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Abstract

This paper presents a review of the characteristics and challenges of electricity
distribution in Ghana with an emphasis on the Northern Electricity Distribu-
tion Company (NEDCo) in the northern half of Ghana. NEDCo is used as a
case study due to the peculiarity of its geographical area of operation and
customer characteristics which better highlights the challenges of electricity
distribution in Ghana. NEDCo’s electricity distribution operations cover ap-
proximately 64% of the total landmass of Ghana and contain the most de-
prived communities and consumers, who are extensively dispersed. In addi-
tion to the scattered settlements, NEDCo has a predominantly lifeline cus-
tomer base that pay tariffs below the average cost of service. These peculiari-
ties, together with regulatory complexities, have contributed to many chal-
lenges, such as high system losses, high cost of service and poor network re-
liability, in the electricity distribution sector in Ghana.
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1. Introduction

Power systems are one of the most critical infrastructures for the socio-economic
development of a country. According to [1], Ghana has about 85.33% electricity
access rate and continues to extend electricity to unelectrified rural communities
to achieve universal electricity access. However, for many years, the power sector

has been fraught with many challenges that have compromised the reliability of
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Ghana’s electricity supply value chain. Despite its high electricity access rate,
compared to other countries in sub-Saharan Africa, the challenges do not augur
well for the country’s socio-economic development. These challenges range from
fuel shortage and low dam levels in the generation segment, transmission grid
constraints and voltage stability issues, and a myriad of challenges in the distri-
bution segment.

Many studies have assessed Ghana’s energy sector challenges and remedies [2]
[3] [4] [5], reliability of the energy sector [6], energy policy and reforms [7] [8],
tariff and regulatory issues [9] [10] and renewable energy potential and deploy-
ment in Ghana [11] [12]. These studies targeted the power system value chain
with emphasis on the generation and transmission segments due to the wide
range and number of customers affected when they fail. Implementing the rec-
ommendations of these studies will help ensure adequate generation capacity, a
robust transmission network, and efficient regulatory policies. However, most
electricity consumers in Ghana are embedded in the distribution networks and
experience many localized challenges, which are not considered major national
crises. These situations are widespread in the distribution segment. Without ef-
ficient distribution systems hinged on enabling regulatory environment, the in-
vestments in the generation and transmission segments may become stranded
and ineffective in stimulating the much-needed socio-economic development in
Ghana. However, according to [13], for the first quarter of 2021, the distribution
sector accounted for about 37% of the total revenue requirement of the power
sector, the generation segment about 52%, and transmission about 11%. There-
fore, the distribution sector has a significant impact on the overall revenue re-
quirement of Ghana’s electricity supply value chain and must be operated effi-
ciently.

Despite these many localized challenges across the distribution network and
significant revenue allocation, Ghana’s distribution sector’s challenges have not
been extensively discussed in published literature. There are three distribution
companies in Ghana: Electricity Company of Ghana (ECG), Northern Electricity
Distribution Company (NEDCo), and Enclave Power Company (EPC). The op-
eration of EPC is limited to the free zones enclave of Tema and has predomi-
nantly special load Tariff (industrial) customers. ECG’s operations cover the
southern half of Ghana and are better resourced than NEDCo in terms of cus-
tomer base and proximity to the major generation enclaves of Akosombo, Tema
and Aboadze. NEDCo’s operational area, in the northern half of Ghana, spans
approximately 64% of Ghana’s total landmass [14] and has the country’s most
deprived communities [15] and the lowest electricity access rate [16]. Table 1
gives a brief overview of the characteristic features of the two major distribution
companies in Ghana [14] [17].

This paper, therefore, focuses on the characteristics and challenges of electric-
ity distribution with emphasis on the operation of NEDCo in the northern half
of Ghana. NEDCo is considered for this study because it better accentuates the
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Table 1. Comparison of major electricity distribution companies in 2021.

Parameter Units ECG NEDCo
Geographic Area % 36 64
Total Customers # 4,292,000 1,136,050

Industrial customers # 1852 82
Energy Purchases GWh 9520 1761
Energy Losses % 29.84 27.29
Profit GHS —178,200,000 —278,220,000

distribution sector’s challenges due to its peculiar geographical area and unique

customer characteristics and challenges.

