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Abstract- Energy management strategies are crucial for the operation of hybrid energy systems. This paper focuses mainly 

on the implementation of a novel energy management strategy called Flexy-energy. A simulation tool was developed for pow-
er plants operating under this approach. The Operating range of load ratios (OpR) was used as an optimisation parameter to 
assess the performance of the strategy. The performance of the Flexy-energy strategy was then compared to the load following 
(LF) and cycle charging (CC) strategies, two strategies widely used in the management of hybrid energy systems. The Lev-
elized Cost of Electricity (COE) is the main performance parameter considered in this paper. Two main outcomes have 
emerged from the present study. First, the Flexy-energy management strategy presents a lower COE than the LF and CC strat-
egies. Second, the operating range of load ratios of diesel generators should be as large as possible for the Flexy-energy ap-
proach to lessen the COE. Indeed, under the Flexy-energy strategy, the scenario with an operating range of load ratios (OpR) 
within [25–100] has a COE of 9% lower than the one of  the case with an OpR within [80–100]. 

Keywords- Rural electrification; Energy management strategy; Operating range of load ratios; Hybrid PV/Diesel system, 
Cost of electricity. 

 

1. Introduction 

Renewable energy sources are increasingly used to pro-
vide energy services to populations, especially in remote 
areas which are usually far from electric grids. Four main 
reasons can explain this trend. First, the competitiveness of 
renewable technologies [1], [2] as compared to conventional 
technologies. Second, the environmental challenges faced by 
stock energy sources. Indeed, the energy production impacts 
the environment and becomes a major aspect to be consid-
ered. Third, fossil fuels require larger and larger investments 
since their price increases, let alone their operating costs. The 
last reason includes the issue of scarcity of fossil fuel [3].  

In Africa, solar technologies, especially photovoltaic, 
could help solve these energy challenges. The huge solar 
resource usually matches the energy demand of most urban 
and rural communities, with a global horizontal irradiation of 
about 5 kWh.m-2.day-1 in most countries [4]. 

However, the intermittency of some renewable energy 
resources like solar leads to concerns such as the stability 
or/and continuity of service. To deal with this issue, a com-
bination of renewable energy sources with conventional 
sources or storage systems is often necessary [4]. This is 
called hybrid energy system. But these combinations lead to 
another problem, wich is the determination of the appropriate 
energy management strategy. Energy management strategy 
can be defined as a set of rules developed for the regulation 
of power flow in an energy system. They are often used with 
an optimisation algorithm to ensure that the optimal use and 
consequently a minimisation of the cost of energy are achie-
ved.  

Commonly, a hybrid system is associated with at least 
one objective function. This objective function may target an 
economic criterion (COE, operating costs, etc.)[5]–[7] or 
address a technical issue such as increasing photovoltaic 
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penetration or reducing fuel consumption[8]. Besides, energy 
management strategies can be categorised into two families: 

Conventional energy management strategies (CEMS): They 
rely on objective functions expressed in linear form. The 
CEMS can be used for both simple and complex systems. 
However, the performance of this type of strategy decreases 
when the system becomes more complex. This is the case for 
large-scale power plant, associations of several renewable 
sources, systems including battery storage, etc. 

Advanced energy management strategies (AEMS): They 
result from the use of intelligent optimisation techniques 
such as differential evolution, fuzzy logic, Genetic Algorithm 
(GA) or Neural Network. They mainly address complex 
hybrid energy systems with non-linear behaviours or large 
scale power plants. 

Minimising the cost of energy (COE) is the most used 
criteria for assessing the performance of hybrid energy sys-
tems whether it is trough CEMS or AEMS. 

In 2011, Rajkumar et al. [9] suggested a methodology 
for the sizing of a hybrid standalone power plant in Malaysia. 
The method took into consideration the loss of Power Supply 
Probability (LPSP) and was inspired by the neuro-fuzzy 
optimisation algorithm. A case study presented in their paper 
suggested an optimal configuration with a photovoltaic gen-
erator of 82kWp, a Wind generator of 28 kW and a battery 
system of 478 kWh capacity. They got a COE of $1.07/kWh.  

