BURDUR MEHMET AKIF ERSOY UNIVERSITESI

T.C.
BURDUR MEHMET AKIF ERSOY UNIVERSITESI
AKADEMIK TESVIK KOMiSYONU

AKADEMIK TESVIK BASVURU SIiSTEMI KILAVUZU

Ocak/2024



ONEMLIi NOTLAR

Bu kilavuz, siz degerli akademisyenlerin akademik tesvik dosyalarinin, daha 6zenli ve

hatasiz incelenmesi i¢in hazirlanmistir.

Ogretim elemanlarimizin tesvik hak edis ddemelerinde problem yasanmamasi igin,

kilavuzda belirtilen formatlara uyulmasi 6nem arz etmektedir.

Belgelerin sadece ilgili boliimlerinin sisteme yiiklenmesi gerekmektedir. Ornegin
1500 sayfa bildiri kitabimin tamam sisteme yiiklenmeyip sadece ilgili sayfalarin
uygun bir program yardim ile (pdf kesme/birlestirme program) yiiklenmesi

gerekmektedir.

Belgeler yiiklenirken format disi yiiklenen dosyalarin, birimlerimizde olusturulan

komisyonlar tarafindan ilgililerine tekrar diizenlemeleri i¢in kesinlikle iade edilecek

olup, bunun zaman kaybina neden olacagi goz oniine alinmalidir.



MAKU

BURDUR MEHMET AKIF ERSOY UNIVERSITESI

MAKALE EKLEME



SCI,SCIEXP, SSCI Dizinlerinde taranan makale i¢in rnek

1.sayfa

tarihin i§aretlenmesi

Science of the Total Environment 778 (zm) 146362

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

Contents lists available at ScienceDirect

Science i«
Total Environment

Review

Effects of ambient conditions on solar assisted heat pump systems:

[
Ghack

) for
d review R . . (pdates-
ilgili yazarin isaretlenmesi
d =

xyz vgtt ““ cbgz
: Department of Energy Systems Engineering Burdur Mehmet Akif Ersoy University, Burdur, Turkey
HIGHLIGHTS GRAPHICAL ABSTRACT
* Heating mode options of solar assisted e ———

heat pumps vary with systems type. e s modes of SATIP systems an heating nvodes aul o SANP st
« Effects of ambientconditions on heating N—— e

modes determine the preferable ranges. — toxsaue | -

« Insulated collector drops evaporator tem
perature below air in low solar irradia
tion.

« Heat loss from bare collector evaporator
starts with high solar irmadiation.

« Frosting isn't disruptive factor in flat air
type evaporators unlike in finned type.

ARTICLE INFO

Article history:

Received 9 February 2021

Received in revised form 4 March 2021
Accepted 5 March 2021

Available online 11 March 2021

Editor: Huu Hao Ngo

Keywords:

Solarassisted heat pump
Ambient condition
Solarirradiation
Ambient temperature
Relative humidity