2. Background of Electricity Distribution in Ghana

Ghana established its first public power generation system in Sekondi in 1914,
using a diesel generator to power its railroad business. From 1922 to 1938, The
Electricity Department of the Public Works Department (PWD) expanded elec-
tricity supply to other major cities such as Tema, Accra, Kumasi, Tamale and
Cape Coast. In 1961, the Government established the Volta River Authority
(VRA) to generate, transmit and distribute electricity as a vertically integrated
utility. In 1967, the electricity distribution function of VRA was unbundled to
establish the Electricity Corporation of Ghana. In 1987, VRA was commissioned
to handle the distribution of electricity in the northern half of Ghana, which led
to the establishment of the Northern Electricity Department (NED). This limited
the business of the then Electricity Corporation of Ghana (ECG) to the southern
half of Ghana. NED later evolved into NEDCo and ECG into the Electricity
Company of Ghana (ECG) [18]. Areas under NEDCo’s jurisdiction are the
Northern, North-East, Savannah, Bono, Ahafo, Bono East, Upper East, and Up-
per West administrative regions of Ghana [14].As a result of power sector re-
forms in the 1990s, Ghana’s power sector was unbundled and now includes
power generation, transmission, and distribution segments as separate entities.
The reform also led to the creation of two energy sector regulators, the Energy
Commission (EC) as the technical regulator and the Public Utilities Regulatory
Commission (PURC) as the economic regulator. The Ministry of Energy over-
sees developing, monitoring, and evaluating the energy sector’s policies, pro-
grammes and projects. VRA, Bui Power Authority (BPA) (Hydropower), and
Independent Power Producers (IPPs) are responsible for power generation. The
Ghana Grid Company (GRIDCo) oversees power transmission, and ECG,
NEDCo, and EPC are in charge of power distribution.

NEDCo’s operations cover about 64% of Ghana’s geographic area, but cus-
tomer density is low, and settlements are extensively dispersed. NEDCo started
its operations with a customer base of 17,940 in 1987. This number steadily in-

creased yearly to a customer base of 1,136,050 at the end of 2021. Residential
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customers make up 84.96% of the total number of customers. Non-residential
customers make up 15.03%, while industrial customers make up only 0.01%.
Unfortunately, 46% of the customer population falls under the lifeline category
and pays tariffs lower than NEDCo’s average cost of service [14].

Despite Ghana’s power sector reforms to ensure the reliability and efficiency
of the power system [6], the country is still plagued with energy insecurity, as
revealed by periodic power outages and load shedding. Since the late 1990s,
Ghana’s energy demand has steadily increased and occasionally outstripped
generation, leading to varying degrees of periodic power crises [8]. According to
[2], Ghana’s hydropower resource exploitation is an appealing power source be-
cause it is renewable, clean, sustainable, and environmentally friendly. However,
given the rapid growth in demand, a power crisis is unavoidable if water levels
fall due to climate change, and thus the need to diversify supply sources. [7] in-
dicated that there is a need to increase generation capacity to accommodate the
rising power demand. Consequently, research into how Ghana’s energy portfolio
can be upgraded to meet rising energy demand, including the use of renewable
energy, is encouraged [11] [12]. However, [10] noted that regulatory and policy
issues have hampered Ghana’s goal of renewable energy integration into the
country’s generation mix. If these policies are not amended, Ghana will most
likely fail to meet its renewable energy targets. Furthermore, [3] [4] [5] indicated
that Ghana has adequate installed generation capacity to meet its domestic de-
mand; however, the major challenges are related to the unavailability of ade-
quate generation capacity due to fuel supply challenges, inefficient distribution
systems, high transmission and distribution losses, revenue loss due to
non-payment of bills and poor tariff structure. [9] noted that, aside reliability
and supply inadequacy issues, Ghana’s tariff pricing regime has historically

failed to incentivize electricity generating companies due to price distortions.

3. Methodology

The study used a literature review approach to investigate the issues considered.
The data for the study was collected from key documents, regulatory agencies
and utilities’ reports, tariff proposals, official government websites, key stake-
holders, and published literature. The unstructured data was transformed into a
detailed description of the challenges that impede the efficiency of electricity
distribution in Ghana with an emphasis on NEDCo.