The introduction of diesel generators in hybrid systems 
led to more attractive results. In 2013, Ismail et al. [10] sug-
gested a techno-economic study of different scenarios of 
hybrid power plants. Their study aimed to look for the best 
configuration of power plant to meet a load profile using an 
energy management strategy based on linear programming. 
Three scenarios were analysed in this paper. The system 
including a photovoltaic generator of 16.43 kWp, a diesel 
generator of 7.5kW and a battery bank of 44 kWh was the 
most attractive with a COE of $0.239/kWh. 

In 2014 another economic analysis on a hybrid 
PV/diesel/battery system was carried out in Saudi Arabia by 
Ramli et al. [11]. In that study, a COE of $0.117/kWh was 
reached with a diesel generator set of 2.1 GW a photovoltaic 
generator of 1.1 GW and battery storage of 186.96 MWh. 
This low COE was partly due to the accessibility and low 
cost of fossil fuel in this part of the world. 

In the hybrid energy systems (HES) literature, software 
packages have been widely used to study energy manage-
ment approaches of these systems[12]–[15]. Homer Pro and 
Matlab are the references software in the HES field. Homer 
pro suggests some energy management approaches as stand-
ard strategies. These approaches include the load following 
(LF) and the cycle charging (CC) strategies. They are man-
agement strategies based on specific rules and are particular-
ly well-known and used around the world [16]–[19]. 

A few authors have used these two strategies to develop 
new ones assumed to be more effective. In 2019, Aziz et 
al[20] proposed a new energy management strategy based on 
the combination of Load following and Cycle charging strat-
egies. In their work, these authors compared the three above-

mentioned strategies (LF, CC, and their combination) in 
various case studies in an Iraqi village. The newly developed 
approach led to a cost of $0.21/kWh, which was 4.8% lower 
than the standard LF and CC strategies. 

In recent years a new trend is to address the systematic 
use of storage technologies in hybrid systems. To support 
this trend, TSAI et al. [21] carried out a comparative study 
between different system configurations in 2020. The study 
was carried out for the island of Taiwan and included the 
following four system configurations: Diesel generator alone 
; PV/batteries; PV/diesel and PV/diesel/batteries. The two 
most suitable configurations in terms of COE were the 
PV/diesel, and the PV/diesel/batteries with respectively a 
COE of $0.3569$/kWh and $0.3581/kWh. These results 
meant to show the possibility of obtaining lower COE with-
out battery storage. 

It would be unfair to go further and compare the various  
COE listed above. Indeed, each of the studies mentioned was 
carried out in a specific context (renewable availability, fuel 
prices, maintenance costs, etc.). However, the following 
ideas can be sustained: 

Ø Diesel generators can reduce the COE of hybrid en-
ergy systems; 

Ø Reducing or suppressing the storage can be effective 
for the COE reduction; 

Ø In this last decade, the cost of power in hybrid 
PV/Diesel systems ranged from around $0.2/kWh to 
$0.36/kWh. The idea is to get it as low as possible 
to compete with the conventional power technolo-
gies in each country or region of the world. 

A new approach of energy management in hybrid energy 
systems called Flexy-energy has been proposed by Azoumah 
et al. [22]. This concept is both an energy management strat-
egy and a philosophy of power plant arrangement. Mainly 
dedicated to rural and peri-urban areas, this approach con-
sists of a hybrid standalone renewable-based system with 
limited storage capacity for peak shaving strategy. A conven-
tional generator is used in the hybrid plant to smooth the 
intermittency of renewable sources. The energy management 
methodology of Flexy-energy concept relies on linear pro-
gramming used with dynamic lookup tables.  

