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KEYWORDS Abstract High clectricity consumption and corresponding cost in public tertiary institutions in
Energy efficiency; many developing countries is a major challenge to their respective governments. Low efficiency elec-
Energy conservation; trical appliances are common in these institutions. In this work, studies have been conducted on
Solar energy; sustainable energy efficiency measures and solar energy to reduce clectricity cost in public tertiary
Electricity cost savings; institutions with a case study at the Kwamec Nkrumah University of Science and Technology,
Cost of conserved energy Kumasi-Ghana. Energy audits as well as actual measurements of power consumptions of some

selected electrical appliances using power quality analyzers were conducted. The result showed that
there is total electricity savings opportunity of 163,400 kWh + 5% per month by implementing
energy efficiency retrofitting for the air-conditioners, lighting systems and ventilation fans for the
faculty arcas and the main administration buildings. This clectricity savings translates to clectricity
cost reduction of about US§ 37.880 per month. Analysis also showed that the cost of conserved
energy for the three electrical appliances are all lower than the utility tariff for KNUST. Consider-
ing large-scale solar PV integration in KNUST’s energy mix, the financial analysis has revealed that
there 1s opportunity for electricity cost savings of US$ 69.1 million over a 20-year period with
payback of 6 years.
© 2020 Faculty ol Engineering, Alexandria University. Production and hosting by Elsevier B.V. Thisis an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction
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University. electrical appliances, poor building envelopes and poor energy

https://doi.org/10.1016/j.aej.2020.01.011
1110-0168 © 2020 Faculty of Engineering, Alexandria University. Production and hosting by Elsevier B.V.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Please cite this article in press as: R. Opoku et al., Energy efficiency, solar energy and cost saving opportunities in public tertiary institutions in developing countries:
The case of KNUST, Ghana, Alexandria Eng. J. (2020), https://doi.org/10.1016/j.ae}.2020.01.011




2

R. Opoku et al.

conservation practices are major contributing factors to the
high electricity consumption [2-6].

Energy efficiency retrofit interventions and policies [7.8] to
reduce electricity consumption and cost have therefore been
explored in many countries [7-13] including energy efficiency
for building envelopes and windows [14-18]. For example,
energy efficiency retrofits in Ghana in 2007 for lighting systems
alone by changing incandescent lamps to compact fluorescent
lamps (CFL) resulted in peak electricity savings of 124 MW
[19]. Studies have also shown that energy efficiency standards
and benchmarks for buildings and electrical appliances are
crucial in reducing building energy consumption and carbon
footprint [20-22]. The use of appropriate energy management
technologies and devices [23] can also result in significant
reduction in building energy consumption, thereby contribut-
g to climate change mitigation strategies [24].

With increasing pollution [rom fossil-fuel based electricity
generation systems contributing to climate change and its neg-
ative impacts on the environment, many countries all over the
world are developing programmes and initiatives to reduce
their energy consumption and carbon footprint [25] as well
as increase their sustainable energy portfolio [26]. For instance,
m Europe, Green Building Programmes (GBP) have been
developed to promote energy efficiency and the use of renew-
ables in buildings [24,25].

In many developing countries and Ghana in particular,
electricity consumption and cost in public buildings including
the ministries, departments and agencies (MDAs) as well as
public tertiary institutions is a major challenge to the Govern-
ments. For example, electricity consumption for the three main
public universities in Ghana is averagely over 1000 MWh per
month in each of the institutions. High power demand during
peak hours (11 am-2 pm) of the day which exceeds their con-
tracted demand usually result in a lot of power fluctuations,
distracting academic work. Solar energy that could be used
to supplement and provide stable electricity supply during day-
time hours has not been explored.

In this work, studies have been conducted on how energy
efficiency and solar energy can be used to reduce electricity
consumption and cost in public tertiary institutions, with a
case study at the faculty areas and main administration of
the Kwame Nkrumah University of Science and Technology
(KNUST), Kumasi-Ghana.