Wind speed

TOX-SANP

I DSH  SSHP = 3
P
I -

Dual souree
IDX-SAHP

Solar
mbicn!
temperal
Parallel
1DX-SAHP

| / 4‘( (“N RN DSH
£ (S
i| sswp =
-);' SIASHP ~ p=——"_3

ABSTRACT

Solar assisted heat pump (SAHP) systems aim to increase the performance of heat pumps by supporting with
solar energy using various heating modes, whose performances depend on ambient conditions. In the literature,
SAHP systems are classified by structure types, and the heating mode options are not considered as the main pri
ority of the design but a result of the structure of the system. This paper aimed to investigate the effectof ambient
conditions on heating modes, and identify the preferable ambient condition ranges for each SAHP system de
pends on their heating modes, by using a narrative review of 47 recent studies, that shed light on the problem.
For this purpose, direct solar heating (DSH), air source heat pump (ASHP), solar source heat pump (SSHP) and
solar air source heat pump (S/ASHP) modes were stated as the basic heating modes of SAHP systems. In
accordance with the literature, SAHP systems were classified as direct expansion solar assisted heat pump
(DX SAHP) and series, parallel and dual source indirect expansion solar assisted heat pumps (IDX SAHP). Solar
irradiation, ambient temperature, relative humidity and wind speed has been taken as major ambient conditions
to investigate. Reviewed studies indicated that, parallel and series IDX SAHP are preferable in high solar irradia
tions about 800 W/m? with their DSH mode options. Frosting on evaporator is prevented in DX SAHP with its
S/ASHP mode, and even in the presence of frosting, unlike IDX SAHPs ASHP mode, freezing is a factor that
improves performance on flat evaporator in cold and humid conditions. This study indicates that there are
obscure areas for future studies to focus on for a better comparison between SAHP types. Moreover, proposed
novel designs of this paper, suchassolar preheating of air in IDX SAHP systems to add S/ASHP mode as an option,
might enhance the performance and applicability of SAHP systems.

© 2021 Published by Elsevier BV.

https: //doi.org/10.1016/j.scitotenv..146362
0048 9697 f© Published by Elsevier B.V.
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In this study, hydrogen production performances of groundnut shells in a circulating fluidized
bed gasifier is evaluated by employing a previously developed and validated model. Basically,
we simulate a circulating fluidized bed gasification system that is connected to a water-gas shift
reactor, for hydrogen purification with the gasifier temperature of 1150 K. We find that the
amount of hydrogen gas produced from circulating fluidized bed gasification of groundnut shells
increases from 49.25 kmol to 68.83 kmol (per 1000 kg of raw groundnut shells) when the gasifier
is integrated with water-gas shift reactor. We observe that it is possible to obtain a high yield of
hydrogen gas from the gasification of groundnut shells. Therefore, we conclude that the
groundnut shell is a remarkable feedstock for bioenergy.

Published by Editorial Board
Members of JEAT

© This article is distributed by
Turk Joumal Park System under
the CC 4.0 terms and conditions.
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1. Introduction

The depletion of fossil fuel resources and climate changes as
a consequence of increasing environmental pollution have
increased the attention on environmentally friendly energy
resources and sustainable conversion technologies. The
International Energy Agency's World Energy Outlook in
2016 reported that the share of biomass accounts for 9.7% of
the global energy mix in the world. This ratio is far behind
the three main energy sources, namely, 31.7% oil, 28.1% coal
and 21.6% natural gas in the global energy supply [1].
Renewable energy sources are evaluated in terms of zero-
emission, infiniteness, and easy applicability aspects.
Biomass is of great potential worldwide with respect to

sustainable energy supply. given its high availability,
renewable status and the possibility of productively utilizing
waste materials [2-4]. The term “biomass” refers to
carbonaceous materials derived from agricultural crops,
forestry, agro-industrial, and domestic wastes. Fuels derived
from biomass resources reduce net CO; emissions during
their processing owing to their inherent carbon-neutral
nature. Hence, plentiful biomass resources are good
candidates for the siting of facilities to produce green energy.
Nowadays. intensive research has been conducting on the
energy production of biomass as an alternative to fossil fuels.
A variety of methods such as biomass gasification, biomass
pyrolysis, biomass liquefaction etc. are used in hydrogen
production [5-7]. Note that hydrogen is a significant
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Web of Science Veri Tabaninda Yer Alan Atiflarin Belgelenmesi

Web of Science veri tabaninda taranan dergilerdeki atiflar i¢in, Oncelikle bagvuru sahibinin atif alan
caligmasmin ilk sayfasi verilmelidir. Ardindan bu sayfaya SCI-Expanded, SSCI, AHCI ve ESCI vb.
indekslerinde taranan dergilerdeki atiflar i¢in, Web of Science’in web sayfasi iizerinden gerceklestirilen atif
sorgulama sonucunda, arastirmacinin yayinlarina atif yapan diger yayinlarin listesine ait ekran goriintiisii ya
da ¢ikt1 formatinda diizenlenmis PDF dosyasi eklenmelidir. Web of Science atiflarinin belgelenmesinde
asagidaki hususlara dikkat edilmelidir:

1.