In the development process of Flexy-Energy approach, 
several studies were carried out. Yamegueu et al. [23] con-
ducted various experiments on a prototype of a 9.2 kW diesel 
generator and a photovoltaic array of 2.85 kWp. It was real-
ised from these experiments that the sizing of a hybrid 
PV/diesel system should bring the diesel generator to operate 
at its optimal range, which is around 70–80% of its nominal 
power. The study further noted that the diesel generator 
should be capable of satisfying the peak load to guarantee the 
continuity of service and stability of power of the system. In 
Yamegueu et al. [24], the authors presented an economic 
investigation with three different scenarios: diesel generators 
only, PV only and hybrid PV/diesel. This investigation 
showed the economic viability of the hybrid PV/Diesel sys-
tem. Tsuanyo et al. [25]-[26] presented an approach for the 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
A. Singho Boly et al., Vol.11, No.1, March, 2021 

 56 
 

design and optimisation of power plants operating under the 
flexy-energy concept.  

The previous studies conducted on the Flexy- energy 
strategy aimed to minimise the fuel consumption by operat-
ing the diesel generators at high efficiency with a load ratio 
of around 80%. One of the major criteria that should also be 
considered is undoubtedly the renewable energy penetration 
in a country or a regional level as it is mentioned in [8], [27]. 
In fact, the maximisation of renewable energy penetration 
can positively impact the COE. 

The aim of this paper is to consolidate the Flexy-Energy 
approach by:  

Ø Introducing a new optimisation approach based on 
the Operating range of the load ratio ( OpR). The 
OpR is defined as the operating range allowed to the 
diesel generators. It must allow the generators to 
operate freely between a minimum and maximum 
load ratio.  

Ø Designing a simulation tool for Flexy-energy plants 
using Matlab and Homer pro software. This simula-
tion tool aims to facilitate the implementation of the 
flexy-energy concept.  

Ø Carrying out a comparative study on the perfor-
mance of the flexy-energy concept as compared to 
two widely used strategies, namely Load Following 
(LF) and Cycle Charging (CC) strategies. This last 
point is achieved through a case study carried out on 
a pilot power plant located at the Burkina Faso vil-
lage of Bilgo. 

2. Theoretical analysis 

2.1.  Overview of the Flexy-energy approach 

The specificity of the Flexy-Energy approach is summarised 
here after: 

Ø The Topology is considered in a way that the energy 
generators are close as possible to the consumers; 
this is meant to reduce the expensive costs related to 
the transportation lines for electricity. 

Ø Loads must be classified based on their importance 
into critical loads, secondary loads and deferrable 
loads.  

Ø ‘flexy-control’ is a set of items including a pro-
grammable logic controller (PLC), sensors and ac-
tuators. The sensors collect the meteorological data 
and the state of load demand. Based on this infor-
mation, a production configuration is chosen. The 
controller then sends the order to start production to 
the generators designated by the chosen configura-
tion.  

Ø Energy Storage System (ESS) is avoided or limited to peak 
shaving strategy in the Flexy-Energy approach. Two main 
reasons justify this choice: first, the investment cost of stor-
age technology which could reach 40% of the investment 
costs in convetional photovoltaic plants [25]; second, the 

lack of policies for the management of batteries at the end of 
their lifespan in most of the African countries.  

The Flexy-energy approach is implemented using three 
matrices. The first two matrices are used to store all feasible 
combinations for generators of the same technology (diesel, 
photovoltaic, or wind turbine). The third matrix is a crosso-
ver type. It aims to contain all the feasible combinations of 
generators (conventional and renewable) in the same power 
plant. 

For the most general hybrid PV/Diesel power plants, the 
configuration may be described as follows: 

n = number of diesel generators, with n>1. The diesel 
units are labelled DGi with their rated power bei<span 
id="zotero-drag"/>ng Pi. ‘k’ is the number of scenarios that 
can be implemented with the diesel generators.  

m = number of photovoltaic arrays with m>1. The PV 
arrays are labelled PVi with their instantaneous power being 
Pci.’q’ is the number of scenarios that can be achieved with 
the photovoltaic arrays.  

The combination matrices are presented in Table 1 and 
Table 2, while the crossover matrix is presented in Table 3. 

