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Executive Summary 
 
The objective of the study is to evaluate the appropriateness of the geothermal development 

plan for Olkaria V, as a project financed by Yen loans, by examining the existing exploration 

reports and relevant materials. 

 

 

Olkaria V Geothermal Development Area  

 

The study results can be summarized as follows: 

 

The review of existing exploration reports revealed that the target of the exploration activities 

was the greater Olkaria region and these reports were not specifically intended for the 

development of Olkaria V in  either the  upstream (reservoir) or downstream (power generation 

facilities) side. Thus the study concentrated on collecting materials and data possessed by 

KenGen, KPLC and KETRACO which could be utilized for the evaluation of the Olkaria V 

development plan. Also, additional information collection was attempted by inquiry, site 

reconnaissance and additional data analysis. The appropriateness of the Olkaria V development 
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plan was examined by integrating all the information collected, together with exploration 

reports of the greater Olkaria region. 
 

The result of the examination revealed that, from a viewpoint of geothermal resources 

assessment, the development of 140 MW in the Olkaria V area would be feasible, since 

 

¶ Olkaria V is located in the up-flow zone of high temperature fluid (> 300 
o
C) and a 

promising geothermal resource is reserved in the area.  

¶ 60% of the necessary amount of steam has been already been confirmed by the discharge 

tests of existing wells. 

¶ There is a plan to drill an additional eight (8) production wells and eleven (11) 

reinjection wells. 140 MW of power generation is found to be feasible by using the 

existing wells and the additional wells. 

¶ An existing forecasting simulation study shows the sustainability of 140 MW of power 

generation for 30 years. 

 

At present KenGen has not decided the detailed well operation plan, and the plan will be 

finalized considering the results of drilling that is currently under way. Thus, as a part of the 

examination in the current study, a tentative well operation plan was assumed, and a suitable 

piping plan for steam and brine was devised based on the tentative well operation plan. The 

construction cost was estimated based on the well operation plan and the piping plan. The plan 

of plant construction and a plan of transmission connecting Olkaria V and the existing Olkaria 

IV were devised accordingly. The total project cost and project implementation schedule were 

worked out. The development plan was then examined for its economic and financial efficiency. 

The proposed site for the Olkaria V power plant, as shown in the figure below, is the flatland 

(approximately 250m x 200m) to the west of the proposed wellpad OW-924.  Although a long 

pipeline is needed to bring steam from the production wells, this location has several advantages 

such as requiring less civil work, no tree felling, and being beside the existing road.  The 

capacity and steam consumption of the power plant are as follows:  

 

Steam consumption: 518 t/h x 2 units  

Gross output: 77 MW x 2 units 

Parasitic load: 7 MW x 2 units  

Net output: 70 MW x 2 units 

 

The same cooling option of the power plant is assumed (i.e. surface condenser with wet/dry 

hybrid cooling tower) as that which is assumed in KenGen's report "Feasibility Study for 

Development of KenGenôs Geothermal Concession Area in Olkaria Beyond 430 MWe (Revised 

September 2012)". This cooling option seeks to increase reinjection by reducing the loss of 

water through evaporation at the cooling tower.  The drawbacks of this cooling option when 

compared with a conventional direct contact condenser with wet cooling tower are higher 

capital costs, more maintenance efforts, higher steam consumption, and a larger footprint of the 

cooling tower.  Therefore, the final decision on the cooling option should be made during 

preparation of the bid documents of the power plant EPC, on the basis of the results of the 

reservoir simulation and detailed study on power plant's heat-mass balance and cooling tower 

design.  

 

The location of production wells and reinjection wells may be altered and the design of the 

steamfield will need to be revised during its construction stage depending on the results of 

production tests of the new wells.  In this report, a conceptual design was made based on the 

development scenario tentatively assumed in the review of the geothermal resource.  The overall 

layout of the pipelines and the separator stations is shown in the figure below. 
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A 220 kV double circuit transmission line of 5km length will connect the switch yards of 

Olkaria V and Olkaria IV. 

According to the tentative project implementation schedule that was devised assuming the 

period of the Loan Agreement (L/A) to be late July 2015, it was revealed that the completion 

date of Olkaria V Unit-1 (70 MW) would be at the end of January 2019, and the completion of 

Unit-2 would be at the end of April 2019.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Location of power plant and pipeline layout in Olkaria V area 

 

 
Planned transmission line route  

Existing Transmission Line

Proposed Transmission Line
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Regarding the environmental and social considerations, KenGen prepared and submitted the 

ESIA report to NEMA for review, and a conditional license was granted by NEMA in August, 

2014, after that review, and a license was granted in September 12, 2014.  

According to the Kenya Wildlife Service (KWS) supervisor, there were no animals using the 

project area as their habitat, as Maasai people were running cattle grazing operations throughout 

the area. There will be little impact on the habitats of rare species, as their habitats are mainly 

within the national park.  Additionally, there will be little impact from the project on flora.   

During the construction period, noise from the drilling of geothermal wells may have some 

impact. In addition to the mitigation measures proposed by KenGen, the use of silencers, 

soundproofing walls, or other measures should be considered, as the need arises, when 

geothermal well drilling and production testing is carried out near the resettlement locations. 

KenGen conducted land acquisition and resettlement, which included the area of Olkaria V, 

during the course of the Olkaria IV construction project. Payment of compensation and physical 

resettlement of Project Affected Persons (PAPs) was completed respectively in August 2014 and 

in September 2014. The resettlement site was planned to be transferred to the Community by 

the end of 2014 or beginning of 2015. The resettlement site is located only 3 km away from the 

original site. Productivity of the relocation site is equivalent to original site and it is a place 

where PAPs have already been grazing. In addition, the relocation site is closer to the markets 

where the PAPs usually trade their livestock. Therefore it is assumed that they can continue 

grazing as their livelihood. Sufficient compensation has been provided to PAPs such as land, 

housing and schools, based on the Memorandum of Understanding (MOU). The project site has 

been purchased at full replacement cost from the land owner. Considering the above, the 

resettlement and land acquisition was based on JICA Guidelines and no significant gap with the 

guidelines was found. 
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I. Geothermal POWER DEVELOPMENT PLAN  

1. INTRODUCTION  

1.1 BACKGROUND  

According to governmental reports of Kenya in 2013, total electric power generation in 

Kenya in 2013 was 1,644 MW, which consisted of hydraulic power 46% (770 MW), thermal 

power 37% (622 MW), and geothermal power 14% (241 MW). While the peak demand in 2013 

reached 1,357 MW, Kenya has faced serious conditions in terms of power supply, because the 

capacity factor of hydraulic power plants has been limited due to drought.  Moreover, the power 

demand in Kenya since 2010 to 2020 is expected to annually increase by 14.5%, reflecting the 

present economic growth. The urgent development of additional new power plants is therefore 

required for advancing the stability of the power supply in Kenya. A huge potential of 

geothermal energy, which is not affected by the weather conditions and therefore provides stable 

power generation, exists in the Great Rift Valley in East Africa. Thus, development of 

geothermal energy has been counted on in Kenya.  

The Vision 2030 that was published in 2008 as a national development plan for Kenya, 

advances the aims of having a competitive position in the international market and achieving 

successful economic growth, as an overall goal. The power sector, regarded as an economic 

foundation, is responsible for securing the electric power necessary to maintain the economic 

growth, improvements in local electrification, and services for power supply in urban settings.  

The details of the power development plan have been progressed by implementing the Least 

Cost Power Development Plan (LCPDP), in which various type of power development and 

construction of transmission lines are clearly defined, and geothermal power development at the 

Olkaria area is defined as a project that should be given higher priority among the others in the 

power development plan.  
The Olkaria geothermal power development plan has been implemented or progressed in the 

areas of Olkaria I, Olkaria II, Olkaria III and Olkaria IV. The additional units 4 to 6 for Olkaria I 

was already financed by JICA as Yen loans in 2010. KenGen conducted an optimization study 

on further development of 560 MW in Olkaria, including a feasibility study and an 

Environmental Impact Assessment (EIA), in September 2012.  The EIA report for the new 

development of Olkaria V has already been completed and submitted (National Environment 

Management Authority; NEMA, 2014). Although land and houses of the Maasai people exist in 

the area of development for Olkaria V, the relocation plan was already established at the 

implementation stage of the Olkaria IV development, and is expected to be completed soon. 

However, completion of the relocation plan has yet to be confirmed, therefore, it will be 

necessary to confirm the progress of the relocation. This preparatory survey should be 

conducted by reviewing the contents, implementation structure, and social environmental 

considerations of the project, after collecting the information required for the review. It also 

must define the appropriate ranges for the Yen loans, so that KenGen can use the Yen loans to 

achieve the further power development plan of 140 MW (70 MW x 2 units) at the Olkaria V 

area.  Production wells to extract geothermal steam needed for power generation, and 

reinjection wells to inject hot water underground will be drilled by KenGen as their own project. 

However, as they will be an integral part of this project, environmental and social considerations 

regarding KenGenôs drilling of production and reinjection wells have been included in the scope 

of this survey, based on JICA Guidelines for Environmental and Social Considerations, 

published in April 2010 (JICA Guidelines). 

 

1.2 SYSTEM OF GEOTHERMAL  POWER GENERATION  

(1) Power generation methods: 

The employment of a single-flash cycle system is being considered for the Olkaria V project.   

The mixture of steam and hot water produced at the production wells will be sent via the two-
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phase pipelines to separator stations, where the steam will be separated from the hot water by 

use of a steam-water separator (separator). The separated steam will be sent via steam pipelines 

to the powerhouse, while the hot water will be sent via hot water reinjection pipelines to the 

reinjection wells, to be injected underground. 

Steam sent to the powerhouse will enter the steam turbine, and generate electric power by 

rotating the steam turbine and the generator (which is directly connected to the turbine). After 

passing through the steam turbine, the steam will enter the condenser, where it will be cooled by 

cooling water that is brought in from the cooling tower, to be converted to a liquid form 

(condensate). The warm mixture of cooling water and condensate will then be pumped to the 

cooling tower, where it will be air-cooled and thereafter recycled as cooling water. Excess 

condensate (cooling water) will be sent to the reinjection wells to be injected underground. 

Non-condensable gas (NCG) (CO2, H2S, etc.) contained in the steam will be extracted by the 

gas extracting device in the condenser and sent to the fans provided on the upper part of the 

cooling tower, where it will be mixed with a large amount of hot air exhausted upward by the 

cooling tower fans and diffused into the atmosphere. 

Electric power produced by generator will be adjusted of its voltage to the transmission line 

by the transformer and will be sent to the grid through the switchgear in the switchyard for 

providing customers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Source: West Japan Engineering Consultant) 

Fig. 1.2-1 Conceptual diagram of single-flash cycle system 

 

(2) Fluid collection and reinjection system: 

The fluid collection and reinjection system has the following five functions: 

(i) Delivering a mixture of steam and hot water generated at the production wells to the 

steam-water separator (two-phase pipeline) 

(ii) Separating steam from hot water (steam-water separator or separator)  

Two-phase pipeline 
(Steam, NCG, Hot water) 

 

 

 

Production

 well 

Steam pipeline 
(Stream, NCG) 

Reinjection well 

(for Hot water) 

 

Hot water pipeline 

Condensate 

Cooled condensate is used as 

cooling water 

Reinjection well 

(for cooling tower blow-down) 

NCG 
Extracting 
device 
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(iii) Delivering separated steam to the powerhouse (steam pipeline)  

(iv) Delivering separated hot water to the reinjection wells (hot water pipeline)  

(v) Delivering excess condensate to the reinjection wells (cooling tower blow-down, or 

condensate, reinjection pipeline)   

The layout of the fluid collection and reinjection system will be determined after the location 

of the powerhouse and of the wells to be connected to the powerhouse have been finalized. 

Basically, a steam pipeline to carry steam will be laid between each production well and the 

powerhouse, and hot water pipelines will be laid from the powerhouse to reinjection wells, in 

order to carry hot water that is not needed for power generation.   

The finalized plans for the production wells to be connected to the powerhouse will be drawn 

up after considering the production pressure and other factors at both existing wells and wells 

that have not yet been drilled.  An overview of the fluid collection and reinjection system is 

shown in Fig.1.2-2.  

 

 
(Source: West Japan Engineering Consultant) 

 

Fig.1.2-2 Overview of fluid collection and reinjection system 

 

(3) An example of a power plant having the same generation system and installed capacity:  

The Olkaria IV geothermal power plant has the same generation system and installed capacity 

as the Olkaria V, and is located roughly 3 km southwest of the planned location of the Olkaria V 

power plant. 

