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Executive summary 

Deliverable D5.1 ‘Pilots and Use Cases’ (PUC) is a report from the EMERGE project which focuses on 

modelling energy systems to promote sustainable development in Africa. The main objective of this 

project is to create a set of tools to help policy makers, stakeholders and users make informed decisions 

in the field of energy. These tools will be tested in three demonstration sites located in different regions 

of Africa, namely Morocco, Mozambique and the Niger Basin, to ensure their effectiveness in a variety 

of energy contexts.  

The report presents the key performance indicators (KPIs) used to assess the results of the 

demonstrations. These indicators cover various aspects such as energy production, network stability, 

reduction of greenhouse gas emissions and improvement in the resilience of energy networks. The aim 

is to adapt these indicators for better management of energy infrastructures while meeting the needs 

of local communities. 

The three use cases include detailed descriptions of each demonstration region. The first case, located 

in the north-west region (Morocco), focuses on energy transition and environmental challenges. The 

second, in south-east Africa (Mozambique), focuses on expanding access to electricity. The third case 

study, in the Niger Basin, looks at the issues involved in supplying electricity and optimising energy 

resources in a region characterised by limited infrastructure and strong growth in energy demand. 

Finally, the report concludes with an overall assessment of the EMERGE plan, including policy 

recommendations, market strategies, and guidelines to ensure replication of the results in other 

regions of Africa. The lessons learned from the demonstrations will help refine the tools so that they 

are applicable in diverse energy ecosystems, while contributing to a fairer and more sustainable energy 

transition on the continent. 
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Abbreviations 
Abbreviation Definition 

ADEREE 
National Agency for the Development of Renewable Energy and 
Energy Efficiency 

AIT Average Interruption Time 

AMER Moroccan Association for Renewable Energy 

AMISOLE Moroccan Association for Solar and Wind Energy 

BAU Business As Usual 

CAIDI Customer Average Interruption Duration Index 

CMH Mozambican Hydrocarbon Company 

CSA Common System Architecture 

DER Distributed Energy Resource 

END Energy Not Delivered 

ENH National Hydrocarbon Company 

ENS Energy Not Supplied 

ENS Energy Not Supplied 

EV Electric Vehicles 

FDI Frequency Deviation Index 

FDI Foreign Direct Investment 

FOR Forced outage rate 

GHG Reduction of greenhouse gas 

GREP Global Rural Electrification Program 

HCB Hidroeléctrica de Cahora Bassa 

HDI Human Development Index 

HDI Human Development Index 

INP National Petroleum Institute 

IRESEN 
Institutions such as the Institute for Research in Solar Energy and New 
Energies 

MASEN Moroccan Agency for Sustainable Energy 

MGC Matola Gas Company 

MOTRACO Mozambique Transmission Company 

NER New Energy and Renewable Energy 

ODK Open Data Kit  

OHTLMCI Overhead Transmission Line Maintenance Cost Index 

ONEE National Office of Electricity and Drinking Water 

PPA Power Purchase Agreement 

PPP Public-Private Partnership 

PUC Pilots and use cases 

RES Renewable Energy Sources 

SAIDI System Average Interruption Duration Index 

SAIFI System Average Interruption Frequency Index 

SEB Swaziland Electricity Board 

SMCI Substation Maintenance Cost Index 

STEP 
Stations de Transfert d'Énergie par Pompage (French) 
 Pumped Storage Power Plants (English) 

TCF Billion cubic feet 

TOE Tons of Oil Equivalent 

UNFCCC United Nations Framework Convention on Climate Change 

VDI Voltage Deviation Index 

WP Work Package 
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1. Introduction 

 

The EMERGE project aims to develop sustainable solutions to promote the uptake of renewable energy 

on the African continent. Its main objective is to create a toolbox made up of several innovative tools 

designed to help policy-makers, stakeholders and different users make informed decisions about the 

energy sector. By tackling the key challenges of energy access, infrastructure and sustainability, the 

project aims to make a significant contribution to the transition to cleaner energy. 

The toolkit will be tested in three separate demonstration sites, selected to provide the consortium 

with information on the effectiveness of the project's solutions in different regional contexts. The 

lessons learned from these demonstrations will enable the project to refine its tools and ensure that 

they are adaptable and scalable in different energy ecosystems. 

This deliverable summarizes the level of preparedness of the pilots across these demonstration sites, 

with a focus on the critical factors necessary for ensuring successful demonstrations. It also highlights 

the primary readiness indicators identified by the demo site leaders as urgent for addressing imminent 

energy challenges in the region. Moreover, the deliverable will include detailed descriptions of the use 

cases to be demonstrated. 

 

 

This deliverable D5.1 Pilots and use cases (PUC), is structured into the following key sections: 

• Section 1. Introduction: This section introduces the objectives of the EMERGE project, the 
contribution of the participating partners to this deliverable and the relationship with the 
other project tasks. 

• Section 2: Key Performance Indicators (KPIs) used for the evaluation: This section provides 
an overview of the KPIs used to measure the success of the EMERGE project. It covers 
technical, economic, social and environmental indicators. 

• Section 3. Demonstration use cases: This section describes in detail the three use cases where 
the EMERGE tools are deployed. Each use case is located in a different region of Africa: 

o Use case 1: North-West region (Morocco). 
o Use case 2: South-East Africa (Mozambique).  
o Use case 3: Niger River basin. 

• Section 4. EMERGE evaluation plan: This section describes the framework used to evaluate 
the success of pilots and use cases. It sets out a phased approach that includes identifying 
target groups, defining evaluation criteria, collecting and analysing data, and reporting results. 

• Section 5. Common System Architecture (CSA): This section defines the common system 
architecture, a key element of the EMERGE framework. It explains how this architecture 
integrates various tools and solutions across the different use cases, ensuring a standardised 
approach to the implementation and assessment of energy systems. 

• Section 6: Conclusion: The conclusion summarises the main lessons learned from the KPIs and 
use cases. This provides a solid basis for informed decision-making on how to implement 
similar energy solutions across Africa. 

• Section 7. References: This section lists all the references used in the document, providing a 
complete bibliography of sources. 

 

 

This subsection details the structure of the document, as well as the detailed contribution from each 

EMERGE partner on this document: 
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• UMP: prepared the structure and main content of this deliverable and provided an overview 

of the KPIs used to evaluate the success of the EMERGE project as leader on task T1.4 Use case 

definition and KPI upgrade. 

• UMP, ECREEE and UEM: describes in detail the three use cases (North-West Africa: Morocco, 

South-East Africa: Mozambique, river basin) where the EMERGE tools will be deployed, as 

leaders of tasks: T5.2, T5.3 and T5.4 respectively. 

• ENGREEN: describes the framework of EMERGE evaluation plan, as leader of task: T4.1 Co-

design of user engagement for capacity building. 

• CARTIF: explains how the common system architecture integrates various tools and solutions 

across the different use cases, as leader of tasks: T2.2 Defining CSA and T2.4 Knowledge Base 

integration 

• CIRCE and ARTELYS as deliverable content reviewers. 

 

 

Deliverable D5.1, entitled "Pilots and Use Cases," summarizes the level of readiness of the pilots, 

focusing on the key aspects of a successful demonstration. It also includes a description of the use 

cases. This deliverable is related to Tasks:  

• Task T1.4 focuses on updating the key performance indicators (KPIs) to ensure alignment with 

the project’s objectives and outcomes. 

• Task T2.2 is based on defining a Common System Architecture CSA. It also considers 

standardization and regulatory requirements, as well as technical constraints. 

• Task T2.4 integrates a knowledge base that will be used by the pilots and stakeholders to 

support the modelling of energy systems tailored to Africa’s needs. 

• The evaluation plan defined by Task T4.1 is included in this deliverable. It will be applied and 

executed in the R&I and policy lab, as well as through user-friendliness and user experience 

(T4.2). 

• WP5, "Demonstration and Validation of the EMERGE Solutions," consists of four tasks (T5.1, 

T5.2, T5.3, T5.4) and ensures the coordination and validation of results across the pilot projects 

while promoting shared learning, either through the physical implementation of the solutions 

or through the use of pilot data. The details of the use cases (the energy assets considered, the 

number of experts, and the stakeholders involved) are defined and described in D5.1. 
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2. Key Performance Indicators (KPIs) used for the evaluation 

An initial set of KPIs presented in this deliverable will be evaluated and upgraded, if necessary, with 
additional KPIs – technical, economic, social – based on the T1.1 – T1.3 knowledge. This group of 
indicators will be evaluated also in demonstration activities (T5.2-T5.4). 
 

 

 

Generation KPI 1: FOR (Forced outage rate):  

FOR Is the percentage of non-availability of the power plant for generation, due to non-availability of 
equipment/system in the power plant. 

Generation KPI 2: Energy generation:  

Energy generation is the total volume sold (in MWh or GWh) by plant is the product of total capacity 
(MW or KW) and the capacity factor (%) of power plants owned or operated by the company. 

Generation KPI 3: Electrical Capacity Output (GW):  

Electrical Capacity Output is the maximum electric output a power plant can produce at a given point 
in time. (KW), (MW) or (GW). 

Generation KPI 4: Plant availability:  

Plant availability is the percentage of time a power plant is available to produce electricity. Maximizing 
availability increases energy output. 
Generation KPI 5: Capacity Factor (%):  

Capacity Factor is the ratio of actual output to the maximum possible output a power plant can produce 
during a given period. 
 

 

 

Section Description 

Description 
Voltage deviations can be identified by monitoring the bus bar voltages of the grid 
substations.  

This voltage quality index can be calculated during a specific period, and is defined 
as follows: 

𝑉𝐷𝐼% =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑡ℎ𝑎𝑡 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑖𝑠 𝑂𝑢𝑡 𝑅𝑎𝑛𝑔𝑒 𝐷𝑢𝑟𝑖𝑛𝑔𝑃𝑒𝑟𝑖𝑑

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑡ℎ𝑎𝑡𝑃𝑒𝑟𝑖𝑑
 

× 100 

This KPI can be calculated for each transmission voltage level  

Methodology 

 

 

Section Description 
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Description 
Frequency deviation indicators can be defined to find the number of time or 
duration that the system frequency goes beyond the allowable range  

The frequency deviation index can similarly be calculated during a specific period: 

𝑉𝐷𝐼% =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑡ℎ𝑎𝑡 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑖𝑠 𝑂𝑢𝑡 𝑅𝑎𝑛𝑔𝑒 𝐷𝑢𝑟𝑖𝑛𝑔𝑃𝑒𝑟𝑖𝑑

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑜𝑢𝑟𝑠 𝑜𝑓 𝑡ℎ𝑎𝑡𝑃𝑒𝑟𝑖𝑑
 

× 100 

Methodology 

 

 

Section Description 

Description 
The additional capacity (in MW) of renewable generation that can be connected to 
the electrical grid without compromising its stability and safe operation.  

Methodology 

• Initial Simulation (Without New Generators): Run a simulation of the 
current electrical grid. Record the existing total capacity of connected 
renewable generation (Initial Capacity). 

• Final Simulation (With New Generators): Run a simulation of the electrical 
grid with the proposed new generators. Record the new total capacity of 
connected renewable generation (Final Capacity) 

• Formula: 

Additional Capacity = Final Capacity – Initial Capacity 
 

 

 

Section Description 

Description 
Decrease in the frequency and magnitude of overvoltage and under-voltage events 
in the electrical grid, thereby improving the quality of electrical supply.  

Methodology 

• Initial Simulation (Without New Generators): Run a simulation of the 
current electrical grid. Measure the frequency and magnitude of 
overvoltage and under-voltage events and record the total number of 
events (Initial Events). 

• Final Simulation (With New Generators): Run a simulation of the electrical 
grid with the proposed new generators. Measure the frequency and 
magnitude of overvoltage and under-voltage events and record the total 
number of events (Final Events). 

• Formula: 

 
 

 

Section Description 
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Description 
Decrease in the energy lost during transmission from generators to consumption 
points due to resistance in transmission lines. 

Methodology 

• Initial Simulation (Without New Generators): Run a simulation of the 
current electrical grid. Measure transmission losses (in MWh) and record 
the total losses (Initial Losses). 

• Final Simulation (With New Generators): Run a simulation of the electrical 
grid with the proposed new generators. Measure transmission losses (in 
MWh) and record the total losses (Final Losses). 

• Formula: 

 

 

 

Section Description 

Description 
Decrease in the frequency and severity of overloads in transmission lines and 
equipment caused by the integration of new power generators. 

Methodolog
y 

• Initial Simulation (Without New Generators): Run a simulation of the current 
electrical grid. Count the number of overload incidents and record their total 
duration (Initial Overloads). 

• Final Simulation (With New Generators): Run a simulation of the electrical 
grid with the proposed new generators. Count the number of overload 
incidents and record their total duration (Final Overloads). 

• Formula: 

 

 

 

Section Description 

Description 

This KPI measures the expected increase in distribution network hosting capacity 
(expressed in kW or MW) for RES and EV integration, enabled by the 
implementation of new market-based flexibility services as well as advanced tools 
for improved network long-term and short-term operation planning tools. 

Methodology 

The KPI is calculated in percentage of additional RES/DER that can be connected to 
the grid above the initial scenario: 

𝐼𝐻𝐶%

𝐻𝐶𝑓𝑖𝑛𝑎𝑙 − 𝐻𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝐻𝐶𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 .100% 

Where: 
IHC%: Increase of expected hosting capacity of RES/DER when EMERGE framework 
are applied with respect to initial scenario. 
HCfinal: additional hosting capacity of RES/DER when EMERGE framework are 
applied with respect to currently connected generation (kW or MW).  
HCinitial: additional hosting capacity of RES/DER in initial scenario applied with 
respect to currently connected generation (kW or MW). 
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Section Description 

Description 

This KPI measures how much storage capacity is used to avoid grid constraints 
depending on several other parameters (grid characteristics, RES penetration, BESS 
location, availability from other flexibility sources, etc.). 

Methodology 

The KPI is calculated as the additional storage capacity, both in power (kW) and 
energy (kWh), needed to avoid grid constraints. 

∆𝑺𝑪𝑲𝑾/𝑲𝑾𝒉 =  𝑺𝑪𝒇𝒊𝒏𝒂𝒍 − 𝑺𝑪𝒊𝒏𝒊𝒕𝒊𝒂𝒍 

This KPI is not expressed as a percentage of the storage capacity in the initial as this 
value will likely be zero in many scenarios. In order to enable comparisons, the 
storage capacity may be expressed as a percentage of a fixed value such as the peak 
demand in the area (kW), the transformation capacity of the upstream substation 
(kWh) or the annual electricity consumption in the area. 

∆𝑺𝑪% =  
∆𝑺𝑪𝑲𝑾/𝑲𝑾𝒉

 𝑭𝒊𝒙𝒆𝒅 𝒗𝒂𝒍𝒖𝒆𝑲𝑾/𝑲𝑾𝒉
 

 

 

 

Section Description 

Description 

EMERGE framework aims at improving network reliability and resilience against 
extreme events, taking advantage of the flexibility of RES and DER and considering 
improved planning methodologies and new service restoration strategies, allowing 
the islanded operation. 

Methodology 

Reliability improvements will be determined though SAIDI, SAIFI and CAIDI and 
Energy Not Delivered (END). 
-The improvement in SAIDI can be calculated as follows: 

∆𝑆𝐴𝐼𝐷𝐼%

𝑆𝐴𝐼𝐷𝐼𝑓𝑖𝑛𝑎𝑙 − 𝑆𝐴𝐼𝐷𝐼𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝑆𝐴𝐼𝐷𝐼𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 .100% 

 
Where, 

𝑆𝐴𝐼𝐷𝐼 =
𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑀𝑖𝑛𝑢𝑡𝑒𝑠 𝑜𝑓 𝐼𝑛𝑡𝑒𝑟𝑟𝑢𝑝𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙  𝑁𝑢𝑚𝑣𝑒𝑟  𝑜𝑓 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟𝑠 𝑆𝑒𝑟𝑣𝑒𝑑
 ℎ/𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑟 

 
-The improvement in SAIFI can be calculated as follows: 

∆𝑆𝐴𝐼𝐹𝐼%

𝑆𝐴𝐼𝐹𝐼𝑓𝑖𝑛𝑎𝑙 − 𝑆𝐴𝐼𝐹𝐼𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝑆𝐴𝐼𝐹𝐼𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 .100% 

Where, 

 
-The improvement in CAIDI can be calculated as follows: 

∆𝐶𝐴𝐼𝐷𝐼%

𝐶𝐴𝐼𝐷𝐼𝑓𝑖𝑛𝑎𝑙 − 𝐶𝐴𝐼𝐷𝐼𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝐶𝐴𝐼𝐷𝐼𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 .100% 

Where, 
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-The improvement in the Energy not supplied (ENS) 

∆𝐸𝑁𝑆%

𝐸𝑁𝑆𝑓𝑖𝑛𝑎𝑙 − 𝐸𝑁𝑆𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝐸𝑁𝑆𝑖𝑛𝑖𝑡𝑖𝑎𝑙
 .100% 

 

 

 

Section Description 

Description 
Avoided CO2 emissions from increased RES and DER hosting capacity that would 
otherwise be emitted by the thermal power plants. 

