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ABSTRACT: The main concern in the global generation sector was the huge CO2 emissions from the conventional power
generation. In Kenya, the sector prepares 20 year rolling least cost power development plan (LCPDP) for expanding the power
system to meet the current and future power demands. The 2011-2031 LCPDP generation plan proposed a system expansion
that would result in a 33% fossil fuel power generation posing a huge CO2 emission dilemma. Consequently, a green least-cost
generation expansion plan (GLCGEP) was derived from the Kenya’s numerous renewable energy resources. However, the
question of whether or not the plan was preferable over the LCPDP and the way forward for the Kenya’s generation sector
remained unanswered. This study sought the answer to this question through a comparative study of the two generation
expansion plans. The findings of the study established that the GLCGEP would have a relatively modest reserve margin
averaged at 25% and more than US$2.16 billion net revenues by the end of the 2011-31 planning period. Nothwitstanding, the
envisaged energy system showed ample social-economic benefits for green growth. Therefore the research recommended
future studies on modelling grid reliability and stability with high penetration of variable renewable energy sources.
Keywords : generation expansion planning; capacity; reserve margins, carbon credits, system’s cost, net present value.

1.0INTRODUCTION
The world power generation sector is projected to undergo
unprecedented demand growth from 17,408 TWh in 2004 to
33,750 TWh in 2030 at an average annual growth rate of
2.6%. To meet this demand, the sector will built 5,087GW of
which over 75% will come from oil, coal and gas power plants.
Consequently, the carbon-intensive plants are expected to rise
the CO2 emissions from 9600-16400Mt at an annual growth
rate of 2%. The rapidly increasing global emission is the major
cause of global climate change [1]. Consequently, the global
generation sector is faced with enormous pressure to lead the
way in climate change mitigation strategies. Thus generation
companies (GENCOs) in many countries in the world are currently planning towards environmentally-friendly generation
investments [1], [2]. The most popular energy policy measure
towards this course is the use of Renewable energy (RE) as
suitable clean energy option to the conventional carbon intensive plants [3], [4]. Subsequently, more integration of RE in the
power system’s least-cost generation expansion planning
(GEP) is rapidly gaining extraordinary consideration as a sustainable option to security of power and CO2 emission reduction [5], [6]. The system integration also presents a significant
potential for carbon credits as revenues in the generation sector from the carbon market [7], [8], [9]. Furthermore, other
fringe benefits such as health benefits, green jobs and foreign
exchange savings prevail for sustainable development [10],
[11]. In Kenya, the generation sector prepares 20 year rolling
least cost power development plan (LCPDP) at the energy
regulatory commission (ERC) for expanding the power system
to meet the current and future power demands. The 20112031 LCPDP under the focus of this study had projected a
hydropower and heavy fuel oil (HFO) dominated power generation [12] that posed serious challenges. The hydros were vulnerable to acute energy shortfalls due to the frequent
droughts. On the other hand, the HFO and the planned conventional coal plants posed the CO2 emissions dilemma [13],
[14]. These were crucial issues for urgent attention by energy
planners. Consequently, a study by [15] on green-based GEP

using the Wien Automatic software package (WASP) IV was
carried to derive a green least-cost generation expansion plan
(GLCGEP). Although a 78% capacity expansion plan was
achieved from the portfolio of enormous under-exploited RE
resources in Kenya, the question of whether or not the plan
was preferable over the LCPDP and the way forward for the
generation sector remained unanswered. This study sought
the answer to this question through a comparative study of the
two generation expansion plans. This paper is divided into six
sections. The section two gives an overview of the two generation expansion plans. Section three presents the methodology.
Section four presents the results. Section five gives the discussion and lastly six present the conclusion and recommendations for future research.

2.0 OVERVIEW OF THE GENERATION EXPANSION PLANS
2.1 THE 2011-31 LEAST COST POWER DEVELOPMENT PLAN
(LCPCP)
The least cost generation expansion plan in the LCPDP was
derived to meet the projected energy demand over the 20112031 planning period. Table 1 illustrates the generation capacity expansion plan by fuel type for the LCPDP. The hydropower
dominated capacity in the base year was varied by capaccity
additions to geothermal dominated by 2031. Thus, by 2031,
26% of the planned capacity was expected to come from geothermal, 19% from nuclear (starting in 2022) and 13% from
coal (starting in 2015). Furthermore, others were 11% from
natural GT (starting in 2020), 9% each from HFO, wind & hydropower imports from Ethiopia and 5% from local hydropower.
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comparison to the rest of the planning period, the generation
system had the least reserve capacity of 12.6%. The rising
RE capacity additions at an average rate of 901MW per annum varied the system’s capacity in the base year to
19828MW at 16905MW peak demand in 2031. By 2031, the
generation capacity will be 78% RE and dominated by geothermal (40.8%) wind (19.2%) with a reserve of about 17%.
Table 3: GLCGEP Capacity (MW)

