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Abstract: This paper, after assessing and ranking power shortage causes in
Cameroon’s northern Interconnected Grid, summarises the impact of power
shortage on poor households and district hospitals. The results showed a drop
of 40% of the supplied energy and the fluctuations of demand continued across
the COVID-19 period till July in 2021 after lockdown, thus a low influence of
the pandemic. The results also revealed a low influence of temperature and
precipitations in the energy crisis. Instead, it was found that the most important
factor that led to power shortage is electricity production cost which is higher
than market price. Out of seven hypotheses tested by the structural model
developed, five were significantly supported and two were rejected. The
hypothesis testing showed that electrical fire safety and patient care in hospitals
are both positively significantly affected by load shedding, hospital
management and user’s safety commitment and knowledge. Also, the results
showed that neither safety knowledge nor safety impact is affected by
demographic and socioeconomic variables. Using these results, a series of
recommendations were given to energy practitioners and grid managers.
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1 Introduction and background

After COVID-19 hit the world and changed people’s lifestyle in the first quarter of year
2020, most countries faced huge economic recession and challenges. People in many
parts of the world lacked access to the most basic energy services, including electricity
for refrigeration, operation of water supply pumps and medical services (Brosemer et al.,
2020). In Africa especially, countries faced the crisis while having to deal with existing
issues and without robust contingency plans, the laws of electricity demand-supply have
been modified.

In Cameroon, for example, the northern interconnected electrical grid has been facing
since October 2020, a very high frequency of electrical load shedding. Many reasons are
being given by officials: COVID-19 related demand and operation change, weather and
climate change, mismanagement, corruption, socio-economic growth and so on. Sudden
change in lifestyle has dramatically increased the residential electricity and reduced
electricity demand in business and industry and that eventually affects the national
energy demand profile (Elavarasan et al., 2020). Several studies and analyses started
exploring the COVID-19 impact on the power sector, both in the shorter and longer terms
(Bompard et al., 2020); e.g., in Europe, Bompard et al. (2020) evaluated the immediate
impacts of COVID-19 on European electricity systems while Kirli et al. (2021) assessed
the impact of COVID-19 lockdown on the electricity system of Great Britain with a
study on energy demand, generation, pricing and grid stability. In Russia, Proskuryakova
et al. (2021) proposed a visionary Smart Energy scenario that envisages structural
changes in the industry with a focus on clean energy to offer a post-COVID-19 energy
response. In the USA, Ruan et al. (2020) released a first-of-its-kind cross-domain open-
access data hub, integrating data from across all existing US wholesale electricity
markets with COVID-19 case. Kanitkar (2020) assessed the impact of COVID-19
lockdown on Indian economy and power sector. In Africa, Edomah and Ndulue (2020)
analysed the role of forced lockdowns on electricity consumption behaviour and its effect
on momentary transition in electricity use in Nigeria. However, many other regions in
Africa are unevaluated after the lockdowns and the impact of a pandemic such as the one
experienced with COVID-19 is still unclear.
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As happening in many underdeveloped countries, energy sufficiency is facing
problems such as high fuel prices, lack of electricity power projects, inefficient way of
producing and distribution of electricity shortage of oil distribution (Jamil and Faran,
2018) that will definitely lead to electrical load shedding and its relationship with safety
and security is very close. Medical equipment often requires a continuous power supply
(Stawowy et al., 2021), a lack of electrical energy will be fatal for patients. After power
shortage, the electric current often comes back with very high intermittent values,
consequently households and inhabitants are facing electrical related accidents. Electrical
shocks or related explosions are significant causes of occupational death in the world.
Hence, there is a need to assess the impacts of load shedding on people’s safety and
security, to prepare a most effective and reliable response plan.

Some researchers have studied causes and consequences of electrical load shedding
on economic and social life. In China, Ou et al. (2016) made a quantitative assessment of
the economic impacts of power shortage. In Pakistan, Jamil and Faran (2018) evaluated
the impact of electricity and gas load-shedding on social, economic and psychological
well-being of factory workers using a quantitative method. Zaman (2017) used a survey
questionnaire to show the effects of load shedding on 262 retail businesses in Hyderabad,
whereas Arslan et al. (2014) assessed the consequences of energy on routines of people
and also on social and economic performance of people. In Africa, Umar and Kunda-
Wamuwi (2019) interviewed 200 households and 14 SMEs from Ng’ombe and
Kalingalinga to explore how residents and SMEs of Lusaka have been affected by the
recent spate of load shedding in the city, Tikuneh (2018) identified system vulnerabilities
in the Ethiopian electric power system and Ukpong (1976) realised an analysis of causes
of power shortage in Nigeria. However, none or very few have scientifically investigated
the safety issues while there is energy shortage; besides, the chosen case of Cameroon is
different as it has many unidentified and independent variables that can affect the power
sector in the country.

In this paper, the evaluation of the fall 2020-spring 2021 electrical load shedding on
Cameroon’s northern interconnected electrical grid (NIG) is presented. The main causes
are identified and assessed, a safety impact study on poor households and hospitals is
performed and some solutions and proposals for a better energy management are given.
The first contribution of this paper is to find out and classify the reasons that led to load
shedding and evaluate the effects of COVID-19 on demand and operations on the NIG
using graphical mathematical tools and data comparison with previous years, decision
maker’s survey from the ministry of energy and national grid managers. Secondarily, the
security and safety consequences of load shedding is assessed and discussed with
different stakeholders of the electrical energy mix, including the generators, law makers,
domestic consumers and poor area hospitals; we present the safety and security impact of
load shedding on households first, then on hospitals in the three main regions of Northern
Cameroon while evaluating safety standards (safety knowledge, safety behaviour), using
a systematic survey and mathematical tools such as SEMs (structural equation models).
The paper is presented as follows: Section 2 presents materials and methods used for this
study and Section 3 the results and findings. Discussions and analysis are presented in
Section 4, while recommendations are given in Section 5. Finally, Section 6 concludes
the paper.
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2 Materials and methods

