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The Intergovernmental Panel on Climate Change (IPCC) 2021 report has noted the perceived rise in severe weather phenomena such as heat radiations, hurricanes, flooding, and droughts and the rising scientific evidence attributing these events to anthropogenic sources of climate change. Cameroon as a nation is equally exposed to these climate vulnerabilities, and contributing to global climate efforts is imperative. She has earmarked the integration of 25% renewables in its electricity production mix and a 32% emission reduction, all as part of her commitment to global climate action. The fresh commitments coupled with a rapidly growing power demand have paved the way for a revolutionized approach to electricity generation in Cameroon. However, the imminent changes, as well as their implications, remain uncertain. This study explores how these emission reduction targets can be achieved through the adoption of a more sustainable power transition, which provides realistic solutions for emission reduction, escaping high carbon pathways. The assessment of the level at which long-term electricity generation scenarios in Cameroon could be renewable energy intensive was done using the Low Emissions Analysis Platform (LEAP) tool following a backcasting approach. The study noted that there is an implementation gap between earmarked policy ambitions and existing measures. The study recommended several opportunities in aspects, such as suitable share of technologies, administrative reforms, and required adjustments within the Nationally Determined Contributions (NDCs), which the government could exploit in the electricity sector to sail across the challenging trade-offs needed to become a sustainable economy in a carbon-constrained world. It equally examines actions that could help close the gap between earmarked policy ambitions and existing pathways and proposes cost-effective methods that were identified as priorities.
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1. Introduction

Global action toward increasing clean energy technologies is growing due to the role they play in energy security and climate change mitigation, as well as their perception as the most economically viable option (Iweh et al., 2021). As the perception is rising in the African continent, there are potentials to leapfrog the conventional centralized power grid model of energy supply to a more sustainable grid powered by renewables (Iweh et al., 2022a) since the uptake of clean energy technologies comes with extra benefits for economic productivity and socioeconomic development (Sen and Ganguly, 2017; Singh and Nyuur, 2019). Renewable energy makes up a small share of overall global primary energy consumption, contributing ~12% in 2020 (IRENA, 2021). The share of RE in the global electricity generation mix has experienced a surge in recent years, evidenced by a 16% growth from 2009 to 2019 (IRENA, 2020a). With over 271 MW of RE technologies added in 2020, global RE capacity for electricity generation reached 2,799 GW, contributing over 29% in 2020, according to the International Energy Agency (IEA). Driven by a drastic reduction in capital costs, the added capacity mainly constitutes solar photovoltaic (PV), wind energy, and hydropower (IRENA, 2020a). The installed capacity of renewables is projected to exceed 4,800 GW by 2026 (IRENA, 2021). However, this projected increase is mainly expected in the global north, with Europe, the United States of America, China, and India accounting for over 80% of this capacity. Despite the acute need for electricity in Africa, the continent contributes only 3% of the world's electricity generated from renewables even though there exist abundant RE potentials (IRENA, 2021; IRENA AfDB, 2022).

Cameroon, like most African nations, has contributed insignificantly to global greenhouse gas (GHG) emissions, with ~0.03% (6.5 MTCO2) only in 2019 (IEA, 2020a), and she has, however, set targets to further reduce her emissions. Among other international conventions, she has most recently ratified the Paris Climate Agreement, where various countries have set targets to transition to greener and environmentally friendly energy generation (UNFCCC, 2016a). The government has adopted the National Development Strategy for the period of 2021–2030 (MINEPAT, 2020; Bodjongo et al., 2021) with the main objectives of improving economic growth, accumulating national wealth, and advancing the necessary structural reforms that will facilitate the country's industrialization. To meet this goal, Cameroon intends to increase the installed power capacity to 5,000 megawatts (MW) by 2030 through diversified generation comprising hydroelectricity, solar, thermal (using natural gas as fuel), and biomass-powered power plants (Power Africa, 2019). The installed capacity during the first phase of “Vision 2035” (2010–2020) improved from 933 to 1,650 MW with a shortage of 1,350 MW when compared to the envisaged target of 3,000 MW in 2020 (MINEPAT, 2020). The national electricity access rate in Cameroon is 70% (IEA, 2020b) and has grown considerably compared to the previous years due to a series of projects such as the newly constructed Memve'ele hydroelectric station, the recuperation of the Limbe power plant, and the implementation of some solar photovoltaic (PV) projects. The urban electricity access rate is 98 and 32% for rural areas (IEA, 2020b), implying that an estimated 68% of rural communities are without electricity access in Cameroon. These statistics, which are a reflection of what is obtainable in other countries in sub-Sahara Africa (SSA), convey a narrow part of the reality as it conceals the repeated power outages as a result of the epileptic, outdated, and extremely unstable power grids in this region (Cole et al., 2018). This stresses the crucial necessity for more reliable and efficient unconventional energy systems. This shortfall in power production retards the expansion of economic activities and private investment.

Cameroon, in her NDCs, has earmarked a 25% RE share (excluding hydropower capacity exceeding 5 MW) in the power generation mix and a 32% reduction of GHG emissions (Cameroon Ministry of External Relations, 2015). This measure is quite an urgent step taken by Cameroon, especially as several countries are setting fresh long-term net zero targets or updated Nationally Determined Contributions (NDCs) (UNFCCC, 2016b) in the wake of the 26th Conference of Parties (COP26) held in November 2021. Advancing the renewable energy transition in Cameroon will simultaneously reduce emissions and narrow the irreconcilable difference between rural–urban electrification rates in the country. The dynamics of power demand and supply in Cameroon are pitiably irreconcilable, and the sector presents huge prospects for meeting the Paris Climate Accord through widespread renewable energy deployment. The question of what extent the various RE sources (hydro, wind, biomass, and solar) could contribute to Cameroon's electricity generation mix has not been adequately studied by scholars. While the earmarked 25% of renewable power injection has a huge potential to revolutionize Cameroon's power generation mix, government's current energy plans have not adequately captured the extent to which this can be achievable since the imminent changes, as well as their implications, remain uncertain. Therefore, the study aims to fill the literature gap in the Cameroon power sector by answering three fundamental questions facing the electricity sector:

• Do the current electricity generation expansion pathway and the RE deployment trend meet the 25% RE target in the generation mix by 2035?

• Is the current electricity generation expansion pathway the most cost-effective pathway or technology mix for attaining a 25% RE target?

• What alternative generation expansion pathway has the ability to meet the 25% stated RE target and on recent RE deployment trends?

Consequently, this study explores how the planned 25% renewable injection in the Cameroon NDCs could be achieved through the development of a backcasting energy model using the LEAP tool. This model, to the best of our knowledge, is the first integrated energy model for Cameroon available in the energy studies literature. This approach is pertinent for Cameroon as most of the available literature (Bautista, 2012; Lkhagva, 2014; McPherson and Karney, 2014; Senshaw, 2014) has used LEAP models in different countries. This study adds to the literature on LEAP-based country-level studies on power sector planning scenarios in Ghana (Awopone et al., 2017a), Ethiopia (Senshaw, 2014), Greece (Roinioti et al., 2012), and Taiwan (Huang et al., 2011). The study conducted RE allocation-based analysis in the power network and evaluated their potential economic and environmental impacts on Cameroon's power sector. The model used local energy statistics and data on the recent and future plans regarding energy production and transformation in Cameroon. These data were supported by economic and demographic information as well as the GDP. The study finally suggests the need to review and update the existing RE policies and master plans as well as the current NDC document with readjustment in the renewable quotas and timelines allocated to the various technologies as outlined in the modified scenario. The article highlights the RE deployment trends in the country to trigger policy discussions among stakeholders.

This study starts with a presentation of the Cameroon country profile with an overview of the existing situation in the Cameroonian energy sector. The article further reviews the state of energy supply and consumption in Cameroon. Part of the study involved a quantitative description of the climate change vulnerability in Cameroon and a synopsis of initiatives and policy decisions undertaken in Cameroon. Moreover, the study describes the LEAP tool adopted in the study where aspects like scenario setting, future electricity demand and supply, GHG emissions assessment, cost and benefit study, and cost-optimized power generation. In addition, the study discusses the results obtained from the various scenarios with emphasis on sustainable policy impact in the country. The study concludes with some recommendations, citing some available options that the government could use to advance clean energy in the country.