The literature reviewed for this study has revealed extensive research on Gha-
na’s energy sector. However, these studies have primarily focused on the genera-
tion and transmission segments of the value chain such as energy sector chal-
lenges and solutions [2] [3] [4] [5], reliability [6] energy policy and reforms [7]
[8], tariff and regulatory issues [9] [10], and renewable energy potential and
deployment in Ghana [10] [11]. Though these studies made references to some
of the challenges in the distribution segments, no study has highlighted the loca-
lized challenges within the electricity distribution sector, which is critical for the
holistic assessment of the challenges within Ghana’s power sector. Therefore, the
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primary focus of this study is to investigate the characteristics and challenges of
electricity distribution in Ghana with emphasis on NEDCo, which better accen-

tuates the challenges of the distribution sector in Ghana.

4. Major Challenges

This section of the study underscores the major challenges that impede efficient
power distribution by NEDCo in the northern half of Ghana.

4.1. Aged Infrastructure and Deferred Maintenance

NEDCo’s main infrastructure for power distribution includes distribution lines,
transformers, switchgear, protection and control devices, and other ancillary
equipment for communication. Many of these components were designed and
installed decades ago [14]. [19] noted that the failure rates of aged and obsolete
components increase and affect supply reliability over time. According to [20],
aged infrastructure has low reliability and higher operation and maintenance
costs due to frequent preventive maintenance on this equipment. Deferring or
non-adherence to an effective preventive maintenance regime would lead to
equipment failure. The cost for “untreated maintenance faults” and corrective

maintenance is relatively high compared to preventive maintenance costs [21].

4.2. High Distribution System Losses

NEDCo’s network losses are classified as either technical or commercial losses.
Technical losses are inherent in power distribution networks and are largely
proportional to the square of the power flow through distribution lines and trans-
formers [22]. Commercial losses are due to electricity theft and non-payment of
bills by consumers, including state institutions. Since NEDCo is wholly Gov-
ernment-owned, it is challenging to hold state institutions accountable for elec-
tricity used without interference [3]. As of the end of 2021, distribution system
losses in NEDCo, including both technical and commercial losses, were about
27.29%. Technical losses constituted approximately 9.2%, and commercial losses
were 18.09% [14]. The total losses in NEDCo’s network have been consistently
above the PURC benchmark of 21.0% as shown in Figure 1 below. It is evident
from Figure 1 that the year-on-year percentage change in losses are significant,
haphazard and unpredictable and does not reveal any firm commitment by

stakeholders to reduce losses below the regulatory benchmark.

4.3. Metering and Billing Concerns

NEDCo has both postpaid and prepayment meters in its network in a ratio of
51:49 as of the end of 2021. Postpaid meters are used predominantly in rural
areas, and prepayment meters in urban communities. However, many of these
meters are either old, resulting in inaccurate reading and billing, faulty or not
available for new service connections [14]. Over 28.0% of the complaints re-

ceived by the PURC were related to metering and billing [24]. Deployment of
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Figure 1. NEDCo’s distribution losses. Data source: 2022 National energy statistics, energy commission [23].

postpaid meters in rural communities requires that NEDCo engages the services
of meter readers to visit customer premises every month to manually take meter
readings, submit for inputting and billing and take the bills back to consumers
[14]. From this scenario, coupled with a large lifeline customer base, one can
easily infer that the cost for meter reading and subsequent billing could be
greater than the revenue generated. As a result, the revenue collection rate has
consistently remained below the regulatory cap of 98.0%, customer bills are of-
ten estimated for an extended period, and occasionally there are long delays in
setting up and processing bills of new customers [14] [25]. The linear trend line
in Figure 2 below reveals NEDCo’s consistent improvement in revenue collec-
tion from 2017.

