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Abstract

Ghana experienced widespread power shortages due to series of droughts span-
ning from the 1980s to the 1990s. Energy efficiency programmes were identified to
solve these energy supply challenges. Consequently, the residential sector has been
recognized as an important target group for energy efficiency programmes in the
country. The residential sector in Ghana accounts for 47% of the total final energy
use. Reducing the inefficiencies in the residential sector energy use could be an
effective way of reducing global energy use and related environmental impacts.
Therefore, Ghana enacted four Legislative Instruments to regulate the importation
of refrigerating, air conditioning and lighting appliances and also to ensure these
appliances meet the minimum energy performance standards (MEPS). The purpose
of this paper was to review and establish the impact of the MEPS programmes in
Ghana from 2007 to 2020. The content of this desktop review is based on data
gathered through a series of reviews of available energy efficiency policy docu-
ments from governmental agencies. The results revealed that the implementation of
MEPS programmes in Ghana yielded 8317.8 GWh of electricity savings, which
translates into carbon emission reduction of 4.60 million tonnes of CO, and energy
cost savings of USD 832 million in term of electricity bills.

Keywords: energy efficiency, minimum energy performance standards, standards
and labelling and energy saving

1. Introduction

Globally, the building sector is accountable for 30% of the total final energy
consumption and without action, the energy demand in this sector could increase
by another 30% by 2060 [1]. Again, buildings represent 28% of global energy-
related CO, emissions worldwide [2]. This sector’s energy consumption is related to
human programmes involving the use of equipment, lighting and other electrical
appliances [3]. The household/residential sector, which forms part of the total
building stocks, has been identified as one of the target groups for energy efficiency
programmes [4, 5] also underscored that households can adopt and implement
energy efficiency measures to reduce energy consumption significantly.

The residential sector in Ghana accounts for 47% of the total final energy con-
sumption [6], compared to other countries such as the United States (25%), United
Kingdom (30%), Japan (26%), Saudi Arabia (50%), China (15.8%) and Malaysia
(15%) [5, 7-9]. Electrical appliances such as refrigerators, freezers and room air
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conditioners (RACs), which are energy-intensive, are among the most common
Ghanaian household appliances. Whilst refrigerators and freezers consume between
25-30% of the total residential energy use, air conditioners account for 6.5% of
residential energy use in Ghana [10]. Whilst [11] indicated that most of the markets
in sub-Saharan Africa (SSA) countries are inundated with “used electrical appliances”
[12], assert that this phenomenon was a result of the proliferation of used or “second-
hand” goods from Europe and elsewhere. For instance, it has been estimated that
there were over two (2) million used and inefficient refrigerating appliances in Ghana
in 2012 that were laden with hydrofluorocarbons (HFCs) [13]. This large number was
primarily due to the introduction of standards and labelling in developed countries
and the era of energy efficiency programmes in Europe in the early 1970s saw many
of these countries disposing of their old and energy inefficient appliances into SSA
[14]. The share of the used electrical appliance market in Ghana at the time was about
80%, thereby promoting climate injustice [14]. These used and inefficient refrigerat-
ing appliances consume, on average, 1200 kWh per unit per year compared to

250 kWh and 400 kWh per year in Europe and the US respectively [15].

Minimum energy performance standards (MEPS) and the introduction of more
efficient appliances through energy efficiency standards and labelling (EES&L)
programmes have been identified as potential means of reducing the energy con-
sumption of these inefficient appliances. It has been noted that improving energy
efficiency is the best way to simultaneously meet sustainable development goals
(SDGs) 7 and 13 in the energy sector [16]. This approach, when used judiciously,
frees resources for other projects, helps economies to grow and reduces environ-
mental impacts such as greenhouse gas (GHG) emissions. MEPS programmes have
also proven to be effective in stimulating the development of cost-effective, energy-
efficient technologies and are said to be the cornerstone of most national energy and
climate change mitigation programmes [17].

Ghana’s move to improve its energy efficiency is part of a larger energy sector
reform programme designed to support the country’s long-term economic develop-
mental agenda. In 2002, Ghana, therefore, identified the benefits of MEPS such as
EES&L programmes for equipment and other electrical appliances such as deep
freezers, RACs, refrigerators, industrial motors and lighting systems [18]. These
standards and labelling programmes serve as benchmarks and catalysts in meeting
the MEPS objectives.