2. Materials and methods

2.1. Electricity consumption in public tertiary institutions in

Ghana

There are ten main public universities in Ghana offering differ-
ent degree programs in engineering, applied sciences, social
sciences and humanities, medicine, natural resources, arts
and built environment, and the likes. Besides the ten main pub-
lic universities, there are also eight public technical universities
and over twenty private universities in the major cities. Elec-
tricity consumption and cost in the public universities is very
high and pose a challenge to the respective University manage-
ment and the central government. Fig. | for example shows the
monthly mean electricity consumption for the three main pre-
mier universities (University of Ghana, Kwame Nkrumah
University of Science and Technology, and the University of

Cape Coast), with student population of over 45,000 in each
of the universities.

From Fig. 1, it is observed that the average consumption in
the three institutions is over a threshold of 1500 MWh/month
in the months of January — May & September — December
(when academic work 1s in session), and within 1000 — 1500
MWh/month in the months of June — August (when the stu-
dents are on vacation with reduced activities on the campuses).
As already mentioned, the focus of this study is on the energy
efficiency, solar energy and cost saving opportunities in the
public tertiary institutions with, a case study at the KNUST.

2.2. The KNUST

The Kwame Nkrumah University of Science and Technology
(KNUST), Kumasi, is a public university with approximately
about sixteen kilometer square land area (16 km?) occupied
with faculty and college buildings, students’ halls of residence,
lecturers’ bungalows, and other service providers and commer-
cial buildings. The University has total students’ population of
about 45,200 (64% males and 36% [emales). There are also
about 3460 staffs (including teaching and non-teaching staff)
[29]. KNUST operates with a collegiate system with six (6)
main academic colleges with a central administration that
oversees all activities within the University.

The KNUST receives its bulk electricity supply [rom the
Electricity Company of Ghana (ECG) with a contracted
demand of 5396.6 kVA through 11 kV substations. The bulk
electricity received is then distributed within the university to
all the buildings.

2.3. Appliance energy auditing

Appliance energy auditing is the [irst step in assessing energy
elficiency situation, and implementing a successlul energy effi-
ciency project in a facility. Energy auditing involves the pro-
cess of inspection, data collection and analysis of energy
flows for identification of energy savings opportunities in a
building or a facility to reduce the amount of energy input into
it, without negatively alfecting the output(s) and with the least
environmental effect.

In this study, energy audit (walk through energy audit) was
conducted and technical data were collected on the electrical
appliances used in the buildings at KNUST. Data on the quan-
tity of appliance, appliance power ratings, power factor, and
estimated hours of use were collected. Table 1 for instance pre-
sents information on the range of power ratings of the 3 com-
mon electrical appliances found in the buildings of which
energy efficiency retrofitting can easily be implemented on
them.

It 1s important to mention that data were also taken on
other electrical appliances including printers and scanners,
office computers, photocopy machines, projectors, etc, in the
determination of the total building electricity consumption,
however; details of their power ratings have not been presented
here since the focus of this study is on the electrical appliances
on which energy efficiency can easily be implemented on them.

In addition to the walkthrough energy audit, investment
grade energy audit that measures the actual power consump-
tion of the electrical appliances was conducted using energy
meters (Fluke 345 power quality analyzer and energy meter

Please cite this article in press as: R. Opoku et al., Energy efficiency, solar energy and cost saving opportunities in public tertiary institutions in developing countries:
The case of KNUST, Ghana, Alexandria Eng. J. (2020), https://doi.org/10.1016/j.aej.2020.01.011
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Fig. 1

board). Fig. 2 shows the experimental setup that was used for
the actual power measurement of the electrical appliances.

With the data collected on the power consumption, the
electricity consumption (E) of the electrical appliances was
determined using Eq. (1).

T
E=Y"n-P-At (1)
0

where P is the instantaneous power consumption of the
appliance, n is the quantity, At is the time step for each power
measurement and T is the period (hours) of use of the
appliance.

2.4. Observations and recommendations for efficient electricity
use at KNUST

During the energy audit, identification of key operational
issues relating to energy use in the buildings were ascertained.
It was found out that energy management devices (motion/oc-
cupancy sensors, keycard energy savers, timer switches, etc)
which can be used to minimize electricity wastage in buildings
have not been explored in the offices or buildings at the facul-
ties and the main administration. The following key recom-
mendations are therefore made regarding installation of
energy management technologies:

i. Installation of keycard energy savers or occupancy sensors
in the offices. From the energy audit, it was determined
that many faculty members do not turn their office
appliances OFF when they are outside the office. On
the average, faculty members/teaching stafl spend about
2.0-3.6 h per day of their time outside the office [or lec-
tures, meetings, and other activities, of which during this
time all the energy spent in the office is wasted. This
translates to electricity wastage of about 125 kWh/
month for offices which use air-conditioners and lighting
systems. Installing energy management devices will help
to drastically reduce this electricity wastage.