4.4. Network Reliability and Power Quality Concerns

The economic regulator, PURC, has rated NEDCo as being non-compliant with
its reliability and regulatory benchmarks [26]. The network’s reliability and
power quality challenges are due to the network configuration and consumer
behaviour. Long radial distribution lines dominate NEDCo’s distribution net-
work with many lateral circuits. Due to the radial network configuration, many
consumers are affected by disturbances or faults at remote locations, which
compromises the reliability of the distribution grid. NEDCo, therefore, has a
high System Average Interruption Frequency Index (SAIFI) and System Average
Interruption Duration Index (SAIDI) that exceed the regulatory caps [24]. SAIFI
and SAIDI data obtained from the Energy Commission, the technical regulator
[23] and NEDCo [14] are inconsistent, which cast doubt on the accuracy of this
data.

NEDCo operations are also affected by network hiccups caused by vandalism
and accidents, especially on the low voltage (LV) grids where most secondary
substations are unfenced. Due to the free access to the unfenced substations,

consumers easily interfere with substation protective devices using improvised
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Figure 2. NEDCo’s revenue collection rate. Data source: NEDCo 2022 tariff proposal [14] and electricity tariff setting methodolo-
gy and tariff structure in Ghana: Comparative analysis of DisCos performance, MRC consultants and transaction advisers [25].

fuses with unverified ampacities to close circuits even on sustained faults. Also,
consumers often transfer loads from one phase to the other, which changes the
load balance of the phases. Phase imbalances result in high losses in both phase
and neutral wires and the malfunctioning of protective relays [27]. Additionally,
bushfires in the harmattan intended to trap animals destroy many wood poles
and plunge communities into darkness. NEDCO bears the replacement costs of

these burnt poles and any damaged equipment [28].

4.5, Tariff Structure Bottlenecks

In Ghana, the existing end-user electricity tariff for residential and commercial
customers is the Incremental Block Tariff (IBT) and industrial consumers have
flat-rate tariffs based on voltage levels. The Public Utilities Regulatory Commis-
sion (PURC) conducts tariff reviews based on projected cost and demand fore-
casts. To improve the efficiency of the tariff process, PURC published in Gazette
No. 15 of February 25, 2011, its quarterly Automatic Adjustment Formula
(AAF) for minor tariff adjustments in line with variations in forecasted fuel
prices, foreign exchange, inflation, and power generation mix. PURC also insti-
tuted lifeline tariffs for low-income consumers at tariff levels below the actual
cost of service [3] [29].

The Incremental Block Tariff (IBT) structure used by PURC, as shown in
Figure 3 below has not proven to be very efficient in stimulating energy con-
sumption and economic growth in the NEDCo regions. Residential and com-
mercial consumers resort to self-generation when their consumption enters the
highest tariff blocks [30]. Self-generation reduces NEDCo’s projected revenue
required for efficient power distribution. The tariff structure therefore does not
incentivise electricity consumption. IBT is also relatively more complicated for
NEDCo’s consumers, who are largely not literate [15]. As a result, PURC and

NEDCo are often inundated with customer complaints on metering and billing
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Tariff Category: EUT Effective
1% September 2022

Residential

0-30 (Lifeline, Exclusive) - (GHp/kWh) 41.9065

Service Charge: Lifeline - (GHp/month) 213.000

31-300 - (GHp/kWh) 89.0422

301-600 - (GHp/kWh) 115.5595

601+ - (GHp/kWh) 128.3995
Service Charge:

Other Residential Consumers - (GHp/month) 1073.0886
Non-Residential

31-300 - (GHp/kWh) 83.7841

301-600 - (GHp/kWh) 89.1552

601+ - (GHp/kWh) 133.0919
Service Charge: - (GHp/month) 1242.8245
SLT-LV

Energy Charge - (GHp/kWh) 132.6125

Service Charge - (GHp/month) 50000.0000
SLT-MV

Energy Charge - (GHp/kWh) 100.6863

Service Charge - (GHp/month) 50000.0000
SLT-HV

Energy Charge - (GHp/kWh) 105.6746

Service Charge - (GHp/month) 50000.0000
SLT-HV STEEL COMPANIES

Energy Charge - (GHp/kWh) 74.5315

Service Charge - (GHp/month) 50000.0000
SLT-HV MINES

Energy Charge - (GHp/kWh) 263.9705

Service Charge - (GHp/month) 50000.0000

Figure 3. Retail tariff rates and structure [32].