According to [19], energy efficiency legislations and policies have continued to
increase globally through energy efficiency research and developmental
programmes [20]. However, several barriers attributable to the low adoption and
implementation of MEPS in SSA have to be overcome. These barriers, according to
[21, 22], include financial constraints, techno-economic, political-institutional bar-
riers, market barriers, lack of incentives and lack of information (knowledge). As a
result of market failures in SSA, [23] suggested in his paper, “The market for
lemons: Quality and uncertainty in the market mechanism”, that in markets where
consumers do not have reliable and adequate information in respect of the quality
of the products, it leads to the proliferation of cheaper and low-quality products.
The effect of this failure is that more efficient products or appliances are pushed out
of the market space.

Notwithstanding these continental constraints, Ghana was able to overcome
these barriers through stakeholders’ consultative engagements using the quadruple
helix model of policy (government, academia, industry and the media) and mar-
ketplace innovations such as standards and labelling [14]. Four (4) Legislative
Instruments (L.Is) were subsequently enacted by the Ghanaian Parliament in col-
laboration with the Ghana Energy Commission and Ghana Standards Authority.
They include:
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i. Energy efficiency standards and labelling (non-ducted air conditioners and
self-ballasted fluorescent lamps) regulations 2005 (L. I 1815);

ii. Energy efficiency (prohibition of manufacture, sale or importation of
incandescent filament lamp, used refrigerator, used refrigerator-freezer,
used freezer and used air-conditioner) regulations 2008 (L. I 1932);

ili. Energy efficiency standards and labelling (household refrigerating
appliances) regulations 2009 (L. I 1958); and

iv. Energy commission (efficiency standards and labelling (light emitting
diode and self-ballasted fluorescent lamps) regulations 2017 (L. I 2353).

These standards and labelling initiatives provide a mandatory labelling regime in
Ghana, where energy guide labels have to be affixed conspicuously on these appli-
ances to indicate the minimum energy performance levels of these appliances. The
indicators on these energy guide labels include annual energy consumption, type of
refrigerant, climate class, star rating, manufacturer, model number, fresh and fro-
zen volumes. This mandatory labelling regime is intended to promote energy effi-
ciency, transform the appliances market, reduce energy demand in households and
reduce Ghana’s energy-related CO, and ozone-depleting substances (ODS) emis-
sions. This paper reviews the impact of the first three regulations and other energy
efficiency projects between 2007 and 2020.

To commence the enforcement of these regulations, the national refrigerator
turn-in and rebate scheme was launched by the Government of Ghana, on the
advice of the Ghana Energy Commission in July, 2012. The objective was to recover
about fifty thousand (50,000) inefficient refrigerating appliances from homes and
encourage individuals to use more energy-efficient ones. So, in 2013, the Ghana
Energy Commission commenced the full implementation of these regulations at the
ports of entry. It is therefore imperative to review and establish the impact of these
regulations between 2007 and 2020.

The rest of the paper is organized as follows: the next section following the
introduction looks at the methodology being employed. The concept of energy
efficiency is examined in Section 3. Section 4 provides the Global and National
overviews of MEPS implementations. Testing and inspection protocols for refriger-
ating, lighting and air-conditioning equipment in Ghana are considered in Section 5.
Section 6 offers the discussion of the results of some of the real impacts due to
MEPS whilst Section 7 concludes the paper.

2. Methodology of the study
This section explains the methodology adopted for this work.
2.1 Desktop review

The content of this desktop review is based on energy efficiency appliance
import data, policy documents and market transformation data from the Ghana
Energy Commission, Energy Foundation, Council for Scientific and Industrial
Research—Institute of Industrial Research (CSIR-IIR), Ghana Revenue Authority
(GRA-Custom Division) and Ghana Statistical Service (GSS). Other sources of
information include the International Energy Agency (IEA) as well as other related
web searches. Besides, global and SSA energy efficiency documents were also
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reviewed by examining secondary data from standards, regulations, protocols,
market report series and other available statistical data.