2. Methods, materials, and the rationale

This study is an analytical and informed evaluation of the state of the electricity sector in Cameroon and some proposed reforms to drive the renewable energy (RE) transition in the power sector. The LEAP tool was used in modeling and simulating the scenarios following an energy backcasting approach. The backcasting energy modeling approach explores past events based on the already known information, i.e., stating a desired future and subsequently working backward to determine strategies and policies that are going to link the future to the existing situation (Brandes and Brooks, 2005). The forecasting approach explores future scenarios with no prior knowledge using the assessment of existing trends (Holmberg and Robèrt, 2000), and this is seemingly the most commonly used modeling method. LEAP is an acronym for Low Emissions Analysis Platform, formerly called Long-range Energy Alternatives Planning, a property of the US-based Stockholm Environment Institute (2021) used in energy policy and climate change evaluation. This tool has seen applications in energy consumption monitoring, sectorial energy resource management, and energy-based greenhouse emission accountability (Lee et al., 2008; Huang et al., 2011; Taoa et al., 2011; Bautista, 2012; Lkhagva, 2014; McPherson and Karney, 2014; Senshaw, 2014; Kemausuor et al., 2015). The current study is on a developing country like Cameroon, with the most often scanty data to build a comprehensive energy model. Hence the LEAP tool is appropriate for the research because it is effective in monitoring energy consumption and conversion in developing countries; it has the capability of setting up energy integration scenarios with a rich environmental assessment database; it comprises several energy technologies with both clean power technologies for industrialized nations and conventional systems (common in emerging nations), and above all, the tool requires relatively less initial data with the possibility of improving the model when complete data for the research area becomes available. The power transition model takes into consideration all the existing and future power plants from the reference year of 2015 to the target year of 2035. Three scenarios are developed, and the allocation of power generators to meet the electricity demand at a particular time is based on the 25% renewable energy target in the Cameroon NDCs by 2035, the GDP, the load duration curve, and the mean plant capacity factor which are entirely stated exogenously. The cost of power generation from specific technologies over time, the carbon tax, and power losses from transmission and distribution (T&D) networks are also considered. The key outputs obtained from the scheme is the growth of electricity generation through various technologies, comprehensive economic inferences of the modeled scenarios, and the trend of emissions from the base year (2015) through 2035.

The Cameroonian LEAP model offers a backcasting energy approach to Cameroon's energy sector, and it is, so far, the first attempt in the Cameroonian context. The three unique scenarios explore the probability of delving into the huge prospects in Cameroon's energy future. With many sources of uncertainty in the future, using several modifications in the scenarios increase the opportunity of identifying a potential future energy pathway for achieving the Cameroon NDC target. This research contributes to augment the policy literature on the available options for improving the deployment of renewable energy, specifically by analyzing the energy supply/consumption of Cameroon, climate change vulnerability, the state of the power sector, and proposals to mitigate these challenges. This is done through the evaluation of the impact of policy (NDCs assessment), cost–benefit study, and cost-optimized power generation.

Data for this study were obtained from the Cameroon Ministry of Economy, Planning and Regional Development (MINEPAT, 2009a), the Cameroon Ministry of Energy and Water Resources (MINEE, 2015), and Cameroon's National Institute of Statistics (Institut National de la Statistique, 2016), annual reports of the country's energy utility (ENEO, 2019), and the Electricity Sector Regulatory Agency (2015), country reports from international institutions such as the International Renewable Energy Agency IRENA (2020b), World Bank (2021), and IEA (2021). Supplementary sources of information were obtained from energy policy-related official documents, desk studies, and online literature. A clear methodology to develop these pathways would assist in informing policy, evaluating required modifications to the current trajectory, enhancing comprehension and acceptance of the proposed ways of meeting the NDC renewable energy targets, and assuring investors that renewable energy transition can be achieved in Cameroon. Figure 1 shows the methodology for the analysis.


[image: Figure 1]
FIGURE 1
 Chart of the method used in the simulation.


Focusing on the electricity sector makes an interesting case since research on industry and country level in Africa shows huge consequences as a result of interrupted electricity network: As the occurrence of power outages increases by 1%, the output of a firm is estimated to reduce by 3.3% in a short run, and the gross domestic product (GDP) per capita reduces by 2.9% in the long run (Andersen and Dalgaard, 2013; Mensah, 2018). The disruption of services, such as electricity, and water, heavily impacts small firms with a low ability to cope, and this limits entrepreneurship and competition (Alby et al., 2013; Poczter, 2017). Moreover, defective utility infrastructure reduces the number of industries hosted by a country and hence weakens its attractiveness to international investors (World Bank, 2019). These dynamics usually fall back on the citizens through reduced employment and increased costs for consumers. The Cameroon Ministry of Economy, Planning and Regional Development reports losses of 5% of annual GDP as a result of an insufficient and unreliable supply of power. Hence, there is an urgent need for reliable and sufficient power supply because the distressing rationing system, the reduced industrial activity, the loss of jobs, and disturbances in public life are revelations of what presently seems to be a recurrent hindrance to Cameroon's development program.


2.1. Conception of scenarios

The study built scenarios from a common reference scenario, out of which three additional scenarios (alternative) were generated to achieve a RE-intensive and low-carbon power system in Cameroon. The three other scenarios developed are the stated scenario, the modified scenario, and the optimized scenario. The reference scenario was conceived from the Cameroon government's energy policy ambitions in the Electricity Sector Development Plan, the RE Master Plan, and the Rural Electrification Master Plan (REMP) (MINEE, 2006; AER, 2017; Korea Energy Economics Institute, 2017), which runs from 2015 to 2035. These three other scenarios (alternative) assess the possibilities and costs of meeting Cameroon's NDC targets by 2035. Based on the methodology for scenario planning originally presented by Schwartz (1991), a five-step scenario development approach was adopted. These steps consist of (i) identification of the focal issue to be examined; (ii) determination of key factors influencing the focal issue; (iii) evaluation of key factors to get the critical factors; (iv) selection of scenario logic based on the identified critical factors; and (v) analysis of resulting scenarios. This adapted methodology was used to develop the business-as-usual scenario and the three alternative scenarios. The three scenarios express various pathways to achieving the 25% renewable energy target earmarked in the Cameroonian NDCs. These scenarios are characterized mainly by progressively more aggressive allocation of the RE technologies into the power generation mix.


2.1.1. The business-as-usual (BAU) scenario

The BAU scenario is based on the nation's current electricity generation trajectory and planned power system measures as outlined in the policy document on the Energy Sector Development Plan (PDSEN) (MINEE, 2006; Korea Energy Economics Institute, 2017) with objectives to exploit Cameroon's abundant hydropower potentials, conversion of older oil-powered plants (Limbe, Ahala, Logbaba, Dibamba, Bamenda, Oyomabang, Mbalmayo, and Ebolowa thermal plants) to natural gas plants while increasing capacities of existing natural gas plants (Kribi gas plant). Development of renewable energy technology sees a slower growth rate compared to adoption rates in the RE Master Plan and Rural Electrification Master Plan (REMP) (AER, 2017; Korea Energy Economics Institute, 2017), the NDCs (Cameroon Ministry of External Relations, 2015), and the “Vision 2035” (MINEPAT, 2009b). This policy document shows the country's 20-year power generation plan, where investments in power generation will be guided by the pillars in the report. The BAU scenario presents the evolution of Cameroon's power generation from 2015 (base year) up to the year 2035 with no substantial new power sector policies except the pre-existing ones considered in the scenario. New capacity under this scenario and alternative scenarios is assumed to be added in 2022. Electricity demand projections are mostly influenced by projections in GDP and increase in population. In the base year (2015), power generation in Cameroon was dominated by hydropower (55%), followed by fossil fuel (44%) and, finally, renewables (1%). The total installed capacity used in the base year was 1,361.50 MW, and the various capacities are shown in Table 1. These data were obtained from the Cameroon Ministry of Energy and Water Resources.


TABLE 1 Installed power capacity in Cameroon in 2015.
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2.1.2. The stated scenario

Cameroon NDC targets aim to achieve a 25% share (5,953.8 GWh out of the 23,815.2 GWh) of RE in the generation mix by 2035, as stated in the NDCs (Cameroon Ministry of External Relations, 2015). Unlike the BAU scenario, the stated scenario assumes the renewable energy target is met in the initially specified generation ratio on the policy document submitted by the government to the UNFCCC's secretariat. This scenario is the basis for the backcasting approach used in this study. The renewable energy ambitions within the Cameroon NDCs anticipate power generation by 2035 from non-renewable large hydro (15,607 GWh), small hydro (2,579 GWh), wind energy (464 GWh), solar PV (1,345 GWh), biomass (1,611 GWh), and natural gas (1,882 GWh). In the same scenario, there are plans to generate electricity from petroleum products for up to 928 GWh with no intentions to use coal-fired power plants. Unlike the BAU scenario, the stated scenario assumes the renewable energy targets are met in the officially specified energy generation ratio. Figure 2 shows the percentage of the various sources of power used in this scenario.
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FIGURE 2
 Percentage of the various sources of power used in the stated scenario.