Atif listesinde bulunan ancak heniiz yayinlanmamis erken goriinlimde (Early Access) olan atiflar
puanlama dis1 birakilmahdir (Web of Science sayfasinda ekranin sol bolimiindeki Publication Years
boliimiinden Early Aeceess kutucugu secilerek Exclude ibaresine basilmalidir. Bu yapildiginda sayfanin
iist boliimiinde kutu igerisinde NOT Document Types: Early Access ifadesi yer alacaktir). Bu tip atiflarin sol

tarafinda saat sembolii (© ) bulunmaktadir.

(01 Effect of propolis extract addition on some physicochemical, microbiological,
® and sensory properties of kefir drinks

Bengi, S; Gursoy, O; (...); Yilmaz, Y

Sep 2023 (Early Access) | FOOD SCIENCE & NUTRITION

Erken Goriiniimdeki Atif icin Web of Science Veri Tabanindan Ornek Gosterim

Atifta “Early Access” ibaresi olan _ancak saat sembolii icermeyen atiflar puanlanabilir. Bu tip
atiflarda makalenin erken goriiniimde oldugu ve yayimlandigi olmak iizere iki farkli ay ve yil bilgisi
verilmektedir. Asagidaki 6rnekte makalenin Kasim 2022°de erken goriiniimde oldugu ve Subat 2023’te
yayinlandig1 anlasilmaktadir. Bu atif puanlanabilir.

Power ultrasound affects physicochemical, rheological and sensory
characteristics of probiotic yoghurts

Akdeniz, V and Akalin, AS

Feb 2023 | Nov 2022 (Early Access) | INTERNATIONAL DAIRY JOURNAL 137

Puanlanabilir Erken Gériiniim Atif Ibaresi Igeren Atif Ornegi

Makale sahibi yazar, kendi ismini igeren atiflar1 ¢ikararak taratma yapmalidir (Web of Science sayfasinda
ekranin sol bolimiindeki Quick Filters meniisiindeki Researcher Profiles boliimiinden Yazar Adinin
bulundugu kutucuk segilerek Exclude ibaresine basilmalidir. Bu durumda sayfada bu siirlandirma NOT
Researcher Profiles: Soyad, Ad ifadesi ile yer alacaktir)

Puanlama yapilacak indeks (Ornegin SCI-EXPANDED) sinirlandiriimalidir (Web of Science sayfasinda
ekranin sol boliimiindeki Quick Filters meniisiindeki Web of Science Index boliimiinden Science Citation
Index Expanded secilerck Refine ibaresine basiimalidir. Cikt1 ya da ekran goriintiisiinde bu kisim Refined
By: olarak goriinecektir.)

Puanlama yapilacak yil sinirlandirilmahidir (Quick Filters meniisiindeki Publication Years boliimiinden
2023 y1il1 secilerek Refine ibaresine basilmalidir. Cikt1 ya da ekran goriintiisiinde bu kisim Refined By:
olarak goriinecektir.)

Refined By: |/ Web of Science Index: Science Citation Index Expanded (SCI-EXPANDED) X \H/ Publication Years: 2023 X \\ \/ NOT Document Types: Early Access X \‘

\:/ NOT Researcher Profiles: Gursoy, Oguz X \‘ Clearall

3., 4. ve 5. Maddelerde Belirtilen Sinirlandirmalar icin Ornek Web of Science Gosterimi

Ekran goriintiisiiniin alindig1 ya da ¢iktinin alindig1 web adresi belge iizerinde goriilebilmelidir.
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1.