2.2 Calculation of electricity savings

The basic assumption for computing electricity savings is that without MEPS
regulation and its accompanying awareness programmes. Egs. (1)-(4) were used to
estimate the annual energy saving per appliance, total energy savings for all the
appliances and CO, emissions reductions between 2007 and 2020 as a result of
MEPS implementation. Therefore, the annual electricity saving, AES (kWh) gained
from the use of each MEPS-compliant appliance can be estimated by comparing its
calculated annual electricity consumption (AEC) with the annual consumption of a
used and inefficient refrigerator as shown by Eq. (1):

AES = AECbefore MEPS implementation ~— AECafter MEPS implementation (1)

where AES is the annual electricity saving for MEPS-compliant refrigerating
appliance (kWh/year), and AEC is the annual electricity consumption before and
after MEPS implementation. In Ghana, used and inefficient refrigerating
appliances consumed on average 1200 kWh/year (consumption before MEPS
implementation).

The total annual electricity saving, AES;ora1 (GWh), of MEPS-compliant
appliances was calculated by aggregating the products of electricity saving and the
number of units sold (NUS) in a particular year, as shown in Eq. (2):

AEStotul,year = Z (AES X NUS,year) (2)

2.3 Calculation of cost savings

The total cost savings from MEPS implementation are computed in terms of the
electricity savings from operating a more efficient appliance. Thus, the annual
electricity savings computed using Eq. (2) is used to estimate the total cost savings
by multiplying the computed electricity savings with the electricity tariff as shown
in Eq. (3):

CS = AEStotal,year X ETresidential (3)

where CS;oa1, year [USD] is the total cost savings in a year and ETegidential
[USD/kWHh)] is the average electricity tariff for the residential sector, set at USD
0.10/kWh [6]. The residential sector tariff was used because MEPS regulations in
Ghana is primarily targeted at the residential sector.

2.4 Calculation of carbon emission reduction

The annual carbon emission reduction, CERyyta1, year [MtCOeq] was evaluated
based on the total annual electricity saving, AES;y1, year [MWh] with the help of
Eq. (4).

CERtotaI,year = AEStotal, year X GEFGhana,year (4)

where GEF Ghana, year is the grid emission factor for Ghana [tCO,eq/MWh].
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3. The concept of energy efficiency

Several definitions for energy efficiency have emerged over the years. Energy
efficiency may be considered as investing in more energy-efficient technologies or
appliances which results in more energy savings. Butler et al. [24] defines energy
efficiency as “using energy cautiously and economically to sustain everyday life,
live comfortably and support wellbeing”. According to [25], energy efficiency is
achieving the same service and performance while using technology with less
energy use and therefore enhancing the security of the energy supply. For [26],
energy efficiency is an effective tool for reducing electricity or energy consumption
which limits greenhouse gas (GHG) emission and thereby reducing global warming.

4. Overview of MEPS and EES&L programmes

This section reviews the Global and the Ghanaian perspectives of MEPS and
EES&L programmes.

4.1 Global overview of MEPS and EES&L programmes

Both minimum energy performance standards (MEPS) and energy efficiency
standards and labelling (EES&L) for appliances are the two known key mitigation
strategies for electricity conservation worldwide [27]. MEPS is a technique of elim-
inating inefficient performing appliances through the prescription of minimum
efficiency (or maximum energy consumption) that manufacturers must achieve
[28]. The benefits of MEPS, according to [29, 30] include the following:

i. It allows manufacturers and suppliers to increase appliance efficiency since
less-efficient appliances will no longer be tolerated for sale in the regulated

market;

ii. It encourages manufacturers to explore innovative and efficient
technologies to gain a competitive edge;

iii. It provides market consistency and certainty, thus creating economies of
scale;

iv. Consumers enjoy electricity cost savings over the lifetime of the appliance
as these appliances on the market now consume less energy to operate; and

v. Appliance purchase prices are largely falling in real terms in many
countries with MEPS regulations due to competition, economies of scale
and marketplace innovations.

The main objectives of the EES&L regime are to [31];

i. Prevent the influx of substandard appliances on the market;

ii. Provide the consumer an appliance the needed information to make an
informed choice;

ili. Provide information regarding the running cost of the appliance; and
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iv. Fulfil environmental treaty commitments such as the Paris Agreement,
Kyoto Accord, Kigali Amendment, Montreal Protocol, Rotterdam
Convention and Basel Convention.

EES&L programmes, introduced in the 1970s, are now being implemented
in over eighty (80) countries including Ghana. The programmes cover more than
tifty (50) types of appliances and equipment [32]. Testing protocols are used to
determine appliance performance relating to energy efficiency. These protocols
are periodically revised to ensure they keep up with trends and advances in
technology.