The cream-colored building at the center is the turbine building, with the cooling tower for 

Unit 1 on its left and that for Unit 2 on its right. The switchyard (house substation) is behind the 

turbine building. The site covering the powerhouse and switchyard is roughly 250 m Ĭ 350 m. 

The transmission lines extend from the switchyard toward the far left in the back. The offices 

for the contractors and the material yards are to the left of the powerhouse. 

To the right of the powerhouse, there are three production wells (OW-908, OW-908A, OW-

908B). The separator station is seen at the lower right on the photo, and the vent station to 

release excess steam into the atmosphere during shutdown of the power plant operation at the 

lower center on the photo. 
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 (Photographed by West Japan Engineering Consultants Inc.  April 27, 2014) 

Fig.1.2-3 Olkaria IV Geothermal Power Plant (under construction) 

 

1.3 PURPOSE OF THE PREPARATORY STUDY 

The purpose of the Preparatory Study is to investigate the conditions required for 

reviewing the appropriateness of an ODA loan in terms of the objectives, outline, cost, 

implementation structure, operation and maintenance structure, environmental and 

social considerations of the projects.   

 

1.4 STUDY AREA AND INVEST IGATION SCOPE 

The project area is in close proximity to Lake Naivasha, the only Rift Valley lake in Kenya 

with fresh water resources. Though primarily intended for the construction of the Olkaria V 

power plant, this survey project encompasses the entire Olkaria geothermal field in its scope, in 

consideration of the extent of impact that neighboring geothermal power plants may have. The 

study area is the Olkaria geothermal area located at Naivasha, Central portion in Kenya, as 

shown in Fig.1.3-1.  The Olkaria geothermal area and the Olkaria V development area are 

shown in Fig.1.3-2 and Fig.1.3-3, respectively.   

The area is approximately 120 km northwest of Nairobi, and located in the Great Rift Valley. 

There are already developed well pads and geothermal exploratory wells drilled in the area, and 

further drilling of production wells and reinjection wells is planned. On the north side, within 

the project area, lies Hellôs Gate National Park. The site slated for the Olkaria V power plant is 

outside the national park boundary, and the Kenyan government has been conducting its own 

drilling of wells in the project area.  Of the existing well pads constructed by the Kenyan 

government, those that are likely (at least at this stage) to be connected to the Olkaria V power 

plant are OW-906, OW-914, OW-915, OW-916 and OW-921. These five well pads comprise 17 

wells in all.  New additional wells to be connected to Olkaria V Power Plant will, in principle, 

be drilled outside the national park boundary. 

Based on the Geothermal Resources Act, proponents of geothermal development need to 

obtain a geothermal resource license from the Ministry of Energy to carry out geothermal 

development projects.  KenGen acquired a geothermal resource license for the entire project 

area in September 2008. New geothermal wells to be connected to the Olkaria V power plant 

will, in principle, be drilled outside the national park boundary. Slant drilling to access resources 

under the territory of the national park has been permitted under the Geothermal Resources Act, 

with an agreement reached between KenGen and KWS. 

For this project, a roughly 5-km long 220-kV transmission line is slated to be constructed 

outside the national park boundary, to connect the Olkaria V power plant and the Olkaria IV 
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power plant in the east around.  In principle, the pipelines are scheduled to be installed outside 

the national park boundaries. However, a part of the steam pipeline connecting the OW-921 and 

Olkaria V powerhouse will be installed along the existing road that passes inside the national 

park to minimize environmental impact. 

Access roads have already been constructed, and no new roads will be constructed in the 

Olkaria V project, except for small roads such as those needed to access the transmission 

towers. These small roads will be constructed on an as-needed basis, will not be paved, and will 

be rehabilitated with greening after use.  

 

1.5 COUNTERPART AND EXEC UTING AGENCY OF THE PROJECT 

Kenya Electricity Generating Company Limited. 

 

1.6 ALLOCATION OF EXPERTS 

The assignment table of experts in the current project is shown in Table 1.5-1.  

 

1.7 SCHEDULE OF FIRST SURVEY IN KENY A 

Schedules of first, second and third surveys in Kenya are shown in Fig.1.6-1, Fig.1.6-2 and 

Fig.1.6-3, respectively. 

 

1.8 LIST OF COLLECTED INFORMATIO N  

List of information required for the Olkaria V preparatory survey is shown in Table 1.7-1. 
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Legend      :Geothermal License Area       :OlkariaV Project Area 

Source (The revision to Strategic Environmental Assessment for the Olkaria Geothermal Field 

Development Programme Draft SEA Report (KenGen, 2014)) 

 

Fig. 1.3-1   Location of the project area 
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Fig. 1.3-2 Olkaria geothermal area 
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Fig. 1.3-3 Olkaria V development area 
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Name Specialization 
Aug. 10 Aug. 11 Aug. 12 Aug. 13 Aug. 14 Aug. 15 Aug. 16 Aug. 17 Aug. 18 Aug. 19 Aug. 20 Aug. 21 Aug. 22 Aug. 23 

Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat 

Dr. Tokita PM/reservoir 

Arrival in 

Nairobi 

Kick Off Meeting at 

KenGen HQ / 

Individual Meetings 

with KenGen 

Engineers/Staff (NBI) 

NV NV NV NV Depart 

Naivasha 

Arrival in 

JPN 

      

Mr. Koseki Geology Resource data collection       

Mr. Lima Sub-PM 
NK 

NV NBI 

Wrap up at 

KenGen HQ 

10:00AM 

Depart 

Nairobi 

Arrival in 

Japan 

Mr. Fukuoka geophysics 
Other project 

Data 

Collection 

Ditto, then  

Nairobi 
Other project 

Mr. Ohashi TL & SS NV NV NV NV NV NV NV NV NBI 

Depart 

Nairobi 

Arrival in 

Japan 

 Data 

Collection 

Data 

Collection 

Visit sub-stations  

(Olkaria & Suswa) 
Data Analysis 

Data Collection and 

Discussion with KenGen 

Ditto, then  

Nairobi 

Mr. Yamamoto Power Plant NV NV NV NV NV NV NV NV NBI 

 Site Visit 

Olkaria 

Site Visit 

Olkaria 

Data Collection and 

Discussion with KenGen 
Data Analysis 

Data Collection and 

Discussion with KenGen 

Ditto, then  

Nairobi 

Ms. Maruyama Socio-Env (social) NV NV NV NV NV NV NV NV NBI 

Mr. Kubota Socio-Eng (env) 
Data Collection at Olkaria Data Analysis 

Data Collection and 

Discussion with KenGen 

Ditto, then  

Nairobi 

GSL Muthuri Local consultant   NV NV NV NV NV NV NV NV NBI   

GSL Frida Local consultant   
NV NV NV NV  

  

  NBI Nairobi             

  NV Naivasha             

 

 
Fig. 1.6-1 Schedule of the first survey in Kenya 
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Name 

Phone number 
Specialization 

Sep.29 Sep.30 Oct.1 Oct.2 Oct.3 Oct.4 Oct.5 Oct.6 Oct.7 Oct.8 Oct.9 Oct. 10 Oct.11 Oct.12 

Mon. Tue. Wed. Thu. Fri. Sat. Sun. Mon. Tue. Wed. Thu. Fri. Sat Sun. 

Dr. Tokita 

Hiroyuki Tokita 
 

PM/reservoir  

leave for 

kenya 

arrive 
in Kenya 

KenGen 

meeting at 
Naivasha, then 

move to Nairobi 

Meeting with 

KenGen CEO 

from 9:00 to 
10:00 am, 

then move to 

Naivasha 

Data collection 

with KenGen and 
site 

reconnaissance 

move to 

Nairobi to 
have a 

meeting 

with JICA, 
then go to 

airport 

back to 

Japan 
 

  

check in 
NV 

check in NB1 check in NV NV check out 

Dr.Nagano 

Hiroshi Nagano 
T.B.D. 

Economic 

evaluation 
 

arrive 
in Kenya 

KenGen 
meeting at 

9:00am at 

Naivasha, then 
move to Nairobi 

Meeting with 

KenGen CEO 
from 9:00 to 

10:00 am 

Data collection 
with KenGen 

move to 

Nairobi to 
have a 

meeting 

with JICA, 
then go to 

airport 

  

check in 
NV 

check in NB1 NB1 NB1 check out 

Mr. Yamamura 
Yoshiteru 

Yamamura 

T.B.D. 

Civil  

arrive 

in Kenya 
Data collection with KenGen, and site reconnaissance 

move to 

Nairobi to 

have a 
meeting 

with JICA, 

then go to 
airport 

  

check in 
NV 

NV NV NV check out 
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Mr. Ohashi 

Keiichiro Ohashi 
 

TL & SS  

arrive 

in Kenya 

KenGen 

meeting at 

9:00am 
Naivashai, then 

move to Nairobi 

Meeting with 
KenGen CEO 

from 9:00 to 

10:00 am 

Data collection 

with KPLC at 
10:00am 

move to 
Nairobi to 

have a 

meeting 
with JICA, 

then go to 

airport 

   

check in 

NV 
check in NB1 NB1 NB1 check out 

Mr. Yamamoto 

Takeshi 
Yamamoto 

 

Power Plant 

leave for 

Kenya 

arrive in 

kenya 

Data collection with KenGen and 

meeting with JICA if necessary. 

Data 

review 

Move to 

Naivasha 
Data collection with KenGen, and site reconnaissance 

Data 

collection 

with 
KenGen 

Data 

collection 

with 
KenGen 

move 
to 

airport 

back to 

Japan 

check in 
NB1 

NB1 NB1 NB1 NB1 
check in 
NV 

NV NV NV NV NV 
check 
out 

Ms. Maruyama 

Naoko Maruyama 

 

Socio-Env 
(social) 

arrive in 

kenya 

Data collection 

with KenGen 

Move to 
Naivasha 

and then 

KenGen 
meeting at 

Naivasha 

Data review 

Data collection 

with KenGen, 

then move to 
Nairobi 

Meeting with 
KenGen CEO 

from 9:00 to 

10:00 am, 
then move to 

Naivasha 

Data collection 

with KenGen 

Site visit 

with 
KenGen, 

then move 

to Nairobi 

Data 

collection 

with 
KWS 

move 
to 

airport 

check in 

NB1 
NB1 NB1 

check in 

NV 
NV NV check in NB1 check in NV NV 

check in 

NB1 
NB1 

check 

out 
 

Mr.Kubota 

Jumpei Kubota 
 

Socio-Env (env)  
leave for 

Kenya 

arrive 

in Kenya 

KenGen 

meeting at 
9:00am at 

Naivashai, then 

move to Nairobi 

Meeting with 

KenGen CEO 

from 9:00 to 

10:00 am, 
then move to 

Naivasha 

Data collection 

with KenGen 

Site visit 

with 
KenGen, 

then move 

to Nairobi 

Data 

collection 

with 
KWS 

move 
to 

airport back to 

Japan 

check in 

NV 
check in NB1 check in NV NV 

check in 

NB1 
NB1 

check 

out 
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GSL Muthuri 
Local 
consultant 

      

 

KenGen 

meeting at 
9:00am at 

Naivasha, then 

move to Nairobi 

Meeting with 
KenGen CEO 

from 9:00 to 

10:00 am, 
then move to 

Naivasha 

Data collection 

with KenGen 

Site visit 

with 
KenGen, 

then move 

to Nairobi 

Data 

collection 

with 
KWS 

  

check in 

NV 
Nairobi check in NV NV Nairobi Nairobi   

GSL Frida 
Local 

consultant 
  

Data collection 

with KenGen 

Move to 

Naivasha 
and then 

KenGen 

meeting at 
Naivasha 

Data review 

Data collection 
with KenGen, 

then move to 

Nairobi 

Meeting with 

KenGen CEO 
from 9:00 to 

10:00 am, 

then move to 
Naivasha 

Data collection 

with KenGen, Site 
Visit 

Site visit 
with 

KenGen, 
then move 

to Nairobi 

Data 
collection 

with 

KWS 

  

 
check in 
NV 

NV NV Nairobi check in NV NV Nairobi Nairobi   

   NBI stay in Nairobi       

   NV stay in Naivasha       

 
Fig. 1.6-2 Schedule of the second survey in Kenya  
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Name Specialization 
Dec. 13 Dec. 14 Dec. 15 Dec. 16 Dec. 17 Dec. 18 Dec. 19 

Sat Sun Mon Tue Wed Thu Fri 

Dr. Tokita PM/reservoir 

Leave for 

Kenya 

Arrive at 

Nairobi 

Discussion 

with KenGen 

HQ at 

Nairobi, then 

move to 

Naivasha 

Discussion 

with KenGen 

Olkaria at 

Naivasha, 

then move to 

Nairobi 

Discussion 

with KenGen 

HQ at 

Nairobi to 

make 

Minutes of 

Meeting 

Data review, 

then move to 

airport 

Arrive in 

Japan 

Mr. Lima Sub-PM 
Discussion 

with ERC 

(Energy 

Regulatory 

Commission) 

at Nairobi, 

then move to 

airport 

Mr. Ohashi TL & SS 

Mr. 