2.1 State of the Art of Cameroon’s NIG (northern interconnected grid)

The public power network in Cameroon is divided into three main sectors: The Southern
Interconnected Grid (SIG) covering all the southern part of the country, the eastern
interconnected network covering the east region, the northern interconnected grid
covering the three northern regions (see Figure 1) and many mini-off-grids owned by
some independent power producers. Installed capacity is estimated at 2327 megawatts
(MW), for a total production of 7696 (GWh), transmitted along 37,194 km of power lines
however, less than 1400 MW still in service. The National Electricity Transmission
Company (SONATREL) has overseen this operation since October 2015. However,
ENEO is charged with managing electricity distribution in Cameroon and ARSEL is the
electricity regulator. The national grid access rate in Cameroon was 62% in 2014, with
an urban electrification rate of 96% and rural electrification rate of just 35%
(USAID, 2019).

Figure 1 Cameroon’s three studied regions

Source: The World Bank (2018)

Since October 2020, the NIG (see Figure 2) has been facing very high frequencies of
power load shedding that even led to many protestations off and online. The NIG with its
110 kV and 90 kV structures dispatches the power generated by Lagdo power station to
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cover the region’s modest demand which barely covers 25% of the maximal power that
the transmission lines can support (Cameroon MINEE, 2006). On the other side, the
installed power on the NIG is presented in Cameroon MINEE (2006) as followed: The
Lagdo hydropower station has 72 MW installed, Garoua-Djamboutou Diesel Generators
can produce 20 MW, Maroua Diesel Generator supports the NIG with a modest 10 MW
installed power. It can be noted that there is a 1 MW diesel installed in N’Gaoundere, and
three isolated PowerStations (4 MW) in Kousseri, Poli and Touboro, all out of service.

Figure 2 Cameroon NIG structure
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Although the NIG transmission lines can support the installed power for now and even
more years to come, some transformers are old, and some power lines are attacked by
corps and violent weather conditions. The three northern regions of Cameroon host 1.2
million out of the 5.6 million non-electrified people in the country (USAID, 2019); For
the 2015-2019 five-year period, prospects of an increase in demand according to ENEO,
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aggregate electricity demand in Cameroon shall reach 8.119 GWh in 2019, representing
an annual average growth of 5.7% (ARSEL, 2015). For the NIG, an average of 70% of
households do not have access to power, and with the annual population growth at 2.2%,
the electricity demand will also increase at a rate of 10%. As demand is increasing while
the generation is almost not (2.2%) (The World Bank, 2018), it is clearly understandable
that a deficit of energy supply in the three regions might happen.

Using authors’ experiences (electrical engineers and professor in energy
management), pre-interview with the experts and issues sorted out by previous studies
such as Tikuneh (2018), Ukpong (1976), Jasitnas et al. (2021), Qasim and Kotani
(2014), Freeman et al. (2020), Waseem and Manshadi (2020) added to the Minister of
Energy and Water resources testimonial on national TV (Actualite hebdo on the 21st of
February 2021). The Cameroon’s NIG issues can be resumed as: 1-Supply-demand
unbalance due to many sub-factors: hydrological problems due to the shortage of
precipitations that dropped the water volume of the Lagdo dam from 4 to 2 million cubic
metres, hence production goes down from 72 MW to 15 MW; Djamboutou power station
generating 14 MW instead of 20 MW and Maroua diesel generators producing 5 MW
between midnight and 6 AM; Lagdo Power Station turbines and generators stopped
because of technical reasons (silting up dam, spare parts); Fuel transport and logistics
issues; Electricity demand variation due to COVID-19; Demand increase due to socio-
economic reasons. 2-Transmission issues: Overloaded transformers; Wooden distribution
towers destroyed either by wind or animals; Non-availability of spare parts; 30% loss on
transmission lines from power station to distribution centres. 3-Distribution issues:
COVID-19 effect on operators; Stealing and electricity traffic; Low quality of service
(passive under voltage, under frequency); Unqualified distribution workers. 4-Financial
issues: Electricity production cost which 200 Xaf is sold at an average of 82 Xaf to
customers that leads the government to compensate the difference; High fuel price for the
Djamboutou and Maroua Diesel Generators Power Stations (1.5Billion Xaf per week
since January 2021); Corruption; bureaucracy mismanagement (Wrong investments).

Electrical energy shortage can cause serious economic, social and safety issues that
could be a threat to social security. An analysis of the causes of power shortage is critical
for rational allocation of human and capital resources to reduce the safety, economic and
social impacts in the most cost and time effective way. A designed fishbone diagram
used for cause effect analysis is presented in Figure 3. Combined with Relative
Importance Index method, the designed Ishikawa diagram gives a clear understanding
and ranking of the different factors that led to the high frequency of power shortage in
the three northern regions of Cameroon.

2.2 Methodology

The overall research methodology used is presented in Figure 4.
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Figure 3 Fishbone diagram on load shedding causes
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A review of literature was performed from open data, data from grid company and end
consumers. This review led to and energy overview and the identification of all load
shedding causes in the NIG. After a workshop with all electricity stakeholders, a
comparison of load curves and calculation of electricity vulnerability variables was
performed; that led to a first conclusion on COVID-19 implication in the power shortage.
After having identified and discussed possible causes, a first survey was designed to
gather relative importance index of these factors that ended to a ranking from most to
least important. Having a clear understanding of the load shedding on the NIG, a
consequence evaluation was performed through two surveys from poor households and
health centres in the northern regions of Cameroon. Structural equation modelling was
used to test the hypotheses of load shedding safety and security impact, compared to
safety knowledge and commitment variables. Results were obtained using the software
Lisrel and after discussions with experts, some recommendations were made.