4.2 Overview of Ghana’s energy efficiency (MEPS) programme

Over the past decades, Ghana has made significant progress in its energy
energy efficiency programmes [33]. These programmes put Ghana on the world
map as a pioneer in SSA as a result of extensive collaborations of stakeholders and
institutions such as the Ghana Energy Commission, Ministry of Energy, Ghana
Standards Authority, Ghana Energy Foundation and CLASP [14]. Ghana experi-
enced widespread power shortages due to series of droughts spanning from the
1980s to the 1990s. Energy efficiency programmes were identified to solve these
power shortages as it delivers benefits faster than building new generating
power plants [14]. The Government of Ghana, therefore, decided to support
energy efficiency standards, policies and programmes. Consequently, the Ghana
Electrical Appliance Labelling and Standards Programme (GEALSP) was launched
to help transform the country’s appliance market. An initial assessment to deter-
mine the energy savings potential was then carried out from energy efficiency
projects [10].

A comprehensive national household survey on demand-side management
(DSM) was then conducted by the Ghana Energy Commission between 2003 and
2006. The results from the survey revealed that residential energy consumption, for
example, was 50% of the total national energy use and refrigerating appliances
accounted for nearly 59% of the residential use [15]. These used refrigerating
appliances consume on average 1200 kWh per annum compared to 250 kWh and
400 kWh per annum in Europe and the US respectively [15] as illustrated in
Figure 1 for comparative energy use basis.

Energy efficiency programmes for household appliances was crucial and there-
fore needed to be adopted and implemented without further delay to bring Ghana’s
consumption down (proposed standard—the green line in Figure 1). According to
[33], energy efficiency is considered a “low-hanging fruit” and “first fuel” of the
clean energy transition due to the low marginal cost of its implementation. How-
ever, prior to the adoption and implementation of the MEPS in Ghana, the barriers
identified in Section 1, needed to be addressed. The quadruple helix model and
marketplace innovations were adopted in resolving these issues [14]. Table 1 lists
some of the barriers and measures implemented by Ghana to overcome these
barriers [14].

Four (4) Legislative Instruments (L.Is) were subsequently enacted by the
Ghanaian Parliament in collaboration with the Ghana Energy Commission and
Ghana Standards Authority. The first, energy efficiency regulations for non-ducted
room air conditioners (RACs) and compact fluorescent lights (L.I. 1815) was devel-
oped in 2005 [34], which mandates that all RACs imported into Ghana must meet
the minimum energy efficiency ratio (EER) of 2.8 W of cooling per watt of power
input, equivalent to a 1-star rating. The second energy efficiency regulations
(L.I. 1932) was also enacted in 2008 to help prevent the importation or sale of used
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Figure 1.

Refrigerator Electricity use for Ghana, Europe and US in 2007 [14].

No Types of

barriers

Measures

1.  Financial

Implementation of tax incentives and national programmes. For instance, between
2003 and 2016, import duties and taxes were removed from the importation and
sale of compact fluorescent lamps (CFLs).

2. Market Import duties and value-added tax (VAT) on compact fluorescent lamps (CFLs)
were removed by government in April 2003, thus making them available and
affordable to consumers.

3. Lackof Organization of national energy efficiency campaigns throughout the country

information using both print and electronic media. Also, leaflets, brochures and flyers were
(knowledge) printed and distributed, including town hall meetings where relevant stakeholders

were engaged.

4. Institutional

Holding stakeholders’ consultations and institutional reforms. For instance, Public
Utility Regulatory Commission (PURC) is mandated to set electricity tariffs
independent of governmental influence and to reward efficient users and punish
inefficient users of electricity. Also, the Ghana Energy Commission came in with
the labelling programme in 2005 to help in transforming the appliance market.

5. Technical

Technical cooperation with developmental partners was encouraged to offer
training to Ghanaians. For instance, between 2012 and 2013, over 600 technicians
were trained to carry out installation, repairs and maintenance of the new and
efficient refrigerating appliances under the Ghana Energy Foundation and UNDP
project to transform the appliance market.

6.  Political

Independent regulatory bodies were created to deal with the energy crisis. For
instance, the Ghana Energy Commission and Public Utility Regulatory Commission
were mandated to carry out technical and economic regulations of the power sector
respectively. The Ghana Grid Company was also responsible for the national
network, separated from the distribution operator. All these programmes were
moved from the Ministry of Energy to prevent any political interference.