Source: (12)
On the other hand, the generated energy of the LCPDP was
projected to grow steadily from 7160GWh in the base year to
105773GWh in 2031. Table 2 presents the LCPDP energy mix
by fuel type.
Source: (15)

Table 2: LCPDP Energy Mix (GWh)

The generated energy GLCGEP was projected to grow steadily over the entire planning horizon while meeting the requisite
demand. Table 4 presents the GLCGEP energy mix by fuel
type. The results show that the supply mix will rise steadily
from 7721GWh in the base year to 105766GWh in 2031.
Table 4: LCPDP Energy Mix (GWh)

Source: (12)
2.2 GREEN-LEAST COST GENERATION EXPANSION PLAN
(GLCGEP) FOR KENYA
The GLCGEP capacity by fuel type was derived as shown in
table 3. The results show that the generation capacity was
1382MW at a peak demand of 1227MW in the base year. This
was predominated by hydropower (55%) and HFO (24%). In
Copyright © 2015 IJTEEE.
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3.0 METHODOLOGY
This was a comparative analysis study of the reference scenarios of the GLCGEP alongside the LCPDP for the 20112031 planning period the demand forecast held constant. It
involved an assessment of the two generation expansion plans
based on their relative installed capacity, energy & CO2 emissions/credits and net present value (NPV). These criteria enabled the establishment of the competitive advantages of the
GLCGEP over the LCPDP. The CO2 emissions for the
GLCGEP and the LCPDP were determined using the relevant
emission factors from the 2014 US Climate Registry. In each
scenario, the energy technologies considered varied in the
emission factors based on their environmental pollution extents. Table 5 displays the emission factors for the energy
generation technologies considered in the study.
Table 5: Emission Factors for Generation Technologies
Figure 1: OGLCGEP and LCPDP Generation Capacities

The annual CO2 emission for the given energy technology in
the planning period was computed using equation (1).

(1)
The total CO2 emission for each technology in the period was
established as the sum of the annual emissions in each generation expansion plan. The CO2 difference between the plans
was the avoided emissions that earned certified emission reduction (CER) at the rate of US$ 3.11 per ton of CO2 emitted.
This was the conservative prevailing carbon market rate at the
time of this research.The NPV of the GLCGEP was extracted
from [15]. Similar results were computed for the LCPDP for
comparative analysis study.

4.0 RESULTS
4.1 CAPACITY MIX
In the base year, the GLCGEP had an installed capacity of
1382MW; 19MW more than the LCPDP each against a peak
demand of 1227MW. Figure 1 shows the generation capacities
for the GLCGEP and the LCPDP. In these figure, the results
show that the GLCGEP and the LCPDP were both predominantly hydropower (55%) and HFO (24%). None had natural
gas, nuclear, imports, solar PV and coal generation plants.

Additionally, the increasing annual capacity additions over the
same planning period were projected to vary the GLCGEP to
19828MW against a peak demand of 16905MW with average
reserve margins of 25% by 2031. On the other hand, the
LCPDP would rise to 21620MW at 28% average reserve margins; 1792MW capacity higher than the GLCGEP against the
same peak demand. Apparently, these LCPDP capacity
growth trends will provide excess capacity from 2018 onwards
over the peak demand unlike the GLCGEP. By the end of the
planning period, geothermal generation will dominate both the
GLCGEP (40.8%) and the LCPDP (25.6%). However, its capacity will be 2563MW higher in the GLCGEP. Wind was the
other fairly predominant generation plant at 19.5% (GLCGEP)
and 9% (LCPDP). On the contrary, the major fossil power
generation from coal at 2720MW and net HFO at 1494MW in
the LCPDP would prevail over the GLCGEP. Subsequently,
the GLCGEP will be highly integrated with renewable energy
(RE) hence 78% green while the LCPDP 49% green by 2031.

3.2 ENERGY, CO2 EMISSIONS & CREDITS
The planned energy system for the GLCGEP would supply
7721GWh in the base year steadily rising to 105766 GWh
2031. This will be unlike the LCPDP which will supply
7160GWh to 105773 GWh during the same period. Consequently, the two energy systems emitted varied CO2 emissions
due to their different generation capacity portfolios. Figure 2
presents the CO2 emission profiles for the GLCGEP and the
LCPDP.
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Table 7: LCPDP Energy Mix (GWh)

Figure 2: GLCGEP and LCPDP CO2 Emissions
The results show that in 2014, the GLCGEP emitted about 0.2
MtCO2; one third of the LCPDP. This was the lowest emission
for each case during the entire planning period. The trend over
the planning duration shows a higher rate of emissions from
the LCPDP than the GLCGEP. In 2031, the GLCGEP will emit
about 2.0 MtCO2 approximately half of the LCPDP emissions.
This will be the highest probable emissions from the GLCGEP
over the planning period. In total, the GLCGEP will emit 18.1
Mt CO2 lower compared to 38.3 MtCO2 from the LCPDP. Consequently, there will be significant annual net avoided emissions on the GLCGEP over the LCPDP. Table 6 presents the
avoided CO2 emissions and carbon credits on the GLCGEP.
On aggregate, a total of 20.2 Mt CO2 avoided CO2 emissions
will be realized worth US$ 62.9 million on the GLCGEP.
Table 6: Avoided Emisssion & Carbon Credits

4.3 GENERATION ECONOMICS
The relative energy system’s cost and net present value (NPV)
for system expansion for the GLCGEP and the LCPDP were
studied. Table 7 shows the financial inflows & outflows for the
GLCGEP and the LCPDP. The results show that the energy
system’s cost for the GLCGEP will be consistently higher that
corresponding values in the LCPDP from the base year to
2031.

