ISSN: 5132-5124

ynLill coly d-n‘a.ma.“d.m.u.'\g

AL- NASSEP\/NIVERSITY

2018 —MA—QAMM‘ ot - ‘?SL:Z" Sdall

Sl @ Zaluiwl | dail!
Sl 3l g alay¥1 3 Bl
by ) A waid La, Ty dsl | Silefpunll
doiolall Dilal @ Zyalac ¥ a1

Gt Ageiid) Ol 31,5
Oetdl @ Lol Al e
(p2010-2016) L5 pua> dlabdlowe e dydpda’ dawlys

ALY aue s & Laydls pluiad | 0519l cla¥ 1 A8l
deleaixdl ddogwdly
Il Ay sgendly O Lad¥ | SIS b @ dplage dwlys

2l g 9 56 ST Gpcial| ABUAY] Zaglala (8 outs Hculys
slaiio = guall Cdyiall olee dlasl

2ol Gle La,lip dymlsdl daY|

I bl Ao

19 Ade

oo

Ao fiad (4

ISSN: 5132-5124

rnlill & cola
AL-NASSER UNIVERSITY

Journal of Environment
and Sustainable
Development Studies

No.2 Vol. 5 (Des, 2018)

Table of Contents

Sustainable Development in Algeria
Monitoring of Dimensions and Parameters

Armed Conflicts and their Impact on the
Students in Sana’a City’s Intermediate School

The Impact of Charity and Development

Institutions on Yemen’s Economic Decvelopment
An Applied Study on Hadramawt Governorate 2010-2016

Suatainable Balanced Scorecard and its Impcat on

Supporting Commitment to Social Responsibility
A Field Study of Yemeni Telecommunication Companies

The crisis in the Arabian Gulf and its influence
on the geopolitical situation in the region

Feasibility Study of Solar Photovoltaic Power
Plant for Sana’a Wastewater Treatment Plant

A Scientific Refereed Journal Issued by Arab Association for Environmental
Sciences in Collabortion with Al-Nasser University



/M\M\wb 2\.@«.«3‘&\:-.473.\”
ol Tl e (yphalls Tt bl Ty yal) Alasf L8 ubead aSioms sale Al

p2018 jiawms—  uslsd) alnt LI sualt /

AgISN At 3 calall g s ol Cicul | Al g Al iloml Alona o 3
ALY Oladailly dogyild Ladg Tosyall 200 sl A

4 Lz dugly

. Bl ) ety Aed Ly ABMal| O3 Ololuais M1 2 g ) alat Juai .1

ST Ao (G121l B gl 0 48 (pS0 W Of Gl 2 da ity L2

Y 1548 (1B Aa it Drelad) Jpuo W1 o @pdill Gogom it punds 3

) e 3 ¥ Ol e ,TsieSIL Aogidas Aoubly g GO ol pazy 4
s el S (389 o d) @iy (Ad ) o amiaw (20

padbe — alec Olsicy (onialdl i ) Coldl mul - Gond) Olgie -
= — ( Jeatl Zagydog alall ) Comd) Aomgio — Aendll — o
SN G I padle —yablial | — 2281y

. o yat) dat Il Ao gu yag domialy Oolagus g JISEN 58T i .5

iy ey
Cgill e des yles. 5.

sayod] pade

@A&Mmim Al

st A
Aales LOSE Ol ole dagyall dralall Olollaal| Of patisne Jloatul (S ) ase oay e . .1
ol (e 2 0,55, Jgl e Olageud! ) At fcdidl alida . 5.
rae ) Tlrw dgema . 2.

2Ll e ST g Sl Ly L @al (I [

SSl3adl) by S lase L 5.
2 gy Cnawsd (s pudld Alaliis a8yl Gl (e 2 jaliall I Hlan .8

et ) Ay Catw dei. a0
5l Jualis o g 11 el

daasie Oleginge 2 ( REVIEW PAPENS ) dias yo Cilutys ,id jyoa .9

(

. (

Gl Gyioma (e | puae 0950 Ol aelss (100) e pasttl wis ¥ oi .7 (
(

(

(

Credl) S9aiun doa 3931 a1

(oredt)  ieds Sle cemasuie . 5
.t,..'a,:.u,‘?,a...mgs).,.& ‘ﬁammwhm

(Gotdl) § ¥ Ol e s s
Las Ol yleat ! gf OLaISIS any AdLos ale) g i 2 Lgiiomy Aot dadisn . 10

| Geatl slast)
I 2 Lgaghad pe @3S el gyla I . a4
iy 4 iy ) Sl (e Bk g Dl 55 i) Com Lo 395 - 1] Do 4 S
s Ol (gias .12 Alliie yeold 35 ame. a1
salls (s dlilaue . 31— jupedd | e G5l gyt