Methodology 

The avoided CO2 emissions KPI is defined as: 
 
𝐴𝑣𝑜𝑖𝑑𝑒𝑑 𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠

=  𝐸𝐹𝑅𝐸𝑆  × [𝐼𝐻𝐶𝑅𝐸𝑆  ×  ℎ𝑅𝐸𝑆] + 𝐸𝐹𝐷𝐸𝑅  ×  [𝐼𝐻𝐶𝐷𝐸𝑅  ×  ℎ𝐷𝐸𝑅] 
𝐼𝐻𝐶𝑅𝐸𝑆 = 𝐻𝐶𝑅𝐸𝑆;final - 𝐻𝐶𝑅𝐸𝑆;initial 
𝐼𝐻𝐶𝐷𝐸𝑅 = 𝐻𝐶𝐷𝐸𝑅;final - 𝐻𝐶𝐷𝐸𝑅;initial 
Where: 
-EFRES: Annual emission factor from the thermal power plants (tCO2/GWh) 
-IHCRES: Increased hosting capacity of RES (kW or MW) 
-HRES: average number of electricity generation hours of RES, considering the energy 
mix in a given year (h) 
-EFDER: Annual emission factor from the Portuguese energy mix (tCO2/GWh) 
-IHC𝐷𝐸𝑅: Increased hosting capacity of DER (kW or MW) 
-HDER: reference number for electricity generation hours of DER 
-HCRES;final: additional hosting capacity of RES when EMERGE framework is applied 
with respect to currently connected generation (kW or MW) 
-HCRES;initial: additional hosting capacity of RES in BAU scenario applied with 
respect to currently connected generation (kW or MW) (from EU_KPI_1) 
-HCDER;final: additional hosting capacity of DER when EMERGE framework is applied 
with respect to currently connected generation (kW or MW) 
-HCDER;initial: additional hosting capacity of DER in BAU scenario applied with 
respect to currently connected generation (kW or MW) 

 

 

The following KPIs aim at assessing energy and climate efficiencies of various policies to support 
stakeholders in their decision processes. Therefore, they should be computed for different scenarios 
(i.e. different assumptions on energy-climate policies) and different time horizons (e.g. 2030, 2040, 
2050). 
 

 

Section Description 

Description 

This KPI measures how much final energy is consumed across all the business 
sectors of the considered area (residential, industrial, transportation, commercial 
& services, power sector)  
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Methodology 

The KPI is calculated as the sum of the total final energy consumptions from each 
sector (expressed in ktoe or GWh). 

𝑬𝒕𝒐𝒕𝒂𝒍 =  𝑬𝑹𝒆𝒔𝒊𝒅𝒆𝒏𝒕𝒊𝒂𝒍 + 𝑬𝑰𝒏𝒅𝒖𝒔𝒕𝒓𝒊𝒂𝒍 + 𝑬𝑻𝒓𝒂𝒏𝒔𝒑𝒐𝒓𝒕 + 𝑬𝑪&𝑺 + 𝑬𝑷𝒐𝒘𝒆𝒓 

This high-level KPI allows to aggregate several sectoral indicators in order to assess 
the overall efficiency of a given energy-climate scenario. Each of the 5 sectoral 
indicators will be computed using a bottom-up approach, i.e. starting from 
assumptions on the energy demand and the energy/CO2-intensive equipment (e.g. 
cooking or lighting appliances in the residential sector, boilers or other industrial 
systems in the industrial sector, etc.) 

𝑬𝒊 =  ∑ 𝒆𝑨𝒑𝒑𝒍𝒊𝒂𝒏𝒄𝒆 𝒋

𝑵𝒊

𝒋=𝟎

 

, where 𝒊 ∈ {𝑹𝒆𝒔𝒊𝒅𝒆𝒏𝒕𝒊𝒂𝒍; 𝑰𝒏𝒅𝒖𝒔𝒕𝒓𝒊𝒂𝒍; 𝑻𝒓𝒂𝒏𝒔𝒑𝒐𝒓𝒕; 𝑪&𝑺; 𝑷𝒐𝒘𝒆𝒓}  
and 𝑵𝒊 is the number of appliances considered for sector 𝒊 

 

 

Section Description 

Description 

This KPI measures the total amount of Greenhouse Gases emissions across all the 
business sectors of the considered area (residential, industrial, transportation, 
commercial & services, power sector)  

Methodology 

The KPI is calculated as the sum of the total GHG emissions from each sector 
(expressed in MtCO2e). 

𝒎𝑮𝑯𝑮,𝒕𝒐𝒕𝒂𝒍 =  𝒎𝑮𝑯𝑮,𝑹𝒆𝒔𝒊𝒅𝒆𝒏𝒕𝒊𝒂𝒍 + 𝒎𝑮𝑯𝑮,𝑰𝒏𝒅𝒖𝒔𝒕𝒓𝒊𝒂𝒍 + 𝒎𝑮𝑯𝑮,𝑻𝒓𝒂𝒏𝒔𝒑𝒐𝒓𝒕 + 𝒎𝑮𝑯𝑮,𝑪&𝑺

+ 𝒎𝑮𝑯𝑮,𝑷𝒐𝒘𝒆𝒓 

This high-level KPI allows to aggregate several sectoral indicators in order to assess 
the overall efficiency of a given energy-climate scenario. Each of the 5 sectoral 
indicators will be computed using a bottom-up approach, i.e. starting from 
assumptions on the energy demand and the energy/CO2-intensive equipment (e.g. 
cooking or lighting appliances in the residential sector, boilers or other industrial 
systems in the industrial sector, etc.) 

𝑬𝒊 =  ∑ 𝒎𝑮𝑯𝑮,𝑨𝒑𝒑𝒍𝒊𝒂𝒏𝒄𝒆 𝒋

𝑵𝒊

𝒋=𝟎

 

, where 𝒊 ∈ {𝑹𝒆𝒔𝒊𝒅𝒆𝒏𝒕𝒊𝒂𝒍; 𝑰𝒏𝒅𝒖𝒔𝒕𝒓𝒊𝒂𝒍; 𝑻𝒓𝒂𝒏𝒔𝒑𝒐𝒓𝒕; 𝑪&𝑺; 𝑷𝒐𝒘𝒆𝒓}  
and 𝑵𝒊 is the number of appliances considered for sector 𝒊 

 

 

The following KPIs are either aggregated values for all participating customers within the community 
or calculated values based on the energy and power values at the transformer station. 

• Self-consumption of the community 

• Maximum power from/to the grid 

• Energy transfer from/to the community 

• Reduced energy costs in total 

• Reduced grid costs in total 



D5.1 Pilots and use cases 

 

 19 

This project has received funding from the European Union’s Horizon Europe Research and Innovation 
Programme, under Grant Agreement n° 101118278. Views and opinions expressed are however those 
of the author(s) only and do not necessarily reflect those of the European Union. Neither the European 
Union nor the granting authority can be held responsible for them. 

 

 

Section Description 

Description Formula: 

𝑆̅ =
𝑆̂ − 𝑆

𝑆̂
 

Variables: 
𝑆̅: Change in the rate of self-consumption of all customers [-1..1] 

𝑆̂: Self-consumption of community (EMERGE) [0..1] 

𝑆: Self-consumption of community without EMERGE [0..1] 

• Methodology 

 

Section Description 

Description 

Change in maximum power from the grid for the community (measured at the 
transformer station).  
[0..1] indicates an increased maximum power; [-1..0] indicates a decreased 
maximum power. 

• Methodology 

Formula: 

𝑃̅+ =
𝑃̂+ − 𝑃+

𝑃̂+
 

Where: 
𝑃̅+: Change in maximum power from the grid for the community (measured at the 
transformer station) [-1..1] 

𝑃̂+: Maximum power from the grid for the community (EMERGE) [kW] 
𝑃+: Maximum power from the grid for the community without EMERGE [kW]  

 

Section Description 

Description 

Change in maximum power to the grid from the community (measured at the 
transformer station).  
[0..1] indicates an increased maximum power; [-1..0] indicates a decreased 
maximum power. 

• Methodology 

Formula: 

𝑃̅− =
𝑃̂− − 𝑃−

𝑃̂−
 

Where: 
𝑃̅−: Change in maximum power to the grid from the community (measured at the 
transformer station) [-1..1] 

𝑃̂−: Maximum power to the grid from the community (EMERGE) [kW] 
𝑃−: Maximum power to the grid from the community without EMERGE [kW] 

 

Section Description 

Description 

Change in energy transfer to the community (measured at the transformer station).  
[0..1] indicates an increased energy transfer; [-1..0] indicates a decreased energy 
transfer. 
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• Methodology 

Formula: 

𝐸̅+ =
𝐸̂+ − 𝐸+

𝐸̂+
 

Where: 
𝐸̅+: Change in energy transfer to the community (measured at the transformer 
station) [-1..1] 

𝐸̂+: Energy transfer to the community (EMERGE) [kWh] 
𝐸+: Energy transfer to the community without EMERGE [kWh] 

 

Section Description 

Description 

Change in energy transfer from the community (measured at the transformer 
station).  
[0..1] indicates an increased energy transfer; [-1..0] indicates a decreased energy 
transfer. 

• Methodology 

Formula: 

𝐸̅− =
𝐸̂− − 𝐸−

𝐸̂−
 

Where: 
𝐸̅−: Change in energy transfer from the community (measured at the transformer 
station) [-1..1] 

𝐸̂−: Energy transfer from the community (EMERGE) [kWh] 
𝐸−: Energy transfer from the community without EMERGE [kWh] 

 

Section Description 

Description 
Change in total energy costs for all customers.  
[0..1] indicates increased energy costs; [-1..0] indicates decreased energy costs.  

Methodology 

Formula: 

𝐶̅𝐸 =
𝐶̂𝐸 − 𝐶𝐸

𝐶̂𝐸

 

𝐶̂𝐸 = ∑ 𝑐̂𝐸,𝑖

𝑛

𝑖=1

 

𝐶𝐸 = ∑ 𝑐𝐸,𝑖

𝑛

𝑖=1

 

Where: 

𝐶̅𝐸 : Change in energy costs of all customers [-1..1] 

𝐶̂𝐸 : Total energy costs of all customers (EMERGE) [€] 
𝑐̂𝐸,𝑖: Total energy costs of all customers without EMERGE [€] 

𝐶𝐸 : Energy costs of customer i (EMERGE) [€] 
𝑐𝐸,𝑖: Energy costs of customer i without EMERGE [€] 

𝑛 : Number of customers 

 

Section Description 

Description 
Change in total grid costs for all customers. 
[0..1] indicates increased grid costs; [-1..0] indicates decreased grid costs.  



D5.1 Pilots and use cases 

 

 21 

This project has received funding from the European Union’s Horizon Europe Research and Innovation 
Programme, under Grant Agreement n° 101118278. Views and opinions expressed are however those 
of the author(s) only and do not necessarily reflect those of the European Union. Neither the European 
Union nor the granting authority can be held responsible for them. 

• Methodology 

Formula: 

𝐶̅𝐺 =
𝐶̂𝐺 − 𝐶𝐺

𝐶̂𝐸

 

𝐶̂𝐺 = ∑ 𝑐̂𝐺,𝑖

𝑛

𝑖=1

 

𝐶𝐺 = ∑ 𝑐𝐺,𝑖

𝑛

𝑖=1

 

Where: 
𝐶̅𝐺 : Change in grid costs of all customers [-1..1] 

𝐶̂𝐺 : Total grid costs of all customers (EMERGE) [€] 
𝐶𝐺 : Total grid costs of all customers without EMERGE [€] 
𝑐̂𝐺,𝑖: Grid costs of customer i (EMERGE) [€] 

𝑐𝐺,𝑖: Grid costs of customer i without EMERGE [€] 

𝑛: Number of customers 

 

Section Description 

Description 
Change in share of RES in all consumed energy. 
[0..1] indicates increased share of RES [-1..0] indicates decreased share of RES.  

• Methodology 

Formula: 

𝑅̅𝑆 =
𝑅̂𝑆 − 𝑅𝑆

𝑅̂𝑆

 

Where: 
𝑅̅𝑆: Change in share of RES [-1..1] 

𝑅̂𝑆: Share of RES with EMERGE [%] 
𝑅𝑆: Share of RES without EMERGE [%] 

 

Section Description 

Description 

Change in CO2 intensity of the used energy for all customers. 
[0..1] indicates increased carbon intensity; [-1..0] indicates decreased carbon 
intensity.  

• Methodology 

Formula: 

𝐼𝐶̅ =
𝐼𝐶 − 𝐼𝐶

𝐼𝐶
 

Where: 
𝐼𝐶̅: Change in energy carbon intensity [-1..1] 

𝐼𝐶: Carbon intensity with EMERGE [gCO2/kWh] 
𝐼𝐶 : Carbon intensity without EMERGE [gCO2/kWh] 

 

Section Description 

Description 
Change in the total number of electric vehicles. 
[0..1] indicates increased EV penetration; [-1..0] indicates decreased EV penetration.  

• Methodology Formula: 
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𝐸̅𝑃 =
𝐸̂𝑃 − 𝐸𝑃

𝐸̂𝑃

 

Where: 
𝐸̅𝑃: Change in EV penetration [-1..1] 

𝐸̂𝑃: Share of EVs in comparison to all vehicles with EMERGE [%] 
𝐸𝑃: Share of EVs in comparison to all vehicles without EMERGE [%] 

 

Section Description 

Description 
Change in the number of annual outages. 
[0..1] indicates increased outages; [-1..0] indicates decreased outages.  

• Methodology 

Formula: 

𝑂̅𝐴 =
𝑂̂𝐴 − 𝑂𝐴

𝑂̂𝐴

 

 
Where: 
𝑂̅𝐴: Change in annual outages [-1..1] 

𝑂̂𝐴: Annual average outages with EMERGE [gCO2/kWh] 
𝑂𝐴: Annual average outages without EMERGE [gCO2/kWh] 
 

 

 

The following KPIs are average values for all participating customers within the community.  

• Customer self-consumption rate 

• Energy transfer to/from the grid 

• Battery usage 

• Energy transfer within the community 

• Energy costs 

• Grid costs 
 

 

Section Description 

Description 

Change in the rate of the self-consumption of all customers (average) within a given 
period.  
[0..1] indicates an increased self-consumption; [-1..0] indicates a decreased self-
consumption. 

• Methodology 

Formula: 

𝑆̅ =
𝑆̂ − 𝑆

𝑆̂
 

𝑆̂ =
1

𝑛
∙ ∑ 𝑆̂𝑖

𝑛

𝑖=1

 

𝑆 =
1

𝑛
∙ ∑ 𝑆𝑖

𝑛

𝑖=1

  

Where: 
𝑆̅: Change in the rate of self-consumption of all customers [-1..1] 



D5.1 Pilots and use cases 

 

 23 

This project has received funding from the European Union’s Horizon Europe Research and Innovation 
Programme, under Grant Agreement n° 101118278. Views and opinions expressed are however those 
of the author(s) only and do not necessarily reflect those of the European Union. Neither the European 
Union nor the granting authority can be held responsible for them. 

𝑆̂: Self-consumption of all customers on average (EMERGE) [0..1] 
𝑆: Self-consumption of all customers on average without EMERGE [0..1] 

𝑆̂𝑖: Self-consumption of customer i (EMERGE) [0..1] 
𝑆𝑖: Self-consumption of customer i without EMERGE [0..1] 
𝑛: Number of customers 

 

 

Section Description 

Description 

Change in the energy transfer to the grid for all customers (average) within a given 
period.  
[0..1] indicates a decreased energy transfer to the grid; [-1..0] indicates an increased 
energy transfer. 