2.1.3. The modified scenario

The modified scenario was conceived on the basis that the renewable energy mix in the BAU and stated scenarios (official NDC targets) do not represent the ideal renewable energy mix in Cameroon. For example, an 11% target of small hydro (Figure 2) in the total generation mix by 2035 amid abundant solar resources raises concerns about the applicability and sustainability of small hydro installations in Cameroon. A 7% biomass share (Figure 2) also raises economic concerns with regard to the food–energy nexus in addition to the unpopular nature of processes involved in biomass-powered plants (such as pyrolysis, gasification, fermentation, and combustion), especially in developing countries like Cameroon. Depending on feedstock properties, power generation from biomass also raises environmental issues, among others, like terrestrial acidification and particulate matter formation (Paletto et al., 2019). There were no considerations in the NDCs to identify generation technologies that have the potential to generate the least cost and more adaptable power in the Cameroonian context. This aspect is essential because it guides decisions in determining the most economical generation expansion plan since investment in power technologies mostly depends on cost and emission capacity. Thus, the various technology targets in the NDCs do not express the least-cost pathway for renewable energy development in Cameroon, and there is, therefore, a need to redevelop the Cameroon NDC scenario that considers actual realities like resource availability, ease of use of technology, access to system components and economic viability of the technology. The modified scenario is different from the stated scenario in that the various renewable energy technology share targets were developed based on the researchers' knowledge of Cameroon's power system structure, levelized costs of energy (LCOE), and applicability of each technology, and the country's rural electrification targets.



2.1.4. The optimized scenario

The optimized scenario typically seeks the least-cost pathway to achieving the 25% renewable energy target by 2035. The main difference between the optimized and the other scenarios is that the LEAP and the OSeMOSYS optimization model were enabled to endogenously add the required capacity necessary to meet demand and the 25% renewable energy target. The optimized scenario aimed at identifying the generation expansion pathway that adequately meets electricity demand at the lowest discounted net present value (NPV) costs over the entire study period. The cost minimization objective in OSeMOSYS was subject to constraints of capital costs, fixed and variable operation and maintenance costs, and externality costs. The dispatch and capacity addition were also determined by the LEAP/OSeMOSYS framework (Awopone et al., 2017a; Stockholm Environment Institute, 2022). OSeMOSYS is an independent optimization tool that has been integrated into the LEAP environment and used for long-term energy planning. It is modular and capable of building sophisticated energy models with relatively small data requirements. This scenario operates on the assumption of a more aggressive policy instrument with high goals of radically increasing economic growth and the country's commitment to cheap, environmentally friendly energy technologies than the modified scenario. This scenario also assesses the total cost of achieving the 25% renewable energy target from 2015 to 2035, unlike the modified scenarios, which start the assessment in 2022.



2.1.5. Main assumptions in the model

The base year of 2015 and a bottom-up scenario modeling methodology were utilized for this study. The year 2015 was chosen due to data availability and its overlapping nature on most future energy expansion documents in the country. This also provided an opportunity to validate the model results against subsequent past years. Hydropower installations of ≤ 5 MW in Cameroon are classified as RE systems. The RE sources considered in this study are small hydro, solar PV, wind, and biomass. A fixed discount rate of 10% was considered for the duration of the study.

Cameroon's GDP under all scenarios was assumed to grow from USD 32.21 billion in 2015 to USD 82.06 billion, an average growth rate of 5% annually (World Bank, 2021). The population was also assumed to grow at 2.5% annually, i.e., from 23.3 million in 2015 to 38.18 million by 2035 (World Bank, 2021). A household size of 5 was used for this study (United Nations, 2014; World Bank, 2021). However, total national electricity needs were projected to rise at an annual average of 6.7% from 2015 to 2035, according to official projections from the RE master plan and the PDSEN (MINEE, 2006; Korea Energy Economics Institute, 2017), and this value was used in the model. Household electricity access rates were also assumed to grow according to national projections. In addition, T&D losses increased from 36.27 in 2015 to 38.93% in 2019 and were then assumed to reduce to 25% by 2035 (ENEO, 2017, 2019). This assumed power loss reduction is based on the utility company's earmarked measures, such as the deployment of prepaid meters and the Supervisory Control and Data Acquisition (SCADA) systems intended to reduce system losses. The reserve margin was also assumed to grow from 5% in 2015 to 10% by 2035. The total electricity demand in Cameroon was 5.41 TWh in 2015 (ENEO, 2017), with an overall installed power capacity of 1,315.79 MW (MINEE, 2015) consisting mainly of large hydro (55%) fossil fuel (44%) and renewables (1%). An hourly temporal resolution was considered to account for the intermittency of variable RE sources. Thus, a yearly shape consisting of the total electricity demand of Cameroon for each hour of the year (a total of 8,760 h) was used. Figure 3 shows the annual shape of electricity demand used in the study.


[image: Figure 3]
FIGURE 3
 Annual shape of electricity demand in Cameroon in 2019 (source: authors' construct from data provided by ENEO).


The costs of electricity generation by technology considered in this study are the capital costs and operation and maintenance (O&M) costs. These costs (Table 2) were obtained from IRENA Renewable Energy Costs 2019 (IRENA, 2020b) and the NREL Annual Technology Baseline (National Renewable Energy Laboratory (NREL), 2020). Fossil-fuel price projections over the study period were obtained from the World Energy Model 2020 and the Annual Energy Outlook 2021 (Energy Information Administration (EIA), 2021; IEA, 2021). Natural gas prices were projected to increase from 3.2 $/mBtu in 2015 to 3.8 $/mBtu in 2035, while crude oil prices increased from 40.76 $/barrel in 2015 to 110.4 %/barrel in 2035. Table 2 shows the cost of generation technology, while Table 3 shows the fuel cost projections used in this study.


TABLE 2 Technology costs data considered in this study.
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TABLE 3 Fuel prices considered in the study.
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For the characteristics of the generation technology used in the model, Table 4 summarizes the capacity factors and the power factors of the plants. The study assumes that there are sufficient transmission and distribution capacity and grid improvements over the course of the generation expansion period.


TABLE 4 Power generation technology characteristics in the study (International Renewable Energy Agency, 2020).

[image: Table 4]

The seasonal profiles for solar PV, wind, and hydropower in the LEAP model were considered as annual average values, and they were modeled in the form of availability. Availability or the availability factor is the percentage of time a power plant can generate electricity in a specified period (8,760 h for this study) (IEA, 2020b; Stockholm Environment Institute, 2021).




2.2. Sensitivity analysis

Although perfect foresight is assumed in this study, electricity generation costs are dependent on several factors, such as discount rates, technology capital costs, O&M costs, and feedstock fuel costs. These factors are largely uncertain and cannot be accurately forecasted. However, feedstock fuel costs are arguably the most volatile, given that they depend largely on external stimuli. Thus, a fuel price sensitivity analysis is conducted to assess the impact of feedstock price changes on the cumulative costs of the scenarios. A fuel price uncertainty of ±50% was adopted in this study. This assumption stems from the high instability of fossil-fuel prices in recent years.




3. Cameroon country profile

Cameroon is within the Central Africa sub-region, and the country is situated at a latitude of 6° North and a longitude of 12° East (Kwaye et al., 2015). The country is exposed to a fairly good solar radiation, with an average value of 4.9 kWh/m2/day (IEEE, 2018). Electricity generated from hydro resources dominates the generation mix, and only <5% of the country's potential is under exploitation (ANDRITZ Hydro, 2019). Despite the enormous RE potentials, Cameroon has no clear RE policy to harness these resources for power generation (Njoh et al., 2019). The country's institutional energy policy structure provides some faint information on government's position toward renewables as a possible source of power generation in Cameroon. Again, this is only limited to some renewables like solar, hydro, and wind with no details on how private stakeholders' interest can be guaranteed if they decide to invest. These modern energy services provide a huge potential for local community empowerment since the resources can be exploited locally and at a small scale, supporting rural development and electrification. However, this requires strong policy objectives, enabling regulations and a balanced institutional setup in addition to viable business models to accelerate renewable energy deployment.

At the national level, according to the Ministry of Finance, the economic growth rate was estimated at 3.9% in 2019, compared to a 4.1% rate recorded in 2018. This drop in economic activity falls within a context characterized by the persistence of the socio-political crisis in the North West/South West Regions, as well as the terrorist threats in the Far-North Region, the fire incident at the National Oil Refinery that occurred in May 2019, and a significant increase in oil and gas production. Concerning inflation, it rose significantly by 2.5% in 2019 compared to 1.1% in 2018 (ENEO, 2019).