SCOPUS Veri Tabaninda Yer Alan Atiflarin Belgelenmesi

SCOPUS veri tabaninda taranan dergilerdeki atiflar i¢in, dncelikle bagvuru sahibinin atif alan
calismasimin ilk sayfasi verilmelidir. Ardindan SCOPUS’un web sayfasi {izerinden
gerceklestirilen atif sorgulama sonucunda, arastirmacinin yayinlarina atif yapan diger
yayinlarin listesine ait ekran gorilintlisii ya da ¢ikti formatinda diizenlenmis PDF dosyasi
eklenmelidir. SCOPUS atiflarinin belgelenmesinde asagidaki hususlara dikkat edilmelidir:

Atif listesinde bulunan ancak heniiz yayimlanmamis erken goriinlimde (Article in Press) olan
atiflar puanlama dis1_birakilmahdir (Eger makale erken goriiniimde ise yani heniiz
sayfa/makale numarasi alip yayinlanmadiysa SCOPUS sayfasinda atif yapan dergi isminin
altinda “Article in Press” ifadesi bulunacaktir).

[[]1 Effective processing strategies for minimizing acrylamide level in potato Shahana Kabeer, S., 2023 Journal of Food Process
chips using L-asparaginase from Streptomyces koyangensis SK4 Mohamed Hatha, AA. Engineering

El Article in Press

View abstract v Full Text View at Publisher Related documents

Erken Gériiniimdeki Basim Asamasinda Olan Atif Icin Scopus Veri Tabanmindan Ornek Gosterim

2. Makale sahibi yazar, kendi ismini igeren atiflar1 ¢ikararak taratma yapmalidir (SCOPUS
sayfasinda ekranin sol bdliimiindeki Refine Results meniisiindeki Author Name
boliimiinden ¥azar Adinin bulundugu kutucuk secilerek Exclude ibaresine basilmalidir.)

3. Atiflar icin puanlama yapilacak yil 2023 olarak sinirlandirilmalidir (Scopus sayfasinda
ekranin sol boliimiindeki Refine Results meniisiindeki Year bolimiinden 2023 yili
secilerek Limit to ibaresine basilmalidir. Cikt1 ya da ekran goriintiisiinde bu kisim Refined
to [LIMIT-TO (PUBYEAR, 2023) ] gives: olarak goriinecektir.)

Refined to [LIMIT-TO ( PUBYEAR , 2023 )] gives:
Vacuum impregnation pre-treatment: A novel method for incorporating mono- and divalent cations into potato strips to reduce the acrylamide formation in French fries

Cirit B., Canbay H.5., Gursoy O., Yilmaz Y.
(2023) Open Chemistry, 21 (1), art. no. 20220279

4. Ekran gorlntlsiinin alindigi ya da c¢iktinin alindigi web adresi belge iizerinde
goriilebilmelidir.

5. SCOPUS atif listesinde gosterilen ancak Web of Science ya da bagka bir indeks kapsaminda
olan atiflarin yaymnlandigi dergilerin ilgili indekste oldugunun ayrica belgelendirilmesi
gerekir.
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ARTICLE INFO ABSTRACT

Keywords: Solar assisted air source heat pump shows great potential as a promising energy-saving heating technology,
Solar-assisted air source heat pump which integrates solar collector and air source heat pump. It is widely considered for supplying hot water, space
Coefficient of performance heating and/or space cooling in the domestic sector. The performance of solar assisted air source heat pumps can
z"mmcocl;n::r“mﬂm be evaluated in system level by parameters such as coefficient of performance, seasonal performance factor,
Thermal exevgy snge energy consumption, solar fraction as well as initial and operating costs, and in component level by parameters
Defrosting such as efficiencies of solar collection and thermal energy storage. Their performances are affected by many
factors such as system configuration, components size, working fluid, working conditions and weather condi-
tions. This paper presents a comprehensive review on the recent advances in solar assisted air source heat pump
for the domestic sector in terms of system configuration, solar collectors, thermal energy storage, defrosting
method and the perspective areas of further investigations. The results of this review confirm that research is still
required to improve the performance of such a combined system and reduce initial cost compared with existing
heating systems based on hydrocarbon combustion. The information presented in this paper is beneficial to the
researchers, small and medium-sized enterprises suppling renewable energy system technologies, heating en-
gineers and service workers, energy policy and decision makers, environmental activists and communities.