Table 1.

Types of energy efficiency barriers and measures to overcome them.

inefficient refrigerating and air conditioning appliances in Ghana. To ensure that
only energy efficient refrigerating appliances are imported and sold in Ghana, the
energy efficiency standards and labelling regulation for household refrigerating
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LI Regulation Scope & targets Year Year
passed implemented
1815 Energy efficiency standards and Gives legal backing to the use of 2005 2014
labelling (non-ducted air energy-efficient non-ducted air

conditioners and self-ballasted ~ conditioners and fluorescent lamps.
fluorescent lamps) regulations.

1932 Energy efficiency (prohibition  Places total ban on the importation 2008 2013
of manufacture, sale or and sale of incandescent filament
importation of incandescent lamp, used refrigerator, used
filament lamp, used refrigerator-freezer, used freezer

refrigerator, used refrigerator-  and used air conditioners effective
freezer, used freezer and used  January 2012.
air-conditioner) regulations.

1958 Energy efficiency standards and Provides for the enforcement of 2009 2013
labelling (household minimum energy efficiency and
refrigerating appliances) labelling for household refrigerating
regulations. appliances.

2353 Energy commission (efficiency  Provides for the enforcement of 2017 2020
standards and labelling (light minimum energy efficiency and
emitting diode and self- labelling for light emitting diode and
ballasted fluorescent lamps) self-ballasted fluorescent lamps.
regulations.

Table 2.

Main end-use policies and regulations.

appliances (L.I. 1958) was enacted in 2009. Finally, in 2017, the energy efficiency
standards and labelling for light-emitting diode and self-ballasted fluorescent regu-
lations (L.I. 2353) was enacted. The purpose of the fourth regulation is to enforce
the standards for minimum energy efficiency for self-ballasted fluorescent lamps
and light-emitting diode lamps imported or manufactured in Ghana.

Details of these four regulations and standard protocols for determining the
energy efficiency star ratings for (non-ducted air-conditioners, household refriger-
ating appliances and lamps and CFLs), categories of household refrigerators and
initial luminous efficacy of the lamps are available and can be assessed under
Legislative Instruments (list of L.I’s for energy efficiency) at [35].

In conclusion, Ghana has developed and implemented four (4) main end-use
policies, regulations and standards to promote demand-side management (DSM).
Seventeen (17) other regulations are currently being developed for other electrical
appliances such television (TV) sets, electric motors, washing machines, blenders,
etc. Table 2 lists the four (4) regulations, its scope and targets, the year they were
enacted by the Ghanaian Parliament and their implementation dates.

5. Testing and inspection procedures

To achieve the full potential of the MEPS programmes, Ghana adopted rigorous
testing, approval and inspection procedures for importing these regulated appli-
ances into the country. Currently, Ghana does not manufacture these appliances, so
testing is done by third-party accredited laboratories such as Vkan Certification &
Testing Co., Ltd. (CVC), Intertek, TUV-Rhineland, DEKRA Product Testing &
Certification, General Society of Surveillance (SGS) and Bureau Veritis (BVAC).
These testing facilities are recommended and designated by the Ghana Standards
Authority and Ghana Energy Commission. A performance test report, which details
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the performance of the appliance in terms of energy consumption, approved
refrigerant, climate class, star rating, etc. from these facilities, is then submitted to
the Ghana Energy Commission by the importer concerning a particular model, for
evaluation. Certificate of approval (COA), containing parameters of the said model,
is issued to the importer for model(s) that meet the MEPS requirements as laid
down in the energy efficiency guidelines [31].

The testing, approval and inspection procedures of a model are summarized in
Figures 2 and 3.

Having reviewed all the available documents, regulations, standards, procedures
and processes, the next section provides some of the real impacts resulting from
MEPS implementation in Ghana since 2007.

. Applicant sends Product = ;
- : . | Applicant applies for
Model for Testing "1 coA and Star Ratin,
Applicant g
v
'C\:/I est facility conducts
afety and Performance .| Prepares and issues Test
Test ests such as GSA, 5G5S, - Report
Laboratory VAC and Intertek
B e I e e e R
v

EC processes application
(Test Report) and
calculates Star Rating
{EEI)

@ EC rejects Application 2
and ask for Re-testing et

Energy
Commission

Figure 2.
Testing and approval processes for model(s) to be imported into Ghana.