2.3 Materials

Two main studies were conducted in this paper.

2.3.1 Load shedding causes analysis was done in six local steps
e Step 1 — demand variation pre-post COVID-19.

o Power system analysis comparing power profiles and demand pre and post
pandemic; Load demand in NIG during COVID-19 lockdown period in 2020
compared to the same in 2019 and 2021.

o Average Daily Load Profile (ADLP) is evaluated for three years. The ADLP is
the defined as the mean load for each step during the days in a selected
timeframe (Bompard et al., 2020).

o A difference between supply and demand is done by estimation of the Expected
Energy Not Supplied (EENS) and Expected Demand Not Supplied (EDNS) is
done using equations (1) and (2) derived from formulas proposed by Beyza et al.
(2020).

SIS NE,
N,

y

EENS= 1)
where E; is the energy not supplied (MW) to the electrical network in the j-th power
interruption in year i, N, is the total number of years simulated and N, is the total

number of interruptions in year i.

EENS
8760

EDNS= 2

where 8760 represents the number of hours in a year.

o Pre-post pandemic demand variation is computed by a formula below as done
by Bompard et al. (2020) in equation (3), then it could be possible to estimate
the number of years needed for supply to meet demand. The demand variation
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(D,) in the year Y, (2020) of COVID-19 with the previous year ¥, | (2019) is

reported as:

D, -D, _

D, =—"_—"7%100 3)
yn—1

where D, and D, D, are the total demand in the examined timeframe of the years

yn—1"")
Y and Y, .

e Step 2 — Temperature and precipitation effect using graphical evaluation on pre-post
COVID-19 demand for years 2019, 2020 and 2021.

A) Temperature vs. demand; B) Precipitation vs. Demand;

e Step 3 — Relative Importance Index method was chosen to statistically rank the
potential factors presented on the Ishikawa Diagram (see Figure 3), from most to
least important. Some researchers previously used this simple tool to assess a cause
and effect relationship and impact such as Damoah (2020) who sorted out and
classified reasons of government projects failure in Ghana using RII, and Salhi et al.
(2018) who identified and ranked factors that led to delay in construction projects in
Algeria. For this part of the study, Relative Importance Index was coupled with a
decision matrix; workshops and interviews were organised with five experts
including one of the authors (electrical engineer), a manager at the ministry of
energy and water resources, ENEO, ARSEL and SONATREL giving a hundred
cumulative years of experience. A first questionnaire was given to the experts, with a
list of all factors cited previously that led to the fall 2020 power shortage in the NIG.
The experts, as decision makers, had to provide the severity ratings for each of the
19 possible causes of the Cameroon’s NIG load shedding, outlined in the
questionnaire using a five point Likert Scale; where 1= insignificant factor; 2= minor
factor; 3= moderate factor; 4= major factor; 5= catastrophic factor. We note that the
likelihoods for all causes were considered to be almost certain and the Relative
Importance Index (RII) was calculated using equation 4 (as outlined in Damoah
(2020) and Salhi et al. (2018)).

5
Zi:lPiU"

RII = N(n)

“4)
where RII = relative importance index, P, = respondent’s rating of cause of project
failure, U, = frequency of respondents placing identical rating on the cause of project
failure, N = sample size (number of DMs), n=the highest attainable score on cause, which
in this case is i= 1, 2,3,4,5.

e Step 4 — Conclusions on COVID-19 and other factors implication in demand
variation are drwan.

e  Step5 — After having the rankings and graphs comments, factors that mostly affected
the load shedding can be sorted out; COVID-19 and other factors impact on the grid
can be discussed, guided by the decision matrix as used by Michelez (2010). This
can also help for drawing conclusions and remedial recommendations.
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2.3.2 Load shedding safety and security impacts analysis on poor
hospitals and households

A. Sampling and data collection: A non-probabilistic sampling was used for this
research, as poor areas had to be considered to meet the objectives. This study was
done using two cross-sectional surveys within two samples. The first sample was
district hospitals in poor areas of Garoua, Maroua and N’Gaoundere cities, whereas
the second sample considered poor households in the three northern regions of
Cameroon. A sample of 30 district hospitals (ten in each of the three regions
(Far-north, North and Adamawa)) was determined to answer a first semi-structured
questionnaire. A team of three bilingual researchers (French and Fulani) was
appointed to conduct the questionnaires at the hospitals. The head doctor of each
health centre was asked about load shedding effects on their work and their patients’
safety and security. Four major groups of questions were asked to them. The first
group of questions assessed hospitals’ basic information (Region, number of staff);
The second group of questions assessed load shedding information (number ,length
and time of load shedding per week, whether respondents have a secondary power
supply and if they know how to operate it in case they do have one) and customer
satisfaction (identical questions as for households below).The third group of
questions was about alternative risk factors of safety knowledge and safety attitude
and commitment (whether or not have an extinguisher, electrical grounding, whether
or not they have hazardous exposure related to electricity); The fourth group of
questions assessed safety-health-hygiene-security and  direct impact of load
shedding on hospital work. Respondents were asked to rate severity (scoring from 1
to 7) depending on how they think the power shortage affects the statement, as
presented in Table 1 for Impact on Health Centre’s patient care (Ihpc) variables.