[24]. Also, coupled with the large lifeline customer population, the level of tariff
increase requested by NEDCo is usually not approved by the PURC, which has
impeded NEDCo’s efforts to undertake all the planned investments specified in
its tariff proposals over the years [3] [14] [31]. Also, over the years, PURC has
not strictly adhered to its AAF schedules which resulted in tariff hikes during

major tariff reviews and consequent public agitations [3].

4.6. Rural Electrification and Load Growth Concerns

The load in NEDCo’s network has been increasing since its establishment due to
new service connections and existing consumers increasing their loads with
predominantly “second-hand” or refurbished appliances with poor power fac-
tors [14] [33]. The load growth is due to many factors, such as the national
economy, per capita income, prices of goods and services, and politics. However,
unplanned electricity demand growth can affect a distribution grid’s reliability
and stability if not effectively managed [19].

In the NEDCo area, one of the main drivers for the rapid load growth is Gov-
ernment’s rural electrification programmes such as the Self-help Electrification
Project (SHEP). Through SHEP, Government has extended the distribution grid
to areas that are currently not economically viable to necessitate these exten-
sions. Under SHEP, established in 1989, communities within 20 km from an ex-
isting sub-transmission grid will procure all the towers needed for electrification
and have at least 30% of houses wired. When the community meets this re-

quirement, the Government provides the rest of the equipment, such as ladders,
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pole-top assemblies, and transformers, required for the electrification of the
community [34]. The SHEP is undertaken by the Ministry of Energy and handed
over to NEDCo upon completion. Most of the consumers acquired through
SHEP are unable to pay for the electricity consumed after the pomp and pagean-
try surrounding the electrification of the community, mainly for political expe-
diency. This is the primary source of NEDCo’s predominantly large lifeline cus-
tomer base. In addition, upon handing over SHEP projects, NEDCo most often
than not has to upgrade some network equipment to meet its standards due to
its limited involvement in the SHEP project [34]. Figure 4 below reveals that
energy demand has increased over the years in NEDCo’s operational area, but
the increases have been insignificant compared to the national energy demand
growth over the same period in Figure 5. This is primarily due to the large life-

line customer base in NEDCo’s jurisdiction.

4.7. New Service Connection Application Hitches

In Ghana, a new service connection application process starts with the services
of an Energy Commission’s (EC) certified electrician, who wires the facility at a
non-standardized fee. After wiring, some tests such as earth electrode resistance
tests are conducted, and the results are recorded on a new service request form.
A certified inspector further verifies the wiring and test values to ensure com-
pliance with regulatory standards before the application forms are submitted to
NEDCo for approval and subsequent connection to the grid [35]. However, de-
spite the sparse consumer settlements under NEDCo’s jurisdiction, only 15% of
certified electricians nationwide are based in the NEDCo area. The total number

of inspectors nationwide is about 2% of the certified electricians [36]. Due to the

o &
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Figure 4. NEDCo load growth. Data source: 2022 national energy statistics, energy commission [23].
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Figure 5. Comparing national and NEDCo load growth. Data source: 2022 national energy statistics, energy commission [23].

inadequate number of certified electricians and inspectors in the communities,
test results are occasionally forged.

Additionally, most wiring works in rural communities are undertaken by
uncertified electricians but signed off by certified electricians and inspectors
without conducting the necessary tests or site visits. As a result, inferior wiring
materials are used, leading to fires and equipment damage [26] [36] [37]. Also,
due to the inadequate number of certified electricians within the NEDCo re-
gions, there are significant delays in acquiring new service connections. Ac-
cording to [26], NEDCo’s compliance with new services connection applications
is low, and NEDCo needs to improve the strength of its internal controls to

maintain compliance.

4.8. Public Lighting Systems and Management Concerns

Public lighting has caused significant shortfalls in NEDCo’s revenue [14]. How-
ever, visits to communities under NEDCo’s operational areas reveal that public
lighting is not efficiently managed in these areas. Most of the lamps used for
public lighting are 200 W - 400 W sodium vapour lamps, which remain lit dur-
ing the day, dissipating energy that cannot be accounted for [26].

5. Proposed Solutions

The challenges noted above require immediate attention to mitigate their impact

on NEDCo, customers, consumers and other stakeholders.