Electricity consumption in the three premier public universities in Ghana.

. Installation of motion sensors in the washrooms at the fac-
ulties and the main administration. Lighting systems at
many of the washrooms at the faculty areas are not
put OFF when the place is not being used. At some-
times, they are even left ON during the weekends. It is
recommended that motion-sensor lighting systems be
installed in all the washrooms to minimize electricity
wastage.

iil. Installation of occupancy sensors in the lecture theatres
and the classrooms. There is huge energy wastage in
the classrooms in the daytime during hours of no lec-
tures. The fans and the lights continue to run when there
are no students/occupants in the room. It is therefore
recommended that occupancy-sensors be installed in
all the classrooms to minimize electricity wastage.

iv. Installation of timer switches and[or photo sensors to reg-
ulate the outdoor lighting systems at the faculty and main
administration areas. It was observed during the energy
audit that at many times during sunshine hours, some
of the outdoor lighting systems will still be ON when
the sun is so bright in the sky. Photocells and timer-
switches are recommended to be installed to control all
outdoor lighting systems.

v. Periodic training [workshop for staff on energy conserva-
tion opportunities. Energy conservation opportunities
exist with huge energy consumption reduction poten-
tials. During the data collection, it was observed that
many of the staffs are not energy conservative. For
instance, air-conditioners could be left ON in the office
for over 2-3 h when the staff is in a lecture room or in
meeting outside his/her office. It is recommended that
energy efficiency education be included during the
annual staff workshop programs.

2.5. Analysis of sustainable energy management measures

In any facility, successful implementation of energy manage-
ment measures requires analysis of the most cost-effective

Please cite this article in press as: R. Opoku et al., Energy efficiency, solar energy and cost saving opportunities in public tertiary institutions in developing countries:
The case of KNUST, Ghana, Alexandria Eng. J. (2020), https://doi.org/10.1016/j.ae}.2020.01.011




R. Opoku et al.

Table 1

Power ratings of common electrical appliances found in the offices.

Appliance

Power ratings

Picture

15-45 Watt Compact Fluorescent Lamps (tubular
& spiral type CFLs). Usually for indoor use.

Lighting

85-105 W CFLs (octagonal tubular type). For
outdoor use 1n the corridors, and some used

indoor for the laboratories and auditoria.

36 W T8 fluorescent lamp. Used in some offices

and corridors

60-120 W.
Fan Used in the classrooms, some offices and
laboratories

1200-3400 W (Oflices)
Air-conditioners
rooms and auditoria)

3000-8870 W (multiples of them in the conference

120 W ceiling [an in one of the offices

and sustainable options to achieve the desired energy efficiency
targets and savings. In this study, the concept of “cost of con-
served energy (CCE)” that annualizes the energy efficiency
investment to the annual energy savings was used [27.28].
The CCE is an investment metric that is well suited for analysis
of energy conservation investments [30]. The cost of conserved
energy (CCE) is computed by Eq. (2) [31]:

I
CCE=q-4 (2)

where q is the capital recovery factor, I is the annualized addi-
tional cost of purchasing the higher efficiency equipment, and
Es is the annual energy savings. The capital recovery factor can
be computed by Eq. (3).

(3)

where r is the discount rate and L is the average lifetime of the
appliance.

In the present study, analysis was also conducted on the
financial viability of grid-connected solar PV system for faculty
and main administration buildings at KNUST. The total life
cycle costs (LCC) of the solar PV system was computed using
Eq. (4) [32].

20
LCC =1+ (OMR,+ CE,) 4)

n=1

where 7 is the total initial investment cost for the solar PV
energy system; OMR, is the cost of operation, maintenance
and repairs for the energy system in year n; and CE, is the cost
of additional grid electricity supplied which is unmet by PV
power supply.

