects, like those in Group 1, are 
characterized by surface thermal feature at the boiling point. 
However, unlike the Group 1 prospects, those of Grcup 2 are not 
closely associated with recent volcani?, activity. Resenoir 
temperatures are estimated to range from 150" to 215' C, and 
power generating c'apacity from 10 to 50 MW. From N to S ,  these 
prospects are: Chepchok, Loruk, 01 Kokwe, Bogoria, Arus and 
Olobanita. 
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CheDchok 
fumaroles and steaming ground, located 20 km NNE of the N shore 
of Lake Baringo and 8 km S of the sumit of Paka volcano. There 
are no recent volcanic centers at Chepchok, but N- to NNE- 
trending fault scarps are prominent. The themal activity occurs 
along the bed of the Komol river, at an elevation of about 1,049 
m. The Komol River separates Korosi volcano on the S from Paka 
volcano on the N. The course of the river, therefore, is the 
lowest land surface between the two volcanoes. Because of 
Chepchok's location on faults striking toward Paka volcano, and 
because of its relatively low elevation, it is possible that the 
thermal features at Chepchok are related to southward outflow of 
thermal fluid originating from the Paka upflow zone. The 
elevation of the groundwater table below Chepchok is estimated to 
be about 900 m, giving a depth to groundwater of about 140 m. 
The prospect is about 6 km NW of a maintained road. 

This prospect consists of approximately 1 kn2 Of 

Loruk This is a small area of steam and hot air vents located 
along the road paralleling the W shore of Lake Baringo, about 5 
km S of Loruk settlement. The vents issue from fractures in lava 
at an elevation of about 1,000 m, which is about 4 0  m above the 
level of Lake Baringo. The W shore of the lake is about one km E 
of the thermal area. 
in the vents. There is no obvious volcanic or structural feature 
controlling the location of discharge other than the N-trending 
fractures of the Rift Valley floor. 

01 Kokwe Hot Springs and steaming ground, with a maximum 
temperature of 94'C, occur on 01 Kokwe island in Lake Baringo. 
Although two basalt scoria cones occur on the W side of the 
island, the thermal manifestations occur in older lavas on the E 
side. -Because the age of the basalt cones is uncertain, and 
because 01 Kokwe island is not a major volcanic center comparable 
to those associated with the Group 1 prospects, the 01 Kokwe 
prospect has been classified in Group 2 .  
qeothermometers give reservoir temperatures between 175" to 1 9 7 ' C  
(Allen et al., 1989). Depth to groundwater is about 20 m. 

Bocroria The most impressive discharge of hot springs in Kenya 
occurs along the S, SW and SE shores of Lake Bogoria. Most of 
the springs are boiling, some very vigorously, and some are 
associated with steaming ground. 
centers in the vicinity, and although the lake occupies a major 
half-graben structure, the location of many individual thennal 
features does not appear to be fault-controlled, because most of 
the springs are not on the faulted side of the half-graben. A 
possible explanation for the location of the springs is that Lake 
Bogoria, at an elevation of about only 990 m, is the first 
surface-discharge point for groundwater flowing northward in the 
Rift Valley from the vicinity of Menengai, located 40 km to the 
S. 
depths of several km before discharging at Bogoria. 

Temperatures up to 92'C have been measured 

The silica and alkali 

There are no young volcanic 

Water infiltrating in the Menengai area could easily reach 
Over this 
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distance between points of recharge and discharge, the water 
could be heated either by shallow magmatic heat sources in the 
vicinity of Menegai, or by the high regional heat flow to be 
expected ip this volcanically active part of the Rift Valley. 
Because of problems in interpreting mixing ratios and times of 
mixing between thermal fluid, lake water and local groundwater, 
geothermometry results are ambiguous. 
silica and alkali geothermometers give temperatures below 15OoC, 
gas thermometers and various mixing models give reservoir 
temperatures of 190' to 2OO'C. The latter are the more likely 
values, considering the vigorous boiling activity of the springs. 
A s  the springs are at lake level, the depth to groundwater would 
be only a few m to a few tens of m, depending on the drilling 
site. A well-maintained road provides access to the W shore of 
the lake. The road is mzintained because the lake, which 
supports a large flamingo population, has been declared a 
h'ztional Reserve. Because of this designation, development of 
the prospect will be environmentally sensitive. 

Arus  This prospect, located 16 km W of Lake Bogoria and 50 k m  N 
of Nakuru, consists of several strong fumaroles and boiling mud 
pools extending for a distance of several hundred m along the E 
bank of the Molo River. Although not entirely clear, it can be 
inferred from topographic relief that this section of the Molo 
river is following a fault scarp bordering the W side of a 
narrow, E-dipping fault block. -This fault, one of many on the 
Rift Valley floor in the vicinity, is close to the central axis 
of the Rift. Although there are no young volcanic centers close 
to the prospect, a center from which Quaternary flood basalts 
were extruded is located at Goituimet, 9 km S of the prospect. 
Geochemical temperatures of 200' to 215°C have been reported for 
the reservoir. The fumaroles are at an elevation of 1,370 m, 
which is 380 m above the level of Lake Bogoria. It is likely, 
therefore, that depth to groundwater should not exceed about 3 8 0  
m. Except f o r  the narrow canyon of the Arus river, the prospEct 
is surrounded by flat terrain. The closest vehicle access is a 
dirt road located 2.5 km to the SE. 

Although the uninterpreted 

Olobanita The area of this prospect is poorly defined, because 
its location is not based on the presence of surface thermal 
activity, but instead on the distribution of a number of hot 
wells drilled in the rolling country N of Menengai crater. The 
location of these wells has been described by several authors 
(McCall, 1967; Baticci, 1987; Geothermica Itsliana, 1989). Not 
all of these descriptions agree in detail, because some of the 
older well locations cannot be verified, and some wells can no 
longer be entered. Nevertheless, there is general agreement t h a t  
about 10 wells, drilled from 1 to 30 km N and "W of Menengai, 
have encountered anomalously high temperatures ranging from 30' 
to 98'C. Fek' of t he  wells encountered water, and the hottest 
wells found steam under very low pressure. The area within which 
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the hot wells occur is about 10 km E-W by 30 km N-S. 
northernmost steaming well is at Mugurin, which is only 9 km SE 
of the Arus prospect. There are no young volcanic features in 
the area; however, older, partially buried calderas have been 
mapped N of Menengai. The area is easily accessible by many farm 
roads. 
to several hundred m. Chemical geothermometry indicates 
reservoir temperatures in the range of 170' to 19O'C from the 
gases sampled in a well located 6 km NW of Menengai crater. 

The 

The depth to groundwater is not known, but may range up 

d. Group 3A 

Like Group 2 prospects, those of Group 3 are not closely 
related to recent volcanic activity; but unlike Group 2 
prospects, surface thermal features are at temperatures less than 
boiling. 
reservoir temperatures of Group 3A prospects are in the range of 
100" to 200°C. Based on analogy with developed fields in similar 
geologic settings, the probable power generating potential of 
Group 3A prospects is estimated to be in the range of 5 to 50 M W .  

Based on chemical geothermometers, the probable 

There are 4 prospects that fall in to the 3A category. 
Listed from N to S, these are Kapedo/Lorusio, Homa Mountain, Lake 
Magadi and Mwananyamala. 
follow. - 

Brief descriptions of these prospects 

KaDedo/Lorusio Two hot spring areas, 9 km apart, are described 
herein as one prospect. 
Silali volcano, and Lorusio hot spring is located 9 k m  N of 
Kapedo hot spring. 
maintained road, and Lorusio by a motorable track from Kapedo. 
The maximum temperatures of these springs are 52°C at Kapedo and 
81°C at Lorusio. 
to the water of Lorusio diluted by an equal amount of very 
dilute, cold groundwater. 
geothennometer data is ambiguous. 
geothermometers yield reservoir temperatures of 172°C for Lorusio 
and 155°C for Kapedo, silica temperatures are similar to measured 
surface temperatures, possibly because of mixing of the thermal 
water with cool, dilute surface water. 
both springs supports the lower (silica) temperature 
interpretation. Whether these hot springs derive their heat from 
shallow magma beneath Silali volcano, or from deep circulation in 
a area of high regional heat flow, is uncertain. 
craters, located on the W flank of Silali, are as close 6 km from 
the Kapedo springs. 
water is outflow from a convecting upflow zone beneath these 
craters or beneath Silali itself. 

Xapedo hot spring is located 12 );m W of 

Kapedo is directly accessible from a 

The composition of Kapedo water is equivalent 

Therefore, interpretation of the 
Although alkali 

The high Na/K ratio of 

Satellite 

Therefore, it is possible that the thernal 
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Homa Mountain This prospect is located in the Kavirondo Rift of 
western Kenya on the shore of Lake Victoria, about 40 km sw of 
Kisumu. Homa Mountain is a late Tertiary or early Quaternary 
carbonatite volcanic complex about 10 km in diameter. Three hot 
springs occur at the base of the mountain: Abundu and Ongoro 
springs on the N, and Nyabondo springs on the S .  The highest 
measured temperature is 90°C at the Abundu springs. Total flow 
from the springs is about 13 l / s .  Tole (1990) reported that 
quartz geothermometry gives reservoir temperatures in the range 
of 142' to 179'C, whereas a conservative interpretation of the 
alkali geothermometers indicates a temperature of 200'C. These 
reservoir temperatures appear somewhat high in view of the 
possible Tertiary age of volcanism at Homa Mountain. 
chalcedony geochemistry, which is applicable to low and moderate 
temperature water, indicates only 1lO.C. It is possible that the 
unusual chemistry of the hot spring water (highly saline and 
alkaline sodium bicarbonate-chloride), itself probably a function 
of water:rock reactions within the old volcanic center, is 
causing the alkali geothermometer to give spurious temperature 
results. 

The 

Lake Masadi Numerous hot springs occur around the shores of Lake 
Magadi, a highly saline lake located in the Rift Valley about 8 0  
km SW of Nairobi. The hottest springs occur at the N end of 
Little Magadi Lake, a satellite feature immediately to the NW of 
Lake Magadi. The naximum spring-temperature is 86'C, and the 
rate of discharge from these high-temperature springs is 
approximately 50 l/s. The surface geology consists of 
Pliocene(?) basalt flows, that have been broken into horsts, 
grabens and half-grabens by Pliocene-Pleistocene faulting. The 
grabens contain a thin layer of lacustrine and evaporite beds. 
There are no recent volcanic extrusions in the vicinity of the 
lake, and the springs emerge from a number of north-trending 
faults. Because there is a long history of mining trona from the 
lake, over the years there have been many studies concerning the 
origin of the hot springs and their relationship to the complex 
carbonate chemistry of the lake. Because of the probability of 
complex mixing and recirculation of lake water, groundwater and 
spring water, a clear picture of the origin of the springs has 
yet to be developed. There is general agreement, however, among 
the various interpretations of geothermometer results, that the 
temperature of the hot spring reservoir is in the range of 1OO'C 
to 140'C, preferentially at the higher value. Because of the 
trona plant, a paved road is maintained from Nairobi to the 
central shore of the lake. From there, a motorable track reaches 
within 2 km of the NW shore of the lake where the hottest springs 
are located. 

Mwananvamala This prospect is located in SE Kenya about 60 km SW 
of Mombasa and consists of 4 hot springs distributed over an area 
of 9 x 2 km. The springs discharge from fractures and joints in 
Pennian/Triassic sandstone. Dikes of Cretaceous age intruded 
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into the sandstone appear to control the discharge area of two of 
the springs (Tole, 1990). Surface tenperatures ran.;e from 55' to 
76°C with a total surface flow rate of less than 1 l/s. 
and most of the alkali geothemometers give reservoir 
temperatures in the range of 125' to 18C'C. However, the Mg- 
corrected alkali thermometer y i e l d s  a much-lower value. Because 
spring flow is so low, the effects of contamination by mixing 
with shallow groundwater is greater than otherwise, thereby ~ 

complicating any interpretation. 

Quartz 

8 .  Group 3B 

This group of prospects is characterized by: (a )  spring 
temperatures less than boiling; (b) non-association w i t h  young 
volcanic or intrusive centers; and (c) probable reservoir 
temperatures in the range of 40' to 120'C, as indicated by 
geochemical thermometry. 
prospects in this group are only 5 to 10 MW. 

Probable power-generating capacities of 

Loyanqalani This prospect is located on the SE shore of Lake 
Turkana at the town of the same name. 
the highest temperature of the springs is 39.8.C and the 
reservoir temperature, inferred from the quartz geothermorneter is 
71°C. Our reappraisal of Tole's analysis suggests 40' to 60'C. 

I Kurru This prospect is located in central Kenya, about 8 0  km ENE 
of Archer's Post. Maximum measured temperature (Tole, 1990) was 
42'C. Inferred reservoir temperatures are 75 '  to 105'C based on 
the several silica geothermometers, and 170'C on the basis of the 
alkali geothermometer. Given the very high ratio of Ca:Na+K for 
the spring waters, the alkali geothermometer may be giving too 
high temperatures. The springs flow from crystalline basement 
rock, and are located about 20 km NE of the nearest Outcrops of 
young basalt flows. 

According to Tole (1990), 

I 

- -  

Kureswa This prospect is located at the southern end of the 
Kerio Valley, about 60 km SE of Eldoret. The Kerio Valley is a 
subsidiary part of the Rift Valley system. 
(Tole, 1990) is 63'C. The silica geothermometers give reservoir 
temperatures of 90" to 122"C, and the alkali geothermometer gives 
about 12O"-13O0C. 

Kifabe 
eastern escarpment of the-Rift Valley. 
springs, with geochemically inferred reservoir temperatures in 
the range of 40' to 146'C. 
Valley fault, from which it is inferred that the temperature 
anomaly is due to deep circulation of groundwater in an area of 
elevated temperature gradient. 

Maii Moto 
Rift Valley. 

The hattest spring 

The altitude of the spring is about 2,000 m. 

This prospect is located 45 km NW of Nairobi on the 
It consists of 43'C 

The springs discharge from a Rift 

This prospect is located in southern Kenya, W of the 
The hot springs occur at the contact between 
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Tertiary volcanic ash and underlying Precambrian metamorphic 
basement (Tole, 1990). Maximum discharge temperature is 57'C, 
and the total flow rate for the spring group is estimated to be 
less than 1 l / s .  The quartz and most of the alkali 
geothermometers give reservoir temperatures of 101' to 104°C; 
however, chalcedony and Mg-corrected alkali temperatures are 
about 60'C. 

Narosura This prospect is located 28 km SE of Mali Moto. The 
maximum surface temperature of the warm spring is 31'C and its 
flow rate is estimated at about 2 l /s .  The quartz geothermometer 
gives an inferred reservoir temperature of only 58' to 7 1 ' C .  

Masamukve This prospect is located near the Nairobi-Mombasa 
road, about 140 km SE of Nairobi. The springs rise in the bed of 
the Muooni river from fractures in Precambrian metamorphic 
basement. The prospect is 4 m S of outcrops of the Pleistocene 
Ngun basalts (Tole, 1990). The highest spring temperature is 
43'C, and the reservoir temperature indicated by the silica 
geothermometers is between 45' and 70°C. 

4. Initial Prospec t  Prioritization 

An important aspect of the distribution of prospects in 
Kenya is that 7 of the 11 low-risk, potentially large fields are 
located N of Lake Baringo, where the distance to the nearest 
transmission grid is in excess of 90 km. Distance to the 
transmission grid is an important criterion for establishing 
exploration priority; therefore, the criteria for selecting 
prospects distant from the grid will be somewhat different from 
the selection criteria for those fields closer to the grid. 
Mostly, the remote prospects must have a relatively large 
potential to justify the expense of constructing a long 
transmission line. To simplify the prioritization process, 
prospects first have been separated into categories defined by 
distance to the transmission grid. 

The 29 prospects listed in Table IV-2 can be divided into 3 
grsups, those which are: (a) 2 to 60 km; (b) 80 to 120 km; and 
(c) 150 to 200 km from the transmission grid. If those prospects 
in t h e  153 to 2 0 0  km group (Central Island, Barrier Volcanoes, 
Loyangalani and Kurru) are eliminated from further consideration 
because cf their extremely remote location; and if all of Group 
3E prcs7ects (which include two of the remote prospects), are 
elimiaateed because of their small pctentisl (probably 10 MW or 
less), then the 19 remaining prospects can be grouped into two 
categcrks: 10 Srospects located less than 60 km from the grid 
and 9 Frospects located 80 to 123 km from the grid. 
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Table IV-3: Initial Priority Listins of ProsDects Located Less 
Than 60 km from the Transmission Grid. 

Prospect Risk Group 

1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
8. 
9 .  

10. 

Ten 

suswa 
Eburru 
Arus 
Longonot 
Menengai 
Lake Magadi 
Olobonita 
Homa Mountain 
Mwananyamala 
Bogoria 

1A 
1 A  
2 
1B 
1B 
3A 
2 
3A 
3A 
2 

a. Initial Prioritization of Prospects Located Within 
60 km of the Transmission Grid ' 

prospects are listed in Table I V - 3  from highest to 
lowest exploration priority. 
priorities are as follows. 

The reasons for assigning these 

Highest priority is given to Suswa because of its probable 
high reservoir temperature, its probable large generation 
capacity and its easy accessibility. The main difficulty 
anticipated with development is the great depth to groundwater, 

1,000 m below the groundwater table, increase drilling costs and 
decrease power o u t p ~ t ,  compared to wells collared at elevations 
closer to the water table. 

estimated to be 600 to 7 0 0  m. These great depths, assumed to be 

Second priority is given to Eburru, where high subsurface 
tenperature and the existence of a permeable reservoir already 
have been proven by drilling. 
exploration holes has been successful, very little of the area of 
steaming ground to the N has been tested. 

Even though only  1 of 4 deep 

Third priority is given to Arus, even though it is in a 
higher- risk category (Group 2 )  than' either Menengai or Longonot, 
because: (a) there is a potential for tapping a hot water body 
significantly larger than the prospect area: 
shallow as 1,000 to 1,500 m; (c) the area is flat and easily 
accessible from both existing roads and the transmission grid; 
(d) land acquisition should not be costly because it is mostly 
low-productivity grazing land; (e) a drilling target could be 
chosen without extensive surface exploration; and (f) drilling 
water is readily available from the nearby Molo river. This 
probably would be the quickest and lowest-cost prospect of all to 
explore. 

(b) wells may be a s  
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Only fourth priority is given to Longonot, despite its 
proximity to Olkaria. 
suitable drilling sites from which to target wells beneath the 
summit crater will be difficult. Depth to groundwater also is 
great. 

It is a category 1B risk because finding 

Fifth priority is given to Menengai, also a 1B risk 
prospect. Difficult ground access within the crater, and a 
relatively small area of active fumaroles are its main drawbacks. 
Its pluses include evidence of recent magmatism, probable high 
temperature, and proximity to major population centers and to 
transmission lines. 

Sixth priority is given to Lake Magadi, because of its 
probable low reservoir temperature. 
km from the transmission grid, it is included with the group of 
prospects located within 60 km of the transmission grid because 
of the possibility of an off-grid market for electric power and 
by-product fresh water at the trona plant. 

Although this prospect is 80 

Lower priorities are given to the Olobonita, Homa Mountain 
and Mwananyamala prospects, in spite of their large areas and 
favorable inferred reservoir temperatures, because drilling 
targets are not obvious, and major exploration programs, 
including gradient drilling to several hundred m, will be 
required at all 3 prospects before sites can be selected f o r  deep 
exploration drilling. Even then, it might not be possible to 
prove the existence of a commercial geothermal reservoir with 
only one or two deep exploration wells. 

Lowest priority is given to Bogoria, in spite of its l a r g e  
area and reasonably high inferred reservoir temperatures, 
considerable opposition to development can be anticipated based 
on environment considerations and the existence of a national 
game ?reserve. 
agreements regarding land use and animal protection, 
ranking given to Bogoria would change significantly. 

because 

If this opposition can be eliminated by means of 
the priority 

Tab le  11'-4: Initial Prioritv Listina of ProsDects Located 60 
to 120 km from the Transmission Grid 

Prospect Risk Grow 

1. 
2 .  
3 .  
4 .  
5 .  
6 .  
7. 
8 .  
9 .  

Rorosi 
Paka 
Silali 
Chepchok 
Kapedo/Lorus io 
Loruk 
01 Kokwe 
Emuruangogolak 
N ama runu 

1 A  
1A 
Ik 
2 
3 A  
2 
2 
1B 
1B 
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b. Initial Prioritization of Prospects Located 80 to 
120 km from the Transmission Grid 

Nine prospects are ranked in Table IV-4 from highest to 
lowest exploration priority. The reasons for assigning these 
priorities are as follows. 

and Silali, because all 3 are in the category of lowest 
exploration risk and highest probable generating capacity. 
Korosi is given first priority because it (a) may require the 
shallowest wells to develop, (b) is closest to the grid, and (c) 
requires the shortest length of new access road. 
are about equal in terms of priority, even though access into 
Paka may be slightly easier than far Silali, and the thermal 
features reportedly are more intense. 

First, second and third priority are given to Korosi, Paka 

Paka and Silali 

In contrast to this ranking, the BGS, based on the content 
of fumarole gases, have ranked the geothermal potential of Korosi 
behind that of Paka and Silali. We have not adopted the BGS 
ranking because: (a) the most diagnostic gases for identifying 
reservoir temperature (H,s, CH, and H2) were found in such low 
concentration that reliable interpretations of reservoir 
temperature could not be made, and (b) use of the less-diagnostic 
gases, such as He,, are considered too imprecise and theoretical 
for this application. Our priorities are based on probable 
drilling depths, distance from access roads, distance from the 
transmission grid, arid overall likelihood of finding a commercial 
geothermal reservoir. 

Fourth priority is given to Chepchok. Even though the 
thermal anomaly is small in size, drilling should be relatively 
shallow (1,000-1,500 m) because of the low elevation of the 
prospect, and access should be relatively inexpensive because of 
comparatively level ground and proximity to an existing road. 

Fifth priority is given to the Kapedo/Lorusio prospect 
mainly because of ease of access. However, if the thermal 
features are related to shallow outflow from Silali, subsurface 
temperatures may be disappointing. Further, the large areal 
extent of the prospect makes the selection of exploratory 
drilling sites less simple and therefore somewhat riskier. 

considerakle exploration effort, because there is no obvious 
drilling target or identified controlling structure other than N- 
S-trending faults. However, access is easy, and exploration 
should be straightforward, emphasizing temperature-gradient 
drilling to several hundred m. 

Sixth priority is given to Loruk. This area will require 
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Lowest priorities are given to 01 Kokwe, Emuruangogolak and 
Namarunu. In spite of the size and probable high reservoir 
temperature of Emuruangogolak and Namarunu, both prospects are 
very remote. Exploration, exploratory drilling and development 
would be expensive, slow and difficult. 01 Kokwe is located on 
an uninhabited island in the middle of Lake Baringo. This 
isolated position makes drilling and development expensive and 
therefore unlikely. 
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In this section, the costs associated with exploration, 
field development (including the production wellfield, steam 
gathering lines and transmission line, but excluding power plant 
and auxiliary structures), and field operation (including make-up 
well drilling, but excluding power plant maintenance) are 
discussed in general. They are discussed in further detail for 
specific prospects in Section G. 

Costs can be considered as a function of the following 
factors, both in an absolute sense and relative to other 
prospects: 

Prospect accessibility: necessity for road construction; 
necessity to construct field camp; additional travel to/from 
prospect; additional time and cost of conducting field 
surveys in difficult terrain; uncertainty arising from 
incomplete field work in inaccessible parts of prospect; 
seasonal constraints on access 

F. COST OF GEOTHERMAL EXPLORATION, DEVELOPMENT AND FIELD 
OPERATION 

1. Description of Cost Factors I 

Prior investiqation: level of completeness and utility of 
prior investigations; time and cost savings realized from 
use of prior work versus additional project risk (if any); 
need to repeat surveys or augment prior work 

- .  - . .  . - - -  _ _ _  ' - 

Proximitv to market and transmission lines: available line 
capacity (if any); construction of additional lines; 
possibility of local off-grid utilization of electricity; 
timing of incorporation into grid 

Resource size: economies of scale; reward versus risk in 
large and small prospects; reserve capacity for 
contingencies 

Resource characteristics: required depth of drilling; 
likely yield per well; geologic complexity as a factor in 
determining drilling success ra-tes; chemical or physical 
constraints on resource utilization (scaling, corrosion, 
fluid enthalpy); anticipated rate of pressure drawdown. 

Power plant: generation mode as a function of resource 
characteristics and size; fabrication and erection time as a 
function of generation mode and plant size. 

Financinq: financing sources, terms and conditions; 
availability of grants, soft loans and vendor credits; 
project insurance; terms of sale of electricity; 
repatriation of hard currency. 
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Environment: constraints on access, drilling, construction, 
water consumption, and waste disposal; requirements for 
payment of compensation for damages: possible interruption 
of project activities. 

Power plants and project finance are discussed by The Ben 
Holt Company in its report. 
evaluating the various prospects. 
suitable for flash-steam generation; however, for a few, binary- 
cycle generation is preferred. 
transmission lines has been noted for each prospect, 
of transmission lines is calculated in general terms 
prospect. 

We have used their cost numbers in 
Most of the resource areas are 

Distance from existing 
and the cost 
for each 

2 .  Exploration Stage Costs 

Exploration costs are dominated by the cost of exploratory 
drilling. The cost of exploratory drilling largely is a function 
of the precision of target-selection (risk), and the depth to the 
geothermal resource. Therefore, for fields of comparable depth, 
any field at which a discovery has been made by drilling will be 
less costly to develop than one which has not been drilled or at 
which drilling has resulted in no discovery. 
undiscovered fields at shallow depth may be less costly to 
develop than discovered deeper fields. 

However, 

I Because the passage of time represents lost financial 
I 

. -  _-- opportunities, lengthier exploration programs typically become 
more expensive than shorter programs, even if the same work is 
accomplished in each. Of course, there is a tendency to 
incorporate more work into a lengthy program, with greater 
expenditure. 
data must be weighed against both the cost of collecting these 
data and the opportunity cost of lost time. 

Remoteness of a prospect tends to add most to the cost of 
otherwise comparable programs. Roads and field camps may need to 
be constructed, and additional workers, supplies and equipment 
may-be needed. Access may be impeded seasonally. Water supplies 
may need to be developed locally via wells or pipeline; 
alternatively, expensive truck haulage may be required. 

The possible advantage of having these additional 

Geothermal exploration typically is built on 4 cornerstones: 

1. An understanding of geologic structure and heat source: 
obtained from geologic mapping, gravimetry, and 
drilling. 

2 .  Temperature distribution in the subsurface: obtained 
initially from fluid chemistry, and ultimately from 
temperature-gradient and exploratory drilling. 

c 
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3 .  

4 .  

- -  ... . . . .  . . -  . . . . . . .  . 

Identification of a permeable and porous structure (the 
reservoir): inferred from geologic mapping, various 
geoelectrical methods, and fluid chemistry, and 
confirmed by results of drilling and well testing. 

Recognition of fluid characteristics (phase, salinity, 
mixing patterns, flow directions): determined 
principally from fluid chemistry, drilling and well 
testing, and indirectly from geology and temperature 
data. 

From this, an exploration program can be justified that 
begins with (or utilizes existing) geologic mapping, fluid 
geochemistry, and gravimetry. After this, typically there are 
geoelectrical suweys and drilling of temperature-gradient holes. 
This is followed by construction of a conceptual geologic model, 
and the selection of exploration well sites, based on the model. 
Other suites of information (seismic, petrochemical, infra-red, 
or aeromagnetic, for example) may be interesting, but usually are 
not essential to the program, and therefore cannot be justified 
on a cost or time basis except in exceptional cases. 

Exploration costs, as noted above, will vary with the level 
of prior work, the prospect location and accessibility, the 
geologic complexity as observed-in work to date, and the size of 
the prospect. It is not possible to prepare detailed estimates 
of exploration cost for each prospect. However, based on the 
exploration principles described earlier, it is possible to 
generalize the costs of the main elements of an exploration 
program: geologic mapping, fluid geochemistry, gravimetry, 
electrical resistivity or magnetotellurics, and drilling of 
temperature-gradient holes, followed by conceptual modeling and 
drill-site selection (Table IV-5). 

- 

Table IV-5: ExDloration Costs at an Averaae ProsDect 

Geolosic mauuinq: Assume 4 man-months at US$15,000 per 
month, plus US$30,000 for support, printing and 
miscellaneous. Total: US$90,000 per prospect, where needed. 

Geochemistry: Assume 3 man-months at US$15,000 per month, 
plus US$50,000 for support, chemical analyses, printing and 
miscellaneous. Total: US$95,000 per prospect, where needed. 

Gravlmetn: Assume 2 crew-months at US$30,000 per month, 
plus USS~O,OOO f o r  suppcrt, data processing, printing and 
miscellaneous. Total: US$90,000 per prospect, where needed. 
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Geoelectrical surveys: Assume 3 crew-months at US$35,000 
per month, plus USS20,OOO for support, data processing, 
printing and miscellaneous. Total: US$125,000 per prospect, 
where needed. 

TemDerature-aradient drilling: Assume 6 slim-holes to 
average 600 m depth, at USS350 per*m, plus US$75,000 for 
logging, data processing, printing and miscellaneous. 
Total: US$1,335,000 per prospect, where needed. 

Modelina and site selection: Assume 3 man-months at 
US$15,000 per month, plus US$20,000 for support, data 
analysis and printing. Total: US$65,000. 

In addition to the values given in Table IV-5, a project 
management function must be included, at an assumed cost of 
US$40,000 per month while operations are underway. This function 
will involve varied aspects of liaison, negotiation and 
permitting, field supervision, budget management, materiel 
control, documentation and reporting, plus other tasks as 
required, all of which can be time-consuming and complex in 
Kenya. Based on an assumed 12 months for all aspects of 
exploration and drilling, through to selection of sites for the 
initial 3 deep wells, this comes to US$480,000. 

specific prospects, and that selected exploration steps may be 
omitted at various prospects, because of geologic or terrain 
factors. 
by up to 20%. Also, for remote locations, costs will be 
increased by up to 20 or 25%, reflecting additional time and cost 
for mobilization, supply, communications, etc. 

to 2 , 7 5 0 , 0 0 0  per prospect; depending upon the variables described 
above. This cost schedule has been applied to 15 prospects 
herein. 

Note, however, that some exploration work has been done at 

This may reduce time and cost of the exploration stage 

Therefore ,  t h e  exploration cost may range from US$1,820,000 

It is evident that the exploration cost per developed MW 
will be greater for small projects, and less for large 
developments. 
(a) selecting prospects that are less remote and less risky, 
eliminating or reducing exploration steps, and (c) reducing the 
time requirements for exploration and drilling. Timetables for 
development are discussed in a subsequent section of this report. 

The exploration cost per project can be reduced by 
(b) 
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3. Development 8tage Costs 

The items of greatest cost, in approximate descending Order, 
are : 

a. The power plant, including cooling towers, switching 
yard, and storage yard. 

b. The wellfield, including production and injection 
wells, separators (if needed), steam gathering system 
and disposal lines. 

C. Transmission line and substation. 

d. Worker housing, offices, workshops, warehouses and 
related facilities. 

e. Permanent water supply (wells, pipeline, storage 
tanks). 

f. Road construction, site grading and other civil works .  

Technical and economic feasibility studies, monitoring 
and testing, and design studies. 

Preparation of specifications, selection of 
contractors, negotiation of agreements and permits, and 
supervision of contractors. 

Environmental surveys and remedial work. 

h. 

i. 

The power plant is discussed elsewhere. However, it should be noted that there are significant economies of scale in large 
developments: and that the enthalpy, chemistry, flow rate and 
pressure characteristics of the resource influence the type, size 
and cost of the power plant. 

Experience at Olkaria and Eburru has shown that the initial 
exploratory wells are, on average, deeper and more expensive than 
subsequent production wells, both in absolute terms and per m 
drilled. 
bottomhole diameter are given in Table IV-6. 

Drilling costs (1990 US$) .for wells of at least 6-inch 

Exploration 
Production 

DeDth. m 

1,500 - 3,000 
1,200 - 2 , 4 0 0  

USS/m 

650 - 1 , 0 0 0  
500 - 7 5 0  
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This does not include the non-drilling costs of mobilization 
and demobilization (averages perhaps US$lOO,OOO per well for 
small programs, to perhaps USS40,OOO per well for programs of 
several wells), site preparation (about US$40,000 per well), road 
construction (averages perhaps US$20,000 per well for programs of 
several wells), or testing and data analysis (about US$40,000- 
100,000 per well, depending upon number of wells, location and 
reservoir complexity). 

Additionally, it may be possible to obtain fluids from 
shallower depth at selected sites for binary-cycle generation. 
In such cases, production-well depth may average 300 to 800 m, 
at a cost of US$350 to 600 per m, depending upon well diameter 
and pump requirements. In this report, however, no field is 
estimated to be shallower than 1,000 m in depth. Mobilization, 
site preparation, roads and testing are additional. 

drilling success rates, well yield, standby reserves, and 
injection wells, as follows. 

initial 3 exploration wells is likely to be commercially 
successful. For the higher-risk prospects of Group 3 ,  and 
perhaps for certain others, the initial success ratio is likely 
to be 1 in 5. After a discovery-has been made, 4 of every 5 
subsequent wells in any group is anticipated to be commercially 
successful. 

- Certain standardized assumptions can be made regarding 

Even in lower-risk prospects of Group 1 and 2 ,  only 1 of the 

Approximately 1 injection well will be required for disposal 
of fluids from every 2 production wells. To achieve this, 
approximately 1 of every 2 unsuccessful wells can be converted 
into an injection well, at an additional expenditure of about 10% 
of its original drilling cost. 
success rates, a 10 MW development might require only 1 
additional injection well; whereas, a 50 MW field might need 5 or 
6 specially drilled injection wells. The exact number would vary  
with both the drilling success rate, the well yield and the 
requirement for standby reserve capacity. 

A field cannot be operated safely for long without standby 
reserve capacity in wells. Otherwise, naturally occurring field 
pressure declines, or the need to shut-in a well for 
rehabilitation or repairs, would result in a reduction in power 
plant output. Typically, there should be standby reserve 
capacity equal to 10% of gross generating capacity or 1 
additional well, whichever is a larger number of MI?. 

Because of these anticipated 
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Table IV-7: Drillins Remirements for 10, 20 and 50 MW 
Developments 

Development Size, MW 
10 20 5 0  

Production wells 4 7 17 

Injection wells 2 4 9 

D r y  holes 2 2 4 

Standby production wells 1 1 2 

Total 9 14 32 

Table IV-7 gives the number of holes anticipated for a 
successful 10, 20 and 50 MW development, with suitable standby 
reserves, based on the assumption of a lower-risk prospect having 
an average yield of about 3 MW per well. 

Table IV-7 shows a significant economy in scale for larger 
projects. The necessity to round fractional numbers to the next- 
largest integer (there cannot be-1/3 or 1/2 of a well), adds to 
this apparent benefit of scale. 

Using an assumed average of 3 MW per well, and the values 
given earlier for drilling cost (US$650 - 1,000 per m for 
exploration holes, and US$500 - 750 per m for production and 
injection wells, as a function of well depth), a generalized cost 
of drilling the exploration and production wellfield is given in 
Table IV-8 for 10, 20 and 50 MW developments for wells of 1,000, 
1,500, 2,000, 2,500, and 3,000 m depth. 

Based on Table IV-8, Table IV-9 presents the range of 
drilling costs per MW developed, in US$/MW, again using 3 MW per  
well as average yield. 
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Table IV-9: Drillina Cost Der MW Developed, at 3 MW/Well 
Averaae Yield, in US$/MW 

Development Size, MW 
Averaqe Depth. m 10 20 50 

1,000 
1,500 
2 , 000 
2 , 500 
3 ,000 

450 
743 

1,200 
1,763 
2,250 

373 329 
559 429 
900 792 

1,319 1,158 
1,688 1,485 

Table IV-9 shows the great sensitivity of cost to well 
depth. 
large, relatively shallow prospect. 

It reinforces the desirability of developing a low-risk, 

Water supply during the exploration drilling phase can be 
supplied by tank trucks from wells or rivers. 
development, either well(s) must be drilled on-site/close by, or 
a pipeline must be constructed from an existing permanent water 
source. A water well is estimated to cost about US$lOO,OOO 
including pump. Storage tankstcost perhaps another US$100,000, 
erected. By contrast, a water pipeline may cost US$1OO,Ooo per 
km, depending upon terrain, lengtlT and pumping requirements. 

During field 

The testing and monitoring program necessary to prove the 
resource feasibility, plus the feasibility studies, and 
preparation of documents on system design bidding specifications, 
and contracts do not vary markedly by project size in the range . 
10 to 50 MW. For this report it is assumed that the cost 
increases by-0.2 for each 10 MW increment above a basic 10 HW 
unit size. Total cost therefore, is anticipated to be US$600,000 
to 1,250,000 for projects of 10 to 50 MW size. 

Civil works, including road construction, pad and plant site 
grading, and construction of holding ponds, retaining walls and 
the like will vary widely with project size and location. Pad 
costs are about US$20,000 per well; road construction is about 
US$7,000 per km for unpaved, unsurfaced roads. 

at the same cost for every project, because the issues of 
erosion, waste discharges, change of land use, water consumption 
and loss of animal habitat are essentially similar across the 
Rift Valley. A cost of US$lOO,OOO is assumed for a 10 MW 
project, increasing t'2 about US$250,000 4or a 50 MW project. 

?he pro rata costs of rig mobilization, water supply, site 
preparation, road construction, environmental protection, and 
well testing and analysis operations ("non-drilling costs") are 
listed in Table IV-10. 

Environmental surveys and remedial work herein is budgeted 
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Table IV-10: Pro-Rata Cost (US$) of Items Associated with 
Drillins 
(l1Non-Drillina Costs") for 10, 20 and 50 MW 
Developments 

Cost Item, US$ 
Development Size, MW 

10 20 50 

Mobilization 700,000 
Site Preparation 350,000 
Access Roads 350,000 
Water Supply 200,000 
Environmental 100,000 
Testing & Analysis 600,000 

Total 2,300,000 

Number of holes 

Non-drilling cost 

Cost per kW 230 

drilled 9 

per hole 255 , 000 

900,000 
600,000 
400,000 
400,000 

800,000 
3 , 250,000 

150 , 0 0 0  

14 

232 , 000 
162 

1,300,000 
1,300,000 
500,000 
750,000 
250,000 

1,250,000 
5,350,000 

3 2  

167,000 
107 

These costs essentially are independent of reservoir depth 
and well yield. 
2,000 m deep resewoirs, with yields of 3 MW per well, one 
obtains the total cost of wellfield for a prospect of average 
accessibility and complexity (Table IV-11). 

Prospects located far to the north of Lake Baringo 
(including Namarunu, Emuruangogolak, Silali and Paka of Group 1) 
will carry an additional cost penalty for road construction, rig 
mobilization, resupply and communications, and possibly f o r  water 
supply. This cost penalty may range up to 20% to 50% of the non- 
drilling costs (again proportionately greater for the smaller 
development), which in turn ranges from under 12% to over 22% of 
total wellfield cost. By this methodology, a cost penalty of as 
much as 10% or 12% has been applied to development of the more- 
remote prospects. 

Applying these values to hypothetical 1,500 and 

Transmission-line cost will vary with distance and line 
voltage. 
electricity several tens of km at acceptable levels of loss (132 
kV) will cost about US$70,000 per km (about 1.5 km of line and 
towers per US$lOO,OOO of budget). Lower voltage Lines, suitable 
for smaller geothermal developments, will cost less: 62.5 kV is 
about US$45,000 per )an, and 33 kV costs about US$30,000 per km. 
No provision is make for the costs to add or modify substations, 
to accommodate this electric power. 

In general, lines suitable to transport 50 to 100 MW of 
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Housing, offices, workshops and storage facilities will vary 
with project size, and to a lesser degree with the degree of 
project accessibility to other facilities. 
generalization, assuming 20 MW as the basic unit size for 
development, the cost for every additional 20 MW is assumed to be 
0.25 additional to that of the basic unit cost. Thus, a 100 MW 
development will require such support facilities at a cost 2.0 
times that of a 20 MW development. 

As a broad 

Further, for remote fields, where no significant permanent 
settlement exists within about 10 or 15 km, and where haulage and 
construction costs thus are higher, 0.5 has been added to the 
cost of support facilities for the first unit (Table IV-12). 

4 .  operation Stage Costs 

The cost of field operation consists of 5 major items: 

a. Drilling of make-up or replacement wells, or the 
redrilling of existing wells: for a development of 10 
to 50 MW siz'e, estimate one drilling operation every 3 
years, at approximately US $1,000,000 per drilling for 
wells of 1,000 to 2,000 m depth, and perhaps l ~ s $ 3 0 0 , 0 0 0  
for shallow (moderate-enthalpy) fields; there probably 
is some cost sensitivity to project size. 

b. Maintenance of existing wells and gathering lines: for 
projects of 10 to 50 MW size, assume USS50,OOO per well 
annually for labor, supplies and equipment to be used 
in testing, sampling, monitoring and routine 
maintenance operations; assume US$1oO,ooo per year for 
monitoring and maintenance of gathering and disposal 
lines;.there probably is minor sensitivity to project 
size. 

C. Office and warehouse operations: assume US$200,000 per 
year for labor, supplies and equipment to be used in 
maintenance of documentation, telecommunications, 
reporting, and resupply; there is some cost-sensitivity 
to- project size. 

d. Connection of new wells into the system: again for 10 
to 50 MW development, assume ~ ~ $ ~ ~ ~ , o ~ ~  per well, Once 
every 3 years. 

Miscellaneous: exploration for new resource areas; road 
maintenance; environmental or other remedial work; 
refurbishment of offices and equipment; purchase of 
vehicles and other equipment; assume US$250,000 per 

' year: there is some cost-sensitivity to project size. 

e. 
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1 

On the assumed basis of 3 MW per well, allowing for 
injection and standby reserve wells and for minor cost- 
sensitivity as a.function of project size, a 10 MW field 
operation would cost about USS1.2 million annually, whereas a 50 
MW field operation would cost approximately USS1.6 million 
annually. 
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G. PROJECT TIMETABLE 

Project time requirements will vary with location, 
accessibility, degree of prior work, complexity of reservoir, and 
development size. The time requirements can be evaluated best by 
dividing the project into 3 segments: exploration, wellfield 
development, power plant construction. Other factors, such as 
water-supply development, environmental protection, feasibility 
reporting, or construction of on-site housing, are carried out 
during one or more of the exploration, wellfield development and 
power plant construction phases. 

It is not realistic to draw detailed chronograms showing 
step-by-step activities, because each prospect has unique 
characteristics that affect both time and cost. Some 
generalizations can be made, however, as follows: 

1. Exploration Timetable 

6 to 18 months will be required for all surface exploration, 
including the drilling of up to 6 slim holes for temperature 
observation purposes. The longer time will be required where 
access is difficult, no (or very limited) prior work has been 
accomplished, prospect area is large, and an obvious central 
focal point for drilling is lacking or obscured. In selected 
cases where access is good, existing data are adequate and 
drilling targets are clear, the temperature-gradient drilling can 
begin within one or two months of project initiation. 
situation, the smaller number ( 6  months) may be achievable. For 
the hypothetical average project, 10 months is used. If results 
are not encouraging, the project may be terminated at this point. 

In that 

2. Wellfield Development Timetable 

This stage may begin immediately upon completion of 
exploration, or may lag by some undetermined period of time, 
reflecting contingencies of permitting, finance and project 
management. An initial 3 wells will be drilled, to discover the 
resource and allow an initial quantification of the reservoir. 
This will be done regardless of ultimate project size. Depending 
again upon factors of locaticn and accessibility, and presumed 
reservoir depth, a period of 8 to 12 months is estimated fcr 
siting and well design, road and pad preparation, selection of a 
drilling contractor, mobilizLtion, drilling, logging and testing 
of these 3 wells. Zependinc -,?on result,.the project may be 
abandmed, or may continue i n t 3  development drilling. However, 
it is assumed herein that veilfield development will c o n t i n u e  
almost imediately after ccmpletion of the initial 3 wells. 

Unlike exploration, development drilling is dependent upon 
the anticipated sizz of the power plant. Therefore, assuming 
hypothetlcai 10, 20 and 50 Ki initial developments, at an average 
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3 MW per well, the required time for all necessary drilling, 
testing and preparing feasibility reports is estimated to be as 
follows: 

10 MW: 12 to 18 months (one rig) 
20 MW: 24 to 36 months (one rig) 
50 MW: 34 to 50 months (two rigs) 

Concurrent with this, there may be construction of roads, the 
power plant site, housing for workers, and an office and 
workshop. There may be further surface exploration, or 
additional analytical studies. Preliminary power plant design, 
preparation of specifications, calls for bids on the power plant, 
and surveying transmission line right-of-way will begin long 
before the wellfield drilling is completed. 

3. Power Plant Construction Timetable 

Based on recent geothermal developments in the United 
States, Mexico and the Philippines, it is estimated that the 
final design, selection of manufacturer, manufacture, shipping, 
erection and acceptance testing of a power plant can be 
accomplished as follows: 

10 M W :  12 to 18 months 
20 M W :  18 to 2 4  months 
50 MW: 18 to 36 months 

This estimate is based on utilization of readily available ("off- 
the-shelfll) and standardized power plants. No unusual design 
characteristics or unit sizes are anticipated. 

The power plant stage would overlap broadly with the 
wellfield development, such that wellfield, transmission line, 
and other infra-structure would be completed essentially at the 

' same time that the power plant is erected. Acceptance testing 
would follow immediately after the full interconnection of wells 
and plant. 

4 .  summary 

From this outline, probable average timetables can be 
calculated (Table IV-13). It is assumed that wellfield 
development will follow immediately upon the exploration stage; 
and that the design and construction of a power plant will begin 
after 15 to 18 months of field development drilling, the exact 
time depending upon power plant size and reservoir complexity. 
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Table IV-13: Anticipated Time Reauired for Averase 10, 2 0  and 
50 MW Developments, Months 

Initial Power 
Development Exploration, + Wellfield, + Plant, = Total 
Size, MW months months months months 

10 minimum 
maximum 

10 
18 

15 
15 

15 
18 

4.0 
51 

15 18 43 10 
60 

minimum 
maximum 18 18 2 4  

20 

18 18 46 
69 30 

10 minimum 
maximum 18 21 

50 

These probable required times are not the absolute minimum 
values possible. That is, several months have been added into 
the wellfield development phase beyond the absolute minimum, 
safety factor. Even with this safety factor, it is calculated 
that plants of 10 MW can be brought on-line in 3-1/2 to 4 years 
from the initiation of exploration. Plants of 20 Mw size would 
be operating in under 5 years: and. 50 MW plants would require 
less than 6 years from the initiation of exploration. 

For prospects in advanced stages of exploration (such as 
Menengai or Suswa) or exploratory driliing (Eburru) 6 to 2 0  
months can be cut from these average time schedules. 

It is assumed that the project will not be delayed because 
of regulatory, physical, environmental or financial constraints 
imposed within Kenya. Any undue constraints, relating to power 
pricing, land ownership, taxes or import duties, physical safety, 
or government decree could cause the project time to lengthen, 
perhaps significantly. Similarly, it is assumed that the project 
developer is prepared to proceed from phase to phase without 
hesitation if results are favorable. 

as a 

IV - 53 



H. PROJECT RECOMMENDATIONS 

1. Factors Controlling Project Cost 

Tables IV-3 and IV-4 assign priorities on the combined basis 
of potential resource size, risk, location and distance from 
transmission. Not surprisingly, Group 1A prospects form 5 of the 
top 6 priorities in these tables, reflecting the importance 
assigned to (a) anticipated low risk and (b) potentially large 
resource size. 

Each prospect has a different range of anticipated 
exploration/development costs, reflecting location and 
accessibility, anticipated resource characteristics, and degree 
of prior exploration. These costs are described in section 6. 
In Table IV-14, the factors affecting cost are compiled for 15 of 
the 19 prospects listed in Tables IV-3 and IV-4  ( 4  very remote or 
environmentally protected sites are omitted). These factors are: 

Size of possible initial Dower plant. There is great cost- 
sensitivity to power plant size. Therefore, those prospects 
having a resource potential of only 10 MW are at a disadvantage 
to those having significantly greater resource potential, all 
other things being equal. In Table IV-14, a probable plant size 
(10, 20 or 50 MW) is assigned tc-each of the 15 prospects on the 
basis of existing resource data. 5 0  MW is anticipated for Suswa, 
Rorosi, Paka and Silali; Eburru, Longonot, Menengai, Arus, 
Olobonita and Chepchok are assumed to be 20 MW; all others are 10 
Mw. 

Probable resewoir temperature. Prospects with probable 
temperatures of 180'C or less will be developed by binary-cycle 
methodology. Those with temperatures over about 210°C can 
effectively be developed by the flash-steam methodology. 

Prospects having temperatures between about 180" and 210°C can 
utilize flash-steam process, but at a distinct cost disadvantage 
relative to either higher-temperature (flash) or lower- 
temperature (binary) fields. Indeed, a 10 MW binary-cycle plant 
for a reservoir of 165"-180"C yielding about 3 MW per well 
apparently is cost-competitive with 10 MW flash-steam plants at 
reservoirs of up to 300'C. 

Drillins deptl-!. Yield per well and drilling success rates have 
been discussed previously. Because of very limited reservoir 
data, these factors are held constant for all prospects under 
consideration. Therefore, wellfield cost will vary principally 
with well depth. Probable drilling depths from 1,060 to 1,750 rn 
have been assigned to each prospect. 
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Transmission distance. A s  discussed previously, prospect 
distance from the KPLC grid varies from a few km to over 100 km. 
Prospects on islands or at sites over 100 km from the grid have 
been eliminated from further consideration. At the Lake Magadi 
prospect, the soda ash plant and local population is considered 
as a possible market for up to 10 MW; therefore, the transmission 
distance of only 15 km is used. 
to supply the grid. 

All other prospects are assumed 

Prior EXRlOratiOn. 
exploration activities (geologic mapping, gravimetry, fluid 
geochemistry, logging of existing wells, drilling of temperature- 
gradient holes, etc.) has varied widely. A cost penalty has been 
charged against Korosi, Paka, Silali, Chepchok, Loruk, Homa 
Mountain, Mwananyamala and Kapedo/Lorusio. There has been a 
deduction from exploration cost at Eburru, Suswa, Longonot and 
Lake Magadi, where target selection can proceed rapidly and 
without much further work. Menengai, Arus and Olobonita are not 
affected. 

The extent and effectiveness of previous 

Remoteness of Prospect. Prospects lacking road access, permanent 
water supply,  or easy access to a town and/or supply facilities 
will experience increases in overall project costs. Additional 
roads, camps, and water tanks or pipelines will have to be built. 
Distance from towns, and especially from Nairobi, will result in 
costly additional travel on the part of all project workers and 
suppliers. 
remoteness, followed by Korosi, and then by Chepchok and 
Longonot. Menengai, Eburru and Lake Magadi are given a cost 
deduction because of their close proximity to necessary 
facilities. Other prospects are unaffected. 

Silali and Paka are penalized the most for 

Operational ComDlexitv. 
exploration, drilling and development more complex, and therefore 
more costly, includes geologic complexity, terrain roughness 
within the prospect, prospect size, and environmental 
constraints. 
additional months of operations necessitated by these factors. 
Suswa, Korosi, Paka and Silali in Group lA, Longonot and Menengai 
in Group lB, Olobonita in Group 2 ,  and Homa Mountain, 
Mwananyamala and Kapedo/Lorusio in GZGGP 3A are penalized. 

A variety of factors that can make 

The cost penalty principally reflects the 
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Probable 
Reservoir 

Temperature, 
.r 

Possible 
Initial 

Devel opmen t , 
MW 

Operational 1’’ 
Complexity, 24; 

cost 

Remotenes S I 2 )  
Factor, +% 

cost 

Pr i or 
Drilling Transmission Exploration, 2% 
DeDth. m Distance. km cost 

Risk Group 
& ProsDect 

1A 
Suswa 
Eburru 
Korosi 
Paka 

H Silali 4 

Ln 1B 
I 

m Longonot 
Menengai 

50 

20 

50 
50 

50 

300 
285 

>240 

>240 

>240 

1,700 35 - 10 t 5  

- 5  
t 1 0  
t 1 2  

t 1 2  

1,600 13 - 20 

1,200 90 t 5  

1,500 100 t 5  

1,250 100 t 5  

t 5  
t 5  

t 5  

I 

20 
20. 

t 5  

- 5  

t 5  
+5 

>240 

>240 

1,750 10 - 5  

. I ,  250 6 

2 
Arus 
Olobonita 
Chepchok 
Loruk 

- 10 
t 5  

-5  
- 5  

20 

20 

20 

10 

200-215 

170-190 
150-215 

150-215 

1,200 45 

1,150 100 

1,300 15 

1,150 85 

t 5  

t 5  

t 5  



I. 
Possible Probable ' 0  
Initial Reservoir Pr i o r  Remoteness(') Opera t i onal "' 

Risk Group Development, Temperature, Drilling Transmission Exploration, +% Factor, i% Complexity, +% 
cost cost 8. Prospect MH 'C DeDth. m Distance. km cost 

r 
9, 

rt 0 
q 
v) 

P 

3A 
Lake Magadi 10 100-140 1,000 15'" - 5  - 5  

tioma Mountain 10 179-200 1,100 60 t 5  t 5  

4 tiwananyamal a 10 152-180 1,100 60 t.5 t10 
H 

' Kapedo/Lorus i o 10 155-172 1,100 90 t 5  
VI 
4 

1 

Notes:  ( ' I  Local market; a1 ternatively, 80 km to transmission grid. 
('I Road access; water supply; infrastructure in place. 

M 
X t 10 1 P. 

3 
( 3 )  Prospect size and geologic complexity; terrain within prospect; effect upon timetable; 

pumping requirement for 1 ower-enthal py sys tem. 



2. Calculation of Cost Per Prospect 

For each of.the 15 remaining prospects, cost has been 
calculated on the following basis: 

ExDloration: The basic exploration cost (see Section IV-E%) is 
applied to each prospect; this cost is increased or reduced to 
reflect prior exploration activity, as indicated in Table IV-14. 

Wellfield Development: This includes drilling and non-drilling 
(roads, mobilization, well testing, etc.) components. Drilling 
cost is a function of project size (10, 20 or 50 MW) and well 
depth, whereas non-drilling costs are a function only of project 
size (see Section IV-E). All drilling is presumed to cost 
US$650/m for the initial 3 exploratory wells, and US$5OO/m 
thereafter, as shown in Table IV-8. To this is applied a penalty 
(or, in a few cases, a cost reduction) of up to 17% for prospect 
remoteness and operational complexity. 

Power Plant Construction: Power plant cost, as determined by The 
Ben Holt Company, is a function of plant size, resource temperature 
and generation mode (binary or flash cycle). It is noted, however, 
that cost will vary widely for prospects in the temperature range 
1800 - 220oC depending upon -generation mode. The present 
assumption is that flash-cycle generation will be used, because of 
the temperatures expected. If, however, fluids of 1650 - 180oC are 
produced at certain prospects (Chepchok and Loruk for example), 
instead of 1800 - 210oC, power plant costs could be higher than 
those shown in these scenarios. Alternatively, if temperature 
reaches 2150C (for example at Arus), power plant costs may be 
reduced somewhat. These values, taken from Ben Holt, are 
summarized in Table IV-15. 

Transmission Lines: Costs are based on average Kenya costs for a 
132 kV line, without regard to any special terrain or 
environmental factors. It is recognized that a 132 kV line may 
not be needed initially at every prospect, but this is not 
factored into the cost estimate. 

Gatherina Svstem: The cost of the Steam-gathering and disposal 
pipelines, and auxiliary equipment, has been determined by The 
Ben Holt Company for 10, 20 and 50 MW power plants based on 
comparable developments in the United States and elsewhere. 

Owner's Cost and Financincr Charaes: This includes project 
management cost, cost of constructing support facilities, 
permitting and licensing fees, and finance charges during 
wellfield and power plant construction. 
provided by The Ben Holt Company. However, the costs of 
feasibility reports have already been included under wellfield 
development, and are not repeated herein. A cost penalty of 

These cost data are 
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about 12% is applied to the more remote sites, for which 
additional lead-time (and therefore additional financing costs) 
are required. 

31.7/1,585 

Power Plant S i z e .  MW 

k 

Reservoir 
Temperature, 

'C 

A 

300 

285 

240 

200 

180 

21.1/4,220 

21.2/4,240 
Flash Cycle 

5 

25.2/2,520 

25.55/2,555 

10 20 50 

24.3/2,430 

24.4/2,440 

24.6/2,460 

Binary Cycle 

140 

31.8/1,590 

32.3/1,615 

33.4/1,670 

34.0/1,700 

54.8/1,096 

55.0/1,100 

56.1/1,122 

Cases 

in t h i s  
report. I 
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Prospect 
(Anticipated 
I n i t i a1 Devel opmen t 
pW) 

Suswa 

Koros 1 

H Silali 
4 
I 

Paka 
OI 
0 

Eburru 

Menengal (20) 

Expl oration , 
Field Development, 
Infrastructure II 
feasibility 

31,847,000 
637 

25,5?3,000 
512 

26,957,000 
539 

31,768,000 
635 

13 ,'532,000 
667 

12,073,000 
604 

Permitting , 
Power Plant 
Transmi s s ion 
Gathering System 
Owner's Cost II 
F i nanclns 

75,350,000 
1,507 

82,191,000 
1,644 

82,875,000 
1,658 

82,875 , 000 
1,658 

39,811,000 
1.990 

39,837,000 
1,992 

Total . 