• Methodology 

Formula: 

𝐸̅− =
𝐸− − 𝐸̂−

𝐸−
 

𝐸̂− =
1

𝑛
∙ ∑ 𝐸̂𝑖

−

𝑛

𝑖=1

 

𝐸− =
1

𝑛
∙ ∑ 𝐸𝑖

−

𝑛

𝑖=1

 

Where: 
𝐸̅−: Change in the energy transfer to the grid for all customers [-1..1] 

𝐸̂−: Energy transfer to the grid on average (EMERGE) [kWh] 
𝐸−: Energy transfer to the grid on average without EMERGE [kWh] 

𝐸̂𝑖
−: Energy transfer to the grid for customer i (EMERGE) [kWh] 

𝐸𝑖
−: Energy transfer to the grid for customer i without EMERGE [kWh] 

𝑛: Number of customers 

 

 

Section Description 

Description 

Change in the energy transfer from the grid for all customers (average) within a given 
period.  
[0..1] indicates a decreased energy transfer from the grid; [-1..0] indicates an 
increased energy transfer 

• Methodology 

Formula: 

𝐸̅+ =
𝐸+ − 𝐸̂+

𝐸+
 

𝐸̂+ =
1

𝑛
∙ ∑ 𝐸̂𝑖

+

𝑛

𝑖=1

 

𝐸+ =
1

𝑛
∙ ∑ 𝐸𝑖

+

𝑛

𝑖=1

  

Where: 
𝐸̅+: Change in the energy transfer from the grid for all customers [-1..1] 

𝐸̂+: Energy transfer from the grid on average (EMERGE) [kWh] 
𝐸+: Energy transfer from the grid on average without EMERGE [kWh] 
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𝐸̂𝑖
+: Energy transfer from the grid for customer i (EMERGE) [kWh] 

𝐸𝑖
+: Energy transfer from the grid for customer i without EMERGE [kWh] 

𝑛: Number of customers 

 

 

Section Description 

Description Used battery capacity for all customers on average within a given period. [kWh] 

• Methodology 

Formula: 

𝐶̂ =
1

𝑛
∙ ∑ 𝐶𝑖

𝑛

𝑖=1

 

Where: 

𝐶̂: Used battery capacity on average [kWh] 
𝐶𝑖: Used battery capacity for customer i [kWh] 
𝑛: Number of customers 

 

 

Section Description 

Description  Average energy transfer for all customers within the community. 

• Methodology 

Formula: 

𝐸̂𝑡𝑟 =
1

𝑛
∙ ∑ 𝐸̂𝑖

𝑡𝑟

𝑛

𝑖=1

 

Where: 

𝐸̂𝑡𝑟: Average energy transfer within the community [kWh] 

𝐸̂𝑖
𝑡𝑟: Energy transfer within the community for customer i [kWh] 

𝑛: Number of customers 

 

 

Section Description 

Description 
Change in energy costs for all customers on average.  
[0..1] indicates increased energy costs; [-1..0] indicates decreased energy costs.  

• Methodology 

Formula: 

𝑐𝐸̅ =
𝑐̂𝐸 − 𝑐𝐸

𝑐̂𝐸
 

𝑐̂𝐸 =
1

𝑛
∙ ∑ 𝑐̂𝐸,𝑖

𝑛

𝑖=1

 

𝑐𝐸 =
1

𝑛
∙ ∑ 𝑐𝐸,𝑖

𝑛

𝑖=1

 

Where: 
𝑐𝐸̅: Change in energy costs of all customers [-1..1] 
𝑐̂𝐸: Average energy costs of all customers (EMERGE) [€] 
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𝑐𝐸: Average energy costs of all customers without EMERGE [€] 
𝑐̂𝐸,𝑖: Energy costs of customer i (EMERGE) [€] 

𝑐𝐸,𝑖: Energy costs of customer i without EMERGE [€] 

𝑛: Number of customers 

 

 

Section Description 

Description 
Change in grid costs for all customers on average.  
[0..1] indicates increased grid costs; [-1..0] indicates decreased grid costs.  

• Methodology 

Formula: 

𝑐𝐸̅ =
𝑐̂𝐸 − 𝑐𝐸

𝑐̂𝐸
 

𝑐̂𝐸 =
1

𝑛
∙ ∑ 𝑐̂𝐸,𝑖

𝑛

𝑖=1

 

𝑐𝐸 =
1

𝑛
∙ ∑ 𝑐𝐸,𝑖

𝑛

𝑖=1

 

Where: 
𝑐𝐺̅: Change in grid costs of all customers [-1..1] 
𝑐̂𝐺: Average grid costs of all customers (EMERGE) [€] 
𝑐𝐺: Average grid costs of all customers without EMERGE [€] 
𝑐̂𝐺,𝑖: Grid costs of customer i (EMERGE) [€] 
𝑐𝐺,𝑖: Grid costs of customer i without EMERGE [€] 

𝑛: Number of customers 

 

 

The following KPIs are average values for all participating customers within the community.  

• Employment rate 

• Public approval rate 

• Citizen engagement 

 

 

Section Description 

Description 
Change in employment rate in the community 
[0..1] indicates increased grid costs; [-1..0] indicates decreased grid costs. 

• Methodology Formula: 

𝐸̅𝑅 =
𝐸𝑅 − 𝐸̂𝑅

𝐸𝑅
 

𝐸̂𝑅 =
1

𝑛
∙ ∑ 𝐸̂𝑖

𝑅

𝑛

𝑖=1
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𝐸𝑅 =
1

𝑛
∙ ∑ 𝐸𝑖

𝑅

𝑛

𝑖=1

  

Where: 
𝐸̅𝑅: Change in the employment rate within the community [-1..1] 

𝐸̂𝑅: Employment rate with EMERGE [%] 
𝐸𝑅: Employment rate without EMERGE [%] 

𝐸̂𝑖
𝑅: Employment rate per inhabitant with EMERGE [%] 

𝐸𝑖
𝑅: Employment rate per inhabitant without EMERGE [%] 

𝑛: Number of adult inhabitants 

 

 

Section Description 

Description 
Change in citizen engagement rate in the community, regarding demand response. 
[0..1] indicates increased engagement; [-1..0] indicates decreased engagement.  

• Methodology 

Formula: 

𝐷̅𝑅 =
𝐷̂𝑅 − 𝐷𝑅

𝐷̂𝑅
 

𝐷̂𝑅 =
1

𝑛
∙ ∑ 𝐷̂𝑖

𝑅

𝑛

𝑖=1

 

𝐷𝑅 =
1

𝑛
∙ ∑ 𝐷𝑖

𝑅

𝑛

𝑖=1

 

Where: 
𝐷̅𝑅: Change in the demand response engagement within the community [-1..1] 

𝐷̂𝑅: Demand response engagement rate with EMERGE [%] 
𝐷𝑅: Demand response engagement rate without EMERGE [%] 

𝐷̂𝑖
𝑅: Demand response engagement rate per inhabitant with EMERGE [%] 

𝐷𝑖
𝑅: Demand response engagement rate per inhabitant without EMERGE [%] 

𝑛: Number of households participating in demand response 

 

 

 

Section Description 

Description 
This KPI indicates the annual maintenance cost of transmission lines per route 
length.  

Methodology 

It is calculated as follows: 

𝑂𝐻𝑇𝐿𝑀𝐶𝐼 =
OHTLs 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡

𝑅𝑜𝑢𝑡𝑒 𝐿𝑒𝑛𝑔𝑡ℎ (𝑘𝑚)
 

Where:  
The OHTLs maintenance works include mainly live line washing and line patrolling. 
𝑅𝑜𝑢𝑡𝑒 𝐿𝑒𝑛𝑔𝑡ℎ (𝑘𝑚): Length of Transmission Line in km 
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Section Description 

Description This includes all costs within all substations fences and can be calculated as follows: 

𝑆𝑀𝐶𝐼 =
𝑇𝑜𝑡𝑎𝑙 𝐺𝑆𝑆 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑐𝑜𝑠𝑡 

𝑁𝑆
 

 
Where; 
SMCI: Substation Maintenance Cost Index 
NS: Total number of Grid Substations 

Methodology 

 

 

The following availability KPIs provide a measure for indicating the level of readiness of the system to 

deliver electric energy to the customers. These are defined as follows: 

 

Section Description 

Description 
This indicator gives an estimation of the Energy not supplied to the connected Load 
due to all possible causes over a year period. It can be calculated by using the 
following formula (MWh) 

Methodology 

formula: 

 
Where:  
PDi = Power disconnected by transmission circuit Interruption (in MW).  
Hi = Duration of Interruption ‘I’ (in hours)  
kt = Total number of Interruptions during the reported year 
Another indicator which is directly related to ENS could be expressed with ENS is 
“System Minutes Lost”, this index measures the severity of each system disturbance 
relative to the size of the system, in terms of duration of total system wide blackout.  
The formula used for calculating the system minutes lost is; 

 
When this index for a specific incident is greater than one minute, that incident can 
be normally classified as a major interruption. 
NB: Network losses are not included. 

 

 

Section Description 

Description The Overall Reliability of Supply for a transmission system is calculated using the 
formula: 

(1 −
𝐸𝑁𝑆

𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑡ℎ𝑎𝑡 𝑤𝑜𝑢𝑙𝑑 ℎ𝑎𝑣𝑒 𝑏𝑒𝑒𝑛 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑠𝑦𝑠𝑡𝑒𝑚
 )x100 

 
Where: 
ENS = Estimated Unsupplied Energy due to unavailability of transmission circuits 

Methodology 
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Section Description 

Description This KPI is calculated from the ENS as follows: 

𝐴𝐼𝑇 =  
8760 × 60 × 𝐸𝑁𝑆

𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐷𝑒𝑚𝑎𝑛𝑑 (𝑀𝑊ℎ)
 

 
ENS: Energy Not Supplied  

Methodology 
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3. Use Cases for Demonstration 

EMERGE concept is built using three relevant case studies in Africa that represent different types of 

regions in social, economic and energy contexts. Three case studies differ in terms of grid and energy 

infrastructure development to test the EMERGE solutions in different grid conditions. The 

representativeness of the case studies ensures a broad replicability of the project solutions and provide 

an interesting opportunity to progress in the development of a just energy transition in Africa that 

provides energy access for local communities and the conservation of resources and environment. The 

EMERGE demonstration sites are located in three different African countries which cover 

geographically three areas of the continent, these countries are Morocco, Mozambique and Niger basin 

river. For each of these three pilots, a dedicated section is presented below.  

 

Figure 1 – EMERGE Case Studies

 

3.1.1.  description (economic, social, environmental and energy) 

Morocco is a country in full transformation, with an expanding diversified economy, notable social 

progress, a strong environmental commitment, and high energy ambitions. However, it continues to 

face challenges, particularly in terms of reducing social inequalities, sustainable management of natural 

resources, and the fight against climate change. Here below major socio-economic areas of interest 

referred to the country are presented in separated sections.  

Economic Context 

Morocco is one of the most dynamic economies in North Africa. The country has managed to diversify 

its economy over the years, although agriculture remains a key sector. 

• Economic Growth: Morocco's GDP reached around $135 billion in 2023, with an average 

growth rate around 3-4% over the last decade, despite external shocks like the COVID-19 

pandemic and price fluctuations raw materials. 

• Economic Sectors: 

o Agriculture: Represents around 13% of GDP but employs almost 40% of the active 
population. Climatic conditions strongly affect this sector, making Morocco vulnerable to periods of 
drought. 

o Industry and Services: The manufacturing industry, particularly automobiles and 
aeronautics, as well as services (notably tourism) are important drivers of economic growth. 
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• Foreign Trade: Morocco has signed several free trade agreements, notably with the European 

Union and the United States, which has stimulated its exports, particularly in the automobile 

and textile sectors. 

• Investment: The country attracts significant foreign investment, particularly in the energy, 

infrastructure, and new technologies sectors. Morocco is ranked among the most attractive 

African countries for foreign direct investments. Here are some key figures regarding 

investment in Morocco: 

Table  1 – Overview of Morocco's 2023 Investment Distribution 

Public Investment Morocco's public investment budget for 2023 is 
estimated at around 245 billion dirhams. 

Foreign Direct Investment (FDI) In 2023, Morocco attracted approximately $3.6 billion in 
foreign direct investment (FDI). 

National Private Investment National private investment represents around 15% of 
GDP in 2023. 

Public -Private Partnerships (PPP) The total volume of Public-Private Partnership (PPP) 
projects is estimated at 50 billion dirhams. 

 

Social Context 

Morocco has made significant progress in human development, but challenges remain, particularly in 
education, health, and reducing inequalities. 

• Human Development Index (HDI): Morocco has an HDI of 0.686 (2022), ranking it 123rd in the 

world, with a life expectancy at birth of 76.9 years, a high gross enrolment rate, but persistent 

inequalities between urban and rural areas. 

• Education: The adult literacy rate increased to around 74% in 2023 (82% for men and 66% for 

women and 90% for young people aged 15-24). The enrolment rate in 2023 is in Table 2. 

Table  2 – Education Enrolment Rates in Morocco (2023) 

Education Primary: 99% 

Secondary education: 87% 

Qualifying Secondary Education (high school ): 66% 

 

• Health: Access to health care has improved through medical coverage programs, but disparities 

remain between regions. Morocco has also launched an ambitious program to generalize social 

coverage to the entire population by 2025. 

• Inequalities and Poverty: The poverty rate has decreased, but disparities between regions 

remain high. The relative poverty rate is estimated at 15.7% in 2022, with poverty more 

pronounced in rural areas. 

Environmental Context: 

Morocco is engaged in a transition towards sustainable development but must face several 
environmental challenges. 
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• Climate Vulnerability: Morocco is particularly vulnerable to climate change, with increased 

risks of drought, desertification and water scarcity. Water resources are under pressure, with 

average annual availability per capita falling to less than 600 m³ (2,560 m³ per capita in 1960 

to less than 600 m³ per capita in 2023). 

• Natural Resource Management: Morocco has adopted several strategies for the sustainable 

management of its natural resources, notably through the Green Morocco Plan for agriculture 

and the National Sustainable Development Strategy. 

• Environmental Initiatives: The country has invested in reforestation, coastal zone protection, 

and waste management, while striving to reduce greenhouse gas emissions. 

Energy Context 

Morocco positions itself as a regional leader in the field of renewable energies, with clear ambitions to 
reduce its dependence on fossil fuels. 

• Energy Mix: Morocco has historically depended on fossil fuel imports to meet its energy 

demand, but it aims to reach 52% of its installed capacity in renewable energy by 2030. 

• Renewable Energy: The Noor solar complex in Ouarzazate is one of the largest solar projects 

in the world. In 2023, renewable energies represented around 37% of installed capacity, with 

major projects in wind and solar. 

• Energy Efficiency: Morocco has launched several programs to improve energy efficiency (20% 

reduction in its energy consumption by 2030), the main sectors targeted for energy efficiency 

improvements are buildings, industry, transport, and public lighting. 

Table  3 – Morocco's energy efficiency program by sector in 2030 

Industry 
The industrial sector represents around 30% of Morocco's total energy 
consumption. There is a potential for a 10% to 15% reduction in energy 
consumption 

Transportation 
The transport sector consumes around 35% of total energy in Morocco. 
Morocco aims to reduce this consumption by promoting more fuel-efficient 
vehicles, developing public transport, and improving road infrastructure. 

Public Lighting 
The public lighting modernization program aims to replace old lamps with LED 
bulbs. This program is expected to save around 900 GWh per year by 2030. 

Buildings 
The National Program for Energy Efficiency in Public Buildings aims to reduce 
energy consumption in public buildings by 20% by 2025. 

 

3.1.2. Key stakeholder and actors 

The energy transition in Morocco involves a wide range of key stakeholders and actors, each playing a 
crucial role in implementing strategies, coordinating efforts, and financing projects. The main players 
are: 

Ministry of Energy Transition and Sustainable Development: This ministry is the main government 
body responsible for Morocco's energy policy. It develops national strategies, implements reforms, 
and coordinates energy transition initiatives. 

Moroccan Agency for Sustainable Energy (MASEN): MASEN is the agency in charge of the 
development of renewable energies, particularly large solar projects such as the Noor complex in 
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Ouarzazate. It plays a key role in the planning, construction and operation of renewable energy 
infrastructure. 

National Office of Electricity and Drinking Water (ONEE): ONEE is responsible for the production and 
distribution of electricity and drinking water. It is a key player in the integration of renewable energies 
into the national electricity grid. 