Yamamoto 
Power Plant 

Data review, 

then move to 

airport 

Accommodation  NBI NV NBI NBI   

 Hotel NBI: Nairobi       

  NV : 

Naivasha 

      

 
Fig. 1.6-3 Schedule of the third survey in Kenya 
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Table 1.5-1 Assignment of experts 

 

  

Name Assignment Contents of Work

Hiroyuki TOKITA
Team Leader/

Reservoir Engineering
Study coordination  F/S Review(Reservoir)

Enrique LIMA Geothermal Develoopment Plan
Review of geothermal develeopment/

Project Implementation Plan

Takeshi YAMAMOTO
Geothermal Power Plant

(Mechanical Eng.)

Review of geothermal power plant construction

Project implementation plan

Teruaki MATSUO
Geothermal Power Plant

(Electrical Eng.)

Review of geothermal powerp platn construction

Poject Implementation plan

Takehiro KOSEKI Geology F/S Review (geology)

Koji MATSUDA Geochemistry F/S Review (geochemistry)

Koichiro FUKUOKA Geophysical Prospecting F/S Review (geophysical explorations)

Keiichiro OHASHI Power Transmission Review of power transmission plan

Yoshiteru YAMAMURA Civil Engineering
Review of geothermal develeopment/

Project Implementation Plan

Hiroshi NAGANO Economic Evaluation Project econimic evaluation

Jumpei KUBOTA
Socio-Environmental Considerations

(Environment)

Review of existing EIA, Supplemental survey, Support in

advisory committee for socio-environmental considerations

Naoko MARUYAMA
Socio-Environmental Considerations

(Social)

Review of existing EIA, Supplemental survey, Support in

advisory committee for socio-environmental considerations

Local consultant

Prof. Francis Muthuri

Socio-Environmental Considerations

(Environment)
Review of existing EIA, Supplemental survey

Local consultant

Ms. Frida Nzisa

Socio-Environmental Considerations

(Social)
Review of existing EIA, Supplemental survey
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Table 1.7-1 List of information collection 

 
[Geothermal resource] 

No. Information, reports and data required  

[Well location map, contour map] 

1 Well location map of the entire Olkaria area 

2 Well location map of Olkaria IV and V(in detail) 

3 Base Map (Scale; 1:10000) around the Olkaria-V 

4 Contour Map (Scale; 1:1000) around the Olkaria-V 

5 Information of coordinate system. Whether or not same coordinate system is used in 

all maps. 

[The existing resource study reports] 

6 Report No.2 Preliminary assessment of the electrical generating capacity of greater 

Olkaria geothermal system 

7 Report No.3 Revision of the conceptual model of the greater Olkaria geothermal 

system ïphase I. 

8 Report No.6? No information of the report title 

[Data of all wells for Olkaria IV and V] 

9 Coordinates and drilling program of each well (easting, northing, and elevation of 

each well head, and casing program) 

10 Trace data of each well (azimuth and incline angle data) 

 11 Geological column section with lost circulation depths during drilling, and 

Distribution of alteration mineral 

 12 Well-logging data: static pressure and temperature profiles (recovery profiles) data of 

each well 

 13 Completion test data of each well (injection test, gross permeability tests [pressure 

fall-off test] with interpretation of the permeability-thickness products (kh) 

 14 Production test data: Changes over time of production, injection mass flow rates and 

wellhead pressure during the production test 

 15 Relationship between different wellhead pressures and steam mass flow rates, brine 

mass flow rates and enthalpy (=well deliverability curve or characteristics curve) 

16 Chemical analysis for steam and brine including non-condensable gas 

[Geophysical Exploration] 

 17 Reports of exploration in Olkaria, especially MEQ observation and analysis.  

 18 MT/TEM apparent resistivity data, and Bouguer anomaly data, if possible. 

[Other well data] 

 19 Drilling costs (production well and reinjection well) 

 20 Drilling schedule for the Olkaria V project 

 

 

[Power plant and Gathering system] 

No. Information, reports and data required  

[Power plant and Gathering system] 

 21 Detailed topographic maps of Olkaria V and Olkaria IV 

 22 As-Built Drawings of Olkaria IV power plant (HMB, P&ID, SLD, control block 

diagram, layout, etc.) and cost breakdown. 

 23 As-Built Drawings of Olkaria IV gathering system (PFD, P&ID, layout, etc.) and cost 

breakdown. 

 24 Design conditions of Olkaria IV power plant (steam conditions, predominant wind 

direction, wind speed, wet-bulb temperature, seismic conditions, etc.) 

 25 Water supply and capacity for fire protection and general use in the power plant. 

(Actual situation in Olkaria IV and the plan for Olkaria V) 
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 26 Discharge point of storm water and general waste water. (Actual situation in Olkaria 

IV and the plan for Olkaria V) 

 27 Does KenGen intend to connect the gathering system of Olkaria V with Olkaria IV 

for the sake of sharing steam and brine? 

[Construction work] 

 28 Geotechnical information of Olkaria IV and V 

 29 Actual construction schedule of each lot for Olkaria IV project.  

[Procurement method] 

 30 Procurement lots (packaging) of Olkaria IV, and plan for Olkaria V 

 31 Information about local contractors who participated in the Olkaria IV project. 

(company name, quality of work,  

 32 Information about material and equipment available in Kenya. 

[Organization structure of the execution agency] 

 33 Organizational charts of KenGen and Olkaria field. 

 34 Organizational charts and number of staff of each section in Olkaria IV power plant 

and steam field  

 35 Planned organization structure and number of staff of each section in Olkaria IV 

power plant and steam field  

 36 Statistical operation record of Olkaria II power plant (availability factor, capacity 

factor, forced outage)  

 

 

[Transmission line] 

No. Information, reports and data required  

[Annual Reports] 

37 Updated Least Cost Power Development Plan 2013-2033 

 38 5000+ MW by 2016 Power to Transform Kenya 2013-2016 

[Drawings] 

39 Transmission Line Route Map of Olkaria area including future plan if available 

 40 Layout Drawings of Substations of Olkaria Power Plants including future plan if 

available 

 41 Detail Single Line Diagrams of Substations of Olkaria Power Plants 

[Contract Documents] 

 42 Contract Documents of Olkaria II 3 Plant (Tech. & Financial) for (Power Plant,) 

Substation and Transmission Line 

 43 Actual Load Flow of Transmission Network at the time maximum load recorded 

Simulated Load Flow analysis information for future (LCPDP) 

 

 

[Environmental and social consideration] 

No. Information, reports and data required  

[Laws, regulations, guidelines] 

 44 Laws, regulations and guidelines related to the environmental assessment. The 

formalities and concrete procedures to be taken with the governing authorities 

 45 Laws, regulations and guidelines related to the disclosure of information, land 

acquisition, and resettlement of residents 

 46 Laws, regulations and guidelines related to the environmental matters. The 

formalities and concrete procedures to be taken with the governing authorities 

 47 Table-form documents of environmental standards in Kenya (water quality, air 

quality, noise and vibration, soil contamination, etc.) 

 48 Natural protection and environmental treaties. Treaty names and dates of signature by 

the Kenya 
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[Project] 

 49 Detailed location maps around the planning area. (Including well location) 

Maps of the planning modification area by the construction. 

 50 Studies about the alternative plans. 

(Zero option, Project sites, Sources of electricity generations, etc.) 

 51 The situation of the environmental and social considerations about the appurtenant 

works. 

[EIA] 

 52 Status of the examination of EIA of Olkaria V.  Approval time. 

 53 Full text of the EIA report of Olkaria and its detailed survey data. 

 54 Detailed information about the stake holder consultations (time, location, number of 

times, participants list, photos, handouts, opinions) 

 55 Status of the reflections about the stakeholderôs opinions of stakeholder consultations. 

 56 Information of opposition movement by local residents. 

57 Acquisitions of approvals and licenses 

 58 Number of affected people and households for land acquisition and resettlement due 

to Olkaria V with cutoff date. 

 59 Any affected people who were not eligible for compensation.  

 60 Current status of land acquisition and resettlement. 

(Reason of delay, if there is any. Will the resettlement finish before the Olkaria V 

construction starts. Implementation status of MOU between KenGen and PAPs.) 

 61 Implementation status of resettlement monitoring and its result 

62 Status of resettlement site. Especially the status of infrastructure such as power, water 

& roads and access to agricultural land/pasture etc. which is essential for forging their 

livelihood, access to educational facility and public facility. 

63 Progress of compensation to PAPs and livelihood restoration.  

 64 Confirmation that The Land act 2012, The Land Registration Act, 2012; and The 

National Land Commission Act, 2012. 

 65 Current status of Grievance Redress Mechanism.  

 66 Possibility that impact the amount of water used by the project will adversely affect 

existing water uses and uses of water areas. (Fishing, water for livestock) 

 67 Environmental and Social Management Plan and it implantation status. 

[Data of the neighborhood] 

 68 Environmental monitoring data of Olkaria I to IV. 

 69 Data of the water level changes of Lake Naivasha  

 70 Information of land subsidence at Olkaria district after Olkaria I was in service. 

 71 Information of complaints about Olkaria I to IV 

 72 Water quality data of the thermal discharge of existing plants. Information about the 

use of thermal discharge. 

[Data about natural environment] 

73 Landscape points around the planning point. 

[Data about pollution] 

 74 Meteorological data in Olkaria region (Temperature, wind direction, wind speed, 

rainfall, etc.) 

75 Current water quality of Lake Naivasha 

 76 Conservation plan of Lake Naivasha. Consistency with the conservation plan and the 

water intake plan.  

 77 Predetermined volume and quality of water of general effluents 

 78 Total water usage for geothermal project in Olkaria and its water source. (Including 

cumulative impact of Olkaria I-IV) 

79 Current state of noise around the planning area (Including cumulative impact of 

Olkaria I-IV) 
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80 Impact on the geology (Including cumulative impact of Olkaria I-IV) 

81 Recent result of H2S monitoring and damage, if any. 

[National park] 

82 Regulation about diagonal digging from the outside of National park. 

83 Location map of Hellôs gate national park. 

[Social] 

 84 Impact to local archeological, historical, cultural, and religious heritage sites and 

mitigation measures, if necessary. 

85 Impact to local landscape and mitigation measures, if necessary. 

 86 Laws and ordinances associated with working conditions in the country, which the 

project proponent should observe in the project and its compliance status. 

 87 Tangible and intangible safety considerations in place for individuals involved in the 

project. 

[Others] 

88 Information about NGO groups working in Olkaria 

KWSKenya Wildlife Service 

MOU: Memorandum of Understanding 

PAPs: Project Affected People 
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2. METHODOLOGY  

2.1 STATUS OF ELECTRIC PO WER DEMAND AND CLARI FICATION OF NECESSIT Y OF 

THE PROJECT BASED ON THE POWER DEVELOPMEN T PLAN 

Assuming that the Olkaria V project will be financed by Yen loans, the necessity of the project was verified by 

referring to predictions of the future power demand in Kenya. For the verification, the power development plan 

should be reviewed based on (i) the Least Cost Power Development Plan (LCPDP), (ii) the current situation and 

issues of the power sector, (iii) predictions of power demand, and also, (iv) the policy and plan of the power 

sector. The latest information should be collected from KenGen, Kenya Electricity Transmission Co. Ltd 

(KETRACO), and Kenya Power and Lighting Company (KPLC). 

 

2.2 COMPREHENSIVE REVIEW OF  THE GEOTHERMAL RESOU RCE POTENTIAL, 

TAKING INTO ACCOUNT  THE EXISTIN G PLANT OPERATION S 

Since the project area for Olkaria V is close to that of the Olkaria IV power plant, it is necessary to review the 

resource potential, while considering the development plan of the existing power plants.   This review should be 

undertaken through discussion with KenGen, and based upon the existing resource evaluation (simulation) 

reports, together with updated data of the recently drilled wells.  