A second sample of 463 households was questioned about power shortage situation in
their homes and the effects on their personal security and safety. Some of the respondents
were asked a two-page questionnaire by the researcher’s team that had to go house by
house in poor areas of each of the three northern cities to collect answers. An online
questionnaire has also been established to gather all the data needed from targeted
respondents living in these cities that had an Android phone. Thirty seven questions
grouped in four major topics were asked. Similarly, as done for the health centres survey,
the first group of questions assessed households basic information (Region, number of
people living in the house, whether or not they have a contract with the electricity
company, and their average electricity bill); The second group of questions assessed load
shedding information (number ,length and time of load shedding per week, whether they
have a secondary power supply and which one do they use) and customer satisfaction
(whether or not ENEO respects their load shedding program, their preferred load
shedding time , whether they think their bill is in accordance with their energy
consumption, whether load shedding affects the water and mobile networks distribution
systems); the third group of questions was about alternative risk factors of safety
knowledge(whether or not anyone in the household has a first aid training, added to two
TRUE or FALSE questions on what to do in case of danger, electric shock or fire) and
attitude and commitment (whether or not they have a medical box, medical insurance, an
extinguisher, electrical grounding, whether or not they have ever trafficked their
electricity meter, slept with candles, moon tiger (mosquito coil),whether or not they have
hazardous exposure related to electricity (uncovered electrical wires in rooms or toilets,
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uncovered outlets, household appliance with poor electrical contact)); The last group of
questions assessed safety-health-hygiene-security impact (respondents were asked
whether or not they have ever been victim of assault during a load shedding, whether
power shortages affect their personal hygiene, whether they experienced an increase of
insect bites (mosquitoes) due to power cuts, whether household appliances got damaged
due to strong or untimely return of electric current or if they experienced small sparks
when the electric current returns with a high intensity; They were also asked if they have
experienced a fire linked to a load shedding or a strong return of the current ,whether
they ever had injuries related to the power cut or return (electric shock, minor accidents,
explosions), or if they have witnessed deaths related to the power cut or return due to an
explosion ,fire or electric shock). The questions mapping for each group are listed in
Table 1.

Table 1 Structural variables mapping and explanation

Latent .

Variable Measurement Variable (Features) Item References
Load Shedding Load shedding frequency per week Lsvl Zaman (2017)
Variables Lsv2 and Pasha and

Load shedding time

(LSv) Lsv3 Saleem (2013)
Load shedding length Lsv4
Do you think ENEO respect their load shedding
schedule?
Demographic  Number of people at home DEvl  Nilson and
and PR DEv2  Bonander
. . Monthly elect bill
socioeconomic onthly electricity bi DEv3  (2020);
variables Do you have your own energy meter or not? Deva Shobande
(DEv) Alternative sources of energy used during load (2020) apd
shedding Mukherjee et
al. (2018)
Safety Does anyone at home know about first aid? Sk1 Khosravi et al.
l((gll(())w ledge Safety knowledge assessment! Sk2 (2014a, 2014b)
Safety knowledge assessment2 Sk3
Safety attitude/ Do you have an extinguisher at home? Sacl Khosravi et al.
commitment you have a first aid box at home? Sac2 (2014b)
(Sac) . Sac3
attitude Do you have a life Insurance? Sacd
Do you have grounding in you electrical system? gacg
Do you use moon tiger insecticide? 5227
Have you ever slept with candles turned on? Sac8
Do you have electric wires on the ground at home? 2:2? 0

Do you have uncovered electric wires in your toilets
Do you have opened sockets at home?

Have you ever got shocked by your fridge TV or
washing machine?
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Table 1 Structural variables mapping and explanation (continued)
Latent . .
Variable Measurement Variable (Features) Item References
Impact on Impact on care given to patients Thpcl  Shobande
Health o Thpc2  (2020) and Wu

I
Centre’s mpact on corrTrTlun‘lcanon o Thpe3  etal. (2013)
patient care Impact on sterilisation of medical instruments Thpc4
(Thpe) Fresh packaging of products Epcg

. . pc

Impact on medical equipment Thpc7

Impact on laboratory diagnostics Thpc8

Impact on staff motivation ?ﬁgz? 0

Impact on patients mindset Thpell

Risk of worsening or death ?ﬁpcg

Have you ever performed childbirth in darkness? Ihgzl 4

Have you noticed an increase of malaria patients?

Increase of fire electrical shock accidents patients?

Have you noticed an increase of fatal fire related cases?

Have you noticed any fatal electrical shock related

cases?
Electrical & Have you ever been victim of assault during load EFSS1 Lawson (2022);
Fire safety and shedding? EFSS2  Mills (2016)

EFSS3 and Zahoor
et al. (2015)

security impact

(EFSS) Do power shortages affect your personal hygiene?

Have you experienced an increase of insect bites
(mosquitoes) due to power cuts? EFSS4

Have you had household appliances damaged due to
strong or untimely return of electric current? EFSS5

Have you experienced small sparks due to static
electricity or overcurrent when power returns?

Have you experienced a fire or explosion linked to a

load shedding or a strong return of the current? EFSS6
Electricity (overcurrent) or chemical (candle moon tiger

based fi
) based fire EFSS7

Have you witnessed injuries related to the power cut or
return (electric shock, minor accidents, explosions)

Have you witnessed death related to the power cut or EFSS8

return due to an explosion or fire?

Have you witnessed death related to the power cutor ~ EFSS9
return due to an electric shock?

It took nearly six months (From November 2020 to April 2021) to collect the data, and
all information obtained from respondents was treated with confidentiality, respecting
ethics and laws of the country. The limitations to the study were: time for conducting the
research, limited budget for researchers and scalability to conduct the study to a higher
range and wider samples. The study used Cronbach’s alpha test for reliability testing,
which yield an overall reliability coefficient of 92% (93% for hospitals questionnaire and
91% for households questionnaire), implying that the instrument was consistent and
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reliable in achieving the study objective. The responses collected were grouped under
themes used as macro-latent variables (see Figure 5). For an effective presentation of the
safety and security effects of power shortage, direct (accidents and insecurity under
power shortage) and indirect (safety behaviour and knowledge under unsafe situations)
impacts of load shedding were analysed. Structural equation modelling was used to
evaluate the safety and security effects of load shedding on poor health centres and
households. The relationship between load shedding and accidents rates, safety behaviour
and knowledge was assessed. SPSS 25 was used to for general information graphing and
Lisrel 8.8 for structural equations modelling.