. Applicant/Importer/Agent uploads
-«— details of appliance (model) through
the GCNet/TINIPASS platform

EC reviews details uploaded by
Importer’Agent

EC performs physical examination at
Vs | the port to confirm EEI and releases
appliance to Importer/A gent

s details same as those
contained in the AC?

Importer/Agent relabels
appliance according to
Yes—®lthe new calculated EEI
under the supervision of
EC

Applicant EC performs physical examination,

issues detention notice and requests

E ~F Importer/Agent to re-test the appliance
Tear lat GSA

Laborsturs
No
@ -
EC insists Importer/ Agent

Energy re-exports the appliance to
Commissien other countries

s EEI falls between 1-sta
prnd 7-star after re-testing

Figure 3.
Physical inspection procedures of a model at the ports of entry.
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6. Results and discussion

This section discusses the impact of the major energy efficiency programmes
resulting from MEPS implementation in Ghana based on Egs. (1)-(4) between 2007
and 2020.

6.1 Ghana’s efficient lighting project

In 2007, Ghana implemented an efficient lighting project (CFL exchange
programme) regarding its policy directions in the area of energy efficiency. On the
advice of the Ghana Energy Commission, the Government procured and distributed
over six (6) million compact fluorescent lamps (CFLs) to replace the estimated six
million incandescent lamps at no cost to the beneficiaries [36]. As a result of this
project, incandescent lamp usage in households has reduced from 58-3% while
CFLs penetration increased from 20% in 2007 to 79% in 2009 [36]. The country’s
peak electricity demand was accordingly reduced by 124 MW and peak electricity
consumption by 72.8 GWh per year due to this policy implementation. This resulted
in an energy cost saving of about US$ 39.5 million per year and carbon dioxide
(CO,) savings estimated at 105,000 tonnes per year [36]. Consequently, there was a
delay in the generation expansion of thermal energy investment of US$ 105 million.
At US$ 120/bbl, energy cost saving would amount to US$ 39.5 million per year [37].
The project received a Global Energy Efficiency Award in 2010 organized by the
Energy Efficiency Global Forum in Brussels, Belgium (12-14 April 2011) [36].

6.2 Ghana’s refrigerator turn-in and rebate scheme

Reports available at the Ghana Energy Commission indicated that the Govern-
ment of Ghana, in September 2012, through the Ghana Energy Commission,
launched the national refrigerator turn-in and rebate scheme with the support of
the United Nation Development Programme (UNDP), Global Environment Facility
(GEF) and Multilateral Fund of the Montreal Protocol (MFMP). The scheme, which
encouraged consumers to exchange their old refrigerators for new and efficient
ones, available at a discounted price, was to recover about 50,000 inefficient
refrigerating appliances from homes and promote the use of more energy-efficient
ones and transform the refrigerating appliances market in the country. By mid-
June, 2016, a total of 10,472 units of old energy-inefficient appliances have been
replaced across the country with new energy-efficient ones [38]. Customers who
participated in the project had their consumption reduced from 1200 kWh per year
to 385 kWh per year, resulting in a saving of about 400 GWh of electricity, 1.1
million tonnes of carbon dioxide (CO,) and about 1500 kg of Chlorofluorocarbon
(CFC) recovered [38]. This translated into a household income saving of about US$
140 per year [38].

6.3 Enforcement of legislative instrument 1932

The enforcement of L.I. 1932 at Ghana’s ports of entry by the Ghana Energy
Commission prohibited the importation of an estimated number of 4,854,864 units
of used refrigerating appliances between 2013 and 2020. A total of 5825.84 GWh of
electricity would have been consumed with over 2.33 million tonnes of CO, released
into the atmosphere if the ban was not enforced. However, data available at the
Ghana Energy Commission shows that a total of 46,666 used refrigerators and
11,003 used RACs were imported through illegal means by some recalcitrant

10



The Impact of Energy Efficiency Programmes in Ghana
DOI: http://dx.doi.ovg/10.5772/intechopen.101607

importers. They were subsequently confiscated by the Ghana Energy Commission
inspectors positioned at the ports and evacuated for e-disposal [39]. Figure 4 shows
the yearly trend in the importation of used refrigerators, particularly the downward
trend between 2013 and 2020 during MEPS implementation.