Based on the existing resource feasibility study reports KenGen provided to the JICA team, the staff of the JICA 

team reviewed the data quality, methodology of the data analysis, and modeling in terms of geology, 

geochemistry and geophysics.  Whenever the JICA team found issues to be clarified while reviewing the reports 

and data, the team asked KenGen to clarify them.  For the review works, important factors such as the possibility 

of acidic fluids and scale-deposition  were considered together with the resource potential review. In addition, the 

JICA team reviewed the validity of not only the geothermal reservoir conceptual model which was established 

based on the results of surface survey and well drilling, but also established harmony between the reservoir 

conceptual model and the numerical model.   

Accuracy of the reservoir simulation study can be commonly evaluated by comparison between the measured 

and calculated pressure/temperature profiles of the wells in a natural (steady) state simulation.  The JICA team 

checked the matching results of the natural state simulation.  The final stage of the reservoir simulation study is 

to forecast future response in the reservoir during production and reinjection, and also to predict the number of 

make-up wells required for maintaining the rated power output for the entire plant operation term.  The JICA 

team reviewed the results of the forecasting simulation in order to evaluate sustainability and feasibility of the 

project.   
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2.3 CONFIRMATION OF THE PLANT DESIGN BASED ON THE RESERVOIR PROPERTIES  

A conventional type, single-flash system is expected to be adopted because the same system has been adopted at 

all of the existing power plants at Olkaria.  However, in this study, the appropriate design of the power generation 

system and the steam conditions (in accordance with the reservoir properties) were confirmed, by considering 

topograpy, constraints from environmental and social considerations, the method of connecting to the 

transmission line, the power generation systemôs capability, economy, ease of operation and maintenance, and 

KenGenôs opinions.   

The study team reviewed KenGen's feasibility study report with regard to the type and capacity of the power 

plant.  The layout of the power plant took into account the relationship with existing facilities, topography, land 

ownership, and environmental restrictions.  To this end, during the first site visit, the specifications, drawings, 

and cost data of the existing facilities in the Olkaria IV field were investigated together with the field survey of 

the proposed site for the additional unit. 

Based on KenGen's Feasibility Study, including the results of the resource evaluation, drilling plan, and the 

selected type of the power plant, the design of the gathering system was reviewed. This review took into account 

the relationship with existing facilities, the topography, land ownership, and environmental restrictions. Detailed 

topographic maps and technical documents of the Olkaria V field, and the drawings and cost data of the Olkaria 

IV gathering system were collected during the first site visit.  The possibility of connecting with the gathering 

system of Olkaria IV was also considered for optimum operation of the geothermal resource.  

The construction methods adopted for Olkaria IV and those described in KenGen's Feasibility Study report were 

reviewed in order  to decide whether or not they are appropriate for Olkaria V.  Information regarding difficulties 

and technical challenges which were experienced during the construction of Olkaria IV was collected during the 

first site visit. In addition the method of construction was reviewed to determine whether or not the construction 

method was a special and/or uncommon type, which influences whether procurement is to be through 

international tender or sole source contract, and suggestions for remedies were provided.  

Regarding the method of construction, the construction methods which were envisaged in the past Feasibility 

Studies, and the as-built drawings which were prepared in the Olkaria IV project (currently under trial operation), 

were reviewed and technical difficulties were evaluated for application to the construction planning of the 

Olkaria V power plant.  In addition, remedies for the difficulties were proposed. 

The number of the production and reinjection wells and specifications of the power plant, gathering system, 

substations, and transmission line were outlined as a result of the review mentioned above. In addition, scope and 

budget of the consultancy services for the project was reviewed based on KenGen's Feasibility Study and the 

Request for Proposal for Consultancy Services for Olkaria (KGN-GRD-34-2014, 27 May 2014).  
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2.4  REVIEW OF PLAN/DESIGN OF THE TRANSMISSION LINE AND SUBSTATION 

It is expected that KenGen will update the project plan based on the Feasibility Study conducted in 2012. In 

accordance with the update of the project plan, the reviewed documents for the well drilling plan, plant facility 

design and transmission plan were also updated in this study.  Based on the result of the investigations mentioned 

above, an analysis was conducted of the importance, priority and feasibility of the Olkaria V geothermal power 

project in Kenyaôs power development plan. Information on the legal and institutional framework for geothermal 

development in the country were collected and integrated into the Study. Furthermore, information on socio-

environmental restrictions, technical challenges in constructing the surface facilities, transmission system and the 

stability of the system in relation to the Olkaria V project was obtained to be analyzed to confirm the feasibility 

of the project.  

There are many geothermal units either under operation or under construction in Olkaria, and the transmission 

lines are complicated in the area.  Thus, the current situation of the transmission lines and substations such as 

voltage, configuration, capacity of equipment, route of lines, etc. was investigated prior to review of the existing 

Feasibility Study.  Based on the results of the investigation above, the appropriateness of the transmission line 

and substation plan that is described in the existing Feasibility Study was studied.  Since the Olkaria V area is 

close to the national park, the route of transmission lines was carefully reviewed so as not to enter the park. 

Furthermore, the impact on the grid and the possible range of its influence in the grid was studied in terms of 

power flow and fault current when the Olkaria V power plant has been constructed. 

 

2.5  REVIEW OF ENVIRONMEN TAL AND SOCIAL CONSI DERATIONS  

The category of environmental and social consideration is category ñAò, which is expected to be classified into 

the thermal power generation sector (including geothermal). In this study, referring to the JICA Environmental 

Guideline, the existing EIA Report (February 2014) was reviewed, and the situation of the adherence to the  

JICA EIA Guideline was confirmed in terms of involuntary resettlement.  Furthermore, in this study, the 

investigation and information collection in relation to environmental and social considerations were delegated to 

a local consultant in Kenya for efficiency.  

 

2.6 ESTIMATION OF T HE PROJECT COST 

The steam development costs for well drilling, well-loggings, and production tests were estimated by referring to 

the drilling records of KenGen and recent drilling costs. The construction costs for the power plant, gathering 

system, substation and transmission line were estimated based on both the scope of work which would be 

necessary, as determined by the results of the review and actual records of similar geothermal projects in Kenya 

and other countries. The cost data of Olkaria IV and Olkaria IAU is a good reference. The O&M costs were 

estimated based on the actual records for KenGen's existing power plants of a similar type located in Olkaria II, 
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while taking into account the estimated O&M costs of Olkaria IV and IAU and KenGenôs policies for the 

operation and maintenance.  The costs related to reservoir management and the drilling of make-up wells was 

also estimated.  

Based on the above cost estimations, the total project cost was calculated. In calculating the total project cost, all 

the components which are necessary to consider in connection with an ODA loan project, such as the distinction 

between foreign and local currencies, price escalation, contingency, interest during construction, land acquisition 

costs, administrative expenses, taxes and commitment charge, were taken into account. 

 

2.7 PROJECT IMPLEMENTATIO N SCHEDULE 

Based on the records of the Olkaria IAU and IV projects and similar ODA Yen loan-financed geothermal 

projects in Indonesia, the necessary periods of time for  the various procurement steps (preparation of bid 

documents, bidding, bid evaluation, contract negotiation, approval process, concurrences of JICA, etc.) and a 

construction schedule was determined. 

The packaging of the project, (the procurement method for each lot in KenGen's Feasibility Study) was reviewed 

and discussed with KenGen on the basis of experience with Olkaria IAU and IV.  The study team also collected 

information regarding construction firms and materials available in Kenya, and KenGen's experiences in project 

management and safety management with Olkaria IAU and IV.  This information and the results of the 

discussion with KenGen were reflected in the implementation plan of the Olkaria V project. The important 

notices were evaluated regarding the method of tender, selection of contractor & consultant, contractual 

management, and safety control.  This review was based on research results regarding general conditions for 

tender & contract, local consultants, local contractors, and procurement conditions for machinery & materials, on 

such similar studies as the on-going loan project located next to this concerned construction project (Olkaria-I 

unit 4-6 and Olkaria-IV geothermal power plants).  Finally, in order to reduce risks associated with bribery from 

local officers, the past lessons of loan projects, such as Olkaria-I (Unit 4-6) & Olkaria-IV geothermal power plant 

projects were also examined  for application to this project. 

 

2.8 ORGANIZATIONAL STRUC TURE FOR THE PROJECT AND FOR OPERATION AN D 

MAINTENANCE (O&M)  

Based on the organizational structure for geothermal resource development, drilling, construction, environmental 

monitoring and O&M at KenGen's existing power plants (Olkaria II, IAU, and IV), and in collaboration with 

KenGen engineers, the organizational structure for construction of Olkaria V and its operation and maintenance 

was reviewed. 
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2.9 ECONIMICAL EVALUATIO N 

Based on the estimated overall project cost, the internal rate of return for the financial viability of the project 

(FIRR) was evaluated. The economic feasibility of the project was verified by the economic internal rate of 

return (EIRR). Financing terms and conditions and other parameters related to the operation of a geothermal 

plant and an alternative plant was discussed with KenGen, and the evaluation was conducted on the basis of the 

consensus reached with KenGen. In addition, the sensitivity analysis of several parameters that affect the 

financial and economic feasibility of the project was carried out, such as the utilization rate of the power plant, 

and fluctuations in operating costs and in the power sales price.   

ODA Yen loan projects are subject to ex-post evaluation after the project is completed.  Performance indicators 

showing actual results relative to what was planned, such as power output (MW), generated electricity (MWh), 

capacity factor, and availability factor, were proposed.  The target values of the indicators were determined based 

on operation records from KenGen's existing geothermal power plants. 

The reduction in greenhouse gas emissions was estimated based on the JICA Climate Finance Impact Tool for 

Mitigation and Adaptation taking into account the amount of non-condensable gases in steam, conceptual design 

of the facilities and the assumed capacity factor which are supposed to be found in KenGen's Feasibility Study. 

2.10  REMARKS 

Since the results of this preparatory survey were utilized as references for making decisions regarding the 

granting of a Yen Loan, sufficient discussions on the project contents and implementation plan with JICA and 

KenGen are required to make an agreeable report to both parties. Moreover, it should be noted that the 

implementation of this preparatory survey is not a promise to grant a Yen Loan. 

 

2.11  IMPLEMENTATION FLOW   

The implementation flow of this study is shown in Fig.2.11-1. 
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Fig. 2.11-1 Implementation flow 
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2.12 TIME TABLE  

In the current project, the methodology described in ñII-2 Methods of the Studyò was executed 

from late July 2014 to January 2015 according to the schedule show below. The time table of the 

project is shown in the Table. 2.12-1. 

 

Table 2.12-1 Time table of the project 

 
 

  

Period 2014

Activities 7 8 9 10 11 12 1 2

Legend Preparationḣḣḣ Work in Kenya Work in Japan Explanations of the reportsỏḣḣỏ Other works period

(3)Collection of additional data and information

Fourth Work in Japan

(1)Preparation of the FR

The submision of each type of reports

Third Work in Japan

(1)Preparation of the DFR, discussion and explanation

(2) Assist torespond the Environmental Advisory Board 

third Work in Kenya

(1) Discussion and explanation for the DFR

(2)Review on the geothermal resource in Olkaria Geothermal field (3)

(6)Evaluation of the project

(6)' If necessarry Additional study on environemental study

(7)Confirmation on the sitation for the involuntary resettlement

Second Work in Japan

(1)Preparation of the progress reportEnvironmental and Social Consideration draft)

(2)Preparation of theInterim reportTechnical results

Second Work in Kenya

(1)Follow up on the suggestions by the Environmental Advisory Board (additional study)

(2)Review on the geothermal resource in Olkaria Geothermal field (2)

(3)Estimation of the project cost 

(4)Establishment of the project implementaion plan

(5)Consideration on the projects implementation and maintanace scheme

(6)Review on the existing environmental assessment reports

Work Plan

First Work in Japan

(1)Collection and analysis of data and information

(2)Explanation and discussion on the Inception Report

(3)Preparation for the study in Kenya

First Work in Kenya

(1)Confirmation on the background and validaty of the project

(2)Review on the geothermal resource in Olkaria Geothermal field (1)

(3)Review of the Olkaria Power Plant construction plan base on existing data

(4)Considerration of the project summary

(5)Consideration of the  project schedule

Ic/R

PR/R

Ic/R PR/R

DF/R(1)

DF/R(2)

DF/R(1) DF/R(2) F/R

F/R

It/R
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3. RESULTS OF THE SURVEY 

3.1 REVIEW OF ELECTRIC DEMAND AND POWER DEVELOPMENT PLAN IN KENYA  

In order to understand the electric power demand in the future and the power development plan in 

Kenya, the following information was collected in the first survey in Kenya. Based on this information, 

the electric power sectorôs plan will be interpreted.  