Table 1. Matrix for Diesel generator combinations 

 
Table 2. Matrix for PV combinations 

  
In the combination matrices (Tables 1 and 2), Scenar-

io SP1 corresponds to the use of all the PV arrays and Sce-
nario SD1 corresponds to the use of diesel generator DG1 
alone. 

Table 3. Crossover Matrix for PV combinations 

 

The cells of the crossover matrix in table 3 are filled by 
calculating the load ratio of the diesel generators involved in 
the concerned scenario. for example, the cell 1 of the crosso-
ver matrix refers to the diesel generators’ scenario SD1 and 
the photovoltaic scenario SP1.  
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For each cell of the crossover matrix, the load ratio of 
the diesel generator set is calculated as in equation (1). 

                 (1) 

Where and  are, respectively the total power 
available for the related photovoltaic scenario and the total 
power available with the diesel generator’s scenario. 

The Flexy-energy algorithm is displayed in Fig.1.  

 

 
Fig.1. Flexy-Energy test algorithm  

The load ratios in the crossover matrix cells are used to 
select the right power sources to feed the load. Regarding to 
the chosen OpR, the required power sources are identified by 
looking out for the first cell of the crossover matrix with a 
value within the OpR. The check proceeds from the first to 
the last column, from, the first cell to the last cell.  

The generators related to the first cell that’s verifies the 
OpR criterion are selected to feed the loads. When it is not 
possible to fulfill the OpR criterion, all the generators of the 
power plant operate at their maximum capacity. 

2.2. Overview of Load Following (LF) and Cycle Charging 
(CC) strategies 

The Load following and the Cycle Charging strategies 
are standard energy management strategies of Homer pro. 

They are the commonly used strategies in hybrid energy 
systems.  

Load following (LF) is a strategy in which, when a die-
sel generator is required, it supplies only the amount of ener-
gy necessary to satisfy the primary load (Renewable sources 
reload the batteries) [19]. Three situations composed this 
approach: 

Ø Renewable power may be equal to the load demand. 
In this situation, the renewable energy satisfies the 
load while the batteries and diesel generators stay 
out of the load feeding. 

Ø Renewable power can be more important than the 
load demand. In this case, the renewable output 
feeds the load and charges the batteries. 

Ø Renewable power may be insufficient to feed the 
load. The batteries contribute then to meet the ener-
gy demand, respecting their minimum SOC. When 
the state of charge of the batteries is less than the 
minimum authorised, the generator starts to help 
meet the load demand. 

The Cycle Charging (CC) strategy is different from the 
LF approach in the use of this threesome (diesel, batteries 
and renewable sources) system. Indeed, when the diesel 
generator is required, it supplies power at its maximum ca-
pacity, the energy excess goes then into the batteries [19]. 

The simulation algorithm of LF and CC ( used in Homer 
pro software) is displayed in Fig. 2. 

 
Fig.2. Simulation Algorithm of LF and CC strategies  
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2.3. Components modelling 

The power generated by the PV is defined by equation (2) 

          (2) 

Where  is the PV array output (kW).  is the 

peak power of the photovoltaic plant. is the derating 

factor of the photovoltaic plant.  is the global solar irra-

diation (kW.m-2).  is the standard test condition irradia-
tion (kW.m-2).  is the temperature coefficient of photovol-
taic panels. refers to the photovoltaic cell temperature 
(°Celsius). 

The diesel generators are modelled by their fuel con-
sumption as presented in the equation (3) 

  

             (3) 

Where  is the hourly fuel consumption (L/h).  is 
the fuel curve intercept coefficient or the no load fuel con-
sumption (L.h-1.kW-1).  refers to the rated power of the 

diesel generator (kW).  is the fuel consumption curve 

slope (L.h-1.kW-1). is the power output from the diesel 
unit (kW). 

2.4. Economic modelling 

The economic modelling is achieved by the equations (4-6) 

           (4) 

Where  is the total annualised cost.  is 
the Net present cost value.  is the discount rate.  is the 
project life time. 

 is the capital recovery factor that may be deter-
mined by using equation (5) 

           (5) 

The Cost of Energy (COE) is determined by using equa-
tion (6). It is the cost of one kWh.  