National Agency for the Development of Renewable Energy and Energy Efficiency (ADEREE): This 
agency's mission is to promote renewable energy and energy efficiency in Morocco. It supports project 
development and consumer awareness. 

High Commission for Water and Forests and the Fight Against Desertification: Involved in the 
sustainable management of natural resources, this organization participates in the protection of the 
environment and the promotion of sustainable energy practices. 

Research Institutes and Universities: Institutions such as the Institute for Research in Solar Energy and 
New Energies (IRESEN) carry out applied research and promote innovation in the field of renewable 
energies and energy efficiency.  

Environmental Associations: NGOs such as the Moroccan Association for Solar and Wind Energy 
(AMISOLE) and the Moroccan Association for Renewable Energy (AMER) are campaigning for wider 
adoption of renewable energy and for public awareness to the challenges of the energy transition. 

3.1.3. Electricity:  

Morocco is a country located in North Africa with an area of approximately 710,850 km² and a 
population of more than 36 million inhabitants. The development of electricity infrastructure is 
essential to support its economic growth and meet the energy needs of its citizens and industries. 

Electricity in Morocco is a strategic sector that plays a crucial role in the economic and social 
development of the country. The electricity sector is characterized by a diversity of actors, both public 
and private, operating in different activities (production, transmission and distribution) to satisfy 
customers' electricity needs. 

Table  4 – Key Indicators in Morocco (2022) 

Installed power 11056 MW 

Rate of RE in installed capacity 37.57 % 

Maximum peak 7250 MW 

Maximum daily peak 144600MWh 

Net energy called 42317 GWh 

National electricity production 41420 GWh 

Rural electrification rate 99.86 % 

• Installed capacity of renewable energies 

The installed capacity of renewable energy connected to the transmission network increased by 87 
MW to reach a total capacity of 4154 MW by the end of 2022. 
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Figure 2 – Distribution of installed renewable energy capacity in 2022 

• Production of conventional electrical energy 

The table below summarizes the installed capacity in MW and the energy produced in GWh by energy 
source in 2022. 

Table  5 – Distribution of national electricity production by energy source (2022) 

 Installed capacity (MW) Energy produced 

Coal 4116 29057 

Fuel oil and diesel 1951 3919 

Natural Gas 834 683 

sun 831 1451 

wind 1553 5359 

hydraulic 1306 350.2 

step 464 329 

other  263 

 

• Energy transport electric 

ONEE operates, maintains, and develops the High and Very High Voltage electrical network in order to 
ensure, under the best conditions of safety and economy, the transport of electrical energy from 
production plants to consumption centres. 

The total length of Very High Voltage and High Voltage transmission lines reached 29,105 km of lines 
at the end of 2023 (+1.5%), distributed as follows: 

The number of electrical transformers is 566 with a total capacity of 30527 MVA.  

• Electricity Distribution 

• At the end of 2023, the total number of ONEE customers reached 7,156,517 (+2.6%). 

• Electric energy sales reached 34,312 GWh, an increase of 2.7% compared to 2022. 

• Global Rural Electrification Program (GREP) 

The summary of PERG achievements is as follows: 
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• Electrification, by connection to the networks of 570 villages bringing together 13,300 
households and the electrification of 1,950 schools and 800 mosques for a total budget of 
598 MDH (figure 3) 

• Rural electrification rate reached 99.86%; 2022 (figure 3) 

 

 

Figure 3 – Evolution of the rural electrification rate 

• Interconnection  

Interconnection with neighbouring countries: 

• Morocco-Spain interconnection: 
o First interconnection (400kV) in 1997. 
o 2nd interconnection (400kV) in 2006 
o Current exchange capacity: 1,400 MW. 
o A third line is planned, with an additional capacity of 700 MW, bringing the total 

capacity to 2,100 MW. 

• Morocco-Algeria interconnection: 
o First interconnection (225KV) in 1988. 
o Second interconnection (400kV) in 2008 
o Current exchange capacity: 1,500 MW. 
o A third line is planned, with an additional capacity of 700 MW, bringing the total 

capacity to 2,100 MW. 

• Interconnection Morocco-Mauritania (Project under Study) 

• Interconnection Morocco-Portugal (Project under study) 
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Figure 4 – Electricity connections with the EU and Africa 

• Grid characteristics: 

Electric power transmission and distribution losses: 

The total electrical energy required in 2022 reached 42.3 TWh, an increase of approximately 4.5% 

compared to the year 2021 [reference 31]. 

Transmission and distribution losses [references 32, 33] 

Total Losses: In general, total losses in the Moroccan electricity network (including transmission and 

distribution) are around 15% to 17% of the electrical energy produced. 

Transmission losses: estimated around 2% to 3% of the transmitted energy. Transmission losses can be 

influenced by line length, voltage level, and equipment efficiency. 

Distribution Losses: generally, around 10% to 12% of the energy distributed. These losses are due to 

several factors, such as ohmic losses in cables, transformer inefficiencies, and theft or fraud. 

3.1.4. Other sectors:  

• Energy consumption by sector: 

Energy demand in Morocco is distributed between several key sectors: transport, industry, buildings 
(residential and tertiary), and public lighting. Here is an overview of energy consumption by sector in 
figures: 
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Table  6 – Overview of energy consumption by sector (2022) 

Transportation 
The transport sector represents approximately 38% of the country's total 
energy consumption. Energy consumption in this sector was approximately 
6.5 million tons of oil equivalent (TOE). 

Industry 
The industrial sector consumes around 28% of total energy. Consumption in 
this sector amounted to approximately 4.8 million TOE. 

Building 
(Residential and 
Tertiary) 

The building sector (residential and tertiary) represents approximately 25% of 
total energy consumption in Morocco. This corresponds to consumption of 
approximately 4.3 million PET scans. 

Agriculture 
The agricultural sector represents around 5% of total energy consumption. 
Approximately 0.8 million PET scans. 

Public Lighting 
Public lighting represents around 4% of national energy consumption. In 2022, 
this was equivalent to approximately 0.7 million TOE. 

Consumption of fuels for electricity production 

In 2022, electricity production in Morocco relied mainly on fossil fuel sources: 

Table  7 – Consumption of fuels for electricity production 

  Fuel 
(KT) 

Coal (KT) Petroleum 
coke (KT) 

Natural gas 
(MNm 3 ) 

Diesel (KT) 

2017 859.4 6718.6   1066.7 9.7 

2018 307.4 7772.8 - 950.6 5.9 

2019 160.8 10065.035 - 884.3 4.3 

2020 94.4 10111.3 - 668.8 3.7 

2021 295.6 10 604.3 - 662 6.842 

2022* 1,073.3 10,744.4 - 147.7 11,663 

*Provisional data 

CO2 emissions due to energy consumption 

CO2 emissions in Morocco due to energy consumption mainly come from the combustion of fossil fuels 
for electricity production, transport, and industry. Here are some key figures (2022): 
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Table  8 – CO2 emissions in Morocco  

  CO2 emissions (in 
millions of tonnes) ** 

CO2 emissions per 
capita (TCO2 / capita) 

CO2 emissions due to 
electricity production 

1(gCO2/KWh) 

2017 60.4 1.73 720.5 

2018* 62.02 1.76 685.7 

2019* 68.3 1.92 724.8 

2020* 62.8 1.75 743.8 

2021* 68.8 1.89 744.6 

*Provisional data 
**including international holds 
 

3.1.5.  Energy transition challenges:  

Reduction of greenhouse gas (GHG) emissions. 

Morocco has submitted to the executive secretariat of the United Nations Framework Convention on 
Climate Change (UNFCCC), with a new target for reducing greenhouse gas (GHG) emissions which is 
45.5% by 2030, of which 18.3%. 

Energy efficiency 

Morocco has implemented several strategies to reduce its energy consumption: 

• The national energy efficiency strategy targets four energy-consuming sectors: 

Table  9 – The national energy efficiency strategy  

Transportation 38% 

Buildings 33% 

Industry 21% 

Public lighting 8% 

• This strategy includes around 80 measures targeting these sectors, which will allow an 
estimated saving in energy consumption of around 20% in 2030: 

Table  10 – Estimated C by Sector in 2030 

Transportation -24% 

Buildings -14% 

 
1 Il s’agit d’un indicateur calculé par le rapport entre les émissions CO2 induites de la combustion des combustibles pour la production d’électricité et la production 

totale d’électricité (toute source confondue : Hydraulique, Eolien, Solaire et Thermique) 
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Industry -22% 

Public lighting -13% 

 

Investments in clean energy 

Morocco has made considerable efforts to attract investment in renewable and clean energy projects 
in recent years. 

Table  11 – Financial Investments in Morocco 

Budget for renewable energies 

Morocco has committed around USD 30 billion (around 300 
billion dirhams) to the development of renewable energy since 
2010. Annual investments are expected to reach around USD 1 
billion per year until 2030 to achieve the set targets. 

Partnerships Internationals 

Morocco has received funding from several institutions, 
including the World Bank and the Green Climate Fund, to 
support its renewable energy projects. For example, the Noor 
project benefited from a loan of 400 million USD of the African 
Development Bank. 

Jobs created 
Investments in renewable energy could generate 
approximately 500000 jobs by 2030 in the renewable energy 
and energy efficiency sector. 

 

Resilience of the energy system 

Service interruptions and availability of critical infrastructure in Morocco, particularly in the electricity 
sector. 

Table  12 – Service Interruptions and Availability of Infrastructure in the Electricity Sector (2021) 

Service interruptions 

Number of service interruptions: In 2021, there were approximately 1,000 service 
interruptions in the electricity sector, but the 
majority were short-lived.  

Average duration of interruptions: The average duration of service interruptions is 
approximately 2-3 hours per incident, although this 
may vary depending on the location and nature of the 
interruption. 

Infrastructure availability rate 

Availability rate of electrical 
infrastructure: 

The availability rate of electricity infrastructure in 
Morocco is generally high, reaching around 99% in 
2021. This means that the electricity system operates 
reliably, despite some interruptions. 
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Overall performance 

Reliability index : Morocco has improved its reliability index for the 
electricity network, reaching an index of 0.8, which 
indicates good performance in terms of continuous 
service. 

 

3.2.1. Overall description (economic, social, environmental and energy) 

Mozambique is rapidly emerging as one of the major energy producers in Africa. Its energy sector 

includes power generation (large hydro, natural gas and renewables), hydrocarbon exploration (coal 

and natural gas) and traditional biomass.  

Over the last two decades, the energy sector in Mozambique has seen significant growth, both in terms 

of production and demand. Although the consumption of modern energy sources has been increasing, 

particularly in terms of electricity and gas, biomass continues to be the most important source of 

energy used in Mozambique. This is mostly due to the fact that the majority of the rural population, 

estimated at approximately 70%, uses firewood to meet their cooking and water heating needs, while 

the urban population, whose number has been growing at a rapid pace, uses charcoal for cooking. 

3.2.2. Key stakeholder and actors 

The Mozambican energy sector comprising all forms of primary and transformed energy sources, 

involves various stakeholders and actors, including: 

• The Council of Ministers, responsible for defining policies, strategies and regulatory 

instruments that allow the development of natural resources for economic benefits associated 

with environmental responsibility. 

• Ministry of Energy and Mineral Resources, overseeing the electricity portfolio, including New 

Energy and Renewable Energy (NERs), and also responsible for petroleum and refined 

petroleum products (liquid fuels), natural gas and coal, among other mineral resources; 

• ARENE, is the Regulatory Body for the Electricity Sector and in an entity responsible, within the 

scope of the regulation and development of the energy sector, for the instruction and 

processing of public bidding processes for the granting of concessions for the production, 

transport, distribution and sale of electricity, issuing the respective judgment, as well as the 

requests for transmission of the concessions. ARENE is also responsible for the regulation of 

the distribution of gas at pressures equal to or less than 16 bar. 

• EDM EP, a state-owned utility company, responsible for the production, acquisition, transport, 

distribution and sale of electricity. Responsible for a large part of the implementation of the 

rural and peri-urban electrification program via network extension.  

• Hidroeléctrica de Cahora Bassa (HCB) is an IPP owned by the State of Mozambique (85%). HCB 

owns and operates a hydroelectric power plant with an installed capacity of 2075 MW under a 

long-term Power Purchase Agreement (PPA) with ESKOM of South Africa, EDM and ZESA of 

Zimbabwe to whom it supplies power through an HVAC line owned by EDM. 

• Mozambique Transmission Company (MOTRACO) was created as a joint venture between 

Eskom, EDM and the Swaziland Electricity Board (SEB), with the status of a partnership 

between public and private entities, with each company holding 1/3 of the shares. MOTRACO 
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essentially operates and maintains the 400 kV grid system based on the grid’s parallel 400 kV 

transmission lines. 

• The National Energy Fund (FUNAE) is a public institution responsible for the development, 

production and use of different forms of low-cost energy production and distribution for off-

grid rural electrification. It promotes the conservation, rational and sustainable management 

of energy resources. 

• The National Petroleum Institute (INP) has a regulatory role in the Oil and Natural Gas 

subsectors under the Ministry of Energy and Mineral Resources. 

• National Hydrocarbon Company (ENH) is a state-owned company for the development 

(extraction, transformation and distribution) of hydrocarbon resources.  

• Mozambican Hydrocarbon Company (CMH) is private natural gas company with several 

projects with SASOL, a South African concessionaire for the onshore gas deposits in Temane 

and Pande, in Inhambane province. 

• Matola Gas Company (MGC) is a company that distributes gas to industries and transport 

sectors in the Matola and Maputo areas. ENH also contributes by transporting, distributing and 

selling natural gas in the northern Inhambane market, and ENH-KOGAS sells it in the Maputo 

city and Marracuene markets. 

• Independent energy producers. 

3.2.3. Electricity:  

The Mozambique Electricity Sector is characterized by the by four main activities, namely: generation, 
transmission, distribution and marketing. These activities in the electricity sector value chain are found 
in both on-grid and off-grid energy services. Electricity generation is mainly provided by the Cahora-
Bassa Hydroelectric Plant (HCB). In recent years, after the liberalization of the sector, a small number 
of independent power producers (IPPs) have been created in the country. The National Energy Fund 
(FUNAE) operates a few numbers of solar plants (PV) and mini-hydroelectric plants, however, these are 
not connected to the National Electricity Grid. 
The transmission and distribution of electricity is mainly operated the national power utility (EDM). 
Mozambique Transmission Company (MOTRACO) owns and operates a high-voltage line dedicated to 
a single consumer, the Mozambique Aluminum Smelter (MOZAL). HCB transmission is on two lines, 
HVDC and HVAC, for exports to RSA and Zimbabwe, respectively.  EDM supplies the southern region of 
Mozambique. HCB operates a substation in Songo, Tete province, which connects the Apollo substation 
in South Africa (1,400 km of HVDC line, of which approximately 900 runs through Mozambican 
territory), and two more HVAC lines that connect with the Matambo substation, in the same province. 
Despite its wealth and diverse natural resources, Mozambique remains significantly dependent on 
water resources for energy production. However, in recent years, Mozambique begun to diversify its 
primary energy sources, taking advantage of the recent discovery of natural gas in the Rovuma Basin, 
which has promoted the development of the gas-to-power project. This has also allowed the 
government to set ambitious targets for the implementation of renewable energy projects in the 
coming years, but these have not yet been achieved. 
 

3.2.4. Energy transition challenges:  

Mozambique has a huge potential in solar, wind, hydropower and biomass and is pursuing a sustainable 
economy, with ambitious electrification targets medium-long term. The country is in process of 
approving favorable regulations to support the energy transition.  However, there are two realities that 
pose a dilemma in the face of the country’s ambitions, on the one hand, as a developing country, less 
than 53% of our inhabitants have access to energy. On the other hand, the country has reserves of 180 
tcf (billion cubic feet), with the potential to generate resources. The country faces challenges in 
transitioning to renewable energy sources including:  
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• How to balance economic growth and expand access to energy for the low-income 
population, while also meeting the targets for reducing greenhouse gas emissions 
established by the Paris Agreement. While transitioning to a decarbonized future, 
Mozambique must continue to grow and meet the needs of the half of its population that 
does not have access to electricity. 

• Limited investment on renewable sources: investing in energy matrices dominated by 
renewable sources is expensive and is considered a risky investment. 