5.1. Strict Independent Regulation

As noted above, the EC and the PURC are responsible for regulating Ghana’s
electricity supply value chain. The EC has developed codes and standards, such

as the National Electricity Distribution Code, to ensure quality of service and ef-
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ficient electricity distribution but this code has remained as a draft document
since 2012 [38] [39]. The PURC on the other hand has developed the PURC
Consumer Service Regulations, 2020 (LI 2413) [40] and tariff rate setting guide-
lines [41] [42] with regulatory caps to mitigate passing inefficiencies through to
consumers. In addition to these measures, both EC and PURC have inspectorate
divisions to monitor and audit the operations and compliance of utilities. De-
spite the above efforts, avoidable inefficiencies are still observed in the opera-
tions of NEDCo. NEDCo has consistently violated regulatory thresholds for
losses and reliability without invoking penalties from sector regulators and ta-
riffs have often been reviewed upwards for investments in the distribution grid
without significant improvements in service quality.

[20] noted that to operate the electricity market efficiently, the reliability of
individual distribution network components should be considered as part of the
cost drivers. Therefore, considering quantitative reliability indices, such as SAIFI
and SAIDI, as part of the cost drivers can help to mitigate frequent supply inter-
ruptions and their attendant impacts on the grid, consumers and economic ac-
tivities. However, regulators must closely monitor and validate the accuracy of
this data and all other data originating from regulated utilities. Furthermore, the
impact of regulatory decisions, such as the mandatory use of EC’s certified elec-
tricians and inspectors, should be well monitored and constantly evaluated for
quality of service. Fees chargeable by certified electricians should be standar-
dized. The EC should also encourage and certify more electricians, especially in
the deprived communities of Ghana.

Additionally, PURC and EC must ensure that the findings of their inspecto-
rate divisions are thoroughly investigated and review regulatory caps to reflect
the reality on the ground, taking rapid load growth and network extensions into
account. Prior to tariff approvals, the PURC should require that utilities justify
the impact of proposed infrastructure projects on the quality of service. Also,
PURG, as part of its monitoring efforts, should ensure that utilities undertake
network enhancements projects specified in their tariff proposals and engage the
services of experienced technical experts to assess the impact of these projects on
reliability and quality of service before granting new tariffs. This will, however,
be a challenge for the PURC since it does not strictly adhere to its quarterly and
major tariff review schedules. The PURC has over the years also failed to ap-
prove tariffs at levels requested by utilities without proving that the approved
levels can generate enough revenue to undertake the specified projects. In its
2022 tariff proposals [14], NEDCo required about 113% rate increase to carry
out critical projects to prevent an imminent localized load shedding, increase in
technical losses, poor voltage profile and poor supply reliability. However, a rate
increase of 27.15% was approved by the PURC [31] without any published tech-
nical justifications to indicate that the proposed projects by NEDCo could be
undertaken with the level of tariffs approved. PURC should assess the impact of

these projects as noted by the utilities and technically ascertain their contribu-
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tion to quality of service and efficiency of the distribution grid prior to tariff ap-
provals. The PURC should further establish if the approved rates can really help
NEDCo to undertake these projects. In this regard, it is recommended that the
PURC engages the services of independent technical consultants to audit regu-

lated utilities in line with their tariff proposals prior to approvals.

5.2. Tariff Structure Review and Cost Reflectivity

PURC is expected to balance the interests of consumers and utilities according
to its mandate. However, as a government entity responsible for reviewing and
costing the electricity value chain, PURC may sometimes favour affordability
over cost efficiency. As a result, the estimated cost of supplying electricity across
the value chain may be understated to maintain low tariffs, especially during
election years. According to [43], PURC may outsource independent assessment
of the electricity supply value chain to facilitate investments in the power sector
and accordingly adjust electricity tariffs to recover only prudently incurred cost
with significant scientific justifications. Also, PURC should consider introducing
flat-rate (a single price per kWh) and Time-of-Use tariffs (ToUs) for residential
and commercial consumers while maintaining the lifeline tariff band. ToU tariff
will facilitate shifting non-critical loads to off-peak periods and reduce the short-
run marginal costs. The short-run marginal costs due to load increase are expen-
sive for NEDCo’s operations since the bulk of the supply is transported from the
south to the north with inherent high technical losses in the transmission and
distribution grids. ToU tariffs would reduce peak demand and the need for ex-
pensive additional capacity. A flat-rate tariff is simple and easy to understand by
consumers. It would also ensure that consumers remain connected to the grid
without resorting to self-generation and manage energy usage to stay within the
threshold of their disposable income allocated to electricity. Furthermore, the
PURC should endeavour to comply with its tariff timelines and use accurate
forecast tools in its projections to ensure stability of tariffs, prevent huge tariff
hikes during major tariff reviews and consequently help consumers in their re-