             (6) 

Where   is the total annualised cost of the 

power plant. , is the total amount of electrical energy 
generated per year. 

 

3. Case Study  

The performance of the Flexy-energy management strategy 
is compared to the LF and CC strategies. Since energy stor-
age is an important aspect of the LF and CC strategies, the 
simulations performed with these strategies were aiming to 
determine the optimal storage capacity and COE for the case 
study power plant. The performance of Flexy-energy man-
agement strategy was evaluated over seven OpR for the die-
sel generator sets. Thus, these seven OpR were the decision 
criterion for the choice of the generators to be used in the 
flexy-energy management strategy. For economic reasons, no 
storage capacity was considered in the flexy-energy approach 
simulations, thus bringing down the COE to a level where 
most people can afford energy. 

The case study investigation was carried out on the village 
of Bilgo, Burkina Faso. The village is located in the com-
mune of Pabre at about 30 km away from the capital Ouaga-
dougou. The coordinates of the power plant are 12°32.0’N, 1 
°40.8’W. The solar resource data were obtained from 
NASA’s surface Solar Energy data (see Fig.3). 
 

Fig.3. Solar radiation and clearness index on site 

The clearness index is a ratio of radiation at the earth's 
surface to radiation on the top of the atmosphere. This ratio is 
comprised between zero and one. 

 
Fig.4 Schematic of the Bilgo’s power plant 
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Fig.5. Daily load profile 

The schematic of the case study power plant and the 
daily load profile are respectively displayed in Fig. 4 and 
Fig. 5. The daily load profile was obtained from an evalua-
tion of the electrical needs of the village. No seasonal effect 
was considered for this study. However, a day to day varia-
bility and a time step variability of 10% have been consid-
ered. The techno-economic input parameters are specified in 
the Tables 4 and 5. The Bilgo power plant is composed espe-
cially of grid inverters and thus will only generate power 
when a power grid is available. For that reason, at least one 
diesel generator should run at any time to set the grid operat-
ing.  

Table 1. Techno-economic input parameters  
 

 
Table 2. Other economic parameters 

 

For explanation purposes, the different types of matrix 
for the implementation of the Flexy-energy strategy are given 
in Figs. 6–8, using the Bilgo power plant configuration. This 
power plant is composed of three diesel generators (two of 
16 kW and one of 24 kW) and a photovoltaic field of 30 
kWp. The photovoltaic field is divided into five arrays, two 
arrays of 7.5 kWp and three arrays of 5 kWp. The nominal 
power of the inverters connected to these arrays are 7 kW 
and 5 kW for the PV arrays of 7.5 kWp and 5 kWp respec-
tively. 

 

Fig.6. Matrix for Diesel generator combinations in Bilgo 
power plant 

 

Fig. 7. Crossover matrix 
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Fig.8. Matrix for PV combinations in Bilgo power plant 

The diesel generators’ technical information is given in Fig 9 

 

 

Fig. 9. Diesel generators’ technical information (a) Fuel 
flow DG1 and DG2 (b) EfficiencyDG1 and DG2 (c) Fuel 
flow DG3 (d) Efficiency DG3. 

 

 

 

4. Results and Discussion 

Simulation were carried out for seven scenarios under 
the flexy-energy management strategy. The simulated sce-
narios were based on different values of the OpR: [25–
100]; [30–100]; [40–100]; [50–100]; [60–100]; [70–100]; 
[80–100]. Each diesel generator was allowed to run freely 
between the minimum and maximum load ratio in brackets. 

Fig. 10 shows the cost of electricity for the LF and 
CC management strategies. For each storage capacity inves-
tigated, a sensitivity analysis was carried out on the converter 
size dedicated to the batteries. For this reason, one can notice 
that for one storage capacity, different COE are observed.  