 

No. Report 

1 5000+ MW by 2016 Power to Transform Kenya 2013-2016 

2 2013-2033 (Least Cost Power Development Plan 2013-2033 (LCPDP)) 

3 2014-2024Ten Year Power Sector Expansion Plan 2014-2024 

4 2014-2018Power Sector Medium Term Plan 2014-2018 

5  Annual Reports of Kenya Electricity Generation Company (KenGen), Kenya 

Electricity Transmission Co. Ltd (KETRACO) and Kenya Power and Lighting 

Company (KPLC) 

 

3.1.1 Power Sector Situation 

The government of Kenya is preparing itself for a major economic and social transformation within 

the framework of ñVision 2030ò.  Vision 2030 identifies energy as a key driver for the requisite 

economic growth at a steady 10%.  The power sector is preparing long term electricity planning 

through an annual 20 year Least Cost Power Development Plan (LCPDP) in which several kinds of 

generation and development projects are clearly introduced. According to the ñVision 2030Updated 

Least Cost Power Development Plan 2013-2033 (March 2013), which indicates the development plan 

for each power source and transmission line, the composition of power generation in the year 2033 is 

estimated as follows: hydro (3%), nuclear (11%), diesel (2%), import (8%), natural gas (16%), 

geothermal (29%), coal (22%) and wind (9%). Further, the government aims to rapidly increase the 

installed capacity to 6,762 MW by 2017 in a project dubbed ñ5000+ MW power to transform Kenyaò.  

While the LCPDP considers both the committed and candidate projects to inform long term investment 

options, the power sector is preparing a Medium Term Plan 2014 ï 2018 (MTP 2014 ï 2018) which is a 

more accurately predicative plan based on already committed projects and a Ten Year Power Sector 

Expansion Plan which builds on the MTP 2014-2018 in light of the government policy to accelerate 

power generation in the country. 

In these plans, geothermal power plants, including Olkaria, is one of the highest priority businesses 

due to its position as an indigenous, renewable energy source and lower generating cost plant for a base 

load operation. The project of Olkaria V is appeared in the three plans mentioned above as the 

committed plant to commence operation in 2017.  

3.1.2 Power Sector Institutional Structure 

The power sector is currently structured as defined in the Energy Act 2006 and the institutional 

structure for the sector is as follows:  

1) Ministry of Energy (MOE): Responsible for policy formulation and overall guidance in the 

sector 

2) Energy Regulatory Commission (ERC): Oversees all regulatory functions including 

coordinating the development of indicative energy planning, tariff setting and oversight, 

monitoring and enforcement of sector regulations. 

3) Kenya Electricity Generating Company (KenGen): The Company accounts for over 70% 



Preparatory Survey on Second Olkaria Geothermal Power Project                                                                             Final Report  

 

I-27 

 

of the installed capacity in the country from various power generation sources and is 

the main player in electricity generation.  It is listed at the Nairobi Stock Exchange with 

the shareholding being 70% by the Government of Kenya and 30% by private shareholders. 

4) Kenya Power and Lighting Company (KPLC): The single off-taker in the power market, 

buying power from all power generators for onward transmission, distribution and 

supply to consumers (single seller). KPLC is also the system operator in charge of 

power dispatch and retailing.  It is listed at the Nairobi Stock Exchange with the 

shareholding being 50.1% by the National Social Security Fund (NSSF) and the GoK 

whereas the private shareholders own 49.9%. 

5) Rural Electrification Authority (REA): A special purpose vehicle (SPV) charged with the 

mandate of implementing the Rural Electrification Programme which came into operation in 

July 2007. 

6) Geothermal Development Company (GDC): A specialized institution established to 

undertake surface exploration of geothermal fields, undertake exploratory, appraisal and 

production drilling, develop and manage proven steam fields and enter into steam sale 

agreements with investors in the power sector. 

7) Independent Power Producers (IPPs): Private investors in the power sector involved in 

competitively procured, large scale generation and the development of renewable energy 

under the Feed-in-Tariff Policy. 

8) Kenya Electricity Transmission Company (KETRACO): A government owned company 

established to plan, design, construct, own, operate and maintain new high voltage (132kV 

and above) electricity transmission infrastructure that will form the backbone of the 

National Transmission Grid and regional inter-connections. 

9) Energy Tribunal: The sector dispute resolution entity largely involved in settling disputes 

arising from decisions made by the Energy Regulatory Commission or settling of 

consumer complaints. 

10) Kenya Nuclear Electricity Board (KNEB): It is tasked with driving the nuclear energy 

generation program for Kenya. This will be achieved through the preparation, 

endorsement and implementation of a detailed road map for the realization of the 

requirements and guidelines by the International Atomic Energy Agency (IAEA) for 

establishment of the first nuclear power plant. 
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(Source) Updated Least Cost Power Development Plan 2011-2031 
Fig. 3.1.2-1 Power Sector Institutional Structure 

3.1.3 Current Status of Power Facilities 

(1) Generating Facilities 

The interconnected system in Kenya had a total installed generating capacity of 1,720 MW as of 

December 2013; made up of 820 MW of hydro, 620MW of thermal, 250 MW of geothermal, 5 MW of 

wind, and 26MW from cogeneration.  The total effective capacity was 1,663 MW during normal 

hydrology from the interconnected system. Hydro accounts for around 47.5% of the total energy 

supply. 

The installed generating capacity owned by KenGen is 1,238.7 MW and the effective one is 1,127.8 

MW. 

It is noted that since Olkaria IV (140 MW) and Olkaria I Additional Units (140 MW) have been 

operating since October 2014 and January 2015 respectively, therefore, the installed capacity of 

Geothermal is 529.90 MW and the contribution of Geothermal becomes 26 % at the time of the 

reporting. 

Table 3.1.3-1 Generating Capacity by Technologyas of December 2013 

 

 Installed Effective Contribution 

Hydro 820.20 789.90 47.5% 

Geothermal 249.90 233.08 14.0% 

Thermal (MSD) 564.00 559.35 33.6% 

Thermal ( GT) 54.00 54.00 3.2% 

Wind 5.10 5.10 0.3% 

Solar 0.00 0.00 0.0% 

Cogeneration 26.00 21.50 1.3% 

Interconnected System 1720 1,662.93 100% 

Off grid 27.61 21.64  

Total Capacity 1,748.16 1,684.56  

(Source) Ten Year Power Expansion Plan 2014-2024 
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(2) Transmission and Distribution System 

Currently the transmission network is shared between KPLC and KETRACO. The total transmission 

network (220kV and 132kV) stood at 3,871kms as of December 2013 of which 424km (all at 132 kV) 

were under KETRACO while the rest were under KPLC.  The Transmission Network in Kenya is shown 

in Figure 3.1.3-1 

The entire distribution network of over 42,176kms in the country is operated by KPLC. The 

network consists of 66kV feeder lines around Nairobi and 33kV and 11kV medium-voltage lines 

elsewhere in the country where distribution sub-stations have been. 

The transmission sub-station capacity was 2,976 MVA and the capacity of distribution sub-stations 

was 2,442MVA in 2012, while in 2007 those figures were 2,714 MVA and 1,874 MVA respectively. 

Kenya is a member of the Eastern Africa Power Pool (EAPP). The purpose of EAPP is to 

interconnect all the countries of the Eastern Africa Region, so as to optimize power generation resource 

development in an economically and environmentally sustainable manner and ensure the efficient 

provision of adequate, secure and affordable, quality power.  Interconnection transmission lines such as 

a 220 kV double circuit line to Uganda, a 400 kV double circuit line to Tanzania and a 500 kV DC line 

to Ethiopia, are proposed by  the EAPP.  

3.1.4 Electricity Supply and Demand 

The peak demand showed an upward trend in the last several years, as indicated in Figure 

3.1.4-1, and recorded 1,463 MW as a maximum in 2013. (2013/14) increased by 8 % in comparison 

with the year 2012. 

The load curve is illustrated in Figure 3.1.4-2, showing the amount of electricity which customers 

use over the course of time and indicates a maximum around 20:00 hours when household customers 

consume the most energy. This consumption pattern is consistent throughout the year. 

The supply energy increased to 8,088 GWh in 2013 from 7,670 GWh in 2012, presenting a 5 % 

increase as shown in Table 3.1.4-1. The growth in demand can be attributed to a combination of 

normal growth; increased connections in urban and rural areas as well as the countryós goal to 

transform into a newly industrialized country as articulated in Vision 2030. 

Total overall customers increased from 2,038,625 in 2011 to 2,330,962 in 2012. These increases 

can be broken down into two categories; an increase of 1,655,994 to 1,877,418 in urban areas and an 

increase of  382,631 to 453,544 in rural areas. 

In Kenya, electricity is supplied to about 30% of the total population. This is predominantly 

to middle and upper income groups. The utilityós strategy to extend lines to rural areas in order to 

connect more customers and enhance sales growth is currently under implementation. 

The rural electrification scheme has seen rapid expansion and recorded consumption of 

313GWh in 2012/13, up from 240GWh in the 2007/08 period. Recent accelerated growth can be 

attributed to the creation of the special purpose vehicle, Rural Electrification Authority, which is 

dedicated to expanding electricity access in rural areas as provided for in the Energy Act 2006. 
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(Source) MTP (2014-2018) 

Fig. 3.1.3-1 Transmission Network in Kenya132kV and above 



Preparatory Survey on Second Olkaria Geothermal Power Project                                                                             Final Report  

 

I-31 

 

 

 

 

 

(Source) Ten Year Power Expansion Plan 2014-2024 

Fig. 3.1.4-1 Annual Peak Demand (2007 ï 2013) 

 

 

(Source) Ten Year Power Expansion Plan 2014-2024 

Fig. 3.1.4-2 Day Load Curve (November 21, 2013) 

 

As for regional sales trend, the Nairobi region has consistently recorded the highest sales in 

electricity in the country, accounting for an average of 53% of total sales. During the review 

period, Nairobi sales increased from 3,315 GWh in 2011/12 to 3,507 GWh in 2012/13.  The coast 

region was the second highest customer. 

Technical loss in transmission and distribution lines was recorded at 18.6 % in total in 2013 and 

the low voltage distribution line loss of 13.6 % represents the greatest value of the loss.  Since loss 

minimization is reciprocated by financial gains of revenue and trading margin maximization, 

strategies and programs are being discussed in KPLC to reduce losses. 
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Table 3.1.4-1 Supply EnergyGWh 

 
2009 2010 2011 2012 2013 

Generation in Kenya      

1. Renewable Energies      

1.1. Hydro plants KenGen 2849 2170 3427 3450 4298 

IPP Tee factory 0.0 0.3 0.4 0.8 0.7 

Total Hydro  2849 2170 3427 3451 4299 

1.2 Geothermal plants KenGen 903 939 1081 1106 1096 

IPP OrPower 276 400 372 392 503 

Total Geothermal 1179 1339 1453 1498 1599 

1.3 Wind Farms 0.3 16 18 15 14 

Total Wind  0 16 18 15 14 

1.4 Cogeneration KenGen      

Cogeneration IPP 4 99 87 100 71 

Total Cogeneration 4 99 87 100 71 

Total renewable 

energies 

4032 3625 4985 5063 5983 

2.  Fossil Fuels      

2.1 Diesel plants KenGen 393 335 514 806 533 

AGGREKO 914 1096 267 381 261 

Diesel plants IPP 910 1434 1484 1326 1213 

Total diesel 2217 2865 2265 2513 2007 

2.2. Gas Turbines KenGen 193 145 1 33 27 

Total Gas turbines 193 145 1 33 27 

Total fossil fuels 2410 3010 2266 2546 2034 

Total Domestic Generation KenGen 4338 3605 5041 5410 5968 

Total IPP 1190 1933 1943 1819 1788 

Total IPP+AGGREKO  2104 3029 2210 2200 2049 

Off Grid  (REP) 16 19 21 23 27 

 Global Generation 6458 6654 7272 7632 8045 

Plus Imports 30 38 31 37.1 42 

Global Supply in Kenya 6489 6692 7303 7670 8088 

Less Exports : (Uganda, Tanesco) 27 27 31 42 32 

Total Resources Available for Consumption in 

Kenya 
6462 6665 7272 7628 8056 

(Source) Ten Year Power Expansion Plan 2014-2024 

3.1.5 Electricity Retail Tariff  

Kenyaós retail tariff incorporates the combined cost of generation, transmission and distribution 

and ensures sustainability as it is based on the revenue requirements of the transmitting and 

distributing company, KPLC.  Table 3.1.5-1 shows the retail electricity tariff structure of December 