107,197,000 
2,144 

107,790,000 
2,156 

109,832,000 
2,197 

114,643,000 
2 , 293 

53,343,000 
2,667 

Risk 
G r o w  

1A 

1A 

1A 

1A 

1A 

51,910,000 I D  
2,596 

Overall 
Rank 

1 

2 

3 

4 

6 

Vi thin 
Risk 
Group 

1 

2 

3 

4 

5 

5 1 



Expl ora t ion 
Prospect Field Development, 
(Anticipated Power Infrastructure h 
Plant Size MW feasibil1 t v  

Longono t (20) 15,660,000 
783 

10,806,000 
540 

Arus (20) 

Oloboni ta (20) 12,929,000 
646 

Chepchok (20) 11,466,000 
513 

8,306,000 
83 1 

Loruk (10) 

Mwananyamal a (10) 8,888,000 
889 

Permi t t ing, 
Power Plant 
Transmission 
Catherlng System 
Owner's Cost h 
F 1 nanclns 

40,111,000 
2,006 

44,113,000 
2,206 

43,058,000 
2,153 

49,572,000 i 

2,419 

35,315,000 
3,531 

26,301,000 
2,630 

Total 

55,771,000 
2,789 

54,919,000 
2,746 

55,987,000 
2,799 

61,038,000 
3,052 

43,621,000 
4,362 

35,189,000 
3,519 

Risk 
Grow 

1B 

2 

2 

2 

2 

3A 

Within 
Risk 
GrOUP 

8 

7 

9 

10 

15 

11 



H 
4 
I 

m 
M 

Permi t t i ng , 
Power Plant 

Exploration, Transmission 
Prospect Infrastructure L Ga thering Sys tem 
(Anticipated Power Field Development, Owner's Cost 6 
Plant S i z e .  MWl feasibi 1 I t v  F inanc Ins 

Kapedo/Lorus i o (10) 8,888,000 
889 

Lake Hagadi (10) 7,325,000 
733 

Homa Mountain (10) 8,615,000 
862 

28,358,000 
2,836 

32 ,35  1 ,000 
3 ,235  

I 

33,605,000 
3,360 

Within 
Risk Overall Risk 
Grouo flank GrOUD Total 

37,246,000 3 A  12 
3 , 7 2 5  

2 

13 3 

14 4 

39,676,000 3A 
3,968 

42,220,000 3A 
4 ,222  



These costs have been tabulated for each of the surviving 15 
prospects in Table IV-16, under 3 categories: (a) costs relating 
to exploration, wellfield development, infrastructural 
development and feasibility reporting; (b) costs of permitting 
and licensing, power plant, transmission line, steam-gathering 
and disposal system, project management and finance charges 
during construction; and (c) total project cost. Costs are 
expressed in millions of US$ and as US$ per kW installed, for the 
sizes of power plant determined in Table IV-15. 

It can be seen that: 

1. Costs per kW are significantly lower for 20 MW than for 
10 M W ,  and are lowest for 50 MW projects. This places 
the smaller, riskier prospects of Group 3A at a further 
disadvantage, and emphasizes the attraction of a 
potentially large resource. 

2. 

3 .  

4 .  

5. 

Within each risk group (with the exception of Loruk, in 
Group 2), there is a maximum spread in cost per kW of 
about 25%; most prospects fall within a cost range of 
about 10% within their risk group. This percentage 
probably falls within the range of uncertainty 
associated with such factors as well depth, or with the 
cost surcharges for remoteness and operational 
complexity. 
subjective preference (based on experience elsewhere) 
may be the determining factor in selecting a prospect 
for development. 

This means that within each risk group 

The critical cost parameters appear to be transmission- 
line distance, well depth, and resource size and risk. 
Therefore, the riskier prospects within Groups 2 and 3 A  
can be considered only if well depth is anticipated to 
be shallow, and/or transmission distance is short. 

The ideal prospect combines low risk (Group 1A or 1B) 
with large potential ( 5 0  MW power plant), shallow depth 
to reservoir and prcximity to the transmission grid. 
No prospect fully meets these criteria. Suswa (lowest 
cost per kW) may come closest. 

A project may be abandoned short of completion, perhaps 
even before drilling a significant number of 
exploration wells. Therefore, a minimum-risk strategy 
involves selection of the prospect(s) having the lowest 
cost and least operational complexity through the 
exploration stage, or through the exploration and 
initial drilling phase. The projects having lowest 
exploration and initial drilling costs include Lake 
Magasi, Arus, Eburru and (perhaps) Menengai. However, 
Lake Magadi is a small-size, low-temperature (to 1 4 O O C )  
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and high-risk prospect; Arus may be small and perhaps 
only of moderate temperature (to 215OC); Eburru has had 
disappointing drilling results to date; and Menengai 
does not present an immediately recognizable drilling 
target, thus requiring further exploration. 

6. Costs for the least expensive prospects appear to be 
compatible with those of major geothermal fields in the 
United States and elsewhere. Cost trade-offs occur 
from country to country over such factors as well 
depth, prospect accessibility, environmental 
sensitivity, well yield, and existence of support 
infrastructure. 

7. Only in 1 case does a Group 2 prospect appear to have 
lower development cost than a Group 1 prospect: Arus 
appears to be slightly easier (and therefore cheaper) 
to develop than Longonot. Both developments are 
anticipated to be 20 MW. 

3. Favorable and Negative Aspects of Each Prospect 

' The favorable and negative aspects of each prospect are 
summarized by risk group in the following table: 

ProsDect (MW) Comments 

Group 1A 

Suswa ( 5 0 )  Lowest anticipated cost per kW; accessible; 
probable very high-temperature resource; 
potentially very large; deep water table, 
therefore deep and costly drilling; no 
drilling target yet identified; moderate 
transmission distance; possible llfast-trackll 
development timetable. 

Korosi (50) 

'\ 

Silali (50) 

L o w  anticipated cost per kW; remote and 
poorly accessible; probable high-temperature 
resource; potentially very large; probable 
moderate well depth; no drilling target yet 
identified; long transmission distance; not 
on llfast-trackll timetable. 

L o w  anticipated cost per kW; remote and 
poorly accessible; probable high-temperature 
resource; potentially very large; probable 
moderate well depth; no drilling target yet 
identified; very large transmission distance; 
not on llfast-trackll timetable. 

\ 
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Chepchok (20) 

Loruk (10) 

Moderately high anticipated cost per MW; 
might be lower with binary cycle; remote and 
poorly accessible; probable moderate- 
temperature resource; shallow drilling 
anticipated; probable moderate resource size; 
no drilling target identified; very long 
transmission distance; not on "fast-track" 
timetable. 

Highest anticipated cost per MW; cost might 
be lower with binary cycle; accessible, but 
poorly defined; probable moderate resource 
temperature; shallow drilling anticipated; 
resource size may be small; long transmission 
distance; not on 11fast-track81 timetable. 

cost 

GrouD 3 A  

Mwananyamala (10) High anticipated cost per kw; accessible, but 
not explored; potentially moderate- 
temperature resource; size may be small; 
drilling may be shallow; no drilling target 
yet identified; moderately long transmission 
distance; not- on llfast-trackll timetable. 

Kapedo/Lorusio (10) High anticipated cost per kW; accessible, but 
probably operationally complex; potentially 
moderate-temperature resource; size may be 
small; drilling may be shallow; no drilling 
target yet identified; long transmission 
distance; not on Ilfast-trackl' timetable. 

Lake Magadi (10) High anticipated cost per kW; accessible and 
well explored; moderate to low-temperature 
resource; may be small in size; drilling 
probably shallow; drilling target easily 
identified; short transmission distance to 
local market; otherwise moderately long 
transmission; possible llfast-tracklt timetable 
for local market.. 

> 

Homa Mountain (10)' Very high anticipated cost per kW; cost m i g h t  
be lower with binary cycle; accessible, but 
operationally may be complex; probable 
moderate- temperature resource; size may be 
small; probable shallow drilling depth; no 
drilling target yet identified; not on "fast- 
track" timetable. 
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4 .  Project Recommendations 

Based in the foregoing, the following recommendations are 
offered, in approximate decreasing order of attractiveness: 

a. Suswa presents an attractive possibility of a large, 
rapidly explored and developable (but deep) resource. 

Eburru offers an opportunity for immediate drilling and 
development of a resource of moderate potential. 

b. 

C. Arus offers an opportunity for immediate drilling into 
a potential resource of moderate potential. 

Menengai presents a less-immediate but potentially 
attractive opportunity for discovery of a moderate to 

d. 

large resource. 

e. Korosi, Paka and Silali probably are large, high- 
temperature resources, requiring costly and time- 
consuming efforts to discover and develop. 

f. 

g= 

No other site is immediately attractive for investment. 

Lake Magadi would become attractive for immediate 
drilling if an adequate local market for electricity 
can be assured. 

c ". 
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Fiaure IV-1. Generalized Geoloaic Map of Kenva. 
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Fiqure IV-2. The East African Rift Svstem. 
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Fisure IV-3. Geolosical Map of the Kenya Rift. 
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Fisure IV-4. Fault Pattern of the Rift Valley. 



Fiaure IV-5. MaD Showina the Distribution of the Main Volcanic 
Associations in Kenva, Eastern Uaanda and Northern Tanzania. 

j [ .  . .  

Map showing che dirtnbutlon of the n m n  volcan~c assuxuons  in Kenva. 
eastern Uganda and n o h e m  Tanzania (Afrcr W n r r r u . .  19694 Fig. I .  D 63 
modified io dislinguish M i o u n e .  P l i o u n e  and O r u t e n v r y  v o k u u u ) .  
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Fiqure IV-7. Major Late Tertiary and Ouaternary Volcanoes. 
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Fiaure IV-8. MaD of Geothermal ProsDects and Roads, Kenya. 



Fisure IV-9. Mat3 of Geothermal Prospects, Power Transmission 
Lines and Power Distribution Lines. 
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Section V. CAPITAL COSTS AND TEC"1CAL CHARACTERISTICS OF 
GEOTHERMAL POWER PLANTS 

A. INTRODUCTION 

The purpose of this section of the report is to estimate 
capital costs and 0 & M costs for the most attractive of the 
prospects identified in Section IV of this report. Descriptions 
are also provided of the basic geothermal power generation options, 
This is followed by a financial analysis of the prospective sites 
and generation technologies in Section VI. 

I 1. Methodology 

Section IV classifiedprospective resources in different ways. 
In Table IV-1 they were classified by level of exploration risk. 
In Table IV-2, resource characteristics were set forth, including 
area, temperature, depth to groundwater, distance to transmission 
line, distance to distribution line and distance to access road. 
Table IV-14 lists the important factors affecting project cost f o r  
fifteen prospects. In Table IV-16, the 15 selected prospects were 
ranked according to cost-per-kilowatt to identify the most likely 
areas of future development. 

These tables are referenced herein and serve as a useful basis 
for our work, These tables are important 
in that they take into account key factors in an evaluation of a 
prospect: namely, size, depth, temperature and location. 

(The Ben Holt Company). 

To build upon this basis we have taken into account the 
following costs: 

* Power plant costs as a function of size and resource 
temperature. 

* Gathering and injection system costs as a function 
of plant size, resource temperature and well 
productivity. 

* Transmission line and access road costs as a 
function of distance to a transmission line or main 
road. 

* Project costs, including siting, financing and 
owner's costs during cmstruction. 

effort has been made to develos both capital and 0 & M 
costs on a consistent basis in order to provide meaningful relative 
values. These costs were then added to exploration and well 
drilling m s t s  developed by others. 



In general, at each prospect 3 plant sizes were investigated. 
For the steam flash prospects, 10 MW, 20 MW or 50 MW plants were 
studied. For the binary cycle prospects, 5 MW, 10 MW and 20 MW 
plants were used. For each case, a well productivity of 3 m/well 
was assumed. This value represents the experience at the Olkaria 
resewoir and assumes that state-of-the-art large diameter drilling 
and completion technologies are able to increase productivities to 
a level comparable to other major resources. For the cases 
involving binary cycle plants, pumped wells were assumed. The 
productivity used was 1500 gpm/well, a value typical for western 
U. S . reservoirs. 

2 .  Results 

Table V - 1  is a detailed summary of the cases studied. There 
were 12 prospects suitable for dual-flash steam plants and three 
prospects suitable for binary plants. These represent the 
prospects shown on Table IV-16. 

Figures V-1 through V-3 present the capital costs for projects 
of 50, 20, and 10 MW respectively as stacked bargraphs. All the 
cases shown in these figures assume well productivities of 3.0 
MW/well. From the figures, it can be seen that, for each plant 
size, the project costs, plant costs and gathering and injection 
system costs are nearly constant from one prospect to the next. 
However, the well costs, exploration costs, transmission line cost 
and access road cost vary from site to site. In the case of 50 and 
20 MW plants, the variation in well coszs has the greatest impact 
on overall cost while for 10 MW plants, the transmission line and 
access road costs are controlling. 

Total costs and/or the cost per kW of a developed power plant 
can be seen to differ slightly from those given in Table IV-16, 
prepared by GeothermEx. These differences rarely exceed 4%, and in 
some cases are less than 1%. They reflect differences in treatment 
given to exploration and drilling costs and in costs of access 
roads, gathering systems and injection systems. The close 
similarity of values derived by different computations is 
encouraging, and suggests that these are useful values For 
development planning purposes. 

Figure V-4 shows the variation of project unit costs with 
plant size. Only dual-flash steam plants are shown. The line on 
the graph represents the average unit cost for each plant size. 
The I1kneef1 of the curve occurs at about 15 MW. Below this poizt, 
unit costs tend to escalate dramatically. 

Binary-cycle plants have been studied for 3 prospects; Lake 
Magadi, Mwananyamala and Kapedo/Lorusio. Binary plants 
by-nature and composed of multiple turbo-generators. 
economically..built in sizes as small as 1 MW. However, 
module size for radial-inflow turbines is a5out 5 M W ,  
MW plant would require 10 modules. This tends to put 
plant at an economic disadvantage in the larger plant 

- 
are modular 
They can be 
the maximum 
and so a 50 
the modular 
sizes. 
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13.581.750 
3,199,000 

30.102.000 
1,050,000 

5.300.000 
O t I  

l d 2  
10093 

11127190 

C f  

2 

Sublecl: Detail Summary B y  

Prospect: slswa Korosl Sllall Paka Eburru Meoengd Lagend Arus cnobonlta 

Cars Drlr 
Plant Slze. MW 
Rosourca Temp., *C 
Well Prod.. MWtwell 
Producllon Wells 
lnjecllon Wells 
Spare Wells 
Dry Wells 
Well Doph. m 
Explorallon Faclw 
RemoL 6 Complex. c , Invrr lmrnt  
Explorallon 

Gah. 6 lnj. Sysl. 
Power Planl 
Trans. Une 
Aaa;sncd 
Proj. Costs 

W Prod. 6 Inj. Wells 

5 0  
300 
3.0 
1 7  
9 
2 
4 

1,700 
0.90 
1.05 

50 
240 
3.0 
17 
9 
2 
4 

1,200 
1.05 
1.15 

5 0  
240 
3.0 
17  
9 
2 
4 

1,250 
I .05 
1.17 

5 0  
240 
3.0 
17  
9 
2 
4 

1,500 
1.05 
1.17 

2 0  
2 8 5  
3.0 

7 
4 
1 
2 

1,600 
0.80 
0.95 

2 0  
240 
3.0 

7 
4 
1 
2 

1.250 
1 .oo 
1 .oo 

2,052,000 2,384,000 2.394.000 2,394,000 11,824.000 2.280.000 
34,980.750 28.853.500 30.31 7.825 35,128,250 14.41 1,500 12.562.500 

5.187.000 5.421.000 5.421.000 5,421.000 2.154.000 . 2.189.000 
46,686,000 47,533,000 47.533.000 47.533.000 28.41 1,000 28.759.000 

2.450.006 8,300.000 7.000.000 7,000,000 910,000 420.000 
0 670.000 1.492.000 2.237.000 0 822.000 

13.250.000 13,250,000 13.250.000 13,250,000 5,300,000 5.300.000 

2 0  2 0  
2 4 0  2 0 0  
3 .0  3 .0  

7 7 
4 4 
1 1 
2 2 

1,750 1,200 
1.05 1 .oo 
1.10 0.90 
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17.916.250 10.974.000 

2.169.000 2,694,000 
28.759.000 29,579,000 

700.000 3.1 50.000 
124,000 249,000 

5.300.000 5.300.000 

2 
1,300 

1.00 
1.05 3: 

2.280.000 I! 

(n 
: Total S104.600.000 $104.800,000 $107.400.000 $1 13,000,000 $53,000,000 $52.100.000 $57.400.000 $54,200,000 $55,500,000 (D 
(S lkW)  ( $2,092/kW ) ( S2.092ntW ) ( 32,1481kW ) ( $2,26O/kW ) ( $2.650/kW ) ( S2.605IkW ) ( S2.87WkW ) ( $2,71O/kW ) ( $2,775/kW ) c1 

(D 
OhM Coma Q 
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Wells Gah. 6 Inj. S y s m  171,000 178.300 176.300 176,300 11 5.800 116,900 116.900 127.800 138.600 1 
Paec Plant 91  0.000 928.000 828.000 926,000 582.000 588,000 602,000 61 2.000 588.000 
Transrnlsslon Une 25.000 63.000 70.000 70.000 9,000 4,000 7.000 32.000 11,000 

( 13.1 1 
Total 52.708.000 $2,765,300 $2,772,300 $2,772,300 $2.006.800 $2,008,900 $2.01 1.900 $2,061,600 $2,061,600 
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Subled: Dotal1 Summary By JRB 

Proapacl: Chopchok Loruk M-nyamala Kapedo/Loruslo Lake Magad1 h a  Mountah 

Car. DaIa 
Plant size, Mw 
Resovrca Temp.. 'C 
Well Prod., MWMell 
Produclion Wells 
Injection Wells 
Spare Wells 
Dry Wells 
Wdl Dopa. m 
Explorellon Factor 
Romol 6 Canplex. 

2 0  
2 0 0  
3 :b 

. 7  
4 

. 1  
2 

1.150 
1.05 
1 .oo 

1 0  
200 
3.0 

4 
2 
1 
2 

1.150 
1.05 
0.05 

10  
165 
3.0 

4 
2 
1 
2 

1,100 
1.05 
1.10 

10  
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3.0 

4 
2 
1 
2 

1,100 
1.05 
1.10 

10 
1 4 0  
1.7 

6 
3 
1 
2 

1.000 
0.85 
0.85 

1 0  
1 6 0  
3.0 

4 
2 
1 
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1.05 

Inverlmanl 
Exploratlon 2,394,000 2.394.000 2,384,000 2,394,000 2,166,000 2.394,OOO 

Gam. h Id. SysL 2.684.000 1,555.000 2.151.000 2.151.000 3.882,OOO 1.753.000 
Power Plan1 28,578,000 20.542.000 16.318.000 16.318.000 23.091,OOO 20.878.000 
Trans. Une 7,000,000 , 5.850.000 4.200.000 6,300.000 1,050,000 4.200.000 

Pro]. Costs 5.300.000 2.650.000 2,650,000 2,650,000 2,650,000 2.650.000 

Prod. 6 Inj. Wells 11.817.500 7,582,875 8,518,500 8.518.500 e.3r2,soo 8.132.250 

kxxasfiami 746.000 0 0 0 0 0 

: Told $59,500,000 $40,700,000 $36,200,000 $36,300,000 $41,300,000 $40.000.000 
(SlkW) ( $2,975ntW ) ( f4.070ntW ) ( $3.620/kW ) ( S3,830/kW ) ( S4.130lkW ) ( $4.M)O/kW ) 

O&M Code 
Well1 1.300.000 1.200.000 1.200.000 1.200.000 1.200.000 1.200.000 
Gam. 6 Inl. S~~~JI-II 127.800 ioe .400  122.300 122,300 158.700 113,700 

Transmlsslon Une 70.000 60.000 42.000 63.000 11,000 42.000 
Power Plan1 602.000 440.000 364.000 364.000 485,000 . 446,000 

Total $2.099.800 $i.e08,400 si.72a.300 s i  ,749,300 $i .~ss.700 si.eo1.700 
(mlllslkW h) ( 13.3 ) ( 22.9 ) ( 21.9 ) ( 22.2 ) ( 23.5 ) ( 22.8 

/H 



Fiqure V-1. CaDital Cost Analvsis, 50 MW Power Plants 
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Fiaure V-2. CaDital Cost Analysis, 20 MW Power Plants 

Capital Cost Analysis 
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Fisure V-3. CaDital Cost Analvsis, 10 MW Power Plants 

Capital Cos t  Analysis 
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Fisure V-4. Plant Cost vs. Plant S i z e  

Plant Cost  vs. Plant Size 
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3. Conceptual Design 

a. Dual Flash Steam Cycle 

Figure V-5 is a process diagram of the dual flash cycle. 
Geothermal fluid flows from the production wells to the high 
pressure separator where the steam and liquid are separated. The 
H.P.separator is located at the production pad adjacent to the 
production wells in order to minimize the length of two-phase 
piping. From there, the steam and brine are conducted to the power 
plant in separate pipelines. The low pressure separator(s) is 
located at the plant. 

Both high and low pressure steam are fed to the dual pressure 
turbine which is a single case machine with either single or double 
flow depending on size. Exhaust steam from the turbine is 
condensed by cooling water in a direct contact condenser. The 
condensate plus cooling water is pumped by the hot well pumps back 
to the cooling tower. 

The liquid from the L.P.separator goes first to the injection 
booster pumps and then by pipeline to the injection pads. 

In order to accommodate the wide variety of reservoir 
conditions occurring at the various prospects included in this 
study, we have examined a number of cases for different plant sizes 
and resource temperatures. figure V-6 is a chart of the 13 power 
plant cases which were examined. 

For the 
lower resource temperatures, lower flash pressures were used as 
appropriate. The L.P.flash pressure was kept above the ambient 
pressure of abou% i1.5 psia. 

The turbine exhaust was maintained at 2 "Hga (101 OF). In a,i 
cases, the combined turbine-generator efficiency was taken to be 
75% which is representative of current state-of-the-art for dual 
pressure geothernal units. 

The cooling tower size was calculated based on a design wet 
bulb temperature cf 57 OF. Th.is  was :he design tenperature for the 
O1karia plants. ?he required size is reported as a "size factoruu 
which compares *?-e subject case with an existing tower nsw in 
operarior. ir. a duL, f l a sh  geo-hermal plant. A size factor of 0 . 2 5  
means that the reqriired cooling twer is one-fourth the size cf crie 
conparison tcwer. It is assumed that the tower will have the ;.me 
height and izrlgation rate (gprc,,'ft2) as the comparison tower, 

F x  each case, the variogs parasitic loads were calccL5 ::ed. 
These ir .clu2:e the puxping loads ~f the hot well, brine booste; .:.rid 
injecticn P'-~TJ-C)S~ t.;= co0';ir.g tcwer fan load, transformer losses  2nd 

The maximum H,P.flash pressure allowed was 100 psia. 

v - 9  I 
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Fiaure V-6. Dual Flash'Steam Cvcle Cases 

10 MW 20 MW 
Temperature ' 

Dual Flash Steam C y c l e  C a s e s  

50 MW 

180 "C 

I 300 "C 

I 

X X 

I I 
I 205 "C I x I x I x  
I 240 "C I x I x I x  
I 200 "C l x l x l  
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miscellaneous loads such as lighting, instrument air and W A C  
loads. 

A typical example of the output of a steam cycle calculation 
is given in Figure V-7. 

b. Binary Cycle 

Figure V-8 is a process diagram of the binary cycle. 
Geothermal fluid is pumped by a line shaft pump from the production 
well to the power plant. There it passes through the 
brine/hydrocarbon heat exchanger and to the injection booster pump 
from which it is pumped to the injection well. The geothermal 
fluid remains in the liquid phase through the entire cycle. 

The hydrocarbon working fluid (in this case isobutane) is 
pumped through the brine/hydrocarbon exchanger where it is 
vaporized at high pressure. The vapors are then sent to a radial 
inflow expander. The exhaust vapor leaves the expander at low 
pressure and enters the shell-and-tube condenser. Cooling water 
from the cooling tower is used to return the hydrocarbon vapors to 
the liquid phase before they pass to the accumulator which feeds 
the circulating pump completing the cycle. The binary cycle is a 
completely closed loop for both the geothermal fluid and the 
working fluid and is particularly suitable in environmentally 
sensitive areas. 

Two binary cycle cases were examined. At each of two resource 
temperatures, 165 OC and 140 OC, a power plant of 10 MW was 
evaluated. 

The radial inflow expander was selected for this study based 
on its successful application in several existing plants. An 
expander efficiency of 79% was used based on the actual performance 
of existing units. Due to manufacturing limitations, expander size 
is limited to a maximum of about 5 MW (gross). Therefore, the 
power plants consist of multiple units. Although there is a 
reduction in the economy of scale, the plants are more reliable 
since the loss of any one expander will result in only a partial 
loss of output from the plant. 

The cooling tower for the plant was designed in the same way 
and with the same assumptions as given above for the steam plant. 
Binary plants have larger auxiliary loads than steam plants. The 
largest load is the hydrocarbon circulating pump. The next largest 
are the well pumps. Other loads include the cooling tower, cooling 
water pumps, injection booster pumps, transformer losses and 
miscellaneous loads as described above for the steam plant. 

A typical example of the output of a binary cycle calculation 
is given in Figure V-9. 

v - 1 2  



Fiaure V-7. Dual Flash Steam Cvcle 

Sheet No. 1 
JobNo. 10093)  

Date 1 1  129190 
Subject: Dual Flash Steam Cycle Design JRB 

Suswa 
(Design) 

H.P. flash: 

H.P. Steam: 

L.P. Flash: 

LP. Steam: 

Condenser: 

T u r b i n e :  
H.P. Section: 

LP. Section: 

Parasitic Loads: 

Hotwell Pumps 
Cbsed Loop C.W. Pumps 

Inj. Booster Pumps 
Brine Booster Purnps 

Cooling Tower 
Transformer Losses 

Misc. 

Total 

hb- 578.30 b t u / #  (Tbh- 5 7 2  O F )  
(Tbh- 3 0 0  "C) 

X h p  0.3148 W b =  2 , 5 0 0 , 3 1 9 # / h r  
Xlp= 0.1196 WI= 1,704,532 # / h  r 

783,285 #lhr C3 3 2 8  OF ( 100.00 psia) 
hv= 1187.2 b I u / #  S V ~  1.6027 btU/#-"R 
h l -  298.51 b t u / #  Pipeline APP 10.0 psi  

783,285 #lhr 
h V =  1 

203,838 #/hr 
hv= 1 

@ 3 2 0  O F  ( 90.00 psia) 
85.3 b I u / #  SV= 1.61 13 b t ~ / # - " R  

43 2 1 4  O F  ( 15.43 psia) 
51.4 b t u l #  SV-  1.7528 b t u l # - " R  

hl -  182.67 b t u / #  Pipeline APO 1 .O psi  

( 14.43 psia) 203,838 #/hi CO 2 1 1  "F 
hV= 1150.1 btUI# SV-  1 .7582 b t u l # - " R  

Pa 2.0 'Hg T- 1 0 1  "F 
hV= 1105.6 b t u / #  Sv= 1.9796 b t u l # - " R  

69.1 4 b t u / #  SI= 0.1316 b tu /# - 'R  h l=  

x&= 
AHa& 

x& 
AHa& 

Eff.= 

Total R q . =  
Actual= 
Actual- 

0.8007 
286.29 b t u l l  => 60,47 9 kW (adiabatic) 
0.8802 
168.74 btul# => 10,081 kW (adiabatic) 
75.00% Total= 70,5 6 0 kW (adiabatic) 

7 0 ,5 6 0 kW (adiabatic) 
52,920 kW (gross) 
50,000 kW (net) 

NCG Removd: 

1 1 6 9  kW 
1 0 1  kW 
3 7 2  k W  

3 8 k W  
7 9 1  k W  
2 6 5  kW 
1 8 5  kW 

2 9 2 0  KW 

NCGContent- 0.50% 
Wncg- 1 2 , 5 0 2 X I h r  

62.508 t I h r 
33.778 XI  h r 

Ejector Steam- 
Atm. Lent- 

Brine Injection: 
Spent Brine- 1,500,694 t l  h r 

Total= 1.506.179 0 I h r 
C.T. B l ~ w d ~ ~ n -  5,485 X I  h . 
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Fiaure V-7. Dual Flash Steam Cycle (continued) 

Sheet No. 2 
JobNo. 10093 

Design JRB 
Date 1 1  129190 

Subject: Dual Flash Steam Cycle 

Coollng Tower: 
Altitude = 

Atm. Pressure = 

Twb - 
C.T. Approach - 

C.T. Range = 

TC = 
HC = 

Th = 
Hh = 

Hin = 
Hout = 

Ah = 
AH = 

w c  * 
Wh = 

KaV/L = 
UG = 

G =  
G basis = 

I 
! Size Factor 

C.T. Makeup 
( 

6,560 R ( 2,000 m) 
11.52 psia 

57.0 "F 
13.0 "F 
26.1 "F 

70 "F 
38.05 b t u l #  

96.1 4204 "F 
64.15 b t u / #  

920.32 MMbtuIhr 
62.47 MMbtuIhr 

857.84 MMbtulhr 
26.10 b t u l #  

32.873 M # / h r  
34,825 M # l h r  

2.42 

Condenser Approach = 3.0 OF 

TV = 73.0 "F 
P v =  0.40 psia 

P1 = 2.23 psia 
P2 = 5.07 psia 

y = 0.0792 
WV = 440 # / h r  

T, "F hw ha 1 I A h  
70.0 24.52 

0.95 72.7 36.52 
80.6 44.40 

29,976 M # / h r  93.5 61.04 
96.1 65.24 

T air out = 
0 # / h i  PS = 

0.0 gpm) Y -  
w v  = 

Blowdown = 

36,631 M # / h r  85.5 50.1 1 

1 . 2 2 2 0  

27.07 0.1058 
34.61 0.1022 
39.27 0.0923 
46.82 0.0703 
49.37 

84.95 "F 
.0.59 psia 

0.040479 
960,362 # I  h r 

5,485 # I  h r 
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Fisure V-9. Binary Cycle 

Sheet No. 1 
JobNo. 10093 

Date 1011 1/90 

W b r =  2,326,l 1 1  # I  h r Density = 56.43 #If13 
Sp. Gr. = 0.905 

Whc= 1,957,745 # /  h r 

Tu r b I ne: 
A h - g e n ~  25.361 0 b t u / #  

Actual= 1 4,55 1 kW (gross) 

Actual= 10,000 kW (net) 

i 

i 
I 
I Parasitic Loads: 

C.W. Circ. Pumps 
H.C. Circ. Pumps 

Inj. Booster Pumps 
Well Pumps 

Cooling Tower 
Transformer Losses 

Misc. 

532 kW 
1956 kW 
591 kW 
899 kW 
315  kW 
73 kW 

185 kW 

1 Total 4551 kW 

Brine Injection: 

Spent Brine= 2,326,l 1 1  # /  h r 
6 9,13 7 # / h r 

Total= 2,395,248 # I  h r 
C.T. Blowdown= 

Well Pumps: 

Brine V.P. = 1 0 1.65 psia 
Lift = 365 f t  

TDH = 698 f t  
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Fiaure V-9. Binarv Cvcle (continued) 

Sheet No. 2 
JobNo. 10093 

Date 1011 1190 
Subject: Binary Cycle Design JRB 

Cooling Tower: 
Altitude = 

Atrn. Pressure - 
Twb = 

C.T. Approach = 
C.T. Range = 

I 

TC = I HC = 

I 

I 
I I Th = 

Hh = 

Condenser Duty = 

Ah = 
AH = 

-Wh = 

I 
\ 

\ 
( 

KaVIL = 
U G  = 

G =  
G basis = 

Size Factor = 

C.T. Makeup 
( 

6,560 f l  ( 2,000 m) 
11.52 psia 

57.0 O F  Condenser Approach = 10.0 O F  
13.0 O F  
19.7 O F  

70 O F  Density = 62.29 # I f 1 3  
30.05 b t u l #  Sp. Gr. = 0.999 

89.7 "F Density = 62.11 # I f 1 3  
57.71 b t u / #  Sp. Gr. = 0.996 

159.09 b t u l # - h C  

31 1.44 MMbtuIhr 
19.66 b t u l t  

15,841 M # / h r  
31,799 gpm) 

2.24 
1.09 

14,595 M # / h r  
29,976 M # / h r  

0 . 4 8 6 9  

414,824 # / h r  
830.1 gpm) 

T, OF hw ha 11Ah 
70.0 24.52 

35.92 26.71 0.1086 72.0 
41.66 33.20 0.1182 78 .O 

81.7 45.63 37.21 0.1187 
43.70 0.1086 87.7 52.90 

89.7 55.53 45.89 

T air out = 81.92 "F 
Ps = 0.54 psia 

y a 0.036714 
Wv = 

Slowdown = 
345,687 # I  h r 
6 9,13 7 r I h r 

v - 17 



c. Gathering and Injection System 

The gathering system consists of the piping and equipment 
necessdry to transport the geothermal fluid from the production 
wells to the power plant. The injection system serves the same 
function between the plant and the injection wells. 

For the purposes of this study, it is assumed that each 
reservoir is capable of supporting a production rate of 5 MW per 
40 acres and that the wells are spaced accordingly. Furthermore, 
it is assumed that the productive region is distributed along a 
fault system and that, therefore, the production field is long and 
narrow. The power plant will be sited at the approximate center 
of the production field in order to minimize the gathering piping. 
Each production pad will support three producing wells. 

The H.P. separators are located at the production pads. The 
maximum capacity of a H.P.separator is 10 MW. Therefore, for wells 
of 5 MW/well productivity there will be three separators per pad 
and for the other cases only one separator which will be shared by 
all three wells. Both the H.P.steam and the flashed brine will be 
sent to the plant in insulated pipelines. At the plant, the brine 
will be flashed again in the L.P.separators. The liquid from this 
flash will be sent to the injection wells. 

It is assumed that there will be one injection well for every 
two production wells. These will be located in an injection field 
which will also follow the structure but be displaced laterally 
fromthe production field. The displacement ranges from about 1500 
feet to 2500 ft depending on the productivity of the production 
wells. 

The steam lines were sized to minimize the pressure drop from 
the separators to the plant. In general, a maximum pressure drop 
of 10 psi was allowed. The steam lines are between 10 and 30 
inches in diameter. The liquid lines for both the flashed brine 
and the injected brine were sized for a maximum liquid velocity of 
8 fps. They range from 6 to 2 0  inches in diameter. The insulation 
thickness was 2.5 inches for gathering lines and 1 inch for the 
injection lines. 

In addition to the pipelines, it was assumed that the well pad 
access roads as well as the electric power lines and instrument air 
lines would follow the pipeline routes. 

Figure V-10 gives a typical example of the gathering and 
injection system design f o r  each case. It also includes the cost 
of the pipelines, roads, etc. The cost of the separators and 
associated equipment is included elsewhere. 
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Fisure V-10. Gatherina & Injection Svstem Desisn - Suswa 50 MW 
Shee(No. 1 

h b  No. 10093 
Date 11121190 

Deslon JRB Subject: 
b e  D l d  Plant Size 5 0  W 
Well Productivity 3 MW/wall Res. Temp. 300 ‘C 
Produdon Wells 1 7  wells Sieam Flow 783.285 l b l h r  
Injection Wells 8 wells Brine Flow 1.704.532 Ib lh r  
Well Pad Separation 19 1 0 f t In]. Flow 1.506.179 lblhr 
Unit length 2390 f t Allow. AP 1 0  psia 
No. of Tiers 3 Production NO. of Tiers 1 Injection 

Gatherlng Sy8t.m 

Gatfi8dnq d, InJecdon System Desion - Suswa 50 MW 

Steam: Wells1 Flow Une Length Actual Allow. Pipe 
Tier Wells Branches Branch Ib/hr t i  AP, Dsia AP, psie Slze, In. V ,  tps 

0 3 1 3 138.227 625 8.53 10.00 1 2  207.8 
1 6 
2 6 
3 2 
4 0 

Brine:  

0 3 
1 6 
2 6 
3 2 
4 0 

Tier 

2 8 
2 5 
1 2 
1 0 

1 3 

2 5 
1 2 
I 0 

2 a 

368.605 2390 
230.378 2390 

92.151 2390 

Total AP- 
0 

300,800 625 
802.133 2390 
501,333 2390 
200.533 2390 

0 -  
Total AP- 

2.71 3.33 3 0  98.9 
3.33 3.33 2 4  96.2 
4.58 3.33 1 6  87.9 

10.63 10.00 

6.30 
11.17 
14.62 
10.84 

36.63 

supp‘t supp’t Pipeline Road. Elect. 
spc’g L C d  Cost i Innr. Cost Total Cost 

Tier 1 1  Ib S l t t  $ I t 1  f 
0 2 0  1.331 131.16 33.4s 103,000 

6 
1 0  
8 
6 

8.0 
8.0 
8 .0  

8.0 
8.0 

~ 

1 2 0  4,481 200.35 33.45 1,118,000 
2 2 0  2,845 173.27 33.45 494.000 
3 - 2 0  1.723 141.02 33.45 41 7,000 
4 

Injection System 
T o t a l s  $2,132,000 

Wells peNells pe Brine Une Length Pipe Allow. 
Tier Wells Branch Branch Ib/hr f t  AP, Dsia Size. in. V, b s  

0 3 1 3 1.506.1 79 2390 9.43 1 4  8.0 
1 5 2 3 564.81 7 2390 17.72 
2 0 1 0 0 
3 0 1 0 0 
4 0 1 0 0 

ToIal AP-‘ 27.1 6 

supp‘t I supp’t Pipeline Road. Elect. 
spc’g Load Cost 6 Instr. Cost Total Cost 

Tier f t  Ib Sift S l t t  5 
0 2 0  2.124 101.98 33.45 324,000 
1 2 0  903 
2 
3 
4 

89.1 0 33.45 586,000 

8 8.0 
8.0 
8.0 
8.0 

Tota l=  $910,000 

Grand Total= 53,042,000 
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4. Capital Cost Estimate 

a. Well Costs 

For this study, we assumed that the unit' drilling costs at 
each site were equivalent. Therefore, the only variable which 
affects the well cost is well depth. This was estimated for each 
prospect by others and reported in Table IV-14 of the Geothermex 
Report. The well cost is based on an estimated U . S .  drilling cost 
of $650 per meter for exploration wells and $500 per meter for 
development wells. Well depths vary from 1,000 to 1,750 m with 
well costs ranging between $500,000 to $1,137,500 per well. 

The number of production wells is determined by the plant size 
and the well productivity. The number of wells per case varies 
from 4 to 17. The number of injection wells is half the number of 
production wells.In addition, spare wells are provided and an 
allowance is made for dry holes. 

b. Gathering and Injection System Costs 

The cost of the gathering and injection pipelines was given 
in Figure V-10. The installed cost of the separators and 
associated equipment was based on the actual cost of similar 
equipment recently installed in the U . S .  For each case, the number 
and size of separators was calculated. Based on recent experience, 
the installed cost of the facility was estimated to be about 4 . 5  
times the cost of the major equipment. 

c. Power Plant 

The capital cost of the power plant was based on the estimated 
cost of the major equipment. This included the turbine and 
generator, cooling tower, condenser, hotwell pumps, injection 
booster pumps, noncondensible gas removal system, L.P.separators, 
fire protection and other miscellaneous items. For each of the 
sixteen steam plant cases, the equipment was sized and priced based 
on equipment costs of recent geothermal construction projects. The 
same was done for the four binary cycle cases. 

The direct construction costs such as concrete, piping, 
electrical, field supervision, etc., were also based on recent 
projects. Included were the cost of a construction camp and start- 
up costs. No sales tax was included and a contractor's profit and 
contingency of 15% was used. This resulted in the cost to build 
the plant in the U . S .  at a remote location. Figures V-11 and V-12 
give exanples of the cost estimates for a dual flash steam case and 
a binary cycle case. 

An additional 15% was added to the U . S .  price to account for 
the extra costs associated with overseas construction such as ocean 
freight and additional home office costs. 
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Fisure V-11. Estimate Summarv Sheet, Kenva 

W.STC+&R Nalional Geothermal Association 

LOCATKN Kenya 

A c c o U N l  Materials Subcontract 
1200 Pressure Vessels 171,900 6,387 
1300 Heat Exchangers 2,265,500 0 
1500 Pumps 1,448.1 00 7,388 
1700 Cooling Towers 2.1 69,300 
1800 Compressors 48,000 2,107 
1900 Tanks 29,000 1,289 
2800 Turbine - Generator 9,356,000 0 
2800 NCG Removal Equip. 679.600 0 
2800 Gantry Crane 251,000 
2800 Diesel Generator 0 0 
2800 Misc. 145,000 122,299 

TOTAL MAJOR EQUIPMENT 14.143.1 00 2,559,770 
3 1 0 0 Concrete 1,038,090 - 408,968 

E S T I M A T E  S U M M A R Y  S H E E T  

JOB No. 10093 

PLANT Suswa 50 MW 

DATE 11129f90 
Labor TOTAL 

2,050 180,337 
0 2.265.500 

8,727 1,464.21 5 
0 2.1 69.300 

1,269 51,376 
31 1 30,600 

278,735 9,634,735 
0 679,600 

251,000 0 
0 0 

41.71 0 309.009 

332.803 17,035.673 
581.572 I 2.028.629 

I 

Pipe, Valves 8 Fittings 
Structural Steel 
Instruments 
Painting 
Electrical 
Insulation 
Paving, Roads, Fences 

U/G Pioe. Valves 8 Fitrinas 
Buildings 

1,510,074 
562.805 
496,828 

0 
1,478,935 

0 
28.943 

0 
139.192 

3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4200 - 
TOTAL CONSTR. ITEMS 

Other Fleld Costs (p. 2) 

Indirect Fleld Costs (p. 2) 

TOTAL FIELD COSTS 

8200 Home Office Services 

5,254,867 1.968.61 1 916,287 8.1 39.766 

2.212.480 890.520 362.824 3.465.824 

280.893 2.336.504 1,022.006 3.639.404 

7.755.405 2.633.921 32.280.666 21.891.340 

I 3.005.587 

92,433 

8.508 
176.207 
449,886 
241,561 

8.055 
582.993 

192,506 
73,804 
42.31 6 

0 
0 
0 

15.861 
0 

10.150 

1,795,012 
636,689 
547,652 
176.237 

1.928.62: 
241.56'; 
52.859 

582.993 
1 4 0 . 3 4 2  

Fee 8 ,Contingency 1 s.c0% 5.292.938 

TOTAL SELLING PRICE $40,578,191 
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Fisure V-11. Estimate Summarv Sheet, Kenva (continued) 

0 
0 
0 
0 
0 

S U M M A R Y  - F I E L D  C O S T S  

0 
0 
0 
0 
0 

cUSTCbl3 National Geothermal Association 

LOCATKXJ Kenya 

$280,893 

ACCOUNT 

6000 OceanlAir Freight 
61 00 Spare Parts 
6200 Catalyst 8 Chemicals 
6300 Site Preparation 8 Grading 
6400 Dismantling 8 Demolition 
6600 Geotechnical Reports 

52.336,504 

71 00 Temporary Construction 
7200 Offsite Storage 
7300 Unallocable Labor - Craft 
7600 Supervision - Craft 
8300 Equipment Rentals 

TOTAL OTHER FIELD COSTS 

7400 Start-up Services 
7500 Union Welfare Benefits 

81 00 Field Staff 8 Office 
8400 Small Tools 
8500 Consumable Supplies 
8600 Subsistence 8 Lodgings 
8700 Field Transportation 

9200 Permits, Fees 8 Licenses 
9300 Insurance, Payroll Taxes 
9400 Royalties 
9700 Duties, Customs, Etc. 
9900 Outside Engineering 

TOTAL INDIRECT FIELD COSTS 

Materials 1 Subcontract 

I 
0 

2,132,532 
0 
0 
0 
0 

74,410 
0 

3,021 
0 

2.517 

0 
0 
0 
0 
0 
0 

250,093 
0 
0 
0 

640.427 

0 
0 

0 
75,160 

205,733 
0 
0 

1,059.759 
0 

55,379 
0 
0 

1,221,366 
0 

~ ~~ 

JOB No. 10093 

PLANT Suswa 50 MW 

DATE 
Labor 

0 
0 
0 
0 
0 
0 

63,745 
0 

93,964 
1 1  0,739 
94.377 

5362.824 

0 
0 

684,086 
0 
0 
0 
0 

0 
337.921 

0 
0 
0 

51,022,006 

I 

1/29/90 
TOTAL 

0 
2.132.532 

0 
0 
0 
0 

380,247 
0 

96.984 
1 1  0,739 
737,321 

53.465.824 

1,059,759 
0 

739,465 
75.1 60 

205,733 
1,221,366 

0 

0 
337.921 

0 
0 
0 

f3 639.404 

Page 2 of 2 
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Fisure V-12. Estimate Summary Sheet, Mwananvamala, Kenya 

~~ 

398.888 

305,769 

0 

1,603.719 

E S T I M A T E  S U M M A R Y  S H E E T  

10093  x ) B  No. 

728.224 

88 .41  5 

1.069.826 

1.950.943 

CUSTChER National Geothermal Association I PLANT 10 MW Binary Cycle 

Other Fleld Costs (p. 2) 

lndlrect Fleld Costs (p. 2) 

~~ 

LOCATIO4 Mwananvarnala. Kenya 
DATE 

Subcontract Labor 
4.345 

31.773 

140,195 

AccoUNT 
1 2 0 0  Pressure Vessels 
1 3 0 0  Heat Exchangers 
1500  Pumps 
1700  Cooling Towers 
1800  Compressors 
1900  Tanks 
2800  Turbine - Generator 
2800  Exhaust Silencer 

TOTAL FIELD COSTS 

Materials 
106,400 

1.560.400 
240,400 

7.178.143 

182.1 00 
93.900 

2,670,300 
49,500 

TOTAL MAJOR EOUIPMENT 
3 1 00 Concrete 
3 2 0 0  Pipe, Valves & Fittings 
3 3 0 0  Structural Steel 
3 4 0 0  Instruments 
3 5 0 0  Painting 
3 6 0 0  Electrical 
3700  Insulation 
3 8 0 0  Paving, Roads, Fences 
3 9 0 0  Buildings 

4.919.000 
298,704 
701,142 

87.607 
325,348 

671,453 

2 .840  

I 
TOTAL CONSTR. ITEMS 2,087,174 

064 ,400  

34,662 

33 ,647  
3 ,663  

0 
2.850 
4.376 

13,690 
1.900 

899.062 

- 
27.513 

53.251 
17 ,750  
66.245 
57,272 

136.856 

64.478 
219,623 
260,953 

40.01 7 
36.222 

157.672 

13,739 

SUE-TOTAL 

9 5 0 0  Sales Tax on Material 0.00% 

Fee & Contingency 15.00°/o 

TOTAL SELLING PRICE 

012 1 / 9 0  
TOTAL 

1 1  0,745 
1,602.047 

244,063 
864.400 
184,950 

98.276 
2,726,660 

51,400 

~ 

5 .882.540 
510,327 
962,095 
155.21 7 
361,569 

53.251 
846.875 

66.245 
173.851 
136.856 

3.21 4.286 

425.957 

1.210.021 

10,732.804 

1.605.349 

12.338.:  54 

0 

1,850,723 

f i 4 , I  00,077 

Paoe 1 of 2 
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Fiaure V-12. Estimate Summary Sheet, Mwananvamala. Kenva 
jcont h u e d  1 

Labor 

S U M M A R Y  - F I E L D  C O S T S  

TOTAL 

WSTC4,€R National Geothermal Association 

LOCATION Mwananyamala, Kenya 

ACCOUNT 

6000 Ocean/Air Freight 
61 00 Spare Parts 
6200  Catalyst 8 Chemicals 
6300 Site Preparation 8 Grading 
6400  Dismantling 8 Demolition 
6600 Geotechnical Reports 

71 00 Temporary Construction 
7200  Offsite Storage 
7300  Unallocable Labor - Craft 
7600  Supervision - Craft 
8300  Equipment Rentals 

TOTAL OTHER FIELD COSTS 

7400  
7500  

81 00 
8400  
8 5 0 0  
8 6 0 0  
8700  

9200 
9 3 0 0  
9400 
9700  
9900  

Start-up Services 
Union Welfare Benefits 

Field Staff 8 Office 
Small Tools 
Consumable Suppiies 
Subsistence 8 Lodgings 
Field Transportation 

Permits, Fees 8 Licenses 
Insurance, Payroll Taxes 
Royalties 
Duties, Customs, Etc. 
Outside Engineering 

TOTAL INDIRECT FIELD COSTS 

Materials 

20,768 

2,130 

8 ,875  

$31,773 

52.573 
87.622 

$140,195 

Subcontract 

97,272 

45 ,796  

162.700 

$305.769 

$0 

x)B No. 10093 

PLANT 10 MW Binary Cycle 

I 0 

31,933 

56 .482  

0 
0 

97,272 
0 
0 I 

66.564 
0 

34,063 
0 

228,058 

$88.415 I 5425,957 

396 ,722  

40.1  1 6  
499.859 

133,128 

0 
0 

396,722 
52,573 
87.622 

0 
0 

4 0 . 1  1 6  
4 9 9,8 5 9 

0 
0 

133,128 

$1,069.826 I 51.210:021 

P a m  2 of 2 
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8 .  Transmission Line 

The transmission line from the plant to the transmission grid 
operates at 2 3 2  kV. It is a cross country line supported by wooden 
H-frames. It is assumed that the transmission line corridor can 
take the most direct route between the power plant site and the 
closest approach of the nearest transmission line. 

Based on U . S .  costs, the transmission line is estimated to 
cost about $70,000 per kilometer. 

e. Access Road 

For sites not currently served by an access road suitable for 
heavy equipment and construction traffic, the cost of an access 
road was included in the project capital cost estimate. The road 
is a heavy duty graded gravel road twenty feet wide. It includes 
drainage and culverts. No provision has been made for bridges, 
tunnels or extraordinary excavation or blasting. 

The cost of this road is estimated to be about $125,000 per 
kilometer. 

f. Project Costs - 
We have also estimated the amount of various intangible 

project costs. We have included $65 per kW for siting and 
licensing as well as $100 per kW each for financing costs and 
owner's costs during constructior. 

5 .  0 & M Cost Estimate 

a. Well Costs 

The two main areas of operating and maintenance costs 
associated with the production and injection wells are well 
replacements and rework. It is assumed that over the life of the 
project, additional production and injection wells will be required 
either to replace damaged wells or t.0 compensate for declining 
productivity. 

In addition to well replacement, each well will require 
periodic, rework, cleaning, logging, etc. An amount of $100,000 
per year is provided for each well for this purpose. Overhead, 
warehousing and miscellaneous expenses add_ another $550,000 per 
year. The total wellfield O&M cost varies between $1,2OO,OCO and 
$1,600,000 depending on project size. 
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b. Gathering and Injection System 

There will be three operators required for the gathering and 
injection system for a total of 12 hires. Based on a local labor 
rate of 8,000 KS/mo., the annual cost is $70,000 including overhead 
and benefits. 

Maintenance costs include labor, materials and consumable 
supplies. The annual cost of labor and materials is equal to 1.6% 
of the facility capital cost. In addition, 0.2% is provided for 
supplies. 

c. Power Plant 

There will be three operating positions required for the power 
plant for a total of twelve hires. As stated above, the annual 
cost will be $70,000. 

Annual maintenance costs are 1.6% of capital investment for 
labor and materials and 0.2% for supplies. 

d. Transmission Line 

The allowance for the annual cost of O&M for the transmission 
line is 1.0% of the installed cost. 

6. Project Cost Summary 

For each case, a project cost summary was prepared. Figure 
V-13 is an example of the summary. Each summary contains the 
details of the capital and O&M cost estimates including the 
calculation of well, transmission line, access road and project 
capital costs and the calculation of the O&M costs. 
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Fisure V-13. Geothermal Proiect Cost Summary, Kenya 

G E O T H E R M A L  P R O J E C T  C O S T  S U M M A R Y  

Job No. 10093 
XsroMER National Geothermal Association 
JUNT Private Power Project Date 1 1 / 2 7 / 9 0  JXATION Kenya page 1 01 2 

CASE: S u s w a  

COST RECAP 

Exploration 
Prod. 8 Inj. Wells 
Gathering 8 Inj. System 
Power Plant 
Transmission Line 
Site Access Road 
Project Costs 

Total 

Project Life 
Plant Size 
Resource Temp. 
Well Productivity 

Investment 
2.052.000 

34,980,750 
5.1 97.000 

46,666,000 
2,450,000 

0 
13.250.000 

2 5  years 
5 0  MW 

3.0 MW/wel l  
3 0 0  ‘C 

Annual OBM Cost 

1,600,000 
171,000 
910.000 

25.000 

- 
$1 04,600.000 $2,706.000 
( 52.0921kW ( 6.9 millskwh ) 

EXPLORATION COSTS 

Base Exploration Cost 
Exploration Factor 

Exploration Cost 

WELL COSTS 

Well Depth 
Incr. Well Cost: 

First 3 wells 
Remaining wells 

Number of Wells 

Drilling Cost 

Non-dri;ling Cost 

Total Wellfield Cost 

Total OBM Cost 

$2.280,000 
0.90 

$2.052.000 

1700  m 5,600 1 t 

$650 I m . $198 Ill 
$500 / m  $152 / f t  

1 7  Prod. 9 Inj. 
2 Spare 4 Dry 

527,965,000 

$5.350.000 

$1 , I  05.000/wel l  
$850.000/wel l  

$34,980,750 (Remote 8 Compl. = 1.05 1 

$1,600.000 
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Ficrure V-13. Geothermal Project Cost Summarv, Kenya (continued) 

Job No. 10093 
Dale 1 1 /27/90 
page 2 of 2 

afsroMER National Geothermal Association 
PLANT Private Power Project 
L O C A M  Kenya 

CASE: Suswa 

GATHERING & INJECTION SYSTEM COSTS Initial Cost Increase 
Annual 

Investment Cost $5.1 97.000 $8,000 

Operating Labor 
3 

8,000 KS/mo. 
$70.000 

No. of Positions 
Labor Rate 
Annual Cost 

Maintenance 
Labor 8 Mal'l 
Supplies 

$83,000 ( 1.6%) $1 30 
$10,000 ( 0.2%) $20 

Annual OBM Cost $1 71,000 $1 50 

POWER PLANT COSTS 
Investment Cost $46,666,000 

Operating Labor 
No. of Positions 
Labor Rate 
Annual Cost 

3 
8,000 KS/mo. 

$70,000 
Maintenance 

Labor 8 Mat'l 
Supplies 

$747,000 ( 1.6%) 
$93.000 ( 0.2%) 

Annual 08M cost $910.000 

TRANSMISSION LINE COSTS 
TIL Length 
Unit Cost 

3 5  km 
$70.000 $/km $112.700 $/mi .  

Total Investment 

Annual 08M 

SITE ACCESS ROAD COSTS 
Road Length 
una Cost 

Total Investment 

$2,450,000 

$25.000 ( 1.0%) 

0 km 
$124,300 $ /km $200.000 $/mi. 

SO 

PROJECT COSTS c 

($65 /kW) 
($100 /kW) 
($100 IkW) 

Siting & Licensing 
Financing Costs 
Ownefs costs 

3,250,000 
5,000,000 
5,000,000 

Total Project Costs $13,250,000 
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A. INTRODUCTION 

Several developing countries with shortages of electric power 
have enacted or are considering enacting legislation permitting 
private financing, ownership and operation of discreet electric 
power generating facilities. These countries, which include the 
Philippines, the Dominican Republic, Pakistan, and India, are 
seeking to supplement the publicly financed expansion of their 
electric power systems through private participation. By doing S O ,  

they hope to attract new sources of capital that are not 
traditionally available to the power sector, and increase the 
efficiency of the sector by introducing competition. 

Each cocntry has followed a different although somewhat 
similar, legal and institutional approach to inviting privaze 
sector participation. Generally, the first step is to enact an 
enabling law or executive decree permitting private entry into tne 
power sector. Tkis efther includes, or is followed by, a detailed 

and procedural framework for soliciting, evaluating and 
implementing private power projects. In some countries the 
implementation regulations cite any incentives that the government In 
is willing to provide to prospective project developers. 
others, incentives are determined during negotiation of the power 
purchase and implementation agreements. Purchase prices for electric power generated by the private sector are then 
established, and power purchase agreements are developed. 

The purpose of this section is to briefly review the approach 
to private power taken by the Philippines, Pakistan, and the 
Dominican Republic. This section is not intended to provide a 
detailed analysis of the institutional, legal and financial structure that has been established to promote private power in 
each of these countries. it is intended to provide an overview of the approaches taken by each country. 

set of implementetion regulations that: defines the institutional 

Rather, 

1. Phillipines 

a. Electric Power System Overview 

The Wational Power Corporation, the government-owned national 
utility, kas an installec: generating zapacity of 5,788 MWS. The generating system is composed of 2,124 MWs of hydroelectric 
capacity, 8 9 4  MWs of geothermal capacity, 2,239 pllws of oil-fired 
steam turbine capacity, 126 MWs of diesel capacity, and 4 0 5  m s  of 
coal-fired capacity. 
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During the ten year period 1989-1999, according to the.World 
Bank, the Philippines will add 3,679 MWs of new capacity. The 
corresponding investment requirement for the new capacity, and 
transmission and distribution capacity additions is estimated to 
be $7.5 billion. The World Bank estimates that only 28 percent of 
this investment requirement will be sourced domestically. 