source planning.

5.3. Network Investments and Reduction of System Losses

Electricity distribution is capital-intensive and requires high fixed costs. Reduc-
ing technical and commercial losses in NEDCo’s distribution system requires
significant investment in the grid, such as replacing obsolete equipment and im-
plementing tamper-proof prepayment smart metering systems, especially in
government ministries, departments, and agencies. In addition, NEDCo should
be incentivized to install energy meters on poles to mitigate power theft, that is,
commercial losses, as stated in its 2022-2027 tariff proposal [14].

NEDCo has launched a mobile payment platform to facilitate payment of
bills through mobile phones to help collect revenues [14]. However, further ef-

forts should be made to deploy prepaid meters in all peri-urban and some rural
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communities where possible. This will incur additional costs for vending sta-
tions at strategic locations and public education on using the new meters. How-
ever, these costs will ultimately be offset by the benefits of adequate revenue col-
lection from customers in these remote locations, who depend on meter readers
and estimated bills. NEDCo may also implement whistleblower policies to re-
duce electricity theft rates [44]. In addition, as part of its regulatory efforts to
ensure NEDCo’s efficiency, PURC can set up a loss reduction programme over a
period and equip NEDCo through cost-reflective tariff adjustments to mitigate
the levels of its technical and commercial losses. Furthermore, to prevent intru-
sion into the substation and tampering with protection and control systems,
NEDCo needs to fence its secondary substations and effectively coordinate its
protection and control systems, including auto-reclosers and sectionalizers, to
discriminate in selecting and timely isolating faulted portions of its network effi-

ciently.

5.4. Demand Side Management (DSM) and Renewable Energy

The infrastructure investments required to support the growing demand of
NEDCo are huge, coupled with the replacement of aging power system compo-
nents. “Electricity saved is worth more than electricity generated”. DSM consists
of energy efficiency, demand response, and strategic load growth programmes
[45]. Considering the current state of the NEDCo network, energy efficiency can
be easily implemented among these programmes. Implementation of ener-
gy-efficiency programmes can reduce demand during peak periods and hence
postpone investments in additional capacity and consequently reduce green-
house gas emissions. In this regard, since its establishment, the Energy Commis-
sion has implemented several energy efficiency programmes including but not
limited to replacement of inefficient refrigerators, incandescent bulbs with
Compact Fluorescent Lamps (CFLs) and energy efficiency standards and labels
programmes [46] [47]. These are laudable initiatives, and the Energy Commis-
sion is encouraged to explore further energy efficient options to address issues of
public lighting and power factor correction, especially at the residential and
non-residential levels.

[14] indicated that due to the absence of many industrial consumers within
NEDCo’s operational area, VRA supplies the power requirement of NEDCo
from its hydropower plants as well as from its 2.5 MWp and 6.5 MWp solar ge-
nerators at Navrongo and Lawra respectively, which are embedded in NEDCo’s
network. NEDCo, therefore, does not procure power from any independent
power producers or renewable energy generators. It is noteworthy that VRA’s
hydropower plants are in the south and incur high transmission losses in the
process. Also, due to the sparse settlements in the region, it is inefficient to use
long distribution feeders to serve a small number of households. Consumers at
the tail ends of the distribution feeders would experience low voltages, requiring

expensive transformer injections. It would, therefore, be beneficial and cost-saving
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when many embedded generations are deployed close to load centers and use
VRA’s hydropower in the south as a backup. It is noteworthy that the integra-
tion of embedded generation may impact grid operation, but the benefits will far
outweigh the challenges in NEDCo’s network regarding the provision of sus-
tained voltage support, reactive power compensation, reduction of losses and re-
liability [48].