2013 and later. 
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Table 3.1.4-2 Demand EnergyGWh 

  

2009 

 

2010 

 

2011 

 

2012 

 

2013 

1. HV Customers 430 466 547 548 586 

2. MV Customers 1147 1218 1362 1359 1408 

3. LV Customers      

3.1  Domestic Customers      

Dom 1 1254 1290 1424 1520 1645 

Total Domestic 1254 1290 1424 1520 1645 

3.2. Commercial and Industrial LV Consumers      

Small Commercial 823 823 904 993 1059 

Comm. & Indust. ï CI1 1443 1469 1492 1511 1493 

3.3  Street Lighting 15 17 18 16 24 

3.4  REP 250 279 307 308 313 

3.5  IT Off-peak load 42 37 38 43 22 

Total Comm & Industrial = 

LV  

2574 2625 2759 2871 2911 

Total LV  3828 3915 4183 4391 4555 

Total End-use Consumption  5405 5599 6092 6299 6549 

 (Source) Ten Year Power Expansion Plan 2014-2024 

 

Table 3.1.4-3 LossesGWh 

  

2009 

 

2010 

 

2011 

 

2012 

 

2013 

Total Energy Consumed in Kenya 6461 6666 7272 7628 8045 

Total End-use Consumption 5405 5599 6092 6299 6549 

Total Technical Losses 1057 1068 1180 1329 1497 

Technical Loss Rates      

High Voltage 3.70% 3.70% 3.80% 4.20% 4.20% 

Medium Voltage 5.80% 5.70% 5.80% 6.20% 6.20% 

Low Voltage 11.18% 10.96% 11.24% 11.84% 13.60% 

Global 16.4% 16.0% 16.2% 17.4% 18.6% 

 (Source) Ten Year Power Expansion Plan 2014-2024 

  

Table 3.1.4-4 Total Sales by RegionGWh 

REGION  2009 %  2010 %  2011 %  2012 %  2013 %  

Nairobi 2,898 53% 3,014 54% 3,268 53% 3,315 52  3,507 53  

Coast 979 18% 1,027 18% 1,118 18% 1,147 18  1,134 17

 West 867 16% 853 15% 932 15% 1,003 16  1,056 16% 

Mt. Kenya 411 8% 424 8% 467 8% 494 8  539 8  

KPLC  Sales 5,155 95% 5,318 95% 5,785 94% 5,959 94  6,236 94  

R.E.P. 250 5% 279 5% 307 5% 340 5

 

313 5  

Export 27 0% 27 0% 31 1% 42 1

 

32 1  
(Source) Ten Year Power Expansion Plan 2014-2024 
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Table 3.1.5-1 Retail Electricity Tariff Structure  

    1
st
 Dec 2013 to 30

th
 June 2014  1

st
 July 2014 to 30

th
 June 2015 1

st
 July 2014 to Next Review 

Tariff Type of  

Customer 

Supply 

Voltage 

(V) 

Consump

tion 

(kWh/mo

nth) 

Fixed 

Charge 

(KSh/mo

nth) 

Energy 

Charge 

(KSh/ 

kWh) 

Demand 

Charge 

 

(KSh/kVA 
/month) 
 

Fixed 

Charge 

(KSh/m

onth) 

Energy 

Charge 

(KSh/ 

kWh) 

Demand 

Charge 

 

(KSh/kV

A 
/month) 
 

Fixed 

Charge 

(KSh/mo

nth) 

Energy 

Charge 

(KSh/ 

kWh) 

Demand 

Charge 

 (KSh/kVA 
/month) 
 

 

 

DC 

 

 

Domestic 

Consumers 

 

 

240 or 415 

0-50  

 

120.00 

2.50  

 

- 

 

 

150.00 

2.50  

 

- 

 

 

150.00 

2.50  

 

- 51-1,500 11.62 13.68 12.75 

1,500

over 19.57 21.57 20.57 

SC 
Small 

Commercial 
240 or 415 

Up to 

15,000 
150.00 12 - 150.00 14.00 - 150.00 13.50 - 

CI1 
 

 

 

 

Commercial 

/Industrial 

415-3  

 

 

 

 

Over 

15,000 

No Limit 

2000.00 8.7 800.00 2,000.00 9.45 800.00 2,500.00 9.20 800.00 

CI2 11,000 4,500.00 7.5 520.00 4,500.00 8.25 520.00 4,500.00 8.00 520.00 

CI3 
33,000/40, 

000 
5,500.00 7 270.00 5,500.00 7.75 270.00 5,500.00 7.50 270.00 

CI4 66,000 6,500.00 6.8 220.00 6,500.00 7.55 220.00 6,500.00 7.30 220.00 

CI5 132,000 17,000.00 6.6 220.00 
17,000.0 

0 
7.35 220.00 17,000.00 7.10 220.00 

 

 

 

 

IT 

 

 

Interruptible 

Off-peak 

supplies 

 

 

 

 

240 or 415 

Up to 

15,000 

240.00 -    

when 

used 

with DC 

and 270 

When used 

with SC 

 

 

 

 

13 

 

 

 

 

- 

240.00 -    

when 

used 

with DC 

and 300 

When 

used 
with SC  

 

 

 

 

13.75 

 

 

 

 

- 

240.00 -    

when 

used 

with DC 

and 300 

When 

used with 

SC  

 

 

 

 

13.50 

 

 

 

 

- 

SL 
Street 

Lighting 
240 - 200.00 10.50 - 200.00 11.25 - 200.00 11.00 - 

(Source) Ten Year Power Expansion Plan 2014-2024



Preparatory Survey on Second Olkaria Geothermal Power Project                                                             Final Report  

 

 

I-35 

 

3.1.6 Load Demand Forecast 

The previous load demand forecast made in LCPDP (2013 ï 2033) based on the load of 

1,370 MW in 2012, forecasted 3,034 MW in 2018 and 14,446 MW in 2030 as the reference 

case.  MTP (2014 ï 2018) and the Ten Year Power Sector Expansion Plan 2014 ï 2024 have 

been updated taking into consideration the economic context of Kenyaôs current and future 

development using the available data in 2013. This resulted in two scenarios; the moderate 

growth case (low scenario) and the high growth case with fast tracked Vision 2030 projects 

capacity demand requirements.  The results of the forecasts are shown in Table 3.1.6-1. 

The Model for Analysis of Energy Demand (MAED) developed by the International 

Atomic Energy Agency (IAEA) was used for the previous load demand forecast in Kenya.  

For the latest analysis, some complemental factors were additionally taken into account such 

as the results of a household energy consumption survey and projected energy consumption, 

to allow the prediction to consider Kenya specific circumstances. 

 

Table 3.1.6-1 Load Demand Forecast (2014-2024) 

 
Low Scenario High Scenario 

Year GWh MW 
Load 

factor 
Growth GWh MW 

Load 

factor 
Growth 

2013 8,045 1,463* 68% 
 

8,045 1,463* 68% 
 

2014 9,265 1,562 67% 7% 9,521 1,606 68% 12% 

2015 10,086 1,714 67% 10% 13,310 2,161 70% 35% 

2016 11,603 1,963 68% 15% 17,418 2,832 70% 31% 

2017 13,641 2,295 68% 17% 24,595 4,062 69% 43% 

2018 15,882 2,665 68% 16% 32,564 5,338 70% 31% 

2019 17,895 3,018 68% 13% 36,039 5,949 69% 11% 

2020 21,338 3,580 68% 19% 41,584 6,894 69% 16% 

2021 23,452 3,965 67% 11% 45,360 7,554 69% 10% 

2022 26,980 4,577 67% 15% 48,546 8,141 68% 8% 

2023 31,483 5,346 67% 17% 52,143 8,808 68% 8% 

2024 36,836 6,261 68% 17% 56,655 9,642 67% 9% 

(Source) Ten Year Power Expansion Plan 2014-2024                           * Actual 

3.1.7 Generation Expansion Plan 

Development projects being implemented under Vision 2030 and overall economic 

growth will increase the countryós power demand. Sources of energy to be developed 

will include the exploitation of geothermal power, coal, renewable energy sources and 

connecting Kenya to other countries in the region for energy trade. The current 
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exploration of oil and gas in the country creates an opportunity for cheaper power as 

the country taps into its natural resources.  The government announced the project dubbed 

ñ5000 MW+ power to transform Kenyaò in September 2013 in order for Kenya to achieve its 

goal of transforming into a middle income country and has created an initiative to increase 

the existing national installed capacity to >6,700MW in 40 months. 

The Fast-tracked/Reference capacity expansion scenario in MTP (2014 ï 2018) is based 

on the committed 5000 MW+ generation capacity project, and it meets the high scenario of 

the load forecast, which would result in 7,568MW total capacity in 2018. A corresponding 

growth in demand was projected at 5,338 MW in 2018. 

 

Table 3.1.7-1 Development of Generation Capacity in MW ï enhanced reference scenario 

Year Hydro N. Gas 
AGO- 

Nairobi 

HFO- 

Mombas

a 

Import Bagasse Kerosene 
Geo- 

thermal 
Coal Wind Total 

2014 820 0 30 698 0 26 54 593 0 26 2,247 

2015 820 750  698 0 44 54 730 0 86 3,182 

2016 820 750  359 0 44 54 800 96

0 

336 4,123 

2017 820 1089  359 0 44 0 1885 96

0 

636 5,793 

2018 820 1089  359 400 44 0 2300 192

0 

636 7,568 

(Source) MTP (2014-2018) 

 

Table 3.1.7-2 Share of Installed Capacity Contributions 

(Source) MTP (2014-2018) 

 

(Source) MTP (2014-2018) 

Fig. 3.1.7-1 Demand and Generation Capacity MW by type ï Fast-tracked Reference Scenario  

Year Hydro N. Gas AGO/ HFO Import Bagasse Kerosene 
Geo- 

therm

al 

Coal Wind Total 

2014 36% 0% 32% 0% 1% 2% 26% 0% 1% 100% 

2015 34% 0% 29% 0% 2% 2% 30% 0% 4% 100% 

2016 20% 18% 9% 0% 1% 1% 19% 23% 8% 100% 

2017 15% 14% 7% 0% 1% 0% 35% 18% 12% 100% 

2018 11% 14% 5% 5% 1% 0% 30% 25% 8% 100% 
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Table 3.1.7-3 Demand Supply Balance ï Enhanced Reference Scenario 

Year  Type 
Added 

(MW) 

Total 

(MW) 

System 

(MW) 

Surplus 

(MW) 
Reserve 

2014 OLK4 Geothermal 140  

 

 

 

 

 

 

 

2,247 

 

 

 

 

 

 

 

 

1,606 

 

 

 

 

 

 

 

 

641 

 

 

 

 

 

 

 

 

40% 

OK1B Geothermal 140 

GULF MSD 80 

TRPH MSD 83 

OP4C Geothermal 17.6 

NG1B Wind 6.8 

NGW2 Wind 13.8 

OWH2 Geothermal 12 

OWH3 Geothermal 33 

2015 KWLE Cogen 18     

 MEN1 Geothermal 108     

 KIWP Wind 60     

 AGRK Diesel (30)     

 LNG1 Natural Gas 750     

 OWH4 Geothermal 30 3,183 

 

 

 

 

3,183 

2,161 

 

 

 

 

2,161 

1,022 

 

 

 

 

1,022 

47% 

 

 

 

 

47% 

2016 KDP1 MSD (60)     

 TSVO MSD (74)     

 RBA1 MSD (90)     

 KPD3 MSD (115)     

 OK1B Geothermal 70     

 PRUW Wind 50     

 KIPW Wind 100     

 MERW Wind 100     

 COL1 Coal 960 4,123 2,832 1,291 46% 

2017 KGT1 Kerosene (27)     

 KGT2 Kerosene (27)     

 OLK1 Geothermal (45)     

 LTWP Wind 300     

 OLK5  Geothermal 140     

 SILG Geothermal 200     

 AGIL Geothermal 70     

 MEN2 Geothermal 360     

 KD1B Natural Gas 60     

 TSV2 Natural Gas 77     

 RAB2 Natural Gas 90     

 KD3B Natural Gas 112     

 SUSG Geothermal 150     

 OLK6 Geothermal 140     

 AKIG Geothermal 70 5,793 4,062 1,731 43% 

2018 AGIL Geothermal 70     

 EIMP Import 400     

 OK1R Geothermal 70     

 MEN3 Geothermal 100     

 COL2 Geothermal 960     
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 SIL2 Geothermal 100     

 EBU2 Geothermal 25     

 SUS2 Geothermal 50 7,568 5,338 2,230 42% 

(Source) MTP (2014-2018) 

 

It is indicated in Table 3.1.7-3 that the Olkaria V project is planned to start supplying its 

generating power to the grid in 2017 and is positioned as one of the important geothermal power 

plant projects. 