Although growth in demand for electricity has fallen from 9.4 
percent in 1987 to 7.9 percent in 1989, demand is still outpacing 
the ability of NPC to construct new power plants. Moreover, recent 
droughts have reduced the reserve margin of the hydroelectric 
dependent utility. This situation has been compounded by frequent 
outages of thermal power plants. The result has been severe power 
shortages and increasingly frequent blackouts in Luzon. 

Anecdotal evidence suggests the cost of scheduled and 
unscheduled load shedding in the Philippines is high. Under a 
system devised in 1982, over 1,500 industrial plants, representing 
nearly 75 percent of Manila's industrial output shut down once a 
week to conserve energy. In early 1990, 365 of the largest 
commercial buildings in Manila temporarily established four day 
work weeks in hopes of receiving uninterrupted power during 
operating hours. Industry in the Philippines is estimated to lose 
$1.1 million dollars daily due to a lack of reliable electric 
power. 

b. Private Power Legislation 

Concerned with the negative economic effects of the power 
shortages, the Government of Corazon Aquino enacted Executive Order 
No. 215 in 1987 to allow the private sector to invest in electric 
power generating facilities. Among the provisions of its preamble, 
E.O. No. 215 recognizes that electric power generation is not a 
national monopoly, and further recognizes private participation in 
the energy sector as a means of increasing the nation's generating 
capacity without requiring financial assistance or guarantees from 
the government. 

The Executive Order establishes the types of energy facilities 
that the private sector may own and operate. These include 
cogeneration units, electric generating plants intending to sell 
all or part of its production to the national grid, and plants 
located outside the national grid system that may sell power 
directly to end users. 

Most importantly, to simplify and expedite the process of 
private power project development, the Executive Order required the 
National Power Corporation to develop a set of standard rules and 
regulations that define the responsibilities of the National Power 
Corporation and the project developer in all stages of project 
development. These regulations were made a condition precedent for 
enacting in full, the Executive Order. 

V I - 2  



c. Private Power Regulations 

The implementation regulations establish qualifying criteria 
for three categories of privately owned power facilities. These 
categories include: mini-Private Sector Generating Facilities -- 
facilities under 1000 kW (later expended to 5 M W ) ;  Private Sector 
Generating Facilities -- those facilities over 1000 kW, but less 
than the largest NPC unit on the grid; and Block Power Production 
Facilities -- facilities included on the NPC expansion plan, but 
that are developed and owned by the private sector. 

Proposals for Mini-Private Sector Generating Facilities are 
submitted to the National Power Corporation on an unsolicited 
basis, but must receive accreditation from the National Power 
Corporation to certify that they meet the economic, ownership and 
engineering criteria established in the regulations. Mini-PSGF of 
less than 5 MW may sell power to the National Power Corporation at 
various published rates depending on whether they offer firm 
capacity, are dispatchable, or offer "take or payti arrangements. 
These rates are periodically published in national newspapers of 
the Philippines. 

Proposals f o r  PSGF, like mini-PSGF, are generally unsolicited, 
and must also receive accreditation from the National Power 
Corporation. Upon accreditation, under the regulations,. t h e  
National Power Corporation is obligated to inzerconnect with the 
facility and purchase power at the utility's avoided cost of 
generation. The methodology for calculating the avoided cost, and 
the avoided cost itself, is filed with the Office of Energy 
Affairs, which serves to resolve disputes throughout the 
development and operation phases of a private project. 

Proposals for Block Power Production Facilities may be 
unsolicited, or may be submitted in response to a formal 
solicitation issued by the National Power Corporation. Like Mini- 
PSGF and PSGF, Block Power Production Facilities must also receive 
accreditation from the National Power Corporation. Power Purchase 
rates for Block Power Corporation Facilities are negotiated on a 
case-by-case basis. 

d. Private Power Projects' 

In August, 1990, a 200 MW gas turbine private power project 
began operation. The 200 Mw gas turbine project, was developed by 
Hopewell Project Management Company, Ltd., of Hong Kong, using the 
Build-Operate-Transfer (BOT) development scheme. Under the BOT 
arrangement, Hopewell will own and operate the project for a period 
of 12 years, at the end of which time it will transfer ownership 
to the National Power Corporation. Revenue from the project 
originates from a two-part tariff, consisting of a capacity fee and 
a separate fee for energy delivered from the plant. 
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The project was financed with equity from Hopewell, Citicorp, 
the Asian Development Bank (ADB) and the International Finance 
Corporation (IFC) . Debt financing was provided by the ADB, the 
IFC, and a syndicate of commercial banks. 

In August, 1990, NPC also awarded a consortium of Hopewell 
Holdings Limited and Asea Brown Boveri the right to develop a 700 
MW coal-fired Build-Operate-Transfer power plant in San Juan 
Batangas on Luzon island. NPC issued a request for proposals for 
the coal-fired project in November, 1989, and had prequalified 
fourteen firms for bidding. The plant is scheduled for completion 
in July, 1993, and will be the second private power plant completed 
under E.O. 215. 

e. Private Power Investment Incentives 

The Government of the Philippines provided Hopewell Holdings, 
Ltd. with a number of investment incentives for the 200 MW gas 
turbine project. Under the Philippines investment codes, the 
Hopewell project was certified a llpioneerll industry, which allows 
for 100% foreign ownership. The project was exempted from all 
revenue taxes for a period of six years, and was exempted from all 
import duties on capital equipment. Hopewell also received a 100% 
tax credit for locally supplied capital equipment, and a 100% tax 
exemption from the value added tax for local contractors associated 
with the project. The government also provided Hopewell with a 
vacant site for the project complete with access roads, water and 
telephone lines, and a transmission line to the nearest switching 
station. 

Most importantly, the Government of the Philippines guaranteed 
the performance of the utility under the contract. Under the 
agreement, the government agrees to pay Hopewell, in the currency 
stated in the contract, any sum that the National Power Corporation 
is late in remitting. This allowed the lenders to provide debt 
f inanc ing  f o r  t h e  p r o j e c t  wi thout  r e q u i r i n g  a sovereign guarantee 
from the government. , 

2. Pakistan 

a. Electric Power System Overview 

The Water and Power Development Authority (WAPDA), the 
government-owned national utility, has an installed capacity of 
5,115 Mws. The entire electric generating system of Pakistan, 
including self production by the private sector, consists of 70MWs 
of nuclear capacity, 2,893 MWs of hydroelectric capacity, 1,703 MWs 
of oil-fired steam capacity, 847 MWs of diesel capacity, 500 MWs 
of gas-fired steam capacity, 8 6 5  MWs of combustion turbines, 6 C O  
MWs of combined cycle capacity and 12 MWs of coal-fired capacity. 
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During the ten year period 1989-1999, according to the World 
Bank, the Government of Pakistan will require an additional 12,873 
m s  of additional generating capacity. The corresponding 
investment requirement for new generation, transmission and 
distribution capacity is estimated to be $18 billion. 
Approximately 46 percent is expected to be sourced domestically. 

Demand for electric power has been rising at an annual rate 
of 11 percent since the early 1980s. The Water and Power 
Development Authority (WAPDA), has had difficulty in keeping pace 
with the rapidly rising demand. The result had been the load 
shedding, once a seasonal phenomena, has become a year-round 
occurrence. 

A study prepared for WAPDA and the U.S. Agency for 
International Development indicates that during the 1980s, load 
shedding in the industrial sector of Pakistan resulted in an annual 
reduction of the value added of that sector of 8.2%. The total 
direct and indirect costs of load shedding to the national economy 
represent a 1.8% reduction in gross domestic product. 

b. Private Power Legislation 

Recognizing that private investment can supplement the 
traditional, government-financed expansion of the power sector, the 
Government of Pakistan was the first country to promote private 
power. Although it has not passed a formal law permitting private 
power, the Government of Pakistan has issued several poliey 
pronouncements endorsing private power projects as a means of 
increasing the generating capacity of the counxy. In its seventh 
five year economic development plan (1988-1993)., the Government of 
Pakistan state that the private sector would contribute 2,000 of 
the 6,000 MWs called for in the electric power expansion plan. 

A further indication of the commitment of the government to 
private power is the establishment of the Private Sector Energy 
Development Fund with assistance from the World Bank, the U.S. 
Agency for International Development an2 other bilateral donors 
including Japan, the United Kingdom, German, Canada and Italy. The 
Fund is designed to encourage private energy projects by lending 
up to 30 percent of the total project'cost, which may include 50 
percent of the foreign exchange costs. Loans may have a maturity 
of up to 23 years, with an eight year grace period. The current 
interest rate for loans from the fund is 14 percent. 

c. Private Power Regulation 

The tiovernment of Pakistan has designated a regulatory and 
institutional framework for private power. This framework, while 
not a formal regulatory statute, outlines the institutions 
responsible for the oversight of private power prcjects, and 
explains the procedures for submitting privete power project 
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proposals to the Government. 

To facilitate private power development a Private Power Cell 
was established in the Ministry of Water and Power to evaluate 
proposals for, and conclude agreements on, private power projects. 
A separate Private Power Cell was established in WAPDA to negotiate 
and enforce power purchase agreements. 

Under the regulations, project companies must be incorporated 
in Pakistan. Twenty-five percent of the project capital must be 
in the form of equity. There is no limit to the amount of equity 
held by foreign entities. 

Project developers may submit proposals to the PPC of the 
Ministry of Water and Power either in response to a request for 
proposals or on an unsolicited basis. Proposals submitted in 
response of a request for proposals are evaluated according to the 
following criteria: 

* Qualifications of the project sponsors, contractors, and 
equipment suppliers; 

* Ability of the proposed project to meet the required 
technical-standards; * Ability of the proposed project to meet the environmental 
guidelines and the occupational safety and health 
guidelines of the Government of Pakistan; 

* Ability of the project to attract full financing; and 
* Cost estimates presented as a basis for the sale of 

electricity are soundly based and reasonable compared 
with the costs that would be incurred if WAPDA were to 
undertake the project. 

The winning proposals is issued in a letter of intent by the 
Ministry. The developer finalizes the proposal by preparing an 
implementation plan for the project, completing the environmental 
assessments, and closing any price reopener that were in the 
original proposal. The final step is to negotiate and sign a power 
purchase contract with the Private Power Cell of WAPDA and an 
implementation agreement with the Ministry of Water and Power. 

Unsolicited proposals are submitted to the PPC of the Ministry 
of Water and Power, where they are evaluated to determine if they: 

* Are consistent with government policy; 
* Form part of the least cost expansion plan of the 

* Do not conflict with government plans for solicited 
utility: 
proposals. , -z 

If approved, the government issues a letter of interest to the 
developer, which permits him to undertake a feasibility study for 
the project. The feasibility study is submitted to the PPC of the 
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Ministry, which evaluates the project using criteria similar to 
those used in the evaluation of solicited projects. If approved, 
the project is issued a letter of intent, enabling the developer 
to finalize the proposal and enter into contract negotiations. 

d. Private Power Incentives 

1. Enhancement of Security Package 

Private power projects in Pakistan, as elsewhere, are financed 
on a limited recourse basis and, therefore, require a set of 
interlocking agreements to give security to lenders. To provide 
greater security to the lenders, the Government of Pakistan is 
prepared to enhance the security package by assuming certain risks. 
The security enhancement package offered by the Government, and 
subject to negotiation on a case-by-case basis includes: 

* Protection against specific force majeure risks; 
* Protection against changes in taxes and duties; 
* ,  Indexation of the power purchase price to protect the 

project from inflation and changes in the exchange rate; 
and 

* Guarantee of convertibility of Rupees and remittance of 
foreign exchange to cover imports, debt service, 
dividends, and capital repatriation. 

Most importantly, the Government guarantees the performance 
of WAPDA under the power purchase contract. If WAPDA fails to take 
the amount of power contracted for, the government will compensate 
the project company for the difference in the amount of power taken 
by WAPDA and the amount called for in the power purchase contract. 

2. Fiscal Incentives 

The Government of Pakistan provides the following fiscal 

* Exemption from corporate income tax; 
* Exemption of partial exemption from custom duties and 

* Makes available preferential' loans for the purchase of 

The project development company may also make use of the 

incentives to project developers: 

sales tax on imports and machinery; and 

locally manufactured machinery. 

Private Sector Energy Development Fund. 

3. Dominican Republic 

a. Electric Power System Overview 
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The Corporation Dominica de Electricidad (CDE) is the 
government-owned utility, and has the obligation to provide the 
citizens, industry and commercial operations in the Dominican 
Republic with electric power. The CDE system has an installed 
generating capacity of 8 2 2  MWs, The entire generating capacity of 
the country, including self production by the private sector, 
consists of 205 MWs of hydroelectric capacity, 552 MWs of oil-fired 
steam turbine capacity, 1.4 MW of diesel capacity and 219 MWs of 
coal-fired capacity. 

The country is currently suffering from a prolonged period of 
crisis in the electric power subsector. Much of the installed 
capacity is unavailable due to poor maintenance of the thermal 
plants. The transmission and distribution system is deteriorating, 
30 percent system losses as a result. Blackouts occur from eight 
to twelve hours daily in some regions of the country. 

The national utility currently accounts for approximately two- 
thirds of the national debt. According to the World Bank, CDE will 
require $1.5 billion during the period 1989-1999 for power 
generation expansion. An additional $500 million will be required 
for transmission and distribution expansion. Of this $2 billion, 
only 15 percent is expected to come from domestic sources. Private 
power is seen as a means of attracting new sources of capital to 
the power subsector. 

b. Private Power Legislation 

In 1988, President Balaguer issued an emergency decree calling 
for proposals for private power projects in the Dominican Republic. 
This followed in 1990 by formal passage of Law 14-90, which permits 
and encourages private investment in power generation facilities 
in the Dominican Republic. The purpose of the law is to promote 
and stimulate new electric power companies, both national and 
foreign, that contribute to the economic development of the 
country. 

In its preamble, Law 14-90 states that electric energy is 
essential to the socioeconomic development of the nation. The 
preamble also states that the development of the electric power 
subsector will require substantial capital investments, and that 
the Government of the Dominican Republic is obligated to distribute 
its limited capital resources equitably among the many sectors of 
the economy that promote ... social and economic development. 
Therefore, to supplement it is inviting private investment to 
develop the electric power subsector. 

c. Private Power Regulation 

Law 14-90 creates a Directorate for the Development and 
Regulation of the electric power industry, which is charged with 
the regulation of the interaction between private electric power 
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producers, CDE, and consumers. Under the law the Directorate is 
responsible for developing regulations to promote in an orderly 
manner, private investment in the electric power subsector. 

The Directorate is composed of the Ministry of Industry and 
Commerce, the Ministry of Finance, the Technical Minister of the 
President, and the Governor of the Central Bank of the Dominican 
Republic. An Executive Director is appointed by the President to 
oversee the operations of the Directorate. 

As stated in the law, the Directorate is responsible for the 
following: 

* Establishing private power tariff rates; 
* Defining the technical specifications of interconnection 

of private producers and CDE; and 
* Supervision of contracts between private producers and 

CDE . 
The Directorate also receives I1petitionstt from potential 

private power producers seeking approval of their projects and the 
granting of fiscal and other incentives provided under Law 14-90. 
As s ta ted  i n  the  l a w ,  t h e  l1peti t ionsl1 must contain t h e  following 
information: 

* Draft proposal with preliminary details on the 
engineering, cost, generation, and local participation; 

* Technical and economic feasibility study; 
* Investment document stipulating that the flow of funds 

will cover the amortization of the project; 
* Itemization estimate of the dollar requirement for the 

period of the tax exemption will last (see incentives 
section below) ; 

* Statement on the impact of the project on the national 
economy; and 

* Study on the environmental impacts of the project. 

The Directorate is charged, subject to the terms of reference 
to be developed under the regulations, with reviewing the 
flpetitionsll and granting approval of the project incentives. 

d. Private Power Projects 

The United States company, Seaboard Corporation, owns a 40 MW, 
barge-mounted diesel project that sells power to CDE. The project 
was developed by Transcontinental Capital Corporztion Ltd. of 
Bermuda, a wholly owned subsidiary of Seaboard. The project WBS 
proposed under the emergency decree issued by President Balaguer 
in 1988, and is estimated to cost $22 million. 

e. Private Power Incentives 
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The Government of the Dominican Republic offers fiscal 
incentives to private power project I developers. Under the 
legislation, the incentives are approved by the Directorate and may 
include the following: 

* 100 percent tax exemption from income tax payments on 
revenue generated by private electric facilities; 

* Exemption from tax on property purchased for private 
electric facilities; * Exemption from taxes on the formation of private electric 
companies; 

* Exemption from commercial patent taxes; 
* Exemption from taxes on imported or domestically 

purchased fuels, materials, lubricants and other articles 
purchase for the construction, operation, and maintenance 
of private electric facilities; and 

* Guarantee of the supply of U.S. Dollars required for the 
importation of goods and services, the amortization of 
project debt, and the repatriation of profits from 
private electric facilities. 

The tax exemption period corresponding to each project is 
twenty years dating from the resolution of approval of the 
Directorate. This period may be extended an additional five years, 
provided that at least one-half of the capital of the project is 
held by Dominican Republic nationals at the conclusion of the 
initial twenty year exemption period. 

Similar to the Government of Pakistan, the Government of the 
Dominican Republic also guarantees the contractual performance of 
its utility, CDE, regarding the sale and purchase of electric 
power, provided that the contract has been authorized by the 
Executive Power. 
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B. SETTING A PRICE FOR PRIVATELY GEUERATED POWER: AVOIDED COST 

1. Overview 

Experiences in other countries have shown that establishing 
the methodology for calculation of avoided costs is a very 
sensitive and time consuming issue. It is acknowl edged and 
accepted by the private sector that the price paid and resources 
developed should promote the development of the least cost 
generation plan for Kenya. At the same time, given the risks of 
developing geothermal resources, development of the first-ever 
private power project in Kenya, foreign exchange and institutional 
and other risks, the price paid for power needs to offer adequate 
incentives to private developers. In principle, the method for 
determining the price to be paid should be simple to use, and 
permit adjustments over time for contingencies which might arise 
such as changing exchange rates, taxes, cost of doing business in 
Kenya, etc. It is critical that any agreement be adequate to 
satisfy the financial community that the project presents a 
reasonable loan risk. Several of the alternatives for determining 
the price, or- establishing a basis for determining the price, of 
private power s o l d  to Kenya Power and Lighting or Kenya Power 
Company is the subject of the discussion - below. 

a. Avoided Cost 

One of the most common bases for determining price to be paid 
for purchased power is the so-called Itavoided cost. In the United 
States following the implementation of the 1978 Public Utilities 
Regulatory Policy Act, electric utilities were required to purchase 
power from private generators at "avoided costI1. These avoided 
costs consisted of two parts, an energy component, which was based 
on the short-run incremental operation cost of the utility less 
losses; and a capacity component, which was based on the marginal 
cost of new capacity. The basic objective of avoided cost pricing 
is to find a fair and readily implementable means for determining 
the value to the utility for additional private generation. 

There has been substantial experience in the application of 
avoided cost principles in the ' United States, however 
determinations are always subject to negotiation. Several key 
factors enter into the valuation of, and computation of price to 
be paid for private power purchases. The most prominent of which 
are: 

* reliability--to what extent will the power generated be 
available when needed and in the amount needed. 

* energy and capacity value of power--how are the values 
for kWhls and kWIs supplied to be determined. What costs 
are displaced by private power sources, are these merely 
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short-run operating costs (e.g. for cogenerators of small 
amounts of non-firm power) or do they include new capital 
investment by;'the utility. 

avoiding commitments to unnecessary capacity--how does 
the utility ensure sufficient capacity investment while 
avoiding overcommitting to private generation and 
therefore incurring excess costs. 

impact on subsequent generation expenditures and timing 
and valuation of these effects--how to determine the 
value of private power in terms of future deferral of new 
capacity or other expenditures. 

* balancing incentives with consumer costs--ensuring an 
adequate incentive for the private developer while not 
burdening the system with unnecessary costs. 

Many approaches have been applied to determination of avoided 
costs, and several are discussed briefly here for background. 

1. Component Approach In this method short-run marginal 
operating costs of the utility are used for valuing energy 
supplied, and capital costs avoided are assumed to be equal to the 
costs of a new combustion turbine or other peaking facility. This 
approach is convenient and relatively easy to calculate. However, 
the approach also underestimates actual avoided cost, as the long- 
run costs of new baseload generation would obviously be higher than 
a peaking unit. Other current and long-run system effects would 
also be excluded. 

2. Differential Revenue Requirements Method This approach 
requires the modeling of the system over a substantial period of 
time, e.g. 2 5  years, with the development of a least-cost expansion 
plan for the period. Addition of the private power project into 
the plan is used to generate a revized least-cost plan, together 
with r ev ized  revenue requirements each yea r .  D i f f e r e n c e s  i n  revenues (savings due to the private project) are the amounts which 
could be paid the private generator. The complexity of this 
approach is the principal disadvantage, with the utility possibly 
the only party with access to all the data and capability to run 
the necessary model. The smaller the'increment of capacity added 
by private generation in relation to the system, the less cost- 
effective this approach. Nonetheless, with access to data, 
agreement on assumptions and openness regarding the methodology by 
the utility, this method is probably the closest approximation to 
the "correct" result. 

3 .  Proxy Approach This approach is similar to the component 
approach in that it utilizes the capital and operation cost of an 
Itavoidable" unit in the generation mix. Rather than only use a 
peaking unit however, it is more normal to use the next expected 
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generation unit as the basis for estimated avoided cost payments 
for the private generator. The method is very simple, however it 
is likely to be only a rough estimate in that it does not consider 
other system effects or costs based on the planned dispatching of 
the llavoidablell unit, or proj ect timing. Differences in 
reliability of the private versus utility generation are normally 
included. 

4 .  Competitive Bidding This approach is meant to 
approximate the results of a free-market for capacity. It is 
normally based on the utility requesting offers according to type 
and size of capacity, timing, reliability, and baseload- 
intermediate-peaking needs. The utility would compute its avoided 
cost, e.g. utilizing the differential revenue method above, to 
establish a baseline for evaluating proposals. Based on the 
efficiency, cost of capital and other criteria of the bidder, the 
utility would hope to obtain power at or below its avoided cost, 
Other factors than price would affect the evaluation, includingthe 
utilities judgement of the capability of the bidder, fuel type and 
future cost of fuels proposed, type of generation and perceived 
reliability and performance, etc. Furthermore, this method would 
only work with a substantial number of willing bidders, with the 
utility committed to purchase, and with the utility willing and 
aible to facilitate arrangements once b i d s  are accepted. 

5 .  Alternative Approaches f d r  Special Situations Where the 
size of individual projects is likely to be small, e.g. in systems 
with cogeneration of electricity and steam, or with initial small 
private projects, another option is the "standard offer". That is, 
after considering its avoided cost, the utility prepares a standard 
offer similar to a public tariff. This approach avoids costly 
negotiation and analysis by the private generator, and is likely 
to be very conducive to sales from small-generators. The offer 
will normally differentiate respectively, between only energy 
purchases, firm capacity supplied, dispatchable capacity, etc. 
This method can also be applied to larger generation units, 
although given the much greater capital requirements and risks 
involved, it is likely that such sales will always require 
substantial negotiation on price and terms in any event. 

6. Incremental Costs In tariff setting, the principle that 
rates should equal long marginal cost has been fairly-well accepted 
as economically correct. This basis should ensure that national 
economic resources are allocated efficiently within the power 
sector. This principle when applied to tariffs results in a fair 
allocation of costs amoung customers according to the costs they 
impose on the system, assures reasonable price stability and raises 
sufficient revenue to meet financ!.al requirements of the utility. 
Applying this principle to power supplied leads to a similar 
result, that is, power supplied is worth the long-run incremental 
cost llavoidedll. The long-run incremental cost analysis therefore 
provides a result, on a kWh supplied basis, similar to the 
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differential revenue analysis above. Long-run incremental cost 
however, is often calculated without explicit consideration of the 
multitude of financirig'methods for each unit of capacity, and 
therefore may give results somewhat different that a differential 
revenue analysis (based on a detailed financial model). 

b. Application of Avoided Cost Principles in Developing 
countries 

There are a number of critical differences in determining 
avoided costs in the developing country context that must be noted. 
The methodologies above all assume some estimation of the utilities 
revenue requirements utilizing the utilities normal financial 
model. Revenue would correspond closely to the actual financial 
costs. In using these methods in a developing country for power 
purchase pricing, however, substantial divergences in avoided cost 
theory occur, and require adjustment of terms. These occur for the 
following major reasons: 

First, developing countries receive substantial subsidies in 
terms of grants and below market interest loans which do not 
reflect lleconomicll or free market values, nor certainly the 
cost of private development. 

comment: Since concessional or below-market rate loans (e.g. 
IDA financing) for power supply are normally strictly limited 
in total, deplacing these from the power sector into other 
development projects involves no loss to the country. In 
fact, since private foreign investment and often domestic 
private finance is scarce, additional capital offered as part 
of the private project is a net gain to the country. 

Second, large-scale power generation development is a risky 
undertaking, particularly so where actual resource exploration 
is required as with geothermal development. 

Comment: It is necessaly and appropriate to add to avoided 
costs in the differential reveneue calculation, the benefits 
of avoiding substantial risky or costly development 
expenditures such as with geothermal resources. 

Third, 'there are great management and logistics and cash f l o w  
problems facing an electric utility growing at rates of 5-6% 
per year, that is, with peak demand doubling in 12-14 years. 

Comment: Introducing private financing, management and 
technical expertise as a complement to the utility, initially 
at low levels, is an excellent way far the-;utility to cope 
with high rates of growth, financial constraints and technical 
uncertainties. The U . S .  example clearly demonstrates this 
principle, in fact between 1380 and 1985 more than 800 private 
power producers filed applications for over 24,000 MWs of new 

- 
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capacity. Electricity production from private producers grew 
by 6 4 %  during this period, while total electricity production 
gcew only 6%. 

Based on the revenue above it was determined that for purposes 
of this study, two basic comparisons would be most useful as a 
starting point. First, the results using the differential revenues 
methodology. And second, estimating the annual and average 
incremental cost of power. Given the limitations of this 
prefeasibility study we were not able to fully simulate the results 
using the differential revenue methodology. Nonetheless, judging 
this approach to be one of the best, we have attempted to 
approximate results of using this method in Section I. Our rough 
estimates we feel provide good representative values regarding 
differential annual revenues requirments with and without the 
private project. We have also provided estimates of annual and 
average incremental cost per kWh as another conventional basis for 
determining the value of private power. 
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Section VII. PRIVATE POWER PROJECT FINANCIAL ANALYSIS 

A. INVESTMENT CLIMATE IN KENYA 

1. Historical Overview 

Since independence, the Government of Kenya has encouraged 
foreign and local private investment and has provided adequate 
measures to safeguard private enterprises. Kenya has followed a 
basic economic policy that emphasizes the role of the free market. 
Features of this system include the use of market-based pricing 
incentives, a liberal investment code, flexible exchange-rate 
management, and a fairly appropriate fiscal policy. Nevertheless, 
impediments to a free market economy still exist. The government 
is heavily involved in key sectors of the economy, and many 
parastatal organizations do not make efficient use of government 
funds . Foreign corporations in Kenya complain of excessive 
bureaucracy causing lengthy delays in obtaining government 
approvals for pro j ects . 

2. Economic Overview 

Kenya's economic performance has been fairly strong during 
the past 5 years. The growth rate of the countryls real Gross 
Domestic Product (GDP) averaged 5 . 1 %  per year between 1985 and 
1989. The Governmentis major contribution to this success has been 
the provision of an enabling environment through trade 
liberalization, reduction of average level of tariffs, budget 
rationalization and appropriate monetary policies. In 1989, overall G D P ,  which had risen by 5.2% in 1988, grew at a more 
moderate rate of 5.0%. 

There has been double-digit inflation in recent years. T h e  
rate of inflation was 10.7% and 10.5% in 1988 and 1989 
respectively. A major cause of inflation was the increased cost 
of imported machinery and intermediate inputs (petroleum). 

Kenya's main foreign exchange earners are tourism, coffee and 
tea. Xenya's US$815 million export earnings the USS1.5 billion 
(1989) imports leave a large deficit Financed mainly by capital 
inflows, including foreign aid. Coffee and tea account for slightly 
over half of total exports. Horticulture, a rapidly expanding 
export item, provides over US$50 million annually. 

Kenya has a good transportation system and telecommunica'i L ons network. Nairobi, the capital, and Mombasa, the largest Indian 
Ocean port between Karachi and Durban, are the hubs cf Kenya's 
infrastructure. Nairobi has an international airport sewed by more 
then 25 airlines. Kenya is considered to have generally dependable 
electric power, industrial fuel and water supplies. Inadequate 
maintenance of ='?_e physical infrastructure, however, threatens 
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industrial expansion. Kenya is .represented by all major 
international development agencies and a number of foreign private 
banks. 

3. Government Attitude Toward Foreign Private Investment. 

The Kenyan government continues to publicly encourage foreign 
investment. In his 1988 and 1989 Government Budget Speeches, the 
Minister of Finance testified to the Government's need to improve 
the investment climate. The government is aware of the critical 
role foreign investment plays in generating employment, new skills 
and foreign exchange. However, there remain difficulties related 
to the slow pace of removal of investment disincentives, such as 
excessive regulation, profit and dividend repatriation, restrictive 
industrial and banking laws, foreign exchange limitations, and 
rising levels of bureaucratic "red tape". 

B. OPTIONS FOR PRIVATE POWER DEVELOPMENT IN RENYA 

There are many financial and corporate structures which 
accommodate the needs of the private investor, the local utility 
and the government in a private power project. Typically, a private 
developer sets up a foreign corporation in a joint-venture 
relationship with the local utility. The joint-venture corporation 
can provide off-balance-sheet financing, and is structured to share 
the risk and rewards of the project. Certain performance guarantees 
are required. These are usually obtained through contractual 
obligations, deficiency agreements or other similar agreements that 
ensure that the debt servlse to the project will be paid. Such type 
of agreements are discussed in detail in Section VI11 of this 
report. 

The most common structures for privately owned and financed 
projects are (a) the Build, Own and Transfer structure (BOT), (b) 
the Build, O w n  and Operate (BOO) structure, with no transfer, and 
(c) the Build, Operate and Lease structure (BOL) , where the private 
developer builds and owns the project but leases the plant to a 
government entity. Figure VII-1 illustrates a typical BOT 
structure. 

In a BOT, a private developer.finances, builds, owns and 
operates a power plant, and sells power to the electric utility 
under a power purchase agreement for a prescribed term (whicn 
commonly varies from 10 to 15 years). After the agreed-upon term, 
the title to the power plant is transferred to the utility, and 
the utility assumes full responsibility for ownership and 
operations. Foreign exchange is used to sewice debt and pay a 
return to foreign joint-venture participants; and local currency 
is used to pay local returns and to fund construction, operating 
and maintenance costs. 
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FIG’XRE VII-1. BUILD, OWN AND‘ T , W S F E R  BOT STRUCTURE. 
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Typically, the following conditions are necessary for the 
successful implementation of a BOT project: 

1. The project must be economically viable. 

2. Investors and lending agencies will require adequate 
security/collateral, and a repayment stream in the currency of the 
investment in order to service its debts and provide an adequate 
return on investment. 

3 .  The Government must be credit-worthy, and must agree to 
the generated electricity at a realistic price for the 

4 .  The foreign lenders and project sponsors need assurance 
that there will be no interference with the conditions and terms 
agreed upon in the contract during the operational phase of the 
project until project ownership has been transferred to the 
government. This includes such pro] ect management issues as removal 
of employment restrictions, tax and duty exemptions, 

pay for 
term of the equity investment. 

etc. 

C. PRNATE POWER FINANCING ISSUES 

The following issues are considered extremely important to 
financing agencies when considering funding a private power 
pro j ect : 

1. Ability to negotiate necessary contracts: Government 
approvai must be timely and satisfactory to lending agencies. 

2. Construction delays: Cost overruns, delays and contractor 
problems must be avoided. Therefore, the selection of the prime 
contractor is of extreme importance. 

3. Performance output  shortfalls: The size of the resource 
must be tested and proved by independent consultants. 

4 .  Exchange rate fluctuations: Debt and return payments should 
match the currency of the lending agencies or should have 
escalation clauses or escrow accounts. 

5. Environmentalpermittingproblems: Environmental opposition 
can cause lengthy delays. Projects should be designed to avoid 
environmental issues. 

6. Technical failure: Unexpected technical problems, such as 
obsolete equipment or new, untested equipment, can cause delays. 
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D. POTENTIAL ROLE OF KENYA Poww AND LIGH!JTNG COMPANY, LTD. 

Experience in other developing countries has s 
utility company participation in the private power 
to better acceptance of the project by the government 
and to more effective project performance. Some of 

#hewn 

and 
the 

proj 
that the 
ect leads 
investors 
potential 

roles of the foreign developer and local utility are: 

1. Utility company responsibilities include: 

-calculation of avoided costs. 
-establishing standards for drilling, 

-negotiating terms for power purchase contracts. 
-establishing a system for reporting electric 

construction and operation phases. 

purchases. 

2 .  Pro j ect sponsors responsibilities include : 

-submitting proposals. 
-conducting technical and economic feasibility studies. 
-arranging financing. 
-negotiating agreements with equipment suppliers, 
construction contractors and other related services. 
-negotiating terms for 
-conducting drilling, 

power 
field 

purchase contracts. 
development and 

construction operations. 

E. FINANCING OPTIONS 

1. Traditional Sources of Capital 

a. Project Sponsor. 

The project sponsor is typically a party to the joint-venture, 
and normally contributes the equity or risk portion of the 
pro] ect s capital. This may include cash, capitalized equipment, 
technology transfer or in-kind services. Project sponsors often 
provide overrun funding (subordinated loans) and completion 
guarantees. 

b. Commercial B a n k s .  

The principal advantages of obtaining loans from a commercial 
bank are the availability of funds tad funding flexibility. 
Commercial banks generally have medium terms (5-10 years) at a 
floating interest rate. It is common for a major project to obtain 
a syndicated loan, wherein the lead bank seeks participation fron 
other large commercial banks to fund a sizeable portion of the 
pro j ect . 
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c. Export  Credit Agencies. 

The most common form of export credit suppol-t is provided by 
major government agencies of the suppliers countries. This support 
can include direct loans, insurance, interest rate subsidies, and 
protection against inflation and exchange rate risk. 

d. Bilateral Aid. 

Projects in certain countries may be eligible for bilateral 
aid. This aid is usually highly concessionary (low interest rates 
and long grace and repayment periods). Such aid can be useful in 
providing technical assistance, funding feasibility studies or 
funding infrastructure. Disadvantages of bilateral aid are that it 
is generally not available in large amounts to any one country on 
a continuing basis, and it is frequently tied to procurement from 
the country providing the funds. 

e. Multilateral Development Banks. 

The multilateral development banks are a frequent source of 
funding for projects in developing countries. The rnaj or 
institutions in this category for Sub-Saharan Africa are the World 
Bank (and its affiliated institutions, the International 
Development Association and the International Finance Corporation), 
and the African Development Bank. Development bank funding is 
divided into soft loan lending (low or zero interest rates and long 
maturities of 30-40 years) and hard lending (higher but still 
below-market interest rates and shorter maturities of 15-20 years) . 
In addition to providing financing, development banks can provide 
assistance in conducting feasibility studies, and infrastructure 
support. 

2. Local Sources of Funds 

Domestic capital markets in developing countries are often 
underutilized, and could provide local financing f o r  a private 
power joint-venture. Kenya has recognized the importance of these 
markets and is seeking to expand them.. In 1989, the Government of 
Kenya established a Capital Markets Authority. This Authority hzs 
been directed to create instruments and a trading mart for the 
development of an active, effective and efficient securities markec 
in Kenya. It is also expected to provide additional sources of 
investment financing, especially since the current long-term credit 
market is largely non-existent. 

The Kenyan banking system consists of the Central Bank, 2 4  
commercial banks (which include Kenya Commercial Bank, Barclays 
Bank, Citicorp, Standard Chartered Bank, and National Bank of 
Kenya), and about 50 non-bank financial institutions. Two equity 
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capital companies, Industrial Promotion Services Ltd. (IPS) , and 
Kenya Equity Capital, Ltd., provide venture capital for medium- 
sized investments. 

3. O t h e r  Sources of Funds 

Current economic conditions in many developing countries have 
required creative financing methods for large, capital-intensive 
projects. Some of these are: 

a. Private equity financing. 
b. Debt-equity swaps. 
c. Sale of power directly to the end user. 
d. Joint venture with a local oil or gas company. 
e., Lease options. 
f. 
g. Debt-energy swaps. 

Expansion and development of local capital markets. 

A l l  of the options listed above are potential financing 
mechanisms for use in a Kenya private power project. The 
feasibility study for each specific geothermal project will address 
specific financing options f o r  that project. 

FINANCIAL ANALYSIS - F. 

The first stage in the selection of one or more geothermel 
project sites consisted of screening the various prospects , ranking 
them and eliminating those that were clearly unettractive o r  
uneconomical. Installed costs for the most attractive prospects 
were then computed. This revealed significant cost sensitivizy in 
relation to the size of the geothermal power plant. The following 
financlzl analysis is based on the 3 most likely pros2ects (suswa, 
Eburru and A r u s )  as outlined by GeothemSx in Section IV. Installed 
cost 2nd plant operating costs were czken from data provided in 
Section V prepared by the Ben Holt Coqmy. 

1. The Financial Model 

A sgreadsteet financial model was developed, using Lotus 123 
softwar-:. This ̂ .  nodel was used to analyze various scenarios based 
on dif::.c?rent zlnancial assumpcions and sensitivity. The model 
includes an ir.-aractive set of assumptions, an income and exgense 
statemer,=, scilz3es and uses of funds statement, and ioan paymen: 
schedules. Frz:r! this, cashf lows were analyzed and internzl r a t e s  
of return (If; and net =resent vaiuss (NPV) were calculated for 
each pospecr- 3ividends vere not levellzed or reszricted I n  this 
analysis. C o ~ . ' - . s  of the spreadsheets Zar Suswa, E L n r r u  an9 Arus 
are included .'.Y Appendix 17. 
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2 .  Financial  Assumptions 

a. Time Line: 

-Construction periods (exploration, drilling 

-Project life is 25 years. 

and design) vary by plant size, 
location etc. 

b. External Economic Assumptions: 

-Kenyan inflation rate is 8% per year. 
-Kenyan shilling devalues vis-a-vis 
the U.S. dollar at an annual rate equal to the 
Kenyan inflation rate (assumed to be 8% per year). 
-Exchange rate is 23 KSh/US$ in 1991. 
-Kenyan corporate tax rate used in this analysis 
is 42.5%. 

C. Project Economics: 

-Assumed capacity factor of 95% (plant is up 

-O&M costs increase by 1% a year in KSh. 
-Required payments are indexed to inflation. 
-Project IRR's are calculated on after-tax cash 
flows for the length of the transfer period. 
-Depreciation is calculated on a straight-line basis 
for this prefeasiblity study. 
-Interest is capitalized during construction. 

and running 8,332 hours/year at rated capacity). 

d. Deal Structure: 

-Project is financed by 20% equity, 80% debt. 
-No phase-in of equity takes place. 
-Permanent financing takes place from a 
mixture of supplier credits, commercial bank 
loans and equity. Loan terms are varied in each 
scenario. 

G. FINANCIAL SCENARIOS 

Three scenarios have been developed for each geothermal 
prospect to calculate a payment that KPLC (or KPC) would make to 
the joint-venture company, based on various financing terms 'and a 
20% hypothetical IRR. These scenarios assume a 10-year BOT, a 15- 
year BOT and a 25-year no-transfer BOO. Sensitivity analysis is 
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performed for tax consequences assuming a 5-year tax-holiday and 
a no-tax-holiday example. The tax assumptions use a 42.5% rate (the 
corporation is not taxed by both governments) and, in the tax- 
holiday example, taxes are not paid in the first 5 years of the 
project. Hypothetical financing terms are used throughout this 
analysis and the project is financed by 20% equity and 80% debt, 

Scenario 1 - This scenario assumes a 10-year BOT structure. 
The 80% debt financing includes 60% supplier's credit (10-year 
term, 8 %  interest) and 40% commercial credit (7-year term, 12% 
interest). Interest is capitalized at 10% during the construction 
period and the grace period is equal to the construction period for 
each prospect. 

Scenario 2 - This scenario assumes a 15-year BOT structure. 
The 80% debt financing includes 60% supplier's credit (15-year 
term, 8 %  interest) and 40% commercial credit (7-year term, 12% 
interest). Interest is capitalized at 10% during construction and 
the grace period is equal to the construction period for eacn 
prospect. 

Scenario 3 - This scenario assumes that no transfer of title 
occurs, and the plant is owned and operated by the joint-venture 
group for 25 years. The debt struct-ure and interest rates zre t h e  
same as those in Scenario 2. 

The main difference in the 3 scenarios is that the IR3ls are 
calculated on after-tax cashflows equal to the length of the 
transfer period (10 years, 15 years end 25 years). 

H. RESULTS OF FINANCIAL ANALYSIS BASED ON PROJECT STRUCTURE AND 
TAX EFFECTS. 

The information presented in Tables VII-1, VII-2 and VII-3 is 
based on payments required to satisfy a 20% IPX for each of the 3 
prospects using Scenario 1 - 3 assumptions. IRRIs for each prospect 
are computed using after-tax cashflows based on the length of the 
transfer period. 

- 
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TABLE V I I - l . ' S U S W A  R E Q U I R E D  PAYMENT, BASED ON S C E N A R I O  RESULTS 
AND RATE O F  RETURN 

Reaired P a m e n t  
cents/kWh 

Scenario Description 

10-Year BOTi 

10-Year BOT, 

15-Year BOT, 

15-Year BOT, 

25-Year BOO, 

25-Year BOO, 

Tax Holiday 

No Tax Holiday 

Tax Holiday 

No Tax Holiday 

Tax Holiday 

No Tax Holiday 

5 5.5 6 6.5 7 7 . 5  8 

1 0  1 9  

6 11 

1 6  2 3  

1 3  1 7  

9 24 4 1  63 9 2  

- 2 1 0  17 25 

30 4 4  64 9 1  - 
16 2 2  2 8  3 5  43 

3 1  4 5  63 8 9  - 
21 2 5  30 36 44 

TABLE VII-2. EBURRU R E Q U I R E D  PAYMENT, BASED ON SCENLRIO RESULTS 
AND R A T E  O F  RETURN 

R e a u i r e d  Pavment ,  
cents/kWh 

Scenario Description 7 7.5 8 8 .5  9 9 . 5  1 0  

10-Year 

10-Year 

15-Year 

15-Year 

25-Year 

25-Year 

BOT , 
BOT , 
BOT , 
BOT , 
BOO , 
BOO , 

Tax Holiday 

No Tax Holiday 

Tax Holiday 

No Tax Holiday 

Tax Holiday 

No Tax Holiday 

- 
- 

18 

11 

21 

16 

5 

- 
27 

16 

28 

19 

18 

- 
38 

20 

39 

22 

3 1  

6 

52 

24 

53 

27 

47  

12 

71 

30 

71 

32 

67 9 2  

1 8  25 

9 6  - 
35 43 

96 

38 4 4  

- 
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TABLE VII-3. ARUS REQUIRED PAYMENTS, BASED ON SCENARIO RESULTS 
AND RATE OF RETURN 

Rewired Payment, 
cents / kwh 

Scenario Description 

10-Year BOT, Tax Holiday 

7 7.5 8 8 . 5  9 9 .5  1 0  

- - 3 14 26 3 8  55  

- 3 9 1 4  - - - 10-Year BOT, No Tax Holiday 

15-Year BOT, Tax Holiday 10 17 25 34 46 61 80 

15-Year BOT, No Tax Holiday 6 10 14 18 23 27 3 3  

25-Year BOO, T a x  Holiday 

25-Year BOO, Tax Holiday - 1 3  16 19 22 2 4  2 8  3 3  

I. ANALYSIS OF MOST LIKELY PROSPECTS 

The following is a financial evaluation of Suswa, Eburru and 
A n ~ s  based on scenario results. Spreadsheet calculations f o r  
these prospects are included in Appendix IV. 

Suswa. Suswa presents an attractive possibility of a large 
(50MW), rapidly explorable and developable resource. Its 
installed costs are US$2,538/kW (interest during construction is 
US$546/kW). It is estimated that exploration, drilling and 
construction can be completed in approximately 4 years. ~n 
Scenario 1, the 10-year BOT, assuming a required 20% IRR, 
required payment f o r  Suswa ranges from $.064/kWh to $.077/kWh in 
the tax-holiday and, no tax-holiday examples. In Scenario 2,  che 
15-year BOT, the required payment ranges from $.056/kWh to 
$.064/kWh in the tax-holiday and no-tax holiday examples. In 
Scenario 3 ,  the 25-year BOO, the required payment is $.053/kWh 
and $.059/kWh in the tax-holiday and no-tax holiday examples. 
Annual czshflow for Suswa fluctuates in the first 15 years of the 
project c?ue to loan-termination periods. In the 15-year BOT 
scenario, assuming a $.056/kWh tariff, Suswa has a positive net 
present value (NPV) using lo%, 12% and 14% discount rates. 
However, please note that IRRs will change for all candidate 
prospects once cashflows are levelized for debt-coverage payments 
and dividend restrictions. 
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Eburru. Eburru offers an opportunity for immediate development 
of a resource of moderate potential (20MW). Its installed costs 
are US$3,034/kW (interest during construction is US$484/kW). 
Because of the advanced stage of exploratory drilling, it is 
estimated that construction can be completed in approximately 3 
years. In Scenario 1, the 10-year BOT, assuming a required 20% 
IRR, the required payment ranges from $.082/kWh to $.096/kWh in 
the tax-holiday and no-tax-holiday examples. In Scenario 2, the 
15-year BOT, the required payment ranges from $.071/kWh to 
$.O8/kWh in the tax-holiday and no-tax-holiday examples. In the 
Scenario 3, the 25-year BOO, the required payment ranges from 
$.069/kWh to $.076/kWh in the tax-holiday and no-tax-holiday 
examples. Annual cashflows for Eburru fluctuate from year to 
year, due to loan-termination periods. In the 15-year BOT 
scenario, assuming a $,07l/kWh tariff, Eburru has positive NPV 
assuming a lo%, 12% and 14% discount rate. 

A r u s .  A r u s  offers an opportunity for immediate drilling into a 
resource of moderate potential (20MW). Its installed costs are 
US$3,324/kW (interest during construction is US$714/kW). Because 
it is accessible and easily identified, it is estimated that 
construction can be completed in approximately 4 years. In 
Scenario 1, the 10-year BOT, assuming a required 20% IRR, the 
required payment for A r u s  ranges-from $.087/kWh to more than 
$.lO/kWh in the tax-holiday and no-tax-holiday example. In 
Scenario 2, the 15-year BOT, the required payment ranges from 
$.077/kWh to $.086/kWh in the tax-holiday and no tax-holiday 
examples. In Scenario 3 ,  the 25-year BOO, the payment ranges from 
$.074/kWh to $.082/kWh. Annual cashflows from Arus fluctuate 
from year to year, due to loan-termination periods. In the 15- 
Year BOT, assuming a $.077/kWh, Arus has a positive NPV assuming 
a lo%, 12% and 14% discount rate. 

1. 

To illustrate the effect of transfer period on required 
return, Suswa is used as an example in Figure VII-2. In the 1 0 -  
year BOT, 15-year BOT and 25-year BOO, no tax holiday scenarios, 
the required payments for Suswa are $..077/kWh, $.064/kWh and 
$.059/kWh respectively. In the tax holiday scenarios, the 
required payments are $.064/kWh, $.056/kWh and $.053/kWh 
respectively. This indicates that length of transfer period can 
reduce required returns by more than $.Ol/kWh (tax scenario 
case). 

Analysis of Transfer Period and Tax Holiday 

To illustrate the effect of tax concessim on required 
return, using Suswa's 15-Year BOT as an example, Figure VII-3 
illustrates the required payment based on a 20% IRR. These 
payments range from $.064/kWh in the no-tax-holiday example to 
$.056/kWh in the tax-holiday-example. This is almost $.Ol/kFjh 
less, due to elimination of tax payments for 5 years. 
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FIGURE V I I - 2 .  REQUIRED PAYMENT, SUSWA 
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1995 Payment for 20% Project IRR 
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J. SENSITIVITY ANALYSIS OF KENYA POWER AND LIGHTING COMPANY AND 
PRIVATE POWER PROJECT. 

The following analysis was performed to derive a comparable 
KPLC cost to build a 32 MW geothermal power plant. The 
assumptions used in this analysis were taken from information 
prepared in Section I11 of this report. 

Assumptions 

Project size 32 MW 
Capital costs (includes US$703/kW 
interest during construction) $ 3  , 065/kW 

O&M 8 mills/kWh 
Capacity factor 80% 
Project life 25 years 
Equity 20% 

Interest rate 7.5% 
Debt 80% 

20 years Term 
Construction period 7 years 
Grace period 7 years 
Kenyan tax rate 39% 
After-tax return on equity 7.5% 
Plant costs (US$OOO) $98,080 

Based on these assumptions, KPLC's tariff, assuming 7.5% 
after-tax return on equity and a 7.5% interest rate on debt, is 
approximately $.047/kWh. Several qualifications are in order when 
comparing this figure to the required payments for a private 
power project calculated in this study. KPLC's capital cost per 
MW is based on a 32Mw plant, and the private power projects are 
based 20MW and 50MW plant size. Additionally, KPLC's cost of 
capital and return on equity are substantially lower than market- 
based rates f o r  this type of project. 

1. sensitivity Analysis 

The following cases present sensitivity analysis 
demonstrating terms which would make a private power project's 
costs more comparable to KPLC's project costs assuming various 
capacity factors, rates of return and interest rates. Unless 
stated otherwise, the information presented herein assumes XPLC 
has an 80% availability factor, a 7.5% return on equity and a 2 0 -  
year loan (7.5% interest rate). The private power project assumes 
a 95% availability factor, 40% commercial loan- (7-year term, 12% 
interest rate), 60% suppliers' loan (15-year tern, 8 %  interest 
rate) and a 20% IRR. Both XPLC and the private power project 
capital cost per kW include interest during construction ( 8 %  and 
10% respectively). 
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CASE 1 - Capacity Factor 
Private Project: KPLC has no tax-holiday, 7.5% ROE, 

25-year project life. 

Suswa has a 5-year tax-holiday, 20% IRq, 
15-year and 25-year project life. 

Public Project : XPLC has no tax-holiday, 7.5% ROE, 
20-year loan tern, 25-year project 
life. 

Suswa has no tax-holiday, 20% i R R ,  
20-year loan term, 15-year and 25-year 
project life. 

CASE 2 - Rate of Return 
Private Project: KPLC has no tax-holiday, 80% capacity 

factor, 25-year project life. 

Suswa has a 5-year tax-holiday, 95% 
capacity factor, 15-year and 25-year project ' 

life. 

Public Pro j ect : KPLC has no tax-holiday, 80% capzcity 
factor, 20-year loan term, 25-year 
project life. 

Suswa has no tax-holiday, 95% 
capacity factor, 20-year loan term, 
15-year and 25-year project life. 

CASE 3 - Interest Rates 
Private Pro j ect : KPLC has no tax-holiday, 7.5% ROE, 80% 

capacity factor, 15-year loan term, 
25-year project life. 

Suswa has a 5-year tax holiday, 20% i-RR, 
95% capaijity factor, 15-year loan term, 
25-year project life. 

Public Project: KPLC has no tax-holiday, 7.5% ROE, 
8 0 %  capacity factor, 20-year loan term, 
25-year project life. 

Suswa has no-tax holiday, 20% 1?3, 
95% capacity factor, 20-year lcan tern, 
25-year project life. 
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Table VII-4. COST COMPARISON OF TARIFFS FOR PRIVATE VERSUS PUBLIC 
PROJECT 

Description 

25 Yr. 15 Yr. BOT 25 Yr. BOO 
KPLC Suswa Suswa 
(c/kWh) (c/kWhl (c/kWh) 

CASE 1 - Capacity Factor. Rate of return is held constant and 
capacity factor is analyzed. 

Private Project - 80% 5.3 6.5 
85% 5.1 6.2 
90% 5.0 5.8 
95% 4.9 5.6 

Public Project - 80% 5.0 5.4 
85% 4.8 5.1 

4.8 
4.6 

90% 4.5 
95% 4.3 

6.3 
6.0 
5.6 
5.4 

5.2 
4.9 
4.7 
4.5 

W E  2 - Rate'of Return. Capacity factor is held constant and 
rate of return is analyzed. 

Private Project - 7.5% 5.4 4.8 
10% 5.6 5.0 
15% 7.2 5.3 
20% 8.1 5.6 

Public Project - 7.5% 5.0 4.0 
10% 5.3 4.1 
15% 5.7 4.4 
20% 6.2 4.7 

4.0 
4.4 
5.0 
5.4 

3.6 
3.8 
4.1 
4.5 

CASE 3 - Interest Rate. Capacity factor and rate of return vary 
and interest rates are analyzed. 

Private Project - 7% 5.0, 4.8 
4.9 8% 5.2 

9% 5.4 5.1 
10% 5.6 5.3 

Public Project - 7% 4.8 4.5 
8 %  5.0 4.7 
9% 5.3 4.9 

10% 5.5 5.0 

4.6 
4.7 
4.9 
4.5 

4.4 
4.5 
4.7 
4.9 
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Table VII-4 illustrates different tariffs for a private 
versus public project based on sensitivity analysis of capacity 
factors, rates of return and interest rates. This information is 
also presented graphically in Figures VII-4, VII-5 and VII-6. 

In Case 1, capacity factor sensitivity, rate of return is 
held constant and capacity factor is analyzed. In the private 
project example, at an 80% capacity factor, KPLCIs tariff of 
$.053/kWh is closest to Suswa's 25-Year BOO project, 95% capacity 
factor ($.054/kwh). KPLC's costs are lower in this example due to 
its lower required return. In the public project example, KPLC'S 
80% capacity factor tariff is comparable to Suswa's 25-Year BOO 
required payment at 85% capacity ($.05/kWh vs. $.049/kWh). At 95% 
capacity factor however, Suswa's required payment becomes less 
than XPLC's tariff at an 80% capacity factor, in both the 15-Year 
BOT and 25-Year BOO projects. Financing costs are lower in the 
public project example but KPLC's higher capital cost ($3,065/kW 
vs. $2,538/kW) make private power less expensive. Comparing 
capacity factor sensitivity between the public and private 
projects, the most likely comparison, we find KPLC's 80% capacity 
factor tariff is most comparable to Suswa's 25-Year BOO required 
payment, 95% capacity factor ($.O5/kWh vs. $.054/kWh), based on 
required returns of 7.5% and 20%. - 

In Case 2, rate of return sensitivity, capacity factor is 
held constant and rate of return is analyzed. In the private 
project example, XPLCIs tariff, assuming a 7 . 5 9  return, is 
comparable to Suswals 25-Year BOO required papent assuming a 20% 
rate of return ($.054/kwh vs. $.054/kWh). In the pblic project, 
KPLC's tariff, assuming a 7.5% rate of return, is greater than 
Suswa's 15-Pear BOT and 25-Year BOO required payments assuming a 
20% rate of return. This is due to KPLC's lower availability and 
higher capital costs. If XPLC's project were pr iva t e ly  financed 
and a 20% ZF-3 were required, XPLCIs tariff could be as high as 
$.OSl/kWh. 

In Case 3 ,  interest rate sensitivity, assuming base case 
capacity fact,ws and required returns, the effect of different 
interest rats? on project COEYS are analyzo,d. At an 8 5 %  capacity 
fsctor and 7 . 5 %  required retu-n, XPLC's tariffs are similar to 
t h a  private :-.wer project req,,Lred payments (95% capacity factor, 
2'3% IRR) i n  :-.,-th the private a ~ d  public exam2les (only loan terms 
a r e  varied). Zosts Secome com2arable in this czse due to E:?Lcls 
higher capitzl cost and private power projects increased 
availabilit:., lower caFital casts and higher required retzrn. 
InteY-est rata sensitivlty is 3n important factor in +Ais aaalysis 
because privzte power financing cannot compete w i t h  KPLC's 
subsidizes ratss .  %sed or, t he  type of equipment financing 
obtained, ar.d, if either donor fonds and/or gramts bre obtained, 
private power's financkg terns can compare favorzbly to KPLc's 
interest ratis. 
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- .  - 

This analysis demonstrates that given higher availability 
(efficiency), lower capital costs (reduced construction time) and 
interest rates which are comparable to KPLC's (this implies a 
portion of the financing could be either donor financing or 
grants) , a private power project can compete with XPLCIs 
subsidized costs for a planned or proposed geothermal project. ~t 
should also be mentioned that based on accepted methodologies f o r  
computing avoided costs, KpLC's systemwide avoided costs would be 
higher than the amounts listed above (geothermal plant costs are 
only one component of this calculation). Methodologies f o r  
computing avoided costs are discussed in detail in Section VI, 
Part 2. 