Please cite this article in press as: R. Opoku et al., Energy efficiency, solar energy and cost saving opportunities in public tertiary institutions in developing countries:
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indoor unit of air-conditioner

outdoor unit

junction ? rf

box —

| W

_air-conditioner switch

Fluke 345 energy meter

(a) Setup for reading power consumption of air-conditioner

(b) Power consumption measurement of an LED bulb reading 28.6 W

Fig. 2

Data gathered from the energy audit, as well as that of
appliance prices on the market were analysed and the results
are presented in the following sections.

3. Results and discussions
3.1. Electricity consumption by appliance type

As already indicated, the scope of the present study is to ana-
lyze how energy efficiency and solar energy can be used to
reduce electricity consumption and improve power supply reli-
ability at the faculty areas and the main administration of the
KNUST. From the analysis of the energy audit data collected
on the electrical appliances, and the electricity bills obtained
from the utility company, it is determined that the total

Measurement of power consumptions of some appliances.

electricity consumption of the faculty areas and the main
administration buildings alone is 707.4 MWh + 12% per
month. The remaining electricity consumption of over 1000
MWh per month out of the total consumption (see Fig. 1) is
consumed by the students’ halls of resident and other commer-
cial buildings on campus.

Fig. 3 shows the percentages of the total electricity con-
sumption (707.4 MWh + 12% per month) by appliance type
for all the buildings considered at the faculties and the main
administration.

From the study result presented in Fig. 3, it is observed that
air-conditioners are the highest electricity consuming appli-
ances (62% =+ 3.2%) for the buildings considered, followed
by lighting (16% =+ 2.5%), and ventilation fans (10% =+
3%). The 12% electricity consumption by other appliances is

Please cite this article in press as: R. Opoku et al., Energy efficiency, solar energy and cost saving opportunities in public tertiary institutions in developing countries:
The case of KNUST, Ghana, Alexandria Eng. J. (2020), https://doi.org/10.1016/j.ae}.2020.01.011
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Air-conditioners
62%

Fig. 3  Avcrage percentage of clectricity consumption by appli-
ance type.

for the office computers; desktop printers; photocopier machi-
nes; as well as table-top refrigerators found in some of the
departmental/administrative offices.

3.2. Reducing energy consumption through energy efficiency
measures

3.2.1. Energy efficiency for lighting systems

During the energy audit, it was observed that many of the
lighting systems were energy efficient LED lamps (18 Watt
T8 fluorescent lamps, and 15-40 Watt LEDs). However, few
of the offices, classrooms, washrooms and the laboratories
(24%) are still using the compact fluorescent lamps (CFLs)

Table 2 Recommended energy efficiency measure for lighting
systems.

Old Incandescent/ Typical LED Recommended Minimum

CFL Bulb to Replacement  Lighting Efficacy (Lumens/
Replace Waltt)

40 Watts 11-15 Watts 45 or more

60 Watts 15-20 Watts 60 or more

75 Watts 20-25 Watts 60 or more

85-105 Waltts 30-40 Watts 60 or more

(a) 120 W old ceiling fan

Fig. 4

with relatively high power ratings between 85 and 105 Watt,
and the 4 feet T8 fluorescent lamps of 40 Watt power rating.
For the 24% lighting systems yet to receive energy efficiency
retrofit, the following replacement recommendations are made
(Table 2) with their lighting efficacy.

3.2.2. Energy efficiency for ventilation fans

Tt was also observed during the energy audit that ventilation
fans installed in the offices and classrooms of the new buildings
were relatively energy efficient with power rating between 60
and 70 Watt compared to the lans in the old buildings. Some
of the fans in the old classrooms and the laboratories are the
old type with high power consumption of 120-150 Watt. More
energy efficient fans with power consumptions of 40-50 Watt
with equivalent ventilation efficiency are available on the mar-
ket. Fig. 4 shows samples of the high energy consuming old
fans and the energy efficient new fans.