It can also be noticed from Fig.10 that, when the 
storage capacity increases the COE also increases. This ob-
servation is valid for both LF (Fig.10 a) and CC (Fig.10 b) 
strategies. One can notice that the optimal configuration for 
the LF was obtained with a storage capacity of 67 kWh with 
a COE of $0.540/kWh while, the optimal configuration for 
the CC was obtained for a storage capacity of 69 kWh with a 
COE of $0.539/kWh. 

Fig. 11 presents the results of the seven scenarios used in 
the simulations with the flexy-energy approach. From that 
figure, one can notice that the cost of electricity increases 
when the OpR range is reduced. For instance, the lowest cost 
of electricity was observed with an OpR of [25–100], while 
the highest cost was obtained with an OpR of [80–100]. 
Indeed, the scenario with an Operating range of load ratios 
(OpR) of [25–100] has a COE 9% lower than the case  with 
an OpR of [80–100]. This can be explained as, the wider the 
OpR, the lower the fuel consumption. Indeed, for a wide 
range of OpR, the solar contribution is higher, hence the 
participation of the diesel generators for energy generation is 
lowered. 

When we compare the results obtained from the LF, the 
CC and the flexy-energy strategies, it appears that the flexy-
energy strategy has the best performance in terms of COE. 
However, when the OpR is [80-100], the LF and CC strate-
gies are more efficient than the flexy-energy approach. In 
fact, for this last case, the COE obtained was 0.544 $/ kWh, 
which is higher than those of the other strategies.  

From the results of the flexy-energy approach, one can 
argue that the optimal operation of a hybrid PV/diesel system 
(without storage) is not necessarily met when diesel genera-
tors operate in a range close to their optimal load ratio (75 to 
80%). An investigation was thus conducted using the simula-
tion results for two reference days. For each day, the re-
sponses of the power plant under the two OpR of [25–100] 
and [80–100] are displayed and analysed.  

The results of January 1 are displayed in Figs. 12-13. 
The Load profile of that first day is presented in Fig. 12 a. 
During this day, the irradiance (Fig.12 b) was between 0 and 
250 W/m2 indicating a cloudy day.   

 

 
 

(a) (b)

(c) (d)
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Fig.10. COE (a) LF strategy; (b) CC strategy 

 
 
 

 
 

Fig. 11. COE with the Flexy-energy strategy 
 

A comparison between Figs. 12 c and 12 d shows that 
the load sharing ratio in the scenarios [25–100] and [80–100] 
are similar, except for 8 am. Indeed, higher solar power inte-
gration can be seen in the scenario [25–100].  

Fig.12 e shows that the diesel generators have the same 
load ratio in the two scenarios except at 8 am. This confirms 
the remarks made for the trends in Figs.12 c and 12 d.

 

 

The operating schedule of the PV and Diesel generators 
during the 1st reference day is presented for the cases [25–
100] and [80–100] in Fig.13. This figure shows that, whatev-
er the case, the same diesel generators are always used to-
gether at the same time. One can also notice that all the pho-
tovoltaic generators are used at the same times in both sce-
narios except at 8 am.  

The results of the second day, January 3rd, are presented 
in Figs.14-15. During that day, the irradiance observed 
shows that it was a cloudless day. The related load profile is 
presented in Fig. 14 a. 

A comparison between trends in Figs.14 c and 14 d 
shows that the contribution of the diesel generators is much 
more significant in the scenario [80–100] than the scenario 
[25–100]. Moreover, Fig.14 d presents an energy excess at 1 
pm. This excess is noticed for a load sharing ratio superior to 
one. The load ratios equal or superior to 1 can be explained 
by the fact that the OpR condition has not been fulfilled at 
this step. As stated previously, when it is not possible to 
fulfill the OpR criterion, all the generators of the power plant 
operate at their maximum capacity.  Consequently an energy 
excess occurs and is dissipated as there is no deferrable loads 
in the case study. This operating choice was used to analyse 
the situations where the OpR running conditions are not 
respected. The energy excess in this scenario was less than 
1%; consequently, one can deduce that the OpR condition is 
respected most of the time. The trend in Fig.14 e depicts that 
diesel generators operate at a lower load ratio in the scenario 
[25–100] when the solar resource is available. 