B.

Use of structural equation modelling: Structural Equation Modelling (SEM) is a
widely used multivariate technique for exploring and testing the relationship
between variables (Ajayi and Oyedele, 2018). As this research is a multivariate
relationship study, the advantages of SEMs are used to clearly state test and analyse
some hypothesis related to load shedding, safety attitude and knowledge and its
security impacts on poor households and hospitals. SEMs can also help understand
the algorithms that link a causal to effects relationships. Many variables can be
analysed at once and the researcher can draw faster and effective conclusions; hence,
due to extensive benefits of SEMs, the method is widely used in many research
fields especially in risk and a cause-effects analysis. For instance, Ajayi and Oyedele
(2018) proposed a structural equation modelling of critical success factors Waste-
efficient materials procurement for construction projects. Their study employs
sequential exploratory mixed method approach as its methodological framework,
using focus group discussion, statistical analysis and structural equation modelling;
Also, Boccia and Sarnacchiaro (2014) proposed a structural equation model for the
evaluation of social initiatives on customer behaviour, they formalised the origins of
behaviours regarding consumers’ preferences towards responsible initiatives and
detect the drivers of their purchase. To understand the safety and security impact of
load shedding and lack of safety behaviour /knowledge in poor households and
hospitals in the northern part of Cameroon, a structural equation model was
developed.

Designed structural model: The study employed the questionnaire (see Table 1) in
which the items were measured by different scales; It was chosen to set an ordinal
scale with five point for variables such as Thpcl-9 and a dichotomous scale for
variables such as Sac1-19. In order to design a hypothetical model for the SEM, this
paper has chosen the 44 questions established in Table 1 as measurement variables
and six-key group as latent variables. Figure 5 shows the hypothetical structural
model for the study.



14 B.O. Aboubakar, HX. Li and A.B. Oumarou

Figure 5 Conceptual hypothetical-structural model
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Integrating these arguments, the following hypotheses were stated and tested for the
northern regions of Cameroon:

HI1 = EFSS (Electrical & Fire safety and security) is positively significantly affected by
load shedding,

H2 = Health Centre’s patient care is positively significantly affected by load shedding,

H3 = EFSS (Electrical & Fire safety and security) is positively significantly affected by
poor work of healthcare centres under load shedding;

H4 = EFSS (Electrical & Fire safety and security) is positively significantly affected by
poor safety attitude/commitment under load shedding hazards;

H5 = EFSS (Electrical & Fire safety and security) is positively significantly affected by
lack of safety knowledge under load shedding hazards;

H6 = EFSS (Electrical & Fire safety and security) is positively significantly affected by
demographic and socioeconomic variables under load shedding;

H7= Poor safety attitude/commitment under load shedding is positively significantly
affected by demographic and socioeconomic variables;

3 Results

3.1 Load shedding causes analysis and classification

Stepl — Demand variation pre-post COVID-19: In a normal year, the power consumption
in Cameroons NIG is 400 GWh (33 GWh/month) for an average power of 35 MW
(USAID, 2019). The variation of the energy supplied in Figure 6 shows that in year 2019,
the average needed energy was supplied. There is a drop of almost 40% of the supplied
energy, starting from July 2020 till October 2021 with an average supplied energy of
15 GWh monthly. Similarly, out of the 400 GWh needed in average, Table 2 shows that
the Expected Energy Not Supplied in the network has increased from 4.9 GWh in 2019
to 175.9 GWh in 2020 and even 181.93 GWh in 2021. The results in Table 2 also show
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that in 2020 and 2021, even half of the average normal demand (17 MW) was not met,
with an Expected Demand Not Supplied (EDNS) of 20 MW in 2020 and 21 MW in 2021.
It should be noted the lockdown due to COVID-19 in Cameroon started in March 2020
and ended in July 2020, thus, a month before the power shortage started.

Figure 6 Energy supplied for three years (2019, 2020 and 2021)
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Table 2 Expected energy not supplied in the network

EENS EDNS
(GWh) (MW)

2019 9.60 —-6.70 —6.26 —4.51 -3.64 -9.46 446 594 —6.64 418 411 401 490 0.6
2020 9.46 —-12.15 -9.74 -10.69-15.63-20.97-19.53-18.76-19.47-19.53-19.58-19.32 -175.9 20
2021 -4.94 -20.77 -19.37-20.22-20.06—-19.90-19.64 -19 21 -17 - - -181.93 21

J F M A M J J A S o N D

Figure 7 represents the ADLP for the 30th of June 2019, 2020 and 2021. The behaviour
of the ADLP in the case of strict lockdown in 2020 is very similar to the same day
chosen in 2021.Changes are observed in demand magnitude and profile with decreased
demand directly after the lockdown but continued even after activities went back to
normal in 2021.The existing fluctuations in the power demand across all the COVID-19
evolution shows a drop of 20 MW in the peak time (see Figure 7) might suggest causes
owing to the effects of pandemic, but a year after, in July in 2021, it is also seen that the
electrical load shedding actually continues.

Figure 7 ADLP for a random day in June 2019, 2020 and 2021

| |
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Using the formula stated by equation (3) and data in Figure 6, the mean demand for years
2019, 2020 and 2021 was 33 GWh/month, 19 GWh/month and 15 GWh/month,
respectively; the demand variation for the three years can be computed using the
following:

-1 19-1
D otoa = %* 10 0= 74%; D00 200 = %* 10 0 = 26%.

These results show that even though the demand dropped by 74 points between 2019
and 2020, it continued to decrease after COVID-19 between 2020 and 2021 with a
Dvigz0-2021 =26%.