3.1. Cameroon energy supply/consumption

The primary supply of energy in Cameroon comes from biofuels and waste (70.58%), followed by crude oil (20.17%), natural gas (5.34%), hydropower (3.90%), and other renewable sources (0.01%) like solar, geothermal, and wind. Historical trends in energy supply showed a steady rise in energy supply from 1990 to 2005, with a recession from 2005 to 2007 before steadily rising right up to 2018 (Figure 6) (IEA, IRENA, UNSD, World Bank, WHO, 2020). The most used forms of energy in the country are biomass (74.22%), petroleum products (18.48%), and electric power (7.30%). The country's overall energy usage in 2018 was estimated at 7.41 Mtoe; made up mostly of traditional biomass.

Overall energy consumption within sectors shows 63.68% for the residential sector, followed by 14.92% for both the public service and commercial sector, the transport sector (13.82%), the industry sector (5.15%), the agriculture/forestry sector (0.07%), non-energy use (0.88%), and other sectors (1.48%), as shown in Figure 4 (IEA, IRENA, UNSD, World Bank, WHO, 2020). Figure 4 shows the percentage of energy consumption by sector, and Figure 5 shows the trend of primary energy usage by source in Cameroon from 1990 to 2019. Figure 6 shows the trend of primary energy supply by source in Cameroon from 1990 to 2019, while Figure 7 showed the percentage of primary energy supply in Cameroon in 2019.
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FIGURE 4
 Percentage of total sectorial energy usage in 2019.
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FIGURE 5
 Sectorial trend of energy consumption from 1990 to 2019.
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FIGURE 6
 Trend of primary energy supply by source in Cameroon from 1990 to 2019.
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FIGURE 7
 Percentage of primary energy supply by source in Cameroon in 2019.




3.2. Climate change vulnerability and carbon dioxide (CO2) emission in Cameroon

The United Nation Development Program's (UNDP's) climate change report on Cameroon (UNDP, 2008) indicates a mean annual temperature rise of 0.7°C between 1960 and 2007, implying an average temperature rise of 0.15°C per decade. The report further showed that the temperature increase in the country was highest (0.19°C per decade) in the months of April and May. Nevertheless, the Northern part of the country had the months of January, September, November, and December with the highest temperature rise (0.2–0.4°C per decade). Temperature forecasts, according to data from the UNDP, predicted an average annual temperature rise of 1.0–2.9°C by 2060 and 1.5–4.7°C by 2090 (Ngnikam and Tolale, 2009). The projected temperature rise was more in the Northern and Eastern parts of Cameroon and lesser in the coastal areas.

The annual rainfall in Cameroon dropped by 2.9 mm each month, implying a 2.2% per decade from 1960. The years 2003 and 2005 have witnessed low rainfalls in the country, and forecasts of average annual rainfall are expected to change from −12 to +20 mm per month (−8 to +17%) in 2090, implying a +1 to +3 mm per month (0–2%) (UNDP, 2008). There are concerns that Cameroon's lowland coastal zones could be susceptible to rising sea levels (Ngnikam and Tolale, 2009). All these projected vulnerabilities justify why the country needs to target sectors such as the power sector with the potentials to mitigate these future problems.

Cameroon has a generally insignificant emission history, with the power sector contributing a small amount (~3.95%) of the total emissions of the country (USAID, 2014). Although the power sector relatively contributes very little to the country's overall emissions (MINEE, 2015), improvements in the power sector will indirectly reduce emissions in other sectors, such as industry, where some of their production operations can be done with the use of clean power. As part of her commitments to the Paris Agreement, Cameroon has set to reduce GHG emissions by 32% by 2035 compared to a reference scenario (Cameroon Ministry of External Relations, 2015). Agriculture represents more than half of the overall emissions in the country. Carbon dioxide (CO2) emissions from energy combustion in the country were stable at ~6 MTCO2e in 2014, after an annual growth rate of 8% per year between 2006 and 2014 (ENERDATA, 2019). The country's per capita emissions are similar to that of most sub-Saharan African countries (excluding South Africa) at a value of 0.2 TCO2/inhabitant in 2019 (ENERDATA, 2019). Figure 8 shows the emission history of Cameroon. Due to the growing electricity demand in Cameroon, a low-carbon power network is crucial to decreasing CO2 emissions from other sectors like industry, transport, and buildings.
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FIGURE 8
 Sectorial trend of CO2 emissions in Cameroon from 1990 to 2018 (Crippa et al., 2019).




3.3. Developments in the power sector in Cameroon

Power generation and distribution in Cameroon are managed by Energy of Cameroon (ENEO). This para-statal company went operational on 12 September 2014 through the purchase of part of the shared power company between the state of Cameroon and an American company, la Société de l′Electricité du Cameroun, branded by its French acronym as AES-SONEL. Before then, a national power company with its French acronym SONEL was created in 1974 through the amalgamation of the Cameroon Power Company (POWERCAM) of the former British Southern Cameroons and the electricity corporation (Electricité du Cameroun) of the former French Cameroun (Njoh, 1992). The deregulation of the power sector led to the privatization of the state-run SONEL (power utility) in 2001. The production and T&D of electricity were divided in 2011 and were all managed by AES-SONEL right up to September 2014 when ENEO took over and continued before the taking over of the transmission section by the state-owned Société Nationale de Transport d'Electricité (SONATREL) in 2018 (Marcos et al., 2017).

According to ENEO (energy utility) 2019 report, 51% of the company's shares are owned by Actis, a venture group in the United Kingdom, whereas 44% of shares are owned by the government of Cameroon and 5% by its employees. The company's generation sources include; 73.30% hydro, 26.66% thermal, and 0.04% solar. As of 2019, ENEO's installed power generation assets were up to 998.939 MW from 37 power plants, divided into 13 grid-connected and 24 off-grid thermal plants. ENEO's contribution to Cameroon's electricity generation amounts to 65.42%, Memve'ele upto 13.82%, Kribi Power Development Company (KPDC) upto 14.15%, Dibamba Power Development Company (DPDC) upto 5.63%, and AGGREKO upto 0.98% (ENEO, 2019). The transmission grid has 24 substations, an overall line length of 1,944.29 km of HV (high voltage), 15,081.48 km of MV (medium voltage), and 15,209.25 km of low voltage (LV). The distribution network measures up to 11,450 km of 5.5–33 kV and 11,158 km of 220–380 kV. As of 31 December 2019, ENEO had over 1,360,027 customers, with over 45% in Douala and Yaounde (ENEO, 2019). Cameroon has 2,327 MW of installed capacity (GET.invest, 2020), dominated by large hydroelectric and thermal plants, and the government has continued to plan toward the rising demand by prioritizing the development of large hydropower and thermal power plants.

Cameroon operates three independent grids, namely: the Southern Interconnected Grid (SIG), the Northern Interconnected Grid (NIG), and the Eastern Isolated Grid (EIG) (ENEO, 2019). Presently, electric power transfer among the three grids does not exist, but there are, however, imminent plans within the timeframe of 2030–2035 to connect the 3 grids to form a common network. At the moment, the various grids have different transmission voltages; 90 and 225 kV for the SIG, 90 and 110 kV for the NIG, and 30 kV for the Eastern network (ENEO, 2017). The grid (T&D) grew from 15 to 30% between the years 2010 and 2014, with the network suffering from under-investment (MINEE, 2015). Power losses are severe in the distribution network (32.03%) and less in the transmission network (6.3%) (ENEO, 2019). The National Electricity Transmission Company, a state-run power transmission enterprise, manages the transmission grid. Regarding future power expansion and interconnection of the 3 grids, transmission voltages of 225 and 400 kV are expected to be developed with the aim of exporting electricity to Nigeria, Chad, Central African Republic, Congo, and neighboring countries.




4. Simulation results and discussion

The electricity demand, generation capacity and associated costs, and corresponding environmental emissions are presented in this section. To clearly interpret the results, all the outputs of the various scenarios are discussed on the basis of power demand, installed capacity, the cost–benefit analysis, and environmental assessment. The analysis is based on the power sector with a backcast from the 25% RE target stated in the Cameroon NDCs. The results obtained from various scenarios are presented using charts for simplicity.


4.1. Electricity demand

The Cameroon electricity demand from 2015 to 2035 under all four scenarios is shown in Figure 11. The same demand growth was used for all scenarios, and it increased from 5.41 TWh in 2015 to 19.79 TWh in 2035. The 2035 value of 19.79 TWh was lower compared to official projections of 23.73 TWh, an indication that the set ambitions failed to consider trends in generation expansion. This is attributed to a slower capacity addition than originally planned by the government. This is further supported by a 15% deviation of projected values between 2015 and 2019 in the Energy Sector Development Plan (PDSEN) (MINEE, 2006) compared to actual demand published by the electric utility company ENEO (Korea Energy Economics Institute, 2017; ENEO, 2019). Power demand growth is influenced by the rise in population and urbanization.