air pollutants during heat provision from hydrocarbon combustion are

39%, with fossil fuel being the main heat source today [1]. To achieve
1. Introduction the UK’s target of the net zero emissions of GHGs by 2050, the domestic

heating sector has to be decarbonised [3]. Many countries have a

Heat pumps (HPs) can be considered as both energy efficient and  grategy by 2050 to increase the share of renewable energies. In com

renewable energy technology [1]. The use of this technology to increase  pination with renewable energy, an increase in HPs in heating provision
buildings energy efficiency by utilizing low-grade thermal energy from  j5 axpected. By 2030, HP should provide 22.1% of the domestic heating
existing heating supply systems is of significant interest today. However, compared with 5% in 2019 [1]. The coefficient of performance (COP)
to significantly reduce energy consumption and to improve the perfor and seasonal performance factor (SPF) are parameters to evaluate the
mance of HPs, many studies are devoted to increasing the share of performance of HPs [4]. HPs are divided into air source heat pump
renewable energy. According to the International Energy Agency (IEA), (ASHP), ground source heat pump (GSHP), water source heat pump
worldwide, thermal energy accounts for more than 50% of energy (WSHP) and soar assisted heat pumps (SAHP). Depending on the pur
consumption, with about 45% consumed in residential and commercial pose of application, climate conditions, technical and economic pa
buildings [1]. In the UK, heating took up 48% of the total energy con rameters, each of them has its own advantages and disadvantages.
sumption in 2013, and the domestic sector accounted for 57% of the Table 1 lists of review papers on solar assisted ASHPs (SAASHPs,
entire heating demand [2]. Emissions of greenhouse gases (GHGs) and
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Bir Riizgir Enerji Santralinin Gii¢ Kapasitesine Bagh Olarak Uretebilecegi Elektrik Enerjisi Potansiyelinin Belirlenmesi
- Artvin ili Ornegi

Durukan ERDOGAN!, Kenan YIGIT? Bora ACARKAN"

OZET: Bu ¢alismada, Weibull olasilik yogunluk fonksiyonu ve simiilasyon yaklagimi kullanilarak Artvin ili Merkez ilgesinin
riizgdr enerjisi potansiyeli hesaplanmigtir. Weibull olasilik yogunluk fonksiyonun gekil ve dlgek parametrelerinin hesaplanmasinda
ortalama ve standart sapma, moment, enerji 6rnegi, grafik, maksimum olabilirlik ve modifiye edilmis maksimum olabilirlik
yontemleri kullanilarak 24 metre, 59 metre ve 120 metre kule yiiksekligindeki riizgar hizlarinin modellenmesi gergeklestirilmistir.
Bu modellemelerin R?, RMSE, MSE ve X? yontemleri ile hata analizleri yapilarak en tutarli matematiksel yontemin belirlenmesi
amaglanmistir. Ayrica 100 kW, 1 MW ve 5 MW kurulu giice sahip riizgar enerji santrali igin kapasite faktorleri hesaplanmis ve
iiretilebilecek elektrik enerjisi potansiyeli analiz edilmigstir. Caligma neticesinde maksimum olabilirlik ve modifiye edilmis
maksimum olabilirlik yéntemlerinin hata orani en az olan yéntemler oldugu saptanmgtir. Daha yiiksek rakimlarda daha yiiksek
enerji iiretim potansiyelinin saglanacag: ve daha yiiksek kurulu giice sahip riizgar enerji santralinin en iyi kapasite faktdriinii ihtiva
edecegi sonucuna ulagilmigtir. Weibull olasilik yogunluk fonksiyonu ve simiilasyon yaklagimi sonucunda Artvin ilinin yillik
elektrik enerjisi ihtiyacinin 100 kW kurulu giice sahip bir sistem ile %0.036 ila %0.075 oraninda, 1 MW giice sahip bir sistem ile
%0.384 ila %0.773 oraninda, 5 MW giice sahip bir sistem ile %1.983 ila %4.051 arasinda karsilanabilecegi tahmin edilmigtir.