Aedt pglalt A yatt Aoyl ple (i
el — elaius
00967 536307- 8- 9—-00967777186931 : ils
journal@al-edu.com: s ist)as s 00967 536310 : Lussla
Aaes-ye.org : a1 a3 abdullah.tahish@gmail.com

935 (s dame. i




Olgioealt

36-3

Ol Bl g SLas¥I 2 3o )8 5,505t 2 doliadd | Aa |
(ra)99 4
P — Olawali dnols — delelin Wi pglall @iy e bud | Sl ¥

64 - 37

Wilel 2 doslie ¥ A )2 Al (o Acua | Loy )Ly dmlal | Sl yiatt
dowolatl
chaa.Jl Wame e Ot CM.@

ool = Olyes Amela—  ShyLat Guaid! gle Sl

89 - 65

o) 2 AalaTBY el (e Ayt g Angaiid ) Cluawtl H51
(32016~ 2010)cg0 pin> atadloms e Aidad dwlys
29l flo pae dams yhio
Ot — A aelintl Cilelata g e Lot W1 At gfulfg Aratidl 2 Cimly

148 — 90

A ghed Ly AW e 2 Lo ySi alicad | ()19t o 12%1 ABLay
Aliad! Ayggestl OV LI Ol y & 2 A diee dulyy  dclaia Y
bt 29398 lie (590 .21
Sl gl (peusm ol 41)!4.“4 .

Lo 5 SN g pgball Analy — Ao ylad! A slat! Zden — LS Jlaa¥1 5yl 3kiud 1

ol Aasls — dnyla¥l aglall e — Anya¥ aglal 2 a2

198 — 149

Walatell culiwgontl pingh o 1,515 g st day¥!
Gt Olcw e
ol Anala— 2013% 19 AW aglal) Al — delud) Sla)¥i 3ylaf dliwi

19-1

Feasibility Study of Solar Photovoltaic Power Plant for
Sana'a Wastewater Treatment Plant
Ahmed A. Al-Arashi and the others
Electrical Engineering Departmen
Sana’a University

e

|

2 2018 ( tewndd — ueliett dlxalt ) AL Sutatt

Tr Lt g ity s Cotonsh nlome

~\

J




[ Oady 93 Aty Oyttt g Slag¥1 B 3ot 1,350 B el Lhuuadl rsalH ]

/ o pigadt 9 Sas¥l B BetyB 5t 5adt B uel il el
O3 92 A9
23N — Hlueli aaela — e lain M aglal awdy deluedt 3L

Wahiba.bourabaine@yahoo.fr

381 SB Tnel et Drgallt 2819 3150 I1 Comdt 108 Bugy —m—

Oty Olaliially Joudt Go dodall |reiwe Lol Coruol 5y M dllgd
el a3 O dne Baly sdally £ ezt Oleji aBlal e Logad vyl
o9 Bpdlialt (N alidly §m@al) Joltt Olagsamy 283 Lo ((Gubedl g
ol ibGiue Olubew dauoeiy Japded) el O¥ dae Sl Jalkadet)
he PubGualt Sl ¥ 3y Gy (85 loealt 093 5L, & Ll Dttt Jleoe DUt
il Wgu T pad (rol Llnadt Ureallll (Ao 5550 Locliad ¢ Lgilar L) (S
1 Oh B (el g T 1 Jaar (o Olg iy Sty al Y& Jncansn 949
Oy kd (gua 9 3y1sal! e e Lot s 1903 TG Goid HTLg § i
gie gual Jlaaad g (o 53T daar ) lebisad Jeuny (SIS a6
S L (0 gt (eedly (SalalB¥g o badx Wi 51 Ew YLy Teawd (adalyy
INE Ge £ Log¥ Cagual Sale ¥ Syalealt 3T Jugpalt Jodlt cunly (e A3
wadleally 3yigelt Mty aglalt saghad le adlEh Jrel Liwad) Jrsailld
Joddt Cloed e Balaiu¥ly reslal Jub@iwell JLa¥ I lgla lgde
-Jloalt 120 8 Jaea L

Pl (Ol Laliw™) 3t (el Lsal) ateicllt s iaal) Olelsal
-nel Llal! 33 doxial)