The average annual energy consumptions of a used refrigerator and used RAC
are 1200 kWh per year and 4000 kWh per year respectively [39]. The rigorous
enforcement of L.I. 1932 since 2013, yielded a total of 100 GWh of electricity and
40,000 tonnes of CO, savings for those confiscated used appliances based on
Egs. (2) and (3).

6.4 Enforcement of legislative instrument 1958

Enforcing L.I. 1958 resulted in the importation of 2,378,432 new and efficient
refrigerating appliances into the country between 2013 and 2020, thus preventing
the importation of used and inefficient ones [39]. Data analysis indicated that 92%
of all refrigerating appliances imported between 2013 and 2020 were new and
efficient in accordance with L.I. 1958. About 74.8% of these appliances were 2- to 5-
star rated with 87.2% of all imports laden with R600a refrigerant (hydrocarbon)
[39], which has both low global warming potential (GWP) and low ozone-depleting
potential (ODP) and therefore more energy-efficient [40]. The remaining 8%,
which were used refrigerators were confiscated. The rise in the importation and sale
of new refrigerating appliances is primarily due to strict regulations, procedures and
controls implemented at the ports of entry, regular market surveillance and strin-
gent compliance monitoring. These measures help to ensure that only appliances
that meet MEPS are permitted into the Ghanaian market. Figure 5 shows how the
refrigerating appliance market in Ghana has evolved/transformed over the years
(2005-2020) from being a completely used and inefficient refrigerator market
(88.9% inefficient in 2005) to new and efficient ones (99.1% efficient in 2020) as a
result of MEPS implementation.

The average annual energy consumption of these new and efficient appliances
has dropped drastically due to MEPS implementation compared with the used
refrigerators. Consumption values reduced from about 1400 kWh per unit per year
to 340 kWh per unit per year [39]. Figure 6 shows the trend in the average annual
energy consumption patterns of refrigerating appliances over the years especially
that during the implementation period.

400000
350000
300000
"
E‘ 250000
£ 200000
150000
100000
50000
2005 2007 2009

2011 2013 2015 2017 2019

o

Figure 4.
Yearly imported used refrigerating appliances to Ghana from 2005 to 2020.
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Figure 5.
Evidence of transformed market through MEPS from 2005 to 2020.
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Figure 6.
Average annual energy consumption patterns for new fridges.

Assuming that 90% of the new refrigerating appliances were sold between 2013
and 2020. Figure 7 presents the analysis of the total electricity and CO, emission
savings based on Egs. (1)-(3). From the analysis, a total of 5845 GWh electricity has
been saved with a corresponding 2.56 million tonnes of CO, emission savings
resulting from MEPS due to L.I. 1958 enforcement. This is equivalent to more than
3.4% of the total thermal electricity generated in 2015 [6], thereby further
preventing the construction of a 667 MW power plant capacity.

6.5 Enforcement of legislative instrument 1815

A total of 904,923 new RACs were imported and inspected at the Port of Tema
since 2014 [39]. About 54.6% of the RACs on the Ghanaian market are 1-star rated
with an average EER of 2.87, which is above the minimum EER of 2.80 with an
average annual rated power consumption of 3347.4 kWh [37]. Also, 56% of the
RACs were laden with R410a refrigerant which is more energy-efficient than R22
[40]. The average annual energy consumption of a used RAC is 4000 kWh per year
[39]. Therefore, 652.6 kWh of electricity has been saved per unit per year due to
MEPS. Assuming that 90% of the new RACs were sold between 2014 and 2020.
Figure 8 presents the analysis of the total electricity and CO, emission savings using
Egs. (1)-(3). From the analysis, about 1900 GWh electricity has been saved with a
corresponding 783,000 tonnes of CO, emission savings resulting from MEPS due to
L.I. 1815 enforcement.
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Years Fridge Energy Total Energy GridF:::i::icn Cummulative

Year Imports  Sales inUse Ui?;:ij'::;r} savings (GWh) {tCOZe[g,]i’Mwh:, C?;fg:]l;}gs
2013 209,824 188,842 8 488 737.24 0.46 0.34
2014 142,764 128,488 7 699 628.69 0.36 0.23
2015 128,697 115,827 6 800 555.97 031 0.17
2016 218,073 196,266 5 860 843.94 0.43 0.36
2017 390,686 351,617 4 860 1209.56 0.47 0.57
2018 373,656 336,290 3 860 867.63 0.53 0.46
2019 380,298 342,268 2 860 588.70 0.45 0.26
2020 534,434 480,991 1 860 413.65 0.40 0.17
Total 2,378,432 2,140,589 5,845.39 2.56