Another reason for the high government demand projections is based on the wish expressed in the National Energy Action Plan for Poverty Reduction (MINEE, 2005), the Vision 2035 (MINEPAT, 2009b), and the GESP (MINEPAT, 2009a), where the government plans to achieve universal access by 2035 and the need to minimize unhealthy cooking practices that relies on the intensive use of biomass to be replaced with electricity and liquefied petroleum gas (LPG). This involves the deployment of widespread energy systems, especially in rural areas, to improve the livelihoods of its inhabitants. Figure 9 shows the trends in Cameroon's power demand from 2015 to 2035.
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FIGURE 9
 Trend in Cameroon's electricity demand from 2015 to 2035.




4.2. Installed generation capacities

The demand growth and reserve margin increased from 5 to 10%, while the installed capacity increased from 1.32 GW in 2015 to 4.68 GW by 2035 under the BAU scenario. This scenario has observed the generation capacity that has more than tripled within the 20-year period. The percentage increase corroborated similar studies by Awopone et al. (Awopone et al., 2017b) in Ghana, where installed capacity was predicted to increase by over three times within a similar study period. From the simulation, the installed capacity in 2035 under the stated, modified, and optimized scenarios were, respectively, 4.89, 5.30, and 4.66 GW. Power generation in all scenarios was through large hydro, natural gas, thermal, and renewables consisting of biomass, small hydro (<5 MW), solar, and wind. The fuels presently used in thermal plants are heavy fuel oil (HFO), natural gas, and light fuel oil (LFO). However, power plants using HFO and LFO will be phased out by 2035, with natural gas exclusively used in operating these thermal plants. Power generated from biomass sources includes municipal solid waste and agriculture waste (timber waste, sugar cane waste, waste from oil palms, and cocoa waste) with prospective generation technologies that involve combustion and anaerobic digestion. The generation of power from these RE technologies is advantageous in that power is produced and utilized around load centers (distributed generation) or fed into the power grid. The total installed capacity under the various scenarios is shown in Figure 10.
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FIGURE 10
 Total installed capacity in 2035 under various scenarios.


From Figure 10, additional capacity of 0.21 and 0.62 GW are, respectively, needed in the stated and modified scenarios, while a capacity of 0.21 GW less is needed under the optimized scenario. The modified scenario has the highest installed capacity due to the consideration of more solar PV in achieving the 25% renewable energy mix. Higher total installed capacities in the alternative scenarios compared to the BAU scenario was as a result of the relatively low-capacity credit of renewable energy sources compared to conventional generation. This agrees with findings from studies in Ghana (Awopone et al., 2017a,b) and Panama (McPherson and Karney, 2014).

Large hydropower continues to be the dominant source under all scenarios, with shares of 58.7, 50, 46.1, and 55.4% under the BAU, stated, modified, and optimized scenarios, respectively, in 2035. This is backed by the fact that Cameroon has huge hydropower potentials (23 GW) that needs exploitation, especially as the country intends to export electricity to neighboring Chad (AfDB, 2017), as highlighted in her National Development Strategy (2020–2030). Similarly, renewable energy constitutes 12.9, 27.8, 33.3, and 20.2%, respectively. Energy generated under all scenarios increased from 6.5 TWh in 2015 to 26.38 TWh by 2035. This represents an increase of 5% from 2015 to 2035. The increasing impacts of climate change in sub-Saharan Africa, causing periodic droughts, drop in reservoir water levels, and subsequently, electricity crises, especially in the dry season, have seen a reduced dependence on hydropower in many countries. This is illustrated in generation expansion studies in Nigeria (Aliyu et al., 2013; Emodi et al., 2017), Ghana (Awopone et al., 2017a,b), and Africa (Ouedraogo, 2017), which see a greater increase in shares of natural gas and renewables. Although Cameroon has a huge hydropower potential which is poised to play a key role in the Central African Power Pool (CAPP), the nation ought to reconsider her generation expansion objectives in the context of her energy security (Kenfack et al., 2021). Renewables should be prioritized for development as in the alternative scenarios. The percentage share of various technologies under the different scenarios in 2035 is shown in Figure 11.


[image: Figure 11]
FIGURE 11
 Percentage share of electricity generation by technology in 2035 under various scenarios.


Under the optimized scenario, the main endogenously added renewables are biomass (New Biomass), which occupies the entire 25% share of renewable injection. This is due to the consideration of biomass to be the least-cost renewable energy resource in Cameroon owing to the fact that Cameroon is part of the Congo basin forest with 25,000,000 hectares of forest coverage (three-fourths of her landmass), ranking her the third country in sub-Saharan Africa in terms of biomass potentials. In general, this scenario would have been the best option; however, given that energy projects in developing countries are influenced by government's ambitions, accessibility of technology, and contextual adaptability, this scenario is not suitable for Cameroon.

Cameroon generates billions of tons of waste yearly from agricultural and agro-industrial activities as well as hospitals which are causing huge environmental problems. This waste has no commercial value in Cameroon, and transforming this waste into electricity could potentially solve the environmental pollution issue and the huge power deficit in the country by embarking on biogas production, which could be further used as fuel for electricity generation. This also has the capability to increase employment opportunities and create new revenue streams within the country. It is worth noting that Cameroon is the breadbasket of the CEMAC sub-region with a commendable agricultural prowess, where the farming sector is driving the economy and safeguarding the food security of inhabitants. Major crops produced include maize, cassava, millet, rice, sweet and Irish potatoes, macabo, taro, yam, peanut, sorghum, bean, and soy (Vintila et al., 2019), which are generating huge waste. These wastes could also be transformed into biofuels that can power generation systems. Cameroon is the biggest coffee and cocoa producer in the Central Africa sub-region (Vintila et al., 2019) and also has an annual cattle production of 7 million, 8 million small ruminants, 2 million pigs, and 50 million poultry (Tagne et al., 2021). In addition, Cameroon is one of African's main palm oil producers (Gelder and German, 2011), with a production capacity of ~210,000 tons of palm oil in 2011 (Feintrenie, 2012). All these activities generate a large amount of waste that could be used for power generation without necessarily indulging in indiscriminate forest exploitation. Table 5 shows the annual agricultural biomass residues in Cameroon.


TABLE 5 Potential of agricultural biomass residues available in Cameroon (Ngnikam et al., 2009).
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More attention is given to petroleum and large hydropower, with gross neglect of the huge amount of waste that could be used for power generation. There is no national policy on the exploitation of biofuels into useful electricity. The regulatory framework involving policy formulation to effective implementation does not exist. Given that strategic policy is the driver of positive change, putting in place appropriate policies and regulatory frameworks would assist in upscaling the level of waste to electricity in the country. This is why the optimum scenario, which is dominated by biomass, is illusive for Cameroon at the moment.



4.3. Economic analysis

The cumulative net discounted costs (fuel costs, capital costs, and O&M costs) at a 10% discount rate and 2015 US dollars under all scenarios are shown in Figure 13. Under the BAU scenario, the cumulative discounted costs [net present value (NPV)] reached $1,490.8 million in 2035. The stated and modified scenarios witnessed additional costs of $93.2 and $122.3 million, respectively, required to meet the 25% renewable energy mix in the NDCs. Contrarily, the optimized scenario witnessed a cost reduction of $87.6 million, indicating extra financial investments in the alternative scenarios (bar the optimized scenario) will be needed to enable Cameroon to achieve her 25% renewable energy target. Figure 12 shows the net present value of various energy technologies under all scenarios from 2015 to 2035.
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FIGURE 12
 Cumulative discounted cost under all scenarios from 2015 to 2035.


An environmental externality cost of $5/MTCO2e in 2022, which rises to $15/MTCO2e by 2035, was introduced in this study. This aimed to highlight the environmental impacts of attaining the 25% renewable energy targets under different pathways and quantifying the potential revenue if carbon pricing was to be introduced in Cameroon. Under the BAU scenario, a cumulative carbon revenue of up to $27 million is achievable. However, the stated, modified, and optimized scenarios witnessed potential carbon revenues of $7.1, $3.3, and $16.4 million, respectively. The difference in costs of the alternative scenarios though the same 25% renewable energy target is due to the different share in capacity additions of technologies. It was observed from the environmental externality costs analysis that the country has a small potential for carbon taxation. This is partly due to the low contribution of fossil fuels to the generation mix and low electricity demand (generation) in Cameroon. These are some of the reasons why the implementation of carbon taxation in sub-Saharan Africa has stalled. Although studies are ongoing in Senegal and Cote d'Ivoire, only South Africa is presently implementing carbon taxation in Africa (World Bank, 2020). Higher carbon revenue could be gotten with increased carbon taxes, such as the carbon tax of R120/ton on average (~6.6 USD) in South Africa or the $20/ton used as an assumption in a study in Ghana (Awopone et al., 2017b). However, it will increase fuel costs, increase electricity costs, and eventually increase the costs of living in the short term, although it will lead to a faster uptake of renewables in the long term (Konrad-Adenauer-Stiftung, 2020; Organization for Economic, Cooperation, and Development, 2021).