FIGURE VII-4. COST COMPARISON PRIVATE VERSUS PUBLIC PROJECT,  
CAPACITY FACTOR 
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K. CONCLUSION 

This prefeasibility study has attempted to demonstrate the 
advantages of a private power project, and look at the retu 
international investor would require in order to finance th 
type of project. The advantages of private power are many. 

.rns 

.is 
an 

Private power developers (1) arrange for and assume all the risk 
of financing and constructing the power project, (2) provide off- 
balance-sheet financing, ( 3 )  establish an avoided cost for future 
projects, ( 4 )  help improve efficiency standards for other power 
projects, and ( 5 )  provide technology transfer for new products 
and sewices. In terns of financing costs, private power projects 
cannot compete directly with KPLC's highly subsidized rates. 
Private power can, however, free KPLC limited capital for use on 
other projects. Other favorable factors which make costs more 
comparable include increased availability and reduced 
construction time. Also, when considering the limits on 
availability of concessionary financing to KPLC, and the 
constraints being imposed by concessionary lenders, the price 
disparity between a public and a private power project becomes 
less both in amount and in importance. 
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Section VIII. LEGAL ISSUES RELATING TO THE DEVELOPMENT AND S A L E  
OF PRIVATE-SECTOR GEOTHERMAL POWER TO THE PUBLIC 
SECTOR IN KENYA 

A. THE RENYAN LEGAL AND REGULATORY FRAMEWORK: OVERVIEW 

Power supply projects in Kenya are undertaken to meet both 
economic and social objectives, and, historically, have been the 
responsibility of the Government. In 1990, the Government of 
Kenya, realizing that the rate of growth of power demand is 
exceeding its ability to construct new generating capacity, opened 
the possibility for the private sector to participate in power 
supply--specifically power supply from geothermal sources. The 
basis for geothermalpower supply is established in the Geothermal 
Resources Act, 1982. The law vests all geothermal resources in 
the Government, and establishes a regulatory framework, pursuant 
to which a private-sector developer may be licensed to enter a 
geothermal field, and drill, extract, generate and sell the 
resource. 

This law was executed by the Minister of Energy eight years 
subsequent to its passage, and came into effect simultaneously 
with the promulgation of implementing regulations on May 1, 1990. 
3 

1 The Geothermal Resources Act, 1982, Law No. 12 1982 (Date 
of Assent 8 July 1982, Date of Commencement, by Notice). Full text 
appears in Appendix V. 

Id. Part I, 0 3 .  2 

3 The Geothermal Resources Act, 1982, Commencement, Legal 
Notice 235, April 24, 1990, Kenya Gazette, Supp. 33, 262 (May 25, 
1990) ; The Geothermal Resources Regulation, 1990, Legal Notice 206, 
April 24, 1990, Kenya Gazette, Supp. 33, 262-283 (May 25, 1990). 
Full text appears in Appendix VI. 
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These implementing regulations make clear that transnational 
(foreign), private-sector corporations are eligible applicants for 
authority from the Government of Kenya to explore for geothermal 
resources and to be granted a license to drill and utilize 
geothermal resources, including utilization of the resources for 
the production of power. It should be noted, however, that 
neither the law nor the regulations sets forth an express policy of 
encouraging private-sector development of geothermal resources. 
The statutory framework affords a discretionary mechanism which 
allows private-sector participation in geothermal power production, 
but stops shy of clearly endorsing policy of private-sector 
geothermal resource development. 

1. The Kenyan Legislative and Regulatory Approach 

The Geothemal Resources Act, 1982, establishes a series of 
steps which the transnational geothermal developer must follow: (1) 
the Minister of Energy must first authorize all resource 
exploration; (2) a llgeothemal resources license1' must be 
obtained from the Minister in order for the developer to drill, 
extract, and utilize the  resource^,^ and ( 3 )  if electricity is to 
be produced the developer must obtain a license under the Electric 
Power Act,8 or if commercial -by-products are reclaimed, the 
geothermal resources license must include a mining lease consistent 

The Geothermal Resources Regulations, § §  1, 7, 18. 4 

See, e.a. , the statement of the Philippine government in 
setting forth the Act Authorizing the Financing, Construction, 
Operation and Maintenance of Infrastructure Pro] ects by the Private 
Sector: "It is the declared policy of the State to recognize the 
indispensable role of the private sector as the main engine for 
natural growth and development and provide the most appropriate 
favorable incentives to mobilize private resources for the 
pUrpose.lt (Republic Act, No. 6957, July 9, 1990). 

5 

Geothermal Resources Act, supra note 1, at 0 36. Such 6 
grant is for five years. 

Id. 8 7. Such grant is for 30 years, renewable for five 7 
years. 

5 14; Electric Power Act, Ch. 314, Law of Kenya 2-213 
(1986). Power Sales under the Electric Power Act and the laws of 
Kenya is a somewhat complicated issue. For  a detailed analysis, see 
Appendix VII. 

8 
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resources license must 
Mining Act. 9 

include a mining lease consistent with the 

The Geothermal Resources Regulations, 1990, set forth a model 
license which establishes the basis for negotiating the 
arrangements for obtaining the rights to the Kenyan Geotherma.,l 
resources license -- a "model Geothermal Resources License". 

This Model Geothermal Resources License provides that the 
right to take and use geothermal resources may be based in part on 
a geothermal contract, incorporated into the license by reference. 
The license establishes a schedule of payment for land rental and 
royalty for the sale of steam or electricity. It provides for the 
forfeiture of the license in the event of either unauthorized 
inactivity on the part of the developer or breach of the geothermal laws, regulation or license. The Model License mandates a 
reporting system and establishes an incentive system whereby the 
Minister of Energy undertakes to secure a number of investment 
incentives (for the most part preexistent in other legislation) for 
the licenses. 

2 .  T h e  T h e o r y  of P r i v a t e  P o w e r  L a w s  

Private development of public power resources is a relatively 
new innovation worldwide. The underlying rationale for introducing 
this approach into Kenya in 1990 deserves careful examination - - 
the theory underlying the law may determine not only the direction 
of fcture geothermal license/contract negotiations, but also 
whether the concept of private geothermal development is viable in 
Kenya. 

There are two fundamental reasons for a country to promote 
private power development, project financing and lower rateholder 
costs. 

Geothermal Resources Act, suDra note 1, at S 8 ( 2 )  ; Mining 9 

Act, Ch. 306, Laws of Kenya. 

Geothermal Resources License S 3(1). 
Regulations provide that a geothermal resources license 

Geothermal Resources Regulations First Schedule Model 10 

The Geothermal Resources 

... may be accompanied by, or conditioned upon, the execution 
of a contract (to be known as a "geothermal resources 
contract") between the licensee and the relevant government 
departments or other body designated by the minister for the 
utilization of the geothermal resources. 
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* Private-sector f inancinq is a viable a-lternative to - 
public-sector financing in an era in which worldwide 
power demands will outstrip the availability of funds 
from traditional public-sector financial sources. 

* Private-sector power projects, must be run on a cost- 
effective basis, producing the maximum possible power 
from available resources in the shortest possible time 
in order to be competitive and commercially viable. 
Thus, the successful private-sector project by its own 
interna1,self-selection process will, intheory, generate 
lower-cost electricity for the benefit of the ratepayer. 

Thus, the Kenyan legal, regulatory regime may properly be judged 
by the extent to which it creates incentives which will place the 
private power developer on equal footing with the public-sector 
developer of power. This issue is especially sensitive with 
respect to geothermal power. geothermal power, by its nature, is 
site specific. Unlike oil, it is not generally an exportable 
commodity. It has only one market -- the state utility monopolies. 
Therefore, the imposition of lease payments, royalties, customs 
duties and taxes will be passed along through the utility to the 
ratepayers. If a government does not levy such charges against the 
public-sector power developer, but does levy them against the 
private-sector developer, the private-sector developer is forced 
to absorb an unequal burden. At the outset of a private project 
these charges must be met by debt and equity contributions. 
Subsequently they must be met from operating revenues. In turn, 
repayment of principle and interest as well as on-going government 
charges must be met by the utility. Moreover, risk capital or 
equity must have a predictable return at least as high as 
investment in a industrial-nation banks Certificates of Deposit 
plus, an upside commensurate with the investment risk, if equity 
investment is to be attracted. 

Consequently, a private-sector geothermal power development 
project cannot be compared with, or regulated as though it were, 
an industrial project or a mineral-development project. To do so 
ignores the fact that the nation is properly promoting both an 
alternative financing mechanism supplementary to public financing 
and a low-cost rate to the ratepayer. 

On the other hand, the Government of Kenya holds geothermal 
resources in trust for all the people of Kenya. To the extent that 
it provides resource rights, land use, and incentives, it is 
providing quantifiable things of value. Thus, the people of Kenya 
are making an investment in private-sector power development in the 
same way that banks and private investors are making an investment. 
A fair and equitable method of repayment of the Kenyan investment 
must be built into any legislative and regulatory scheme. 
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The Build, Own, Operate and Transfer or llBOOT1l model is one 
such method. In the BOOT model, the private-sector developer furnishes 100% of the financing. After the private-sector 
developer repays its debt burden and makes a reasonable return on 
its investment, by pre-agreement, the assets of the project are 
transferred to the Government for integration into its power 
production system. The fewer Government charges against income 
levied on the project during its private-sector phase, the soon6r 
the transfer. One variation on this approach is to vest ownership of the project in the Government on an on-going basis. Fcr 
example, a percentage of the corporation can be transferred to the 
Government by transferring stock ownership in lieu of royalties and 
lease payments. Thereby, from project initiation, the Government 
can participate in profits on a coequal basis with the other equity 
investors. 
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B. THE PRIVATE SECTOR PERSPECTIVE 

From the perspective of a private-sector, transnational 
developer, the legal requirements prerequisite to undertaking steam 
and power production in a foreign country are relatively 
straightforward. The private-sector developer must: 

(1) be assured of its right to the resources, 

(2) be assured of its right to sell steam or electricity, 
and 

( 3 )  be assured of its right to earn and repatriate income 
sufficient to meet debt burden as well as to make a reasonable 
return on investment. 

Knowledgeable financial experts have amplified on these three 
basic preconditions. They have stated that, as a general rule 
before governments and prospective private sponsors embark on 
private-sector energy projects, three conditions must exist: 
First, the host government must be firmly committed to putting the 
responsibility for the creation and operation of the new generating 
capacity into the hands of the private sector. Second, the host 
government must understand private-sector incentive mechanisms and 
be realistic in its risk-reward sharing expectations. And, third, 
the host government must be seen by the project sponsors and 
lenders to have a credible commitment to concluding a deal. 

Thus, even the relatively simple prerequisites of the private- 
sector power developer, must be understood and evaluated in the 
more sophisticated context of international financial imperatives. 
In this light, the following discussion examines the issues of the 
general agreement framework, resource rights, power purchase 
arrangements, and (D) economic incentives. 

11 

See, e.q., Stevenson, William A . ,  '!The Turkish BOT Power 
Experience,It U.S.A.I.D. Report No. 89-04 ,  Summary Report of the 
Philippine Seminar and Round Table on Private Power Generation 
through Build-Operate-Transfer (BOT), (May 1989). 

11 
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C. TEE GENERAL AGREEMENT FRAMEWORK 

I 

The Geothermal Resources Regulations, 1990, contemplate that 
a private-sector geothermal power project will be defined by a 
geothermal resources license into which will be incorporated a 
geothermal resources contract. l 2  The Regulations appear to 
contemplate a single omnibus agreement, although there is no 
statutory or regulatory prohibition against dividing the agreement 
into sub-agreements in order to handle discrete issues more 
manageably. These sub-agreements may be incorporated into the 
geothermal resource contracts by reference. Agqeement-management 
will depend greatly upon the parties to the agreement. If the 
power purchase agreement is between a private-sector developer and 
the utility, such a prerequisite agreement might be better 
negotiated separately and incorporated by reference into the 
Government's geothermal resources contract. Moreover, if it is 
determined to establish private/public joint ventures, such joint 
venture arrangements might also be separately negotiated. 

The Power Purchase Agreements set forth below, plus any joint 
venture agreements, will form the core of a private-sector 
investment in a geothermal power plant in Kenya. However, 
depending upon circumstances, the parties may f i n d  t h a t  o t h e r  
agreements are useful in memoriaLizing their intentions. This 
section describes some of the agreements which may be 13 executed 
separately, or folded into a single, omnibus agreement. 

As discussed in Section I1 D below, in view of the unique 
public nature of a private-sector power project, it may be in the 
long term interests of all parties to have the geothermal resources 
contract package approved and passed into law by Parliament. 

1. Preliminary Agreements 

Depending upon the circumstances, a number of preliminary 
agreements may be executed. 

l2 Geothermal Resources Regulations, supra note 4 ,  at § 

l3  - Id. at § 3(2) provides that a geothermal resources 
contract between the licensee and the government may accompany the 
Geothermal Resources License. Thus, such an omnibus agreement is 
authorized. This section and those following provide examples of 
the content of such an agreement. Id. supra note 4, at S 14(1). 

3 (1) (2) 
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a. Non-Disclosure Agreement 

A non-disclosure or confidentiality agreement may be executEd 
to preserve the integrity and confidentiality of information 
disclosed among joint venturers and to establish a schedule, a team 
and a procedure for pursuing further agreement. This concept is 
consistent with the Kenyan regulations. The Kenya Geothermal 
Resources Regulation, S 14 (1) provides that Ilall information 
supplied to the [Minister of Energy] by the licensee shall be kept 
confidential and shall not be disclosed except with the consent of 
the licensee. 

b. Letter of Intent of Memorandum of Understanding 

Memorandum of Understanding (tlMOU1l) and letters of intent 
identify the parties engaging in the negotiations and, in general 
terms, the objectives which they seek to achieve. The objectives 
covered should include the type of entity to be created and what 
its function will be. It should include a stipulation of the 
intended level of capitalization for the new entity as well as the 
anticipated percentages of ownership and control to be assumed by 
the parties. It should address the intention of the parties as to 
the agreements which will form the geothermal resources contract 
(e. Q. , geothermal lease, power purchase , joint venture , 
construction, management, operations, etc.). 

Comment 

At this early stage of negotiations, the 
parties are often not far enough along to 
address specifics, nevertheless it is useful 
if significant provisions can be addressed. 

A memorandum of understanding should identify 
the general responsibilities of each party 
during the start-up phase of the project, and 
should address a schedule by which certain 
procedures and acts should be complete in order 
to get the venture completed by a specific 
date. 

l 4  This regulatory provision provides the Government the 
authority requisite to enter into a non-disclosure agreement with 
its joint venture partners. 

- 
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2. . Private-Sector Power Agreements 

a. Geothermal Resources Agreement 

The Geothermal Resources License envisioned by Kenya 
establishes the relationship between the government and the joint 
venture corporation or individual foreign corporation. The mineral 
lease issues associated with Geothermal Resources License are 
discussed in detail in section I1 B ,  below. 

b. Joint Venture Agreement 

The Joint Venture Agreement establishes the relationships 
among the private offshore developer, the public and private 
domestic partners and with the Government itself. The prevailing 
form is the equity joint venture agreement. In an equity joint 
venture, a new entity such as a corporation or a partnership is 
created specifically to achieve the joint venture objectives. The 
corporation format frequently used for international joint 
ventures. If no joint venture is contemplated the offshore 
developer wil1,typically retain its domicile. If a joint venture 
with a private domestic corporation is contemplated, a neutral 
situs or the host country situs is common. In joint ventures with 
governmental entities, incorporation in the host country is 
generally mandated. - 

c. Construction, Operation and Maintenance Agreement 

The construction, operation and maintenance agreement may be 
incorporated into the omnibus geothermal resources contract or may 
be addressed in the form of a separate agreement. 

Assuming that the joint venture is, for example, between the 
offshore developer and a wholly government-owned entity such as the 
Kenya Power Company or a part&lly government-owned entity like 
Kenya Power and Light Company, the joint entity is placed in a 
situation in one of its principals--the U.S. investor--will 
function as prime contractor for construction and subsequent 
operation and maintenance of the facility. It would appear prudent 
from the perspective of all parties to negotiate the construction, 
operation, and maintenance agreement in context of, and 
simultaneously with, the geothermal resources contract in order to 
ensure internal consistency. 

In a joint venture arrangement in which the contractor is an 
equity participant, the tendency of the contractor will be to 
ensure an adequate retu'n on investnent through 
nanagement/operating pa-pents, payable off the top from gross 
income rather than through profits shared by the host investor. 

See text at section I1 C, below. 
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It is to the investor's interest to ensure that whatever formula 
is agreed--"costs plus percentage costs, guaranteed maximum, 
incentive contracts with mixed lump sum/cost plus--the host country 
owner (especially if it is a government) perceives that an 
equitable method of ensuring its fair share of income is 
formulated. 

d .  Power Sales Agreement 

The electricity buyer and seller must have well-defined power 
contracts stating the amount, reliability and length of time (i.e., 
months, downtime, and time of day) that the energy producers will 
supply electricity. The Power Sales Agreement is discussed in 
detail in 5 I1 C below. Kenya has had no need to institute the 
complex regulatory regime as exists, for example for regulated 
utilities in the United States. Thus, a power sales agreement with 
KPLC is likely to be among the first of its kind. Therefore, this 
agreement may be free of certain regulatory constraints and may be 
drafted and negotiated as if the agreement were between two wholly- 
private entities. Offshore developers, however, are cautioned to 
ensure that their Kenya project activities are in compliance with 
the laws of their domicile. 

3. Ancillary Agreements - 

Ancillary agreements may be useful to: 

* implement, on a more detailed basis, the transfer of 
information, technical skill and equipment; 

* protect the transferred information, equipment and 
technical data; and 

* distribute responsibilities of the parties. 

a. Examples of Ancillary Agreements 

The list of ancillary agreement may include: 

an administrative services 

( 2 )  a supply agreement, 

agreement, 

( 3 )  

( 4 )  an agreement related to indirect issues, e.q. the 

a purchase agreement relating to equipment and 
machinery, - .. 

use or upkeep of the transmission and distribution 
system, 
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(5) 

(6) 

an employee training agreement, and 

a technical assistance and licensing agreement. 

b. Recourse/NonRecourse Agreements 

In certain circumstances, especially those in which the 
transnational joint venture company arranges for h o s t  country 
financing, recourse and non-recourse financial agreements may be 
included in the package. 
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D. RESOURCE RIGHTS 

The international private-sector geothermal developer is 
accustomed to entering info geothermal leases which typically 
permit the exclusive and discretionary right to explore and develop 
the leasehold and to erect commercial facilities in exchange for 
rent or royalty payments. The term of the lease is long enough to 
allow development and is automatically extended if the lessee is 
successful. The lease is short enough to allow reversion to the 
lessor in the event the lessee is inactive or unsuccessful. In 
Kenya, the geothermal resources license contemplates many of the 
issues traditionally covered by a geothermal lease. Nevertheless, 
some legal authorities might argue that the authority to use land 
pursuant to license is not perfected until a written lease is 
passed from lessor to lessee. In the final analysis, it is the 
financial investor or lender who must be comfortable that its 
investment is secure. The five following operative provisions are 
standard in geothermal leases, and may serve as a point of 
departure for a Kenyan formulation. They also illustrate the norms 
by which the land-use sections of the Kenya regulatory scheme may 
be evaluated by the international private sector developer. 
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EXAMPLE GEOTHERMAL LEASE 

1. EXCLUSIVE DEVELOPMENT RIGHTS. The Lessee shall have the 
sole and exclusive 'right to explore for, drill for, produce, 
extract, remove, store, utilize, treat, process, convert and sell, 
geothermal steam, hot water, and related products during the term 
of the lease and any extension thereof. The rights of the Lessee 
in such uses shall include the right to construct, use and maintain 
a power-generating facility, roads, pipelines, utility and power 
lines and other structures and improvements which may be necessary 
or convenient in the operations under the lease. 

2. CONSIDERATION. The consideration paid by the Lessee shall 
be [one or more) of the following: 

the entire land area of the leasehold estate; 
a. Annual rental in the amount of per acre [or hectare] for 

b. Royalty of percent of the proceeds from the sale by Lessee 
of geothermal resources, less any taxes imposed on the sale of such 
geothermal resources and less the cost to Lessee of any 
transmission to the point of sale. 

3. COMMERCIAL DEVELOPMENT. At such time as Lessee shall have 
drilled and completed wells within the leasehold which shall 
indicate to the satisfaction of the Lessee a sufficient commercial 
potential, and at such time as the Lessee has obtained a market for 
the geothermal resources, Lessee may construct facilities for the 
commercial sale of products from the leasehold. 

4. TERM. The lease shall remain in force for a period of 
years and thereafter so long as geothermal resources are produced 
or the Lessee is engaged in drilling operations or the construction 
of facilities for the commercial sale of products. 

5. DISCRETION. The Lessee shall conduct its operations with 
reasonable diligence, but shall have no obligation to explore for, 
develop or produce geothermal resources for the leased land. 
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The approach which Kenya proposes to use is set forth in the 
16 Model Geothermal Resources License. 

(1) The License grants a Licensee,(the lessee) broadly 
stated exclusive rights to explore for, extract and 
utilize geothermal resources for a term of thirty 
years. 17 

( 2 )  Consideration is a yearly advance rental per hectare 
plus a royalty of a ne otiated percentage of the value 
of each kilowatt hour. 83 

( 3 )  This license requires the Licensee actively to develop 
the geothermal field or be subjected to forfeiting its 
rights. 19 

In its basic conceptual approach, the Model Geothermal 
Resources License is consistent with international geothermal 
resource standards. The deviations from industrialized country 
norms appear justifiable. 

COMMENT 

Pursuant to the terms of the Model License, if the 
licensee ceases work for six months, it may lose its 
license unless the previous written consent of the 
minister is obtained. It is common for developing 
countries to require an expenditure commitment or an 
obligation to drill. The penalty levied by the 
government of Kenya--forfeiture of the license in the 
event of inactivity by the Licensee--is not necessarily 
an onerous penalty to be imposed by a government charged 

l6 First Schedule, Model Geothermal Resources License, The 
Geothermal Resources Act, 1982 (No. 12 of 1982) and the Geothermal 
Resources Regulations, 1990, Kenva Gazette, Supp. 33 ,  269 -276  (May 
25, 1990). (hereinafter !'Model License!!). 

l7 Id. S 1-2. The thirty-year term is renewable for two 
further periods of five years each. .) 

Id. s 3 .  c 

l9 - Id. Section 7(1). "The Minister may, by notice to the 
Licensee, declare this licensee to be forfeited [inter alia] if the 
licensee wholly ceases work in or under the license and during a 
continuous period of six months, without the written consent of the 
Minister. If 
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with developing electrical resources for its people, 
provided that administrative authorization for delay 
caused, for example, by business contingencies is not 
unreasonably withheld. There may be some justifiable 
criticism of the six-month provision. Considering the 
delays endemic to international transactions, grace 
period may be unreasonably short. 

Regarding consideration, the advance yearly rental plus 
a production royalty is straightforward. The Government 
should be aware that in higher risk exploration areas, 
it is customary for the lessor to waive or reduce initial 
rental fees until the area proves commercially 
productive--thereby encouraging exploration of unexplored 
sites. The Government might also consider crediting or 
applying rentals paid to the Government to royalties 
payable (or to become payable) on actual production; The 
key to successful cooperative development of energy 
resources by the private sector is elimination of 
penalties to risk taking--i.e., economic incentives. 

The Model License does not specifically allow a deduction 
from royalty payments- of any taxes. This omission might 
be perceived by investors as a loophole allowing the 
Government unilaterally to raise the amount of royalty 

Such payments by exercising its powers to tax. 
perceptions should be addressed by the Government, by 
contract or regulation. Otherwise, silence on the 
subject may frustrate the ability of developers to raise 
loan and equity contributions. 
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E .  POWER PURCHASE 

For private-sector power generation to be attractive as an 
investment to the private sector, certain economic and contractual 
requirements are necessary to increase investor benefits and 
thereby encourage development with the resultant public-sector 
benefits. From the private-sector developer's perspective, it will 
need a firm, power-purchase contract with the concomitant 
guaranteed electricity prices and reasonable guarantees of payment, 
investment security and system integrity. 

It is useful to examine an outline of a standard power 
purchase agreement (the international norm) in context of the legal 
framework in Kenya. 
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EXAMPLE GEOTHERMAL PURCHASE AGREEMENT 

1. OVERVIEW 

1.1 BASIC AGREEMENT. The basic document 'is a single contract 
between a Company and a Utility where the Company 
contracts to design, build and operate for 2 4  hours a 
day, llxll days a year for rlyll years, a facility producing 
I1zr1 megawatts. 

COMMENT 

* It is presently contemplated that the Company would 
be majority owned by the off-shore investor, in a 
joint venture arrangement with one or more Kenya- 
governmental entities could be Kenya Power Company 
(KPC)  or Kenya Power and Light Company (KPLC). KPC 
is a 100% government-owned company responsible for 
ongoing development of geothermal resources. It 
owns, i n t e r  a l i a ,  the Olkaria geothermal plant and 
associated transmission lines. KPLC has majority 
government ownership and control, but also has 
approximately 30% private ownership. KPC and the 
other government-owned companies which own 
generating stations have agreements with KPLC 
vesting responsibility for operations and 
maintenance of the power facilities with KPLC. KPLC 
thus functions as the sole power utility in Kenya. 
It is also recognized that KPC and KPLC have 
identity of management and staff. KPC is a paper 
company which KPLC personnel staff. 

* The prospective private-sector investor and the 
Government of Kenya (including KPC and KPLC) will 
need to analyze the relative merits of identifying 
KPC and/or KPLC as a joint venture partner. The 
following analysis identifies the issues which may 
be identified by a hypothetical private-sector 
investor. The actual conclusions may differ, but 
this analysis is illustrative of the approach. 

Under the circumstances set forth the above, the 
private-sector investor may conclude that there is 
very little functional difference whether the Kenyan 
partner is KPC or KPLC. It is arguable that KPC (as 
a 200% government-owned entity charged with 
geothermal development) may enjoy the greater 
stabiiity of the two and that there is less of a 
potential for conflict of interest if the utility 
is not in a posture of contracting a geothermal 
resources agreement with itself. On the other hand, 
one could argue with equal force that it is 
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1.2. 

relatively easy to penetrate the corporate veil and 
that the two entities are indistinguishable. 

From the perspective of the private-sector partner, 
the determining factor is which of the two entities 
establish sufficient credibility in the eyes of the 
international investment community to attract the 
requisite debt and equity capital. It is probable 
that both public and private foreign, lending 
institutions will require majority ownership and 
control to be in the hands of their own nationals 
and that as much of the host country ownership as 
possible be in the hands of the Kenyan private 
sector. This predisposition, coupled with the 
established operational track record of KPLC, argues 
that, on balance, KPLC may prove the most likely 
Kenyan partner. - 

The private-sector investor will have to ensure that 
the articles of incorporation and by laws of the 
Kenyan joint venture partner as well as the laws and 
regulations governing the operations of those 
entities allow them to enter a joint venture with 
a foreign partner. - 

* A joint venture agreement between the partners will 
be one element of the agreement package. 

* The Kenyan joint venture partner will be in the best 
position to assume responsibility for obtaining all 
requisite Government approvals. 

MAJOR DEFINITIONS. The following summarizes the key 
definitions: 

llAgreementtf means this Geothermal Resources Power 
Purchase Agreement. 

"Annual. Period" means any one of a succession of 
consecutive 12-month periods. 

ttBuyertt means Kenya Power and Light company (or IIKPLC) 
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"Buyer's System" or; & y s t k m ~  means the; Buyer's elecbical 
system. serving Kenya, including Buyer's. Electrical 
Interconnection Paailities, beginning at the Paint(s) of 
Delivery. 

"Date of Ini t ia l  Commercial Ssrviae" sleans the 'day the 
Seller designates as the i n i t i a l  date of. produutian of 
electricity by Seller at its gaoility. 

"Electrkal Interoonneution pacil'itieq* means those 
faai l i t ies  cequfrtd for the receipt.: or deLinery of . Eleatricity DE any Point(s) 0f.Delivery required to 
connect Buy~r1s System to the Paciliw in axder to 
effeutuate the purposes o f  a i s  Agreement, . 

1 

. * :  I 
"E1ectricity~~ means a e  t o L 1  amount 'of electricity 
producible by the Facility and avafaable fgr sale. 

"Force Majeure" a force. mch as (L) Bats of. God; (ii) 
war, Lncurrectlon, r i o t ,  c i v U  disorder or-disturbance; 
(iii) h p a c t  of natiohal emergency; (iv] defaults of 
subcontra&ors and supplierst (v) .change 03 law! and (vi)  
strikes . 
wGeothermal Resources License;@ means the Geothermal 
Resouraes License granted the - day o f  19-,' by the 
Minister of Energy t? Seller. 

"Joint Venture Agxeklaent" means the agreeraent e n t e e &  
b e t w e e n  and among * 

1 

m ) F W b l '  means kilowatts of eleutrclcity per hsur. 
"kW" means k i b w a t t s  of electricity. 
@'Points 02 Delivery*o means any pointq where  the Seller's 
Electrical Interconnection Pacildties come& t o  the 
Buyer's Eleutrical Xnttraonneatfon Facilities. 

"Seller" means the joint venture entity producing. 
eleutrical power. 

coM"z 
* These d e f h h . a n s  are illujtrative only. 

. *  

* *  

' . 
I 
I 

I 

VI11 - 19 

.. . .  



I 

I 

i 
! 

! 

! 
i 

I 

t 
! 
I 
i 
I 
1 

i 
I 

I 
I 
I 

I 

i 
I 
I 

I 

I 

i 

! 

i 

I 

i 
I 

2. 

3. - 

c . .  
. .  

* * The te'rms of sale t o  the grid must be Incorporated 
fnto the aontraot, To the extent that it i s  
aontemplated that the f a d l i t  be transferrea b a a  
to cmnznment ownership-a bu ld, own, operate, 
transfer or "BOOT@ arrangement, a formula may be 
devised whereby, after the debt is paid and the 
company raceivea an agreed xetwn on investment, 
the faaflity rnay be transferzed for an agreed o w .  
If the Government wants to expditze transfer, it 
will o f f e r  Inasntlves to allow high retention of 
Qzoe6 itrobae (perhaps f o r f e j t i n g  .royalty and 
thereby vesting i t s e l f  with an inoreasing share of 
the oorparate ownership), and be.prepared to buy 

to minimize cash outlay, a long term contrhct, 
such as ' that  apparently envisioned by Kenya, can 
usually allow transfer for: a token' sum a t  money. 

x 

O u t  Of khe COmPmy ear ly -  If the GOv-ene Wishas 

* .  

S a t 8  OF' ~EcmuC;TSmr 

3.1 Seller sha l l  sell and Buyer sha l l  buy +I Electricity' 
to be produued by Seller's faciJity.  

3.2 X O l W m Y  E L E C T R I C I T Y ' b G B .  Buyer'shall ay Seller, in , 
United States Dollars, a monthly electric ty charge equal to (i) the capacity charge, calculahd P on a kW 
basfa, plus (11) the praduct: of the energy prioe for 
the applicable calendar year, and the monthly. quantity 
of Elsctrioity on a.klJh bzisis. 

. .  
* This approaah irs fllurrtrativa. ?here &re a number of 

.-e formula which have proven effective. The econmtics of 
the projecrt and the goals of the parties should d ic ta te  
a result  which can be expressed by formula. 

* The kW basis and the.energy.price for the calendar year 
are at the heart o f  the agreement and therefore the 
subjeat of negotiations and formula set fer= .in separate 
appendixes 

All paxties must agree upon an electricity pricing 
famula which guarantees prices to the Seller. This 
formula shaul4 aoaount for various factors such as system 
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reliability, production costs to the private sector 
producer, avoided costs to the Buyer for oil, coal, 
natural gas, hydropower, etc:, and generation capability. 
If reliable power is supplied by the Seller, the full 
avoided costs (energy plus capacity costs) are part of 
the criteria for selling the electricity transfer price 
which is also moderated by system reliability and 
capacity. From an economic perspective, avoided costs 
should reflect incremental or long run marginal costs of 
electricity production. These are the costs to the 
Seller for installing and operating the least-cost 
option. 

* Hard currency payment is essential. Financial 
institutions will not loan the private sector project 
funds without hard currency repayment. 

Furthermore, since infrastructure projects such as power 
production facilities do not generate hard currency, 
financial institutions may require Governmentguarantees. 
In some of the developing countries, the Government 
guarantees only the power-purchase payments; it does not 
necessarily guarantee the loan. Should Kenya o p t  for 
this approach, the Government would only guarantee that 
payments will be made -for the electricity it receives, 
not for the debt of a facility whether it succeeds or 
not. 

4 .  DUTIES OF THE PARTIES 

4 . 1  SELLER. Seller shall obtain all material government 
approvals. Seller shall own, operate and maintain all 
Electrical Interconnection Facilities necessary for the 
delivery of electricity from its Facility to the Points 
of Delivery. 
uninterrupted delivery of Electricity to Buyer's 
System. 

Electrical Interconnection Facilities necessary for the 
receipt of electricity from Points of Delivery to its 
System. Buyer shall purchase Electricity. 

Seller shall endeavor to provide 

4 . 2  BUYER. Buyer shall own, operate and maintain all 

5 .  MEASUREMENT, METERING AND OPERATING SCHEDULE 

5 . 1  UNITS OF MEASUREMENT. For the purposes of this 
Agreement Electricity shall be measured in kW and kWh. 

5 . 2  MEASUREMENT EQUIPMENT. Seller and Buyer shall each 
maintain electrical measuring, equipment. Seller's 
meters shall be used for quantity measurements. 
Testing, corrections of measuring equipment and 
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maintenance shall be as mutually agreed. 

5.3 OPERATING SCHEDULE. Seller and Buyer shall keep each 
other informed as to the operating schedule and 
condition of their respective facilities and equipment. 

COMMENT 

* Measurement provisions, with the requisite checks 
and balances must be carefully honed. Confidence 
of Seller and Buyer in the measurements must be 
scrupulously maintained if the Agreement is to be 
effective during the operating years. This issue, 
if not set forth with specificity at the outset of 
the relationship,, may prove to be a major cause of 
friction in the relationship. 

6. BILLINGS AHD RECORDS 

6.1 MONTHLY BILL TO BUYER. Seller shall bill Buyer for the 
amount of Electricity actually delivered by Seller 
during the preceding month. 

all amounts billed pursuant to Article 6.1 within 
thirty ( 3 0 )  days of the receipt of Seller's Statement. 

records as mutually agreed which shall be available for 
inspection by either Party upon reasonable notice. 

6.2 PAYMENT. Buyer shall pay Seller in U.S. dollars for 

6.3 RECORDS. Both Seller and Buyer shall maintain such 

COMMENT 

Certainty of payment underlies project financing. 
Interest penalties for late payment are normally part of 

* 

these provisions. 

7. TAXES. Seller shall be solely responsible for any income taxes relating to the Facility. Buyer shall be solely responsible for any sales, income or other 
taxes relating to the Buyer's System, as well as any taxes 
imposed on the sale to the Buyer of Electricity produced by 

use, 'property, 

the Facility. 

8.1 REPRESENTATIONS AND WARRANTIES OF BUYER. Buyer hereby 
represents and warrants to Seller as follows: 
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A.  Buyer is a corporation duly organized and existing 
in good standing under the laws of Kenya and is 
duly qualified to do business in Kenya. 

B. Buyer possesses all requisite power, authority, 
including regulatory authorities and financial 
capability, to enter into and perform this 
Agreement and to carry out the transactions 
contemplated hereunder. 

8.2 REPRESENTATIONS AND WARRANTIES OF SELLER. Seller 
hereby represents and warrants to Buyer as follows: 

A .  Seller is a joint venture duly organized and 
existing under the laws of and is duly qualified 
to do business in Kenya. 

B. Seller possesses all requisite power and authority 
to enter into and perform this Agreement and carry 
out the transactions contemplated hereunder. 

COMMENT 

* In most international-transactions, particularly where 
there is a direct foreign investment of the type 
contemplated here, an initial decision to be made 
concerns the type and nationality of the entity which 
will actually engage in the activity. 

Factors which are usually considered in making such 
selection include foreign and domestic taxation, methods 
of financing the operation, credit risks and concerns, 
trade incentives, risks concerning injury to person and 
property, local licensing and permitting public 
relations, etc. 

* There is no requirement under the Geothermal Resources 
Act and its implementing regulations that the Licensee 
be a Kenya corporation. The contemplated joint venture , 
however, would be with KPC or KPLC. Whether either of 
those corporations are permitted (i) to enter into a 
joint venture with a foreign company (in a partnership- 
type joint venture), or (ii) to become shareholders in 
a foreign company (by forming a new corporation with an 
offshore situs), is a question which needs to be 
examined. On such examination, it -is probable that the 
joint venture Seller must have a Kenya situs by virtue 
of the KPC or KPLC tie-in. 

If a Kenya situs for the joint venture is selected the 
Government must assure the joint venture that it may 
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9. 

10. 

11. 

continue to take advantage of the economic incentives 
established by the License. For example, Article 17(2) 
of the Model Geothermal Resources License mandates that 
the Licensee appoint an attorney resident in Kenya to 
supervise operations under the license. *' Clearly, this 
and similar such provisions Contemplate an off-shore, 
foreign Licensee. Consequently, one of the incentives 
to the Licensee, for example contained in Article 
16(l)(e) of the Model License, is the ability freely to 
repatriate abroad all proceeds from the Licensee's 
geothermal operations, including the proceeds from power 
sales. If a Kenya situs is elected for the venture, the 
Model License will have to be carefully drafted to 
recognize and to accommodate the fact that the Licensee 
is in part foreign, in part domestic. 

In the event of mixed foreign/domestic ownership, the 
provisions of the License should conform its legal 
language so that the spirit of the incentives remains 
intact and expresses the intent of the Ministry. 

INDEMNIFICATION. 
and hold harmless the other Party and its directors, 
officers, shareholders, employees, agents and 
representatives against any and all loss on account of 
injury to persons, or for damage to property arising out of 
that Party's operation of facilities, except if such injury 
or harm is caused by the negligence of the other Party. 

Each Party agrees to protect, indemnify 

INSURANCE. The Buyer and the Seller shall each obtain and 
maintain in force comprehensive general liability insurance 
in agreed amounts. 

ARBITRATION. Arbitration shall be under the Convention for 
the Settlement of Investment Disputes between States and 
Nationals of Other States. 

COMMENT 

Most private-sector investors consider it of particular 
importance in contracts with government entities to 
specify clearly what jurisdiction's laws will be applied 
in the interpretation and enforcement of the contract, 
to specify where disputes will be resolved and how 
disputes will be resolved (arbitration is the generally 
preferred nethod). Each party to the Agreement will 
normally want the laws of its own domicile to apply and 

* 

This requirement is probably inserted to ensure an 20 

adequate nexus between a foreign-owned corporation and Kenya. 
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for the dispute to be settled by a tribunal located in 
its domicile. 

* In electing an arbitral tribunal, special care should be 
taken to ensure that Kenya has officially recognized that 
forum. The following list sets forth the major arbitral 
tribunals. 

a. ICSID. The Convention on the Settlement of Investment 
Disputes between States and Nationals of other States 
( ItICSIDtl) establishes the International Center for 
Investment Disputes. This convention has the unique 
advantage of providing that each contracting state shall 
recognize and enforce an ICSID award as though it were 
a final judgment of the country's courts. ICSID is 
limited to disputes arising between a state party to the 
convention and a national of another state and must arise 
from an investment dispute. Kenya is a member of ICSID, 
and contemplates the use of ICSID in the Model License. 

Convention on the Recognition and Enforcement of 
Foreign Arbitral Awards (the "New York Conventionf1), 
ratified by approximately 70 countries, provides that 
an international award-rendered in a country party to 
the Convention may be enforced in another convention 
country. 

approved by the U.N. They are of particular interest 
because arbitrations administered by the London Court 
of Arbitration and The American Arbitration Association 
can be carried out using these rules. 

b. The New York Convention. The 1958 United Nations 

c. UNCITRAL. This model set of rules was unanimously 

d. ICC. The International Chamber of Commerce rules have 
the advantage of being internationally recognized 
(unlike those of the American Arbitration Association). 

perhaps more effective than others, provided that the 
contracting parties are citizens of countries which 
have ratified the New York Convention, as its 
procedures generally involve less delay and expense. 

e. AAA. The American Arbitration Association rules are 

12. BREACH OF CONTRACT. This provision sets forth the events 
which are deemed to create a breach of contract and the 
remedies for such breach. . .  

COMMENT 

* Liabilities such as penalties for default on contracts 
are important to the utility (KPLC) vis-a-vis future 
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13 e 

D. 

will 

* expansion plans. 
Of overriding importance are the breach of contracts 
envisioned under the Kenya regulatory scheme. Since a 
breach results in forfeiture of rights, the Government 
will have enormous leverage over the joint venture 
seller. 

MISCELLANEOUS. These provisions addresses notice, service 
successors and assigns, third party beneficiaries, 
confidentiality governing law, language, currency, effective 
date, amendments and other such significant issues. 

ECONOMIC INCENTIVES 

The private-sector investor in a Kenya geothermal power plant 
take a careful look at of the institutional and lesal 

framework in making a determination as to whether to invest in 
Kenya. The income produced by electricity sales is only one 
component of the analysis. For example, to the transnational 
sector investor, time is money. The time eaten up by inordinate 
government administration may be the difference between profit and 
l o s s ,  and is often a key element in deciding whether to place risk 
capital in a given country. This section will define its subject 
"economic incentives" in the broadest possible meaning of the term 
and examine the multitude of inteyrelated issues from the legal 
perspective which, in sum total, constitute the Kenya economic 
incentive package. 
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F. INVESTMENT LAWS AND CODES 

1. Overview 

In general, in order to regulate foreign investment and joint 
ventures on their territories, most countries have enacted 
llinvestment 1awsI1 or investment codest1 whose purpose is to create 
a legal framework for the entry and operation of foreign capital. 
Some countries have enacted a network of laws rather than a general 
investment law which, though complex, serves the same purpose. Few 
countries view a foreign investment project, in and of itself, as 
a good thing. A foreign investment project is desirable if it has 
desirable effects on the host country I s economy. Every pro j ect 
will have both benefits as well as costs and risks. A geothermal power pro] ect will have both. Therefore, Xenya may view a 
private-sector geothermal power facility as a mixed blessing with 
costs as well as benefits. Consequently, the objective is to 
strive for agreements which will structure such a facility project 
so as to maximize benefits and minimize the costs to both sides. 
However, as has been discussed, in 8 1 . B  above, a private 
infrastructure project has a unique public element, and incentives 
designed for the proverbial "widget manufacturer1' need to be 
evaluated with their application to a private-sector power project. 

2. 

Since Kenya achieved independence in 1963, the Kenyan 
government has pursued a policy of creating a mixed economy in 
which t h e  public and private sectors play a role. 

a. Constitution 

The Constitution of Kenya establishes fundamental due 
process protection f r o m  the deprivation of private property: 

No property of any description shall be compulsorily 
taken possession of, and no interest in or right ove 
property of any description' shall be compulsorily 
acquired ... unless provision is made by a law 
applicable to that taking of possession or acauisiti 
for the prompt payment of full compensation.21 

r 

.on 

21 Kenya Constitution, Art. 75, para. (1). Full text appear: 
in Appendix VIII. 
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COMMENT 

This provision in the Kenya constitution is similar to 
standard provisions in most investment laws which make 
guarantees, in varying degrees, against nationalization 
or expropriation. Such language, although extremely 
significant, may be viewed by the international financial 
community (which has witnessed abuses) as being of 
limited usefulness. However, in any eventual investment 
dispute resulting from expropriation, it may provide 
support for an adequate standard of compensation, e.q., 
!'prompt , adequate and effective. 

The primary investment law of Kenya is the Foreign Investments 
Protection Act.22 The Foreign Investments Protection Act is a 
classic mix of checks and balances. It controls the formation and 
operation of investment while it simultaneously encouraqes foreign 
investment primarily by offering foreign investors and joint 
ventures a variety of incentives. 

Under the Kenya statutory scheme, foreign investors may apply 
for and be granted certificates if it is determined t h a t  t h e  
enterprise would "further the economic development of, or would be 
of benefit to Kenya. '' Importantly, a certificate holder 
Ilnotwithstanding the provisions of any other law for the time being 
in force,lI may transfer out of Kenya the approved foreign currency, 
at the prevailing official rate of exchange. This includes after 
tax profits, equity investment and the principal and interest of 
loans. 23 

COMMENT 

* The language of the statute is clear that any investment 
variations must be certified, thus the private-sector 
investor must diligently update its certificate. 

* Repatriation of foreign currency may be delayed (not 
stopped -- but delayed) by administrative processes, 
outside the statutory framework, This issue should be 
scrutinized by the prospective investor. 

22 The Foreign Investments Protection Act, Ch. 518 (Dec. 15, 
1964) as revised by the Foreign Investment Protection (Amendment) 
Act, 1988, Kenva Gazette No, No. 50, 58-60 (Aug. 11, 1988). Full 
text appears in Appendix IX. 

23 - Id. 6 3 .  
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c. Investment Promotion Center 

The Investment Promotion Center was created by the Government 
of Kenya under an Act of Parliament to serve as the primary contact 
point for companies and entrepreneurs, both local and foreign, 
wishing to explore investment opportunity in Kenya. 24 The Center 
functions to streamline application and approval procedures--"One 
Stop" shopping. According to the Center, Itrecent policy statements 
have indicated that the Government expects the private sector to 
play an increasingly important role in the provision of goods and 
services. Foreign investment is welcomed.... 11 

COMMENT 

The Center is a relatively new government organization, 
Since installation of a private-sector power facility 
would represent the implementation of a major policy 
issue, the private-sector investor may find that the 
Center would augment investment efforts with the relevant 
government ministry and agencies, but would not relieve 
the investor of the primary burden of proceeding. A s  
noted in the overview to this chapter, a geothermal 
power-production facility is more properly viewed as an 
integral part of the Government's power infrastructure 
than as an offshore developer of a Kenyan manufacturing 
facility. 

d. Geothermal Investment 

The Geothermal Resources Act and its implementing regulations 
represent a special investment law for the geothermal energy 
sector. The incentives are spelled out contractually in the Model 
Geothermal Resources License. These incentives (section numbers 
in parentheses) include: 

(1) Entry. Facilitated entry permits for technicians 
and managers. ( S  14) 

(2) Import. Facilitated permits for import relating to 
operations, exempt from all customs duties, and, 
when certified by a representative of the Ministry 
of Energy, waiver of approval of import license and 

, 

See Investors' Guide to Kenva, Vols. I to IV (May 1989). 
In President Moils 1982 inaugural address, he stated, 'C.. The 
private sector will in the future play an increasingly large role 
in development, through both domestic and foreign investment. The 
Government will do everything in its power to encourage both 
domestic and foreign investor.11 

24 
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waiver of exchange control approval. ( S  15 (1) (2) (3) ) 
( 3 )  Household Goods. Facilitated permission for 

expatriate employees to import exempt from all 
customs duties. ( §  15(4)) 

( 4 )  Resale. Licensee, contractors and expatriate 
employees may sell imported items no longer needed 
for operations. ( S  15(5)) 

(5) Export. Licensee, contractors and expatriate 
employees may export previously imported articles 
free of all export duties. (S 15(6)) 

(6) Foreign Bank Accounts. Maintain external accounts 
inside Kenya, and foreign bank accounts outside 

(7) External Disposition. Receive and retain foreign 

Kenya. 25 ( §  16(1) (a)) 

currency outside Kenya. ( S  16 (1) ( 8 )  ) 

(8) External Payments. Pay directly outside Kenya for 

(9) Payroll. Pay expatriate employees in foreign 

goods and services in Kenya. ( 5  16(1) (c)) 

currency outside Kenya. ( S  16(1) (d)) 

25 - See Exchange Control Notice No. 3 ;  Exchange Control Act 
CAP. 
113 (1988). 
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(10) Repatriation. Fully repatriate abroad all proceeds 
from the licensee's geothermal operations in Kenya, 
including but not limited to proceeds from the sale 
of assets (i.e., Electricity). ( S  16(1) (e)) 

COMMENT 

* Query. Would this provision expand on the 
repatriation provisions of the Foreign 
Investments Protection Act? 

(11) Most Favored Investor. Rates of exchange would be 
not less favorable than those granted to any 
investor. 

(12) Central Bank Approval Waived. Licensee could enter 
all contracts without prior approval of Central Bank 
(or any another Government agency), subject to 
giving preference to Kenyan goods. ( S  16(3)) 

(13) Certification. Facilitation of the obtaining of a 
Foreign Investment, Protection Act Certificate of 
Approved Enterprise (with the amount recognized by 
the certificate equalling the amount set forth in 
the Licensee's books of accounts). ( S  16(4)) 

COMMENT 

* The Minister is excused of all contractual obligations 
in the event of force majeure--by definition, an 
occurrence beyond the reasonable control of the Minister 
which prevents performance of obligations. 

Consequently, the effective result is that the incentives 
set forth in the Model License represents a good faith, 
best efforts undertaking by the Minister, excusable in 
force majeure circumstances--disputes over which would 
be settled by reference to ICSID arbitration. 

* T h e  term Ifforce majeure" requires careful 
definition. 

* The certainty of the incentives set forth in the 
model License is somewhat diluted by the fact that 
the Minister cannot act ultra vires. Thus, a 
conflicting law or regulation might govern in the 
event of a conflict between the contractual license 
and such law or regulation. In view of long term 
nature of the license contemplated (30 to 40 years), 
it would seem to be in the interest of both parties 
for the agreed-on license to be enacted into law by 
the Parliament. There appears to be precedent for 
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such special legislation in Kenya which has been 
established by practice in the area of petroleum 
development contracts. 

3 .  Investment Checklist 

Most transnational corporations will ask a time-proven series 
of questions prior to making an investment. Many of these have 
been addressed elsewhere in this chapter. Where previously 
covered, this list provides a convenient summary. Where not 
otherwise covered, they provide a mechanism to identify and to 
address the issue. 

a. Ground Rules. What are the host country procedures, 
customs and regulations regarding foreign exchange, customs, and 
insurance? 

The model Geothermal Resources License provides a mechanism 
for "most favored investorvv exchange rates; however, the issue of 
whether and how the utility, KPLC, will pay the power producer in 
hard currency is not addressed. The Model License waives the most 
onerous customs duties. The issue of whether XPLC will be able to 
obtain the insurance requisite under the power purchase agreement 
is unknown. 

b. Import Restrictions. Will the venture be allowed to 
import or purchase necessary raw materials or components, or will 
there be prohibitively high tariffs? 

- 

The Model License resolves in the affirmative the question of 
whether the venture will be allowed to import or purchase 
components. Approved projects may obtain the privilege to import 
capital goods, spare parts at reduced tariff rates or without the 
payment of any customs duty at all. The issue of raw materials is 
not expressly addressed by the Kenya regulations, but may be a de 
minimus issue for the geothermal power producer. Due to high 
customs duties prevailing in Kenya, such customs exemptions are 
extremely important to the commercial feasibility of the project. 

C. Financial Ability. What are the regulations affecting the 
ability of the joint venture to pay 'for imported goods, e.q., 
ability to use letters of credit and other forms of payment, 
availability of dollar funds located outside the importer's 
country? Does Kenya law establish financial criteria--such as 
guidelines for the amount of capitalization or funding to be made 
by a U.S. 

In general, the Model License allows a viable financial 
scheme. No legal regulations exist for participation by Kenya 
nationals in foreign-owned ventures. The government may use its 
economic power to provide various guarantees of foreign loan, 
guarantees from the central bank to provide hard currency for debt 

partner to a local business entity? 
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servicing, and guarantees by government agencies to purchase the 
surplus production at a minimum price, thereby assuring a certain 
degree of profitability. 

d .  Labor Law. Does Kenya law regulate the number of foreign 
nationals which may be employed? Does it regulate management or 
director appointments? 

Minimum wages are prescribed by law and vary according to type 
of job and locality. They are increased periodically and published 
in the Kenya Gazette. In Nairobi, average wages paid in practice 
at the beginning of 1988 were about Ksh 800 per month for an 
unskilled worker and Ksh 1300 per month for a skilled worker. 
Overtime is paid at one and a half times the normal hourly rate, 
and at two times wages on holidays. 

Legal maximum working hours are 52 in a six-day work week. 
However, in practice a 45 hour, six-day work week is generally 
observed. Employees are legally entitled to 2 4  days annual paid 
vacation after one year of continuous employment. There are a 
total of 11 paid public holidays during the year. 

Total fringe benefits, include social security and health 
insurance, amount to about 30 percent of the basic wage. In 
practice, an employee is entitled to 60 days of sick leave per 
year: 3 0  days on full pay and 3 0  days on half pay. Women are 
entitled to maternity benefits for two calendar months, forfeiting 
annual paid vacation. 

In normal circumstances, an employer must give one month's 
notice of termination. On actual termination, the employer must 
pay one month's wages in lieu of dismissal notice, any accrued 
holiday pay, and severance pay if the employee has worked for more 
than five years. 

A number of trade unions are registered under the Trade Union 
Act. They are organized by craft, rather than industry, and belong 
to a central group, The Central Organization of Trade Unions 
(COTU) . The modern sector work force is highly unionized. 
However, Kenya has a well developed system of industrial relations 
and labor relations are generally friendly. Union membership is 
not compulsory in any industry. 

e. Incentives. What are the incentives to attract foreign 
investment including remittability of profits, interest, and 
royalties? 

The major instrument of guarantees for foreign investments is 
the Foreign Investment Protection Act. Under the Act the Minister 
of Finance issues a certificate of Approved Enterprise to foreign 
nationals who invest in approved sectors in foreign currency or 
re-invest their retained earnings in Kenya. This allows investors 
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to transfer: 

* Profits, after tax, including retained profits which 
have not been capitalized 

* The original equity investment, plus retained 
profits which have been capitalized 

* Principal of foreign loans and interest as 
specified in the certificate 

Capital gains arising from the sale of foreign assets not permitted 
to be transferred out of Kenya are required to be invested in 
Government Securities at market rates. The income from the 
Government Securities in which the capital gains are invested may 
be transferred out of Kenya when received. In addition, the 
capital gains may be repatriated at the end of five years in the 
same manner applicable to the original equity investment. 

Kenya has not established a tax-benefit program to attract 
investors. Nearly all host countries manipulate their tax and 
fiscal systems in order to attract foreign investment. One of the 
most co-on incentive is the "tax holiday" which exempts the 
enterprise--and sometimes the investor--from local income and other 
taxation for a specified period of years. The host country may 
a l s o  grant exemptions from taxes on dividends, royalty payments, 
interest payments, property taxes and numerous other charges and 
fees for which the project, its investors, creditors, contractors, 
and subcontractors would otherwise be liable. A variation on the 
tax holiday is "tax stabilization" which guarantees that the 
approved project will pay no more than a specified maximum tax 
exemption or relief to the joint venture's foreign employees. 
Nonetheless, the issue of a tax holiday might be explored with the 
Kenya government. 

In negotiating tax incentives, the investor should take great 
care to understand Kenya's tax system, especially how its tax laws 
are applied in practice, so that the incentive obtained will 
contribute a meaningful benefit. Moreover, it is important to 
determine precisely when the tax holiday begins. Ideally, in a 
semi-public infrastructure enterprise taxation should be delayed 
so that principle and interest payments may be met and, if 
possible, accelerated.. . 

Rather than to grant outright tax exemptions, many countries 
achieve t%e same result--Le,, hcreasing after-tax cash flow--by 
allowing the project to take increased tax deductions for 
accelerated depreciation. 

f. Organization of Businesses. Which local form of business 

VI11 - 34 



association is best suited to a geothermal power operation? If 
under local law a joint venture is necessary, what are the 
standards to be applied in the selection of foreign partners, 
distribution of control and operations? 

These questions are more contractual than legislative and need 
to be addressed in context of the prospective joint venture 
agreement. 

g. Corporation/Companies Law. Does Kenya law prohibit the 
conduct of the relevant business activity by a business entity 
other than one created under the law of the host country? Does it 
require government approval of the relevant business? 

Foreign investors need to apply for and obtain a Certificate 
of Approved Enterprise if they wish to avail guarantees provided 
under the Foreign Investment Protection Act. Other special 
licenses and approvals may be required for particular types of 
businesses. Employers must register with the tax authorities and 
the National Social Security Fund. Finally, plans for any 
buildings or other facilities of a permanent nature must be 
submitted to the concerned local authority for approval. 

The principal forms of business enterprise in Kenya are: 
- 

* Limited Companies (private or public) 

* Branches of a foreign company 

* Partnerships 

*. Sole Proprietorships 
* Cooperatives 

Investors are advised to retain local legal counsel to carry out 
the steps necessary to establish a company in Kenya. Kenya's legal 
system is based on English law and practice. The Investment 
Promotion Center can provide a list of lawyers with experience in 
dealing with the legal and commercial aspects of investment, both 
foreign and local. 

Foreigners who intend to work in Kenya are required to obtain 
work permits. Such work permits are issued by the Immigration 
Department, which is under the Office of the President. Work 
permits are generally issued for an initial period of two years. 
Work permits for top-level managers and technical personnel should 
be carefully agreed on in advance. 

h. Taxation. What is the interrelationship of the tax 
laws of the domicile of the foreign investor and local taxation, 
including tax treaty implications and availability of foreign tax 
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credit for foreign taxes paid? 