Figure 7.
Analysis of total electricity and CO, emission savings for refrigerating appliances.
Years Energy  Total Energy  Grid Emission  Cummulative
Year Imports Sales RAC in Savingsper  savings Factor €02 Savings
Use Unit(kWh/yr)  (GWh)  (tCO2eq/MWh)[6]  (ktCO2)

2014 104,205 93,785 7 652.6 428.4 0.36 154.23
2015 101,455 91,310 6 652.6 357.5 0.31 110.83
2016 77,137 69,423 5 652.6 226.5 043 97.41
2017 148583 133,725 4 652.6 349.1 047 164.07
2018 139,781 125,803 3 652.6 246.3 0.53 130.54
2019 163,290 146,961 2 652.6 191.8 045 86.32
2020 170,472 153,425 1 652.6 100.1 040 40.05
Total 904,923 814,431 1,899.80 783.44

Figure 8.
Analysis of total electricity and CO, emission savings for RACs.

6.6 Compliance levels of refrigerating appliance and RACs

Analysis of some of the reports at the Ghana Energy Commission indicated that
the compliance levels of the refrigerating appliances and RACs have been increasing
over the years. Between 2017 and 2020, the compliance level of the imported
refrigerating appliance increased from 92.6% to 97.0% whilst that of RACs also saw
an upsurge from 79.2% to 96.8% [37, 39]. Figure 9 shows the trends in the compli-
ance levels of these appliances from 2017 to 2020.

The analysis further revealed that the following factors contributed to the high
compliance levels in an attempt to transform the appliance market in Ghana [37, 39]:

i. Submission of performance test report by importers from third-party
accredited laboratories to the Ghana Energy Commission for evaluation

and approval or otherwise;

ii. Establishment of import appliance database/register;
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Figure 9.
Trends in compliance levels for refrigerating appliances and RACs from 2017 to 2020.

iii. Operationalization of the GCNet/ICUMS digital portals for approving only
appliances that meet MEPS;

iv. Rigorous physical examination procedures/protocols put in place at the
ports of entry;

v. Regular and consistent market surveillance;
vi. Stringent compliance monitoring;

vii. Removal of non-compliant appliances from showrooms for testing and
re-labelling;

viii. Payment of enforcement fees for non-compliance;
ix. Verification and challenge testing procedures; and

x. Development of a Certified Appliances Mobile Application (APP) which
contains all the approved appliances, nearby shops, tips on how to save
energy. This APP also helps consumers to make an informed purchase
decision. To download the APP, retailers and consumers are required to
search for CERTIFIED APPLIANCE APP on the google play store. iPhone
users will have to wait for a while as the APP is being developed for those
on the i0S/iPadOS platforms.

7. Conclusion

Ghana’s drive to transform the appliance market from the used and inefficient
appliances to new and efficient ones has been highly recommended over the years.
From this review or study, Ghana developed and implemented MEPS successfully
for refrigerating appliances, RACs and lighting systems. This was done through the
engagement of relevant stakeholders with complementary financial and technical
assistance from development partners. Through MEPS implementation, annual
average energy consumptions of refrigerating appliances and RACs have decreased
drastically. The implementation of MEPS programmes in Ghana during the period
under review yielded 8317.8 GWh (8.32 TWh) of electricity savings, while at the
same time reducing fossil CO, emissions by 4.60 million tonnes. This figure roughly
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corresponds to the total thermal electricity generated (8424 GWh) in 2017 [6]. At
10 US cents per kWh, about USD 832 million has been saved on electricity bills. This
enormous financial saving and environmental benefit resulting from deferred elec-
tricity consumption amplifies the positive implication of energy efficiency and
MEPS programmes. In conclusion, the implementation of energy efficiency
programmes delayed the construction of a 950 MW power plant capacity. The 17
other regulations that are currently being developed for other electrical equipment
such as television sets, electric motors, washing machines, blenders, etc. must be
concluded in good time to enable further energy savings for the country.
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Figure A1.
Sample of a three (3) star rated energy guide label for refrigerating appliance in Ghana [41].
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