Step 2 — Temperature and precipitation: As mentioned in previous sections, much of the
energy supplied in the studied region comes from the only Lagdo hydropower station, so
there is a great seasonal and annual variability in power balance by changes in
precipitation and temperature. Figure 8 shows the variations of temperature (green bars),
precipitations (blue bars) and the energy not produced for the years 2019, 2020 and
2021.The results show that the average temperature variation for the three years is very
low (T2019=34.6°C, T2020=34.75°C, T2021=34.33°C), thus a very low influence of
temperature in energy generation. For the year 2020, the results reveal a contradiction
with expert’s opinion (see Table 3) who believe that hydrology is highly positively
related to power shortage; Even though the year 2020 recorded a higher rate of
precipitations (1268 mm), the expected energy not supplied is also high: 189 GWh out of
the 400 GWh needed in average. Moreover, it is assumed that generation from diesel power
stations was utilised maximum as the hydropower station operation was at the lowest.
Hence, the influence on the curve between pre-COVID-19 and after-COVID-19 might
come from technical reasons. These results show a very slight influence of temperature,
climate change and COVID-19 in the 2020 electrical load shedding in Cameroon’s NIG.

Figure 8 Temperature and precipitation against energy not supplied

Step 3 — Causes classification and ranking: From the results in Table 3, it can be seen
that the most important factor that led to load shedding in Cameroon’s NIG is the issue of
electricity production cost which is higher than market price, leading the government to
induce additional expenses to cover the financial gap. Secondly, multiple wooden
distribution towers in the country side were destroyed either by wind or animals highly
impacting the transmission system, hence hugely affecting load shedding. The non-
availability of spare parts in thermal power stations is ranked third; the absence of spare
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parts when there is equipment failure in power production will negatively impact the
effective production of electricity. At the fourth and fifth ranks, respectively, the
hydrological deficit due to the shortage of precipitations and silting up or obsolete
turbines in Lagdo Power Station directly affect the demand and supply balance and create
a deficit in terms of electricity generation, hence leading to an obvious load shedding. In
terms of causes categories, it is found that transmission issues affect the most load
shedding with a RII=3.4, followed by supply-demand unbalance (RII=3.08), then
financial issues (RII=2.96). It is found that distribution issues affect the least power
shortage (RI[=2.475). In accordance with the graphical and formulas results, electricity
stakeholders believe that COVID-19 did not have a huge impact on the 2020-2021
electrical load shedding in Cameroon, neither from demand variation, nor from effects on
energy service operators.

Table 3 Load shedding causes ranking by experts

Issues
Categories

~
(9%}
BN
(9%

Load shedding factors RII

Demand increase due to socio-economic reasons
Electricity demand variation due to COVID-19
Hydrological deficit due to the shortage of

(=]
N NN
[\
(=]
—_
W

—_
—_
—_
[w]

2.4
Demand-Supply

Unbalance Lo 0 1 2 1 1 34

RII 3.08 precipitations
Fuel transport and logistics issues. 0 1 3 0 1 32
silting up or obsolete turbines in power stations 0 0 3 2 0 34
Overloaded transformers o 2 2 1 0 28

Transmission Wooden distribution towers destroyed either by

Issues wind or animals 00 2 2 I 38

RIT 3.4 Non-availability of spare parts 0 0 2 3 0 36
Lines loss 2 3 0 0 0 16
COVID-19 effect on operators 1 2 1 1 0 25

Distribution Electricity traffic 0o 2 2 1 0 28

Issues i i i

R 2475 ﬁr?(‘; rqlflraélcllglegg ;)erwce (passive under voltage, 0 3 2 0 0 24
Unqualified distribution workers 1 2 2 0 0 22
Wrong investments 1 2 2 0 0 22
High fuel price 1 0 2 1 1 32

Financial Issues Electricity production cost higher than market

RII 2.96 price 0 0 2 2 I38
bureaucracy, paper work 0o 2 2 1 0 28
Corruption o 2 2 1 0 28

Notes:  Extremely serious=5, very serious=4, serious=3, medium=2, low=1.

3.2 load shedding safety and security impact analysis

The studied sample consisted of 463 households and 30 hospitals (10 in each of the three
selected regions); household percentage distribution is displayed in Figure 9. In the
sample, 15.55% of the households were taken from Adamawa region, whereas 20.24% of
the respondents were taken from the North region and finally 54.21% from the Far North
region of Cameroon; this result actually follows the production variation result that
actually affected the Far North region most, so respondents were enthusiastic to take part
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in the study. It was found that the commonly named safety and security consequences of
load shedding on households were actually relevant. For example, 90.1% of the
respondents experienced an increase of insect bites (mosquitoes) due to power cuts. Also
22% witnessed injuries related to the power cut or return (electric shock, minor accidents,
explosions),and a cumulative of 27% witnessed death related to the power cut or return
due to an explosion or fire or an electric shock. Hence, if respondents were given a
choice about power shortage timing, Figure 10 shows that they mostly prefer having load
shedding in morning (363 households: 78.4%) or afternoon (62 respondents: 13%) time.
Very few would prefer having power shortage in the evening or at night.

Figure 9 Respondents participation per region

Figure 10 Households load shedding time preference
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The Cronbach alpha analysis was calculated using SPSS 26 to test if all the measured
variables are contributing to their latent variables and to confirm the questions mapping.
The study was implemented to be used with the covariance-based SEM. As shown from
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Table 4, the values of alpha were 0.89 for demographic and socioeconomic variables,
0.96 for safety knowledge, 0.84 for safety attitude/commitment, 0.92 for load shedding
variables, 0.9 for electrical and fire safety and security impact and 0.93 for health
centre’s patient care, all beyond the recommended 0.79. The overall value of alpha was
0.9.The model computed in Figure 11 had an acceptable fit to the data for both indicators
(x*/d.f. and GFI) for all latent variables as shown in Table 4, and the model fit indices
satisfy the conventionally acceptable levels y2/d.f. = 1.88, p=.005, (n = 463) and
GFI1=0.94.