 

 

Originating from the Guinea, the River Niger crosses Mali 
and Niger before ending in the actlantic ocean in Nigeria. 
The current study covers the Niger river basin in Mali and 
Nigeria Despite the presence of water streams like the 
Baoulé, the Bagoé and Banifing flowing to the Bani river, the 
area is experiencing the adverse impacts of climate change 
(desertification and water scarcity), but also the 
anthropogenic activities leading to deforestation (firewood 
and charcoal production), severe drought (reduction of the 
duration of the rainy season), flooding with their corollaries 

of food insecurity, diseases like the spread of malaria, abusive exploitation of tree covers for charcoal 
production in the search of domestic energy. 
 

 

Registered electricity customers in Nigeria 2023, by Distribution Company:  As of September 2023, 
over 12.6 million customers were registered with eleven electricity distribution companies (DisCos) in 
Nigeria. Around 2.4 million of the customers had an account with the company in Ibadan, the highest 
as of the said period. Moreover, roughly 1.4 million and 1.39 million people were registered in Enugu 
and Abuja, respectively. 
Electricity customers with meters in Nigeria 2023, by Distribution Company:  As of September 2023, 
around 5.7 million customers of eleven electricity distribution companies (DisCos) in Nigeria were 
metered. In the same period, the total registered electricity customers reached over 12.6 million. This 
meant that the vast majority of the registered clients had no meters to measure their usage of electrical 
energy, and thus remained on estimated billing. Ibadan and Ikeja reported the highest number of 
metered electricity customers in Nigeria, while metering was lowest in Kaduna and Yola. 
Revenue collected by electricity distribution companies in Nigeria 2023, by company.  As of the third 
quarter of 2023, the electricity distribution company in Ikeja, in Nigeria, received over 57 billion 
Nigerian naira (NGN) (roughly 64 million U.S. dollars) in revenue. This was against a total billing of 58.4 
billion NGN. Moreover, Eko and Abuja contributed some 44 billion NGN and 41 billion NGN to the total 
electricity revenue, respectively. Overall, the Nigerian electricity companies registered an electricity 
income of approximately 268 billion NGN in the said quarter. 
Value of electricity exports from Nigeria 2008-2020.  As of 2020, Nigeria obtained an income of around 
84.3 million U.S. dollars from electricity exports. Compared to the previous year, when the revenue 
reached over 142 million U.S. dollars, this represented a decrease. The country exports electricity to 
neighbouring countries such as Benin and Niger. 
Prices of electricity in Nigeria 2023, by user. As of September 2023, the price of electricity used in 
households in Nigeria amounted to around 23 Nigerian naira per kilowatt hour, some 0.016 U.S. dollars. 
On the other hand, industrial electrical energy was priced at approximately 36 NGN per kilowatt hour, 
roughly 0.026 U.S. dollars. 
Carbon emissions from electricity generation in Nigeria 2000-2022. As of 2022, carbon emissions from 
the power sector in Nigeria reached around 11.8 million metric tons of carbon dioxide equivalent. This 
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was a slight decrease from the previous year. Within the period reviewed, the highest volume of 
emissions from electricity generation in the country was achieved in 2014, when nearly 12.8 million 

metric tons of CO2 equivalent was registered. 

 
3.3.1.1. Overall description (economic, social, environmental and energy) 

Nigeria has a total land area of 923,768 km², with highly variable land cover, including tropical 

rainforest, Sahelian savannah, mountain plateaus and coastal plains. The country is located between 

latitudes 40 and 140 North and longitudes 30 and 150 East It is bounded by Niger Republic in the north, 

Benin Republic in the west, and Chad in the north-east, Cameroon in the east and the Atlantic Ocean 

in the south. 

 

• Economy 

Nigeria is characterized by the richness and diversity of its natural resources. The country is the largest 
oil and gas producer in Africa and the fourth largest gas producer in the world. Resource extraction is 
the most important sector of the economy. The most economically valuable minerals include crude oil, 
natural gas, tin and columbite.  
In addition, Nigeria has untapped agricultural potential, over 1,000 km of coastline, and 279 billion 
cubic meters’ of surface water sources that can boost irrigated agriculture, blue economy development 
and ecotourism. 
Nigeria is also endowed with many renewable energy resources in commercial quantities. Major 
renewable energy resources include solar, wind, hydropower, biomass, and tidal waves. However, 
despite these huge energy endowments, the lack of access to affordable and reliable energy services 
hampers industrial production and the country’s economic growth 
The opportunities in terms of green economy are linked to the enormous possibilities for sustainable 
agriculture, renewable energy, ecotourism, and coastal development. Nigeria's commitment to 
harnessing its natural resource potential could make the country a pioneer in promoting green 
economy development. 
 

• Social, environmental, and climate change 

The topography of the country varies, with a gradual rise from the coastal plain to the northern savanna 
region, the latter rising to a height of about 600 to 700 meters (Federal Ministry of Environment, 2020). 
There are areas around the Jos Plateau and along the Cameroon border in the Eastern Highlands which 
exceed 1,200 m. The drainage systems include the Niger-Benue, Chad, and the coastal river systems. 
The climate of the country is influenced by the Tropical Maritime (Mt) air mass and the Tropical 
Continental, air mass (Ojo, 1977). The climate of Nigeria is characterized by two rainfall regimes. These 
are a single maximum rainfall regime, with rain falling once a year, and a double maxima rainfall regime, 
with rain falling twice a year. The length of the rainy season decreases from south to north. The mean 
annual rainfall varies from about 1,800 mm to over 2,500 mm along the southwest and south-east 
coastal areas, respectively, to as low as 450 mm in the far hinterland of the north. The temperature 
difference between the coastal areas (26– 27◦C) and the interior (>27◦C), as well as between the 
plateaux (<26◦C) and the lowlands (>27◦C), is remarkable. The southern portion of the country is 
covered by tropical forest vegetation, while the northern region is made up of savanna. The distribution 
of vegetation follows that of climate. However, human impact on the vegetation is increasing as a result 
of the prevailing increase in population numbers and the exploitation of resources. The soils in the 
country can be grouped into respective belts running parallel to one another and from the coast inland, 
namely the hydromorphic, ferralitic, ferruginous and the semi-arid and arid tropical soils. Agriculture 
is an important sector in the country’s economy being the largest and a significant employer of labour 
(Federal Ministry of Environment, 2020). 
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Due to a combination of political, geographic, and social factors, Nigeria is recognized as highly 
vulnerable to the impacts of climate change. It ranked as 160 out of 181 countries in the 2020 ND-GAIN 
Index, which summarizes a country's vulnerability to climate change and other global challenges (the 
more vulnerable a country is, the lower the score), in combination with its readiness to improve 
resilience (the more ready a country is to improve its resilience, the higher the score 
(https://dicf.unepgrid.ch/nigeria/climate-change#section-drivers). 
Between 1960 and 2006, Nigeria experienced an increase of 0.8°C in its average annual temperature, 
with a steep increase occurring since 1980 and the greatest increase occurring in the northern region. 
In the same period, the country also experienced a decrease in precipitation of 3.5 mm per month per 
decade. Additionally, Nigeria's climate is expected to continue to change. The mean annual 
temperature is projected to increase by 1.1 to 2.5°C by 2060, with an extreme increase expected in the 
north of Nigeria. Increased variability in rainfall and extreme rainfall events are expected across most 
of the country, as well as a rise in sea level of 0.4 to 1.0 m by 2100  
Climate change trends are expected to increase the risk and intensity of flooding in Nigeria, through 
increased frequency and intensity of heavy rainfall events. The country’s eastern and central areas are 
expected to experience increased aridity and drought, with significant impacts for livelihoods and food 
security. Sea level rise is expected to increase Nigeria’s vulnerability to floods and waterborne diseases, 
in the southern cities such as Lagos and coastal areas. By 2070, climate projections suggest that around 
550,000 people in Nigeria could be affected by floods each year due to sea level rise. Furthermore, 
inland river floods are also likely to increase, placing an additional 800,000 people at risk each year by 
2030. 
Significant climate impacts are expected for the country’s water resources, agriculture, wetland areas, 
and health sectors. For instance, a considerable proportion of Nigeria’s population is already at risk of 
water stress, which is likely to be exacerbated by climate change. Increased rainfall variability will likely 
result in flooding in some humid areas in the south of the country, while a reduction in precipitation in 
the savannah north may result in drought and a decline in surface water resources. Changes in surface 
runoff and groundwater flows in shallow aquifers can possibly have long-term implications for both 
permanent and seasonal water bodies. The story of Lake Chad, shared by Cameroon, Chad, Niger, and 
Nigeria, to many is emblematic of the impacts of climate change. The rapid shrinking of Lake Chad from 
approximately 45,000 km² in 1960 to less than 3,000 km² in 2007 has been primarily attributed to 
changes in the climatic conditions in the region  
A DFID study estimated that climate change inaction could cost Nigeria between 6%–30% of the 
country’s GDP, equivalent to a loss of US$100–460 billion. Climate change, therefore, poses a hunger 
and threat to the achievement of the country’s development goals, especially those related to 
eliminating poverty and hunger, and promoting environmental sustainability. 
 

• Pollution 

Environmental pollution encompassing air, water and waste generation are major environmental 
problems in Nigeria. In terms of the country's air quality, national reports show that air pollution 
continues to plague many Nigerian cities. Data indicates that the average annual level of particulate 
matter (PM2.5) in Nigeria is almost 10 times higher than the WHO recommended value (5µg/m3). Air 
pollution, therefore, poses a significant threat to the health of the population, especially in Lagos, the 
country’s commercial capital and one of the fastest growing megacities in the world.  
According to the World Bank’s study ‘Cost of Air Pollution in Lagos’, illness and premature deaths due 
to ambient air pollution in 2018 caused an estimated economic loss of $2.1 billion, representing about 
2.1% of Lagos State’s GDP. The number of premature deaths due to air pollution in 2018 was estimated 
at 11,200, the highest number in West Africa. Children under five were the most affected, accounting 
for 60% of total deaths. In addition to ambient air pollution, almost 130,000 deaths per year are 
attributed to household air pollution from indoor burning of cooking fuel. 
High rates of water pollution are also a significant public health burden in Nigeria. Nigeria's water 
bodies are heavily polluted with untreated sewage, used plastic bottles, nylons, and solid household 

https://dicf.unepgrid.ch/nigeria/climate-change#section-drivers
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waste. There is a high prevalence of E. Coli contamination affecting about 91% of the water supply in 
the country. Water pollution is worse in urban areas, especially in densely populated coastal informal 
settlements such as Makoko, Iwaya, Ilaje, Amukoko, Okobaba, Ijora Oloye, Ogudu Village in Lagos, 
Andoni, Bundu, Captain Amangala, Emenike, Marine Base and Rex Lawson in Port Harcourt. 
The burden of solid waste management is increasing in Nigeria, especially in urban areas. In 2019, the 
total amount of domestic waste per year in Nigeria was estimated at around 36 million tonnes (0.50 
kg/capita/day) and is increasing according to the National Bureau of Statistics (NBS). Waste is 
indiscriminately disposed of in many areas, and solid waste dumps dot the urban landscape in many 
parts of the country. As at 2016, only 6.2% of solid waste was collected and managed in controlled 
facilities leaving so much unattended to in many parts of the country. Dumping sites become the source 
of air, soil, and water pollution, release large amounts of GHG, and pose a serious threat to public 
health. 
 

3.3.1.2. Key stakeholders and actors 

They key stakeholders encompass individuals, organisations, and companies involved in various 
aspects of the project, such as planning, financing, construction, maintenance, and marketing of excess 
electricity. Stakeholders also include anyone who may be impacted by the project or has a business 
interest in its outcomes 
Stakeholders at national and subnational levels play vital roles within the context of societal challenges 
associated with energy. Stakeholders in the Nigerian electricity sector can be categorized into two 
major groups: 

• Decision-making stakeholders that are directly involved in decision making on electricity 
supply, provision, operation, management and upgrade of network infrastructure, mostly 
made up of regulatory agencies and utility companies with government interests 

• Non-decision making stakeholders (influencers) comprising environmental and consumer 
advocacy groups, energy consumers, some energy generators, private citizens and 
the renewable energy technology industry. 

• Within the decision-making stakeholder domain, there are those involved in decisions 
on centralized and decentralized electricity systems. While the non-decision-making 
stakeholders experience more difficulty in influencing decisions in centralized electricity 
systems, their influence in the decentralized electricity space is more pronounced due to 
distributed political power that decentralized energy sources (particularly renewables). 

• Key decision-making stakeholders in the Nigerian electricity sector involved in decision making 
for centralized electricity systems comprises:  

• The various generation companies that supplies electricity to the national grid; the 
Transmission Company of Nigeria (TCN); eleven distribution companies; and the Nigerian 
Electricity Regulatory Commission (NERC).  

• Within the decentralized energy space, the Rural Electrification Agency plays a vital role in the 
provision of decentralized off-grid electricity solutions across Nigeria, particularly in rural 
communities without access to the electricity grid. 

• Several non-decision-making stakeholders who are great influencers with considerable political 
power have been instrumental in engaging with government to ensure the right frameworks 
and policies were adopted to enable and accelerate provision of decentralized (renewable) 
energy sources. Examples of these frameworks include stakeholder engagement forums that 
led to the production of the Electric Power Sector Reforms Act (EPSRA), the National Energy 
Master Plan (NEMP) and the 2008 Electricity Master plan. Some of these stakeholders 
include: Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ); the United States 
Agency for International Development (USAID) through the Power Africa program; and other 
financing and donor agencies for both centralized and decentralized electricity infrastructure 
such as the World Bank, African Development Bank (AfDB), European Union (EU), among 
others. Figure 5 shows a mapping of key stakeholders within the Nigerian electricity sector. It 

https://www.sciencedirect.com/topics/engineering/renewable-energy-technologies
https://www.sciencedirect.com/topics/economics-econometrics-and-finance/industry
https://www.sciencedirect.com/topics/economics-econometrics-and-finance/rural-electrification
https://www.sciencedirect.com/topics/engineering/electric-power-sector
https://www.sciencedirect.com/science/article/pii/S2405844021020594#fig5
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shows where (and at what level) each stakeholder tries to exert some influence in the decision-
making process on energy infrastructure provisions. 

 

 
Figure 5 – Stakeholder mapping of Nigeria's Electricity Sector.  

3.3.1.3. Electricity:  

• Share of electricity  

As of 2023, the electricity demand in Nigeria amounted to over 40 terawatt hours. This followed an 

upward trend observed since 2020. Furthermore, the demand increased annually between 2010 and 

2018. The fast-growing population of the country can explain the increase. Nevertheless, in 2022, a 

little more than 60 percent of the Nigerian inhabitants were still without electricity. 

 In 2022, the share of the population with access to electricity in Nigeria increased by one percentage 

points (+1.68 percent) since 2021. Therefore, the share in Nigeria reached a peak in 2022 with 60.5 

percent. Access to electricity refers to the share of the population having the possibility to access 

electricity 

Per capita electricity generation in Nigeria 2010-2022 Dec 20, 2023 

 As of 2022, the per capita generation of electricity in Nigeria stood at 147 kilowatt hours, remaining 

stable from the previous year. Over the period reviewed, electricity produced per capita fluctuated 

minimally, peaking in 2014 at 171 kilowatt hours. 

• Energy production  

Power production share in Nigeria 2023, by source (July 19, 2024): Natural gas is by far the most 

common source for electricity production in Nigeria. In 2023, roughly 79.5 percent of the country's 

electricity generation was derived from this source. Hydroelectric power ranked second, accounting for 

about 20.4 percent of Nigeria's power production. Nigeria has the greatest natural gas reserves in 

Africa and is also among the world's largest countries by proved reserves.  

https://www.statista.com/statistics/1307416/total-population-access-to-electricity-in-nigeria/
https://www.statista.com/statistics/1197585/natural-gas-reserves-in-africa-by-main-countries/
https://www.statista.com/statistics/1197585/natural-gas-reserves-in-africa-by-main-countries/
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Amount of electricity produced in Nigeria 2023, by source (Jul 11, 2024) in 2023), the main source of 

electricity production in Nigeria was natural gas. That year, around 32 terawatt hours of electricity were 

generated from this fossil fuel. Moreover, electrical energy production from hydropower sources 

amounted to 8.3 terawatt hours.  

Hydroelectricity production in Nigeria 2000-2023 (Jul 19, 2024): In 2023, electricity generated from 

hydropower sources in Nigeria amounted to approximately 8.3 terawatt hours. In the previous year, 

production stood at around 8.8 terawatt hours, achieving a peak in the period under review.  