0 Corporate Income Tax. Locally registered and 
incorporated companies, both foreign and local, pay corporate tax 
at the rate of 45 percent of taxable income. Branches of foreign 
companies pay income tax at the rate of 52.5 percent, a corporate 
tax burden comparable to European levels. There are no provincial 
or municipal income taxes, but local authorities may levy property 
taxes. No other corporate income taxes or surtaxes exist. 

Businesses which suffer losses can carry forward such assessed 
tax losses to be set off against subsequent taxable profits. 
Losses may be carried forward until adequate profits have accrued 
to absorb carried forward losses. 

Personal Income Tax. Income tax is charged 'on the income 
earned in Kenya by any person resident in Kenya. A wife's income 
is assessed independently of the husband, and is taxed at the same 
r a t e s  a s  t h e  husband. Expatriates working in regional offices 
located in Nairobi are exempted from income tax on one-third of 
their earnings if such earnings are paid from offshore sources. 
Expatriates employed in Kenya are allowed to remit in foreign 
currency part of their earnings. 

Personal income tax rates are levied in the following manner: 

% Ksh - 
10 1-39 , 600 

39,601-79,200 15 
79,201-118,80 25 

over 198,000 50 
158,401-198,000 45 

Housing, allowances, cars and other perquisites are imputed at 
specified rates and added on to taxable income. As long as these 
items continue to be d at less than 100% of the foreign joint- 
venture corporation may view these items as incentive benefits to 
its employees. - 

Sales and Withholding Taxes. Sales tax is levied on all 
manufactured goods produced in or imported into Kenya. The ad 
valorem rate is 17 percent on most goods, with higher rates levied 
on drinks, cigarettes and luxury items. 

Withholding- tax is deducted from payments of dividends , 
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interest, royalties, and other unearned income to nonresidents. 
Rates of withholding tax (1990) are as follows: 

Type of Payment 
,- 

Withholding Rate 
(percentage) 

Management/Professional Fees 20 
20 
20 
15 

5 

Roya It ies 
Rent 
Dividends 
Interest 12.5 
Pensions and Annuities 

0 T a x  Treaties. Comprehensive tax treaties are in 
force with Canada, Denmark, the Federal Republic of Germany, 
Malawi, Norway, Sweden, the United Kingdom, and Zambia. These tax 
treaties generally provide for avoidance of double taxation and 
reduce or waive the withholding taxes outlined above. 

i. Dispute Resolution. What is the usefulness of arbitration 
agreements under local law, treaties and international rules? Does 
Kenya law require that disputes in regard to local activities be 
resolved in the courts of Kenya and governed by the laws of Kenya? 

Kenya is a member of the International Center for Settlement 
of Investment Disputes, ICSID, and, thus, disputes may be settled 
exterior to the courts of Kenya. The applicable law appears to be 
a matter to be resolved by agreement. 

j. Ownership Law. Who may own or use geothermal resources? How is access to the power grid regulated? Who owns the 
transmission lines? How and to what degree of efficiency are 
utility bills collected and to what extent is the utility 
subs idi z ed? 

The Government owns the geothermal resources, development 
authority rests with KPC, but KPLC is the monopoly utility. 

The issue of efficient collection of utility bills will be at 
the heart of the power purchase agreement. 

k. Currency. Does Kenya law regulate the repatriation of 
capital, the importation of foreign currency, or the rate at which 
the local currency may be converted into U . S .  dollars upon 
repatriation of profits or other distributions to the United 
States? Does it regulate the economic return on the U f S .  partner's 
investment which may be repatriated from one year to the next? 

A Certificate of Approved Enterprise to foreign nationals who 
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invest their retained earnings in Kenya this allows investors to 
transfer: 

Profits, aftertax, including retained profits which 
have not been capitalized 

The original equity investment, plus retained 
profits which have been capitalized 

Principal of foreign loans and interest as specified 
in the certificate 

* 

* 

* 

Capital gains arising from the sale of foreign assets not permitted 
to be transferred out of Kenya are required to be invested in 
Government Securities at market rates. The income from the 
Government Securities in which the capital gains are invested may 
be transferred out of Kenya when received. In addition, the 
capital gains may be repatriated at the end of five years in the 
same manner applicable to the original equity investment. 
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Sensitivity Analysis: 

In order to understand both the impact of various 
contingencies on the KPLC system and the prospective benefits of 
private geothermal development, we have done a common set of 
sensitivity analyses for each of the cases listed below. Cases 
refer to alternative forecast and oil price assumptions, with 
sensitivity analysis referring to analysis of various different 
capacity timing and cost assumptions. The sensitivity assumptions 
which are examined in each case below are as follows: 

sensitivity 
Number: Description: 

1. KPLC Base Case 

2. 

3 .  

4 .  

5. 

6. 

7. 

8. 

9. 

10. 

11. 

KPLC Base Case, except that all geothermal 
additions are delayed by 1 year. 

Same as -2, except that 50 MW of private 
geothermal are added in 1994-95. 

Same as 2, except that 40 MW of private 
geothermal are added, 20 MW each, 
respectively, in 1993-94 and 1997-98. 

KPLC Base Case, Except that all geothermal 
additions are delayed by 2 years. 

Same as 5, except that 50 MW of private 
geothermal are added in 1995-96. 

Same as 5, except that 40 MW of private 
geothermal are added, 20 MW each, 
respectively, in 1995-96 and 1998-99. 

KPLC Hydro and Coal new capacity is 
delayed by 1 year in all instances. 

Same as 8, except that 50 MW of private 
geothermal are added in 1996-97. 

Same as 8, except that 40 MW of private 
geothermal are added, 2 0  MW each, 
respectively, in 1996-97 and 1997-98. 

KPLC Hydro and Coal new capacity is 
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delayed by 2 years in all instances. 

12. 

13. 

14. 

15. 

Same as 11, except that 5 0  MW of private 
geothermal are added in 1996-97. 

Same as 11, except that 40 MW of private 
geothermal are added, 20 MW each, 
respectively, in 1996-97 and 1998-98. 

KPLC Base Case, except that all KPLC 
geothermal capital costs are increased by 
25%. 

Same as 14, except that 50 MW of private 
geothermal are added in 1994-95 as a 
substitute for 32 MW of KPLC geothermal. 

Case 1 consists of the basic sensitivity results compared 
under KPLC base case assumptions on forecast growth (Table III- ) 
and oil prices. 

Case 2 consists of a set of sensitivities on a revised KPLC 
base case with a high forecast of-load growth. 

Case 3 again is a new set of sensitivities, this time with 
the original baseline forecast, but with oil price increasing more 
rapidly. 

Case 4 shows the impact of sensitivities on a base case with 
both a high forecast and high oil prices. 

Basic Assumptions for the different cases are as follows: 

Forecast oil Prices 
Growth Price Escalation Base Increase 

Case 1: 4% 4%. 10% 

Case 2: 6.7% 4% 10% 

Case 3: 4% 6% 20% 

Case 4: . 6.7% 6% 20% 

As noted above reserve margins realized varied considerably 
in the sensitivities, and in general showed significant reserve 
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deficits in most cases, even when KPLC plans were realized as 
planned with the base case forecast. Furthermore, unserved energy 
became an extremely high figure in several of the sensitivities, 
particularly under the high forecast. This result perhaps even 
understates the potential danger, as it is assumed that the KPLC 
plan is realizable (except for the explicit sensitivity delays, 
etc.) , and due to other contingencies not modeled such as drier 
than average years, failure to realize combustion turbine plans as 
expected, lower than expected energy or capacity from Turkwell, 
etc. 

I 

I 
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Appendix I1 

System Cost Scenario Results for Section I11 

Case 1 - Base Case Forecast and Oil Price Escalation Rates 

Case 1 Total A-1 lhaerved Variable Total C h m  Average Change 
Base Case/Forecast and Capital Cost Energy Costs costs F r a n  Base Cost Fran Base 
O i l  P r ice  Escalat ion (000s) (000s) (000s) ( 000s 1 ( X I  (000s 1 ( % I  

* * * * * * * * * * * * * * C * * * * * * * * * * * * * * * * * * * * * * * * * C * * C * * * * * * * * ~ * * * * * * * * * * * ~ * * * * * * * * * * * * * ~ ~ * * * * * * * * * * * * * * * * * * * * ~ * * * * ~ * * * * * * * * * * *  

SO. 037 
1.71% $0.037 

- 1 .48% SO. 036 
1.87% $0.037 

0.00% 
2.34% 

-2.30% 
1 .m 

4.94% 
-0.63% 
0.86% 

1 .TJ% 
-2.25% 
-0.01% 

2.93% 
-2.30% 
0.28% 

4 -50% 
1.69% 

1 KPLC Base Case $1,242,616 SO $1,400,641 $2,643,257 
2 KPLC Geothermal-1Yr Delay 51,153,614 U,510 $1,530,223 S2,bs8,347 
3 Ceo. 1 Y r  DelaySOMU Priv. Ceo. Sl,314,606 SO S1,289,432 S2,604,039 
4 Geo. 1 Y r  Delay+2xZOWU Pr iv .  Ceo. $1,295,253 M $1,397,448 $2,692,701 

5 KPLC Geothermal-2Yr Delay $1,081,846 S14,950 $1,655,863 S2,752,66@ 4.14% S0.038 
-0.66% m.036 
0.58% 50.037 

6 Ceo. 2 Y r  Delay50nU Pr iv .  Ceo. 
7 Ceo. 2 Y r  Delay+2x2OMV Pr iv .  Ceo. 

$1,229,423 
$1,236,975 

54,510 
SO 

SO 
SO 
so 

SO 
SO 
M 

SO 
SO 

$1,391,766 
S1,421,591 

$1 , 520,251 
$1,304,665 
Sl ,M3,6E 

$1,626,323 
51,375,076 
$1 , 443,452 

$1,400,641 
$1,331,595 

$2,625,698 
$2,658,567 

$2 , 676,485 
S2,5% ,059 
S2,648,060 

$2,696,176 
52,579,089 
$2,641 , 455 

$2,774,187 
W,?15,65? 

8 KPLC Hydro & Coal - lYr  Delay S1,156,2X 
9 Hydro 8 Coal Delay+5OWU Pr iv .  Geo $1,290,395 

10 Hydro & Coal Delay+2x2OMU Pr iv .  Ceo $1,284,384 

1.26% S0.037 
-1.82% $0.036 
0.18% M.037 

11 KPLC Hydro & Coal-2Yr Delay $1,069,853 
12 Hydro & Coal Delay+SOMU Pr iv .  Ceo S1,201,013 
13 Hydro & Coat Delay+2x2OMU Pr iv .  Ceo S1,198,003 

2.00% $0.038 
-2.43% SO.036 
-0.07% M.037 

14 KPLC Geothermal 25% Cost Rise 51,3T3,546 
15 KPLC Geo. Cost Riscc50WU P r i v  Geo 51,384,Wl 

4.95% so.038 
2.74% M.037 

Case 2 - High Forecast 
Escalation Rates 0 

Demand Growth and Base Oil Price 

Var ibb la Tota l  Case 2 Tota l  A m 1  Unaerwd 
Forecast High Case Capi ta l  Cost Energy 
w i th  Base O i l  Pr ices (0005) (0005) 

M.04 
17.%% M.047 
-8.31% M.041 
-1.33X M.043 

19.41% 
27.24% 
11.18% 
17.18'; 

34.01% 
18.93% 
21.74% 

26.16% 
13.42'; 
17.17X 

33.80% 
19.07% 
23.09% 

23.3U 
16.4ZX 

1 KPLC Base Case 
2 KPLC Geothermal-lYr D 
3 Geo. 1 Yr Delay+5W 
4 Geo.  1 Y r  Delay+2x2W 

$1,242,616 S300,686 52,351,668 S3,894,971 
$1,153,614 S802,860 $2,638,176 U,594,650 
$1,314,606 $211,131 52,045,631 t3,5?1,M9 
$1,295,253 $325,302 $2,222,511 $3,843,064 

5 KPLC Cwthermal-2Yr D 
6 Ceo. 2 Y r  Delay+SW( 
7 Ceo. 2 Y r  Delay2x2On 

35.31% M.049 
4.85% M.04 
7 . m  M.045 

8 KPLC Hydro & Coal-1Yr 
9 Hydro & Coal D e l a p 5 0  

10 Hydro & Coal Delay+2x 

$1,156,234 S74&,742 $2,612,131 L4,517,108 
$1,290,395 5137,604 $2,116,870 53,5L4,869 
$1,284,384 5188,850 $2,235,379 $3,708,614 

15.97% 50.046 
-8.99% M.041 
-4.7'Bx sa.043 

11 KPLC Hydro & Coal-2Yr 
12 K d r o  & Coal Delay+50 
13 Hydro & Coal Delay+Zx 

~1,069,853 $1 , 602,542 $2, an, 594 $5 , su, 989 
S1,204,013 $359,437 $2,377,333 t3,940,703 
$1 , 198,003 $513,175 f2.495 , 842 54 , 207,020 

42.36% M.049 
1.18% M.044 
8.01% M.045 

14 KPLC Geothermal 25% C 
15 KPLC Ceo. Cost R i s e 5  

$1,373,546 $300,686 S2,351,668 54,025,901 
$1,384,Wl 5122,566 U,145,712 U,652,339 

3.36% so.04s 
-6.UX M.043 
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System Cost Scenario Results for Section I11 (Continued) 

Case 3 - Base Case Forecast and High Oil Price Escalation 
Rates 

1 KPLC Base Case $1,242,616 
2 KPLC Geothermal-1Yr Delay $1,153,614 
3 Ceo. 1 Y r  Delay+50W Pr iv .  Geo. S1,314,606 
4 Geo. 1 Y r  Delay+2x2OMW Pr iv .  Geo. S1,2%,253 

5 KPLC Ceotheml -2Yr  Delay $1,081,846 
6 Ceo. 2 Y r  D e l a p 5 M  Pr iv .  Ceo. $1,229,423 
7 Geo. 2 Y r  Delay+ZxZM Pr iv .  Geo. $1,236,975 

8 KPLC Hydro & Coal- lYr Delay $1,156,234 
9 Hydro & Coal Delay+50MU Pr iv .  Ceo $1,290,395 

10 Hydro & Coal Delay+2x2OMW Pr iv .  C $1,284,384 

11 KPLC Hydro & Coal-2Yr Delay $1,069,853 
12 Hydro & Coal DeLap50MW Pr iv .  Ceo $1,204,013 
13 Hydro & Coal Delay+2xZOMU Pr iv .  C $1,198,003 

14 KPLC Geothermal 25% Cost Rise $1,373,546 
15 KPLC Geo. Cost Rise+50WV P r i v  Geo Sl,3&,061 

Case 4 - H i g h  Forecast 

SO $1,746,390 $2,989,006 
$4,510 $1,915,997 $3,074,121 

SO $1,600,139 $2,914,745 
SO $1,740,826 $3,036,079 

$14,950 $2,079,918 $3,176,715 
%,510 $1,734,697 $2,968,629 

$0 t l , m , 9 9 8  53,010,973 

$0 $1,902,258 $3,058,493 
$0 $1 ,619,8Z $2,910,268 
SO $1,696,978 $2,981,362 

SO $2,040,747 $3,110,600 
LO $1,712,580 $2,916,593 
SO $1,801,708 $2,999,711 

M 51,746,390 $3,119,936 
$0 $1,655,410 $3,039,471 

- 

2.85% 
-2.48% 

1.57% 

6.28% 
-0.68% 
0.73% 

2.32% 
-2.63% 
-0.26% 

4.07% 
-2.42% 
0.36% 

4.38% 
1.69% 

so. 042 
$0.043 
$0.040 
so. 042 

SO. 045 
so. 042 
M.042 

SO. 043 
LO.041 
so. 042 

SO. 044 
$0.041 
so. 042 

M.043 
M.042 

Demand Growth and H i g h  O i l  Price 

14.ux  

10.45% 
16.02% 

22.59% 
13.6TX 
15.51% 

18.43% 

17.60% 
10.92% 
13.93% 

20.1n 
11.85% 
15.29% 

ia.Bcx 
15.03% 

Escalation Rates 

1 KPLC Base Case 51,242,616 $300,686 $2,967,009 %,510,312 
2 KPLC Geothermal-lYr Delay S1,153,614 W2,860 $3,338,080 S 5 , 2 9 4 , 5 5 4  
3 Geo. 1 Y r  De leycSW Pr iv .  Geo. $1,314,606 L211,131 $2,570,635 %,0%,373 
4 Ceo. 1 Y r  Delay+Zx2OM Pr iv ;  Ceo. S1,2%,253 $325,302 $2,799,730 %,420,285 

5 KPLC Geotheml -2Yr  Delay 51,081,846 $1,318,324 $3,638,531 %,038,702 
6 Ceo. 2 Y r  Delay+50CAl Pr iv .  Ceo. 51,229,423 $528,038 S2,934,001 %,691,552 
7 Geo. 2 Y r  Delay+ZxZOMW Pr iv .  Ceo. $1,236,975 $538,275 $3,049,m %,825,028 

8 KPLC Hydro & Coal-1Yr Delay $1,156,234 5748,742 $3,303,707 $5,208,684 
9 Hydro 8 Coal Delay+50W Pr iv .  G e o  tl,ZW,3% $137,604 $2,662,271 %,090,271 

10 Hydro & Coal Delayc2x2OMY Priv. Geo S1,284,38C fl88,850 $2,815,760 %,288,995 

11 KPLC Hydro & Coal-2Yr Delay 51,069,853 $1,602,542 53,640,404 %,312,799 
12 Hydro b Coal Delay+SOMU Pr iv .  Geo $1,204,013 $359,437 $2,998,969 U,562,419 
13 Hydro & Coal Delay+2x2OMU Pr iv .  Ceo S1,198,003 $513,175 $3,152,458 $4,863,636 

14 KPLC Geothermal 25% Cost Rise $1,373,546 S300,6% $2,967,009 %,641,242 
15 KPLC Ceo. Cost R ise+SW P r i v  C k  $1,384,061 $122,566 52,700,261 %,ZO6,888 

$0.052 
17.39% $0.056 
-9.18% $0.047 
-2.00% $0.050 

33.89% M.059 
4.02% M.051 
6.981; 50.053 

15.48% M.055 
-9.31% M.049 
-4.91% M.050 

39.96% M.059 
1.16% M.052 
7.83% SO.053 

2.90% M.053 
-6.73% M.050 

41.03% 
51.93% 
29.65% 
37.65% 

61.28% 
LO. 50% 
u . o 2 %  

50.5X 
52. p3x 
37.85% 

61 .ocI 
LO. %X 
66.22% 

U.%% 
35 .o t r .  
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Levelized Costs for Various CaDacitY Alternatives 
(Base Oil Prices and Other Assumptions) 

O i l  S t e m  Lev. A n n u a l  Cap Cost 
A m u a l  Lev. Busbar Cost 

Gas Turbine Lev. A n n u a l  Cap Cost 
A w l  Lev. Busbar Cost 

Geotherma 1 Lev. A m u a l  Cap Cost 
A r v u a l  Lev. Busbar Cost 

Coal Lev. A m u a l  Cap Cost 
A m 1  Lev. Busbar Cost 

S& Lev. A-1 Cap Cost 
A-1 Lev. Busbar Cost 

Sererua Lev. A n n u a l  Cap Cost 
A n n u a l  Lev. Busbar Cost 

naguagua Lev. A m u s 1  Cap Cost 
A-1 Lev. Busbar Cost 

Private teo  susua Lev. A-1 Cap Cost 
A w l  Lev. Busbar Cost 

Private  Gn, h u l l  Lev. A-1 Cap Coat 
L V  B u s b a r  tos t  

Caoi t a l  

117.09 
0.015 

01.57 
0.010 

317.09 
0.039 

152.25 
0.021 

2 U .  13 
0.046 

186.35 
0.082 

S 4 O . M  
0.155 

287.20 
0.036 

410.34 
0 . M  

fuel Variable Cost T o t a l  C o e t  

444.37 
0.062 

909.12 
0.135 

0.00 
0.000 

204.04 
0.029 

0.00 
0.000 

0.00 
0.000 

0.00 
0.000 

0.00 
0.000 

0.00 
0.000 

11.30 
0.003 

15.31 
0.005 

18.90 
0.005 

12.61 
0.006 

0.00 
0.001 

0.00 
0.002 

0.00 
0.001 

24.30 
0.007 

L5.45 
0.015 

Levelized Annual Capacity C o s t s  (LAC) 

Levelization Formula: 
LAC = (CC * FCR + FOM) + (FC * LF * HR * H R S )  

cc Derated capital cost/KW 
FCR Fixed change rate 
FOM Fixed OCM 

FC Fuel cost 
HR Heat rate 
HRS Hours of operation 
LF Levelization factor (for escalation 

592.76 S/kY/yr 
0.080 S/kH, 

1006.00 S/kU/yr 
0.150 S /kH,  

334.79 S/kU/yr 
0.044 S / k m  

368.91 S/kU/yr 
0.055 S/k* 

244.13 S/kY/yr 
0.047 S/km 

lBb.35 S/kV/yr 
0.084 S/km 

5L0.M S/kY/yr 
0.156 S/km 

311.50 S/kY/yr 
O.OL3 S/kH, 

3 5 . 7 9  S/kY/yr 
0 . 0 5 8  s / k m  

+ (VOM * LF * HRS) 

of cost) 

VOM Variable O&M 
LF Levelization factor 
HRS Hours of operation 

1. 

2. FCR based on economic life, discount rate of 10% 

Derated capital cost/KW = capital cost/ (1-f orced outage rate) 

3 .  LF modifies constant $ amounts for effects of real price 
escalation (differential vs. other commodities) 

Appendix I1 - 3 
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SIARIIYG CAPACITY/ENERGY REWIREWENIS 

capaci ty  Balance (MU) 4 / -  (m.8) 
Energy Balance (GW) */ -  28.7 

BALANCE A f I E R  EXPANSIOII  PROCRAM ( E E L U f )  

capaci ty  Balance (MU) */ -  
Energy B a l w e  (GW) * / -  

CAPACllY ADDllloWS (MU) 
ADDlllCUAL ENERGY (GlJH) 

KPLC GAS IURBINE ADOlIlCU 
CostltUh 0 )  
Mar. GU"1 (0::O's) 

A m 1  Cap. Cort  (0001) 
I n c r m t a l  An. Cost (0001) 

GUH Change from Base 

KPLC CEOlHERML ADDlIlONS 
Cort/kH, (1) 

Mar. GW'e (000's) 

lncr-tal An. Coat (ooo1) 
(;vH Change fror Base 

A " u l  cop. C o l t  (om) 

KPLC OlHER ADDITIOWS 
Cort/kH, (1) 
Wax. GW's (C3O'a )  

A n n u a l  Cap. Coat (0001) 

lncr rmnta l  An. Cost (0001) 

GUH Change I ron  Base 

Cost  - Iota1  An. Cap Cost 

I n c r a m t a l  Capital  Coat 

l O l b l  VarI&le COS1 

I 

(48 .8 )  
231.1 

30 
202.4 

30 
so.010 

202.4 
12.007 
s2.007 

0 

$2,001 
$2,007 

(117.3) 
(121 .O)  

(27.3) 
486.0 

90 
607.1 

60 
so.010 
607.1 

86,021 
t(,014 

0 

M.021 
U , O l C  

(157.8) 
(614.0) 

(17.8) 
387.3 

140 
1,001.3 

607.1 
$6,021 

so 
0 

50 
SO. 034 

394 
S13,416 
$13,416 

137 

S19.bJ7 
S15,b16 

(1 11,152 

(200.6) ( 2 4 5 . 7 )  (305.2) 
(825.5) (1,048.41 (1.2a3.3) 

1 .4  
635.3 

202 
1, b60.8 

30 
tO.O1O 

809.4  

$8,029 
S2.007 

0 

32 
$0.039 

65 1 
S23.448 
$10,032 

137 

19.3 
9b7.2 
265 

1,Q9S.6 

m.4 
$8,029 

so 
0 1  

32 
SO. 039 

909 
s33 ,480  
S 10,032 

394 

(22.3) 
869.3 
282.9 

2,152.6 

809.b  
M.029 

M 
0 

909 
S33, LMI 

so 
394 

(355.3) (408 .0 )  (463.7) (522.3) 
(1,530.9) (1,791.9) (2.067.0) (2.357.0) 

(72.4) 
955.6 
282.9 

2.b86.6 

809. 4 

$8,029 
IO 
0 

909 

s33.480 
M 

- b8 
HYDRO HYDRO HYDRO 

31 17.9 
M.046 M.082 $0.15 
277.6 434.6 768.6 

112,689 t25.49b $51,704 
112,689 Sl2.805 $26.210 

0 0 0 

l3 l ,b76  15b.197 M7.002 S93,212 
S12.OJ9 $22 ,721  S12.805 S26.210 
S108.870 STO.Sb7 $80,660 $69.970 

(10.1) (5 .8)  ( 6 4 . 4 )  
1,557.0 1.702.4 1,412.4 

397.9 457.9 457.9 
3,3b8.9 3.769.b 3.769.4 

809.4 8 0 9 . 4  809.b  

$8,029 $8,029 M,O29 
so so so 
0 0 0 

55 
SO. 039 

1350 1350 1550 
S50,714 350,716 S50,714 
S17,235 so M 

394 394 - 48 

cos I Coo I 
60 60 

tO.021 s0.021 
1109.08 1609.56 1609.56 
Mo.373 $69.043 M9,043 

M.670 $8,670 $0 

0 0 0 

$119.116 S127.785 S127.785 
S25.90b M.670 SO 

S73.582 186.739 U19.566 

(58b. l )  (649.2) 
(2,662.6) (2 ,984.7)  

(11.2). (76.3) 
1.969.1 

572.9 
4.631.7 

809.b  

M,029 
M 

0 

55 
M.039 

1792 
$67,9C9 
S17.235 

3% 

60 
s0.021 
2030.oL 
177.712 

M.670 
0 

1153.690 
S25.9Ob 

S100,987 

1,tAI.O 
572.9 

b ,631.7 

809.4 

M.ON 
M 
0 

1792 
M7.949 

M 

- 48 

( 8 0 6 . 4 )  
(3,947.6) 

( 1  18.5) 
1.5b6.5 

a 7 . 9  
S.49b .O 

809 .4  

$8,029 

$0 
0 

SI 
M.059 

2234 
$85,184 
$1 7.235 

394 
coa I 

60 
M.021 

2030.04 2450.52 
S77.712 W,W 

SO $8,670 
0 0 

$153,690 3179,596 
SO 125.904 

S10(,127 SW,517 



SCENARIO CASE I h e  Kenya Pouer snd L i g h t i n g  Carpany - -  Expansion P16n A M \ y S I s  

9 
21 
21 
m 
3 a 
P- 
X 

H 
H 
H 

I 

w 

SlARIIWC CAPACllY/ENERGY REoUlREMEYlS 
c a p a c i t y  Balance (MI) */- (78.8) 
Energy Balance (GUM) */- 28.7 

BALANCE AflER EXPAYSIOW PROGRM (BELDU) 

c s p a c i t y  Balsncc (MU) * / -  
€nervy Balance (GWH) * / -  

CAPACIIY ADOIIIOUS (W) 

A00IIIO)IAL ENERGY (CUH) 

KPLC CAS IURBIYE ADOIIIOW 
Coct/kUh ( I )  
Max. GUH's (OOO'U) 
A m 1  tap. t o r t  (000f) 

lncr-rsl An. Cost (0001) 
GUH Chenge fron Base 

KPLC CEOIHERML AOOlllOWS 
Cout/&UI ( I )  
Mar. CUH'r (OOO'a) 
A w l  Cap. C r - t  (000s) 
I n c r e r n t s l  An. Cout (OOM) 
C W  Change from Bare 

(48.8) 
231.1 

30 
202.4 

30 
$0.010 
202.4 

s2,007 
t2,007 

0 

KPLC OIHER ADOIIIOUS 
Cost/kUh 0 )  
Max. C U M ' S  (000 's)  

A r r u s l  Cap. Cost (000t) 

Incremental An. Uost (0001) 
CUM Change I r a  Bare 

Coat * lotml An. C y ,  Cost 

I n c r c r r n t n l  C a p i t a l  Cost 

l o t e l  V a r i a b l t  Cost 

$2,001 

$2.001 
M,O21 
U.014 

u1r.277 111J,023 

(117.3) 
(121 .O) 

(27.3) 
486.0 

90 

607.1 
60 

tO.O1O 
601.1 
$6,021 
U,014 

0 

(157.8) 
(614.0) 

(47.8) 
150.7 
110 

764.7 

607.1 
M,O21 

so 
0 
20 

$0.043 
157.7 
M, 745 
M, 145 

- 100 

112.766 
M. 7 4 5  

S14O.JJ7 

(200.4) (245.7) (305.2) 

(825.5) (1,048.4) (1,283.3) 

(28.6) 
398.8 

1 72 
1,224.3 

30 
$0.010 
809.4 

S 8 , O Z p  

$2,007 
0 
32 

so.nw 

$16,777 
415 

$10,032 
-100 

(10.7) (32.3) 
110.7 790.4 
2 35 272.9 

1,259.1 2,073.8 

809.4 809.4 
sa.029 w,o29 

so M 
0 0 
32 ' 20 

$0.039 $0.043 

672 829.7 

$26,808 $33.553 
$10,032 M,745 

158 315 

(355.3) (408.0) (463.7) (522.3) 
(1,530.9) (l,TP1.9) (2.067.0) (2.357.0) 

(82.4) 
8r6.8 
272.9 

2.407.8 

809.4 
uI,029 

$0 

0 

830 
I J 3 , 5 5 3  

so 
- 126 

HYDRO NYORO HYDRO 

31 17.9 
$0.046 SO.082 $0.15 
277.6 434.6 768.6 

$12,689 $25,594 $51,7w 
$12,689 $12,805 126.210 

0 0 0 

$12.059 $22.721 119.550 $26.210 
$138,055 SW.6J2 SW.388 179,698 

SZC,BOS ur.526 ~ 7 , 0 7 6  m . 2 ~ ~  

(20.1) (15.8) 
1,478.1 1,623.5 
387.9 441.9 

3,270.1 3.690.6 

809.4 809.4 
)8,029 18,029 

so M 

0 0 

55  
$0.039 
1272 1272 

s 5 0 , m  t5o.m 
$1 7,235 M 

315 315 
Cool cos1 

60 60 
10.021 tO.021 
1189.08 1609.56 1609.56 
Mo,373 s69,013 M9,04J 
$8,670 $8,670 1.1 

0 0 0 
1119,189 S127,859 1127,859 
125,904 18.670 $0 

$73,945 18T,102 S89.929 

(74.4) 
1,333.6 
447.9 

3.690.6 

809.4 
18,029 

so 
0 

1272 
$50,786 

so 
- 126 

(584.1) (649.2) 
(2, td2.6) (2,984 -7 )  

(21.2) (86.3) 
1 .8W.3 1.568.2 
562.9 362.9 

4.552.9 4,552.9 

809.4 809.4 
$8.029 $8,029 

$0 $0 
0 0 

55 
SO. 039 

iriJ 1713 
s68.022 m,022 
tl7.235 M 

3 15 - 126 

(128.5) 
1,467.6 

677.9 

5,415.2 

809.4 
$8,029 

SO 

0 .  

55 
SO. 039 
2155 

M5.257 
$17*235 

315 

60 
$0.021 

2030.04 

srr.712 
$8,670 

0 

$153,763 
$25.904 
1101,350 

ton I 
0 

10.021 
2030.04 2450.52 
$?7,712 M6,382 

0 0 
$153.763 S171),667 

M $25,904 

sa ~ , 6 m  

$104,490 $96,111 



SIARIING CAPACllY/ENERGY REWIREHENIS 

capacity Balance (MU) * / -  (78.8) 
Energy  Balance (WH) */ -  28.7 

BALANCE AFIER EXPANSIOW PROGRAM ( B E L C U )  
c a p e c i t y  Balance (MU) */ -  
Energy Balance (GUM) */ -  

U P A C I I Y  ADDIlIWS (MI) 

A D O I I I C U A L  ENERGY (CUH) 

KPLC GAS IURBINE ADDlllOW 
C o s t / k c h  ( S )  

h a .  wn's (OOO'a') 
A-l Cap.  Cost  (0001) 

Incrementa l  An. Cost  (OOOS) 

GUN Chmge Iran B a r e  

Cost /kU,  ( t)  
H ~ K .  GW'r (000's) 

A m 1  C.p. C o a t  ( O m )  
I n c r c h n t a l  An. C o a t  (M)of) 

WH C h q e  from Bar. 

KPLC CEOIHER)(AL ADDlllONS 

KPLC OTHER ADOllloWS 
C o s t / k u I  (S)  

Max. Gv"s ( 0 0 0 ' ~ )  

A-l Cap. Cost  (0001) 

I n c r e m m t a l  An. C o r t  (0001) 
GUH Change frm bare 
C o a l  . l o ra l  A n .  C a p  C o s t  

lNI-1.L C . 9 l l a l  C O S 1  

101.1 V a r l a b l .  C o e I  

(48 .8 )  
231.1 

30 
202.4 

30 
10.010 

202.4 
S2.007 
$2,007 

0 

~2,001 
8 2 . 0 0 ?  

(117.5) 
(121 .O) 

(21.3) 
486.0 

90 
607.1 

MI 
10.010 

601.1 
M.021 
14,014 

0 

M,021 
8U,014 

M1.2?1 s111.021 

(157.8) 
(614.0) 

(67.8) 
( 6 . 9 )  

90 
607.1 

6 0 r .  1 
M.021 

so 
0 

M.021 
M 

S15P.l94 

(200.6) 
( 8 2 5 . 5 )  

(80.6)  
(16.1) 

120 
809.4 

30 
so.010 
809.4 

S8,OZQ 
12,001 

0 

(245.7) (305.2) 
1,048.4) (1,2W.3) 

(62.7) (72.3) 
295.8 475.1 

183 232.9 
1,344.2 1,758.4 

809.4 809.4 
S8,029 M.029 

so so 
0 '  0 

32 32 
10. 039 10. 039 

257 514 
S10.032 120,065 
$10,032 S10.032 

-257 0 

(355.3)  (408 .0 )  ( 4 6 3 . r )  (522.3) 
,530.9)  (1,791.9) (2,061.0) (2,357.0) 

(122.4) (115.1) ( 5 5 . 8 )  (114.4) 
561.4 
232.9 

2,092.4 

809.4 
S8.029 

M 

0 

514 
120,064 

so 
-442 

HYDRO HYDRO HYDRO 

31 17.9 
SO.046 SO.082 sa. i s  

277.6 434.6 768.6 
S12.689 125,494 S51.704 
112,689 112,1105 126.210 

0 0 0 

l8.029 130,?49 1 5 3 , 5 8 6  17V,?V6 

12,001 122.r21 ~ ~ 2 . 8 1 ~  ~ 6 , 2 1 0  
1189,24? 1150,824 1129,501 S118.612 

720.9 1,308.2 1,018.2 
292.9 407.9 407.9 

2,512.9 i ~ n . 2  3.375.2 

809.4 809.4 809.4 
u),o29 M.029 M.029 

so M M 
0 0 0 

55 
S0.039 

514 956 956 
120,065 1 3 7 . m  SJ7.298 

$0 Sl7.235 M 

-442 0 - 442 
C o a l  C M  I 

60 60 
10.021 so.021 

1189.08 160'9.56 1609.56 
Mo,3n L69.043 M9.043 
M,6?0 M.670 SO 

0 0 0 

W18.463 Sll4.369 $114,369 
u1,6?0 125,904 so 

1 1 1 2 , W  W18.334 SP1,311 

(584.1) (649.2). (806.4) 
(2,662.6 (2,984.7) (3.917.6) 

(116.2) (126.3) (223.5) 
1.131.1 

3 . m . 7  
467.9 

809.4  
S8,029 

so 
0 

936 

t37,ZP8 
so 

-442 

60 
SO.021 
2030.04 
s n , r 1 2  

M.670 
0 

$123.039 
uJ.670 

191,123 

1,252.8 710.4 
522.9 5Q.V 

4,237.5 4.658.0 

809.4 809.4 
M , O 2 9  M.029 

M M 

0 0 

5 5  
SO.039 

1 398 1398 
t 5 4 , 5 3 3  s54.533 
S17.235 M 

-442 -442 
con I 

60 
10.021 

2030.04 2450.52 
177.712 S86.382 

sa M, 670 
0 0 

S140.214 Sl48.943 
SI 7,235 S8.670 

SlO5.942 S113.816 



SIARIIWC C A P A C I I Y / E H ~ R C Y  R E W l R E M E W l S  

c a p c i t y  Balance (MU) + / -  (78 .8 )  (117.3) 
E n e r g y  Balance (CUH) * / -  28.7 (121.0) 

BALANCE AFlER E X P A W S I W  PROGRAM ( B E L W )  

cnpecity Balance (MI) + / -  

Energy B a l u w c  (GUM) * / -  
C A P A C l l Y  ADOIIIOUS (MU) 
ADOIlIWAL EHERbY (CUM) 

KPLC (;AS lURBlHE ADOIIIW 
CortlkWh (0 
mar. G u H ' r  (000'8) 

Arruel Cap. C o s t  (0001) 

Incr-tal An. Cost (0001) 
GUH Change from Bare 

KPLC CEOIHERK41 ADO171oUS 

C o s t / t W h  ($1 
Mar.  GUM', (000'a) 

A w t  Cop-  Cost (0000  

Incremental An. Cost (OOCn) 

GVH Chmw f r o m  Bare 

(48 .8 )  (27.3) 
231.1 486.0 

30 90 
202.6 607.1 

30 60 
10.010 $0.010 
202.4 607.1 
$2,007 M,O21 
$2,007 U,014 

0 0 

(157.8) 
(616.0) 

(67.8) 
( 6 . 9 )  
90 

607.1 

607.1 
M.021 

10 
0 

$2,007 M.021 
$2,001 U , O I C  

M1.211 1115,025 

86,021 
10 

8159,?'?4 

(200.6) (245.7) 
(825.5) (1,048.4) 

(30.6) 
3713. 1 

1 70 
1,203.6 

30 
$0.010 
809.4 
uI,OZp 
$2,001 

0 
50 

SO. 034 
394 

$13,416 
$13,416 

- 120 

(12.7) 
690.0 
233 

1,738.6 

809.4 
M.029 

SO 

0 
32 

SO. 039 
65 1 

$23.448 
$10,032 

137 

(305.2) 
( I ,  2Iu.3) 

(22.3) 
8b9.3 
282.9 

2.152.6 

809.4 
S3.029 

M 

0 

32 
so. 059 

909 

I 

153,480 
$10,032 

394 

(355.3) (408.0) (463.7) 
(1,550.9) (1,291.9) (2.067.0) 

(72.4) 
955.6 

282.9 
2,486.6 

809.4 
u). 029 

10 
0 

909 
$33,480 

M 
-413 

WDRO HYDRO HYDRO 
31 

$0.046 
277.6 

$12.689 
$12,689 

0 
121,  4 5  $44,165 
SlS.423 $22.721 
1140,605 S102.182 

17.9 
$0.082 M.15 
434.6 768.6 

$25,694 $51,704 
112,805 $26,210 

0 0 
867,002 $95,212 
I22.8J7 126,210 
W.MO (69,970 

(65.1) (5.8) 
1,115.1 1,102.4 
342.9 457.9 

2.907.1 3,769.4 

(522.3) 
2,357.0) 

(64.4) 
1,412.4 
417.9 

3.169.4 

809.4 809.4 
M,029 M.029 

$0 so 
0 0 

5 s  
SO. 039 

909 1350 
$53.480 S50.714 

$0 117.235 
- 48 3% 

809.4 
M.029 

$0 

0 

1350 
$50,714 

$0 

-48 
C o a l  Coal 

60 60 
10.021 10.021 
1189.08 1609.56 1609.56 
tb0.m ~ 9 , 0 4 3  ~69,043 
q.670 $6,670 M 

0 0 0 
$101,881 $127.785 1127.785 
uI,670 $25 ,904  10 

$64,043 u16.739 M9.5M 

(584.1) (649.2) 
(2.66: . 6 )  (2,984.7) 

(66.2) (76.3) 
1,521.J 
517.9 

4,189.P 

8op.4 
r8.029 

so 
0 

1350 
$50, 714 

SO 
- 48 

60 
$0.021 
2030.04 
$r?,712 
M ,670 

0 
I1 56,655 

$8.610 

8103.021 

1,647.0 
572.9 

4.6111.7 

809.4 
uI.029 

so 
0 

55 
SO. 059 

1 r92 
M7.949 
117.235 

- 48 

(806.4) 
(5.947.6) 

(in.5) 
1,104.6 
632.9 

5,052.2 

009 .4  

M.029 
$0 

0 

1 r92 
$67,949 

$0 
-68 

Cml 
60 

$0.021 
2030.04 2450.52 
tT7,712 U6.W 

so $8,670 

0 0 
1153,690: 1162.J59 
1 17,255 M.670 
$104.127 $ 9 4 , 2 4 S  

A 
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SIARllNC CAPACllY/ENERCY REOUlREWENlS 

Capaci ty  Balance (MU) + / -  (28 .8 )  (117.3) 
Ewrgy B a l w c  (CUH) + / -  28.7 (121.0) 

BALANCE A F I E R  EYPANSIW PROGRAM ( B E L W )  

Cnpacity Balance (MU) */ -  
Energy B i l w e  (GUH) + / -  

CAPACllY MOlllWL ( W )  

AOOIIIWAL ENERGY (GUH) 
KPlC CAS lURBlNE M O l l l o W  

Cort/kUh ( I )  
War. WH's (000's) 
A n n u a l  Cap. Cost (0001) 
I n c r w n t a I  An. Cost (000s) 
GUH Change fran Base 

Cost /kW ( S )  

Wax. CUH'a (000's) 
ANNMI Cap. Coat (Mot) 
Incremental An. Col t  (OOOS) 

GUH Change from Bare 

KPLC GEOlHER)(AL MOll lWS 

KPLC OlHER ADOlllWS 
Cost /kW (1) 
Max. GUH'a (000's) 
A n n u a l  Cap. Coct (OOCn) 

Gun Change fron Base 

Cor1 . lots1 A n .  C a p  Cost 

IrKr-tal An.  Coat (000s) 

I r w r c r r n l a l  Cbpi la l  Cor1 

l u t a l  v a r i & l @  Coal 

(68.8) (27.3) 
231.1 486.0 

30 90 
202.4 607.1 

30 60 
so.010 so.010 
202.4 607.1 
12,007 M.021 
S2.007 U,Ol4 

0 0 

s2.001 M.021 
s2,oor U , O I &  

sa1.211 SlIJ.02I 

(157.8) 
(614.0) 

(67.8) 
(6 .9 )  
90 

607.1 

607.1 
M,O21 

so 
0 

M.021 
SO 

(200.6) (245.7) (305.2) 
(825.5) (1.048.0 (1.283.3) 

(60.6) 
141.6 
140 

967.1 
30 

so.010 
809.4 
M,029 
S2,OO7 

0 
20 

SO.043 
157.7 
M, 745 
M. 745 
-357 

(42.7) (52.3) 
453.5 632.7 
203 252.9 

1,501.9 1,916.1 

m.4 8 0 9 . 4  

M.029 M,029 
so so 

0 '  0 
32 32 

S0.039 10.039 
415 672 

S16.777 S26.808 
SlO.032 SlO,O32 

- 100 15C 

( 3 5 5 . 3 )  (408 .0 )  (463.7) (522.3) 
(1,530.9) (1,791.9) (2,067.0) (2,357.0) 

(82 .4 )  (25.1) 
876.8 1,036.3 
272.9 332.9 

2,407.8 2.828.2 

009.4 809.4 

S8,029 S8.029 
so so 
0 0 

20 
so.043 
829.1 830 

s33,553 s33,553 
M.745 so 

- 126 - 126 
HYDRO HYDRO HYDRO 

51 17.9 
M.046 10.082 M.15 
277.6 4 3 4 . 6  768.6 

112,689 125,494 SS1,704 
S12.689 SlZ,M)5 S26.210 

0 0 0 
S14,173 SJ7,494 Mo.331 193,285 
m , n 2  ~22,121 ~ 2 2 . 8 ~ 1  ~~2.954 

SlbQ.P)(1 SlJ1.361 SlW.W.5 SIp.690 

(15.8) (74.4) 
1,623.5 1,333.6 
447.9 447.9 

3.690.6 3.6W.6 

809.4 m.4 

S8.029 S8,029 
$0 M 
0 0 
55 

so.039 

1272 12R 
S50, 781) S50,7M 
SI 7,235 W 

315 * 126 
coa I Coa I 

60 60 
SO.021 SO.021 
1189.08 1609.56 16W.56 
M o , 3 7 3  M9,043 M9,D13 
18,610 S8.670 so 

0 0 0 
S101,955 S127.859 1127,859 
S8,670 S25,POC so 
S73.711 S87.102 S89.929 

(564.1) (649.2)  

(2,662.6) (2,984.7) 

(76.2) (86.3)  
1,448.5 1.568.2 
507.9 562.9 

4.111.0 4,552.9 

809.4 609.4 
M.029 M.029 

so so 
0 0 

5 5  
S0.039 

1212 1113 
S50.708 S68,022 

so 117,215 
- 126 - 126 
60 

s0.021 
2030.04 
S17.112 
M,670 

0 
Sl36.526 

S8,610 

SlO3.384 

( 8 0 6 . 4 )  
( 3,94 7.6) 

( 183.5 
1,025 .I 

622.9 
4 . v n . 4  

m.4 

M,OB 

W 

0 

1?13 
M(1,OZZ 

M 
- 126. 

Coal 

60 
M.021 

2030.04 2450.52 

177,712 tM,MZ 
M M.610 
0 0 

Sl53.763 S162.433 
Sl1.235 M.610 

SlOC.4Po S93.838 



.npcrclty Ualoar'e (nU) * / -  
Energy Balance (GW) */ -  

CAPACllY ADOlllWS (HJ) 
A D O I I I W A L  ENERGY (GUH) 

KPLC GAS lURBlNE ADOlllW 
COSt/kuh ( S )  

h x .  CUH'r (000's) 
A n u a I  Cap. Cost  (000s) 

Incrmrntal An. Coat  (000s) 
GWH Lhswe f run  Base 

C o s t / k \ h  0 )  
Man. WH'a (000's) 
A r n u n I  Cap. C o r t  (0001) 

Incremental An. C o l t  (000s) 
M( Change fror Base 

KPLC CEOfHERMAL ADDlllWS 

(48.8)  (27.3) 
231.1 486.0 

30 90 
202.4 607.1 

30 60 
so.010 SO.010 

202.4 607.1 
S2.007 M,O21 

0 0 
s2,0o7 U ,Ol4  

KPLC OlHLR ADolllWS 
Coct /kuh  0) 
Wax. CUH's (000's) 
Anwl Cap. Coot  (000s) 
1ncremmt.l An: Cost  (0001) 

c w  Lhongc ( I -  B a t e  
C o b 1  . l o i a l  A n .  C a p  C o i l  

I r u r u n t a l  Capitml C o r t  

10i.1 ver I & t m  C M ~  

s2,oor L6.021 

S l W , 2 T I  1 1 1 1 , O Z ~  

SZ.nr)? U,Ol4  

(35.8) 
250.2 

122 
064.3 

607.1 
M.021 

so 
0 

32 
SO. 039 

25 7 
s l o .  032 
S10,032 

0 

S16,OSJ 
s10,052 
SIZL,OS? 

(16.6) (61.7) (90.2) (67.4) (120.1) (115.8) ( 5 9 . 0  

498.11 271.4 318.1 669.3 7r2.3 087.7 1,460.1 
184 184 215 287.9 287.9 347.9 462.9 

1,323.8 1,323.8 1,601.4 2.200.2 2,534.2 2,951.7 3,817.0 
30 

so.010 
809.4 009.4 m.4 (u39.4 809.4 809.5  8 0 9 . 4  

M,OB 18,029 u),O29 M.029 W3,OzP M,OZP M.029 

$2,007 so M so 3 so SO M 

0 0 0 0 0 0 0 
32 55 55 

so. 039 I SO.039 M.039 

514 514 514 956 956 9!i6 1398 

120,064 s 2 0 , w  S Z 0 , W  137,298 S37.298 S117,298 SS4.51111 

S 10,032 M SO Sl7.235 u) SO 117.235 
0 0 0 0 0 0 0 

I1  17.9 60 60 
S0.046 S0.082 SO.15 M.021 M.021 

HYORO HYDRO HYDRO C o a l  Con I 

277.6 434.6 768.6 iia9.011 1609.56 
S12.689 S25,49b S51,704 W,3A t69 ,WJ 
S12,689 112,8005 126,210 M.670 18,670 

- 1S7 -334  -420.48 -420.48 0 

~ 2 8 , 0 9 2  ~28 ,092  u o , 7 a i  s r o , ~ z i  ~ 9 7 , 0 1 0  ~105 .700  sn1,M)c 
s 12,OJV $0 $12,689 S30,ObO S26.210 18.670 S Z 5 . 9 0 4  

S\25,771 SIS1,428 $149,288 %106,610 197,640 S93,524 MV.347 

(121.2) (71.3) (228.5) 
1,154.5 1.694.7 731.8 

462.9 ST7.9 57r:v 
3.817.0 4 , 6 7 9 . 4  4.67V.4 

8 0 9 . 4  
18.029 

so 
0 

1398 
s54 .533  

M 

0 

1609.56 
M9,045 

so 
-420.48  

S l 3 1 , m  
so 

$76.0 78 

8 0 9 . 4  809.4 
S8.029 M,OB 

so M 
0 0 

55 
10.039 

1640 1840 
S71.766 S71,TtJI 
SlT.235 so 

0 0 
C w l  

60 
SO.021 

2030.04 2030.04 

ST7.712 Sn .712  
m,670 M 

0 -420.48 

S157.508 S157,508 

S103,900 S98.532 
S25.901 M 



S I A R T I R G  U P A C I I Y / E R E R G Y  R E W I R E M E Y I S  

Cepaclty Balance or)) */- ( m . 8 )  
Energy Balwrre (M) * / -  28.7 

capeci ty  B a l m c c  (MU) * / -  (((1.8) 
Energy Ba lmcc  (WH) * / -  231.1 

CAPACIIY ADollloYS (MU) 30 
ADDIIIWAL ENERGY ( G U M )  202.4 

K P I C  CAS IURBIRE MOlTlW 30 
Cort/kUh (S )  M.010 
MmN. GUH'S ( W ' B )  202.4 
A m w t  Cap. Cost (000s)  12,007 
l n c r - t i l  An. Coat (0001) S2,007 
GUH Change f r a  Bas. 0 

Cost l tVh (t) 
Wax. CW'a (000's) 

Incremental An. Cost (ooo1) 
CUH Change frm Bar. 

BALARCE A F I E R  EXPANSIW PROGAAM (BELOU) 

KPLC GEOIHERWL MDlI lWS 

A w l  Cap. Coat (ooo)) 

KPLC O ~ H E I I  ADoirious 
Cost/kVh (1) 
Mrx. CUH'a (000's) 
A w l  Cap. Coat (Ooor) 
I n c r c m t a l  An. C o s t  (ooo1) 
GVH Chsnge f r m  Base 

Cost - l o t a l  An. Cbp Co8t 12,007 
l n c r c m t a l  Csp i ta l  Cmt  (2,007 

( i i r . 3 )  
( 121 .O) 

(27.3) 
(86.0 

90 
607.1 

60 
M.O1O 

607. I 
M.021 
%,014 

0 

M.021 
U,ON 

l o f a l  V a r i a b l .  Coat M7,2?7 Sll3,OZJ 

(157.8) 
(614.0) 

(S5.8) 
250.2 

122 
w . 3  

607. I 
M.021 

M 

0 
s2 

M.039 
257 

S10,032 
SI 0,032 

0 

116,055 
110,052 

S128,059 

(200 .6 )  (245.7) 
((u5.5) (1,048.4) 

(16.6) 
498. 3 

184 
1,323 .I 

30 
so.010 

809.4  
M.029 
S2.007 

0 
32 

SO. 039 
I14 

s20.064 
S10,032 

0 

128.092 

S I  2.059 
S125.717 

(11.7) 
669.6 

234 
1,718.0 

8 0 9 . 4  
u),O29 

M 
0 

50 ' 
so.os4 

W 
SS3, 480 
SlS,416 

3% 

u 1 .  08 

S15,416 
SIOS, 786 

(305. 2 )  
( 1,283.3) 

( 4 0 . 2 )  

712.5 
265 

1,pp5.6 

W . 4  
M , O 2 9  

SO 

0 

W 
s33,480 

M 

394 

055.3) (400 .0 )  (413 . r )  ( 5 2 2 . 3 )  
(1.530.9) (1,791.9) (2.067.0) (2,357.0) 

(17.4) (70.1) (65.8) 

1,065.5 
337.9 

2.  594.4 

809.4 
M , O 2 9  

so 
0 

5s 
M.039 

1350 
150,714 
S17.235 

394 

1.156.5 1,281.9 
337.9 397.9 

2,928.4 3,348.9 

m . 4  m-4 
u),o29 M,029 

so so 
0 0 

1350 1350 
SSO.714 150,714 

M M 

3% 394 

(9.4) 
1,854.S 

512.9 
4.211.2 

8 0 9 . 4  
M.029 

M 

0 

5s 
M . 039 

1792 
M7.949 
111.235 

594 
HYDRO nYDRO HYDRO Coal Coal 

31 
SO. 056 

217.6 
s12.689 
112,689 

- 157 
I%, 197 
Sl2,60V 

$100,6c6 

17.9 
M.082 

434.6 
S25,  4% 
S12,805 

-134  
uU.237 
S30,ObO 

157.960 

s0.15 
768.6 

151,704 
S26,210 
-620.48 

$110.446 
S26.2 10 
U8,WfJ 

60 
s0.021 

1189.08 
~0.373 
MI 670 

- 420.48 

S119,116 
M.670 

176,244 

60 
M.021 

1609.56 
M9,MJ 

M.670 
0 

S145.020 
s25, pcu 
~ r . 5 3 2  

(584.1) (649.2) 

(2 ,662.6)  (2.984.7) 

(71.21 
1.548.7 

512.9 
4.211.2 

m. 4 
M,O29 

so 
0 

1792 
M7,%9 

so 
394 

1609.56 
u.9.043 

SO 

-420.48 

Sl 4s ,020 

SW1,Sll 
so 

(21.3) 
2.088.9 

627.9 
S.OT1.6 

809.4 
M.029 

so 
0 

55 
SO. 039 

2234 
M S ,  IM 
S17.235 

394 

( 8 0 6 . 4 )  
(3.94 7.6) 

(178.5) 
1,126.0 

u 7 . v  
s.on.6 

W . 4  

m,029 
M 

0 

2 2 u  
$85. 184 

W 

3% 
c0.1 

60 
s0.021 

2030.04 2030.04 
$77,112 ST7,712 
M.670 M 

~ 1 ~ 0 , 9 2 4  S ~ T O , V ~ ~  
s25 , $94 M 

S102,09S M1,%2 

0 - 4 2 0 . 0  



J 
II 
P. 
x 
H 
H 
H 

I 

u) 

(117.3) 
(121.0) 

(27.3) 
486.0 

90 
607.1 

bo 
M.O1O 
607.1 
M.021 
U.014 

0 

KPlC OIHER ADDlIlOYS 
Coat/kUI (S) 
Max. W"I (000'0) 

I r r r c m t a l  An. Cost (0001) 
WH Change from Base 

cwt . 101.1 An. cap cost 

A m 1  C y l .  coat (Ooo'S) 

l n c r u m r m l  Caplcal Cool  

101.1 V a r l a b l a  C o a t  

$2,001 M.021 

s n r # z l r  1115.021 

$2,001 U.014 

(157.8) 
(614.0) 

(35.8) 
250.2 
I22 

w.3 

607.1 
M,O21 

so 
0 
32 

SO. 059 
2s 7 

t10,032 
S 10,032 

0 

S 16.055 

s10,032 

1 l28.0I9 

(200.6) (245.7) (30S.Z)  (355.3) (408.0) ( 4 6 3 . 7 )  (522.3) 
(825.5) (1,018.4) (1,203.3) (1,550.9) (1,291.9) 12,067.0) (2,357.0) 

(16.6) 
498.3 

1% 
1,323.8 

30 
$0.010 
809.4 
18.029 
t2 .007 

0 
32 

$0.039 
514 

$20,064 
S10,032 

0 

$ 2 8 , 0 9 2  

S 1 2 , O W  
112J,lI? 