3.2.3. Energy efficiency for air-conditioners

From the energy audit, a total of 2133 working
air-conditioners were counted (as at November 2018) in the
buildings under study. It was observed that many of the air-
conditioners used in the colleges and the main administration
are not energy efficient. They are either the old-type window
air-conditioners with very high electricity consumption or the
low-star split-type air-conditioners (1-star) with electricity con-
sumption more than 3000 kWh per year. Fig. 5 for example
shows some samples of the energy performance ratings (from
the labels) of the air-conditioners installed in the offices with
their average electricity consumptions in kWh per year.

From the energy audit conducted on the electrical appli-
ances installed in the buildings, the air-conditioners were the
appliances which were least energy efficient compared to inter-
national and national minimum energy performance standards
[33].

Over 80% of the air-conditioners have I-star rating, which
is the minimum rating for air-conditioner equipment in
Ghana. It was also determined that modern energy efficient
air-conditioners which use the inverter technology (variable
speed compressors) with huge energy savings potential have
not been fully explored at KNUST.

For modern split-type energy efficient air-conditioners (in-
verter technology), the electricity consumption is usually
1600 kWh/year or less (Fig. 6), with comparable cooling effect
as the conventional single speed compressor air-conditioners
with 36005400 kWh/year electricity consumption.

It is important to note that the annual energy consumption
of air-conditioners as specified by the Ghana Standard Board

(b) 40-50 W fan

(a) Old ventilation fans (120 W); and (b) new energy efficient fans (40-50 W).
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Fig. 5 Energy consumption of common air-conditioners installed in the offices.
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Fig. 6 Inverter technology air-conditioner.

(GS 362:2001) is based on 2000 h of use per year [33]. The
actual energy consumption may differ from the name plate
energy consumption depending on the use of the appliance
and the environmental conditions.

In this study, the electricity consumption of an inverter
air-conditioner (variable speed inverter technology) and a
conventional air-conditioner (single speed technology- which
is common at KNUST) with similar cooling capacities
were measured using an energy meter (power quality
analyzer). Fig. 7 shows the electricity consumption of the 2
air-conditioners for normal office working hours.

From Fig. 7, it is observed that the average power
consumption of the energy efficient variable speed inverter
air-conditioner was about 1 kW (1000 Watt). The power con-
sumption of the conventional single speed air-conditioner of
similar cooling capacity was about 1.5 kW (1500 Watt). That
is, the inverter air-conditioner has power consumption saving
potential of 0.5 kW (500 Watt) compared to the conventional

ones, translating to electricity savings of 4 kWh per day (for an
office working 8 h per day). This results in 88 kWh electricity
savings potential per month. An average of 22 days was used
to compute the monthly electricity consumption considering
the air-conditioner being used on only the weekdays during
office hours.

3.3. Electricity savings opportunity at KNUST

Based on the findings of the energy audit conducted, electricity
savings opportunities using a S-year energy efficiency retrofit-
ting programme is proposed:

i. 20% penetration of energy efficient air-conditioners per
annum. Inverter technology or 3-5-star air-conditioners
should be considered. I-star and 2-star air-conditioners
should not be considered for the energy efficiency
programme.

ii. All incandescent and CFLs with high power ratings
should be replaced according to recommendations in
Table 2 above.

iii. All old inefficient fans (120-150 Watt) in the classrooms
and the laboratories should be replaced with 40-50 Watt
energy efficient fans.

Analysis was then conducted using the RETScreen software
energy elficiency modeling tool, considering the implementa-
tion of the proposed energy efficiency retrofitting measures.
Fig. 8 shows the potential reductions in electricity consump-
tion in the buildings.

From the analysis of energy efficiency retrofitting, the
following energy savings potential are achievable at the end
of the 5 years (Table 3).
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Fig. 7 Power consumption of inverter technology and conventional air-conditioners.

From the result of Table 3, total monthly electricity reduc-
tion of about 163,400 kWh is achievable with the energy effi-
ciency retrofitting of the air-conditioners, lighting systems
and fans at the end of the proposed energy efficiency retrofit-
ting measures. This translates to estimated electricity cost
savings of about US$ 37.880 per month (with levies and
demand charges included), based on utility tariffs in Ghana.
The percentage reduction in electricity consumption for the
three electrical appliances (17-30%), as a result of the energy
efficiency measures is consistent with similar studies con-
ducted by [34-37].