It can be pointed out from Figs.15 a and 15 b that the 
diesel generators operate at the same time, except at 1p.m. 
for both simulation cases. 
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Fig. 12. Simulation inputs and results of January 1st (a) Load profile (b) Solar irradiance (c) Load sharing ratio of energy 

sources in scenario [25-100] (d) Load sharing ratio of energy sources in scenario [80-100] (e) Comparison of diesel genera-
tors' load ratio in scenarios [25-100] and [80-100] 

 
Fig. 13.  Generator’s status (a) scenario [25–100] (b) scenario [80–100] 
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Fig. 14. Simulation inputs and results of January 3rd as 2nd reference day (a) Load profile (b) Solar irradiance (c) Load shar-

ing ratio of energy sources in the scenario [25–100] (d) Load sharing ratio of energy sources in the scenario [80–100] (e) 
Comparison of diesel generators’ load ratio in scenarios [25–100] and [80–100] 

 

 
Fig. 15. Generator’s status (a) scenario [25–100] (b) scenario [80–100] 
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From the analysis carried out based on the results of 

Figs.12-15, one can conclude that the scenario [25–100] 
allows greater integration of solar power than that of [80–
100]. Besides, the number of generators in operation and 
their load ratios in the scenario [25–100], is less or equal to 
those in scenario [80–100]. Then, the best scenario in terms 
of the cost of electricity is the scenario with the largest oper-
ating range of load ratios [25–100].  

The results show that in terms of COE, the optimal oper-
ation of a hybrid PV/diesel system without storage is not 
necessarily met when diesel generators operate in a range 
close to their optimum load ratio, around 80% of their nomi-
nal power. The results obtained in this paper can be support-
ed by the study of Evgenii Semshchikov et al. [28]. In this 
study, the authors have demonstrated that low load diesel 
technology can increase renewable penetration and avoid 
expensive use of storage technology. Furthermore, A study 
conducted by James Hamilton et al. [29] has also lead to the 
same results. Indeed, the authors have explored a methodolo-
gy for wind and solar PV integration, without storage. This 
approach has demonstrated the benefits of low load diesel 
operations. The authors have obtained by this approach a 
renewable energy integration higher than 50% and an in-
vestment ment reduction around 32%. 
 

5. Conclusion 

A new optimisation approach was introduced in this 
study and a simulation tool was developed for the flexy-
energy management strategy, using Matlab and Homer pro 
software. A comparison with two other energy management 
strategies, namely Load Following (LF) and Cycle Charging 
(CC) was carried out using the case study of the power plant 
in the village of Bilgo, Burkina Faso. The simulations of the 
power plant under the three energy management strategies 
studied with sensitivity analysis on the Operating range of 
load ratios were performed. The Flexy energy management 
strategy has shown the best performance (in terms of COE) 
than LF and CC strategies. From the results of the study, it 
appears that the Operating range of load ratios is a significant 
criterion which influences the cost of electricity of the power 
plant. Generally, the optimal load ratio for a diesel generator 
is set around 80% of the rated power. In that case, even if the 
hourly fuel consumption is high, the specific consumption is 
always low. However, the lowest levelized cost of electricity 
was got for all the energy management strategies in the sce-
nario with the Operating range of load ratios equal to [25–
100] instead of [80–100] which is closer to the common 
recommended operating range for diesel generators. The 
Operating range of load ratios used in the flexy-energy ap-
proach should then be as broad as possible. We may then 
conclude that the optimal operation of diesel generators do 
not necessarily coincide with the optimal running of the 
hybrid power plant. These results introduce new issues that 
need to be addressed to ensure the reliability along with the 
cost-effectiveness of flexy-energy power plants. Thus, fur-
ther studies are recommended to investigate the real impact 
of using a diesel generator at a low load ratio in flexy-energy 
power plants. One should also determine the minimum load 

ratio that a diesel generator can endure without affecting both 
the power quality and its lifetime. 
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