Electricity generated from gas in Nigeria 2000-2023 Aug 15, 2024In 2023, electricity generated from 

gas in Nigeria amounted to around 32.3 terawatt hours. In the preceding year, the amount was lower, 

at roughly 29 terawatt hours. Within the period observed, the contribution of gas to electricity 

production in the country generally increased, peaking in 2023. Compared to other fossil fuels, gas 

occupies a major share in Nigeria's electricity generation mix.  

Electricity generated from coal in Nigeria 2000-2022 (Jun 30, 2024): In Nigeria, 570 gigawatt hours of 

electricity were generated from coal in 2022. In the preceding year, the amount was the same, but in 

2020 it stood at 540-gigawatt hours. In the observed period, the contribution of coal to electricity 

production in the country fluctuated, peaking in 2004 at 930-gigawatt hours. 

Electricity production from solar energy in Nigeria 2012-2022 (Jul 19, 2024). Electricity generated from 

solar power in Nigeria amounted to 50 gigawatt hours in 2023, keeping stable from the two preceding 

years. Within the timeframe reviewed, the contribution of solar energy to electricity production in the 

country followed an increasing trend. In 2012, 20 gigawatt hours of renewable sources were used to 

generate electricity 

Electricity production from bioenergy in Nigeria 2014-2022 (Aug 8, 2024). Electricity generation from 

bioenergy in Nigeria amounted to 61 gigawatt hours in 2022, keeping stable from the previous year. 

Within the period reviewed, the contribution of bioenergy to electricity production in the country 

increased from 19 gigawatt hours to the said value in 2022. 

Prices of electricity in Nigeria 2023, by user (Apr 3, 2024) as of September 2023, the price of electricity 

used in households in Nigeria amounted to around 23 Nigerian naira per kilowatt hour, some 0.016 U.S. 

dollars. On the other hand, industrial electrical energy was priced at approximately 36 NGN per kilowatt 

hour, roughly 0.026 U.S. dollars. 

Share of population with access to electricity in Nigeria 2012-2022 (Jul 25, 2024).  In 2022, the share of 

the population with access to electricity in Nigeria increased by one percentage points (+1.68 percent) 

since 2021. Therefore, the share in Nigeria reached a peak in 2022 with 60.5 percent. Access to 

electricity refers to the share of the population having the possibility to access electricity. Table 7 gives 

the list of grid connected electricity plans in Nigeria . 

Table  13 – List of grid-connected electricity generation plants in Nigeria  

 Name of Power Plant Installed Capacity (in 
MW) 

Actual Generation 
Capacity (in MW) 

Fuel 
type 

1 AES 270 0 Gas 

2 AFAM IV – V 580 0 Gas 

3 AFAM VI 980 523 Gas 

4 Alaoji NIPP 335 110 Gas 

5 Delta (Ugheli Power) 465 300 Gas 

6 Egbin 1020 502 Gas 
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7 Geregu 414 138 Gas 

8 Geregu NIPP 434 90 Gas 

9 Ibom Power 191 92 Gas 

10 Ihovbor NIPP 450 225 Gas 

11 Jebba 578 255 Hydro 

12 Kainji 760 181 Hydro 

13 Okpai 480 391 Gas 

14 Olorunsogo 336 232 Gas 

15 Olorunsogo NIPP 675 87 Gas 

16 Omoku 150 0 Gas 

17 Omotosho 336 178 Gas 

18 Omotosho NIPP 450 90 Gas 

19 Rivers IPP 166 0 Gas 

20 Sapele 135 81 Gas 

21 Sapele NIPP 450 116 Gas 

22 Shiroro 600 350 Hydro 

23 Odukpani 70 0 Gas 

24 Azura 450 0 Gas  
TOTAL 10,775 3,941  

 

• Generation capacity 

Renewable energy capacity in Nigeria 2011-2023: Aug 13, 2024.  As of 2023, Nigeria had a total 
renewable energy capacity of 2.98 megawatts. Between 2011 and 2022, the renewable energy capacity 
experienced only a slight increase, going from 2.12 megawatts to 2.27 megawatts. 
Bioenergy capacity in Nigeria 2014—2023, Aug 8, 2024. In 2023, the bioenergy capacity in Nigeria kept 
stable at 21 megawatts. Even though this figure did not change in the last three years, an overall growth 
can be seen. In 2014, Nigeria's bioenergy capacity was measured at eight megawatts. 
Solar energy capacity in Nigeria 2014-2023 Jul 19, 2024: As of 2023, the solar energy capacity in 
Nigeria amounted to 112 megawatts, a significant increase compared to 2014. Overall, Africa's solar 
energy capacity has been annually increasing since 2011. 
Hydropower capacity in Nigeria 2011-2023: (Jul 19, 2024). As of 2023, the hydropower capacity in 
Nigeria reached 2.1 gigawatts. Moreover, it remained stable between 2011 and 2019, and between 
2020 and 2022, at 2.1 gigawatts and 2.2 gigawatts, respectively. Overall, Africa's hydropower 
capacity has been increasing over the last years. 
Wind energy capacity in Nigeria 2011-2020 (Jul 19, 2024). As of 2020, the wind energy capacity in 
Nigeria kept stable at three megawatts, same amount registered since 2014. South Africa has some of 
the highest wind energy capacities in Africa. 
Generation capacity of coal in Nigeria 2012-2022 (Oct 20, 2023) As of 2022, the installed coal 
generation capacity in Nigeria stood at 280 megawatts. This kept stable compared to the previous years 
reviewed. In 2020, 560 gigawatt hours of electricity were produced from coal in the country. 
Generation capacity of gas in Nigeria 2000-2022: As of 2022, Nigeria registered an installed gas 

generation capacity of 11.29 gigawatts, a peak in the period under review. In 2000, the capacity stood 

at 4.11 gigawatts, generally increasing in the following years. 

• Electricity supply and consumption 

Annual GenCo electricity supply in Nigeria 2016-2021: Aug 16, 2024.In 2021, more than 35,650 
gigawatt hours of electricity were sent out by electricity generating companies (GenCos) in Nigeria. In 
the preceding year, the supplied amount was slightly lower, at around 35,030 gigawatt hours. Except 
the drop registered in 2019, GenCo electricity supply in the country followed an increasing trend within 
the reviewed period, Overall, just over 60 percent of the Nigerian population have access to electricity. 

https://www.statista.com/statistics/1278038/solar-energy-capacity-in-africa/
https://www.statista.com/statistics/1278038/solar-energy-capacity-in-africa/
https://www.statista.com/statistics/1278023/hydropower-capacity-in-africa/
https://www.statista.com/statistics/1278023/hydropower-capacity-in-africa/
https://www.statista.com/statistics/1278115/leading-countries-in-wind-energy-capacity-in-africa/
https://www.statista.com/statistics/1306353/electricity-generation-from-coal-in-nigeria/
https://www.statista.com/statistics/1119633/share-of-households-without-electricity-access-in-nigeria-by-area/
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Quarterly GenCo electricity sent out in Nigeria 2020-2021, Aug 16, 2024.The amount of electricity 
supplied by generating companies (GenCos) in Nigeria in the fourth quarter of 2021 added up to around 
8,895 gigawatt hours. In the same period in 2020, the supply of electrical energy was higher, at 
approximately 9,490 gigawatt hours.  
Electricity consumption in Nigeria 2021, by sector: Aug 13, 2024.The consumption of electricity in 
Nigeria is mainly residential. In 2021, nearly 60,000 terajoules of electricity were consumed by 
residences. On the other hand, electrical energy used in commercial and public services reached 
around 27,800 terajoules, while industrial consumption stood at approximately 14,200 terajoules. 
Electricity consumption per capita forecast in Nigeria 2010-2025 : Aug 9, 2023.The estimated average 
electric power consumption per capita in Nigeria is projected to reach 166.30 kilowatt hours by 2025. 
The shown data are an excerpt of Statista's Key Market Indicators (KMI). The KMI are a collection of 
primary and secondary indicators on the macro-economic, demographic and technological 
environment in up to 150 countries and regions worldwide. All indicators are sourced from 
international and national statistical offices, trade associations and the trade press and they are 
processed to generate comparable data sets (see supplementary notes under details for more 
information). 
 

• Demand and supply 

Electricity demand in Nigeria 2000-2023: Aug 13, 2024. As of 2023, the electricity demand in Nigeria 

amounted to over 40 terawatt hours. This followed an upward trend observed since 2020. 

Furthermore, the demand increased annually between 2010 and 2018. The fast-growing population of 

the country can explain the increase. Nevertheless, in 2022, a little more than 60 percent of 

the Nigerian inhabitants were still without electricity. 

Gas the most common source of electricity generation: Concerning electricity generation, gas was the 

most common source of electricity production in Nigeria in 2023. Approximately 79 percent of the 

electricity generated derived from natural gas, whereas hydroelectric energy powered around 20 

percent. Moreover, coal was still present in the electricity mix at just under one percent. Looking at 

the renewable energy share in electricity capacity, it had a declining trend from 2012 onward. Back 

then, 23.4 percent were from renewable energy sources. By 2023, this had increased to nearly 21 

percent. 

Annual increase in electric power consumption: Based on Statista’s forecast, the household and 

industriy average electric power consumption per capita will increase annually. In 2024, each Nigerian 

citizen will consume approximately 164.6 kilowatt hours (kWh), rising to 166.3 kilowatt hours by 2025. 

Per capita electricity demand in Nigeria 2000-2022:  Nov 10, 2023. The per capita electricity demand 

in Nigeria reached 150 kilowatt hours in 2022, which was the same value as the previous year. 

Generally, the individual demand for electricity in the country varied annually. In 2014, the amount of 

electrical energy needed for use by each person in Nigeria peaked at 173 kilowatt hours. Overall, 

electricity generating companies in Nigeria recorded an output of over 36,000 gigawatt hours in 2021. 

Daily amount of energy transmission in Nigeria 2022: Oct 27, 2023.On May 07, 2022, around 86,700 

megawatts of electricity were sent out in Nigeria. This was an increase compared to the previous day, 

when the energy transmission reached roughly 77,700 megawatts. In Nigeria, electricity generated is 

transmitted by the Transmission Company of Nigeria (TCN) to distribution companies, from whom 

customers receive electrical power supply. 

 

• Access and usage 

Electricity access in Nigeria 2022, by area: Aug 16, 2024. As of 2022, about 61 percent of the 

population in Nigeria had access to electricity. The highest percentage of population without access to 

electricity was located in rural areas. Generally, the majority of households with no electricity live in 

the North of the country, whereas the South reports the lowest shares. 

https://www.statista.com/statistics/1307416/total-population-access-to-electricity-in-nigeria/
https://www.statista.com/statistics/1237541/nigeria-distribution-of-electricity-production-by-source/
https://www.statista.com/statistics/1237541/nigeria-distribution-of-electricity-production-by-source/
https://www.statista.com/statistics/1278245/renewable-energy-share-of-electricity-capacity-in-nigeria/
https://www.statista.com/forecasts/1150922/electricity-consumption-per-capita-forecast-in-nigeria
https://www.statista.com/statistics/1294835/annual-electrical-energy-generation-in-nigeria/
https://www.statista.com/statistics/1119628/share-of-households-without-electricity-access-in-nigeria-by-macro-region/
https://www.statista.com/statistics/1119628/share-of-households-without-electricity-access-in-nigeria-by-macro-region/
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Share of population with access to electricity in Nigeria 2012-2022 : Jul 25, 2024. In 2022, the share 

of the population with access to electricity in Nigeria increased by one percentage points (+1.68 

percent) since 2021. Therefore, the share in Nigeria reached a peak in 2022 with 60.5 percent. 

Access to electricity refers to the share of the population having the possibility to access electricity. 

Share of households without electricity access in Nigeria 2019, by zone : (Feb 1, 2022).  According to 

the results of a survey from 2019, 79.1 percent of households in North East Nigeria did not have access 

to electricity, the highest share in the country. Generally, the majority of households with no electricity 

were located in the North of the country, whereas the South reported the lowest shares. In the South 

South zone, for instance, about 27 percent of households had no electricity access. 

Clean cooking fuels and technology access rate in Nigeria 2010-2021: Nov 17, 2023. The access rate 

of the population in Nigeria to clean cooking fuels and cooking technology reached at 16.8 percent in 

2021. The rate increased considerably and gradually from 1.9 percent in 2010. Clean fuels exclude 

kerosene. 

Distribution of households with appliances in Nigeria 2020, by zone  Dec 12, 2022. According to a 

study conducted in 2020, households in the Southern states of Nigeria had the most appliances. On 

the contrary, households in the North, in particular in the North-East, had fewer appliances. 

• Electricity consumption 

Total consumption of electric power in Nigeria 2001-2029: Jan 30, 2024. The total electric power 

consumption in Nigeria was forecast to remain on a similar level in 2029 as compared to 2024 with 0.04 

million kilowatt hours. According to this forecast, the electric power consumption will stay nearly the 

same over the forecast period. 

Depicted is the estimated electric power consumption per capita in the country or region at hand. The 

shown data are an excerpt of Statista's Key Market Indicators (KMI). The KMI are a collection of primary 

and secondary indicators on the macro-economic, demographic and technological environment in up 

to 150 countries and regions worldwide. All indicators are sourced from international and national 

statistical offices, trade associations and the trade press and they are processed to generate 

comparable data sets (see supplementary notes under details for more information). Find more key 

insights for the total electric power consumption in countries like Ivory Coast and Senegal. 

Electricity consumption per capita forecast in Nigeria 2010-2025 : Aug 9, 2023. The estimated average 

electric power consumption per capita in Nigeria is projected to reach 166.30 kilowatt hours by 2025. 

The shown data are an excerpt of Statista's Key Market Indicators (KMI). The KMI are a collection of 

primary and secondary indicators on the macro-economic, demographic and technological 

environment in up to 150 countries and regions worldwide. All indicators are sourced from 

international and national statistical offices, trade associations and the trade press and they are 

processed to generate comparable data sets (see supplementary notes under details for more 

information). 

Residential consumption of electricity in Nigeria 2010-2020: Jun 30, 2024. Residential consumption of 

electricity amounted to around 58,900 terajoules as of 2020. This was the highest volume compared 

to the previous years reviewed. In 2010, roughly 43,000 terajoules of electricity were consumed among 

residences in Nigeria, which represented the main user group of electrical energy consumers in the 

country. 

Industrial consumption of electricity in Nigeria 2010-2020: Mar 27, 2024. Industrial consumption of 

electricity in Nigeria amounted to around 13,700 terajoules as of 2020. This was one of the highest 

https://www.statista.com/forecasts/1151535/electricity-consumption-forecast-in-ivory-coast
https://www.statista.com/forecasts/1151520/electricity-consumption-forecast-in-senegal
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volumes compared to the previous years under study. In 2010, roughly 11,700 terajoules of electricity 

were consumed by industries in Nigeria. 

Electricity consumption in commercial and public services in Nigeria 2010-2020: Mar 27, 2024. The 

consumption of electricity among commercial and public services in Nigeria amounted to over 27,000 

terajoules as of 2020. This was the highest volume compared to the previous years under study. In 

2010, roughly 19,600 terajoules of electricity were consumed by commercial and public services in 

Nigeria. 

• Grid characteristics: 

The transmission system in Nigeria comprises 330 kV and 132 kV circuits and substations. The thermal 

generation is located in the south of the country, generally close to the sources of gas, while the hydro 

generation is located further north at Jebba, Kainji and Shiroro. Distribution is split into 11 zones and 

the distribution networks comprise 33 kV, 11 kV and low voltage circuits. System nominal frequency is 

50 Hz. The national power grid connects power generation stations to electrical loads throughout the 

country. It is a system that is comprised of power generation companies, power distribution companies, 

and the Transmission Company of Nigeria (TCN). 

o The National Grid network is made of high-voltage power lines, gas pipelines, interconnectors 

and storage facilities that together enable the distribution of electricity 

o The grid consists of countless complex interconnections, however there are three main 

sections— electricity generation, transmission and distribution  

o Currently, only 45% of Nigeria's population is connected to the energy grid whilst power supply 

difficulties are experienced around 85% of the time and almost non-existent in certain regions. 

At best, average daily power supply is estimated at four hours, although several days can go by 

without any power at all. 

o Each distribution company is allocated a certain percentage of the total electricity generated 

by the 23 generating stations in the nation's electricity grid. 