However, the trends in the net revenue accrued show that the
GLCGEP’s energy system will grow towards a net positive
NPV at a higher rate than that of the LCPDP. In fact, the
GLCGEP will cross the zero NPV between 2029 and 2030
while the LCPDP will remain in the negative NPV even at the
end of the planning period. The GLCGEP will have an NPV of
US$ +2.16 billion unlike the US$ -0.31 billion for the LCPDP
by 2031.

5.0 DISCUSSIONS
Comparatively, both generation expansion plans will have the
capacity to meet the requisite energy demand as evident in
figure 1. However, the LCPDP at 28% reserve margins on average will consistently provide excess capacity from 2018 to
the end of the planning period. Consequently, probable idle
capacity would prevail if proper plans were not in place for
excess capacity utilization. According to [3], [5], [6], a 15-25%
reserve margin was modest for sound reliability. Thus, the
GLCGEP’s 25% will be sufficient for the prevailing demand
without excess idle capacity like the LCPDP. As a matter of
fact, no planned energy system was absolutely emission free
as both generation plans depicted significant emission profiles.
Since, the GLCGEP had more integration of RE than the
LCPDP; it was projected to emit lower CO2 emission than the
LCPDP. In figure 1, it was shown that the GLCGEP will emit
18.1MtCO2 compared to 38.3Mt CO2 for the LCPDP by 2031.
Consequently, an estimated 20.2 Mt CO2 of avoided emissions
on the GLCGEP will prevail on the envisaged system over the
LCPDP’s system. According to Shende et al. (2014), the
avoided emissions on the system will generate carbon credits
entitled certified emission reduction (CER) traded on the carbon market at prevailing rates. Without, the energy system in
the GLCGEP will present more business opportunities to the
Kenya’s generation sector arising from carbon credits similar
to the ones acknowledged by [7], in India. According to the
researcher, through the CDM under the Kyoto Accord, numerous RE projects for enhancing environmental sustainability
can be developed. Thus, the GLCGEP with an integration of
78% RE encompass potential projects similar to those documented by [8], [9] for CDM candidacy. Nevertheless, low car-
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bon credits’ revenue due to low carbon market prices discourages implementation of CDM in many countries as observed
by [9]. The researcher further includes other shortcomings like
the long periods for validation, registration and issuance of the
CERs for CDM projects take and fraud & forgery of CDM projects. These challenges besides theUS$62.9 million carbon
revenue over the 22 year planning period from the GLCGEP
will be a great hindrance to Kenya’s quest for green generation
growth via CDM. However, from literature by [5]; [10], [11];
numerous RE generation benefits such are green jobs, health
benefits and foreign exchange earning & savings were forthcoming for green growth in developed and developing countries. Thus, the ‘green’ fringe benefits will top-up the meagre
carbon revenues to an invaluable price for the low carbon
Kenya pending the resolution of the carbon market bottlenecks
by relevant stakeholders. The RE based GLCGEP energy
system will be a rather costly than the LCPDP in terms of system’s cost because traditionally RE have higher upfront investments costs. Nevertheless, RE generation portfolio effectively minimized the cost by generating higher revenues from
its investment. This was why the GLCGEP was projected to
generate consistently higher NPVs than the LCPDP throughout the planning horizon. Notwithstanding, the invaluable economics of the green generation investments were not accounted in this NPV computation. At an NPV of US$ +2.16
billion unlike the US$ -0.31 billion for the LCPDP by 2031, the
energy system envisaged in the GLCGEP was more feasible.
These project characteristics’ of a higher and positive NPV for
the system was consistent with [3], [5], [6] remarks on economic evaluation of feasible projects.

6.0 CONCLUSION AND RECOMMENDATION
Comparatively the envisaged energy system in the GLCGEP
was a better compromise against the LCPCP because over
the planning period, it was projected to have more reasonable
average reserve capacity of 25%, ample social-economic opportunities for green growth and more than US$ 2.16 billion
net revenues on the generation investment. As a matter of
fact, the green-based generation expansion projects will be
feasible and sustainable GENCOs in the long-run. In this case,
the way to go will be planning to generate green power for
security of supply and sustainable development. Therefore,
the research recommends future studies to focus on modelling
of Kenya grid reliability and stability with high penetration of
variable renewable energy sources.
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