To determine the financial viability of the energy efficiency
measures, the cost of conserved energy (CCE) was computed
for the appliances and then compared with the utility electric-
ity tariffs. Fig. 9 shows the CCE for the three electrical appli-

B Air-conditioners
7,00,000
6,00,000

5,00,000

4,00,000

3,00,000

2,00,000

1,00,000

Electricity consumption (kWh/month)

0

Fig. 8

2

Table 3 Electricity savings opportunities
ciency retrofitting.

with energy effi-

Item Air-conditioners  Lighting  Fan
Before energy efficiency 423,080 113,176 70,735
retrofitting (kWh/month)
After energy efficiency 295,588 88,975 59,004
retrofitting (kWh/month)
Percentage reduction in 30% 21% 17%
electricity consumption

ances of which energy efficiency measures are to be

implemented on them.
The result of Fig. 9 shows that for all the three electrical
appliances considered for energy efficiency measures, the

# Lighting ™ Fan

3 4 5

Number of years

Reduction 1n electricity consumption with energy efficiency retrofitting.
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CCE is lower than the average unit cost of utility electricity for
special load tariffs (SLTs) in Ghana. KNUST is charged with
electricity prices for SLTs because its demand is higher than
100 kVA. The CCE analysis shows that there is higher oppor-
tunity cost savings with lighting systems followed by air-
conditioners (ACs) and then ventilation fans.

3.4. Diversifying power supply and improving reliability with
solar energy

3.4.1. Solar energy for the buildings

Solar energy has been determined as one of the most cost-
competitive and sustainable energy options for KNUST [38].
From a previous study [39], it was determined that the total
rooftop area (56,000 m?) of KNUST buildings on campus
can accommodate solar PV installation of about 7800 kWp
(7.8 MWp). Using the solar resource available at the study site,

0.25

the potential solar PV electricity generation of an installed 7.8
MWp was therefore assessed using RETScreen simulation
package. The result of the monthly solar PV electricity gener-
ation is shown in Fig. 10. For the purpose of comparison, the
monthly mean electricity consumption at the faculties and the
main administration, as well as the total electricity consump-
tion of all buildings on campus are also shown in Fig. 10.
The result of Fig. 10 shows that the monthly solar PV elec-
tricity generation potential of the 7.8 MWp solar PV system is
between 500 and 820 MWh/month. Comparing the PV elec-
tricity generation to the total electricity demand of the
KNUST, it is analysed that the PV generation can meet
between 32% and 54% of the total demand depending on
the month of the year. For the consumptions at the faculties
and the main administration buildings, the PV electricity gen-
eration can meet 85 100% depending on the month of the
year. It is to be noted that the total 7.8 MWp solar PV system

Average electricity price for SLTs

0.20

0.15

0.10

0.05

Cost of conserved energy
(USS/kWh)

0.00

Lighting Fan

Fig. 9  Cost of conserved energy for higher efficiency measures.

i Solar PV electricity generation

=o==Total electricity consumption

=== F|ectricity consumption (faculties & main administration)

2,500
2,000
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1,000

) I I I I I
0
Feb

Mar  Apr

Solar PV electricity generation and electricity
consumption [MWh per month]
o

May

Fig. 10

Jun

Months of year

Solar PV eclectricity generation potential with KNUST building rooftop.
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that can be installed would have to be sub-divided into multi-
ple solar systems (kWp) and installed on individual buildings
based on the building energy demand.

As part of plans to advance the solar energy drive of the
KNUST, an initial 20 kWp grid-tied solar PV system was
installed in 2012 at the Professorial building at the College
of Engineering (Fig. 11, with 5 different solar PV cell technolo-
gies [38]), and in 2016, another set of 24 kWp was installed at
the Engineering auditorium, all to obtain field data in order to
plan a sustainable University-wide solar rooftop programme.
Fig. 12 shows the electricity generation from the combined
44 kWp grid-tied solar PV system.