Anahtar Kelimeler: Riizgar Enerji Santrali, Weibull, Kapasite Faktorii, Elektrik Enerjisi, Enerji Verimliligi

Determination of the Electrical Energy Production Potential of a Wind Power Plant Depending on the Power Capacity: a
Case Study for Province of Artvin

ABSTRACT: : In this study, wind energy potential of the central district of Artvin province was calculated by using Weibull
probability density function and simulation approaches. In the calculation of the shape and scale parameters of the Weibull
probability density function, the modeling of the wind speeds of the central district of Artvin at 24 meters, 59 meters and 120 meters
altitudes was performed using the average and standard deviation, moment, energy pattern, graphical, maximum likelihood and
modified maximum likelihood methods. It is aimed to calculate the most consistent mathematical method by evaluating these
models with R?, RMSE, MSE, and X error analysis. Also, the capacity factors were calculated for the 100 kW, 1 MW and 5 MW
wind power plants and the potential of electrical energy that can be produced has been analyzed. As a result of the study, it has
been determined that the maximum likelihood and modified maximum likelihood methods have the lowest error rate. It has been
concluded that higher energy production potential will be achieved at higher altitudes and that the wind power plant with higher
installed power will contain the best capacity factor. As a result of the Weibull probability density function and simulation
approaches, the annual electrical energy need of Artvin province can be met between at 0.036% and 0.075% with a system of
100 kW, between at 0.384% and 0.773% with a system of 1 MW, and between at 1.983% and 4.051% with a system of 5 MW
installed power capacity.

Keywords: Wind Power Plant, Weibull, Capacity Factor, Electrical Energy, Energy Efficiency
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1 Introduction

The year 2019 marks the 80th anniversary of polyvinyl pyrrolidone’s (PVP) introduction
into the marketplace. Since then, countless patents have been filed detailing applications
on the use of PVP. The breadth of uses is amazingly broad. For example, PVP is used in the
Pharmaceutical industry; and in Personal Care businesses such as Hair Care, Oral Care,
Skin Care, to Industrial markets such as Electronics, Adhesives, Composites, and Energy to
just name a few. While new uses are constantly being born each day, and book chapters
devoted to PVP exist in the literature, there is still a lack of an up to date repository of infor-
mation on PVP localized in just one place.

Only a few books have been solely dedicated to PVP, like Polyvinylpyrrolidone Excipients
for Pharmaceuticals; Povidone, Crospovidone, and Copovidone, by Volker Buhler in
2005 [1]. However, this only covers PVP and the physical properties exhibited in the field
of drug solubilization and disintegrant attributes. Other texts like Polyvinylpyrrolidone
PVP and other Related Materials authored by E.G. Malawer in 2012 but mostly in the spot-
light of Biotechnology and not its physical properties [2]. Moreover, the lack of centralized
data on PVP copolymers is woefully inadequate in the literature as well. Other texts on this
subject deal with only specific applications, rather than a generalized overview of the PVP
subject matter as a whole.

This chapter focuses on the synthesis of polyvinyl pyrrolidone in a variety of forms. In
particular, methodologies to produce soluble, branched, and crosslinked versions are
described, and these are related back to their physical properties. Critical factors involved
in the conventional free-radical polymerization processes employing thermal initiators to
manufacture PVP are described in-depth, including initiator choice; polymerization sol-
vent and temperature, polymerization catalysts, bulk/solution/precipitation polymeriza-
tion methods, adiabatic versus isothermal routes, stereochemistry/tacticty/architecture
have all been highlighted. This essential information provides a thorough and fundamental
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Abstracte—The implementation of an energy efficiency
intervention in the students’ residence of the university
campus may lead to a reduction in the energy consumed and
electricity cost. The study focused on retrofitting a 1000 L,
12 kW boiler, with a 4.0 kW Air Source Heat Pump (ASHP)
unit. A data acquisition system was built and deployed, to
monitor the baseline performance of the electric boiler and
the actual performance of the installed ASHP water heater
(which was used to retrofit the electric boiler during the
assessment period). The results show an annual electrical
energy saving of 34805.94 kWh and load factor reduction of
0.124 due to the replacement of the electric boiler with the
ASHP unit. The payback period of the ASHP system was 1.7
years, using the method of net present value of money.
Wilcoxon rank sum test was employed to compare both the
daily volume of water and energy consumed by the electric
boiler and the ASHP water heater to test if their difference
was of any significance. We concluded that, there exists a
significant difference in the average daily energy consumed
by the boiler and the ASHP water heater in both summer
and winter season with the utilization of the Wilcoxon rank
sum test. We could conclude that, a rollout of the ASHP
units to retrofit the existing electric boiler in the students’
residence in the University campus is economically viable
and calls for such an intervention is imperative.