Another policy consideration in Cameroon that could encourage the deployment of renewables is the green credit policy, a financial instrument where banks are instructed to grant loans only to companies with strict environmental compliance. However, it is reported by a study in China that this scheme had negative consequences on the ability of companies to innovate (Zhang et al., 2022). Three concerns were raised by the study, namely: (i) It was challenging for highly polluting companies under this policy to acquire more credit and favorable loan interest rates within a short term, resulting in insufficient funds to research on innovative environmentally friendly products, (ii) Implementing this policy will cause restrictions of highly polluting companies to get green credits from commercial banks, which will push companies to increase commercial credits instead of debt financing, and (iii) The fact that green projects usually have high risk, long cycles, and huge assessment cost is a barrier.



4.4. Environmental analysis

The LEAP tool categorizes energy emissions into two constituents; emissions from the demand side, which are emissions coming from the point of energy usage such as refrigerators, waste disposal, land use, and cars, and these type of emissions were ignored in this study. The second category is those from the point of energy transformation, such as power generation, and this category is the lone type considered in the study.

Greenhouse gas emissions under the BAU, stated, modified, and optimized scenarios increased from 0.82 MTCO2e in 2015 to 1.2, 0.9, 0.8, and 0.4 MTCO2e, respectively, in 2035. Over the 20-year study period, cumulative emissions of 28.1 MTCO2e were observed. The emissions from various scenarios were persistently rising due to an expected increase in power generation capacity. However, cumulative emission savings of 4.2, 1.7, and 19.2 MTCO2e compared to the BAU scenario were observed under the stated, modified, and optimized scenarios, respectively. The cumulative GHG emissions of alternative scenarios in Cameroon compared to the BAU scenario are shown in Figure 13. According to her NDCs, Cameroon is committed to reducing GHG emissions by 32 MTCO2e between 2010 and 2035 (Cameroon Ministry of External Relations, 2015). This reduction is supposed to come from all sectors, including agriculture, buildings, and transport sectors. For the electricity generation sector, it mandated GHG emission increase by only ~84% in the Mitigation scenario, compared to over 175% in the Reference scenario, when both are compared to 2010 values. It is observed from the study that emissions compared to base-year values increased by 146% instead of decreasing. This indicates Cameroon's current generation expansion trajectory digressed from that intended, so meeting her NDC commitments is not possible. However, the expected emission reductions are experienced in the stated, modified, and optimized scenarios where emissions are reduced by 110, 98, and 49%, respectively, compared to 2015 values. Thus, it is important that the country increase its uptake of renewables if it intends to effectively decarbonize the generation section and meet its net zero-carbon commitments. Figure 13 shows the cumulative GHG emissions of the different scenarios with respect to the BAU scenario.
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FIGURE 13
 Cumulative GHG emissions savings of the different scenarios with respect to the BAU scenario.




4.5. Sensitivity results

The results from the feedstock fuel sensitivity analysis (±50% variation) are presented in Table 6.


TABLE 6 Change in cumulative costs of scenarios.
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As expected in Table 6, only the feedstock fuel cost is affected. Furthermore, it is observed that changes in fuel cost have a significant impact on the optimized scenario (up to 80%), contrary to other scenarios. However, lower fuel costs lead to a reduction in capital costs and O&M costs while resulting in additional externality and fuel costs. This is due to the LEAP/OSeMOSYS least-costs framework favoring the addition of fossil-fuel generation plants over renewables. Higher fossil-fuel power plant development results in higher emissions and, consequently, high externality costs. Under higher fuel costs, this trend is reversed due to the high costs of owning and operating fossil-fuel power plants. This emphasizes the impact of fossil-fuel prices and carbon taxes on the uptake of renewable energy technologies.

The sensitivity of the optimized scenario to changes in fuel costs, contrary to the other scenarios, also highlights the unsuitability of cost optimization models. These models, like the LEAP/OSeMOSYS framework, rely on a series of parametric and structural assumptions (such as fuel costs and discount rates) in assessing scenarios. However, these assumptions are often narrow and subject to uncertainty, which is not accounted for in the scenario development process (DeCarolis et al., 2012; Poncelet et al., 2016). Thus, cost optimization models are not recommended for assessing the clean energy transition, given that they fail to appropriately capture the systematic changes in real-world transitions (Trutnevyte, 2016).



4.6. Summary of results and perspectives

From the study, Cameroon's current generation trajectory represented by the BAU scenario is incapable of meeting her NDC objectives. However, meeting the objective per the stated scenario, though with the least costs, does not result in the highest emission savings or sustainable development. The modified scenario, though with the highest costs, represents an ideal 25% renewable energy mix for Cameroon. In terms of capacity, cost, and emission reduction, the scenarios ranked in descending order are the optimized scenario, the stated scenario, and the modified scenario. The optimized scenario considers only biomass to fulfill the 25% renewable target of the NDCs and ignores other sources like solar, hydro, and wind. The energy potentials in Cameroon are such that biomass resources are not evenly distributed across the country (huge biomass and hydro resources are concentrated in the southern part, while high wind and solar resources are in the Northern part); hence, there is a need for diversity in energy supply. Biomass technology for power generation is still very unpopular in Cameroon, with only a few pilot projects from agro-industrial companies [such as SOSUCAM, SODECOTON, SOCAPALM, MAISCAM, and the Cameroon Development Cooperation (CDC)] and allocating a huge percentage biomass penetration amid other competitive and more accessible technologies is irrational. In addition, there are no government policies that intensively consider the development of biomass power generation in Cameroon, which is the reason why this sector has been inactive since the country's independence. This makes the optimum scenario and stated scenario unsuitable for Cameroon. Therefore, the scenario that is suitable for Cameroon is the modified scenario since it rationally allocates the various RE technologies based on the accessibility of technology, availability of RE resources, and the country's economic readiness. In Cameroon, policy support for solar PV is increasing with a wave of economic incentives such as a tax break of 10 years for solar PV developers (Ngalame, 2022) and the exemption from value-added tax (VAT) on imported solar accessories (Cameroon National Assembly, 2011; Electricity Sector Regulatory Agency, 2015). In addition, solar PV is able to compete equally with off-grid systems having battery storage to substitute diesel generators used in some communities or offer backup electricity supply in cases of an unreliable grid.

Due to the high cost of grid extension to some remote areas, the government, in the rural electrification master plan (AER, 2017), plans to develop local mini-grids using RE technologies. Since this initiative started, the government has continued to electrify off-grid communities with solar PV. No off-grid community in Cameroon is powered by a biofuel-based electricity system, and there are no signals that this is happening in the short term as solar and hydro are currently given more priority. This shows the government's reluctance to the advancement of biomass-based generation despite the enormous resource potentials.

As shown in Table 2, solar PV has a lower capital cost (2,052 $/kW in 2015) than biomass generation (3,000 $/kW in 2015). However, biomass has a higher capacity factor (60%) than solar PV (25%), as shown in Table 4. However, the O&M costs of solar PV technology are lower than that of biomass generation. If the system LCOE is considered the basis for assessment, biomass with a lower LCOE will be the selected option because (i) the higher capacity factor of 60% compared to 25% for solar PV and (ii) the low costs of biomass feedstock in Cameroon which is almost free. It is worth noting that biomass feedstock is not free in developed countries. Nonetheless, the proposed “modified scenario” considered more solar PV than biomass. This is due to the maturity of the technology and the public perception in Cameroon. This is evidenced by the uptake of 14.19 MW solar PV, 0.3 MW small hydropower, and 0 MW biomass since 2015, despite a higher target in the other scenarios. This study equally supports the call for Cameroon to update her NDCs, like other countries have done during the COP26 in Glasgow, with more quantifiable statistics on the requirements for achieving this noble government ambition on combating climate change. Thus, the three fundamental questions facing the RE and the electricity sector of Cameroon, as stated in the introduction, have been examined by this study, and the insights are summarized as follows:

• The installed capacity by 2035 reaches 4.89 GW under the BAU scenario and only attains a 12% RE target. This implies the current generation expansion trajectory of Cameroon is inadequate to meet her 25% planned RE target. Moreover, the current deployment trend is unlikely to achieve the planned RE technology share. For example, the current trend is seeing a greater focus on solar PV than on biomass and small hydropower stated in the NDCs.

• Apart from the optimized scenario, the current generation expansion pathway (BAU scenario) is the most cost-efficient, given that an additional cost of at least $94 million is required in the alternative scenarios. However, optimal pathways are usually not ideal for decision-making (Trutnevyte, 2016).