N
[; 2018 ( tewss — oualiell ilopalt ) I Sctalf o Lsad! e iy ploedt Esloesl alxe

J




[ 423593 Uiildy Ohsz3all s slagil b G1yD O3 G sl M']

Tlemcen University, Algeria

Sustainable Development in Algeria: Monitoring of Dimensions and Parameters
Waheebah Bu-rabayn
Assistant Prof in Department of Social Sciences,
Wabhiba.bourabaine@yahoo.fr

Abstract:
This research aims to highlight the reality of sustainable development in Algeria; the
latter has become a constant challenge for many countries and international organizations
and bodies, especially with the exacerbation of the crises of hunger and poverty and the
increase in rural migration rates towards cities. Future policies allow current generations
to satisfy their desires without risking the ability of future generations to meet their needs.
When we focus on sustainable development, we ask a direct question: how to transfer
capabilities and wealth from generation to generation? How do you ensure the
capabilities of any generation? And therefore we are waiting for sustainable growth that
protects all resources and preserves the capabilities of any generation. It is easy to transfer
them to another generation through the use of solid and stable foundations that allow the
social, economic and environmental stability of the peoples. Sustainable development
based on the development of science and the exploitation of resources and their transfer
.to future generations and benefit from the experiences of countries successful in this area
Keywords: sustainable development, Algeria, investments, sustainable Renewable
energy.
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« Sustaible development is development that meets the needs of the present generation
without compromising the future generation to meet their own needs ».
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Daly H, (1996), « Beyordh, the Economics of Sustaible development», Beacom ptess Beston,p11. *.

2 Jérome Ballet et Francois Régis Mahiau, (2003), « a la recherche du développement Socialement durable,
concepts fondamentaux et principes de base », paris,p05.

% Rapport Brisay pour le sommet gret bard, (2001), « proposition sur les aspects Sociaux du développement
durable » , Bruxelles ,p80.

* Mahiau F.R-H Rapport, (1998), « Altruisme, Analyses économiques », Economica, paris,p67.
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Arabian Gulf Crisis and its Impact on the Region's Geopolitical Situation
Dr. Ahmed Senan Al Jaberi
Drahmedal2007 @yahoo.com

Abstract:

The crisis between Qatar, Bahrain and Saudi Arabia has overshadowed all aspects
of relations between these countries. This situation threatens not only the presence of
the Gulf Cooperation Council, but also the ability of the Gulf States and Yemen to
control and benefit from the region’s geopolitics.

The Arabian Gulf has a geopolitical position of great political and strategic
importance in terms of its geographical location and its economic ownership of
important oil and gas reserves and its location on important international trade
routes.

The study examines the geopolitics of the region and its significance from the point
of view of a strategic military-political and economic nature, as well as the conflict
that raged during historical periods between the colonial powers on these grounds. It
also concerns the geopolitical and economic interests of the United States and Western
countries in the Persian Gulf. In the context of the transformation of the world order
into one-sided polarity after the collapse of the Soviet Union, one power center was to
dominate in areas of vital and economic importance.

In addition, the study highlights the divergence of regional interests in the region.
The military and economic powers of the region, along with Russia and the United
States, are trying to express themselves and protect their geopolitical and economic
interests. Because of their divergent interests, their stated positions differed about the
crisis.

The study confirms that the crisis in the Persian Gulf clearly demonstrated Israeli
penetration into the region. The study also shows that Israel’s ambitions in the region
start from the moment it was created in the land of Palestine by smuggling Iraqi Jews.
And it shows that the prospects for these relations began to manifest themselves in the
early nineties of the twentieth century. And how the countries of the Persian Gulf
rushed to these relations, which will not serve the position of the Palestinian people,
because they are not neighboring countries of Palestine.
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Armed Conflicts and their Impact on the Students in Sana’a City’s Intermediate School
Salah-Addeen Ahmed Mohammed El-Joma’ei
Associate Prof of Psychology,
Amran University, Yemen
gmail.com@014