(41.7) (50.2) (27.4) (80.1) ( 7 5 . 8 )  (19.4) 
433.1 633.4 984.6 1,057.7 1,203.0 1,771.4 

1,481.5 1,916.8 2,515.6 2,859.6 3,270.1 4,132.4 
204 255 m . 9  327.9 387.9 502.9 

009.4 809.4 809.4 609.4 809.4 BDp.4 

M.029 M,O29 18,029 18,029 M.029 M,O29 
so M SO $0 M M 

0 0 0 0 0 0 

$0.043 M.M3 10.039 SO-039 
6R.0  829.7 12n 1272 1272 1713 

$26,608 t 3 3 , S 5 3  $50,788 $50,788 $50,788 M(I.022 

158 315 315 315 315 315 
HYDRO HYDRO HTDRO Coal Coal 

31 17.9 60 60 
S0.046 $0.082 30.15 $0.021 10.021 
277.6 434.6 768.6 1189.08 1609.56 

20 ' 20 55 55 

M.745 $6,745 $17,235 so $0 Sl7.235 

$12,689 $25,494 s51,rw M O , ~  ~9,043 
s12,tm si2,ao~ ~26,210 sa.670 M , ~ T O  

-157 -334 -420.48 -420.48 0 

$ 3 4 , 8 5 7  $55,270 S84,JlO 1110,520 $119.189 SIC5,WJ 

$6,745 $19,634 t J 0 , D k O  126,210 18,670 S 2 5 , W  
SlJb.971 $110,3,r4 Sb7.697 $58,726 $16.626 M1.8PS 

(584.1) (649.2) (W.0 
(2,662.6) (2,984.7). (3,947.6) 

(81.2) (31.3) (188-5) 
1,469.1 2.010.0 1,047.1 

617.9 502.9 617.9 
4,112.4 4,ppc.r 4.9v4.7 

009.4 
M,O29 

M 
0 

1715 
sb8,022 

M 
315 

1609.54 
M9,OCJ 

so 
-420.48 

$1CS,O93 

so 
SW.874 

809.4 609.4 
M.029 m,029 

M so 
0 0 

I S  

$0.039 
2155 2155 

$85.257 M5.257 

315 315 
$1 7,235 M 

C o a l  

60 
s0.021 
2030.01 2030.01 
$?7,712 $77,712 
18,670 $0 

tl70,WI siro,wa 
$25.904 M 

0 -420.48 

$102,456 M1,5J6 



S I A U I I N G  CAPACIIY/ENERGY REQUIREMENTS 
Capacity Balance (MU) + / -  (78.8)  (117.3) 
Energy B s l u w c  (GUM) */- 28.7 (121.0) 

BALANCE AFlER LXPANSIOY PUOCRAn (EELOV) 

P 
21 
21 
(D 
J 

e- 
x 
H 
H 
H 

I 

P 
0 

Cnpaci ty  Balance ( M U )  * / -  
Energy Ea lmcc  (Wn) */ -  

CAPACllY ADDIIIOYS (MU) 

A D O l l l O Y A l  ENERGY (WH) 

KPLC U S  IURBINE ADOlllCU 
Cocc/LUh (1) 

Max. WH's ( W O ' S )  

A i r u s I  Csp.  Cost (000s) 
I i x r a n t s l  An. Coat (0001) 
GUH Change ( ran  8b6e 

KPLC G ~ O l H E R ~ l  AOO111OYS 

Cost/kUh ($1 
Msx. cult's (ooo'a) 

I n c r a m t d  An. Cwt (ooo1) 
W C h v  fror Bsse 

m k  cS+J. C M t  (m) 

(48 .8)  (27.3) 
231.1 486.0 

30 90 
202.4 607.1 

30 60 
so.010 $0.010 

202.4 607.1 
sz ,oor w.021 
12,007 $4,014 

0 0 

KPLC OlHER AD0111011S 

Cost/kUh ($1 
Max. GV"r (000'1) 

A r m u l  Cep. Coat (OOOS) 

Incrementst An. Cost (0001) 
CUH Chnnrjc f r a  h a c  

Cost . l o t a l  An. C n p  Cost 
I n c r a c n c a l  C n p i t a l  C o a t  

l o t a l  V e r l a b l a  C m t  

s2.007 M,O21 
$2.007 U . 0 1 4  

M7,271 1115,023 

(157.8) 
(614.0) 

(35.8) 
250.2 

122 
864.3 

607.1 
M,O21 

SO 

0 

32 
SO. 039 

257 
$10,032 
$10,032 

0 

$16,053 
$10,032 

$ 128,059 

(200.6) 
(825.5) 

(245.7) 
1.048.4) 

(16.61 
498.3 

104 
1.323.8 

30 
so.010 
809.4 

M.029 
$2,007 

0 

32 
S00.039 

514 
$20,064 

(10,032 
0 

$78, wz 
S 12,019 

&125.771 

(61.7) 
275.4 

104 
1,323.8 

m.4 
M,O29 

$0 

0 

514 
s20.064 

M 
0 

$28.092 
SO 

S I 5 4 . 4 2 8  

(305.2) 
( 1,283 .3 )  

(121.2) 
40.5 

184 
1,323.8 

8 0 9 . 4  
M.029 

M 
0 

I 

514 
120,064 

M 

0 

(85.3) (120.1) (175.8) 
512.3 

2 70 
2,043.2 

809.4 
M,029 

so 
0 

55 
SO. 039 

956 
S V , ~  
$17,235 

0 

4 0 8 . 3  467.2 
287.9 2ar.v 

2,200.2 2,534.2 

009.4 0 0 9 . 4  
$8.029 M.029 

$0 $0 

0 0 

956 956 
$37.298 s 3 7 , m  

M M 
0 0 

HYDRO HYDRO 
31 1r.v 

$0.046 M.082 
277.6 4X.6 

$12,689 $25.494 
$12,689 $12,805 

-491 -754.48 
sza,wz ~ 5 8 , 0 1 6  ~70 .821  

s i t ~ . ~ ~  s 1 z t i . s ~ ~  si40,15a 
$0 $29.921 112.805 

(119.4) 
1.039.6 

402.9 
3.396.6  

w.4 

M.029 
M 
0 

55 
M.039 

1398 
154.533 
$1 7,235 

0 

(121.2) (131.3) 
1,154.5 1.274.2 

462.9 51r.V 
3,817.0 4,258.9 

m.4 809 .4  

M,029 M , O 2 9  

so M 
0 0 

55 
$0.039 

1 398 1840 
$14 ,533  $71,760 

M $17,235 
0 0 

C M  I C M l  

bo 60 
$0.15 M.021 M.021 
768.6 1180.08 1609.56 1609.56 

~51 ,704  M O , ~  ~ 9 . ~ 3  ~ 9 , 0 4 3  

$26,210 M.670 M,670 M 

-MO.% . -420.48  -420 .48  - 4 2 0 . U  

197,010 3122,934 S131,boc f148.rn9 

$26,210 $25.904 u1.670 $17,235 

$ I 3 2 , 9 9 9  $76,272 176,018 I93.432 

(806.4) 
(3,947.6) 

( 228.5 ) 

577.9 
4 , b l V . b  

ni .a 

8 0 9 . 4  

M,O29 
$0 
0 

1840 
I71.768 

M 
0 

60 
M.021 

2030.04 
s 7 7 . n ~  
M.670 

~ 420.48 
s157,s(M 

S8.670 
198.532 



( 4 C . 8 )  
231.1 

50 
202.4  

so 
W.010 

202.4  

12.007 
SZ,W7 

0 

u .007  
sz.007 

(1 17.3) 
(121.0) 

(27.3) 
466.0 

90 
607.1 

60 
m.010 
607. I 

M.021 
U,014 

0 

M,021 
U,014 

((57.8) 
(614.0) 

(35.8) 
250.2 

122 
W . 3  

607.1 
M.021 

a 
M 

32 
W.OJ9 

25 7 
8l0,OJZ 
1 10,032 

0 

SI6.0S1 
11O.OJ2 

U?,2T? 1113,OZS S128.059 

(200.6) (245.7) 
(825.11) (l,W8.4) 

(16.6) 
498.3 

184 
1 ,J23.8 

30 
M.OIO 

6 0 9 . 4  

$8,029 
12,007 

0 
32 

10.039 

514 
120.064 
110,032 

0 

S28.092 
112.039 

(11.7) 
669.6 

234 
I ,  718.0 

809.4 
M , O 2 9  

M 
0 

so 
M.034 

909 
133,480 
113.416 

3% 

U1,508 
813,416 

(305 . 2 )  
( 1,283 . J )  

(71.2) 
434.7 
254 

1,718.0 

m.4 
M , O 8  

$0 
0 

I 

909 
 an,^^) 

$0 
194 

(35.3) 
906.5 
320 

2.437.4 

m.4 

v.029 
lo 
0 
SI 

so. a39 
1350 

150,714 
t17.235 

3% 

(70.1) (125.8) 
602.5 061.4 
337.9 337.9 

2.5m.4 2,928.4 

809.4 m . 4  

M.029 $8.029 

m M 

0 0 

I350 I350 
S50.714 150,714 

SO M 
3m 394 

HYDRO NYDRO 

31 17.V 
$0.046 M.082 

271.6 434.6 

112.689 tZ5,4PI 
812.689 112,805 

-491 -754.48 
UI,I(M 171,432 ML,211 

$0 129,923 112.605 

(69 .4)  

1,433.8 
452.9 

3.7W.8 

m.4 
S8.029 

M 

0 

5s 
W . O M  

1 792 
tb7.949 
tl7.235 

3vb 

(71.2) (81.3) 
1.Sb8.7 1.668.4 

512.9 567.9 
4,211.2 4.653.1 

809.4 m.4 
M,029 M.029 

W M 

0 0 
55 

W.059 

1792 2254 
MT,P(9 M5,lM 

$0 117.233 
394 394 

C M I  C o a l  

bo 60 
w.15 w.oz1 $0.021 
7M.6 11O9.08 1609.M 1609.56 

ssi,nn w,sn ~ 9 . 0 4 3  ~ 9 , 0 4 3  
$26,210 M,620 M.67U SO 

-840.96 -420.48 -420.48  -4M-M 
1I lO,446 8116,351 S145.020 1lbZ.zIS 
$26,210 S25,poC M.670 f l7 ,US  

(W.0 
(3,947.61 

(1m.s)  
1,126.0 

627.9 
5.on.t. 

009.4 
M. 029 

W 

0 

22% 
M S .  1M 

80 
394 

bo 

W).OZI 
M3o.M 
877.7I2 
M.6m 

-4M.M 
1120,924 

M, 6Kl 
Ml.942 
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SlARIING CAPAClIY/ENERGY REPUlRE)(ENlS 

cspsci ty Balance (MI) */- (78.8) 
E n e r g y  Balvwc (W) */- 28.7 

BALANCE A F I E R  EXPAYSIOY PROGRAM (BELOU) 

KPLC OIHER AM)IIIoYS 
C o a t / k M t  (1) 
Max. W H ' a  ( 0 0 0 ' a )  

A r r w l  Cap. C o a t  (ooo1) 
Incremental An. C o o t  (ooo)) 

GVH C h a n g e  Irca Bart  

C o o t  - I o t i l  An. C a p  C o s t  

I n c r c m f a l  C a p i t a l  C o i r  

Iota1  v a r i a b l e  C o a t  

(48.8) 
231.1 

30 
202.4 

30 
M.010 

202.4 
12,007 
12,007 

0 

a2.007 
12,001 

(117.3) 
(121.0) 

(27.3) 
466.0 

90 
607.1 

60 
M.010 
607.1 
M,O21 
u.014 

0 

M.021 
$4.014 

(157.8) 
(614.0) 

(35.8) 
250.2 
122 

864.3 

607.1 
t6,021 

M 
0 

32 
M.039 

257 
110,032 
110,032 

0 

116,053 
110.032 

( 200.6) 
( 0 2 5 . 5 )  

(16.6) 
498.1 
184 

1,323.8 
30 

M.O1O 
009.4 
M.029 
12,007 

0 
32 

$0.039 
514 

120,064 
110,032 

0 

128,092 
a 12,019 

(245.7) (305.2) 
,048.4) (1,283.3) 

(355.3) 
(1,530.9) ( 

(408.0) 
,791.9) 

(41.7) (81.2) 
43J.l 355.8 
204 224 

1,481.5 1.639.2 

( 4 5 . 3 )  (60.1) 
027.6 T23 .7  

310 327.9 
2.358.6 2.515.6 

009.4 

$8,029 

M I  
0 

20 

s0.043 
6R.O 

126.808 

158 
M, 745 

SI4 ,831 
M.745 

m.4 0 0 9 . 4  809.4 
m,o29 M.029 M,029 

M 10 M 
0 0 0 

20 55  
10.043 m.019 
m. 7 12n 12r2 

133.553 tSO,T(UI 150,m 
M.745 117,235 M 

315 315 315 
HYDRO HYORO 

31 17.9 
M.046 r0.W 
277.6 434.6 

112,689 IZS.49b 
aiz.689 siz.ms 

-491 -7S4.48 

U1.5W 171.505 W.310 
M.145 129,923 112.605 

(463.7) (522.3) 
2.067.0) (2,357.0) 

(135.8) 
702.6 
327.9 

2,849.6 

m.4 
M , O 2 9  

M 
0 

1272 
150,m 

$0 

315 

( 7 9 . 4 )  
1,354.9 

b42.V 

3,711.9 

m.4 
M,O29 

$0 

0 

55 
M.039 

1713 
IM,022 
117,255 

315 

(584.1) (649.2) 
(2,662.6) (2,W.7) 

(81.2) ( 9 1 . J )  
1,469.8 1.5W.6 

502.9 557.9 
4,132.5 4 ,574 .2  

m.4 009 .4  
M.029 M.029 

M M 
0 0 

55 
M.019 

1113 2155 
$68.022 M5.257 

315 315 
M ai7.23~ 

C o a  I COB1 

MI 60 
$0.15 10.021 M.021 
768.6 1189.08 1609.56 1609.M 

151,704 Mo.373 M9.043 M9.023 
126,210 M.670 M.670 M 

~110,520 si~,c24 aics.0~~ sibt.3~8 
-840.96 -420.48 -420.48 -420.48 

f26.210 125,904 UJ.670 ll7.235 

( m 5 . 4 )  
(3,947.6) 

(168.5) 
1,047.1 

4.v94.7 
617.4 

m.4 
M , O Z p  

$0 

0 

2155 

M 
315 

M S .  257 

60 
$0.021 

2030.04 
tn,712 
M,670 

-420.48 

ai7o.m 

Ml*536 
$8,670 
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SlARllNG CAPACIIY/ENERGY REWIRE,)(ENlS 

capsc i t y  nalsnce (MI) */- (78.8)  
Energy Balance (Mo */- 21.7 

capac i t y  Ba lance (MI) * I -  (48.81 
Energy 8 a l w e  (M) */- 231.1 

BALANCE A f l E R  EXPANSIW PROWUn (BELW) 

U P A C l l Y  ADolllWS (W) 30 
ADDlIlOUAL EWERCT (WH)  202.4 

KPLC CAS llJRBlNE ADOIIIW 30 
Coot/k* ( $ 1  10.010 

Wax. WH'r (000'r) 202.4 
Anrut Cap. cost  (Ooot) $2,007 
I n c r a m t m l  An. Cost (Ooor) $2,007 
WH Change f r a  Bare 0 

Cort/kU1 ( I )  
Max. WH'm (000's) 
Amwl c.p. coot  (ooot) 
Incremental An. Comt (ooot) 

KPLC Q O I H E R H A L  ADOlllOWS 

WH Ch-e from 8.r. 

(117.3) 
(121.0) 

(27.3) 
486.0 

90 
607.1 

60 
M.O1O 
607.1 

86,021 
U,014 

0 

M,O21 
U,Olb 

(157.8) 
(614.0) 

(35.8) 
250.2 

122 
864.3 

607.1 
86,021 

sa 
0 

32 
M.049 

25 7 
t 12, I 4 0  
$12,540 

0 

$18,561 
S 12,540 

(200.6) (245.71 (301.2) 
(825.5) (1,048.41 (1,283.3) 

(16.6) 
498.3 

164 
1,323.8 

30 
$0.010 
m.4 

M,OZ9 
S2.007 

0 

32 
S0.049 

514 
s25.080 
s12.540 

0 

(30.7) (72.3) 
553.0 4P.1 

215 232.9 
1.601.4 1.7s8.4 

609.4  809.4 

M , O 2 9  t8,029 
$0 M 

0 ,  0 
6 

514 5 14 
$25.080 t25,oM) 

IO SO 

0 0 

HYDRO HYDRO 

31 17.9 
$0.046 M.W 

277.6 434.6 
1 1 2 . ~ 9  t ~ s , 4 m  
$12.689 S12.005 

0 0 
S33,IoB US.797 158,602 
$14,547 112,689 S12.805 

$128.059 S125,77? $119,089 S129.301 

(355.3) (408 .0)  (463.7) (S22.3) 
(1,510.9) (1.791.9) (2.067.0) (2,357.0) 

(67.4) (60.1) (55.8) (59 .4)  
1,003.3 1,162.8 1.500.2 1.460.1 

2.554.2 2,954.7 3,375.2 3,817.0 
217.9 347.9 407.9 462.9 

809.4 
M.029 

M 
0 
ss 

M.049 
956 

U6.623 
121.543 

0 

809.4  

M, 029 
M 

0 

p56 
U6,623 

M 
0 

809.4 
S8,OZp 

M 

0 

956 

u6.623 
M 
0 

COOL toa  L 
60 60 

w.15 so.021 M . O Z t  
768.6 1189.08 1609.56 

SS1.704 W,3n M9.043 

0 0 0 

$106,355 $115,024 S123,694 
U7,7S3 $8.670 $8,670 

$26.210 sa.670 t8.t.m 

ML,Opl 158,lfA U y I , 5 5 4  

m.4 
M.029 

M 

0 

5s 
M.049 

1398 
sa, 1 M  
t21,54J 

0 

(584.1) (649.2) ( 8 0 6 . 4 )  

(2,662.6) (2.984.7). (3.947.6) 

(61.2) (71.3) (168.1) 
1,574.9 1,694.7 1,152.1 

522.9 577.9 bJ7.9 
4,2~7.s c.679.4 s.0pp.a 

8 0 9 . 4  

M.029 
M 
0 

1598 
w, 166 

M 
0 

m.4 
M.029 

$0 

0 
55 

M.049 
IMO 

$89, 709 
$21,523 

0 

009.4 
M.029 

$0 

0 

1840 
us, 709 

sa 
0 

COO1 

60 
w0.021 

1609.56 2030.04 
$69,043 $77,712 

SO $8,670 
0 0 

s145.237 s153,907 

$89,347 s102,801 
$21,543 M.670 

COOL 

60 
M.021 

2030.04 2450.52 
$77,712 W,W 

$0 M,670 
0 0 

$175,450 ~184.120 
S21.543 t 8 ~ m  

$103,908 sm.LM 



SIARIIYC CAPACIIY/ENERCY REQUIREMENIS 

c v c i t y  eairnce (mr) */ -  (m.8) (117.3) 
Energy B o l w e  (M) */- . 28.7 (121.0) 

BALANCE A F I L R  EXPANSIOY PROCRM (BELOW 
( m a )  (27 .~1  
231.1 486.0 

30 90 
202.4 607.1 

30 60 
M.010 M.010 
202.4 607.1 
12,007 M,O21 
$2,007 U.014 

0 0 

$2,007 L6.021 
S 2 , 0 0 1  $4,014 

(157.8) 
(614.0) 

(17.8) 
301.3 

140 
1,001.3 

607.1 
S6,OZl 

M 
0 

50 
M.034 

394 
S13.416 
S13.416 

137 

SlV.4JI 
111.416 

M1.277 Sl15,OZJ S111.152 

(200.6) (245.7) 
(8225.5) (1,048.4) 

1.4 
635.3 

202 
1,460.8 

30 
SO.010 
809.4 

M.029 
S2.007 

0 
32 

$0.049 

65 1 
SZS.954 
SlZ.540 

137 

(12.1) 
690.0 

233 
1,738.4 

809 .4  
M , O Z P  

M 

0 

65 1 
S225.956 

M 
131 

I 

(305.2) 
( 1,283.3) 

( 5 4 . 3 )  
612.1 
250.9 

1,895.4 

809.4 
M.029 

M 
0 

65 1 
US, 956 

M 
137 

HYORO HYDRO 

31 17.9 
$0.046 M.W 

217.6 434.6 
S12,ba9 S25 ,494  

S12,baV S12.005 
0 0 

S3J.984 S46.673 S59.470 
S14.541 S12,MP S12,805 

S108,810 $102,182 S112.394 

(355.3) (400.0) (463.7) (522.3) 
(1,530.9) (1,791.9) (2,067.0) (2,357.0) 

(49.4) (42.1) 
1,140.3 1,299.8 

305.9 365.9 
2,671.3 3.091.7 

8 0 9 . 4  809.4 
M.029 M,O29 

M M 

0 0 

55 
M.04V 

1 WJ 1093 
u 7 . 4 9 9  u7.499 
S21.543 SO 

137 137 

(37.8) (41.4) 
1.445.2 1,597.1 

425.9 480.9 
3,512.2 3,954.1 

809.4 809.4 
M , O Z P  M,O29 

M M 
0 0 

5s 
M.lU9 

lop3 1535 
U7,4W M9,042 

M 121,513 
137 137 

C o a l  C o a l  

60 bo 
M.15 M.021 M.021 
768.6 1 1 8 9 . ~  1609.56 

s s 1 . m  u0.m ~ 9 , 0 4 5  

S26.210 M,670 M.670 
0 0 0 

$107,231 Sll5.901 S124,SN 
U7.753 M.670 M.670 
u1.184 S74.766 Ml.92J 

(43.2) (15.3) (150.5) 
1,712.0 i . n ~ i . 7  1,209.5 

540.9 S9S.V 655.9 
4 , J 7 4 . 5 .  4.016.4 1.236.9 

8 0 9 . 4  

$8.029 
w 
0 

1535 
M9,042 

M 

137 

W V . 4  

M.029 
M 

0 
55 

w.049 
1977 

S90.586 
U1.543 

111 

609 .4  

M.029 
M 
0 

l 9 n  
SW,586 

u) 

131 
Coal  

60 
~ 0 . 0 2 1  

2050.04 2450.12 
S77,712 M6.3az 

M M,67U 
0 0 

$176,326 SllU,W6 
121,143 M,670 

SlO3.277 SPl,lV3 
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Laur N o n a  No. 203 

T H E  GEOT?fER,MAL RESOURCES ACT, 1982 

(No. la o/ luat) 

CoHMrNceh4errr 

IN EXBRCi?b'C of die powar ccnferd by d i m  I of 111s 
Ocothermal Rewurcca Act. the Minister for Energy appoints lhe Id 
May, 1990'as &e &IC on which Llic A d  hall conic into g c r a h n .  

Ma& UI Uic >Mi April. 1990. 
K. N. K. DIWOTT. 

bfinbter /or D i e r y y .  
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264 
- -. - - . . 

Applicalion for 
~colhcrmrl 
ICIOll(tCi liccncc. 

(4) Wlicrc the Minister is s:ilidicd t l i e t  entry into iiny arcii of I;IIIJ 
o r  place in a gcothcr~nal rcsoiirccs area is necessary for the carrying 
out of cyioraUicw~~ 'by d i e  eppbwni  for an u i i t l w i d y  or a goo~~~ienilal 
rcsourccs licence, Iio sli;ill produce the consciit to such entry of I ~ I C  

ctunpctmt aubhoriy o r  other  'ownw or  m u p i o r  thcrucvl aa the casc 
may In.. 
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(3) T h e  royalties, and other paynientr payable under or 
by v h u e  of a gaU(ieemd msourcm k sldl bc as rid &I the 
licw1rx. 

Register of 
w4horilics. d c .  

. 

Nutiliition (0 

the M&SIM. 

D r a w .  

Noliicapnor 
to drillioa, *IC. 

Drillin# 
cooclilioo¶. 

Requirements 
ind conditions 
lor aeotherrnd 
opcrrtlolp 



I . *  
I 

z i a  K e n y a  Subsidiary Lcgirlurion, 1990 -__ ._ - - . 

Power l o  il ic 
Minisee lo 
inspect 
yc0lheIlll;ll 
O D C I ~ l l O l l ~ .  

16. The .Miniskr. or a parson a u t l i o r j x d  b y  him in .writing. m a y  
~1 all r e a s o n d c  cmics impcci q n y  gan.huniial q io ra tkms  a i d  any 
records of a licensec rcleticlg uhcrato. a n d  the iicotisee did1 provide. 
whcro available, facilities sini i l i i r  lo tliosc applicable lo i ts  o w n  or IO 

icr subcon4mdon' stall lor c r a n y w  to -the g o u t l i ~ m a l  opcr:ibiotia. 
stibsietmce and . u c o t i i n d a b i m  erpmscs arid sirall p a y  a11 rcaumialilc 
expenses d i r c r i l y  mneclal wilh the iospecrknl. 

Rep011 to l l i c  
Minister. rhc M ~ ~ c c -  

17. ( I )  n i e  I d d ~  of a n  a d w r i t y ' t u  cxplorc shall transriid 111 

(ti) at  lalast o(1 the t c r l i  day of cvcry mcwvth, a r c p r l  in rmpcc.1 
af t h t  preceding nwatli. qmAfying- 
(i)tlle pmgrcss of oper;lliona. the rcsitkr a b t r i n d .  even& uf 

signifiiance. occurr~)c'es, a d e n ( .  and like nm14em; a n d  
(ii) the number df pereons m p b y c d  - m d i d n i g  cach category; 

Bnd 
(b )  at the a d  d kch s t a g e d  geological or gmptiySiGLI operations 

and af L)ic.end af avcry h i n g  qwmbioci. a ropcnt m that 
stage of o p e r a t u m  togdicr with a copy af t h c  fogs rul;ding 
to the h e .  

I 

I 

1 

. . . . . . .  Kenya  - Subridiury . Lcgidurion. ._ 1990 . 26! ..... __ __ 

(c)  I rccord of tho physical and chaniicad chamcterisbia of flu& 

(d )a  rcgiser giv ing (.In: names of aU p m m  rmploycd; and 

(c)  a w l i  d i o r  mab ion  35 m a y  be pnscribal. 

( 2 )  1110 dioldar of i( g e 4 1 u m a l  r k u r c a s  h m c c  sha31. in addtt ion 
lo the matters prov ided for in subregu1;:tion ( I ) ,  mainlain, ai the siie 
of works, a n d  presenl on demand by  any inspeclor. a register of 
product ion in which dai ly  enirics shall  bc niadc of- 

(u) ,the quant i ty  d gaortiermal hi& cxtraotod iuid tliuir< pliyeical 
c l i m u t e r i s t i w  induding their i m i y m t u r c .  pressure. dogrce 
of salural ioo and  Oclw oharaciorkt izr at tlic well-lioad; 

( b )  die quanCitics and haiuderkt ico of goothernu4 fluids d c l i v c i u l  
for oonsumplioci; 

(c)thc - m l o u ~  of energy t r a n s m i t i d  to c ~ b l c r i  from the p o w c r  
a t r i o n ;  

(4 lfie quanticiea of uonniirnd;il pruducis. ,if any. e x t r a d a l  f r o m  
g d h w n a l  fluids; and 

(3) A h m s c a  &ail c a i w  aW borehole airus to ,be careful ly kubclled 

FIRST SCIIEDULC (r. 3 ( 1 ) )  

anichl (from pst and current 'bora; 

and kcpl safe lfmm a l l  advemc weattier codio ions.  

IMoDeL GeonienMAL Rwounces LicpNce 
TitE GEOTHERMAL RESOURCFS ACT, 1982 

(Nu. 12 o/ 1982) 

AND 
.l'llE GI3OTl t B H M , A L  ' H m U R C U  R~ffiULA(l'1ONS. 19'90 

l ' l i i s  geothermal r csou rca  licence is granted c h i s  ..................... 
........... 19 ... b y  the Minis ter  of Encrpy 

....................... 

(hcrein:ifter rc fcr red as "lhc licensee). 

I. Ti ic  liccnsce is  bcrcby granted the fo l lowing exclusive rights: 

('I) 'Illie riglit to mlcr upon lfie l and  spuj i f icd in 4he Appcndix  I 
(*'Ilic liconce nrc;i") lo bore and to cxlr;ic( p c o t l i ~ ~ i i a l  resources ;tnd 
t o  do a11 sucli tliinKs :IS :ire rcason:ibly necessary for  the conduct o f  
tliosc opcratioiis. 

(2) In  s o  *far as it i n i y  be n w w : r r y  for oiul  in umticuion wi th  

( 0 )  drill and omslnid a l l  ncmssary h r d i o l c s ;  
( h )  OCLVI. ConSING( and mii6n ~ C H I W S  a n d  ,bciddingr for the 

licensee's o w n  usc and  for IISC .by the  licensee's ciiiployccr; 

(c.)  crcxl. Consi rud und tnaicdain plant. i i iad i inery,  h i i l d i n g r  and  
od ic r  cTDcQic*i6 as nny ,be ncccssory; 

( # I )  titi l izc i h c  gcntliartir~l rmourcm; 
( c )  sulijwt to the Walw Acl. r w l a i i i i  and i i l i l i i c  any water; and 

Ilic said opuabions. tile c n d w i v c  riglrts to-- 

Cap. 172. 
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u)co~rdmct a ~ u l  m'nhin mads ~d dhar nwam of arnniuni- 
ca@ion a n d  Eonveniericea. 

(3) V i e  exdusive r i g M  lo W e  and ube or apply  die goollim~~l 
rosoiirces (in accordance w i t h  the geotlicriiial c o n t r a d  iiiade botween 
the licensee .................................... and  ................................. 
dad4 the ........................ d a y  oi ....... ............................ I9 ...... 
("l ie gco l i cna l  contract")). 

2. T h e  r ights granted shall be f o r  a term o f  th i r t y  years frorii the 
date hereof and such teriii m a y  be renewed at  the op t i on  of the 
licensee. for t w o  further periods of five years each; prov ided tlic 
licenscc has complied w i th  a l l  the ~tcrnio hereof. 

3. Wie licensee shal l  pay  to  the Min is ter :  

........................... ( I )  Year ly  in advance a rental of KSIi. per 
hectare for each and every ycar or part thereof For which t h i s  licence 

,in cllect end. .if such mt is t m ~  pad wirlhh clltrec n m h  of bwoni- 
i n g  due. a penalty of ten pcr cent shall be payable as if  i t  were par t  
d lhe rbnR. 

(2) A m y a t t y  of a p r r m t a g e  of the valiu o f  cacti bilmvadt hour 
s,)lJ by the licensee. SUCh pcrcenlage 40 lx i icgotialcd Cik ing i n t o  
eccuunt die expasas  icwm-rcd by rhe l h s c c  during die exploration 
PI= 

4. T h e  k c n s e c  SQuU c a n p l y  wilh d i e  provisions o f  { l ie G~ntliiriiial 
Resources Regulations. l7W and drillin): condit ions as specilied in tlic 
S c c o d  Schululc thereto. 

5. The licensee dial1 no t  transfer or assign this licence or any  part 
thereof w i thou t  the consent of the hl i i i i s ic r  signified by cndorsciiicnt 
her&, wiiidi coclb;ant du11 not be wuuasonably wulilidd. 

6. The M i w * h x  nny accr(rl t he  sul.ronder bf tbis licence or any 
pa r t  of the licence area u p o n  such tcrrns and  condit ions as Iic i i iay  
th ink  fit but sn. however, tli:it no siiclr siirrciicler Ji;iIl allcct any 
l iab i l i ty  incurrd b y  the licensee before the surientlcr shall have taken 
cllcct. 

7. ( I )  The Minis ter  may, 'by notice to the licensce, declare th is  

(0)  i f  tlie licensee who l l y  c c a x s  w o r k ,  in o r  under t t ic licence 
area dur ing  a conti i i i ioi is period of six niontlis, wilioiit tlic 
wriuen wxrsent of l l ie  Mins te r ;  

(6) i f  the liccnrcc comni i ts  a breach o r  is  in dcfaiilt of any pro- 
v i s k i  $4 die GooIl~~riiial Hosouiccs A a  or cd Gocfi l iNnial 
R a s c m ~ a r  RcgidaLions. 1990 'or of any ,lcriirs w ccniclilitris 
of the liceiicc a n d  the hl in is tcr  has caused a noticc to be 
mrved on ithc t k e  requiring i h c  liconseo- 
(Gin d i e  caw of a broach 4iil1, lin I i e  opdion of W I C  

l iccncc to be forfeited- 

k f ' .  ,. i l l ivtcr,  . is iwp?lt>lc o f  'Iwiog rcpaircvl or t ~ d e  god, to 
r igt i i i i '  irr i m k . :  A;XP.~ iti:~. ! ~ r c ~ l r  wi th in  3 epccificd pcriod; 

I 
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i n l en t i on  to the  person in visible and  immediate occupation of the l and  
aliected thereby and. if practicable to t l ic  OWIIM of i h e  l a d .  acid dull 
comply w l i  a r u t b n  20 of Uie AU. 

. fl2. The .Mi&ar dnU nbtarin on b c l d f  of die b i m b e c  ncry oemii4 
necessary lo cnablc the licensee to  use the wa le r  i n  the l icence arca for 
the  purpose of q w a t i o n s  under  &is l k e n c c  but the I icmsee shall not 
unrmsoclably dqr ive  the wrs of land. dimievtic sottlaiien( or catl lc 
watering placa of the ww~lu su f l y ’ t o  wltidi llliay arc occl~lomod. 

13. (I) The Mitiistor may. 04 tdie rcquat o f  t h e  I iconsw. mnh 
ami lab la  lo the #kensea such k i 4  as #he biccnsee m a y  m w a l f y  
require for (lie m d u a  o f  g m t i o n s  under &is ticwcr md- 

(u )  wlicre such hiid i s  trust land. the hliiiislcr shal l  procure that 
Government diall. s1i0jlx.t to paragraph (2) of chis dairse sd 
apart such tru* land in t l ie liceiice am;i in accrirdancc 
w i t h  Ihc Trus t  k i n d  Ac t  (Cap. 288) and chapter IX of tlie 
Con& id ion ; 

(b)where sidi l and  i s  p w a l e  Innd. the Mh.istw dial4 procure 
(hat Governmerit  acquires i h e  l a n d  in acconlance w i t l i  t h e  
applicable laws; 

(c) the licensee shal l  pay or rcl i i ibursc tu the Min is t c r  any 
re;ieonalrle ownpmsabkm that  m a y  be arqiiirul tor tlie aettinp 
apart, use or a c q u i 4 k n  of any  Imid (for ciiuli rbperucions. 

(2) W h c r c  4he licensee has & c u p i d  trust land [or the purpose 
of such operal ions before that  land hac bccn srd apart, t l ie  llccnscc 
dindl n o l d y  the MMiidi~ in wr i t i ng  of t i ic  rrcnl tu set o i i a f l  s i i d l  land 
I d o m  t he  c n d  of die m w - y a r  poricwl r e f t v e c l  to in secl. im I I S  of ~ l i c  
COnrliMion. 

(3) ?he Ministar shall p m x n  that the Gnverruiient shn” Brant or 
causa to be granted lo the licensee and i t s  contrnclors :inti suh- 
con tn ido rs  e d i  .wwy-kavm. msciiimts. Innpora*ry cw;ciip;ilion or orlicr 
pcrniissions w i th in  and without the licence arca as arc ncccssary lo 
cm~liicjt s d r  npernti~wu~ atid ;m part icular for  thc piirp0.w o f  iayi i ig. 
operating and  r i iainlai i i ing pipelines :ind cables. 

(4) T h o  M i n i d e r  shal l  prnci ire Ilia1 the Gwcrrwncii.t s1i;i~Il a1 all  
times give the l i c c n x e  and i t 3  contrnclors and s i ikont r : ic tors  tlic 
right d ingross to and egress f r o m  the licence area 111 :ind from. i n  
pid ic t l lar .  Ihe ~f;lcil.ibies ~ w f i a i c v i x  k r a k t l  f i r  (he cnntlilt.< o f  opwations 
under th is  liccrre. 

9 

14. Sc.+zf to I{ie iirtral t i a t i i m a l  wcu r i t y  requirnnicntc a n d  the  
I i nm ig ra l i on  A c t  and regril;ilions o f  Ke i i yn  in  piirlicul:ir, thc M in i s l c r  
slinll p r w i i r e  that Goveri i i i icnt slinll no t  iinrc:isoiinIily rcluce IO isciie 

’ eod/or cmow crvtry l i em i i t s  ,for tnd in io i inc .~ i id  managen  einpl<rycd 
in operations undcr  this licencc. 

1 5 .  l h c  Min is ter  shall Drociire  hat the liccnsce ;inti i t s  contr i ic- 
t o r r  o r i d  sutrniiiradorr cnRa(:ctl in  carry ing out opcrnl ioi is untlcr t h i s  
l i c c i x c  (or I t ic  gc.oiiicrli i>l rcwwrccq contracl) sh;ill he pcriiiittccl 
i t t i p i i t  i n to  Kr.iiy:i  a l l  i i i:ltciial*, cqi i ipi i ic i i t  ;iid siipplicc i r i r l i i t l i i ig  liul 
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no4 j in i i ted to madi inery,  vehiclm, cannimnible i t ems .  nmvahlc  pmpcdy 
rnd a n y  other articles. to be usee( so le ly  in cariyicig out opwatkms 
under this l icence (or ilie geothermal resources contracl). 

(2) The ,M,inisler shall procure lh;it ~ssucli m:ilcrials, cquipincnt and 
supplies sha l l  ,be exempt from a11 customs duties. t iowever, the 
l i c c l i x c  and  i t s  contractors and  subcontradorn din11 give prcfcrcnce 
to Kenyan  goods and  services as long as their prices. qual i ty, 
quanli l ics and  linicliness of dcl ivcry are co i i ip : ich lc  to prices, quality, 
qu;intities a n d  timeliness of dcl ivcry of non-Kenyan  materials. equip- 
ment and supplies. 

( 3 )  i,n r d a t i o n  cu m.taFials. aliripmeiit a i i i  supp~)m i m ( w d 4  .or 
t o  be i m p o r t u l  bursuant lo subclausc (I) of this c lauw.  when a respon- 
sible rcprasenlalive of the Min is t r y  has ccf l i f icxl 1hat they are lo he 
used solcly in carry ing out opcr;itions ui i t ler th is  licence. (or the 
geothtrni;il resources con t rx l ) .  the Minis ter  shall procurc that the 
licensee :iiid i4s c o n l r i i c l o n  and subcontraclors shal l  be e n l i t l u l  lo 
ride such i n p o r t s  wi lhout  t iaving to obtain- 

(0) any aly,roval wf .ki i l iort  bictnce. pr‘ovidd. however. rtiat an 
application has k e n  duly made; 

( 1 ) )  a n y  cxohmge  conlrd appnwi4. subject l o  .(lie provisions of 
paragmph I G  liereof; or 

(c )  any hupecl. ion oulsidc Keap b y  General Siiperinlondcnce or 
other l i rv rpcchg ‘body. acring i for die cnne 4I1~cing. app~rinlod 
‘hy Lfie Governmanl. 

(4) The . M i o L e r  shall procurc l h n l  cn rh  expalr iale a n i p l r y c  of 
the licensee :init i ts conlraclors and suhcoiitraclors sh:iII lic perinit led 
lo impor t  and  sliaW Be exempt nfmm all CIKIOIIIF dirflios with rcsl)c.c:i lo 
tlic r a m s l d e  imporhaion o f  hcwKcholtl g o d s  aotl p e r w n a l  elTccls. 
inc l i id i i ig  oiic aulornobilc. provided, however. thnt  such properl ics are 
iiiipiidcd w i l l i i n  l h r re  (3) niorhhhr o f  the i r  arrival or aiich kriiger period 
a6 t l ie  Govcnnnen i  m a y  in wfliting detcmicic. 

(5) T h e  Min is tcr  sha l l  r m x i i r e  thnl the licenscc and  i t s  conlrnc- 
ton and siibcontractors and  their cxpal r is te  einployccs m n y  scll in 
Kenya ail1 , h p o r l e d  ilcuns di ich apc no Iongrr necrlrtl for o l r r a h n s  
untler [his licence f o r  the gcothcrin:il resocirccs conlrncl).  l lowevcr .  
i f  such inipnrta . m e  excnipt fmn c i i ~ t o m  dciticts, +lie sclJc-r slrnll fulfil 
;id1 .formall~itics r q u i r e d  ;in m a c d i t r n  with the p;vyi i i tn~ of ilcitios. 
Lixes. fccq a n d  cliargea ,impwed on siioh ea,lu;. 

(6) T h e  oMini.;lcr shall procure that the l i c cnwc  :iiitl i t s  conlrnc- 
l o r1  and slr lron4ractom nnd tht4r cxpn.tr iak en ip loycm n i n y  export 
f r i im  K r n y r .  cxenipl of nlll c x p o d  di i l icc.  Lams. fees ;iid ch:irp,c.c. rll 
prevLw\ l y  limpodd i t n n c  Ivlhli are nti Iiriiger rcqtri lrd fo r  thr 2011- 

duct of opcr;ititinr i tnt lcr this 1icciic.e (or gco1Iieriii:il recoiircc con-  
Irncl). 

( 7 )  “Cu5lwns dulics”. ;IS t h ; i 1  l c r i i i  i s  USCII hcrcin, sh.ill inclut lc 
n l l  duties ~ n d  t a x w  nn i m p o r t s  ( c x c r p ~  thore charges p:iicl lo the 
Oovrn in im l t  Ilir actiinl ardices rciitlcrril) w1,ic.h an: p ) ~ i ~ l d c  ns R 

rtsc11( cd rlie tiinportation of tlic iicm or  ilriril iindrr co i l s i i l rn i l i tu i .  

. 
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16. (I) As dong ns the l icenxa nicols i ls  obligations to lhc 
Gmmiunt ;n kmts of (ax paymccrb or a n y  olhx pymon4s  wntaii- 
pl;ited by this licence, orid as long as tlic licensee coniltlics wkli 
paragraph ( 2 )  vf this clause and is not in a nr:rterinl bre:ich of this 
licence. the Ministcr shall procure that thc Governmcnl dial1 by 
appropriate Icg:il notice grant, c f l c d v e  u p n  t l ~ e  date of this licence. 
tlie licensee frecdoiir t u -  

(a) q m n  and 3reely rrwirttdin cxterwl  accounb linsitlc Kenya ac~cl 
doroign bank  acmumk mil&lc Kenya in , a c d a n c c  with 
rhc  IJxchairgc Coittrol Notice No. 3 issued under the 
Exchange Control Act. chaplet 113 of the Iiiws of Kcnya; 

. ( b )  rpcaivc. fdem outside K a y o  nod , f r d y  di- af faroign 
crinrncics received 'by it outside Kenya, and tlie liccnsce 
dhahl r u t  be d i g a t a d  to nni i t  woli proceeds h Konya w&h 
tho cxmpbion d alm p r a x a k  m may Ibe n d d  Ct meet in 
Kmya ob clrpcnecs nad payments to the Gwoniniont; 

. (c) p a y  qlirodsy cwllskk: K m y a  f o r  p u d i w  of goodti a n d  seervices 
ncccss:iry to carry out operations under this licence (or the 
geuthcnnal RSOUPCCS contract). 

(d) pay lirs clopabiak c q t b y e a s  woncling in K m y a  ia foroipi 
cummcim oulsida Kmya.  Such cxp3tr.iab errydoyeca d1;I11 
tx only reqUu4 to h h g  ,into Kenya smlr foreign excliange 
as rrz;lrMud CO inect their ,pcrsooal living e r o a i w  and (0 

nice4 pymeola of Kenyan tuxes; 

(e) freely rcpatnale fibroad al l  proceeds f r o m  4I1c licensee's 
glwliorinfi o p o d a ~  .in Kpnya. h h i d i n g  but nd .ILnilbd lo 
proccodr horn the sale of assetri (proceeds of the geotlicrnial 
rcsourccs contract); 

(/)luvc mta of c x o h s n p  ifor purchase 4w talc of curruicy in 
Kenya, not less favourable to the licensee tlinn tlrosc granted 
to ony uiv&or .in Kavya. 

( 2 )  In o d o r  to kctp 4he MiruisttV and tlic Comrd lhibk o f  K m y a  
inforniul of its prospective and aotu;iI foroign exchange trnnsactinns. 
the liccnscc shall inform t h e  .Minister ant1 the IJ;ink in  :writing and in 
w b  f o n n  and dolulil as ehe M.inistor u r  Ulie Link may rulucst- 

(a)of the location of the licenuc's bank accounts in Kenya 
and  c h u a d .  diiah latiw accounb did\ #be opciral .in b m k s  
approvodbyblwCentd Uank ofKctrya;  

( b )  anniially, M o r e  {lie cnniniencenicnt of m c h  c;tlcircl;rr year. of 
the licensee's estiniatcd receipts ;ind disliursonients of 
fordign exchange ,by ~prinojpd headings during r l l c  y m r  (dl'iuli 
statcnicnt m y  bo m e n t l c d  fnm iiiiie IO h i e  i f  this nqymn 
nccassuy); nnd 

(c)qibarhdy. wialiin Idi,irty clays of tlic aid of aidi c;i,lwul;lr 
qwrter .  of the liccncc's actual rcccipts and clish~rrscoier~~s 
of #foreign exchange by pl-incipi lmdinp chifling the piwcd- 
klg  qusrtw.  

(3) .Wbjed to alia obligdbn t o  give pmfcrmce 10 Keciyan gtrcds 
a i  stipulated in this liccncc, rhc hlinistcr sliall procure that  tlrc 

9 
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Iicensco sitall have the riglit td enter all contracts ,and subcontracts 
nccessiiry to carry out operations under this k c n c e  (or Under tha 
gcotlicrni;ll rcsourccs contract). without prior apprwv;il by Uie 
Chtriil h i ! k  of K m y d  or oruy 4 ier  GwwlnrneiUt q c n c y .  ' I l ie 
Minister reserves t h e  rigtit to inspccl the records or docuni~i la l inn  
rel;ited to such conkacts  and subcontracts. Thc licensee shall provide 
a copy of sudr contracts rwlilttin thirty days afbr & l A r  cxeuulion. 

(4) TIrc Minielor slncl pruaire illrat Cmvarnunent s l d  h i e  to the 
liccnsec a "certificate of approval enterprise" in accordance with the 
Foreign lnvcvtiiients I'mtcction Act (chapter S I  8 of I;IWS of Keny:~). l h e  
amount rccognizd by tlrc certificate as having been invedetl sh;rll 
tho actual amount for the time being invested by the licensee as set 
forth iir its books af ocoounl. 

I 

17. (I) The licensee shall notify the Minister. boforc opcmtioos 
kcgin., of .(he name onil addrusb of t h e  pewn rosidcd i n  Kciiya who 
will supervise 4hc o p r a t i o n s  under tliis licence and prior notice of 
any subsequent change shall be given lo IhelMinister. 

(2) Tlic liccnsec shall appoint a n  attorney rcsiilcnt in Kenya with 
power of representation in a11 mailers relating to this liccnce of which 
appolintnicnt Clit Mintidtx sImaP Ihc noLilicd 'bolore the Gxr+t,iorir .&Kin, 
and prior m t i c  of any subscqucmt change did1 h e  givcn t o  tlie 

18. (I) Where the Minister o r  the-  licensee is prevcntccl from 
coniplyin!: with this licence by lorcc mnjeiirc. the party affected shall 
prnnifly give written nmia to die o H e r  and tlie crblig::;r.t;irc af tire 
aflccted pafly shall be siispcndd, providccl that that pafly 6hatI do all 
things re;rsorubly within its power to remove such cause "f /orre 
ninjrrrre. Upon cessation of the /or,:c ntnjciirc event. tlie paNy no 
longer allccled s l d l  promptly nolily t h e  obhor y d y .  

(2) In this clause, "/orcc ~nujtirrc" ineiins nil Occurrence heymid 
l h o  reasonable c o n t d  of llrc hlinistcr or of the licensee which 
prevenk oiulior of tilcm f w n i  perfornbing didir d d ~ a k i c m s  u n d u  this 
I ice nc e . 

(3) Wlicre the party not aflcctecl dispute3 the existence of /orcc 
tnnirtrre. that dispute shall be rcrcrretl to arbitration in accordance 
with l l ic  provisions for  arbitration contained in this licence. 

(4 )  Where an ohligation is suspendcd by /orcr nwjcirre for more 
than one year, the parties may agrce to tcrciiinatc this liccnce by 
noiice 4n wflithg W I r ! h u t  Yudie.r oblig&ms. 

( 5 )  Suhject to pmgrapli (4) of this clausc. tlie tern1 of the lircncc 
slrall lie :iutomatically extended for tlic period of tho /orcc tttnjciire, 

8 M i n k e r .  

19. (I) Exccpt as otherwise providcd in this liccncc. any question 
or dkpita ?riding out of o r  in rela.&bn to or in coniwchn with (1ds 
liccncc slrall. as far as  ,possible. be settled amicably. Where no settlc- 
nionl 65 rciirhed willdin tdilnty days ~frcmr the  &le of tllre Cliwulc. S U ~  

clq)irto shall be m f c r r a l  bo arbi'tration Gn accordance with the pm- 
v i s m s  twxoindtrr conbind. 

i 

I 
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( 2 )  The +Anistor on I)dialf of die C~VIXWWIM of Kaiya and 
the liccnscc hereby consent to submit to the International Centre for 
the Sdi lananl  of Inveulrnent Disputcs all diuputa arising out of this 
liccnco o r  relating to any invmtmcnt niadc under it for scttlariicnt 
hy nrbildon punwin1 la tho &nvet.lllhl on t h e  Solllonionl of 
Investment Qisputcs between St;itcs and Nations of other St;itcs 

(3) It i s  hereby stipiilalal that the liccuuce is i t  n;ilion;il o f  
........................ and &at this licence is, a n  investment within tlic 
m n h g  of the Canvaulion 

(4) Any sudi afbilralion pnraotling shaU be cociclitckd .in 
a c u t d a n c c  ,with the Rules df Procedure f o r  A r b i l N l i ~  I'rcxecdiiigr 
in el icd on the 

('9 lie convann id'). 

urn which vhe proceuling k inditiitcd. 

AI'I'ENDIX I 

DELINEATION OF LlCeNcE A R u  

The licence a m  shall bc all those certain kinds iiiore particular- 
l y  described in Appendix 1 and shown o n  h e  tiiap sd forth in 
Appendix II:$ 

SECOND SCIICDULE (r. 12) 

GINDITIONS FOR DRILLING aF BOWS 

'Ihe foUowiog oonditiocis a r c  i n t c n d d  .as giiilluliiica: to e m i r c  
safety e n d  environmcrdal ,inic&y. I f  tliw contliuiocis wiuld prove 
too restrictive for cconomioal gcothertnal energy recovery. the liccnscc 
nray propose an d t m d v c .  

I. All casing strings rcnchmg the surbacc Soiall #be ccnicrulecl at a 
sullioicnt dcplli bo p r o d d e  atfcquik anohorage and suppwi for tlic 
cming and any Mowou( prcvemtkm equipmend r q u i r u l  tliorcuui. 'IYic 
scveml cabkg scnirigc ,in order or hotallation 0.w- 

(a) surface; 
( h )  internicdiate: ~ - 
(c)  anchor; 
(dl production strings. 

( 2 )  1 1 ~  ddbwicig caving suiting dqrldi rtqirirctiiei* are gcncraI 
in n ~ i i l t  a.nd Mihjwt  bo varbtliuci to permit ihc casicig of m y )  to t r  
sd a n d  m ~ . : n ~ a d  .in mnpctait faniialiion. Casing settlirig tlcptlis sIi;ill 
hc b a r 4  upon ad1 gcdogic mntl onginrcniiig f n d o m  including apih~rclit 
gmMlrnnii4 gradimb,  daptla end prmurrca of the ~iu~lious forniations 
10 ~ba peodnc~t~~I end a l  obha phncnt 'iitforniatioti BIIHNII t~lie a m i .  
All depths in lticsc rcgirl;itions rclcrrctl lo Triic Vdic; i l  1)cptli (T.V.D.) 
hclow ground Icvcl. unless othcnvisc specified : 

(a) Sitr/rrrr Ca.ting.-This casing ali:ill be scl at ;I ininimlirri tlcpth 
o f  30 i i ic t rc~ and a iiiaa'iiiitiiii d c p h  o f  60 itictroi l)cf[)rc 
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dhtilling ,into slrillow ft)rni;u.im stnp&l or  known io arn.imn 
gcotheimhl . m r c a s ,  nonawulcntoiblr g . m ,  UT OI'IIM ituncnul 
raourcm or u p  muwntr r ing  SiIcli forniations. 

(11) Irltrrrirriliitfe Cusitig.-This casing shall be sol 24 ;iny tiiiic wlicii 
rcqtiutd .by bore c(wCLImk)M aicoun(crd Ni  drilling Mow (fie 
surface uasing 611di as ancmaSous p r m i u e  unics. iin& 
fresh watcr aquifers. cavcins. washouts. lost circulation 
ZQIICA. npid ly  increasing themi;ll gratliavts or  oulior drilling 
iiazanlo. 

(( 1 A~icl ior  Cusitily.-This c:isiny shall bc act :it il dcpih 
equivalent to or in excess of 10 per cent of the proposcd 
hdd depth at ulie born provided, h m v e r .  hat such mtthg 
d q d i  &mil ,hc not 1cc.1~ tlwn 250 m d r e s  nor more than 400 
tiiotrm. 

(c1)Producrion Cming.-This casing iiiay bc SCI a t  the top of o r  
thmigh t h e  potential produoing UMC and sh;il Ibc sei Gofore 
complcimg Uie .bore far produaion. f*ralimticm caing slid1 
,be ntn b dihe sunface o r  Q,p@ into the next targar ciisi.ng 
d i n g .  I f  a Encr .is usod. b o  lap shah! be -led by a fluid 
orrtry o r  pressure teat to delarninie vdidlia Q saai b&vcen 
die Linor top and  the next kirgar &ng ~ l r u r g  lis6 km 
.wlii~vcul. 1Yic (mer ovwlbp shaN +be nihuntrni o f  30 r i id ra .  
'Ilia tcvt shall be nxmlllal o n  the drtlkr'rb log. In die overit 
of lap o r  casing faduro during the b t .  tlic hp o r  &ng 
niw be rtpaired o r  ~ C X X U I I C O I ~ ~  slid sircccaa-fidly ratedd as 
g u i r d .  I'roditduni u s i n g  ehrll ciomially bc of concrbzrnt 
nuiritwl otttside dlJliidM f rom die s d a c c  o r  f rom the iop 
of the bp to ehe cxiing shoe. T h e  suvfwc CoSil~g shall 
not he iisecl n s  procluction casing. 
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atrings eol at a daplh Sesa &an IS2 m w m  (SO0 f e d ) .  
rhall bo prcspuro tested to a niininium pressure of 20 bars (300 p.3.i.). 

(3) Tho bts u n k  p ~ g c ~ p h s  (I) and (2) culdl id cxcccd t l ~ c  
l l a td  m & i n g  PnrJSure of the casing o r  die blowout lvovcnter aack 
assambly, whichever is lesser and i i i  the event of casing h i lure  during 
t h e  tee(. ulio Cnsing n u t  .bo ropaluul or rcamlantul unrid a mtiwladory 
t c d  lis ObbaLUrL 

(4) A prrasure d d i n e  d 110 per  ant Icm 6n 30 nllintrtcn e h d  
be consitbred mitiidaotory. 

( 5 )  W o g  tmt raxh dull ba ~ecordal o n  die dri8llds log. 
Advance n d k  of odl d m g  and hip b l a  rldl 'be givon kirr suflioictul 
tima to enable the Miiuster or his representative to be present to wit- 
ness nich teals. The casing and lap  test roports shall give a detailed 
description of (he test, including mud and cciiient volumes, lapse of 
time bdnvcen running and cementing casing and testing, method of 
testing a n d  test resulk. 

.. . . - __ .- . . - . - . . . .- - 270 
- .  

(2) Atl 

wdl8UlVCy.  5. (I) Deviation surveys (inclination -froin vertical or singlc sliot) 
sliall be taken o n  all bores during the normal course of drilling a t  
intervals not exceeding 152 ii idres and in calculating a11 surveys. ii 

corredion froni true n o d b  (0 Labert-Grid north shall be nindc 
after making the magnetic lo  true north corrcction. 

(2) norcs a r e  considered vertical i f  inclination does not cxcccd 
a n  average of live degrees from the vertical. 

(3) D o r a  are  consitlcred dir&tional i f  inclination exceed$ irn 
average of five dcprecs from the vertical. Dircctit:n;il siirveys giviiig 
both inclination and ailnutt i  shall be obtained at iiilerv;ils not 
exccading 30 metres ,hotween stations pr ior  to. or upon, sclliiig :lily 

casing string or lincr (cxcopt conductor cwing) and at total depth. 

Safely 6. All necessary precautions shall be h k c n  to keep al l  bores untlcr 
equi(wncnt and control at  a11 times, utili= trained ant1 coinpclcnt personnel. :ind 

utilize properly niaintaincd equipment and m:itcriiils. Illowout prevcn- procedures. 

tcrs and related bore coiitrol eqiiipiiicn( sli;ill be instnllccl, testctl 
immcdiatcly thereafter and i m i n h i n c d  rolitly for use until drilling 
opcritions a re  complctnl. -Cert:iin coniponcnts, siicli :is p;ickiiig 
clcrneiits ani! rani rubbcrs, s1i;ill bc of IiiEli 1cinper;ilurc resist:iiil 
niatcrinls as necessary. All kill lines, ,blowntlown lines, uii:inifolds niid 
linings shall .be steel and shall Ii;ive n tenipei.ilure derated niiiiiniuiii 
working pressure ratinx equivalent tu the iiiaxi1niim anticip;ited well- 
head surface pressure. Except as otlicrwise provided by tlicsc rcgula- 
tiom, blowout prevention cquipnicnl sli:ill ~ I I ; I V C  mnnually oper;rtcd 
gzlpa arul Iifimtdic aatawing spkniis a n d  aroiu~ndrutorr, of miflicicxurt 
c a p c i y  co &e a,U dI tho Iiydnmlioally-q~erlPod quipmait mltd tiwe 
a niinimiun pressure or 69 bars (I.OO0 p s i . )  rcinaining on h e  nccumii- 
IaItLx. Dual unarwl dntione dindl  UE haw dith a t i & $  (>remum 
W k u p  syatan. OIW corr(rd p i d  dd4 1% .hcnLcd at tho driller'r 
station and o n e  control panel shall be IOCatbd o n  (lie ground a t  lmt 
IS ndrw n ~ . y  I r a n  6110 w a l l l d  or IKJ~UY mlda. A]i6 o r  o~l ia  
g w c a r p  f l i r i d t  t h i i l g  q w t m i ~ s  din14 lave  ' b h r t  l W 3 X I l h  
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awxnbbies. Swh cssc~&%iea may indude. )but arc nu( 816niitcd to. a 
rdding Iimd. a &uMc ram t ~ b w o u t  p r r v a r h r  OT eqhuksut. a h j o -  
box or  an o p ~ n o v o d  sirWhde t M a  ond a btirwl rani Uovr.0~ 
prcventcr or gate valve, respectively. 