Index Terms—Load factor, Energy saving, Tariff hike, Air
source heat pump, Electric boiler, Net present value
payback period, Wilcoxon rank sum test

I. INTRODUCTION

Heat pump technology (e.g.. air source heat pump.
ground source heat pump, and solar-assisted heat pump)
is both a renewable and an energy efficient technology
for both sanitary hot water and space heating [1]. [2].
Extensive studies by a group of researchers in the United
Kingdom have resulted in the finding that, air-source and
geothermal heat pump water heaters can be employed in
wider applications [3]. Hot water production is the fourth
largest energy consumer in the commercial building
sector following space heating, air conditioning and
lighting [4]. The South Africa available commercial
supply networks of natural gas are very limited as
opposed to the European countries and United States [5].
The use of the inefficient resistance element, such as an
electric boiler for water heating is predominant in the
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commercial sector of South Africa. An electric boiler is
an inefficient sanitary hot water device, having the
capacity of a storage tank above 500 L and the hot water
heating is primarily achieved by a heating element [5].
Energy factor of an electric geyser is less than 1 and is
due to the input electrical energy supplied which is often
greater than the output thermal energy gained by the
stored water [5]. Hence, by replacing the electric boiler
with Air Source Heat Pump (ASHP) water heater can
lead to significant power and energy reduction in the
commercial sector. Research conducted on the techno-
economic analysis of the ASHP water heater in the
commercial sector based on limited experimental data,
proved that the technology is viable with a simple
payback period of 12.5 months and an internal rate of
return of 98%. Zhang ef al. [6] conducted a techno-
economic analysis of ASHP with reference to space
heating in Northern China and compared its viability to
traditional heating methods that included coal-fired
cogeneration, large coal-fired boiler heating, regional
coal-fired boiler heating, wall hanging gas boiler heating
and direct electric heating. They concluded that other
than the coal-fired cogeneration mode, the ASHP
demonstrated better energy consumption and economic
efficiency than the rest of the technologies. In addition,
Alshehri et al. [7] performed a techno-economic analysis
between ground and air source heat pumps in the hot, dry
climate and depicted that the total annual cost of the
energy consumed by the ASHP system was more than
that of ground heat pump water heater (a 34.6% increase).
The authors demonstrated that the ASHP water heater
possessed a greater efficiency of the operation cost in the
long term to the ground source heat pump water heater.
The authors further noted that due to the large installation
cost of ground source heat pump water heater, the market
penetration of this technology is unfavorable in the hot,
dry climate. First degree audits were conducted in the
major cities (Johannesburg and Cape Town) in South
Africa to assess the economic viability of commercial
ASHP water heaters over electric resistance heaters in
large residential units and hospitals for sanitary hot water
heating [8]. The findings showed that ASHP water heater
is an economic viable technology, with an efficiency that
could be enhanced via correct sizing and optimization of
the operation. They further showed that the performance
of an ASHP water heater was better in the coastal region
as opposed to the inland region.
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Abstract—The implementation of an energy efficiency
intervention in the students’ residence of the university
campus may lead to a reduction in the energy consumed and
electricity cost. The study focused on retrofitting a 1000 L,
12 kW boiler, with a 4.0 kW Air Source Heat Pump (ASHP)
unit. A data acquisition system was built and deployed, to
monitor the baseline performance of the electric boiler and
the actual performance of the installed ASHP water heater
(which was used to retrofit the electric boiler during the
assessment period). The results show an annual electrical
energy saving of 34805.94 kWh and load factor reduction of
0.124 due to the replacement of the electric boiler with the
ASHP unit. The payback period of the ASHP system was 1.7
years, using the method of net present value of money.
Wilcoxon rank sum test was employed to compare both the
daily volume of water and energy consumed by the electric
boiler and the ASHP water heater to test if their difference
was of any significance. We concluded that, there exists a
significant difference in the average daily energy consumed
by the boiler and the ASHP water heater in both summer
and winter season with the utilization of the Wilcoxon rank
sum test. We could conclude that, a rollout of the ASHP
units to retrofit the existing electric boiler in the students’
residence in the University campus is economically viable
and calls for such an intervention is imperative.