 

3.1.8 Background validity of the project  

(1) Geothermal development situation and activity of donors 

The current status of geothermal power plant operation and an estimation of geothermal 

resources in Kenya are indicated in Table 3.1.8-1 and Table 3.1.8-2, respectively.  In Kenya 

surface surveys for geothermal energy began in the 1960ôs, and were followed by geological, 

geochemical and geophysical surveys in the region between Lake Bogoria and Olkaria in the 

1970ôs.  Based on these surveys, some prospective areas for geothermal development were 

found, and then deep exploratory wells were drilled at Olkaria by UNDP.  Detailed surface 

surveys have been conducted to date at Suswa, Longonot, Olkaria, Eburu, Menengai, Arus-

Bogoria, Lake Baringo, Korosi, Paka and Silali.  Basic surface surveys were conducted at Lake 

Magadi, Badlands, Emuruangogolak, Namatum and Barrier. Based on these surveys, geothermal 

resource potentials in Kenya were estimated at over 10,000 MW and mainly found along the 

Kenya Rift Valley that runs through Kenya from north to south. The Olkaria geothermal field is 

located about 120 km north of Nairobi. The geothermal field has been subdivided into 4 blocks, 

Olkaria East (Olkaria I: 3units x 15 MW + 2 units x 70 MW=185 MW), Olkaria Northeast 

(Olkaria II: 3 units x 35 MW= 105 MW), Olkaria West (Olkaria III: 48 MW by IPP) and Olkaria 

Domes (Olkaria IV: 2 units x 70 MW= 140 MW), as shown in Fig.3.1.8-1. This project, Olkaria 

V, is located at the east and north of the adjacent development area for Olkaria IV.  

(Source) Mannvit (2012)  

Fig.3.1.8-1 Map of Greater Olkaria Geothermal Area 
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As geothermal power is a type of base load electricity, the Government of Kenya (Gok) gives 

high priority to development of geothermal resources. Therefore, a state-owned special 

company, the Geothermal Development Company Limited (GDC), was established to drill and 

develop the countryôs geothermal resources for power generation, and the government provides 

finance to GDC in order to enhance geothermal development in Kenya. To meet the increasing 

demand for new power in Kenya, the Ministry of Energy (MoE) has proposed a roadmap to 

raise the generation capacity by 5,000 MW, in only 40 months, from the current 1,661 MW to 

slightly over 6,700 MW by 2016. This plan indicated that the installed capacity of geothermal 

power plants should attain 1907 MW by 2016.  Well drilling has been carried out in Olkaria for 

KenGen and Menengai for GDC.  Well drilling is now planned in Baringo and Suswa for GDC.  

Furthermore, new well drilling is also planned by IPP. 

 

 

Table 3.1.8-1 Installed capacity of geothermal power plants in Kenya 

Field Developer Installed 

capacity 

Manufacturer System 

Turbine Generator 

Olkaria I  

(unit 1,2,3) 

KenGen 45 MW 

(15 MW x 3) 

Mitsubishi 

Heavy Industry 

Mitsubishi  

Heavy Industry 

Single 

flash 

Olkaria I 

(unit 4, 5) 

KenGen 140 MW 

(70 MW x 2) 

Toshiba Toshiba Single 

flash 

Olkaria II KenGen 105 MW 

(35 MW x 3)  

Mitsubishi 

Heavy Industry 

Mitsubishi 

Heavy Industry 

Single 

flash 

Olkaria wellhead KenGen 5 MW    

Olkaria III (pilot 

plant and Unit1,2) 

Orpower4 86 MW 

(12+38+36) 

Ormat Brush, Kato, 

Ideal 

Binary 

Olkaria IV  

(unit 1, 2) 

KenGen 140 MW 

(70 MW x 2) 

Toshiba Toshiba Single 

flash 

Total 521 MW  

 

 

Table 3.1.8-2 Geothermal development plan in Kenya 

Field Developer Development plan 

1 Olkaria I (unit 6) KenGen 70 MW 

2 Olkaria wellhead (unit 1,2,3)  KenGen 70 MW (20+20+30) 

3 Olkaria III (unit 3) IPP (Or power 4) 16 MW  

4 Olkaria V KenGen/JICA 140 MW 

5 Olkaria VI  KenGen/IPP 140 MW 

6 Eburru KenGen 30 MW 

7 Longonot I, II, III, IV Concessioned to IPP 

(AGIL; Africa Geothermal 

International Limited) 

700 MW 

8 Akira I Concessioned to IPP 

(Marine Power) 

  350 MW 

9 Menengai I, II, III, IV, V, VI GDC 1,600 MW 

10 Suswa GDC 600 MW 

11 Korosi I, II, III GDC 450 MW 

12 Paka I, II, III GDC 500 MW 

13 Silali I, II, III, IV, V GDC   800 MW 

14 Chepchuk GDC   100 MW 

15 Arus GDC   200 MW 
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16 Badlands GDC   200 MW 

17 Baringo GDC   200 MW 

18 Bogoria GDC   200 MW 

19 Magadi GDC   100 MW 

20 Emuruangogolak I,II GDC   650 MW 

21 Namarunu GDC   400 MW 

22 Barrier 1&2 GDC   450 MW 

Total 7,966 MW 

 

 

With respect to geothermal development, the community of international donors and lenders 

have  mainly committed to the 6 countries in East Africa (Djibouti, Ethiopia, Kenya, Rwanda, 

Tanzania, and Uganda) to enhance construction of geothermal power plants.  The East Africa 

donor community consists of AFD (French development Agency), AfDB (African Development 

Bank), DFID (UK Department for International Development), EIB (European Investment 

Bank), EU (European Union), ICEIDA (Icelandic International Development Agency), IFC 

(International Finance Corporation), JICA (Japan International Cooperation Agency), KfW 

(Kreditanstalt fur Wiederaufbau), UNEP (United Nations Environment Programme), 

USAID/Power Africa (U.S. Agency for International Development/ Power Africa), WB (World 

Bank) and so on.  In addition, private financing institutions such as CFC Stanbic, Standard 

Chartered and PTS Bank are also available. 

 

 

3.1.9 Validity of the project implementation and selection  

(1) The current situation and issues of the electricity sector in Kenya 

The Kenya electricity sector has increased at an average annual rate of 8% since 1970 and 

attained 1,463 MW as its maximum demand in 2013.  The power source structure in 2013 is 

hydro power 47.5%, thermal power 36.8%, and geothermal power 14.0%.  Although the main 

power source is hydro power in terms of installed capacity of power plants, shortage of 

electricity has become more serious due to droughts which frequently occur in Kenya.  In order 

to address this serious issue and stabilize the electric power supply against increased demand, 

new power development is urgently needed. Thus, the expectations for the development of 

geothermal energy have been raised, due to the fact that it is not affected by weather conditions, 

and is a stable power source. Development has been especially highlighted along the Great Rift 

Valley in East Africa, where a huge geothermal resource is projected. 

 

(2) Development policy in Kenya 

The overall goal of the Vision 2030, declared in 2008 as a Kenyan national development plan, is 

to have international competitive power and attain economic stability by 2030, and the electric 

power sector is regarded as one of economic foundations of this policy.  The Vision suggests 

that the electric power sector should endeavor to secure the electric power required for 

maintaining economic growth, increase the rural electrification ratio, and improve the electric 

power supply.  According to the ñVision 2030Updated Least Cost Power Development Plan 

2013-2033 (March 2013), which indicates the development plan for each power source and 

transmission line, the composition of power generation in the year 2033 is estimated as follows: 

hydro (3%), nuclear (11%), diesel (2%), import (8%), natural gas (16%), geothermal (29%), 

coal (22%) and wind (9%).  In addition the power sector is preparing a Medium Term Plan 2014 

ï 2018 (MTP 2014 ï 2018) which is a more accurately predicative plan based on already 

committed projects and a Ten Year Power Sector Expansion Plan which builds on the MTP 

2014-2018 in light of the government policy to accelerate power generation in the country.  The 
LCPDP expects geothermal power development of 2,095 MW, which would account for 33% of 

the electric power to be newly developed in the latest medium-term plan. KenGenôs share of that 
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2,095 MW should be about 40%. The development in Olkaria should be given the highest 

priority in geothermal power development in the three plans.  LCPDP is a very important part of 

the plan to achieve Vision 2030, the blueprint to transform Kenya into a middle-class country in 

terms of income by 2030.  Moreover, according to another plan ñ5,000+MW by 2016 Power to 

Transform Kenyaò declared by the Ministry of Oil and Energy in 2013, more than 5,000 MW 

should be newly developed by 2016, with geothermal powerôs share being 1,640 MW.  Against 

the above background, geothermal development in Olkaria is being heavily promoted, and this 

development project for Olkaria V therefore matches with the power development policy of the 

Government of Kenya. 

 

(3) Country assistance policy of Japan 

According to country assistance policy of Japan for Kenya (April 2014) building of 

infrastructure and economy is regarded as an important field, and a stable electric power supply 

is indispensable for maintaining economic growth, and should be encouraged.  This indicates 

that this project matches with the aid policy of Japan. This project will contribute to the 

mitigation of  the tight condition of the power supply and improve the stability of the power 

supply in Kenya by constructing a 140 MW power plant in the Olkaria geothermal field.  The 

project will also contribute to the economic growth of Kenya through improvement of 

investment circumstances. Furthermore, this project will promote the utilization of geothermal 

energy, a clean and renewable energy source, which will contribute to the reduction of earthôs 

environmental burden.  
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3.2 REVIEW OF GEOTHERMAL RESOURCES IN OLKARIA  

3.2.1 Geology 

(1) Review of geological data 

  Geological documents and reports were collected during the work in Kenya (Table 3.2.1-1). 

The contents of the collected materials are documents regarding the geological structure, revised 

by KenGen, describing well geology, summary of well data and geological maps, etc. 

 

Table 3.2.1-1 Collected documents of geological data 

 
 

In regards to the geological structure model of Olkaria, it has been reviewed by Gylfadottir et al. 

(2012). This model follows the geological structure model by WJEC (2009) and the added 

information regarding the new alteration data that has been obtained from newly drilled wells. 

Updating of the geological structure model was carried out by KenGen in April 2014. 

 

(a)  Outline of Geology 

A geological structure map is shown in Fig. 3.2.1-1, geological cross sections are shown in 

Fig.3.2.1-2 and Fig.3.2.1-3 and generalized stratigraphy of Olkaria is shown in Table 3.2.1-2. 

The Olkaria V area is situated in eastern portion of the Olkaria geothermal area. 

 

The Olkaria geothermal area is geologically composed of Proterozoic Basement Rocks, Pre- 

Mau Volcanics, Pre- Mau Volcanics, Plateau Tracytes, Olkaria Basalut, Upper Olkaria 
Volcanics (Omenda,2000, Laget et al. 2004). 

 

1) Proterozoic Basement Rocks 

The ñbasementò rock in the area is considered to be Proterozoic amphibolite grade gneisses and 

schists and the associated marble and quartzites of the Mozambiquan group. The rocks outcrop 

on the far flanks of the rift, more commonly toward the Magadi area in the south. In the south-

central sector of the Kenya rift, the rocks are largely composed of gneisses and schists. 

Reflection seismic, gravity and geological correlation indicate that the depth of the ñbasementò 

is about 5-6 km in the central Kenya rift (Lagat, 2004).  

 

2) Pre-Mau volcanic 

The Pre-Mau formation is not exposed in the area but outcrops occur on the rift scarps in parts 

of the southern Kenya rift. The rocks are composed of trachytes, basalts and ignimbrites and are 

of unknown thickness. These rocks are directly overlain by the Mau tuffs (Lagat, 2004). 

 

3) Mau Tuffs 

Mau tuffs are the oldest rocks that crop out in the Olkaria area. These rocks are common in the 

area west of Olkaria Hill, but are absent in the east due to an east dipping high angle normal 

fault that passes through Olkaria Hill (Omenda 1994, 1998a). The rocks vary in texture from 

consolidated to ignimbritic and are the main geothermal reservoir rocks in the Olkaria west field 

(Lagat, 2004).  

 

No. Data No. Document Title Auther/Contens List No.