The result of Fig. 12 shows that the measured monthly
solar PV electricity generation from the combined 44 kWp sys-
tem is in the range of 2.8-4.5 MWh per month with total
annual generation of 45.1 MWh. Analysis of other perfor-

Polycrystalline
Silicon (pe-Si)

Amorphous Silicon
(a-Si)

Fig. 11

5.0
4.5
4.0

35
3.0
25
2.0
1.5
1.0
0.5
0.0
Jan  Feb

e Mar pr  May

Solar PV electricity generation
(MWh/month)

Monocrystalline Silicon (me-Si)

Jun

mance parameters revealed average specific energy yield of
1100 kWh/kWp and performance ratio of 69.2%. The grid-
tied solar system at the College, in addition to its energy gen-
eration benefits, has given the facility managers the first hand
training and experience in understanding and managing such
systems when fully rolled-out in the University.

3.4.2. Solar PV for street lighting

At KNUST, electricity for campus street lighting is significant
with proportion of 5 7% of total electricity demand. The
University is therefore embarking on solar energy for campus
street-light. From 2016 to 2019, a total of 310 solar street-
lights have been installed with total panel capacity of 37.2
kWp. Analysis conducted has revealed that about 9700-
10,800 kWh per month of utility grid electricity has been dis-
placed with the solar street-lighting systems.

Copper Indium disulfide (CIS)

Heterojunction
Incorporating
thin (HIT) film

A 44 kWp solar installation at College of Engincering, KNUST.

A

Jul Aug  Sep Oct Nov Dec

Month of the year

Fig. 12

Electricity generation from combined 44 kWp grid-tied solar PV system at KNUST.
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Fig. 13 Comparative cost analysis of solar energy integration and utility grid electricity.

3.5. Financial analysis of large-scale solar energy integration at
KNUST

In order to ascertain the financial viability of the proposed inte-
gration of the 7.8 MWp solar PV energy system into KNUSTs
energy mix, life-cycle cost analysis was conducted using prevail-
ing prices on the local market. Average costs of materials and
installation obtained from registered vendors with Ghana
Energy Commission, who have installed similar roof-top grid-
tied solar PV systems in other facilities in Ghana were used. In
addition, a financing package presented by Nordic Energy
Developers, Norway, with 85% loan financing was analyzed.

Fig. 13 shows the comparative cost analysis over a-20 year
period for the solar energy integration (SEI), against if things
operate as usual with utility grid electricity (business as usual -
BAU). For the BAU case with 100% utility grid electricity, the
total consumption at the faculties and the main administration
of 707.4 MWh + 12% per month (as presented in Section 3.1)
was used for the analysis. The other facilities on campus
(mainly students’ halls of residence) were not considered for
the solar PV integration because of the absence of net-
metering systems and feed-in-tariffs, and the fact that signifi-
cant of their loads are in the evenings which do not make solar
energy option for such facilities cost competitive.

From the result of Fig. 13, it is observed that solar energy
integration has huge opportunity to reduce electricity cost at
KNUST faculty and main administration areas compared to
if the University continues to run business as usual. The result
is comparable to a study by Geber et al., [40], where grid-tied
PV was used to reduce electricity costs in South African schools

The analysis has revealed that the payback period is about
6 years, and with total potential electricity cost savings of US$
69.1 million at the end of a 20 year period analyzed in this
study, under self-financing mechanism. The analysis has also
revealed that financing the solar project with 85% loan [rom

Nordic Energy Developers at interest rate of 4.5% per annum
for 12 years has the potential electricity cost savings of US$
57.2 million at the end of the 20 years life cycle.

4. Conclusions

In this work, studies have been conducted on energy efficiency,
solar energy and electricity cost savings opportunities at the
KNUST. From the results, the following conclusions are made:

i. Many of the air-conditioners installed in the offices at
the faculties and the main administration are not energy
efficient and are dominated with low star ratings (1-star
ratings). Replacing these air-conditioners in the short-
to-medium term (upto 5 years) with modern energy effi-
cient inverter air-conditioners has the total potential
electricity savings of about 127,490 kWh per month.

ii. There is total potential electricity savings of about
163,400 kWh + 5% per month by implementing energy
efficiency retrofitting for the air-conditioners, lighting
systems and fans installed at the faculty and the main
administration buildings of the KNUST. This electricity
savings translates to electricity cost savings of about US
$ 37,880 per month.

iii. Financial analysis has revealed that there are electricity
cost saving opportunities of US$ 69.1 million and US$
57.2 million for the integration of solar energy under
self-financing and 85% loan financing schemes
respectively.
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