Index Terms—ILoad factor, Energy saving, Tariff hike, Air
source heat pump, Electric boiler, Net present value
payback period, Wilcoxon rank sum test

I. INTRODUCTION

Heat pump technology (e.g., air source heat pump,
ground source heat pump, and solar-assisted heat pump)
is both a renewable and an energy efficient technology
for both sanitary hot water and space heating [1]. [2].
Extensive studies by a group of researchers in the United
Kingdom have resulted in the finding that, air-source and
geothermal heat pump water heaters can be employed in
wider applications [3]. Hot water production is the fourth
largest energy consumer in the commercial building
sector following space heating, air conditioning and
lighting [4]. The South Africa available commercial
supply networks of natural gas are very limited as
opposed to the European countries and United States [5].
The use of the inefficient resistance element, such as an
electric boiler for water heating is predominant in the
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commercial sector of South Africa. An electric boiler is
an inefficient sanitary hot water device, having the
capacity of a storage tank above 500 L and the hot water
heating is primarily achieved by a heating element [5].
Energy factor of an electric geyser is less than 1 and is
due to the input electrical energy supplied which is often
greater than the output thermal energy gained by the
stored water [5]. Hence, by replacing the electric boiler
with Air Source Heat Pump (ASHP) water heater can
lead to significant power and energy reduction in the
commercial sector. Research conducted on the techno-
economic analysis of the ASHP water heater in the
commercial sector based on limited experimental data,
proved that the technology is viable with a simple
payback period of 12.5 months and an internal rate of
return of 98%. Zhang ef al. [6] conducted a techno-
economic analysis of ASHP with reference to space
heating in Northern China and compared its viability to
traditional heating methods that included coal-fired
cogeneration, large coal-fired boiler heating, regional
coal-fired boiler heating, wall hanging gas boiler heating
and direct electric heating. They concluded that other
than the coal-fired cogeneration mode, the ASHP
demonstrated better energy consumption and economic
efficiency than the rest of the technologies. In addition,
Alshehri et al. [7] performed a techno-economic analysis
between ground and air source heat pumps in the hot, dry
climate and depicted that the total annual cost of the
energy consumed by the ASHP system was more than
that of ground heat pump water heater (a 34.6% increase).
The authors demonstrated that the ASHP water heater
possessed a greater efficiency of the operation cost in the
long term to the ground source heat pump water heater.
The authors further noted that due to the large installation
cost of ground source heat pump water heater, the market
penetration of this technology is unfavorable in the hot,
dry climate. First degree audits were conducted in the
major cities (Johannesburg and Cape Town) in South
Africa to assess the economic viability of commercial
ASHP water heaters over electric resistance heaters in
large residential units and hospitals for sanitary hot water
heating [8]. The findings showed that ASHP water heater
is an economic viable technology, with an efficiency that
could be enhanced via correct sizing and optimization of
the operation. They further showed that the performance
of an ASHP water heater was better in the coastal region
as opposed to the inland region.
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