' 

. 

7. (I) Sirr/uce cnring.-neforc drilling below this string. at  least- 
(n)  o n e  remotely conlrollal hydraulically-opcntcd expansion t y p e  

R~uirtmtni 
lor drilliiip. 

preventer; and  ' 

! ( b )  a * n a n d  and  roinolely controlled complete diu(-off single 
mni M m a  pmvenbr o r  c q i i i a l ~  lriving a t u n p m t u r e  

niarirnum CuJllidiqd s d a c o  p m u r e  at the ari&idipated 
rasarvoir fluid larapomturo. At kml iiir NUYII sot clia4l bc for 
complete diu1 off. A drilling spool with side oullcts or 
eqiUvab~&. dial8 be k&a.lled. A k,BI h e  a d  bkrwtluwii line 

I h L e d  minmun .wovking prmuau rating W Q i &  e x d s  dip 

4 h h  fUhp SIUH be co~mwlal to tha d r i h g  
I 

spooo. 
( 2 )  Anchor. intcrnicdiofe and production c-nritlgs.-nofore drilling 

below the blowout prevention cquipnicnt shill include a inininium 
of- 

( 0 )  one expansion-type pravenler and accumulator; 
I (I) B manual and  remotely controlled hydraulically-ogcrated 

doiiblc ram .blowout preventer o r  equivalent having a tem- 
perature derated mininiuin working pressure r:ding which 
cxcceds the  maximum ant ic ipntd surf;ice pressure a1 the 
anticipated reservoir fluid tcinperaturc; 

(c) a drilling spool with side outlets or quivalcnt ;  
(to a kill line equipped with at least one valve; and 
(c )3  choke line equipped with at  lead one valve and securely 

(3)  Tcsfiiig ntirl niniiilrfiaiicc.-Ram-type blowout prcveiitcr and 
auxiliary cqtdpinent shall be lcslei l  to a minimum of 69 b i r s  (1,000 
p s i . )  or to the working pressure of the casing or  asseciibly, whichever 
i i  tlie lesser. Expansion-type Idowout prevcntcr shall be tcsted to 70 
per cent of the :iIn)ve pressure testing rrqt~irenicnts; and  (he blowoul 
prevention equipment shall be pressure tested- 

aodrorcd a t  all beids  and at the  end. 

(ti) whcn installed; 
(b) prior to tlrilling out plugs and casing i b o u ;  
(c) not loss lhnn once each week. alternating the control stations; 

( t l )  following repairs that  require disconnectinp a prenura seal in 

(4) During drilling opernlions, blowout prevention cquipinent 

(a) once cnch trip for blind and pipe r a m i  but no( I u s  than once 

(b)at  least once each week o n  the drill pipe for expansion type 

and  

chc asscrnlly. 

ahnll be a d u a t a l  to tost proper funotioning a i  follm- 

each day (or pipe rami; a n d  

gr avenicr:. 
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( 5 )  All flange bolts sl ia l l  be insticctd at  Ic;tst weekly 2nd re- 
tightened as necessary during drillitil: opcrations. -rile :iuxiliary 
control syslciiis sh:ill be inspcclcd &lily to check the ~necli:inic:il 
condition and cllectivcness and to cnsurc: personnel ;icqu;iitit;rnce with 
the niethod of 'operation. I h w o u t  prevcntion iInd auxiliiiry control 
cquipnicnt sli;tll be clcanal. inspected and rcp:iired, i f  nccess;iry, 
prior to inrtaII;ition to assure proper lunctionint. Itlowout prevciitioii 
controls shall be plainly I;ibclled, And all crcw iiienibcrs s l i ;~ l l  be 
ins l ruc ld  o n  the h n c l i o n  end operation of suoh cquipincnl. A blow- 
o u t  prevention drill shall .be conduclcd weekly for each clrilling crcw. 
All blowout prevention tests :ind crow drills sliall be recorded on tlic 
driller's loll. 

(6) Rrlatcd well confrol cqrtipnrcnt.-A~ Ie;isl one non-return v;ilve 
shall be installed in Ihe drill string at dl times. 

8. (I) The properties, use and testing of drilling fluids and ilie 
conduct of 'related drilling procedures sh:ill be such a s  are rr;ison:tl)ly 
necessary to guard against tlic blowout of any horc. Sullicicnt drilling 
fluid materials to ensure bore control sliall be niaintaincd in tlic field 
;ma readily accessible for u x  at all times; and- 

(ti) before pulling drill pipe. the drilling fluid shall be properly 
conditioned or displ:iccd. T h e  hole shall bc kept reasonably 
full at  al l  times. Mud coolinC techniques sh;ill he utilized 
when necessary to mainkiin niucl chamclerktics for proper 
bore control aiid hole conditioning; 

( b )  niud testing 'and treatment consistent with good operating 
practico .shall he perfortlied daily or  niore frcqiiently as 
conditions wiirrant. Mud testing cquipincnt sliall be ni;iin- 
tilined on the drilling rig at al l  times. 

* ( 2 )  The following drilling fluid s)stcin niotiiloriiig o r  recording 
devices shall be instdlcd and opcr:ited continunusly durin): tlrilling 
operations with mud. occurring bclow the shoc of t h e  coiiditclor 
casing- 

(a) high-low level rnud pit indicator including visii;il ; i u t l i o -  

( b )  desiltcrs and dcsandcrs; 
( r )  :I nicchnniciil,' clcc1ric;il ur nianu:il surhce drilling fl i i i t l  

temperature monitoring device. T l i c  #ciiiper:iture o f  t l ic  
clrilling fluid going into and coriiiny n u t  o f  tltc hole  s l ~ ; \ l l  be 
iiionitorcd. read ;ind recorded on tlic drillar's o r  niud IIIR for 
a iiiiniiinini of every 9 iiietres of holc clrillctl I)elow the 
mnductor  casing; and 

(,I) a tiydrogen sulphide intlicator and :il;iriii sli:ill IIC inst;illcd in 
areas siispecld or known lo cont;iin Oyclrogen stilpltitle gas 
which may reach levels considered lo be d;in):erous to the 
health and safety of personnel in Ilic area. 

(3) Prorii the linie drilling operations a rc  inilialctl and until tlic 
bore is coniplctcd or  abandoned. a nictnbcr of the drillinR crow or 
IIIO tcwl puslter shall inonitor the rig floor a t  a l l  times for riirvcillancc 

warning device; 
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purposes, unless the bore is sccurcd widi blowout prcvcntcn or 
ccmcnt plug. 

9. All b o r a  shall be logged from total depm to the shoe of the ~ o ~ c i - d n g .  
conductor casing. 

IO. (I) All wellhead connections shall be fluid pressure tested 
to the appropriate working pressure rating. Cold water is rwonimend- 
d as the tasting fluid. Welding of well head connections sh;ill be 
performed using materials in conformity with industrial standards. 

( 2 )  All completed bores shall be equippad with a minimum of 
one casing head with side OUUCIS. one master valve and one protluc- 
tion valve. 

Wcllhcad 
miuipmelll 
''Id IcsCisg.~ 

(3) All casing Irwds. chnslmas Irccs, fillings and conncctionr 
shall have all tempenlure  derated working pressure equal lo or 
greater than the prssurc of satwratat s t a m  at  reservoir tcniperaturc. 

(4) Packing. sealing mediums and lubricants shall consid of 
materials or siih*:inca that function cllectively ai. and arc  resistant 
to, high lcmperatures. Casinl: h a d  connections dial1 bc made such 
that fluid can be p u m p 4  between casing strings. 

( 5 )  Any bore sliowinR sustainal casing h a d  pressure or lciking 
of gcotlicrnial fluids hdwcen wsing strings shall be tested to ddcni i ine 
the origin of the failure, when such failure point is not otltcrwix 
tlctcrmincd, and wrrcciive. nieasurcs sh:ill k taken. 

II. ( I )  No producing interval of any bore shall bc located within 

( 2 )  All bores not in usc o r  danonstratcd to be potentially useful 

(0)ceincnt u s d  to plug any gcdherinal resources bore. except 
tha t  cement or concrete used for surface plugging. shall be 
placed in the hole by pumping through drill pipc or tubing, 
and the cement shall consist of a high temperature resisbint 
ad mix; 

( b )  (i) in uncnsed portions of bores. cement plugs sh:tll hc pl;iced 
to protect all suhsurfacc mineral resources including 
frcsh water :Iquilers; and plugs shall cxtcntl :I rniniinum 
of 30 metres I&nv, if possihle. and 30 metres ;~bove 
sucQi aforementioned zones. Cement plugs shall be placed 
i n  a nt:inncr necessary to isolate formations and to 
protect tlic fluids in SIICII Connation, from interzonal 
niigretion or contamination; 

(ii) wlicrc tlicrc is an open hole (iincascd and open into the 
casing string above) a cement plug shall he placad in tlic 
itcapes casing string by either (a) or ( b )  below. In the 
cvent tha t  I- circuhtion conditions exist o r  are anti- 
cipalal, o r  i f  the well has k e n  dnllal wilh air or other 
g;tscous substance. h e  plug shall bc placed in accordance 

BorespclnE. 

pcniia ne n t 
d~anJonnwni 

30 m e t r a  o r  the outer boundaries of the licence a r m .  pliiggi& and 

shall he proniplly plugged in  the following manner- 

wkh (c) bduw; 
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(iii)a m e n (  plug shall he plical  across the shoe extending 
a minimum of 30 metra above a d  30 metra (100 foci) 
below; or 

l i v l  a c ~ m c o t  rebiner with cSedive back preuurc control sd 
appwniniatcly 10 met ra  above Uie casing shoe with at  
least 61 inclru of m e n 1  belaw the rdaincr and 30 
metres mnen t  above; 

(v)a permanent bridge plug set a1 the casing shoe and 
capped with a mininium of 61 cnctrcs of cuiicnt. 

(c) A camen( plug dial1 be plxed acres produdon perforations, 
extending 30 me t ra  bdmv (where poaible) and 30 mdrcs 
above cho perforated interval. When a cement retainer is used 
to queeze ~ m c n t  in to the perforated intervals. tlic r d r i e r  
dial1 bo sa( a minimum of 30 m e t r a  above Uie perforations. 
Whcro tho casing contains perforations at or below fish. junk 
or collapsal casing. thereby prevcrniitp clean-out opcntions, 
a canicnt retainer shall be set at loas1 30 metra  above s u d ~  
point. and tbo interval below the rclaincr shall be squeeze 
ccmcnted. 

(dJA cement plug shall be placed acrosl all casinR stub, l a l q  
liner tops and atl casing sliocn not protected hy an  inner 
oasiiig string. Suoh pliig shall extend a minimum of IS rnetrcs 
Ihclow and IS met ra  abovc any such sdioe. aub. lap or liner 
top. 

(e) All open annuti extending to tmc aunfacc shall be plugged with 
caiicnt. 

(/)The innermost casing string which rcacliu ground lcvcl dial1 
bo cemented or concrded to a riiiniinuin depth of IS oietra 
measured from 2 metra b l o w  ground Icvd. 

(g)nie hardness and lowtiun of cement plugs placed acroa 
pcrforatd intervals and at the top of uncasctl or open liolc 
shall be verified by setting down with tubing or drill pipe a 
ciiininium of 6.083 kilograms weight on die plug or tlic 
niaxliium weiglrt of rho available tubing or drill pipe string. 
i f  I s s  than 6,803 kilograms. 

(h)Tlic i n t c m l s  of the bone no1 filled with cement shall be fi l lal  
with good quality heavy mud. 

(0 All casing String3 slinll be cut off at  least 2 tnctrm below 
gmund kvcl and capped by welding a slwl pl.110 on Uie 
casting stub. Collars. pads, sLructurcs and other hcili t ia 
dial1 be removed. 

(jj An incomplete drilling bore that i s  to be tcniporarily abanclon- 
ed &all ,be mudded and cemented as m l u i r d  bcreinahve 
for permanent abandonment except for Uia provisions of 
nubparagraphs (e). and (8). 

(k)nie drilling equipment ahall not be ranoved on any gcothcr- 
mal ~ o u r c c s  h r e  whcru drilling operations have bccn 
siispcntlul, ciUicr temporarily or inddinitdy, until appro- 
printo aionsura fiavo been taken to c l o s  UIO well and to 

, 

I 
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pmtotmt all rubrurfaw Mourccs, incduding f r u h  w a b  
aquifers. 

(12) (a) Tho l i a n a  h a l l  move or store. in 0n orderly manner, 
all !nataials not in use, and shall provide end usc pits and 
sump3 of adequate capacity and designed to retain makrials 
and f l u i 6  necessary for drilling. production. or other opera- 
tion~. Wlien no longer needed. pitx and sumps are to be 
propcrly abandoned and the land restoral. 

(b )  Liquid well clllued or the liquid rcsidue thereof containing 
substances, including beat. which may Ibe harmful or injurious 
to p c ~ m  or property shall be d u l l  with in such a way M 

lo mininiize such possible harm or injury. 

(c) Drill cuttings, sand. pracipitatea and other similar mlillp shall 
. bo ditposad of in suitabk manner. 

Waste. 

Marla on the 24th April, 1990. 

K. N. K. BIWOTT. 
Minister for Energy. 

TlIE REOULATION OF WAGES AND CONDITIONS 
O F  EMI'LOYMBNT ACT 

(Cap. 229) 

IN EXERCISE of the powers conferred by saction I1 of the 
Regulation of Waga  and Conditions of Lnployment Act, Uic Minister 
for Labour makes the IoUoWing Order :- 

T11E REGUIATION OF WAGP! (GENERAL) (AMENDMENT) 
ORDER, 1990 

1. This Onler may 'he cited as the Rqulation of Wages (General) 
(Anicndrncnt) Order. 1990 and shdl come into operation on die 1st 
June, 1990. 

2. T h e  Regulation of Wages (Gcncml) Order, 1982 is amended L.N.120181, 
hy dclcting tho Pint and Second Schcdulu Uiemio and inscriing Uic ~ , ~ : ~ ~ ~ ~ ~ ; ,  
foUwing now Sdiulula- LN. 18Yl89. 
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THE GEOTHERMAL RESOURCE!5 ACT, 1982 

No. U of 3982 

Date oi Assent: 8th July, 1982 

Date of Commencement: By notice 
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Geothermal Resources 1982 

An A d  of Parlivnent to control the exploitation and (rx d 
geothemal reSoIVteS and v s t  &e raources in the 
Government and to provide fcw connected purposes 

E,U.+CTED by the Parliament of Kenya as foLlows:- 

Sbor1 k!c md 1. Thjs Act n a y  be ci ted as [he Ccothennal R r s u r c t s  
.Act, 1982, 2nd shaU come &to operauon on such day as t he  
Mioiser  n a y ,  by notice in the Garnre. appoint. 

comzncn::.zxnt. 

in:::jre:aAon. 2. In d-2, Act. uniess thz’contcxt o t h e w i x  requirzs- 

* . b r e ”  m e a n  a well. hole, pipe or excabadon of any 
kind uhich is b r e d ,  drilled, sunk or made in h e  ground for 
ihe ~ U , T K  of investigating, prospcchg for, ob*&g or 
prcvidin; geoorhennal resources: and includes any rca&vatd 
or c o n v e r t d  bore previously capped and abandoned which 3 
employed for re-injecting geothermal resources or he i r  
residues; 

“ g e ~ t h e r m z l  resources” means any producr derived from 
and produced w i d i n  the eanh by narvai heat; 2nd includa 
steam, water and water vapour and a mixrure of any  of h e m  
h a t  hzs been heated by natural heat whetSer as a direct 
product or resulting from o tk r  material introduced am.kidh’ 
into a 3  underground fornation and heated by n a m l  heaf 

“eeorhe,mal resources area” mearu an area which is 
4: declarid to be a geothermal resources area d e r  

“land” includes land covered with water; 

“ljcence” me= a gmthenna~ resources licence md 

“Liccnxe” meam the public or locaI authority. company 

under section 7; 

or body  of persons to Nhom a licence is granted. 

“ t h e  Minister” means the Minister for the time baias 
res;>onsible for matten conneaed uith energy. 

12 
! ;  . -  * .. 
! :  
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.. 3. MI unextracred geothennd t t3ou~cw under or in ~socbcrm~ 
rc.cIumei any land shall be ves*sd in t b e  Government subject to any nrrsdb 

rights which, by or  under any written law, have k e n  o r  arc IhGo-ni. 

granted or recognized as being vested in any orher penorz. 

4. The Minister may. by notice m the -ne. declare 
that any area of land where g to tbemal  resources have b e n  
discovered o r  which is 8 source or is beljtved to be a murce 
of geotbemal  resources shall be a geothermal resources m a .  

Rckruioaof  z-, 
5. Notwithstanding anythmg to the wnt ra ry  in any U- 

w d porbcr- written law or  i n smment  of title, no person shall sink a bore, 
tap or take and UY or apply geothermal r e m u m s  for any 
purpose unless be is first g r a n d  an authority or liceace under 
this Act. 

p r * d .  

PART II-EXPLOITATIOK OF G E O T H E R ~  REmURCES 

6. ( 1 )  Fo r  the purposes of and subject to this Act, t h e  
Minis!:: may authorize an!. person (including a public officer), 
in wiiting. to make surveys, investigarions, tests and measure- 
men& in search of geothermal resources and for that purpose 
the authorized person may- 

zw” 
-4 

for 

-. 

( u ) c n ~ e r  upon an!. land sprrified in the au&or iq  wirh 
such assistants. scar,  appliances, and  q u i p n e n t  as 
he thinks fit: 

( b ,  sink any boie on the land; 

ftl make geolo,cica! sun.e\~s and geophysical surveys on 
the land; and 

(d gtnerally do all things neccssaq in connection Bith rDc 
survey, investipation. ESI or m=asurernen;. 

(21 M 3 c n  practicable. rzasonablc nonce of h e  inenti02 
io triter u p n  an). land shall be dim to the ow:r o r  m p i e :  
of the land. 

( 3 i  Ever\. person who is authorized in u.ritin_e under sub 
section (1)  to e n k r  upon any land shall produce his au thor ip  
u h e n  required IO do so by the o s m r  o r  occupier of the land 
on which he intends IO enter or has entered. 
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(4) Evtry authoriry granted under this section shall k 
subject tu- 

(a) the condition that every bore made punuam to the 
authoriry shaU be- 

t i )  kept under close supervision; 
[ii) maintained in a safe condition; 

CLildaalIy I& in a condition of lasting safety; 

(blsuch other conditions as tnc .Minister may impox 
either at the time of granting rhe axhmiry or sub 
Kquently at the t ime  of the cIosure of the bore. 

!3 .4n authoriry granted unde: this section shall not be 
mnsferable. md shall be in f m e  Tor a period of one year 
P o 3  Csc date of issue, but may be rcnewed for a period of me 
y e u  from the date of expiration thereof or from the expira- 
tion of any rcnewal. 

(6) An authoriry granted under this section may be 
revoked by the Miniser on any of t he  following Founds- 

(a) b a t  the person to whom the authomy is granted has 
not complied with any requirement or condition of 
his authority; 

(b) that operations being carried on under the aubority 
are, in the opinion of the Minister, affectinz 
deaimentally other specifid bores or the supplies of 
geothermal resources for other specified purposes; 

(dthat  i t  is in the public interest tbat.operations being 
c a n i d  on under the authoriry should -e. 

Mi3tua may 
FM a m e r -  
=Jraourm 
licuBx. 

7. (1) T h e  Minisrer may, on application teeing made to 
him in respect of any land, grant a licence (to k h o r n  as 
a “geothermal resources licence’’) over part or the whole of 
a geothermal resources area under such terms and conditions 
as he may determine. 

(2) Am application for a licence to be issued under tfas 
section shall be in the approved form and be accompanied 
by the prescribed fa. 

(3) A licence may be panted under this sccrion for such 
not e-dbg t h i q  yean, as the Minister may dew- 

mine and shall be in the prescribed form. 
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8. (1) A l i cena shall, subject to this Act. confer upon 

( 0 )  to enter upon the land being t h c  subject of the licenot 
to bore and to extract geothermal nsourceb and to do 
all such things as ut w n a b l y  nectSSary for the 
conduct of those operations; 

tb) in SO far as it may be nczesary for and in connection 
with the  operatiom rcfemd to in paragraph (a& 

(i, to drill a n d  construct all necesary boreholes; 

(ii) to erect. consmct and maintain b o w s  and 
buildings for his own use and for use by his 

. employ#s: 

(iii) to e r a  commct and maintain planf machinery. 
buildings and other crtcdons as may & neces 
w; 

the GCenSet rbe right- 

(iv) to utilite t h e  geothermal resources; 
(VI subject to the W a u r  Acf to reclaim and utilize 

any uater; and 
(vi) to construct and main=& roads and 0th means 

of communications - and conbcnicnw; 

fcl to take and use or apply t h e  geothermal resources for 
any purpose specified in the licence. 

(3)  Whcr: a!' b!.-producL obtained in the p r d u c t i o t  of 
geothermzl resources ma!* be reclzbed for furtncr US= Oi =!e 
and is a mincral wit5.b the meaning of t h e  M a g  Act, t f i e  
lictnce may be modified so as to allow for the inclusion of a 
mining lease to enable recovery of rhar by-prdum. 

~ s . 3 0 6  

9. T b e  Minister may- 
bza'f  a. ( a )  renew a licence foi a t e r n  not c x c d b g  five years 

subject to such urn< and conditions as he h k k s  
fit; 

tb) wholly or partly remit all or any of t h e  t n m s  a n d  
conditions contairied in any licence w h e x .  oak: tD 
spkial  circumssnccs, in  his opinion, compliancc 
therewith would k impossible or great hardsGip 
would be inflicted upon the license; 

I 
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( d u t e n d  t ime to t he  licenrte €or complying with &e 
terms and anditions of any liccnce upon such terms 
and conditions as he m a y  think fir 

(d) accrpt. whecher wirh a view to the renewal or r e - w t  
of any licence or o themk the surrender of any 
licence or a n y  part of the area compnr;ed thereh 
upon such terms and conditions as he may think. f i r .  
but so however &at no such surrender shall affect 
any liab&y incurred by the licensee before the 
s-mcnder shall have taken effect 

IO. n e  bcense  -'nor trusfer or ayip his lice= 
ar azy p i n  thereof without b e  c o m t  in writing of the 
>l izs i=r  sigified by endonemenr thereon. 

11. (1) The Minister may, by notice to &e J i ~ m s x .  dec- 

(e) ;f the licensee wholly ceases work in OT under the land 
the subject of the licence during a continuous period 
of six months, wirhout the wrinm consent of the 
Minister; 

(6 )  if the lice= commits a breach or is in default c4 any 
provision of this Act or of the re_gulations made 
thereunder or of any terms or conditions of the 
b e n e  and t he  Minister has caused a notice to be 
serf& upon the liccnset requiring him- 
Oin the casc of a breach which, in the  opinjon of 

the Minisur, is capable of being repaired or 
made good. 10 repair or make g o d  the breach 
within a speficied period; 

(ii)in the case of a breach which, in the opinion of- 
the Ministtr. is not capole of k b g  repaired or 
ma& good. to show c a w  within a specified 
period why his licence should not be forfeited. 

(2) The forfeiture of a licence under subsection ( 1 )  shall 

I x e  a licence to k forfit&- 

not affect any liability already incunrd by the licensee. 

be published in the Gazette. 
(3) ??le forfeiture of a licence under subsection ( 1 )  shall 
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If. The l i m  shdl in respect of his licence pay yearly 
in advan% such rent as may be prwcnbcd by the f i s t c r  and, 
if t h e  rent is not paid within t h r e  months of b m h g  due a 
penalty of ten pcr antum shall be payable as if it were pan of 
t h e  n n t .  

13. ( 1 )  Any Li- whose licrnce has expirtd or has 
been surrendered or forfeittd may, within niaq days of t h e  
&E af the expiry, surrender or forfeiture, apply to tbe Minister 
to enter the land which was wmprisad in the licence to remove 
t h e  plant, machinery. engines or tools installed or vtcltd on 
the land. 

(2, The Minister may require the licensee t~ remove the 
pianf machinery, en-cines or tools hithin a reasonable time. 
and if t hc  plznt. machintq, tnpinw or tools art not n m v e d  
within a reasonable time they may be sold by auction at the 
risk of t h e  licensee. 

(3) The D C I  proceeds of the sale conducted pursuant to 
substCtio;l (3 shall lx held until applied for by the l i e n x c  
bur may &- used in the repair of breaches or faults not made 
good bj. t h e  Licemet and for th: p a p a r  of the costs incurrd 
in conducting the  sak. - 

14. The hold:r of a Iicencc. undcr the Electric POU*Y 
.4cr rn2:)’ for the purpose of generating. transmi~g or suppl!*- 
i2c e1:c:rical p u w -  

(01 exrrac!. take .  ust and appl! g e o ~ b e r n ~ i l  resources on 
oi under an:’ land u.hich is fn t  subjc!  of ht l i e n c c ;  

(blerc:;. consruct. ?rovide and  use such u o r h  a n d  
appiiznccs as n a y  k neccssa?. for thr p u p s :  of 
generaung e lecnic i~ .  and in mm=Cdon nmith the 
t;ansnissior. UK, supply and sale of elecniciq-. 

15. Every  authorin. and l i c t n c  issued under this Acr 
rn3li be regisrered in t h e  prtxribed rnanne:. 

16. A licensee shall be l ~ a b l ~ ,  for any loss. damage or 
iniuy to any person or propem rcsulthg from his works or 
operations. whether a i  a result of negligence or otherwise.’ 

i 

! 
No. U ; 

k n l  rod 
pendrJ for 
non-p.ymcni 
d m. 

1 

I 
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17. ( I  1 Norw’thnanding any other  provision^ of this Ad, 
the hfininer may, at any time, order a bore to be closed aftv 
_riving notice 10 any person in accordance wirh subsection (2) 
m any of the following g r o u n b  

io) that b e  bore is a source of danger io personr or 
proprry in the viciniry: 

16’ &a; :he bore is. in the opinion of the 1Minster. affect- 
ing dc:rimentally ocher specified bores or  a specified 
lourist anraction or the supplies of geothennal 
resources for other specified purpxts: 

IC: that &e bore is a nuisanct in law or that it is otherwise 
in :he public interest h a t  the b r c  should be closed; 

i d )  that :he ‘wrt is no longer necessary for operation ir~ 
accordance wi:h ?!am approved by him; 

’ 1 ’ 1  fcr the protection of the environment including ground 
u3ter againsr contamination; or 

( j) in the interest of consentarion of the geothermal 

(2, Notice to close a bore may k given under this XC- 
tion by the hfinister to the licensee entitled to use or apply the 
gtotherzxil resources h m  &e b r t  for any purpose and if 
there is no licence pan ted  under this .4ct the nonce may k 
given to any of the following- 

- 

rcsouices. 

(a) the person authorized by the Minister to make the 
bore; 

( b )  a person who made or mis t ed  to make the bore with- 
out any authoriry; 

IC) the owner of the land if he permitted the bore to bc 
made without the authority of the Minister. 

(31 No compensation resulting h m  the dosure of any 
bore shall be payable by the Government but the Minister may 
consider the refund of part of the fees which map have been 
paid in respect of any authority or licence in relation to a bore 
which he has ordered to be closed under this section. cxcep1 
[hat no refund of any part of fees shall be made in respect Of 
a n y  bore made wihout the authoriry of the Minister. 

. .  

d 
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PART IV-MIXELLANEOUS PROV~SIONS 

N b 12 

18. (1)  Except a5 othewise provided in this Act every 

(a) has an interest in any land injuriously affected by the 
exercise of a n y  of the powers conferred by this Act 
or c m f e r ~ d  by any aurhoriry or lictncc granted 
under this Act; or 

Compcnmbon 
tar t n h  DT 

m. 
person who- w m  

(b)suffcn any damage from the exercise of any powers 

shall be entitled to compensation. detmninad by the Minister, 
far rhe loss, injury and damage suffened by him. 

so confemd, 

(2) AI). person aggrieved by a determination of the  
Minister under subsection (1) may appeal apinn such deter- 
mination to the  High Court. 

19. ( 1 )  Whenever, in the course of starching or boring 
for pcvthemal resources. a n y  disturbance of the rights of t h e  
ouaer or occupier of a n y  land or a n&sance or &map to 
W, land or IO an! crops. trees. buildings. sxxk or uorks 
&:reon is caused. rb: holder of b e  auinoriq or licence under 
w.hich such opcaricm are czrried out shall pay to t h e  ow,p:r 
0.- o t x p e r  2 fai: 2nd reasonablt compssa5on for 
dinurbznce. nu i sanx  or damage. 

h m o i o f  
="On 

Qmpsl 

(21 If the  person rckrred to in subsection (1) fails 10 pay 
conpensa:ion 0: if an oune r  or oc:uper is h h f i e d  wiin 
the cornpasarjor! Offered to him, t h e  owac: or occupier may 
uithic one month of the demand having been made refer 
L$: matter IO the Hjgb Courr which shall asxrr and detemninc 
the  amounr of conpensation to be paid. 

20. ( 1  i R-herc a l i ccnse  inrend.; I O  oix-up> or disrurb the 
surface of any parricular area of private land or 10 &snub 
or oAeruise inerfere with a n y  crops. t r e e s ,  buiMhgs or works 
the no^. he shall give not less than w e n ~ ~ ~ n e  Cays notice in 
wriring of his in1en:ion IO rhe person in visible and h r e d i a t e  
xccupation of the land affected thcrcby and. if practicable, 
*.o the ouner  of the land. . 

w c 
re- o! 
p n v l r r k n d  
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(2) When the occupation, dismbance or  interference 

referred to in subsection (1) has condnued for a period of 
Ai ry  consecutive b y s ,  the owner or occupier of the land 
a f f e t r d  n a y  require the licensee to give K&~Y, in such sum 
and by such m a n s  as the MnisIer may direct. for m e t i n g  any 
zompensarion payable under section 19 to the ouner or 
xcuFier of the land. 

;a i  In t h i s  section “owner” means- 
!a) in :a of VUst land the county council in which the  

lsnd is vested; 
lb) in the case of land owned by group representatives 

under ihe Land (Group Repmentatives) Act chat 
group; 

‘CI in L ~ I C  C ~ S C  of o t h t i  land, :kc :e$stcred owner. lessee 
or 3r33tee. 

14 Ln the case of land owned by group representadves 
ux!e: the Lznd (Group Representatives) Act, h e  n d c e  
required under subsec~on  (1) to be given 10 the owner of thc 
land may be sent by post addressed to the pos~al address of 
:he group representatives or delivered personally to the office 
of that group. 

21. The 5finister shall lew die prescribed fets. r e n d s  
and royalties for the extraction of geothermal resources for 
indusutial or commercial purposes and for any other purposes 
which m3y be determined by the Minister 

22. (1  1 Every p s o n  who sinks any bore or who extracts, 
takes. uses or applies geothermal resourca in contravention 
of this Act shall be guilry of an offence. 

(2) Every penon who removes. damages. destroys or 
otherwise interferes with any survey peg or teacons placed 
on the ground in connection with any survey lawfully c a n i d  
on under this Act or any valve or instrument being used in 
connection with any such survey or  with any bore shall be 
pui16 of an offence. 

23. Any person who is suilty of an offence under this 
Act shall be liable to a fine not exceeding ten thousand shill- 
ings and if the offence is a continuing one. to a further fine not 
exceeding one thousand shi l l ing for every day or part of a 
d a y  during which the offence continues. 
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24. (1) T h e  Minister may make regulations n m  for W b m .  

(2) Regulations may be made under this section fo i thc  

(dmescribing any  forms that may bt for the 

carrying into effect b e  provisions of this A c t  

following purposes- 

purpost~ of t h i s  Act; 
(b!prtxribing conditions upon or mbject to which 

authorities and licences may & applied for, granted 
or renewed; 

(c) providing for t h e  kbepbg of recards and the W h -  
ine o! informauoD and r e m  by ptrsons author id  
by or under chis Acf and prtsCribing t h e  n a t m  of 
the records, information. and r e m  a n d  the form, 
manner and time in which they shall k kept or 
furnished; 

t d ,  prescribing matters in respect of which f t t s ,  rents and 
royalties are to be payable under this Act and the 
amount of tbc fees and rents, and persons liable to 
aav them: r .  

( e ) a u t h o d g  the refund of fees. rents or remhion ,  in 
such circumst2ncts as the MiniMtr & i n k s  fit. of a n y  
fees or rentals payable under t h i s  Act; 

( I )  preszribing th: res?orAbilities of L i c : ~  and penom 
i c  a*hoo! aut!!an5ts arc pranted by 0: under  this 
P.cr. and th: operations 10 be cam& OUI d : r  
lictnces; 

tg) prescribing th: qudificauons of persons in charge of 
t h e  n a h g  z n d  closbg of bores, and in parricular. 
of penons employed as bore managers, and p r e  
vjding for the examination of any grant of d f i c a t e s  
to qualified persons. 

(hi pzventing or abaitng nuisances in or about bores a n d  
industif i  using geothermal resources; 

(ib p e b i n f  safet?' precautioas in the making and afrcr 
th: cornpiction of .bores. and .the ~ t d u n e n t  of the 
Found above  a n y  bore and of a'aur above and be 
low the ground. and p r e v e n h p  waste or loss d 
geotbcmal resources; 

lj)pr&binf driliin; machinery. materials, and cas?& 
to k used in making of borts and to bc %milable 

. 
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to cope with any emergency in connection with any 
bore. and prohibiting the  w of other classes of 
marcrials thereof; 

(k~prohjbiting or regulating the making of bores near 
other bores; 

inregulating the  c s a t i o n  of boring operations and the 
abandonment and closing of bores and prescribing 
prcsautions against IoaKZung rhe eanh in the 
vicinity of any bore; 

ern) providing for bores to be made with due diligence 
and by safe and sausfacroq m&ods; 

( n ~  generally'rquiating he making of bora: 
10) providbg for the exemption of licensees and persons 

IO wbom aurhoriries have been granted under this 
A c t .  either ubolly or pacaily, and either a b l u e l y  
ar corditionally. from any of the requirtmenu of 
their licences or aurhorities or of regularions made 
under thjs xcu'on. 

No. 12 Geothermal Resowccr 
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Note : Kenya Electric Power Act 

The Geothermal Resources Act 1982 states inter alia that the 
holder of a geothermal resources' license may "take and use o r  
apply the geothermal resources for any purpose specified in the 
license.l/ The Act further states that the holder of a license 
under the Electric Power Act "may for the purpose of generating, 
transmitting o r  supplying electrical power . . .  erect such 
facilities as necessary for the purpose of generating, transmitting 
and selling electricity."a/ The Geothermal Resources Regulation 
1990 further provides in its first schedule (the Model Geothermal 
Resources Licenses) that exclusive right to "take and use o r  apply" 
the geothermal resources shall be in accordance with the geothermal 
contract made between the licenses and such other parties to the 
contract.a/ 

It is within the context of this geothermal resources legal, 
regulatory and contractual system that the issue arises of how a 
geothermal licensee is permitted to generate electrical power. 
Pursuant to the terms of the Geothermal Resources Act, in order for 
the geothermal resoui-ces licensee to be able to generate, transmit 
o r  supply electrical power a license under the Electric Power 
Actq/ must be issued. 

The Electric Power Act provides that in order for a public 
o r  local authority, company, person, or body of persons to generate 
electricity, such entity must hold a bulk supply license o r  a local 
generating license under this Act.51 The Act also provides f o r  
exceptions to the licensee rules which are not pertinent in t h e  
instant matter.61 

- 1/ The Geothermal Resources Act 1982, Laws of Kenya, Law No. 12 
1982, § 8(l)(c). 

- 3/ The Geothermal Resources Regulation, 1990: Legal Notice 206, 
April 24, 1990, Model Geothermal Resources License, § l(3). 

- 4 /  Electric Power Act, Ch. 314, Laws of Kenya 2-213 (1986). 

- 5/  Id. § 4(1). 

- 6 /  Id. § 4(1) to ( 4 ) .  
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Two types of licenses may be issued: a bulk supply license 
and a local generating license. 

The Minister of Energy may grant a bulk supply license to 
any company to supply electrical energy in bulk to bulk supply 
licensees o r  authorized distributors within any area prescribed i z  
such license.21 Such a bulk supply license under this Act 
conveys to the licensee the right to generate, transmit and supp1:- 
e1ect;ical energy over, through or withir the area defined by the  
license.,B/ Such license may be for ar?y period not exceeding 50 
years 

A "bulk suppl,? license" means a llcense granted to a public 
o r  local authority, :ompany, person or kady of persons to generat< 
and supply electrical energy to other h u l k  supply licensee o r  
authorized distributors within a defined area. The bulk supply 
license is in contrabt to a "local generatin? license" which 
basically is a license authorizing an suthorized distributor to 
generate electrical energy. The local generating license is issac: 
by the Minister of Energy after deterwir-ing that the holder of tk 
distributing license cannot obtain a supply of electrical energy 
from a bulk supply licensee, or-that the distributing licensee wil- 
be able to generate electrical energy at the lowest price at whic? 
such electrical energy could be supplieJ by a bulk supply 
1icensee.u' 

Thus, the geothermal resources licensee will most likely b.2 
required to obtain a bulk supply license to generate and sell 
electricity. 

- 7 /  Id. § lO(1). 

e/ Id. § lO(2). 

- 8/ Id. § lO(5). 

- 10/ Id. § 2. 
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of the sentence or order of a court, is reasonably 

-- 

o m  to service 

g of the community, to 

period or as a result 
mity, for the purpose 

75. (1)  No property of any description shall be compul- 
sorily taken possession of, and no interest in or right owr 
property of any description shall be compulsorily acquired, 
except where the following conditions are sa tistied- 

(01 the taking of possession or acquisition is necessary in 
the interests of defence, public safety, public order, 
public morality, public health, town and county 
planning or the development or utilization of pro- 
perty so as to promote the public benefit: and 

(b )  the necessity therefor is such as to afiord reasonable 
justification for the causing of hardship that may 
result to any person having an interest in or right 
over the propedy; and 

(c) provision is made by a law applicable to that taking 
of possession or acquisition for the prompt payment 
of full compensation. 



(2) Every person having an interest or right in or over 
property which is compulsorily taken possession of or whose 
ititcrest i n  or right over any property is compulsorily acquired 

(a) the determination of his interest or right, the legality 
of the taking of possession or acquisition of the 
property, interest or right, and the amount of any 
compensation to which he is entitled; and 

(b) the purpose of obtaining prompt payment of that 
compensation : 

Provided that if Parliament so provider i n  relation to 3 
matter referred to in paragraph (a) the right of access shall 
be by way of appeal (exercisable as of right a t  the instance of 
the pcrson having the right or interest in the property) from 
a tribunal or authority, other than the High Court, Saving 
jurisdiction under any  law to determine that matter. 

(3 The Chief Justice may make rules with respect to the 
practice and procedure of the High Court or any other tribunal 
or authority i n  relation to the jurisdiction confend  on the 
High Court by subsection (2) or exercisable by the other 
tribunal or authority for the purposes of that subsection (in- 
cluding fules with respect to the time within which applications 
or appeals to. the High Court or applications to the other 
tribunal or authority may be brought). 

shall have a right of direct access to the High Court for- 
/ 

- 

(4) and (5 )  (Delefed b y  13 of 1977, S. 3.) 
(6) Nothing contained in or done under the authority o l  

a n y  law shall be held to be inconsistent with or in contraven- 
tion of subsection (1) or (2)- 

(a) to the extent that the law in question makes provision 
for the taking of possession or acquisition of 
property- 

(i i )  by way of penalty for breach of the law, whether 
under civil process or after conviction of a 
criminal offence under the law of Kenya; 

(i i i )  as an incident of a lease, tenancy, mortgage, 
charge, bill of sale, pledge or contract; 

W i n  the execution of judgments or orders of a 
court in  proceedings for the determination of 
civil rights or obligations: 



(VI in circumstances where i t  is reasonably necessary 
so to do  because the property is in a dangerous 
state or injurious to the health of human beings, 
animals or plants; 

(vi)in consequence of a n y  law with respect to the 
limitation of actions; or 

(viilfor so long only as m3y be necessary for the 
purposes of an examination, investigation. trial 
or  inquiry or, in the &se of land, for the pur- 
poses of the carrying out thereon of work of 
soil conservation or the conservation of other 
natural resources or work relating to agricul- 
tural development or improvement (being work 
relating to the dcvelopnient or improvement 
that the owner or occupier of the Iand has been 
required, and has without reasonable excuse 
refused or failed, to carry out). 

and except so far as that provision or, as the case 
may be, the thing done under the authority thereof 
is shown not to be reasonably justifiahle in a 
democratic society; or 

(h )  to the extent that t h t  law in question makes provision 
for the taking of possession or acquisition of- 

(i) enemy property: 
( i i )  property of a deceased person, a person of un- 

sound mind or a person who has not attained 
the age of eighteen years, for the purpose of its 
administration for the benefit of the persons 
entitled to the beneficial intercst therein; 

(iii)property of a person adjudged bankrupt or a 
body corporate in liquidation, for the purpose 
of its administration for the benefit of the 
creditors of the bankrupt or body corporate 
and, subject thereto, for the benefit of o h r  
persons entitled to the beneficial interest in ihe 
property: or  

(iv) property subject to a trust, for the purpose of 
vesting the property i n  persons a?pointed as 
trusiees under the instrument crearing the  I T I I S !  

or by a court or, by order of a court, for the 
purpose of giving effect to the trust. 

(7) Nothing contained i n  or done under the authority of 
an Act of Parliament shall be held to be inconsistent with or 
i n  contravention of this section to the extent that the Act in 
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question makes provision for the compulsory taking possession 
of property or the compulsory acquisition of any interest 
in or right over property where that property, interest or right 
is vested in a body corporate, established by law for public 
purposes, in which no moneys have been invested other than 
moneys provided by Parliament. 

, 

76. (1) Except with his own consent, no person shall be 
subjected l o  the search of his person or his property or the 
entry by others on his premises. 

(2) Nothing contained in or done under the authority of 
any law shall be held to be inconsistent with or in contra- 
vention of this section to the extent that the law in question 
makes pvisiotr- 

(a) that is reasonably required in the interests of defence. 
public safety, public order, public morality, public 
health, town and country planning, the development 
and utilization of mineral resources, or the develop- 
mcnt or utilization of any ether property in such a 
manner as to promote the public benefit: 

(b)  that is reasonably required for the purpose of promot- 
ing the rights or freedoms of other persons; 

(c) that authorizes an officer or agent of the Government 
of Kenya. or of a local government authority, or of 
a body corporate established by law for public 
purposes, to enter on the premises of a person in 
order to inspect those premises or anything thereon 
for the purpose of a tax, rate or due or in order 
to carry out work connccted with property that 
is lawfully on those premises and that belongs to 
that Government, authority or body corporate, as 
the case may be; or 

fd t h a t  authorizes, for the purpose of enforcing the 
judgment or order of a court in.civil proceedings, 
the entry upon premises by order of a court, 

and except so far as that provision or, as the w e  may be, 
anything done under the authority thueof is shown not to be 
reasonably justifiablr in a democratic society, 

77. (1) If a person is charged with a criminal offence, 
then, unless the charge is .withdrawn, the case shall be ~ ~ : . D r o ' e f l i o n  

afforded a fair hearing within a reasonable time by ~n inde- 
pmdent and impartial court established by law. 

rrotection 
aga insf nrhiirar) 

or er.,ry. 

Provisions to 



The Foreign Investment Protection A c t  

Appendix IX 



2 CAP. 518 Foreign Znvestmenfs Prolecfion [Rev. 198 1 - 

CHAPTER 518 

THE I OREIGN INVESTMENTS PROTECTION ACT 3 5  of 1964, 
6 of 1976. 

Coriirner~cement : I51h December I964 

An Act of Parliament to give protection to certain approved 
foreign investments and for matters incidental thereto 

1. This Act may be cited as the Foreign Investments Short title. 
Protection Act. 

Inlerprctalion. 2. (1) Tn this Act, except where the context otherwise 
6 of 1976, Sdk require- 

“approved” in relation to any enterprise, foreign currency, 
period, sum or amount means any enterprise, currency, period, 
sum or amount specified in the relevant certificate issued under 
section 3; 

“foreign assets”’ incIudes foreign currency, credits, rights, 
benefits or property, any currency, credits, rights, beneli ts or 
property obtained by the expenditure of foreign currency, the 
provision of foreign credit, or the usz or exploitation of f o r c i y  
rights, bcnefits or property, and any profits from an investment 
in an approved enterprise by the holder of a certificate issued 
under section 3 in relation to that enterprise; 

“foreign national” means a person who is not a citizen 
of Kcnya. and includes a body corporate which was not 
incorporatcd in Kenya. 

(2) For the avoidance of doubt it is declared that assets 
shall not cease to be foreign assets by reason of their being 
assets in some other part of the Commonwalth, and that 
currency shall not cease to be foreign currency by reason of 
i t  being i n  Kenya as we11 as in some place outside Kenya, so 
long as, in the case of currency, the relevant sum originates 
from outside Kenya. 

Foreign 

n;>ply it“e‘t@rr for and may 
tic cranicd 

3. (1) A foreign national who proposes to invest foreign 
assets in Kenya may apply lo the Minister for a certificate that 
the enterprise in which the assets arc proposed to be invest& 
is an approved enterprise for the purposes of this Act. 

(2) The Minister shall consider every application made 
under subsection*(I) and, in any case in which he js satisfied 
that the enterprise would further the economic developnient 

t ~ r  t Ilica!c\ 
6 of 1976. Scb. 
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of, or would be of benefit to, Kenya, he may issuc a certificate 
to the applicant. 

(3)  Foreign nationals who have already invested foreign 
assets in Kenya shall be entitled' to the grant of a certificate 
on application : 

Provided that a certificate may be withheld if the Minister 
is not satisfied that the enterprise is of bencfit to Kenya. 

(4 )  Every certificate shall state- 

(a) the name of the holder 

(b)  the name and a description of the enterprise; 

(c) the amount of the foreign assets invested or to be 
invested by the holder of the certificate in the entcr- 
prise divided as between- 
(ilcapital, being deemed to be a fixed amount re- 

presenting the equity of the holder in the enter- 
prise for the purposes of this Act and which 
shall be expressed in the certificate in, and shall 
for the purposes of this Act be i n ,  Kenya 
currency; and 

(ii) any loan, which may be expressed in, and may 
for the purposes of this Act be in. either 
Kenya currency or the relevant foreign currency; 

( d )  the relevant foreign currency; , 

(e )  if the assets have not yet been invcsted. the value 
thereof and the period within which they shall be 
invested; 

( f )  such other matters as may be necessary or desirable 
for the purposes of this Act. 

4. The Minister may amend a certificate granted under A m c n ~ m r n r o l  

section 3- cenificato. 

1 

(a) in any case in which he is satisfied that some other 
foreign national has succeeded to the interest in the 6 of 1976, x h .  
enterprise of the holder of the certificate, by substi- 
tuting for the name of the holder the name of his 
successor : 

Provided that the Minister shall riot substitute 
the name of any person who has acquired the 

î  
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interest of the holder by the expenditure, directly or 
indirectly, of assets other than foreign assets; 

(6) in any case where an interest in the enterprise passes to 
any other person on the death of the holder; 

(c) in any case where the name of the enterprise is altered. 
by substituting the name as so altered; 

(d) in any case in which new foreign assets are investcd or 
are to be invested in the enterprise by the holder. or 
the holder has withdrawn or been paid, in accordance 
with this Act. any part of his investment by varyin,o 
the approved amount in accordance therewith; 

(e) in any case where the investment consists of the 
acquisition of shares or stock of a body corporate, 
and new shares or stock arc acquired otherwise than 
by the investment of assets which are not foreign 
assets, by amending the number or amount a n d  the 
description thereof; 

(f, with the written consent of the holder of the certificate.. 
by varying the approved forei-en currency: 

(g) by estending the period during which foreign assets are 
to be invested; and 

(15) subject to these foregoing provisions and to the written 
consent of the holder, in such other manner as may 
be necessary or desirable. 

Fmci:n assets 

ar?ro\ed w i o d .  

5. Tf. at the time at which a certificate is issued under 
this Act. any foreign assets or part thereof to which 
the certificate relates have not been invested in the approved 
enterprise. they shall be so invexted within the approved 
period. and. if not so invested within that period, the certificate 
shall be deemed to have been revoked. 

10 be hroitglil 
in during 

C~~rnpliarice with 6. Nothing in this Act shall affect the obligation of an 
investor other than an investor from one of the scheduled 
territories to comply initially with thc requirements of the 
Exchange Control Act. 

CAP. 113. 

Tran5fer of 
pi2titr .  etc. 

7. Notwithstanding the prrvisions of any other law for 
the time being in force. the holder of a certificate may, in 
respect of the approved enterprise to which the certificate 

6 1); 1976, Scb. 
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relates, transfer out of Kenya in the approved fore ig  cunency 
and at the prevailing official rate of exchange- 

(a) the profits, after taxation, arising from or out of his 
mvestment of foreign assets : 

Provided that any increase in the capital value 
of the investment arising out of the sale of the wholc 
or  any part of the capital assets of the enterprise shall 
not be deemed to be a profit arising from or out of 
the investment for the purposes of this Act; 

(b) the capital specified in the certificate as representing 
and being deemed to be the fixed amount of thc 
equity of the holder of the certificate in the enter- 
prise for the purpose of this Act: 

Provided that- 
(i) where any amendment or variation is madc 

in the amount of the capital under the pro- 
visions of section 4 ,  the amended or  varied 
amount shall be substituted for the original 
amount; and 

(ii) no additional amount or sum shall be added 
to the capital specified in the certificate (as 
amended or  varied) to represent any in- 
crease in the capital value of the investment 
since the issue of the certificate or since the 
last amendment or variation of the cer- 
tificate; and 

(c) the principal and interest of any loan specified in thc 

8. No approved enterprise or  any property belonging Compuirnry 

thereto shall be compulsorily taken possession of, and no *cqu1sll1on. 

interest in or right over such enterprise or property shall bc 
compulsorily acquired, except in accordance witb the provi- 
sions concerning compulsory taking of possession and 
acquisition and the payment of full and prompt payment of 
cornpcnsation contained in section 75 of tlie Constitution and 
reproduced in the Schedule to this Act. 

generally for the better carrying out of tlie purposes of this 
Act and prescribing the manner in which applications shall bc 
made for certificates under this Act, and the information 
which shall accompany those applications. 

ertificate. 

9. The Minister may make regulations or  give directions Rcgularicns 
Mdt11rec l lon5  
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THE FOREIGN INVESTMEhTS PROTEmION 
(AMENDMENT) Am, 1988 

No. 7 of 1988 

Date of Assent: 11th August, 1988 

Date of Commencemenr: 19th Augusl, 1988 

An Act of Parliament to amend tbe Foreign Investments 
Protection Act 

ENACTED by the Parliament of Kenya as follows:- 

1. This Act may be cited as t b e  Foreign Investments Pro- 
tection (Amendment) Act. 1988. 

2. The provisions of this Act shall apply to investments 
in respect of which a certificate of approved enterprise is 
granted or amended by the Minister after the commencement 
of this Act. 

in this Act referred to as the principal Act, is amended- 

S’lort title. 

Application. 

Awndmcnt  of 
se:iion 3 of 

3. Section 3 of the Foreign Investments Protection Act, 

(a) by repaling subsstion (3); 

(b)  in subsection (4)- 

C i p .  518. 

(i) by deleting paragraphs (c) and (4 and inserting the 
following new paragraphs- 
(c) the amount of the foreign assets invested or to 

be invested by the holder of the certificate 
in the enterprise divided as between- 
(i) capital, being deemed to be a .  fixed 

amount representing the equity of the 
holder in the enterprise for the pur- 
poses of this Act and which shall be 
expressed in the certificate in. and shall 
for the purposes of this Act be in, 
either Kenya currency or the relevant 
foreign currency; aad 

(ii) any loan, which may be expressed in. 
and may for the purposes of this Act 
be in, either Kenya currency or  thc r e  
levant foreign currency; 
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(&the fareign cumncy invested or to be in- 
vested; 

(E) by deleting paragraph (e); 

(c) by inserting the following new subsection- 
(5 )  If the foreign assets have not yet been in- 

vested a COnditiOMl certificate shall bo issued stating. 
jn addition to the detaiIs specified in subsection (3). 
the period in which they shall be investtd. 

4. Section 4 of the principal Act is amended by deleting 

(4 in any case in which new foreign assets are invested 
or are to be invested in the enterprise by the holder, 
or rhe bolder has withdrawn or been paid, in accord- 
ance with this Act, any part of his investment by vary- 
ing the approved amount in either Kenya currency 
or the relevant foreign currency in accordance there- 
with. 

5. Section 7 of the  principal Act is amended by deleting 

(a) the profits, including retained profits which have not 
been capitalized, after taxation, arising fmm or out 
of his investment in foreign a%%: 

Provided that any increase in the capital value 
of the investment arising out of the sale of the whole 
or any part of the capital assets of the enterprise or 
revaluation of capital assets shall not be deemed to 
be profit arising from or out of the investment for the 
purposes of this Act. 

6. The principal Act is amended 'by inserting the follow- 

8 ~ .  Any proceeds realized from the d e  of 
foreign assets which may not be ctransfersed m t  of 
Kenya in the manner provided for under section 7 
shall %e invested in Government securjties for a 
period of five years: 

Provided that- 

Amendmen, of 
mxion4of 
cap. 518. 

p-lragraph (d) end inserting the following new pragraph- 

Amcocimcnlo[ 
scction 7 of 
cap.  518. 

paragraph (a) and inserting the following new paragraph- 

herlion 
new m i o n  
&in 
GQ*slR* 

ing new scction immediately after section 8- 
of I n v w c n t  prcwed3. 

(i) the income from *&e Government &. 
ties in .which t h e  proceeds are invested 
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may be mnsfened out of Kenya under 
the Same terms as interest under para- 
graph (c) of section 7; and 

($ the  cam1 may be transfarred out of 
Kenla at the end of five years on the 
same tomu as other funds in t h e  manner 
provided for under d o n  7. 
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SOORCE OF TUIIDS: 
-Net Incocllc 
-Deprec ia t i on  
-De fc r r cd  laxes 

-Recovery O f  Debt Reserve 
-Recovery O f  Working Cap i ta l  

- E q u i t y  C o n t r i b u t i o n  
-Reduct i o n  In Debt 
-Debt 

To ta l  Source O f  Furds 

USE OF FUNDS: 
- C a p i t a l  Expendi tures 
- D e b t  Reserve 
-Working C a p i t a l  
-Spare Par t s  
-Working C a p i t a l  Esca la t i on  

-Debt Reserve Depos i ts  

- D e b t  Ret i rement (F ixed)  

To to l  Use O f  Funds 

PROJECT A f t e r  l a x  Cash Flows 
(Source Less Use O f  Funds): 

-Cqcii t y  Cont r i bu t i ons  

-AnnuaI Cash Flows 
- C u l r i l a t i v e  Cosli Flows 

- T o t a l  Annual Cash Flows 
- l o t a \  C u r d a t i v e  Cash Flow 

1991 I992 1993 1994 1995 1996 1997 1990 

0 0 0 . 0 (25,300) 0 0 0 

0 0 0 0 4,417 4,300 4.350 4,330 
0 0 0 0 11,417 0,004 13,162 17,492 

0 0 0 0 (20,963) 4 , 3 0 0  4,350 4,330 
0 0 0 0 (20,963) (16,576) (12,210) (7,000) 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

1999 2000 2001 2002 

0 0 0 0 

4,300 196 (295) 8,059 
21,792 21,900 21,693 29,752 

4,300 196 (295) 8,059 
(3,508) (3,392) (3,687) 4,372 
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2003 2004 2005 2006 2007 2000 ~ O I N  2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 _ _ _ - _ _  _ _ - _ - _  _ - _ - - -  - - - - - -  - - - _ _ _  - - - - - -  - - - - - -  - - - - - -  _ - - - _ _  _ _ _ _ _ -  - - - - - -  - - - - - _  - - - - - -  _ - - - - -  - - - - - -  - - - - - -  _ _ _ - _ _  
6,900 7,161 7,349 7,553 7,776 0,017 0,279 0,563 0,544 0,525 8,505 0,405 U.465 0,445 8,425 8,404 8,304 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
5,076 5,076 5,076 5,076 5,076 5,076 5,0711 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 

2003 2004 2005 2006 2007 200U 2003 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

7,912 7,753 7,502 7,390 7,203 6,992 6,766 13,639 13,620 13,601 13,501 13,561 13,541 13,521 13,501 13,480 13,460 
37,664 45,417 52,999 60,377 67,600 74,593 01,359 94,930 100,610 122,210 135,799 149,360 162,902 176,423 189,924 203,406 216,864 

7,912 7,753 7,502 7,390 7,203 6,992 6,766 13,639 13,620 13,601 13,501 13,561 13,541 13,521 13,501 13,480 13,460 
12,204 20,037 27,619 35,017 42,220 49,213 55,979 69,610 03,2JO 96,830 110,419 123,900 137,522 151,043 164,544 178,024 191,484 



KENYA CEOTIIERIIAL PROJECT 
OALAtICE S l A l C l 4 E H T  

D 
U 
U 
(D 
3 
a 
X 
-1. 