5.5. Efficient Public Lighting Systems

To reduce the extra cost incurred through public lighting, NEDCo recommend-
ed the approval of a tariff for public lighting and metering of streetlights [14].
The study agrees that a tariff on public lighting will help to curb the inefficient
management of public lighting in Ghana but may also impede the deployment of
public lighting, which may give way to criminal activities. Also, tariffs and public
lighting metering will not wholly address the problem of dissipating energy
during the day. For efficient management of public lighting, NEDCo, in consul-
tation with the district assemblies, will be required to take steps, in addition to
already existing measures, to install and effectively monitor photocells to turn
off these lights during the day. In addition to using photocells, use of ener-
gy-saving and solar-powered lamps should be encouraged through public educa-
tion and policies. These measures will ensure huge savings on the energy used

for public lighting.

5.6. Effective Monitoring of New Service Connection
Application Process

NEDCo and EC must ensure that all certified electricians and wired installa-
tions are effectively monitored to comply with approved standards. Also, EC
should take steps to standardize the cost of new service connection across the
country and conduct public education to encourage many youths to venture
into these areas in order to increase the number of certified electricians in pro-
portion to the number of customers across the NEDCo areas. Government can
also support youths to undertake electrical installation apprenticeships, espe-
cially for domestic wiring, and help these apprentices acquire Energy Commis-
sion’s certifications just as students in the secondary schools who enjoy free

education in Ghana.

5.7. Effective Communication and Public Relations

According to [49], public relations and effective communication are essential for
companies to survive in the business world. Through effective public relations a
company can effectively handle negative perceptions from those outside the
company. Therefore, effective communication and public relations would help
NEDCo address some of the challenges noted in this study. NEDCo and sector
regulators should therefore enhance their public and consumer education pro-

grammes, launch events, design and distribute leaflets, brochures and quick ref-
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erence cards to educate the various stakeholders on the dos and don’ts regarding
efficient electricity use and responsibilities of customers and consumers. Steps
should also be taken to enhance social media (e.g. Twitter, Facebook, LinkedIn)
handles, mobile apps and websites of NEDCo and sector regulators to make
them more interactive and informative to help address billing, vandalism and
network interferences. The PURC recently rolled out a tariff recknoner on its
website which is very commendable in helping consumers calculate their elec-
tricity bills by just keying the customer type, computation preference and con-

sumption [50].

6. Conclusion

This paper reviewed key challenges in Ghana’s distribution sector, with empha-
sis on NEDCo’s operations in the northern half of Ghana. Several challenges
have been identified to impede the efficiency of electricity distribution in Ghana.
These challenges include the use and poor maintenance of obsolete equipment,
inefficient tariff structure, and high system losses, among others. To overcome
these challenges power sector regulators would have to enhance their monitor-
ing regimes and examine the existing tariff structure which would incentivise
electricity consumption required to stimulate the country’s expected economic
growth and enhance energy efficiency programmes. Also, distribution utilities
would have to adhere to their maintenance regimes and undertake investment
projects aimed at reducing network losses and improving the reliability of the
distribution network. Finally, consumers and customers would have to be law-
abiding and desist from engaging in activities that seek to impact the quality of

supply and reliability of electricity distribution in Ghana.
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List of Abbreviations

NEDCo—Northern Electricity Distribution Company;
ECG—Electricity Company of Ghana;

CFL—Compact Fluorescent Lamp;

PURC—Public Utilities Regulatory Commission;
EC—Energy Commission;

DSM—Demand Side Management;

VRA—Volta River Authority;

EPC—Enclave Power Company;

SAIFI—System Average Interruption Frequency Index;
SAIDI—System Average Interruption Frequency Index;
IBT—Incremental Block Tariff;

AAF—Automatic Adjustment Formula;

PWD—Public Works Department;

NED—Northern Electricity Department;

BPA—Bui Power Authority;

LV—Low Voltage;

SHEP—Self-Help Electrification Project;
ToU—Time-of-Use;

DSM—Demand Side Management.
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