• The modified scenario, which accounts for recent RE development trends (i.e., more solar PV and wind energy), attains the 25% RE target by 2035, at only $122.3 million more in additional costs and at 6% more in emission savings compared to the BAU scenario.

From the findings, the current trajectory (BAU scenario) would be appropriate if decision-making was based exclusively on economic factors. However, economics was neither the basis for the Paris Climate Agreement nor the basis for the country's ratification of the Paris Accord and the development of her NDCs. Thus, the current policy framework for RE development is inadequate. An appropriate policy review while considering the recommendations in the subsequent section is thus necessary to redirect the nation's development trajectory.

However, the study is subject to some limitations. Cameroon is characterized by increasing and frequent power outages due, in part, to the dilapidated nature of the power grid (ENEO, 2019). Like most countries in SSA, the country has resorted to backup generators (gensets) as a stopgap to deal with grid deficiencies. The total installed capacity of existing gensets in Cameroon is estimated at ~100 MW (IFC, 2019). Due to a number of factors, such as non-inclusion in official policy documents, suppressed demand, and paucity of data on the energy generation profiles caused by their spontaneous operation, the study does not integrate the energy generated from these gensets. Thus, the study results may not accurately reflect the nation's real energy generation, total emissions, or future generation expansion trajectory.

Furthermore, perfect foresight was assumed in developing the scenarios in this study. However, the parametric and structural assumptions used in the scenarios, such as technology characteristics and fuel costs, are uncertain and subject to variability in time. Energy models, especially the cost-optimization models (optimized scenario), have been proven to have systematic biases, do not account for uncertainty, and consider narrow assumptions as presented in DeCarolis et al. (2012) and Trutnevyte (2016). Thus, the exact figures of this study ought to be interpreted with caution. Moreover, the findings from this study are meant to trigger stakeholder discussions and redirect policy in Cameroon.




5. Recommendation for sustainable power sector expansion in Cameroon

Prices of solar PV, wind energy systems, and battery storage systems continue to decrease rapidly. Data from IRENA indicate a drastic drop in the weighted average levelized cost of power of utility-scale globally on solar PV, onshore wind, and battery storage by 77, 35, and 85%, respectively, between 2010 and 2018 (IRENA, 2018; Bloomberg, 2019). These trends in cost bring fresh potentials for the extensive deployment of renewables and an all-inclusive power sector decarbonization agenda that were not anticipated in previous policy formulation. Cameroon, therefore, needs to take steps through partnering with countries with a reputable history of manufacturing renewable energy components, sign win–win agreements on technology transfer, and have these equipment delivered at a further low cost. This will drastically reduce the cost of acquisition of these equipment by the utility company and private individuals, hence accelerating their deployment in the country. Below are some policy proposals for a swift transition to renewables in Cameroon.


5.1. The need for an all-inclusive sector planning

An appraisal of the institutional setting of the Cameroonian electricity sector in the domain of both policy and operations shows several gaps and possible misalignment between authority and accountability. This is more evident in the area of planning power demand, PPA negotiations, management of rural electrification, and tariff setting (Electricity Sector Regulatory Agency, 2015). In advanced power grids, utility operators usually have the duty of demand forecasting and the development of medium-term supply strategies in collaboration with the state regulator and other stakeholders. In Cameroon, the government, through policy, has imposed tough supply and access targets to the power utility (ENEO) (Castalia Advisory Group, 2015) while ironically reducing the scope of the flexibility of tariff regulation by utilities. This exposes the utility to a situation of unmet demand, leading to the risk of disrupting the utility's future expansion plans.

We recommend that government should protect ENEO from any risk that forestalls the company's future expansion plans by offering financial reparation guarantees or granting flexibility premiums sufficient enough to cover the impact of probable over-commitment on the electricity supply. The utility should, from time to time, conduct medium-term (5–10 years) demand forecasting studies as part of its duty for integrated RE system planning. Moreover, the overlapping authority among different ministries related to the power sector (Electricity Sector Regulatory Agency (ARSEL), 2020) has always been a source of potential conflict which has hampered, in one way or the other, the utility's ability to fully engage in both on-grid and off-grid electricity access development programs. The government should make steps toward establishing an autonomous Rural Electrification Agency or similar structure that would manage the numerous initiatives geared toward expanding power supply and particularly optimizing the allocation of funding. Simultaneously, the government should establish an organized approach toward the development of industrial zones in the country with the intention of matching industrial development with electricity requirements, laying emphasis on the impact on power demand. This approach could include some extra support from an Industrial Zone Electricity Agency with incentives for demand-side management from ENEO, the county's power utility. The value proposition embodied in robust, rational, and resilient plans for clean electricity generation must be widely advertised to potential international and national investors. This would further push the argument that the electricity supply eases the creation of industries, hence economic growth.



5.2. Decentralizing the energy governance structure

The power sector in Cameroon operates a highly centralized governance structure, at the top of which is the Ministry of Energy (Njoh et al., 2019), led by a minister. Even though the ministry has regional and divisional offices all over the country, all major decisions on the power sector are taken in Yaounde, the country's capital. Only the most ordinary decisions are made at the regional and district levels, ignoring the contribution of the local population to meeting their energy needs (Iweh et al., 2022b). The government should create technical working groups at regional and district levels on climate change and RE through the development of a nationwide action plan that clearly identifies the duty of stakeholders. The group will support and build synergy among inter-sectorial technical commissions, and the regional secretariat will have an entity authorized to coordinate energy initiatives. This will enhance collaboration between the district and the central government's energy centers. At divisional levels, technical committees on energy initiatives could be established for inter-sectorial coordination, and divisional administrators should apply strategies that encourage community input. The communication channels and support systems of women and youth groups should be empowered so that problems that need high-level intervention can be resolved and the progress of the program can be evaluated.



5.3. Adopt a continuous policy review and revision process

Cameroon has outlined a number of ambitions (Vision 2035) (MINEPAT, 2009b) that seek to improve economic growth, accelerate wealth creation, and improve the living standards of its citizens. Since economic development is associated with an increase in electricity supply, the obvious tendency is equally pursuing ambitious plans in the power sector. Nonetheless, there are concerns about how soon Cameroon's vision for 2035 can be realized (Ekeke and Nfornah, 2016), especially when one considers some volatile and uncertain external factors. Therefore, cautious planning in the country's energy policy that strongly supports renewable energy development through robust plans matched by measurable outcomes (reliable supply, affordable power, and improved electricity access) should be implemented. This reduces the risk of unjustifiable energy expenses that do not reflect actual outcomes.

Cameroon urgently needs to prioritize the development of programs that continuously monitor and adjust the timing of long-term expansion projects to avoid a mismatch between power production capacity and grid assets on the one hand and the actual evolving demand and load profile on the other hand. The weakness in Cameroon is that long-term projects rarely have a monitoring mechanism that evaluates progress with the intention of managing risk and delivering in a timely manner. To escape this conundrum, Cameroon should actively develop flexible and responsive power supply plans that establish demand-driven actions for capacity building with dedicated lead times of 1–3 years, with a procedure ready to monitor key indicators so as to determine which indicator needs more attention. This strategy will require the utility (ENEO) and government to liaise with energy developers to build win–win commercial models having Power Purchase Agreements (PPAs) with enhanced flexibility and clear implementation processes. These models should be realizable both in terms of timing and estimated budget. The already set out renewable energy goals, if properly monitored, will upscale the deployment of RE in the power generation mix.



5.4. The establishment of Feed-in-Tariffs (FiTs)

Countries with a successful track record of RE development have adapted various economic instruments to enhance growth. Cameroon has limited incentives geared toward improving the RE penetration in the country (Njoh et al., 2019). The Cameroon electricity market requires a FiTs scheme which will help attract private sector involvement in the sector. The FiTs scheme makes RE projects economically feasible through the compensation of differences in the cost of energy between conventional and RE systems. This is either done through government subsidies or tax levies on consumers, and the government later shifts the financial burden directly or indirectly to users or the public. Notwithstanding the financial implication on either government or consumers, RE development would improve social welfare and lessen environmental threats to citizens.

The initial phase could mean the government soliciting funds through the global energy transfer Feed-in-Tariffs (GET-FiTs) program, a policy scheme where developed nations fund RE projects in developing countries for the application of FiTs. The government could request funding from international institutions or foreign countries (Germany, Japan, Belgium, Canada, China, etc.) that are actively doing business in Cameroon. This will help Cameroon to secure a FiTs premium with a reduction in the burden, and independent power producers (IPPs) with RE generators will sell electricity at a cost pre-contracted with the utility company. Those who use electricity from renewable sources are compensated with premiums from government and foreign funders.