 

 

Figure 6 – Nigeria National Grid 
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3.3.1.4. Other sectors:  

Massive clearance of forest for agriculture: Nigeria's forests play an important role in the provision of 

ecosystem goods and services for the Nigerian population. Although they roughly covered only 7.7% of 

the country’s total land area, about 80% of Nigeria’s rural economy depend on forests, which provide 

important opportunities for sustainable livelihoods and poverty eradication. The forest sector 

contributes about 2.5% to the Gross Domestic Product and provides employment for over 5 million 

people through the supply of timber and non-timber products. Non-timber forest products (NTFP) are 

important sources of income for many households in Nigeria and are used for food, medicines, oil, 

resin, tannin, household equipment, fuel wood, and furniture and building materials. One key use of 

Nigeria’s forests is for fuel, with about 70% of Nigerian households and 90% of the country’s rural 

population using fuelwood for their energy needs, according to Nigeria’s Fifth National Biodiversity 

Report (https://dicf.unepgrid.ch/nigeria/forest). 

Water: Nigeria has significant total water resources estimated at 215 billion m³ of surface water and 

87 billion m³ of groundwater resources, albeit with large-scale spatial inequalities in different regions 

of the country. Despite the country's vast water resources, Nigeria faces significant challenges in 

ensuring proper and sustainable management of its water. Nigeria is considered as an economic water-

scarce country, implying that there is a need for increased investment and strengthened management 

to meet water demand. It is estimated (in 2021) that the total annual water demand in Nigeria is about 

5.93 billion m³, which is expected to increase to 16.58 billion m³/year in 2030. A considerable 

proportion of the Nigerian population is exposed to water stress, with only 14% (in 2019) of the 

population having access to safely managed water services.  Although about 70% of Nigerians are 

reported to have access to basic water services, more than half of these water sources are 

contaminated and access is uneven. In urban areas, 87.3% of households have access to improved 

water sources, while in rural areas, only 59.7% have access (in 2018).  According to UNICEF, nearly one 

third of Nigerian children did not have enough water to meet their daily needs in 2021, meaning 26.5 

million Nigerian children were facing high or extremely high-water vulnerability. 

3.3.1.5. Energy transition challenges:  

In 2021, the highest-ranking African country in the global energy transition index (ETI) was Ghana. The 
country placed 56th globally. Moreover, Namibia and Kenya were the second and third highest ETI-
scoring African countries, as they placed 59th and 61st worldwide, respectively. The indicator measures 
the energy system performance of countries and their readiness for energy transition on a scale of 0-
100. 
 In 2021, Ghana registered the highest score in the energy transition index (ETI) compared to other 
African countries, obtaining 59 points. This was followed by Namibia and Kenya, each with an index of 
58 points. The indicator measures the energy system performance of countries and their readiness for 
energy transition on a scale of 0-100. (https://www.statista.com/statistics/1250570/energy-transition-
index-score-by-country-in-africa/). 

Cost and economic impact is seen as one of the greatest challenges currently impacting energy 
transition in West Africa (ECOWREX report 2022). 

Companies paid more focus to decarbonization technologies compared to the previous year. 
Companies paid less focus to coal compared to the previous year. 

The availability of heads for hydropower generation presents a fourth challenge, particularly in the 
context of water scarcity and variability due to climate change. Hydropower relies on sufficient water 
availability and elevation gradients for optimal operation. Overcoming this challenge involves investing 
in alternative renewable energy sources, improving water storage and management infrastructure, and 
integrating hydropower with other flexible energy technologies. Emerging trends include the adoption 

https://dicf.unepgrid.ch/nigeria/forest
https://www.statista.com/statistics/1250570/energy-transition-index-score-by-country-in-africa/
https://www.statista.com/statistics/1250570/energy-transition-index-score-by-country-in-africa/


D5.1 Pilots and use cases 

 

 52 

This project has received funding from the European Union’s Horizon Europe Research and Innovation 
Programme, under Grant Agreement n° 101118278. Views and opinions expressed are however those 
of the author(s) only and do not necessarily reflect those of the European Union. Neither the European 
Union nor the granting authority can be held responsible for them. 

of climate-resilient hydropower designs, decentralized energy systems, and innovative financing 
mechanisms to enhance energy access and resilience at the local level. 

Finally, given that the Niger Rivers spans four (4) countries (Guinea, Mali, Niger and Nigeria), it is 
imperative to consider the complex interplay of interests, policies, and cooperation among riparian 
nations. Examining regional relations and transboundary dynamics is crucial for devising effective 
energy transition strategies that promote cooperation, equity, and sustainable development across 
borders. 

 

 

Mali's energy situation is characterized by an energy balance in which biomass represents 75% of 
primary energies, followed by 20% for hydrocarbon imports and 5% for electricity. (Energy information 
System (EIS)-Mali) The peak on the interconnected network was353.32 MW in 2021. 

Energy consumption in Mali is dominated by the residential sector, which representing nearly 79% of 
final consumption. Final consumption in the transport and industry sectors is 18% and 2% respectively. 
Other sectors around 1% (EIS-Mali, 2021). 

Consumption in the residential sector is based on biomass. Wood or charcoal are mainly used as 
cooking or heating fuels. For most households, this involves the use of local resources in open homes. 
This strong dependence on wood fuels results in strong pressure on the country's forest heritage.  

Apart from biomass, the sector remains characterized by a strong dependence on petroleum products, 
imports of which for electricity production, transport and industries (including mines) are constantly 
increasing due to economic growth and the demand of a growing population. 

 

The electricity company EDM-SA, the main and historic operator in the electricity sector, has had a 
concession since 2000 for the production, transport, distribution, import, export and marketing of 
electricity. electrical energy over its entire perimeter.  

The electricity sector can be divided into four segments: The interconnected network of EDM-SA, the 
isolated centers of EDM-SA, the integrated production of electricity from self-producers who can sell 
their possible surplus production to the network and rural electrification. 

The rate of access to electricity, according to 2021 figures, is estimated at 48% at the national level 
(24.94% in rural areas and 93% in urban areas). Electricity demand on the interconnected (IR) network 
has historically increased by 10% per year. The fact that electricity demand is increasing significantly 
faster than GDP (around 5% per year) presents a problem of security of energy supply. 

The Low voltage tariff was 104.2 FCFA/kWh and the medium voltage tariff was 84.9 FCFA/kWh. The 
average production cost was 101.9 FCFA/kWh and the average production cost was 130.3 FCFA/kWh 
(EDM-SA, Characteristic figures since 2016). 

In the current situation, the Manantali hydroelectric plant covers 19.84% of Mali's demand, preceded 
by imports from Ivory Coast which covered 21.36%. 
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Figure 7 – Evolution of electricity production in GWh from 2014 to 2018 (Mali: National Energy 

Policy) 

Energy is a key sector for the national economy, and progress in energy production and consumption 
is an important indicator of development. Consequently, the economic development of Mali, a 
landlocked, Sahelian country, is heavily dependent on its ability to control and promote energy, in order 
to make it available to the population and to the various socio-economic sectors. To meet this 
obligation, the Government of Mali (GoM) has established the National Energy Policy (NEP). Mali will 
take account of the regional and international context, ensuring consistency between Mali's energy 
policy and sub-regional, regional and international energy policies and strategies in terms of energy, 
sustainable development, climate change, energy efficiency and renewable energy. Active participation 
in the ECOWAS electricity market is also essential. 

 

Some key indicators are presented in the table below: 

Table  14 – key indicators of the energy scenario 

Mali NEP - OBJECTIVES Key indicators 
  

2020 2025 2030 2036 

Acceleration of the 
pace of electrification 

National electricity access rate 55%     90% 

Urban access rate to electricity 96%     100% 

Rate of rural access to electricity 
(connections to the network or 
mini-grid) 

25%     55% 

Rural access rate to electricity - 
including stand-alone systems 

      100% 

Access to electricity in schools, 
health centers and 
administrative offices 

100%       

Technical loss rate 10% 10% 10% 10% 

Non-technical loss rate 10% 7% 5% 3% 

Strengthening security 
of hydrocarbon supply 

Share of hydrocarbons in the 
national energy balance (% of 
final consumption) - (objectives 
aligned with the objectives of the 
ECREEE and the trends planned 
by the IEA) 

35 %     38% 
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Creation of a larger national 
security stock of hydrocarbons in 
order to strengthen security of 
supply and increase energy 
security (m³) 

61607     65000 

Increase in the share 
of renewable energy 
in the energy mix by 
promoting national 
energy resources 

% (excluding medium and large 
hydroelectricity) 

10% 14% 19% 25% 

% (including medium and large 
hydropower) 

50% 59% 64% 70% 

Increase in the production of 
electricity from renewable 
sources (solar, bioenergy, small 
hydroelectricity) in mini-grids 

8% 20% 35% 40% 

Bioethanol share in gasoline 
consumption 

- 2% 5% 10% 

Biodiesel share in diesel 
consumption 

1%     4% 

Reduction of biomass 
in final consumption 

Share of biomass in the country's 
overall energy balance (% of final 
consumption) 

70%     55% 

% of charcoal production using 
improved carbonization 
techniques (yield > 25%) 

5% 40% 80% 100% 

Share of households using 
improved stoves for cooking with 
traditional fuels (in %) 

70% 80% 90% 100% 

Use of modern cooking 
equipment and fuels (LPG, 
briquettes,biogaz) (% de la 
population totale) 

34% 44% 62% 82% 

Genre % of women business leaders in 
the energy field 

10% 15% 20% 25% 

 % of women in decision-making 
positions in the energy sector 

10% 20% 35% 50% 

 

 

The main challenges of the sector targeted are among others:  

− strong growth in energy demand;  

− relatively low production capacity compared to demand; 

− the costly subsidy of the sector by the State; 

− the heavy dependence on oil imports; 

− the difficulties in mobilizing the financing necessary for making investments in the sector 
(including research and development activities) in order to ensure its best development; 

− high electricity prices in relation to the paying capacity of consumers; 

− instability in the north of the country since 2012 as a constraint for the development of projects 
in this region of the country; 

− administrative procedures for the construction of electricity production facilities that are too 
complex; 
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− inadequate coordination and information sharing between different projects, government 
agencies, the private sector and civil society organizations involved in the energy sector; 

− insufficient human resources and institutional capacities. 

− Added to these challenges are specific problems inherent to the different energy subsectors, 

in particular: 

• Electricity 

− A significant increase in demand (historically, demand increases on average by 10% per year); 

− a low density of the rural population which makes electricity service very expensive; 

− the low efficiency of the EDM-SA electrical system with electrical energy losses which can reach 
22.5%, including approximately 10% technical losses; 

− the strong cash flow tension of the sole buyer of electricity, the company EDM-SA, to meet its 
obligations of continuity of the public electricity service, linked in part to the sale of electricity 
below cost of production 
 

• Hydrocarbons 

 Mali imports 100% of its consumption, which therefore makes it highly sensitive to changes in 
hydrocarbon prices on the international market, as well as to the stability of neighboring countries;  

low national storage capacity (~55,000 m3 of storage capacity, equivalent to ~17 days of reserve 
compared to annual consumption).  

• Hydro-electricity (medium and large hydro) 

The contribution of hydroelectricity to the energy mix has decreased significantly, going from 81% in 
2004 to 47.9% in 2015 and 39% in 2018 (EDM-SA, Activity Report, SIE). This reduction in the quantities 
of energy supplied is due to poor rainfall and the lack of maintenance of equipment, as well as the use 
of thermal solutions, in the face of high demand; long and expensive development studies; high 
investments; promoters are faced with long and complicated procedures without any pre-established 
administrative procedure that can serve as a road map. 

 

Mali's hydrographic network is mainly made up of three major watersheds: the Niger, Senegal and Volta 
basins. 

Table  15 – Hydroelectricity resources 

Tributary Bassin final Data 

Bani Niger 1700 km in Mali 

Sankarani 570 000 km2 in Mali 

Baoulé 
Sénégal 

800 km in Mali 

Bafing  

Bakoye 155 000km2 in Mali 

Sourou Volta 1 500 km2 in Mali 



D5.1 Pilots and use cases 

 

 56 

This project has received funding from the European Union’s Horizon Europe Research and Innovation 
Programme, under Grant Agreement n° 101118278. Views and opinions expressed are however those 
of the author(s) only and do not necessarily reflect those of the European Union. Neither the European 
Union nor the granting authority can be held responsible for them. 

The hydroelectricity potential is mainly found on the Niger and Senegal rivers and is estimated at 
1,150 MW with an annual output of around 5600 GWh (ECOWAS, 2015), of which 27% is currently 
exploited, through the Sélingué and Sotuba power plants on Niger, and the Manantali and Félou power 
stations on the Senegal River. The operating and potential hydroelectric power plants are presented in 
Table 4.3.3 

Table  16 – Potential and operational hydroelectric power plants in Mali. 

River/tributary Site Estimated installed 
Power  (MW) 

Production 

(GWh)  

Niger Sotuba 5,7   

Sotuba2 6 40 

Kénié 42 188 

Markala 13  45 

Taoussa  25 100 

Labezanga 14 67 

Bani Toubani 35 134 

Talo 1,4 5,9 

Djenné 10 17,75 

Sankarani 

  

Sélingué 44 180 

Kourouba 2,5-5   

  

Sénégal 

Félou 60 (27 part Mali) 320 

Gouina 140 560 

Bafing Manantali 200 (104 part Mali) 800 

Bindougou 49,5 289 

Boureya 161 733 

Koukoutamba 281   

Falémé 

  

Gourbassi 18 68,4 

Moussala 30 160 

Baoulé 

  

Baoulé 3 30 124 

Baoulé 4 30 124 
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Bagoé Bagoé 2 19 78 

 

 

There is significant potential for small and micro hydroelectricity, and numerous sites have been 
identified and studied: 

− small hydroelectricity: Bagoé II (19.6 MW); Baoulé III (17.7 MW); Baoulé IV (12.7 MW); Bily; 
Djenné (7.5 MW); Farako (194 kW); Kéniéto (1093 kW); Kourouba (4 MW); Labezanga; Markala 
(13 MW); Talo (1400 kW); 

− micro hydroelectricity: Papara (50 to 60 kW), etc. 



D5.1 – Pilots and use cases (PUC)  

 

 

This project has received funding from the European Union’s Horizon Europe Research and Innovation 
Programme, under Grant Agreement n° 101118278. Views and opinions expressed are however those 
of the author(s) only and do not necessarily reflect those of the European Union. Neither the European 
Union nor the granting authority can be held responsible for them. 

4.  EMERGE Evaluation Plan  

This Deliverable (D5.1) serves also as a bridge between WP4 and WP5. Specifically, it addresses 

activities and actions outlined in Task 4.1 and Task 4.2, with the aim of providing the necessary tools to 

implement a comprehensive evaluation plan throughout the project. This deliverable, presented under 

the WP5 umbrella, reports the preliminary plan for evaluating project activities and outcomes. The 

detailed implementation strategy of this plan will be extensively covered in D4.1, which also reports 

the tools and instruments for assessing overall project quality (during the project and after the project 

conclusion).  

 

The activities behind D5.1 formulation, in particular those referred to this chapter, have been carried 

out via remote work by EnGreen, in close collaboration with other project partners, in particular ESEIA 

and UEM.   

The activities described in this chapter take benefit and start from EMERGE stakeholder engagement 

strategy (Task1.2) and from the project “co-design approach” (Task.4.1, extensively described in D4.1), 

which is necessary for the full understanding of the context, and are based on a step-by-step 

methodology, which is fully focused on the Evaluation Plan of the EMERGE project activities and 

outcomes.  

Overall, the evaluation plan is organized at various thematic levels with the overall objectives (i) to 

enhance collaboration and facilitate close interaction between project stakeholders and partners, as 

well as (ii) to provide a comprehensive tool to monitor and evaluate the project's performance. 

In other words, in the EMERGE project, the Evaluation Plan serves as a valuable guideline to ensure 

that the project is systematically and rigorously monitored and assessed, allowing for the measurement 

of the effectiveness and efficiency of the activities undertaken and enabling any necessary adjustments 

to achieve the set goals.  

Specifically, the methodology for developing this Evaluation Plan is referring (i) to identify the real 

needs and challenges that must be addressed at the local level with a particular focus on the project 

demo sites, and (ii) to assess how the EMERGE toolbox can support stakeholders in overcoming future 

energy challenges. 