1 KT02
An Update of Geological Conceptual Model of Kandie R., Ronoh I., and Mwamia M./

Geological Conceptual Model
10

2 KT06 13

3 KT07 13

4 KT08 13

5 KT09 13

6 KT10 GeologicalmapGeoRef 13
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4) Plateau Trachytes 

Plateau trachytes encountered in the boreholes in the Olkaria area are part of the Kenya rift floor 

fissure flows that are well exposed in the south and north of Olkaria area. The formation is of 

Pleistocene age and occurs from about 1000 m to more than 2600 m in depth. Trachytes are the 

main rock of the formation but minor basalts, tuffs, and rhyolites also occur. The Plateau 

trachytes occur in the area to the east of Olkaria Hill where a graben existed prior to their 

eruptions. These rocks are the host for the geothermal reservoir for the eastern Olkaria 

geothermal fields (Lagat, 2004).  

 

5) Olkaria Basalt 

The Olkaria basalt underlies the Upper Olkaria volcanics in the area to the east of Olkaria Hill 

while the formation is absent to the west. The formation consists of basalt flows and minor 

pyroclastics and trachytes. The formation varies in thickness from 100 m to 500 m and is 

considered to act as cap-rock for the Olkaria geothermal system (Lagat, 2004).  

 

6) The Upper Olkaria Volcanics 

The Upper Olkaria formation consists of comendite lavas and their pyroclastic equivalents, 

ashes from Suswa and Longonot volcanoes and minor trachytes and basalts. These rocks occur 

from the surface down to about 500 m depth. Comendite is the dominant rock in this formation. 

The youngest of the lavas is the Ololbutot comendite, which, has been dated at 180Ñ50 yrs. The 

vents for these young lavas and pyroclastics were structurally controlled with most of the 

centres occurring along N-S faults/fractures and a ring structure (Lagat, 2004). 

 

 
 

(Source) KenGen(2014) 

Fig. 3.2.1-1 Geological structure map of Olkaria geothermal area 
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(Source) KenGen(2014) 

Fig. 3.2.1-2 Conceptualized geological model (Profile 1) 

 

 
(Source) KenGen(2014) 

Fig. 3.2.1-3 Conceptualized geological model (Profile 5) 
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Table 3.2.1-2 Generalized stratigraphy of Olkaria geothermal area 

(Source) KenGen(2014) 

 

(b)  Geological Structure 

There are four (4) fault systems that characterize the field and are associated with fluid 

movement in the Olkaria geothermal area (Fig. 3.2.1-4). These include ENE-WSW, NW-SE, N-

S and E-W structures that are all defined as normal faults from the correlation of lithology and 

alteration mineralogy zones. These structures include the Ololbutot fault, Olkaria fault, Olkaria 

fracture, Gorge farm fault, Ring fault structure and Ol Njorowa Gorge. The most prominently 

recent and active faults from volcanic history, are the Ololbutot fault, Olkaria fracture and the 

NNE to NE striking faults.  The Ololbutot lava flow which emanates from the Ololbutot fault is 

the youngest lava flow that indicates the latest active fault in the area. The Ol Njorowa Gorge is 

clearly a structurally controlled feature which has been modified by erosion. The Gorge trends 

in a near NNE direction and it is controlled by the NNE and the NW striking faults (KenGen, 

2014). 

 

Rhyolite, Basalts and Trachyte are distributed in Olkaria V area and the ring structure is situated 

in eastern end of the area (Fig. 3.1.2-2). This structure is a characteristic geological structure in 

the area, there is a possibility that the structure controls the fluid flow. Volcanoes are arranged 

along the ring structure (Photo 3.1.2-1) and distribution of the volcanoes is also clearly in the 

Landsat image (Fig. 3.1.2-4). 

 

 

 

 

 

 

 

 

 

 

 

 

Photo 3.2.1-1 Distant view from southwest side of Olkaria V development area 

Formation Name Lithology
Thickness

(m)

Characteristic

(Age)

Upper Olkaria

Volcanics

Comendite  lavas and their pyroclastic

equivalents, ashes , minor basalts (

Clarke et al.,1990, Omenda, 1998a)

Surface-500m

Superficial

(Quaternary)

Olkaria Basalt
Basalt flow, minor pyroclastics and

trachytes (Omenda 1998a)
100-500 Cap-rock

Plateau Trachyte
Trachytes with minor basalts, tuffs

and rhyolites (Omenda 1994,1998a)
1000-2600

Reservoir

(Pleistocene)

Mau Tuffs
Consolidated ignimbrites (Omenda

1994,1998a)
>2600

Reservoir

(Late Miocene)

Pre Mau Formation Trachytes, basalts, ignimbrites unknown Reservoir

Proterozoic Basement

rocks

Gneisses, schists, marbles and

quartzites(Mosley,1993, Smith and

Mosley, 1993, Simiyu et al., 1993)

5000-6000
Basement

(Proterozoic)

Olkaria Intrusion

Granites, Syenite and Basaltic in

composition.  They occur as dykes and

sills cutting through the basement

rocks, tuffs and the trachytic units.

Varying

Intrusive

(Late

Pleistocene-

Holocene
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Fig. 3.2.1-4 Landsat Image of Olkaria V area 

 

Olkaria Basalt beds found in the wells are in many ways excellent marker beds. The top of 

basalt formation is shown in Fig. 3.2.1-5. Big differences are found in the Dome area, which 

may infer NE-SW faulting (Mannvit, 2012). 

 
(Source) Manvit (2012) 

Fig. 3.2.1-5 Top of Basalt formation 

 

(c)  Geothermal Alteration Zone 

Distribution of hydrothermal alteration minerals are unique and a function of subsurface 

geothermal structure. Four hydrothermal alteration mineral zones defined by the first 

Ring Structure 
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appearance of specific index minerals and clays minerals occur in the area (KenGen, 2014). 

 

V Smectite-chlorite-illite zone (<300m.b.g.l 

V Chlorite-illite zone (300-550m.b.g.l) 

V Epidote-chlorite-illite zone (550-1400m.b.g.l) 

V Actinolite-epidote chlorite-illite zone (1400-3000m.b.g.l) 

 

An Epidote isomap and Actinolite isomap are shown in Fig. 3.2.1-6 and Fig. 3.2.1-7 

respectively. Significant hydrothermal alteration is notable at the up-flow zones around wells 

OW-914, OW-916 and OW-915, a region where the high temperature geothermometer minerals 

are observed at shallow depth as compared to the down-flow regions around the ring structure. 

Epidote and actinolite, which form under high temperature geothermal fluid, are distributed in 

the shallow layers around OW-914, OW-915, OW-916, alteration minerals indicating high 

temperature are not observed in OW-917. A comparison of alteration and measured 

temperatures reveal that the system is heating up in the vicinity of wells OW-916, OW-914 and 

OW-915 and possible cooling is evident around the ring structure, and at the Ol Njorowa Gorge 

(KenGen, 2014).  

 

 
(Source) KenGen (2014) 

Fig. 3.2.1-6 Epidote isomap of the Olkaria geothermal area 
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(Source) KenGen (2014) 

Fig. 3.2.1-7 Actinolite isomap of the Olkaria geothermal area 

 

 

(2) Geological Structure Model of Olkaria V area 

A geological structure map of the Olkaria V area is shown in Fig. 3.2.1-8, and a geological cross 

section of the Olkaria V area is shown in Fig. 3.2.1-9. Borehole geology of the study area is 

composed of the Upper Olkaria Volcanics, Olkaria Basalt, Plateau Trachytes and Olkaria 

Intrusion. The Upper Olkaria Volcanics consist mainly of pyroclastics, rhyolite, trachyte and 

tuff, and are distributed from the surface to an altitude of 1500masl (m above sea level) -

1600masl causing numerous instances of circulation loss during drilling. Olkaria basalt is 

mainly composed of basalt lava with minor amounts of trachyte and tuff, and is distributed from 

an altitude of 1100masl to 1500masl. Plateau Trachytes is mainly composed of trachyte with 

minor rhyolite, basalt, tuff, and is distributed at altitudes below 1500masl. Olkaria Intrusion is 

mainly composed of syenitic intrusive rocks. 

 

The Olkaria V area is located inside of the Ring Structure. Considering the geological structure 

from the distribution of Olkaria basalt (Fig. 3.2.1-10), it is estimated that the geological 

structure is depressed toward the west region and divided into several blocks by the fault system 

inside of the Ring Structure.   It is estimated that the fault system of NE-SW and NW-SE are 

dominant inside of the Ring Structure. Olkaria basalt is distributed from an altitude of 1250masl 

to 1550masl in OW-917, which was drilled outside of the Ring Structure and located in the 

highest elevation. In contrast, it is estimated that OW-914 and OW-915 are more depressed than 

the surrounding region. In the E-W cross section (A), it is presumed to have depressed the 

formation towards the west region. In addition, the block of OW-915 is depressed in relation to 

the surrounding region. 

 

Olkaria Intrusions are distributed in OW-915C, OW-915D, OW-916B, OW-917, OW-919A and 

OW-919D. Most of the Olkaria intrusions which are distributed at below 2000m are composed 

of syenitic and rhyolitic intrusion and strongly altered with epidote or actinolite. Circulation loss 

occurs around the intrusive rocks, therefore it is estimated the permeability at their depth is 

high.  
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Alteration minerals of epidote and actinolite are distributed in the shallow layers around OW-

914, OW-915 and OW-916 in the Olkaria V area (Fig. 3.2.1-11). It is indicated that high 

temperature hydrothermal activity is dominant around these regions. On the other hand, to the 

north of OW-915 to OW-921 and outside of the Ring Structure, distribution of high temperature 

geothermometer minerals are deep or actinolite is absent. Therefore, it is indicated that the 

temperature of the hydrothermal fluid is low. 

    

Based on the above, the characteristics of the geological structure model in the Olkaria V area is 

as follows: 

V The Olkaria V area is located inside of the Ring Structure, and it is estimated 

that the NE-SW and NW-SE fault system developed and is divided into several 

block, formations are depressed toward the west region. 

V Actinolite is distributed in the shallow layers around OW-914, OW-915 and 

OW-916 in the Olkaria V area. It is indicated that high temperature 

hydrothermal activity is dominant around this region. Olkaria Intrusions 

composed of syenitic and rhyolitic, are distributed in OW-915C, OW-915D and 

OW-916 at the deeper part of the wells (Fig. 3.2.1-12). Circulation loss during 

drilling occurred around the intrusive rocks, therefore it is estimated the 

permeability of that depth is high. 

V On the other hand, to the north of OW-915 to OW-921 and outside of the Ring 

Structure, distribution of high temperature geothermometer minerals are deep or 

actinolite is absent. It is indicated that the temperature of hydrothermal fluid is 

low. Decrease of the temperature may be due to inflow of cold fluid from the 

Ring Structure of the northern region. It is predicted that fluid flow from the 

north region is associated with the NW-SE or NE-SW permeable fracture 

system.  

 

 
(Source) JICA Study Team 

 

Fig. 3.2.1-8 Geological structure map of Olkaria V area 
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(Source) JICA Study Team 

 
Fig. 3.2.1-9(a) Geological cross section of Olkaria V area A 

 

 

 

 

 
(Source) JICA Study Team 

 
Fig. 3.2.1-9(b) Geological cross section of Olkaria V area B 

 

  

OV: Upper Olkaria Volcanics 

OB: Olkaria Basalt 
PT: Plateau Trachyte 

OI: Olkaria Intrusion 

OV: Upper Olkaria Volcanics 

OB: Olkaria Basalt 
PT: Plateau Trachyte 

OI: Olkaria Intrusion 
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(Source) JICA Study Team 

 
Fig. 3.2.1-9(c) Geological cross section of Olkaria V area C 

 

 

 

 
(Source) JICA Study Team 

 
Fig. 3.2.1-9(d) Geological cross section of Olkaria V area D 

 

OV: Upper Olkaria Volcanics 

OB: Olkaria Basalt 

PT: Plateau Trachyte 
OI: Olkaria Intrusion 

OV: Upper Olkaria Volcanics 

OB: Olkaria Basalt 
PT: Plateau Trachyte 

OI: Olkaria Intrusion 
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(Source) JICA Study Team 

 
Fig. 3.2.1-10 Distribution map of Olkaria Basalt 

 
(Source) JICA Study Team 

Fig. 3.2.1-11(a) Distribution map of epidote in Olkaria V area  

OV: Upper Olkaria Volcanics 

OB: Olkaria Basalt 
PT: Plateau Trachyte 

OI: Olkaria Intrusion 
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(Source) JICA Study Team 

 
Fig. 3.2.1-11(b) Distribution map of actinolite in Olkaria V area 
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(Source) JICA Study Team 

 

Fig. 3.2.1-12 Geological section column 
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