5.5. Local content development for renewable power generation equipment

The cost of RE deployment has further added in developing countries like Cameroon due to the need to import generation equipment, which acts as a barrier to the rapid growth of renewable energy projects. However, there are already some community micro power projects in Cameroon, such as that of Baleng (Mungwe et al., 2016), where most of the power equipment (hydro turbine, penstock, etc.) were locally manufactured by the villagers. There are potentials for developing local manufacturing competencies in the country, and scaling up the percentage of local content for renewables can assist in reducing costs and contributing to its rapid deployment. It is anticipated that the existing local content in the electricity value chain will grow as knowledge and expertise improve, but this, however, greatly depends on government's commitment to supporting this initiative. Some prospects for local content development exist in inverters and components like LED lamps, as a few universities within the country are already making prototypes that could be scaled. In addition, there exist substantial options for more Cameroonian content in operations and maintenance, installation, and related services. These aspects are crucial to the speedy development of RE in Cameroon.

Renewable energies are also a factor of social transformation in training and employment while granting a certain economic autonomy and energy security to local communities. Better supervision of this sector will make a substantial contribution over the next few years to the creation of a new economic model by allowing the development of scientific, technological, and industrial know-how, the impact of which will already be perceptible in the medium and long term in Cameroon. The government should focus on technology transfer, creating the best conditions for long-term uptake of the new technologies by tailoring them to local needs and engaging local actors and business partners to construct technical and market development capacity.



5.6. Emphasis on the development of off-grid systems

Cameroon aims to rapidly expand access to electricity through the deployment of renewables, 25% of renewables by 2035 compared to the current <1% (MINEE, 2015) RE penetration. The challenge of realizing these targets is daunting without suitable measures. Any genuine method that seeks to meet this access target will need to emphasize off-grid electrification solutions: Certainly, they require an intensive mobilization for off-grid power supply. The present off-grid development plans need further clarification in terms of choice of technology, funding models, tariff system, and relationship management among private developers. However, an increase in off-grid expansion poses some challenges with regard to off-grid generation and pursuing simultaneous plans for grid expansion. One pertinent issue is the possible future of off-grid users when the main grid arrives, especially when off-grid assets have not been completely paid back at the time of arrival of the main grid. The difficulty at this point is to select suitable compensation mechanisms that help repay the assets.

In addition, considerations for grid power supply will vary significantly across the country since the various regions of Cameroon have dissimilar resource potentials, different load profiles, and variable needs for grid improvement and backup electricity supply with different mixes of on-grid and off-grid electricity access. The relationship between grid developers and off-grid developers will require careful management both at regional and local levels. A common national strategy toward investing in the sector, requesting a connection, managing loads, and tariff collection is perhaps not feasible. This poses a potential challenge to the idea of applying a universal electricity tariff and combined subsidies and financial models. Other issues include power losses mostly in the regional and local distribution network, and the method of tariff collection in villages which will require a robust local management scheme.



5.7. Access to carbon credits and mobilization of funds

The Clean Development Mechanism (CDM) is a funding source for Cameroon. It was set up by United Nations through the Kyoto Protocol to finance environmentally friendly projects. Certainly, Cameroon can take advantage of the CDM in financing renewable energy projects. This economic instrument permits developed countries to meet up with part of their emission reduction commitments by financing projects in developing countries that reduce GHG emissions since this is believed to be less expensive in developing countries. The fundamental requirement of the CDM is that the invested projects should be in line with the host country's development priorities. The CDM has a wide range of technologies it considers, among which is renewable energy technologies. Cameroon ratified the UNFCCC in October 1994, Kyoto Protocol in July 2002, and most recently the Paris Climate Accord in 2015. In 2006, Cameroon established a national commission for the CDM, while the Ministry of Environment and Nature Protection instituted a national agency to execute CDM projects (Ngnikam, 2009). To date, only the Hygiene and Sanitation Company of Cameroon (HYSACAM), which is in charge of the collection and treatment of municipal solid waste, has benefited from this funding source. Another related funding source Cameroon can benefit from is the Carbon Finance for Sustainable Energy in Africa (CF-SEA) which is funded by a joint World Bank—United Nations support and supervised by the United Nations Environment Program (UNEP). The CF-SEA program has supported several CDM clean energy projects in Cameroon. Cameroon has benefited from ~60 MW of CDM projects with an emission reduction potential of ~2 million tons of CO2 (REEGLE, 2015). Another potential source of funding for Cameroon is the loss and damage fund adopted during COP27, where developing nations with high vulnerability to the climate crisis will be supported (United Nations Environment Programme, 2022). These funds can be used in the deployment of clean energy technologies for power generation.




6. Conclusion

Apart from reducing emissions, renewable energy equally has potentially positive impacts on sustainable development, and it is an argument widely supported in the economic literature. If the rural–urban dichotomy in electricity access rate in Cameroon and other countries in SSA could be reduced, especially through RE technologies, it would go a long way to improve rural productivity, alleviate poverty, reduce unemployment, and rural–urban migration.

The study is a synthesis of quantitative analysis that explores the pathway to renewable energy transition in Cameroon's power sector through a policy perspective. The appraisal of power sector initiatives shows several conflicting energy generation ambitions by different agencies in the country, and this is a clear indication that there is sadly limited collaboration among related ministries that can cooperatively tackle the energy transition. The study posits that government policies should endeavor to reduce operational barriers to renewable energy deployment, particularly by empowering local skill acquisition through learning-by-doing, as this will increase adoption rates. Policy mechanisms that enhance the implementation of FiT, the unbundling of the over-centralized energy governance structure, and stakeholder cooperation are a favorable environment for renewables. The Cameroon government has recognized that regional cooperation is crucial in galvanizing efficiencies and economies of scale that result in the deployment of renewables in a coordinated way and is currently working on the Chad-Cameroon power project. This approach is effective due to Cameroon's huge renewable energy potential and her willingness to be involved in the large-scale deployment of shared renewable resources for electricity generation. However, a lot still needs to be done in the area of embracing an integrated method to transboundary issues, such as trade, regional setup, regulatory frameworks, and policies. The establishment of structures which clarifies these cross-border issues would allow the countries within the sub-region to benefit from coordinated access to regional renewable resources at a reasonable cost. Projections from IRENA (2015) have indicated that RE project deals in Africa will provide power at some of the cheapest costs globally. Therefore, the abundance of solar, biomass, and hydropower in Cameroon renders these technologies economically competitive and promising for meeting emission reduction commitments in the electricity sector, especially with the rapidly decreasing costs of renewable technologies. The institutional setup in the sector in Cameroon needs to improve its ability to plan projects properly so that future investments are executed in a harmonized and economically viable manner. The reviewed power ambitions in some policy document like the REMP, the energy sector development plan, and the NDCs shows ambitiously contradictory targets within overlapping time periods. The government needs to harmonize the project coordination unit that will work on developing an updated and Harmonized Energy Master Plan (HEMP) since the existing ones are obsolete and no longer representative. The HEMP should conduct an assessment of the planned generation expansion projects with an emphasis on those that were unsuccessful within set time scales and provide solutions to fast-track their implementation. Future research direction should consider energy models that account, to the greatest extent, for uncertainty parameters. Uncertainties in fuel costs, energy demand, fuel availability, and so on. The future study could also consider grid integration studies and power system analysis to ensure the safe and reliable integration of renewables in the grid.
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Cost category Low fuel cost (%)

Modified Optimized_ Stated

Capital costs 0.0 0.0 —4.0 0.0
Externality costs 0.0 0.0 79.5 0.0
Feedstock fuel costs —47 —4.5 20.0 -33
Fixed O&M costs 0.0 0.0 =21 0.0%
Variable O&M costs 0.0 0.0 -39 0.0%
NPV -12 -10 0.1 —0.7
High fuel cost (%)

Capital 0.0 0.0 11 0.0
Externality 0.0 0.0 =256 0.0
Feedstock Fuel —17.6 —15.8 —142 —18.0
Fixed O&M 0.0 0.0 —0.6 0.0
Variable O&M 0.0 0.0 42 0.0
NPV —46 -35 05 -37

Low fuel cost = 50% decrease in fuel costs; high fuel cost = 50% increase in fuel costs.
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Fuel type Fuel prices

2016 2020 2025 2030 2035
Natural gas ($/mBtu) 32 3 31 35 38
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oil 1,088 987 13 13 2 2
Solar PV 2,052 1,471 18 13

Wind 1,751 1,448 43 43 5 5
Biomass 3,000 3,000 42 42 5 5
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Large hydro 60 100
Small hydro 60 100
Natural gas 85 30
New natural gas 85 48
Existing oil 80 30
New oil 80 35
Solar PV/ 25 100
New wind 35 100
Biomass 50 35