H 

< 
I 

W 

ASSETS: 
Construct  i o n  W I  P 

Proper ty ,  P l a n t  8 E q u i p c n t  
-Beginning Balance 
- A c c u w l a t c d  Dcprec ia t  ion 

Ending Balance 

Working C a p i t a l  

Dcbt Reserve 

TOTAL ASSETS 

LIABILITIES R EPUITY: 
-Long Term Dcbt 

- D e f e r r e d  Taxes 

-Equity & A c c u w l a t e t l  
E a r n  i ngs 

I O T A L  LlAOlLlTlES 8 EOUlTY 

0 0 0 0 0 0 0 0 

126,900 121,024 116,740 111,672 106,596 101,520 96,444 91,368 
5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 

121,024 116,740 111,672 106,596 101,520 96,444 91.,368 86,292 
_ - -  - _ - _  - _  _ _ _ _ _  - - -  - _ - -  _ _ _ _ _ _ -  - - - - - - _  - _ _ - _ _ _  - - - - - - _  _ _ _ - _ _ _  

0 0 0 0 0 0 0 0 

95,252 (6,931) (7,666) (0,481) (9,385) (10,390) (11,505) (3,845) 

0 0 0 0 0 0 ” .  - 0  0 

... . 
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KENYA GEOlllERllAl PROJECT 
INIERESI EXPENSE AIID UCl l l  R E T I E I K N T  

F i x c d  l o a n  #1 ( C a n n c r c i a l  Bank) 

Annitat Paylnent : 
Grace P e r i o d  0 y c a r s  
Loan P r i n c i p t e :  40,608 
I n t e r e s t  Rate: 12.00x 
Term: 7 y c a r s  

10,590 ( I f  L c v c l i z c d )  

D 
U 
U 
m 
3 
Q 

X 
-. 
H 

< 
I 

u1 

1 
2 
3 
4 

6 
7 

9 
10 
1 1  
12 
13 
1 (I 
15 
16 
17 
10 
19 
20 
21 
22 
21 
2 c 
25 

T o l a l :  

r 

n 

s t ntus 
paynlcrl t 
paylncnt 
paynicn t 
payncii t 
paymcnt 
paylne 11 t 
paymcn t 
p a i d  
pa i d  
p a i d ,  
p a i d  
pa i d  
p a i d  
p a i d  
p a i d  
p a i d  
p a i d  
pa  i tl 
p a i d  
p a i d  
p a i d  
p a i d  
p a i d  
pa i tl 
pa i tl 

Debt 
S e r v i c e  
Payment 

- - _ - - _ - -  
O r i g .  Bat .  

1995 8 ,  890 
1996 8,898 
1997 8,898 
1990 8,890 
1999 8,898 
2000 8,898 
200 1 8,895 
2002 0 
2003 0 
2004 0 
2005 0 
2006 0 
2007 0 
2000 0 
2009 0 
2010 0 
201 1 0 

, 2012 0 
2013 0 
2014 0 
201s 0 
2016 0 
2017 0 
2015 0 
2019 0 

62,256 
- - - - _ _ - -  
- - - - - - - - - - - - - - - - 

Beg. 
Debt Debt 

Ba lance  R e t i r e m ' t  

_ _ - _ - - _  
40,608 
40,608 
36,583 
32,075 
27,026 
21,371 
15,038 
7,945 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

4,025 
4,500 
5,049 
5,655 
6,333 
7,093 
7,945 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

40,600 
- - - - - - - 
- - - - - - - - - - - - - - 

End ing  

Balance 
I n t e r e s t  Debt  

Exp. 

- - _ - - - -  _ _ _ - _ - _  
40,608 

. 4,873 36,583 
4,390 32,075 
3,849 27,026 
3,243 21,371 
2,565 15,038 
1,505 7,945 

953 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

. o  0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

- - - - - - - 
21,675 ------- -_----- 



F i x c d  Loan #2 ( S u p p t i c r )  

AnnuaI Paylncnt: $7,116 ( I f  L c v c l i z c d )  
Grace P e r i o d  0 
l o a n  P r i n c i p l c :  60,912 
I n t e r e s t  Rate: 0.00% 
1 erm: 15 y r s  

u 
73 
m 

1 
2 
3 
4 

6 
7 
0 
9 

10 
11 
12 
13 
1 4 
15 
16 
17 
10 
19 
20 
21 
22 
23 
2 4 
25 

T o t a l  : 

r 

s t a t (IS 

paylIIciI t 

paylllc” t 
paylnell t 

paylncn t 

paylncir t 
payncri t 
paylncnt 
payliien t 
paylnerr t 
paylnciit 
payliicn t 
paylncil t 
paylncn t 
plylllcll t 
paynlcil t 
p a i d  , 
pa i tl 
pa it1 
1x1 i tl 
pa i t l  
pa i tl 
pa i t i  
pa i t l  
pa i tl 
pa i tl 

Dcbt Beg. Ending 
Serv ice  Dcbt Dcbt I n t e r e s t  Debt 
Paymcnt Balance Ret i rcn i ’ t  Exp. Balance 

_ - _ -  
O r i g .  Bat .  

1995 
1996 
1997 
1990 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2000 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 

2019 
2010 

- - - -  - - _ _  

7,116 
7,116 
7,116 
7,116 
7,116 
7,116 
7,116 
7,116 
7,116 
7,116 
7,116 
7,116 
7,116 
7,116 
7,116 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- - -  _ - -  
60,912 
60,912 

56,246 
53,629 
50,803 
47,751 

40,895 
37,050 

28,413 
23,570 
10,339 
12,690 
6,589 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

50,669 

44,455 

32,898 

_ _ - _  

2,243 
2,423 
2,617 
2,826 
3,052 
3,296 
3,560 
3,045 
4,152 
4,484 
4,843 
5,231 
5,649 
6,101 
6,589 

(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 
(0) 

_ - - - - - -  

4,073 
4,693 
4,500 
4,290 
4,064 
3,820 
3,556 
3,272 
2,964 
2,632 
2,273 
1,886 
1,467 
1,015 

527 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- - _ - _ _ _  
60,912 
50,669 
56,246 
53,629 

47,751 

40,895 
37,050 
32,898 
28,513 
23,570 
10,339 
12,690 

so, a03 

44,455 

6,589 
(0) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Kenyan i n f  l o t  i o n :  
Par  t n c r s l i  i p  Shnr-e: 
Debt F inonce % : 
0 . S .  Fed I a n  Rote: 
Kenyan Tax Rate: 
Exchange'Rate (1991 1: 
D e v a l u a t i o n  Rate:  
l a x  l l o l i d a y  S t a t u s  

0 .  ox 
100.0x 
00.0% 
39.0% 
42.5% 

23.00 KSli /$  
0.0% i ~ c r  yco r  

yes  

P r o j e c t :  Elwrru 
Uase Cost :  USS3,034/kW 
15-Ycar OOJ 

F i x e d  Loan  Rotes/ Icrn is :  R a t e  Ycnrs Grace P c r i o d  X F inanced  

Conmerc i a I Unriks : 12.00% 7 0 40.00% 
s t ~ i ' p l  iec-s: 10.00% 15 0 60.00% 
Donors: 0. O M  0 0 0 .  00% 

P r o j e c t  Ass i r i p t  i ons :  

ORH Esc Rote: 
O B H  Dase Cost ( i i i i l l s /kWI i )  
l o x  Esc Rnte: 
Avoided Cost (ccnts/kWh) 
P r o j e c t  S i z e  ( W ' s ) :  
C a p n c i t y  F i c t o r :  
P r o j e c t  l i f e :  
c a p i t o l  Cost per kU 
1 imc t o  U r r i  I d  
C o n s t r u c t i o n  Date:  
On-Line Dare: 
P r o j e c t  Costs: 

1 . o x  
12.7 I 

7.10 I l l R  ==, 20.05% 
l i / A  

20 

25 y e a r s  

3 ycnr:; 

95. OOX 

3.034 (000's)  Atldcr: 0.00% 

1991 
199h 

60,600 (000' :i ) 
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PROJECT I R R :  15 ycars 

PROJECT I IPV 3 10 % 
I ’ROJECI  tWV 12 % 
PROJECI WIV a 11, x 
TOTAL P H O J E C I  COSTS: S 

PROJECl COST 

PAR I N E R S l l l  P € Q U I  T Y  

T E R M  LOAIl 

):lillYh GF01 IIERChlI. PROJECl  
SUI(I4ARY SllCET 

20% 

1 5 . S  Ilill ioti 
10.0 t1 i I I io t i  
7.4 t I i I I i o r i  

6o .M t\i I I inti 

100% D c b t  

20% €qui t y  

oox 



K C I I Y A  C E O l l l E R l l A l  PROJECT 
CAI' I 1 AL COS1 IIIJDGE T 
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FACILITY COSTS: 
-Tu rnkey  C o n s t r u c t  i o n  
-Per fo rmance  Bond 
- E n g i n e e r i n g  
- U n i d e n t  i f i e d  Scope Cliongcs 
- l d c n t  i f ied Scopc Cliangcs 
- E l m  t r i c a l  I n t e r c o n n e c  t 
-Cont i r i gcncy  

T o t a l  F o c i l i t y  Cos ts  

DEVELOPMEHT COSTS: 
- P r o j e c t  flnnagcincnt 
- M i  s c e l  I onoous D e v c l  oirncnt C c s ? ~  
- ? t a r  tup 
- B u i  ( d p r ' s  l n s u r  IWC 

- L e g a l  
- D c v e l o p c n t  Fee 

T o t a l  D e v c l o l m c n t  Cos ts  

F I N A U C I N C  COSTS: 
-Eng ineers  
-Dank Expenses ' 

-Lendor  U n d e r w r i t i n g  Fee 
-Conmi tmcnt  Fec 
-Agency Fec 
- C o n s u l t a n t s  
- T i t l e  l n s u r o n c e  
-Lerx lor 's  Counsel 

T o t a l  F i n a r i c i n g  Costs  

I lnrd,  S o f t ,  8 F inonce  Costs  
( :ons t ruc t  i o n  i r i t e r c s t  
l o t o l  Expcrx l i  t u r c s  

IJON-DEPRECIADLE PROPERTY: 
-Work ing C a p i t a l  
-Spare  P a r t s  
- L a r d  
- R c p i r  & R c l i ~ o c c i n c r ~ t  Rcscrvc 

6OI6OO 
0 

6 0 ,  600 



output (nu) 
Averoqc A v d i t o b i i i t y  ( X I  
tloiirs On L i n e  
kUh Sold (000's)  
E s t i m a t e d  Annual Avoidcd Costs (cei i ts /kUI i )  
Excliong? R a t e  (KSh/S) 
Esca lu t ioc l  Rotc Alwve Inf!ation 0.00% 
T o t a l  t l c c t i  i c  kcveriurs ($000)  

- F. I r c  I r i c i t y : 
- triv IiicwilC (l icllt Reserve 63 6%)  

Toto1 Rcvcnilcs: (%&JO) 

Oyxrut ing  r o s t s :  

- f u e l  T ) i l  (StoIMiiJy) 

- lui b i n e  Ovcrliniil  
- Adni n i s t r a  t i o n  
-Property Joxcs - I i ~ s u r a n c e  
- f ranch i s e  I n x  
-Cross Rccc ip ts  l o x  
-Dcpi c c i o t i o i i  

- 0 L H  t s c n l o t c t l  i l t :  

Toto1 Oprrnt irrg Costs ( t  000) 
Opcrnt ir ig H o r g i n  

I r l te l -cs t  Exl'cnse 

Incotre Befof r :  Tnxcs 
8 A f t e r  I n t c i c s t  

1 -00% 

P r o v i s i o n  f o r  Tnxcs: 
-Current  o t  A!:simcd R a t e  42.50% 
-Dcf  errcd 

l o t o l  Taxcs 

N C I  It lCO(IE ( A f t e r  loxes  8 I n t e r e s t )  

20 
95. O O X  

0322 

7.10 
31.29 

0 
11,017 

166,44 0 

__- - - -  -__-_- 

20 
95. OOX 

0322 
166,440 

7.10 
33 - 79 

0 
11,017 
.. - - - - - _ _ _ _ _ _  

20 
95.00% 

0322 
166,440 

7.10 
36.50 

0 
11,017 __-_--  ------ 

0 0 0 11,1117 11,1117 11,017 11,017 
0 0 0 0 0 0 0 

0 0 0 11,017 11,017 11,017 11,017 
- _ _ - - - -  - _ _ _ - - _  - _ _ - - - _  - - - _ - _ -  - - - - - - -  - - - - - - -  - - - - - - -  

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

_ - - - _  - - _ _ _  

0 0 
0 2,114 
0 0 
0 0 
0 n 
0 0 
0 0 
0 0 
0 2,427 - -  - - - _ _ _ _  - 
0 4,541 
0 7,276 

0 
2,135 

0 
0 
0 

I O  

0 
0 

2,427 

11,562 
- - - - - - - 

7,255 

0 
2 ,156  

0 
0 
0 
0 
0 
0 

2 ,427  

4,503 
7,234 

- - - - - -  

0 
2, I70 

0 
0 
0 
0 
0 
0 

2.427 

4,605 
7,212 

_ _ - _ - _  

0 0 0 4,660 4 , 3 4 3  3,392 3,602 

0 0 0 2,616 2,012 3 ,242  3,610 

2,616 2,912 3 ,242  3,610 
2.1127 2.427 2.527 2.427 

20 
95. OOX 

8322 
166,440 

7.10 
39.42 

0 
11,017 _ _ _ _ _ _  -___- -  

20 
95.00% 

8322 
166,440 

7.10 
42.57 

0 
11,017 - - - - - -  ---_-- 

20 
95 .OO% 

8322 
166,440 

7.10 
45.98 

0 
11,817 
I = = = = = =  

20 20 
95.00% 95 .OOX 

8322 8322 
166,440 166,440 

7.10 7.10 
49.66 53.63 

0 0 
11,817 11,817 
E=:=:= = = = = = =  

11,017 11,017 11,817 11,817 11 ,817  
0 0 0 0 0 

11,017 11,817 11,817 11,817 11,817 
- - - _ _ _  - - - - - _ - -  - - - - _ - -  _ _ - _ - _ _  - - - - - - -  

0 
2,200 

0 
0 
0 
0 
0 
0 

2,427 

4,627 
7,190 

- - - - _ - -  

0 

0 
0 
0 
0 
0 
0 

2,427 

4 ,649  
7,168 

2,222 
0 

2,244 
0 
0 
0 
0 
0 
0 

2,427 

4,671 
7,146 

- - _ - - _  

0 0 
2,266 2,207 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

2,427 2,427 

4,693 4,716 
_ - _ - _ _ -  - _ - - _ - _  

7,124 7,101 

3,170 2,690 2,156 1,564 1,417 

4,020 4,470 4,930 5,560 5,606 

4,990 5,560 5,684 4,020 4,c70 2,427 2,427 2,427 
2,427 2.427 (5 ,501)  (1.830) (1,906) 

( 4 , 4 0 8 )  (4 ,760)  
0 0 0 0 0 

1,916 4,149 6,125 
- - - - -  - - - _ _  - _ - - -  - _ _ - _  - - - - -  
1,960 1,930 
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20 
95.00% 

0322 

7.10 
57.92 

0 
11,017 

166,440 

_---__ _____-  

20 
95.00% 

0322 
166,440 

7. 10 
62.55 

0 
11,817 __--_- ---_-- 

20 
95.00% 

0322 
166,440 

7.10 
67.56 

0 
11,817 -_-_-- -_-__- 

20 
95.00% 

0322 
166,440 

7.10 
99.26 

0 
11,017 -_---- - -___- 

20 
95.00% 

0322 
166,440 

7.10 
107.20 

0 
11,017 _-_--- -_--_- 

20 
95 -00% 
,0322 

166,440 
7.10 

115.70 
0 

11,017 ------ -_-__- 

20 
95.00% 
0322 

166,460 
7.10 

125.04 
0 

11,017 _ _ _ _ _ _  _ _ _ _ _ _  

20 
95.00% 
8322 

166,440 
7.10 

135.04 
0 

11,817 _ _ - _ _ _  --__-_ 

20 
95 .OO% 

0322 
166,440 

7.10 
145.05 

0 
11,817 ___--_ _____-  

20 
95.00% 

0322 
166,440 

7.10 
157.51 

0 
11,017 __-___ ___-__ 

20 

166,440 8322 

7.10 
170.12 

0 
11,017 

95.00% 

__-__-  ___--- 

20 
95. 00% 
0322 

166,440 
7.10 ' 

183.73 
0 

11,817 -_--_- ---___ 

11,017 11,017 11,017 11,017 11,017 i i , r i i 7  11,017 11,017 11,017 11,017 11,017 11,017 11,017 11,017 11,017 11,017 
0 0 0 0 0 0 0 0 0 0 .  0 0 0 0 0 0 

11,017 11,017 11,817 11,017 11,017 11,017 11,017 11,017 11,017 11,017 11,017 11,017 11,817 11,017 11,017 11,817 
_ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  - - _ - - - -  - - _ _ _ - -  - - - - - - -  - _ - - - - _  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  

0 
2,312 

0 
0 
0 
0 
0 
0 

2,427 
- - - - - - - 

4,739 
7,070 

0 0 
2,335 2,350 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

2,427 2,427 

4,762 4,705 
7,055 7,032 

. - _ - - _  - - - _ - - -  - 

0 

0 
0 
0 
0 
0 
.o 

2,427 

4,009 
7,000 

2,302 

- - - _ - -  -. 

0 0 
2,406 2,1130 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

2,427 2,427 - -  - - - -  - - 
4,033 4,057 
6,901, 6,960 

0 

0 
0 
0 
0 
0 
0 

2,427 

2 , 14 5 fl 

- - - - - - - 
4,1101 
6,936 

0 
2,479 

0 
0 
0 
0 
0 
0 

2,427 

4,906 
6,911 

- - _ _ _ _  

0 

0 
0 

' 0  
0 
0 
0 

2,[127 

2,520 

_ - - - - - -  
4,956 
6,062 

0 

0 
0 
0 
0 
0 
0 

2,427 

2,554 

- - - - - - - - 
4,901 
6,036 

0 
2,579 

0 
0 
0 
0 
0 
0 

2,427 

5,006 
6,011 

- - - - - - - 

0 
2,605 

0 
0 
0 
0 
0 
0 

2,427 

5,032 
6,705 

_ - _ - - -  

0 
2,631 

0 
0 
0 
0 
0 
0 

2,427 

5,050 
6,759 

- - - - - -  

0 
2,657 

0 
0 
0 
0 
0 
0 

2,427 

5,085 
6,733 

- - - - - - - - 

0 
2,684 

0 
0 
0 
0 
0 
0 

2,427 - _ - - _ -  
5,111 
6,706 

1,250 1,007 902 702 4 05 252 0 0 0 0 0 0 0 0 0 0 

5,020 5,960 6,130 6,306 6,4W 6,700 6,936 6,911 6,007 6,062 6,036 6,011 6,705 6,759 6,733 6,706 

2,474 2,536 2,605 2,600 2,762 ?,us1 2,940 2,937 2,927 2,916 2,905 2,095 2,004 2,073 2,061 2,050 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

5,820 5,960 6,130 6,306 6,499 6,700 6,956 6,911 6,007 6,062 6,036 6,011 6,785 6,759 6,733 6,706 
2,427 2,427 2,427 2,427 2,427 2,427 2,427 2,427 2,427 2,427 2,427 2,427 2,427 2,427 2,427 2,427 

( 2 , 1 4 4 )  (2,316) (2,501) (2,701) (2,917) (1,151) n 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 

_ _ - - -  _ _ _ _ -  _ _ _ _ _  _ _ _ _ _  _ _ - _ _  0 _ _ _ _ -  _ _ _ _ _  _ _ _ - -  _ _ _ _ _  _ _ _ _ _  - - _ - -  _ _ _ _ _  - - - _ -  __.._ 
0 _ _ _ _ _  _ _ - _ -  

6,103 6,079 6,056 6,032 6,010 5,YnS 9,363 9,339 9,314 9,209 9,264 9,230 9,212 9,106 9,160 9,133 



SOURCE OF FUtIDS: 
-Net lncoiiie 
- 0 e p r e c i a t  i o n  
- D e f e r r e d  Taxes 

-Recovery O f  Ocbt Reserve 
-Recovery Of  Working C a p i t a l  

- E q i  I i t y Con t r i h t i on 
-Reduct ion I t ]  Debt 
-Debt  

Totn l  Source 'Of  Furxls 

r 
-u USE OF IUIIDS: 
$ - b p i  t o \  Expeixfi tures 
3 -Debt Reserve 
'f; -Working C s p i t n l  
>: -Spare P a r t s  

-Working Capi t o l  Esca lo t  i o n  

-Debt Rcscr-vc Dcposi t s  

b-4 

-= 
I 

I- -Debt R c t i r c n r i i t  (Fixed) 
N 

l o t n l  Use O f  Furxls 

PROJECT A f t e r  l a x  Cost1 F l o w s  
(Source Lcss Use O f  F u I ~ s ) :  

- E q u i t y  Coi i l r iLxl t ioi is  

-Alinunl Cnsh r lous 
- C u i u l o t i v e  Cnsli Flows 

- T o t a l  Aiiwnl Cnsh Flows 
- 1 o t n l  Crririlnt i v e  Cnsli Flows 

1991 1792 1993 1'?9/1 1375 1996 1997 

0 0 0 (12,136) 0 0 0 

0 0 0 2,046 4,072 6,076 0,osa 

0 0 o (10,070) (o,obc) (6,060) ( c , o n )  

0 0 n 2,046 2,025 2,004 1,902 

0 0 0 (10,OCCi) 2,025 2,004 1,902 

lWt3 1999 2000 2001 200) 

* 
0 0 0 0 0 

1,960 3 4 (204) 3,786 3,710 
10,018 10,052 9,848 13,636 17,343 

1,960 3 1. (204) 3,786 3,710 
(2,118) (2,004) (2,208) 1,490 5,207 
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KIiItY A CCOT IIERIIAI. l’l<O.ll:l: 1 
BALAtICE SlATCIIEtII 

9 
U 
77 
n, 
3 
Q 
2. 

x 
U 

< 
I 

w 
P 

A S S E l  S: 
Cons t r u c k  ion U IP  

P r o p e r t y ,  P I o n t  8 EqtiiIwciil 
-Beg inn i r,g Oo I once 
-ACCUIIJ~ o t e d  D e p r e c  i o t  ion 

Ending Oalnrice 

Working C n p i  t a l  

D e b t  Reserve 

TOlAL ASSETS 

L I A B I ~ I T I E S  a E o u i I Y :  
-Loiig Term Debt 

- D e f e r r e d  Toxes 

-Equity k A c c u n l l a t e d  
E orn i rigs 

TOlAL L I A U I L I T I E S  8 E O U I T Y  

(1 0 0 0 0 0 0 0 0 

i 

(5,501) (1,830) (1,906) f15,5(17 ( 3 , 3  111 ) (3,665 (‘1,055 1 (4,408) (4,968) 

0 0 0 0 0 0 0 0 0 
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0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 
30,835 36 ,400  33,901 31,556 29,126 26,699 24,272 21,0/15 19,ClU 16,990 14,563 12,136 9 ,709  7,202 4 ,054  2 ,427  

2,427 2,427 2,427 2,1127 2,1127 2,227 2 ,427  2,427 2,427 2,427 2 ,427  2,427 2,427 2,427 2 , 4 2 7  2,427 _ _ - _ _ _ _  _ _ _ _ - _ _  _ _ - - _ _ -  - - - - - - -  _ - _ _ - _ _  _ _ _ _ - _ -  _ _ _ _ _ _ -  - - _ - _ - _  - _ - - _ - -  - - - _ - - -  - - - - _ - -  - - - _ - - -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  
36,400 53,901 31,554 29,126 26 ,691  24,272 21,W15 19,410 16,990 14 ,563  12,136 9,709 7 ,202  4,054 2,427 0 

( 2 , 1 4 4 )  ( 2 , 3 1 6 )  ( 2 , 5 0 1 )  ( 2 , 7 0 1 )  ( 2 , 9 1 7 )  ( 3 , 1 5 1 )  0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 ' 0  0 0 0 0 
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KI:IIYA CEOTllERElAI. PROJECT 
I l l l E R E S l  EXI’EtISE AtlD DEl lT R E I  IEt~lEt IT 

F i x e d  Loan #1 ( C o n n r r c i a l  Oaiik) 

Annual P a p e n t :  $4,255 ( I f  Lcvclizcd) 
Crocc Period 0 years 
Loon P r i i i c i p l c :  i9,/ l in 
I n t e r e s t  Rote:  12.00% 
Iei‘ni: 7 ycnrs 

1 
2 
3 
fl 

5 
6 
7 

9 

11 
12 
13 
1 II 
15 
16 
17 
10 
19 
20 
2 1  
22 
25 
2 fl 
2s 

n 

10 

I o t u I :  

Debt 
S e r v i c e  
P ilylncri t 

- - - _ _ _ _ -  
O r i g .  O a t .  

1994 
1995 
1996 
1937 
1990 
1999 
2000 
200 1 
2002 
2003 
200/, 
2005 
2006 
2007 
2005 
2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
20J 7 
2011) 

4,255 
4,255 
4,255 
4,255 
4 * 255 
4,255 
4,255 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

29,703 
- - - _ _ - _  

- - - - - - - - ------ -- 

Beg . 
Dcbt Dcbt 

Balonce R e t i r c m ’ t  

- - - - - - - 
19,410 
19,410 
17,493 
15,337 
12,923 
10,219 
7,191 
3,799 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

* 

I n t  c res  t 
Exp. 

_ _ _ _ _ _ -  
2,330 
2,099 
1,840 
1,551 
1,226 

863 
456 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10,366 
_ - _ _ - - -  

-_----- ------- 

Ending 
Dcbt 

Balance 

_ - - - - - -  
19,418 
17,493 
15,337 
12,923 
10,219 
7,191 
3,799 

(0) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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Annual P a m i l t :  
Croce Per iod  0 
Loan P r i n c i p l e :  29,126 
I n t e r e s t  Rote: 1o.oo'x 
1 e m :  15 yl-s 

$3,029 (I I Lcvc l  izctl) 

1 
z 
3 
4 

6 
7 

9 
10 
11 
1 2  
13 
1 4 
15 
1 0 
17 
lfl 
19 
20 
21 
22 
23 
2 1, 
25 

r 

a 

l o t n l :  

Or ig .  Bal 
1994 
1995 
1996. 
1937 

1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 

2009 
2010 
201 1 
2012 
2013 
2014 
2015 
2016 
2017 
2010 

1990 

200n 

3,029 
3,029 
3,029 
3,829 
3,829 

.3,029 
3,829 
3,029 
3,029 
3,029 
3,029 
3,829 
3,029 

3,829 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5 7 ,4&0  

3 ,  029 

- - - - - - - - 
- - - - - - - - - - - - - - - - 

- - - - - - - 
29,126 
29,126 

27,201 
26,092 
24,872 
23,530 
22,053 
20,429 
10,643 
16,670 
14,516 
12,139 
9,523 

20,210 

6,646 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3,401 

- - - - - - -  

2,913 
2,021 
2,720 
2,609 
2,407 
2,353 
2,205 
2,043 
1,864 
1,668 
1,452 
1,214 

95 2 
665 
340 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20,314 
- - - - - - - 

- - - - - - - - - - - - - - 

- _ - - _ -  
29,126 

27,201 
26,092 
24,872 
23,530 
22,053 
20,429 
18,643 
16,678 
14,516 
12,139 
9,523 
6,646 
3,481 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20,210 

Beg. Erxling 
Dcbt Debt I n t e r e s t  Debt  

Oalancc Rct irem't Exp. Balance 
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Kenyan I n f l a t i o r i :  
Pa r tne rsh ip  Share: 
Debt Finance X : 
U . S .  Fed Tnx Rate: 
Kenyan Tax Rate: 
Exchnnge Rate (1991): 
Deva lua t ion  Rate: 
l a x  l l o l i d a y  S ta tus  

F ixed Loan Rates/lcri i is: 

Ccnrnercial Oanks: 
Suppl i e r s :  
Donors: 

P r o j e c t  Assinpt ions:  

08N Esc Rate: 
O8fl Base Cost ( i i i i ( (s/kUl i )  
l a x  Esc Rate: 
Avoided Cost (cents/kUIi) 
P ro jec t  S i r e  IHU's): 
Capaci ty Factor:  
P r o j e c t  L i f e :  
Cap i to l  Cost per  k W  
Tim t o  Build 
Construct  i o n  Date: 
On-Line Date: 
P ro jec t  Costs: 

0.0% 
100.0% 
00. ox 
39.0% 
42.5% 

23.00 KSIi/I 
8.02 pcr  ycar 

ycs 

Pro jec t :  Arus 

1s-Ycar BOT 
OOSC Cost: US$3,324/kW 

Ratc  Ycnrs Grace P e r i o d  X F inanced 

12.00x 7 0 
0 .  OOX 15 0 
0.oox 0 0 

1 .ox I 

13.1 
N / A  

20 

25 years 

4 years 

7.72 I R R  ==> 

95.00% 

3.324 (000's)  Adder: 

1991 
1995 

66,400 ( 0 0 0 ' : ; )  

40.00% 
60.00% 

0.00% 

19.55% 

0. oox 
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K C I I Y A  CEOII IERI IAL PROJECT 
SllEIMARY SIIEET 

PROJECT I R R :  15 ycilrs 20x 

PROJECT NPV a 10 % 
PROJECT NPV a 12 % 
PROJECT tIPV a 14 % 

17.3 tli I I ion 
12.2 M i  I I ion 
lI.4 Mi I I ion 

TOTAL PROJECT COSTS: t 06. 40 t4i t 1 ion 

PROJECT COST 

PARTNERS11 I P E Q U l  T Y  

TERM LOAN , 

‘f66./10 M i l l i o i i  100% Dcbt 

$13.30 t l i l l i o n  20% Equi ty  

153.10 Hi l I i o n  00% 



KEtIY A M O T  IIERf IAL PROJECT 
C A P 1  TAL COST BUDGET 

D 
-0 
73 
m 
3 

5 
X 

H 

< 
I 

N 
0 

FACILITY COSTS: 
-Turnkey Construct  i o n  
-per  foriiiance Dorid 
-Eng ineer ing  
- U n i d e n t i f i e d  Scopc Changes 
- l den t  i f i c d  Scope Cltarigcs 
- E  I c c t  r i ca t  I ntercoimcc t 
-Cant i i igcncy 

To ta l  F a c i l i t y  Costs  

DEVELOPHEtiT COSTS : 
- P r o j e c t  Managancrit 
- M i  sce l 1 ancous Devc l  oixiient Costs 

- B u i l d e r ' s  Insurance 
-Legal  
-Development Fce 

; t ilr tup 

Tota l  Dcvelo}rncnt  Costs 

FltiAtiCIHG COSTS: 
-Engineers 
-0ank Expenses 
-Le ido r  Urldcrwri t ir ig F C C  
-Coiiini lnicnt Fec 
-Agency Fee 
-Consul t a n t s  
- 1 i t l e  I nsiirancc 
-Lendor 's Counsel 

i o t o l  Financ ing  Costs 

Ilard, Soft ,  it Finance Costs  
 ori is t ruc t i o n  I nt ercs t 
l o t a l  Expcndi t u res  

WON-DEPRECIAOLE PROPERTY: 
-Working C a p i t a l  
-Spare Parts  
- l a i d  
-Repair  8 Rcplaccnicnt Rcscrvc 

To ta l  Hon-Dcprcc i able  Prop 

DEBT RESCRVE 

TOTAL PROJECT COSTS 

n 
0 
0 
0 
0 
0 
0 
0 

0 

I 

_ _ _ - -  



K E N Y A  GCOl IICI~MAL PROJECT 
CCEC 1 R I C  I T Y REVEINJES 

Output (MU) 
Avernge Availability (%) 
t lours On L ine  
kUh So ld  (000's) 
Est imated Annual Avoided Costs (ccnts/kUh) 
Exchange Rate ( K S h / f )  
Escalation Rate Above I n f l a t i o n  0.00% 
Tota l  E l e c t r i c  Revenucs ($000) 

20 
95.00% 
8322 

166,440 

20 
95.00% 
8322 

156,440 
7.72 

39.42 
0 

12,849 ------ ------ 

20 
95.00% 
8322 

166,440 
7.72 

42.57 
0 

12,849 ------ ------ 

20 
95.00% 
8322 

166.440 

20 20 
95.00% 95.00% 
8322 8322 

166,440 7.72 166,440 7.72 

49.66 53.63 
0 0 

12,849 12,849 ------ ------ - - - - - - - - - - - - 

7.72 
36.50 

7.72 
45.98 

Operat ing Revenucs: 

- E l e c t r i c i t y :  
- I n v  lncoiric (Dcbt Rcscrve a 6%) 

To ta l  Revcnucs: ($000) 
2, 

Opcra t ing  Costs: 
CD 2 -Fuel  O i l  (Standby) 
J. -0gM Esca la ted  a t :  1 .OWL 

-Turb ine  Overhaul 
- A t l n i n i s t r o t i o n  

-z -Proper ty  Taxes 

-Franchise l o x  
E -Cross Rccc ip ts  Tax 

-Deprecio t i o n  

I - Insurance 

To ta l  Opcra t ing  Costs ( S  000) 
Operat ing Marg in  

I n t e r e s t  Exlxnse 

I n c a w  Before Taxes 
& A f t e r  l n t c r c s t  

12,049 
0 

12,849 
- - - _ - - -  

12,049 
0 

12,849 
- - - - - - - 

12,849 12,049 
0 0 

12,849 12,849 
- - - _ - -  - - - - - - 

12,049 12,849 
0 0 

12,849 12,849 
- - - - _ _ -  - - - - - - -  

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

0 

_ -  

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

0 

_ _ - _ _ _  _ _ _ _ _  

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

0 

- _  _ -  

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

0 

- _ - _ -  

0 

I O  

0 
0 
0 
0 
0 

2,659 

2, 100 

- - - - - - - 
c,040 
0,010 

5,104 

2,904 

0 
2,202 

0 
0 
0 
0 
0 
0 

2,659 

4,861 
7,900 

4,759 

3,229 

- - - - _ - -  

0 

0 
0 
0 
0 
0 
0 

2,659 

4,083 
7,966 

4,374 

3,592 

2,224 

- - - _ - - -  

0 
2.246 

0 
0 
0 
0 
0 
0 

2,659 

4,906 
7,944 

3,947 

3,997 

- - - - - - - 

0 0 
2,269 2,292 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

2,659 2,659 .___.__ - - - - _ - -  
4,920 4,951 
7,921 7,890 

3,473 2,947 

4,448 4,951 

0 0 
2,315 2,330 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

2,659 2,659 

4,974 4,997 
7,875 7,852 

- - _ - _ - -  - _ - _ - - -  

2,363 1,714 

5,512 6,130 

0 
0 

0 
- _ _ _  

0 2,104 
0 0 

0 2,104 
- - - - - - 

P r o v i s i o n  For  Taxes: 
-Current a t  Assuncd Rate 42. SO% 
-Deferred 

To ta l  Taxes 

Incane Before Taxcs and A f t e r  I n t e r e s t  
Plus:  Book Dcprcc ia t i on  
Less : P r  inc  i pa L Rc t i rcincr.' 
Lcss: Working Cap i ta l  Esca la t i on  

Cash Flow f l c fo rc  Taxes (CFBT) 

2,904 3,229 3,592 3,997 4 , u a  4,951 
2,659 2,659 2,659 2,659 2,659 2,659 
(3,2011) (3,631) (4,016) (4,4f13) (4,917) (5,443) 

0 0 0 0 0 0 

2,279 2,257 2,235 2,213 2,190 2,168 
- _ _ _ _  _ - - - _  - - - _ -  _ _ _ _ _  _ _ _ _ _  - _ - - -  

5,512 6,138 
2,659 2,659 
(6,027) (2,014) 

0 0 
- - _ _ _  _ _ _ _ -  
2,145 6,704 1 



20 
95.00% 

0322 

20 
95.00% 

8322 

20 
95.00% 

8322 

20 
95.00% 

0322 

20 20 
95.00% 95.00% 

0322 0322 

20 
95.00% 

0322 

20 
95.00% 

0322 

20 20 20 20 20 ' 20 20 20 20 
95.00% 95.00% 95.00% 95.00X 95.00% 95.00% 95.00% 95.00% 95.0oX 

8322 0322 0322 8322 8322 8322 8322 8322 8322 
166,440 166,440 166,440 166,440 166,440 166,440 166,440 166,440 166,440 I 

7.72 7.72 7.72 7.72 7.72 7.72 7.72 7.72 7.72 
107.20 115.78 125.04 135.04 145.85 157.51 170.12 183.73 198.42 

0 0 0 0 0 0 0 0 0 
12,049 12,0f19 12,049 12,049 12,049 12,849 12,849 12,849 12,849 ____- -  _ -____ ___--_ ---__- ____--  ------ ------ -- ---- -_____ -_____ --____ ____-_  ---__- ___--- ------ ------ ------ -__-__ 

166,4 40 
7.72 

166,440 
7.72 

166,440 
7.72 

166,440 
7.72 

166,440 166,440 
7.72 7.72 

166,4 4 0 
7.72 

166,440 
7.72 

P 
U 
U 
m 
3 
a 
x 
2. 

U 

< 
I 

N 
tu 

0 
2,361 

0 
0 
0 
0 
0 
0 

2,659 
- - - - - - - 

5,020 
i, 829 

1,553 

6,276 

0 

0 
0 
0 
0 
0 
0 

2,659 

2,305 

- - - - - - - - 
5,044 
7,505 

1,379 

6,426 

0 

0 
0 
0 
0 
0 
0 

z,f,on 

2,659 

5,060 
7,701 

1,191 

6,590 

_ _ _ . _ -  

0 
2,433 

0 
0 
0 
0 
0 
0 

2,659 

5 ,092 
7.757 

908 

. - - - - - -  - 

6,769 

0 
2,f157 

0 
0 
0 
0 
0 
0 

2,659 

5,116 
7,733 

- _ - - _ -  

769 

6,9611 

0 

0 
0 
0 
0 
0 
0 

2,659 

2,401 

. - - - - - - - 
5,141 
7,709 

532 

7,177 

0 
2 ,  5(16 

0 
0 
0 
0 
0 
0 

2,659 

5,165 
- - - - - - . 

7 ,(N. 

276 

0 
2,531 

0 
0 
0 
0 
0 
0 

2,659 

5,191 
7,659 

0 

- - - _ - _  _ .  

0 0 
2,557 2.502 

0 0 
0 0 
0 0 

0 0 
0 0 

2,659 I 2,659 

IO 0 

. - _ _ _ -  - - - - - _ -  - 
5,216 5,241 
7,653 7,600 

0 0 

7,633 7,600 

0 
2,600 

0 
0 
0 
0 
0 
0 

2,659 

5,267 
7,552 

0 

7,502 

_ _ _ _ _ -  

0 
2,634 

0 
0 
0 
0 
0 
0 

2,659 

5,293 
7,556 

0 

7,556 

- _ _ _ _ _  - 

0 0 
2,607 

0 
0 
0 
0 
0 
0 

2,659 

5,346 
7,503 

0 

7,503 

- - - - - -  

0 0 0 
2,768 

0 
0 
0 
0 
0 
0 

2,659 

5,428 
7,421 

0 

7,421 

_ _ - - _ _  

2,660 
0 

2,714 
0 

2,741 
0 

0 
0 
0 
0 
0 

2,659 

5,320 
7,530 

0 

7,530 

- _ _ - - -  - 

0 
0 
0 
0 
0 

2,659 

5,373 
7,476 

0 

7,476 

_ - _ _ _  

0 
0 
0 
0 
0 

2,659 

5,400 
7,449 

0 

. - _ - - _ -  

7,449 7 ,  4 00 7,659 

2,667 2,731 2,001 2,077 '2 ,960 3,050 3, l f iD 3,255 3,245 3,233 3,222 3,211 3,200 3,109 3,177 3,166 3,154 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
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SOURCE OF TUtiDS: 
-Net  Income 
-Deprec ia t i on  
-Defer red  Taxes 

-Recovery Of Debt Reserve 
-Recovery O f  Working C a p i t a l  

- E q u i t y  C o n t r i b u t i o n  
-Reduction In Debt 
- D e b t  

Toto1 Source O f  Fuids 

USE OF FUNDS: 
- C a p i t a l  Expe id i tu res  
-0cb t  Reserve 
-Working Cap i ta l  
-Spare Par t s  
-work ing  Cap i ta l  Esca la t i on  

-0cbt Reserve Deposi ts 

-Debt Retireinent (F ixcd)  

l o t a l  Use O f  Funds 

PROJECT A f t e r  l a x  Cash Flows 
(Source Less Use O f  Funds): 

-Equ i t y  C o i i t r i h t i o i i s  

- A i i ~ i ~ a l  Cash Flows 
- C u i u l o t i v e  Cash Flows 

- T o t a l  Annual Cash Flows 
- i o t a 1  C u i u l o t i v e  Cash Flows 

1991 - _ - _ _  

0 
0 
n 

0 
0 

1991 

0 

0 
0 

0 
0 

0 0 0 2,9011 3,229 3,592 3,997 
0 0 0 2,659 2,659 2,659 2,659 
0 0 0 0 0 0 0 

1992 1993 1994 1995 1996 1997 1990 

0 0 0 (13,296) 0 0 0 

0 0 0 2,279 2,257 2,235 2,213 
0 0 0 2,279 4,536 6,771 8,904 

0 0 0 (11.017) 2,257 2,235 2,213 
0 0 0 (11,017) (0,760) (6,525) (4,312) 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

1999 2000 2001 2002 

0 0 0 0 

2,190 63 (198) 4,175 
11,174 11,237 11,039 15,214 

2,190 63 (198) 4,175 
(2,122) (2,059) (2,257) 1,910 



3,609 
2,659 

0 

3,695 3,790 
2,659. 2,659 

0 0 

3,092 4,004 
2,659 2,659 

0 0 

4,126 4,259 4 ,  ft04 
2,659 2,659 2,059 

0 0 0 

~1,309 
2,659 

0 

4,374 4,360 
2,659 2,659 

0 0 

4,345 4,329 4,314 4,299 
2,659 2,659 2,659 2,659 

0 0 0 0 

4,283 
2,659 

0 

0 
0 

4,267 
2,659 

0 

0 
0 

0 0 
0 0 

0 0 
0. 0 

0 0 0 
0 0 0 

0 
0 

0 0 
0 0 

0 0 0 0 
0 0 0 0 

0 
0 

P 
73 
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ro 
fi  
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2003 2004 2005 2006 2007 2000 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4,093 4,005 3,912 3,012 3,705 3,590 3,467 7,063 7,040 7,03f1 7,019 7,004 6,989 6,973 6,958 6,942 
19,307 23,312 27,224 31,035 34,740 30,330 41,796 40,059 55,907 62,9/11 69,960 76,964 83,952 90,926 97,804 104,826 

4,033 4,005 3,912 3,012 3,705 3,590 3,1167 7,063 7,040 7,034 7,019 7,004 6,909 6,973 6,958 6,942 
6,011 10,016 13,920 . 17,739 21,444 25,034 20,500 35,563 42,611 49,6fe5 56,664 63,668 70,656 77,630 84,500 91,530 

0 

6,927 
1 1  1,753 

6.927 
98,457 



P 
-0 
-0 
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a 
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€ 

I 

ro 
ul 

KENYA CEO1 IIERf.IAL PRO.ITCT 
BALRllCE STAlE I IE t I  I 

ASSETS: 
Construct ion WIP 

Property,  PLont ti Equipliicrit 
- l e g  inning Ba l  once 
-Accunuloted Depreciat ion 

i Ending BaLancc 

Working Capi ta l  

Debt Reserve 

TOTAL ASSETS 

L I A B I L I T I E S  & EQUITY: 
-Lor ig  Term Debt 

-Defcrrct l  Taxcs 

-€qui t y  8 AccurirrLatctl 
Earn i ngs 

TOTAL L I A E l L l T l E S  & EQUITY 

0 I1 fl 0 0 0 0 0 

66,hflfl 63,021 61,162 50,502 55,043 53,104 50,525 47,866 
2,659 2,659 2,659 2,659 2.659 2,659 2,659 2.59 

- - - - - - -  - - - - - - -  - - - _ - - -  - - - _ _ _ -  - - - - - - -  - - _ - - - -  - - - - - - - - - - - - - - 
63,U21 61,162 50,502 ; 5 , C L 3  53,104 50,525 47,066 45,206 

n 0 0 0 

0 1 0 0 0 
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F i x e d  Loan #1 (Coriincrcial Bank) 

Anriua I Payment : 
Crncc P e r i o d  
Loan P r i n c i p l e :  
I n t e r e s t  Rate: 
Terni: D 

-0 
U 
m 
3 
a 
X 

- .  < 
I 

N 
U 

-I. 

$4,661 ( I f  L e v c l i z c d )  
0 Ycars 

21,274 
12.00% 

7 years 
1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
1 4 
15 
16 
17 
10 
19 
20 
21 
22 
23 
2 4 
25 

T o t a l  : 

Status 
payiiicnt 
payfncri t 
payment 
pa ylncn t 
payment 
papen  t 
paylncn t 
pa i cl 
p a i d  ' 
pa i ti 
pa i t l  
paid  
p a i d  
pa id  
p a i d  
pa i t l  
1x1 i t l  
1x1 i tl 
pa i cl 
pa i tl 
p a i d  
p a  i t l  
pa id  
pa i tl  
pa i tl 

O r i g .  Oat 
1995 
1996 
1997 
1990 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
201 1 
2012 
2013 
20 14 
2015 
2016 
2017 
2010 
2019 

Debt 
Serv ice  
Payrncnt 

4,661 
4,661 
4,661 
4,661 
4,661 
4,661 
4,661 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

32,630 
- - - - - - - - 
- - - - - - - - - - - - - - - - 

Oeg. Ending 
Debt Debt I n t e r e s t  . Debt 

Balance R e t i r e m ' t  Exp. Balance 

21,274 
21,274 
19,165 
16,803 
14,158 
11,196 
7,878 
4,162 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2,553 
2,300 
2,016 
1,699 
1,344 

945 
4 99 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11,356 
. - - - - - - 

- - - - - - - - - - - - - - 

- - - - - _  
21,274 
19,165 
16,803 
14,158 
11,196 
7,878 
4,162 

(0) 
0 
0 
0 
0 
0 
0' 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



Annual Payment: 53,720 ( I f  L c v c l i z c d )  
Grace P e r i o d  0 
Loan P r i n c i p l e :  31,910 
I n t e r c s t  Ratc:  . 0.00% 
Tcrin: 15 yrs  

> 
-0 
U 
m 
3 
a 
X 
2. 

I 

r i l  
03 

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
15 
16 
17 
10 
19 
20 
21 
22  
23 
2 f, 
25 

Stn t l lS  
paymcnt 
paylncn t 
paynicn t 

paylllcll t 

payli1cnt 
paylllcnt 

paylllcllt 

payliicnt 

payment 
pnynlcnt 

paylncn t 

paynicn b 
payiicn t 
pnylncnt 
paynicnt 
paid 
pa I tl 

paid 

pa i tl 
pa i (I 

pi i d 
pa i ti 
p a i d  
pa i tl 
pa i tl 

Debt 
Serv ice  
Payment 

1996 
1997 
1990 
1999 
2000 
200 1 
2002 
2003 
2004 
2005 
2006 
2007 
2000 
2009 
2010 
2011 
2012 
2013 
2014 
2015 
2016 
2017 
2010 
2019 

3,720 
3,720 
3,720 
3,720 
3,720 
3,720 
3,720 
3,720 
3,720 
3.720 
3,720 
3,720 
3,720 
3,720 
3,720 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Beg. 
Debt Debt 

Balance R e t i r e m ’ t  

- - - - - - - 
31,910 
31,910 
30,735 
29,466 
20,095 
26,615 
25,016 

21,424 
19,410 
17,234 

12,340 
9,6011 
6,640 
3,452 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

23,289 

14,805 

. - -_--  

1,175 
1,269 
1,371 
1,400 
1,599 
1,727 
1,865 
2,014 
2,175 
2.349 
2,537 
2,740 
2,959 
3,196 
3,452 

( 0 )  
(0 )  
(0 )  
(0 )  
( 0 )  
(0 )  
(0 )  
(0) 
(0 )  

Ending 
l n t c r e s t  Debt 

Exp.  Balance 

- - - _ - - -  

2,553 
2,459 
2,357 
2,248 
2,129 
2,001 
1,863 
1,714 
1,553 
1,379 
1,191 

900 
769 
532 
2 76 
0 
0 
0 
0 
0 
0 
0 
0 
0 

. - - - - - -  
31,910 
30,735 
29,466 
20,095 
26,615 
25,016 
23,209 

19,410 
17,234 
14,805 
12,340 
9,600 
6,640 
3,452 

(0) 
0 
0 
0 
0 
0 
0 
0 
0 
0 

21,424 
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u3 L l A D l L l T l E S  8 E Q U I T Y :  

-Long lcrm Debt 45,5/1 7 ( 3 , 3  1 4  ) ( 3 , 0 6 5  ) 

0 

( , 0 5  5 ) 

0 

0 

50,971 
2,427 _ - - - - - _  

40,544 

(4 ,400)  

0 

0 0 0 0 

40,544 46,117 43,690 41,262 
2,427 2,427 2,427 2,427 

46,117 43,690 41,262 30,035 
- - - - - - - - - - - - - -  - - - _ - - -  _ - _ _ - _ _  



9 
U 
77 
rD 
3 
a 
-1. 

X 

n 
< 
I 

w 
0 

2003 2004 2005 2006 2007 2000 2007 2010 2011 2012 2013 2014 2015 2016 2017 2010 2019 
_ .  -*..  - _ - - -  - - - - _  - - - - -  - _ - _ -  - _ - - -  - _ - - -  _ - - _ -  - - - _ -  _ _ - _ _  _ _ - - _  _ - - - _  - - - - -  _ _ _ _ _  - - - - -  _ - _ - -  _ _ - _ _  

50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
95.09% 95.COX 95.00X 95.00% 95.00% 95.00X 95.00% 95.00% 95.00% 95.00% 95.00% 95.00% 95.00% 95.00% 95.00% 95.00% 95.00% 

e522 0322 0122 0322 0322 0322 0322 11322 0322 8322 0322 0322 0322 0322 8322 8322 0322 
4i6,lOU 416,ll)O 416,100 416,100 416,100 416,100 416,100 416,100 /116,100 416,100 416,100 416,100 416,100 416,100 416,100 416,100 416,100 

5.00 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 5.60 
ST.?? 62.55 67.56 72.96 70.00 05.10 91.91 99.26 107.20 115.70 125.04 135.04 145.05 157.51 170.12 103.73 198.42 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
23,502 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,3(12 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 -_---- ------ ------ ------ --_--- _-___-  _----- ------ ---__- ------ -__--- ----_- ------ _----- ------ ------ -_---- -.---- ------ ------ ------ --_--- ---__- _----- ------ - - -___ -_--_- -_--_- ----_- ------ ------ ------ ------ __---- 

23,302 23,302 23,302 23,302 23,302 23,302 , 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 23,302 
_ - _ _ - _ -  - _ _ _ - _ _  - - - - _ _ _  - _ - _ _ - _  _ _ _ _ _ - _  _ _ - _ _ _ _  _ _ - _ _ - _  _ _ - _ _ - -  - _ _ - - - -  - _ - - - - -  - - _ - _ _ -  - - - - - _ -  - - _ _ - _ -  - - - - - - -  - - - - - - -  - - - - - - -  - - - - - - -  

0 
3,109 

0 
0 
0 
0 
0 
0 

5,076 - - - - - - 
0,185 

15,117 

0 0 
3,140 3,171 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

5,076 5,076 

0,216 0,247 
15,006 15,054 

_ _ _ _ _ -  - - _ - _ - -  

0 
3,203 

0 
0 
0 
0 
0 
0 

5,076 

0,279 
15,022 

- _ - - _ -  . 

0 
3,235 

0 
0 
0 
0 
0 
0 

5,076 

0,311 
111,990 

. - - - - - - 

0 
3,260 

0 
0 
0 
0 
0 
0 

5,076 
- - - - - - - 
0,344 

14,950 

0 

0 
0 
0 
0 
0 
0 

5,076 

3,333 

_ _ _ _ - _  
n,co9 

I I,, 092 

0 

0 
0 
0 

0 
0 

5,076 

3,367 

' 0  

- - _ - - -  
8 , I* 3 

111,059 

0 0 
3,400 3,434 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

5,076 5,076 

0,476 0,510 
14,025 14,791 

- _ - - - _  _ _ - _ _ - -  

0 
3,469 

0 
0 
0 
0 
0 
0 

5,076 

8,545 
14,757 

- - - - _ -  

0 
3 ,  SO3 

0 
0 
0 
0 
0 
0 

5,076 
. - _ - - - -  . 

0,579 
14,722 

0 0 
3,530 3,574 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

5,076 5,076 

0,614 8,650 
14,607 14,652 

. - - _  - - _  - - _ - - - -  

0 
3,609 

0 
0 
0 
0 
0 
0 

5,076 

8,685 
14,616 

- - - - - - 

0 
3,646 

0 
0 
0 
0 
0 
0 

5,076 

8,722 
14,580 

2.964 2,632 2,273 1.006 1,467 1.015 527 0 0 0 0 0 0 0 0 0 0 

12,153 12,454 12,701 13,136 13,523 13,963 1fa,37U 14,092 lf*,n59 14,025 14,791 14,757 14,722 14,607 14,652 14,616 14,500 

5,165 5,293 5,432 5,503 5,7h7 5,926 6,119 6,329 6,315 6,301 6,286 6,272 6,257 6,242 6,227 6,212 6,197 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

- - - _ - - _  _ _ _ - _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _  _.__.__ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ - _ _ - - -  _ _ _ _ _ _ _  _ _ _ _ _ - _  - - - - - - -  - - - - _ _ _  - _ _ - _ - _  - _ _ _ _ _ _  _ - _ - - - -  
5,165 5,293 5,432 5,503 5,747 5,926 6,119 6,329 6,315 6,301 6,206 6,272 6,257 6,242 6,227 6,212 6,197 

12,153 12,454 12,701 13,136 13,523 13,943 14,39f\ 1f,,D92 1/,,059 14,025 14,791 14.757 14,722 14,607 14,652 14.616 14,500 
5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 5,076 

(/1,152) (4,484) ( 4 . 0 4 3 )  (5,231) (5.h1#9) ( 6 ,  101) ( 6 , 5 P ( l j  0 0 0 0 0 0 0 0 0 0 



K I ~ I I Y A  CEOIIIERI4Al. PllOJECT 
C A P 1  I A L  COS1 BUDGET 
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F A C I L I T Y  COSTS: 
-Turnkey Cons t ruc t i on  
-Fcrformancc Bond 
-Eng ineer ing  
- U n i d e n t i f i e d  Scopc Changcs 
- Idcn t  i f i e d  Scopc Changcs 
- E  I cc t r i c a l  Interconncc t 
-Contingency 

To ta l  Foci I i t y  Costs 

DEVELOPHENT COSTS: 
- P r o j e c t  Managciiiciit 
-Misccl l aneom Dcvc lop icn t  Costs 
- S t a r t u p  ~ 

-Bui [ de r ' s  Insurance 
-Legal  
-Dcvelopncnt Fee 

To ta l  Dcvclopnciit Costs 

F I N A N C I N G  COSTS: 
-Engiricers ' 

-Dank Expenses 
-1cndor Urxlerwi-i t ing Fcc 
-Corirni tmcnt Fcc 
-Agency Fec 
-Consu l tan ts  
- T i t l e  Insurancc 
-Lendor's Counsel 

To ta l  Financing Costs 

)lard, So f t ,  & Finance Costs 
c o n s t r u c t i o n  l n t c r c s t  
Total  Expcixli t u res  

NOII -DEPRECIABLE PROPERTY: 
-Working Cap i ta l  
-Spare P a r t s  
-Land 
-Repair 8 Rcplacciiiciit Rcscrvc 

To ta l  Non-Dcprcciablc Prop 

DEBT R E S E R V E  

TOTAL PROJECT COSTS 

0 
0 
0 
0 
0 
0 
0 
0 

0 

126,900 
0 

126, 900 

- - - - -  
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PROJECT I R R :  15 years 

PROJECT NPV a IO x 
PROJECT NPV a 12 x 
PROJECT NPV a I/, x 
TOTAL PROJECT COSTS: 

PROJECT COST 

PARTNERSIIIP EQUITY 

TERM LOAM 

Li:llYA CFOII IERHAL PROJECI 
SllllMARY SHEET 

% O X  

34 .1  t l i  I I i o n  
24.11 M i I I i o n  
16.7 I l i l l i o i i  

126.90 I ! i l l i o i i  

$ 1  26.90 t I  i I I i o n  100% Debt 

fs25.3tl M i l l  ior i  20% E q u i t y  

$101.52 I ~ i t I i o n  ' OOX 

I 
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