Table 4 Reliability indicators

Latent variables Alpha o Chi-Square x*/d.f. Goodness of fit (GFI)
Demographic and socioeconomic variables 0.89 1.31 0.97
Safety knowledge 0.96 1.24 0.88
Safety attitude/commitment 0.84 2.45 0.92
Load shedding variables 0.92 1.75 0.98
Electrical & Fire safety and security impact 0.90 2.03 0.91
Health Centre’s patient care 0.93 1.25 0.95
Overall model 0.90 1.88 0.94

Figure 11 SEM results (for x2/df=1.88, p=.005, n=463)
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As shown in Figure 11, the latent variables of the model were the six constructs under
this study (load shedding variables(LSv), demographic and socioeconomic variables
(DEv), Safety knowledge (Sk), safety attitude/commitment (Sac), impact on health
centre’s patient care (Ihpc) and Electrical & Fire Safety and Security impact (EFSS)) and
the composite scores of their respective dimensions were used as manifest indicator
variables receiving loadings from these latent factors as performed by Ajayi and Oyedele
(2018) in their research. For example, load shedding variables (LSv) consisted of six
factor variables computed by averaging their items of the corresponding factor. Figure 11
shows the model corresponding path coefficients, and Table 5 presents the standardised
coefficient estimates of the model using a one-tailed test (p < .05) to study the impacts
between variables.

Table 5 Coefficient estimates of the hypotheses model

Hypothesis Coef.  Pvalue Decision

HI = EFSS (Electrical & Fire safety and security) is

significantly affected by load shedding; 082 p<0.01  Supported

H?2 = Health Centre’s patient care is significantly affected by 0.62
load shedding; .

H3 = EFSS (Electrical & Fire safety and security) is
significantly affected by poor work of healthcare centres under 0.12  p<0.01  Supported
load shedding;

P<0.04  Supported

H4 = EFSS (Electrical & Fire safety and security) is
significantly affected by poor Safety attitude/commitment under ~ 0.17  p<0.01  Supported
load shedding hazards;

H5 = EFSS (Electrical & Fire safety and security) is

significantly affected by lack of safety knowledge under load 0.20  p<0.05  Supported
shedding hazards;

H6 = EFSS (Electrical & Fire safety and security) is

significantly affected by demographic and socioeconomic -0.11  p<0.01 Rejected

variables under load shedding;

H7= Poor Safety attitude/commitment under load shedding is
significantly affected by demographic and socioeconomic -0.37  p<0.01 Rejected
variables;

Among the five latent factors namely load shedding variables (LSv), demographic and
socioeconomic variables (DEv), safety knowledge (Sk), safety attitude/commitment
(Sac), impact on health centre’s patient care (Ihpc), demographic and socioeconomic
variables (DEv) were found to have a negative relationship with electrical & fire safety
and security impact (EFSS) with a standardised coefficient of —0.11. Meanwhile, the four
factors such as LSv, Sk, Sac, Thpc (with standardised coefficient of 0.82, 0.2, 0.17 and
0.12, respectively) were found to have positive relationship with electrical & fire safety
and security impact (EFSS). It is also suggested that load Shedding variables (LSv)
strongly impact health centre’s patient care (Ihpc) (with standardised coefficient of 0.62)
but demographic and socioeconomic variables (DEv) have no positive impact on
respondent’s unsafe attitude/commitment (Sac) (with standardised coefficient of —0.37).
Thus, as shown in Table 5, five of the hypotheses (H1, H2, H3, H4 and HS5) were
significantly supported at 95% confidence level; two hypotheses (H6 and H7) were
rejected.
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4 Discussion

One of the objectives of this study was to assess the main reasons for the power shortage
in north Cameroon. Oppositely to the results of Bompard et al. (2020) who found that
lockdown measures to fight back the COVID-19 pandemic took a significant toll on
European power, curves comparison in Figure 6 show that it was not the case in
Cameroon. According to this study, the pandemic did not have a significant effect on the
20202021 electrical load shedding. Also the influence of precipitation and temperature
was seen to be very slight on demand variation. Instead, the results have shown that
power transmission issues in different lines are the most important factors noticed. The
use of wooden distribution towers is seen to have the highest impact on power outage as
they are destroyed either by wind or animals. Also, the lack of spare parts on turbines and
generators is inducing a huge impact on supply chain, thus a liability to power
generation. Similarly to much of the third world countries, Cameroon also presents huge
financial and political issues that induce higher risks on project completion and
electricity supply reliability. Thus, proactive and efficient power shortage mitigation
strategy is needed.

The other main objective of the present research was to explore the safety and
security impact of electrical load shedding using variables relationship evaluation. The
results of Structural Equation Modelling (SEM) using data from a survey of 463
households and 30 district hospitals in Northern Cameroon have shown that the impact is
actually serious. The results of this study supported five of the seven proposed
hypotheses. As showed in Figure 11, the four variables of load shedding (LSvl=Load
shedding frequency, LSv2=Load shedding time, LSv3=Load shedding length and
LSv4=respect of load shedding schedule) do contribute to a significant impact on
households and hospitals safety and security with a loading factor of 0.82 and p<0.01.1t is
also reported a very high correlation between power shortage and patient care in district
hospitals (load factor=0.62 and p=0.032) as recorded in Table 5. Variables such as LSv3
and LSv4 loaded with factors of 0.75 and 0.74, respectively are seen to be more
implicated in safety and security issues in households and hospitals. Moreover, this result
is similar with the results Arslan et al. (2014) found that power shortage frequency is
highly implicated in social accidents while studying the impact of CNG load shedding on
daily routine in Pakistan, and the results found by Lawson (2022) while assessing fire
related accidents following power outages in Cape Town.