Thus, the methodology is focused on the Evaluation Plan of the EMERGE project activities and 

outcomes, mainly leveraging on stakeholder consultations to develop a dynamic tool to be adopted 

during the project implementation as well as in ex-post evaluations.  

Having the ambition in progressing the development of EMERGE toolbox, a set of activities aligned to 

the stakeholder groups (also described in D1.1), should be monitored and evaluated. A preliminary list 

of activities is reported in the image here below, each activity can be associated to a specific group of 

stakeholders, having then different objectives. Therefore, it is important to underline that these project 

activities may be different in terms of contents (i.e. EMERGE Toolbox usage and testing, training 

sessions and co-design workshops) and this is why different evaluation methods are needed. 
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Figure 8 – EMERGE multi-layer approach 

These considerations underscore the need for an Evaluation Plan that can assess a wide range of 

activities while effectively interacting with diverse stakeholder groups, and it clearly outlines the 

responsibilities of the various actors involved, the timeline for evaluation activities, and the success 

criteria that will be used to measure the project's impact. 

In brief, the methodology for developing the Evaluation Plan is summed up in the following flowchart, 

and it actually outlines key contents of the Evaluation Plan. It is divided into five different phases, which 

have the objective of producing specific outputs. Each Phase is described in the following sections.  

 

 

 

 

 

Figure 9 – The methodology for developing the Evaluation Plan 

 

According to the “co-design approach” described in D4.1 (Task.4.1), the development of the Evaluation 

Plan is organized to assess the following different levels of co-development actions:  

A. Evaluate activities deployed by the EMERGE partners, during the project implementation; 

B. Evaluate progress in developing the EMERGE toolbox, during the project implementation; 

C. Evaluate the EMERGE toolbox user experience, beyond the project completion (ex-post); 

Phase I - Purpose of the Evaluation List of items to be assessed

Phase II - Target Group identification List of engaged stakeholders

Phase III - Evaluation Criteria definition List of evaluation criteria

Phase IV - Data collection Methods and tools

Phase V - Data management and analysis Evaluation results
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With the aim to details the purpose of the Evaluation, the project activities and/or outcomes to be 

assessed during the project implementation (A and B), as well as the user experience (quality level and 

adoption level) at the project completion and beyond (C) are detailed in a specific section of D4.1 and 

reported here below in a schematic way. 

Table  17 – Overview of Project Activities, Outcomes, and User Experience Evaluation 

# Type of Project activity/outcome 

A Activities deployed by the EMERGE partners, during the project implementation; 

A.1 Training sessions and capacity building 

A.2 Co-design activities and consultation workshops 

B Progress in developing the EMERGE toolbox, during the project implementation; 

B.1 EMERGE toolbox progress 

B.2 EMERGE toolbox usage 

C User experience of EMERGE toolbox, ex-post; 

C.1 EMERGE toolbox usage 

C.2 EMERGE toolbox quality 

 

To effectively address the co-design objectives defined above, the overall co-design methodology 

adopts a cross-cutting consultation process, which engages with different layers of stakeholders, 

ranging from technical experts to political/business representatives, to describe a broader picture of 

the engaged actors, which is aligned with the EMERGE stakeholder engagement strategy set in WP1. 

Thus, the Evaluation Plan is organized to assess level of engagement of stakeholders with extensive 

experience in the energy sector as well as of those with less technical expertise but a higher awareness 

of the everyday challenges related to energy usage.  

According to this, the Evaluation Plan is organized to analyse and integrate contributions from the 

following three different target groups: 

1) EMERGE Consortium 
2) Expert stakeholders: stakeholders with a background in the energy sectors or in modelling; 
3) Other stakeholders: stakeholders not having a direct preparation on energy related topics 

neither in modelling.  

Each of these three categories are engaged by means of different activities in the EMERGE projects. 

Thus, their type of contribution to the Evaluation Plan is set according to their different degrees of 

awareness.  

The number of stakeholders and the level of engagement in the project activities varies according to 

the closeness to the project, as reported in the figure below.  
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Figure 10 – EMERGE co-development strategy based on three engagements 

 

To ensure consistency in the evaluation plan, key criteria for supporting evaluation tools have been 

identified. These criteria are essential for prioritizing each evaluation tool and for understanding 

whether specific activities have been performed appropriately. To achieve this, different criteria are 

assigned to all project activities (specifically A.1, A.2, B.1, B.2, and C.1 and C.2, which overlap with B.1 

and B.2). These criteria are based not only on established standards but also on the experiences of 

project partners, while taking into account the overall context of EMERGE. 

In particular, EMERGE's evaluation criteria refer specifically the quality of digital tools, encompassing 

various aspects such as usage, functionality, and impact. These dimensions range from the quality of 

software design to its overall compliance with established standards. As a result, identifying the main 

criteria for assessing the quality of any tool becomes crucial. Bibliographical references can provide 

valuable insights into the key aspects to consider. 

One of the most important references for evaluating software quality, which is an inspiration for 

EMERGE project, is the ISO/IEC 9126 standard, an internationally recognized assessment framework 

regulated by ISO. This standard quantitatively evaluates software quality in terms of sustainability, 

maintainability, and usability, providing guidance for high-level improvement decisions. It assesses how 

well software and its development processes meet these characteristics, while noting that not all 

qualities carry the same level of importance. 

For capacity-building and workshop activities, different criteria may apply, with a focus on 

understanding the activities, ease of participation, and the degree of engagement throughout the 

process. 

 

The EMERGE Evaluation Plan is implemented by means of various evaluation methods and tailored 

tools to facilitate an appropriate evaluation process according to the specific type of project activity or 

project outcome to be assessed.  
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The identified project activities/outcomes (Phase I) and the corresponding evaluation tools can be 

summarized as follows: 

Table  18 – Project activities/outcomes and corresponding evaluation methods (phase I) 

# Type of Project activity/outcome Evaluation method 

A Activities deployed by the EMERGE partners, during the project implementation; 

A.1 Training sessions and capacity building Satisfaction survey (1)* 

A.2 Co-design activities and consultation workshops Satisfaction survey (2) * 

B Progress in developing the EMERGE toolbox, during the project implementation; 

B.1 EMERGE toolbox progress Ranking survey (1) *1 

B.2 EMERGE toolbox usage Ranking survey (1) *1 

C User experience of EMERGE toolbox, ex-post; 

C.1 EMERGE toolbox usage Satisfaction survey (3) * 

C.2 EMERGE toolbox quality Ranking survey (2) *1 

* the Satisfaction surveys (1), (2) and (3) differ from the content having a similar approach 
*1 the ranking surveys (1) and (2) differ from the content having similar approach 

 

In the following section, the three key methods of the evaluation plan strategies (ranking survey, 

satisfaction survey for training activities and the satisfaction survey for co-design workshops) are 

presented with additional detail. Each of these activities is then tailored for specific audiences. 

According to this, evaluation tools used per each evaluation method might be different and are 

resumed as follow: 

Table  19 – Evaluation Methods and Tools Overview for Key Project Activities Across Stakeholder 

Groups 

 A.1  A.2 B.1 / B.2 C.1  C.2 

Consortium 
members 

Satisfaction 
survey (1) 

(Mentimeter) 

Satisfaction 
survey (2) 

(Mentimeter) 

Ranking 
table 

(extended 
version) 

- - 

Platform: ODK Platform: 
Mentimeter 

Platform: 
ODK 

- - 

Expert 
Stakeholder 

Satisfaction 
survey (1) 

Satisfaction 
survey (2) 

Ranking 
survey 

(extended 
version) 

- Ranking 
survey 

(extended 
version) 

Platform: ODK Platform: 
Mentimeter 

Platform: 
ODK 

- Platform: 
ODK 

Other 
Stakeholder 

Satisfaction 
survey (1) 

Satisfaction 
survey (2) 

Ranking 
survey  
(basic 

version) 

Satisfaction 
survey (1) 

- 

Platform: ODK Platform: 
Mentimeter 

Platform: 
ODK 

Platform: 
ODK 

- 

 
According to the presented table it emerges that different levels of interactions will be adopted 

between Expert and Other Stakeholders. Moreover, the activities involving project stakeholder are in 

the table in grey as results will be considered separately by stakeholder’s results as per a conflict-of-

interest issue. Two platform will be used to prepare and tailor the tool’s contents: ODK and Mentimeter.  
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ODK (Open Data Kit) is a free and open-source software platform designed for data collection, 
management, and use in resource-constrained environments. It allows users to collect data offline and 
automatically syncs it when an Internet connection is available. ODK empowers communities to 
aggregate and control their data, with full autonomy over the servers where the data is stored. Key 
features of ODK include the ability to build powerful forms that can incorporate photos, GPS locations, 
skip logic, calculations, external datasets, and multiple languages. It works seamlessly both online and 
offline through mobile and web apps. Users can easily analyze the collected data by downloading it or 
connecting it to tools like Excel, Power BI, Python, or R for real-time dashboards. 
Mentimeter is an online polling tool that adds interactivity to lectures, presentations, or recorded 
sessions through various question types like Multiple Choice, Ranking, Scales, Word Cloud, and Open-
Ended. It's useful for icebreakers, checking knowledge, gauging opinions, and sparking debates. It si 
possible to create entire presentations in Mentimeter by combining content slides (e.g., headings, 
bullet points, images) with question slides, though the layout options are more limited than in 
PowerPoint. Presentations are conducted online, with participants responding via menti.com using a 
code. Results are displayed in real time. Mentimeter is anonymous, making it unsuitable for assessing 
individual performance but valuable for identifying group-wide struggles or misconceptions. The 
anonymity can also encourage participation from quieter students. While Mentimeter is great for 
adding interactivity, it's important to use it thoughtfully to support your session's goals without 
overreliance. 
 

 

Collected data from previous phase will be organized via digital methods for allowing the data 

aggregation and processing. Data coming from the surveys and evaluation activities will be cleaned and 

processed in order to catch feedback from stakeholders and toolbox users. 

This phase implies the cleaning, and processing of raw data, for extracting relevant information that 

could help in the decision making or future toolbox development. With the help of various techniques 

such as statistical analysis, text analysis, and more, it will be possible to start analysing and 

manipulating available data to extract relevant conclusions. At this stage, trends, correlations, 

variations, and patterns can be pointed out for better performing high level evaluations or for having a 

complete overview of a process. Various methods can assist users with the management of data, some 

of them include visualization software, among others. In this framework, models and software can help 

in identifying common scenario and major trends. 

According to the outlined evaluation tools, the data analysis methods which are considered are: 

Qualitative analysis: for better elaborating part of the data coming from evaluation tools, a qualitative 

analysis is necessary. Considering that analysing such kind of data (i.e. text) might be challenging, 

qualitative data needs to first be coded into numbers before being analysed. This is because texts 

cannot be easily compared, and many errors may occur if analysed in their original state.  

Quantitative Analysis: the data collected will present themselves in terms of measurement scales and 

extend themselves for more statistical manipulation. In this framework, it will be possible to perform 

statistical analysis, predictive analysis and prescriptive analysis.  

The data management process generally consists of five phases:  
1. Data entry and processing: organising the data into different data sources and different 

customer categories; 
2. Analysis of raw data: raw data are studied question by question; 
3. Cross-checking: results of disaggregated data analysis are compared; 
4. Aggregation: data from different sources, already processed in previous phase, are 

aggregated to obtain final results; 
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5. Modelling and algorithms: final results represent variables to calculate all the indicators 
reported in this assessment by applying algorithms. 

 
More in general the collected data will be managed via software (i.e. Office Excel) to promote easy 
processability and the custom tailoring of the observed data. After having organized data in a usable 
way, the redaction of the feasibility studies will be possible. 
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5. CSA (Common System Architecture) 
 

EMERGE project’s objective would be to develop user-friendly tools (EMERGE Toolbox developed on 
WP3) for promoting environmentally-friendly and cost-effective energy planning for both EU and AU 
policymakers, academics, investors, and citizens.  

The EMERGE Toolbox will support AU policymakers to evaluate different energy policies, adapted to 
the previously defined Use Cases context: Northwestern Region (Morocco), South Eastern Africa 
(Mozambique) and Niger basin region, considering their specific social, climatic, economic, and 
technical constraints.  

The identified parameters on this deliverable D5.1 – Pilots and use cases (PUC) will be used as an input 
for WP2 for the Task 2.2 Defining a Common System Architecture (CSA) and D2.1 - Common System 
Architecture; which will serve as a nexus between different Work Packages (WPs) by collecting a set of 
African-specific parameters that should be considered in energy system models (technical, economic, 
environmental, and social parameters). This structured approach ensures that the energy planning and 
policy evaluation provides relevant insights to the African context. 

The output of this CSA will be used and integrated into the project’s database and EMERGE Toolbox, to 
provide tailored solutions for the African context, as it can be seen in the diagram below. 

 

Figure 11 – The know-how generated in EMERGE and how it drives the design of the EMERGE 

Toolbox  

From this deliverable D5.1 – Pilots and use cases (PUC) some main factors have been identified for the 
definition of the main context of Use cases, as well as necessary parameters for the KPI calculation, 
which are listed below: 

 

• Economic context 
Economic growth in different sectors and foreign trade data, and data regarding national and foreign 
investment on public and private projects (especially in energy infrastructure and for adoption of new 
technologies) 
 

• Social context 
Social context covers for Human Development Index (HDI) including factors like education, health and 
poverty rates 
 



D5.1 Pilots and use cases 

 

 66 

This project has received funding from the European Union’s Horizon Europe Research and Innovation 
Programme, under Grant Agreement n° 101118278. Views and opinions expressed are however those 
of the author(s) only and do not necessarily reflect those of the European Union. Neither the European 
Union nor the granting authority can be held responsible for them. 

• Environmental context 
Climate vulnerability, natural resource management and investment in environmental initiatives 

 

• Energy context 
Data on the country energy mix including imports and interconnection with foreign countries, installed 
generation capacity (especially renewable technologies); as well objectives and measures to improve 
energy efficiency in different sectors (residential, industry, transport, and public lighting). 
 
Parameters that are necessary for the KPI calculation:  

• Power System KPIs in 
➢ Generation 

Total installed capacity per plant in (GW), energy generated or sold to the grid in (MWh) and other 
parameters like capacity factor and plant Supply availability (MWh),  
 

➢ Transmission and distribution network properties 
Voltage and frequency values of the main grid, transmission losses, capacity connection (exclusive to 
the Hosting Capacity tool), percentage of integration of RES (Renewable Energy Sources), EV (Electric 
Vehicles) and storage. As well as factors that measure the grid reliability like SAIDI, SAIFI and CAIDI and 
Energy Not Delivered (END) to measure its improvement due to EMERGE concept. Reduction in average 
annual outages. 
 

➢ User-related KPIs (Community or consumer level) 
Self-consumption rate (%), Battery usage(kWh), Maximum power from/to the grid(kW), Energy transfer 
from/to the grid (kWh), Total reduced energy and grid costs (€) 
 

• Environmental KPIs 
RES increase (%), reduced energy CO2 intensity (gCO2/kWh) and avoided GHG emissions due to 
increased RES and DER (gCO2) 
 

• Social KPIs 
Employment rate improvement (%), and citizen engagement (%) in terms of DER (Demand response 
measures). 
 

• Maintenance cost KPIs 
Main grid maintenance cost reduction, supply availability index and energy not supplied (ENS). 
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6. Conclusion 
Summarizing the different sections of this report, it is clear that assessing key performance indicators 
(KPIs) for energy systems is essential to understand and optimize energy infrastructure at both local 
and global levels. The KPIs studied, covering diverse areas such as energy generation, transmission, 
distribution and community impact, provide an in-depth overview of the performance and efficiency 
of energy systems. 

The case studies presented for North-West (Morocco), South-East Africa (Mozambique) and the Niger 
Basin illustrate the diversity of challenges and opportunities related to the energy transition in varied 
geographical and economic contexts. These cases highlight the importance of adapting energy 
solutions to the specific needs of each region, while highlighting the benefits of a transition to 
renewable energies and more efficient resource management. 

The assessment of KPIs demonstrates that rigorous data collection and analysis methods are crucial to 
measure progress and identify areas for improvement. The results obtained from these assessments 
provide a solid basis for informed decision-making, allowing to optimize the performance of energy 
systems and maximize environmental, economic and social benefits. It is imperative to continue 
monitoring that the continuous adaptation of strategies to local and global realities will be crucial to 
successful performance, to invest in clean technologies, and to strengthen international collaborations 
to achieve global climate and energy goals.
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