With a loaded factor of 0.12 and p<0.01, it is found that Electrical & Fire Safety and
Security (EFSS) impact is positively but not significantly affected by poor work of
healthcare centres under load shedding. In other words, even though power shortage is
highly affecting patient care in district hospitals, the low quality of care does not have
significant impact on population’s safety. This is in line with the earlier finding of Wu et
al. (2013) that proved a positive correlation between patient care and safety in the USA,
Japan and Taiwan. The slight correlation can be explained by the highest impact of load
shedding on laboratory diagnostics and performing childbirth in darkness which is
actually risky but not deadly, according to hospital head doctors.

The results in Table 5 and Figure 11 also show that EFSS is significantly affected by
both lack of safety knowledge and wrong attitude/commitment under load shedding
hazards; with a loading factor of 0.2 and p<0.05, safety knowledge is implicated in safety
and security risk increase under power outage. When asked if they have any knowledge
on first aid, it was found that most of the households answered negatively (loaded factor
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of Sk1=0.77). This has induced the implication of knowledge in safety and security
impact in darkness. While assessing safety attitude under load shedding, it was found that
the loading factor of 0.17 is explaining its effective implication in safety and security
under load shedding. For example, Mills (2016) found that more than 40% of 0 to 4-
years-child deaths in Lagos-Nigeria are caused by kerosene lamps used by families under
load shedding. Comparatively in this study, the variable Sac6 loaded with a factor of 0.41
is seen to be highly impacting households’ safety under power shortage. The analysis of
Figure 11 and Table 5 also shows that demographic and socioeconomic variables
(loading factor =0.11, p<0.01) negatively affects safety and security under power
shortage. However, this result is opposite to the one found by Shobande (2020) who
stated that urban population rate has a positive correlation with infant mortality rates in
Africa when unconventional energy is used in households. With a loading factor of —0.37
under a probability p<0.01, it is found as reported in Table 5 that there is a negative
correlation between poor safety attitude/commitment under load shedding and
demographic and socioeconomic variables; in other words, the safety attitude of
respondents under power shortage is not defined by the number of people in the
household nor by the income. Oppositely, Nilson and Bonander (2020) using evidence
from a Swedish survey, showed significant correlations between the level of fire
protection and a range of factors (family composition, income, housing type), suggesting
a positive effect of socioeconomic success.

5 Recommendations

Some recommendations would help utilities to handle the current scenario and some need
to be taken up to overcome impacts arising from any unforeseeable scenarios in future
and thus keep supporting a sustainable growth in the energy sector. A framework of the
proposed recommendations is presented in Figure 12, following the causes ranking and
assessment discussed earlier. The methodological results of this study can help decision
makers to mitigate power shortage and establish a roadmap of energy management in
Northern Cameroon. Based on responses by the sample of households on Figure 10,
78.4% of respondents prefer power outage in morning time. Households report that
changing load shedding times to earlier in the day before finding permanent solutions
would be less disruptive, as most schools and offices have generators. As COVID-19
pandemic has no important effect on power shortage in Cameroon’s NIG, the energy
response plan should be independent from the health factors in the short term. The long-
term effects of the COVID-19 crisis will be mostly associated with economic recession,
thus an energy response plan should be compliant with economic and strategic plans.
Furthermore, this study contributes to a customised body of safety by assessing
alternative methods of improving safety at home and hospitals. The results suggested
average safety knowledge and attitude at home and hospitals. Thus, Governments should
include a safety class from basic education to college and add first aid advertisements in
TV shows. The fire department should undergo more research on safety at home, and
prepare a safety response plan. The electricity distribution company should design
strategies to provide workers with education and training that is adapted to their personal
and occupational circumstances to protect them against electrical risks and include safety
as a performance parameter at work. The results also suggest that the competent
authorities must promote actions to verify that the installations and equipment used
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comply with applicable legislation regarding protection against direct and indirect
electrical contact and fine customers that do not respect safety standards. Parents should
educate their children to the importance of safety behaviour and knowledge through
educational talks and safety games for children.

Figure 12 Proposed recommendations

Use of solar Energy
solutions which are

fast and reliable

Plan interconnection
with neighboring
countries and grids

Small rivers around
Adamawa region could
generate extra power

Encourage PPPs to
increase financial

insurance

Promote and support
IPPs in biomass and
solar

Load

shedding
solutions

Replace wooden
towers by steel
ones

Redefine the
cost of
electricity

Redefine policies
related to Global

warming

Perform a survey Effectively decentralise Contractors should Rethink the

before load shedding energy contracting to provide spare parts the electricity
for a better plan regions and municipalities machinery sold dispatch

6 Conclusion

In this study, we have shown how the use of wooden distribution towers, the lack of
spare parts on turbines and generators, and financial and political issues induce higher
risks on electricity supply reliability. This study has also shown that lockdown due to the
COVID-19 pandemic did not directly participate in the energy crisis and changes in
electricity demand patterns in Cameroon’s NIG; instead, it led to an economic recession
that might affect future energy plans. We also see how load shedding seriously affected
safety and security of the population both at home and at the hospital especially for poor
areas. Indeed, it is important for governments and communities to re-evaluate the policy
used in managing and shaping energy solutions that will lead to permanent solutions.
This research has also proved a severe safety and security impact of load shedding on
poor households and hospitals. This has induced the implication of safety knowledge in
security impact under power shortage. Therefore, there is need for a safety education
scheme with the intention of improving behaviours both at home and at the work place.
One of the limitations of this research is the limited sample of the data and the lack of
government concern in the surveys. Future research may involve the whole country,
using a bigger sample and getting officials’ involvement.
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