Research's Summary
Research's Title: The armed conflicts and their psychological effects among preparatory
school stage students in the capital secretariat.
Aim of the research: The current research seeks to verify the following two goals:
1- To identify the psychological effects of the armed conflicts among students of the
preparatory stage in the capital secretariat.
2- To identify the differences in the psychological effects of the armed conflicts among
students of the preparatory stage in the secretariat, according to gender.
The research sample: The sample consisted of (400) male and female students in schools
of the secretariat.
Search tool: The researcher developed a tool to measure the psychological effects of the
armed conflicts and their impact.
Statistical methods: The researcher used the following set of statistical methods:
1- Repetition and percentages, so as to see how the existence of the psychological effects
of armed conflicts.
2- Averages, standard deviations, to identify the average scores of individuals in the
psychological effects and the extent of deviation of those scores for SMA.
3- A test (T. Test) for two independent samples in order to extract the discriminatory
power of the paragraphs of the psychological effects of the armed conflicts in a way of
measuring the two extremes and the extraction of the differences in the level of the
psychological effects of armed conflicts, according to gender.
4- Pearson correlation standards. These standards are for the extraction of construction
sincerity. (the correlation between the paragraph and the total score of the scale), as well
as the extraction of the retest reliability.
Research result:
1- Preparatory level students suffer of many psychological effects caused by armed
conflicts, and at the foremost of those effects are: a sense
of frustration and tension, the feeling of fear, anxiety and distress, depression and absent-
mindedness, susceptibility to excitability and irritability and pessimistic outlook for the
future.
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2- There are statistically significant differences in moral psychological effects of armed
conflicts at the preparatory stage students in the capital secretariat, according to gender in
favor of females.
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A research scholar in social responsibility & development and Civil Orgs, Yemen

The Impact of Charity and Development Institutions on Yemen’s Economic Decvelopment:
An Applied Study on Hadramawt Governorate (2010-2016)
Saqr Mohammed Omar Saleh El-Jaowhi

sqraljwhy@gmail.com
Abstract

The importance of the study lies in that it uncovers the cash and in-kind impact that
being provided by the development charitable foundations on the economic development
in the internal and external community. The problem of the study is stated to answer the
following question: What is the impact of the charitable foundations on the fields of the
economic development? The study aimed to identify the impact of the charitable
foundations on the economic development in Hadhramout . The researcher used the
descriptive analytical method . The study reached to several results solutions such as : The
financial support being provided by the development charitable foundations —the subject
of study- doesn’t have an obvious positive impact, but only with a medium degree on the
economic development domains. the education domain occupies the priority within the
economic development domains , that is to be through given the priority by the
charitable societies and development foundations when implementing the development
programs , then comes the social domain , after that the health domain, finally comes the
infrastructure respectively. The researcher recommended of the followings : To
coordinate between charitable and development foundations regarding the
implementation of the projects and the experiences exchange. To organize between
charitable societies, the development foundations and government authorities in respect
of determining the priority for the regions’ development projects, by establishing an
annual database. To activate the investment Wagqf (endowment) , by granting the
societies funds to establish projects and not funds to be spent , to grant concessions by
the government for these projects. To apply the principle of specialization for the
charitable societies and the development foundations to work in a domain or in

homogeneous domains .
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Sustainable Balanced Score Card and its Impact on Supporting Commitment to
Social Responsibility: a Field Study of Telecommunication Companies in Yemen
Dr. Noori Abdul Wadood M.Aljnai
Assistant Professor of Business Administration, Faculty of Administrative Sciences,
UST, Yemen
Mr. Abdullah Gaber Hasan Abo Hadi
Researcher in Administrative Sciences, Faculty of Administrative Sciences, Al-Nasser
University, Yemen

e-mail address:- a.abuhadi2@gmail.com

Abstract

The present study aimed to identify the "impact of sustainable balanced score card on
supporting commitment to social responsibility" in the telecommunication companies in
the Republic of Yemen using the analytical descriptive method along with the
guestionnaire as a main tool for data collection and comprehensive inventory method.
The main results found are that the usage level of sustainable score card was average, and
that the highest level of achievement was in the client dimension, followed by internal
operations, then the financial dimension, thereafter growth and learning, and finally the
dimension of environment and society

The level of corporate social responsibility was high and there is a positive correlation
between the usage of the sustainable balanced score card and its impact on enhancing
commitment to social responsibility. The positive effect of the balanced score card was
mainly due to growth and learning dimension, followed by the financial one , then
environment and society, internal operations, and finally client dimension.

Key words: sustainable balanced score card, social responsibility, telecommunication
.companies in Yemen
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Abstract- A-Solar Photovoltaic Power Plant to supply half of Sana'a
Wastewater Treatment Plant (SWWTP) with power for about 6 hours
per day is designed and the technical and financial feasibility have
been conducted. Three alternative solar systems power plants have
been proposed. They include, a hybrid diesel PV and two stand-alone
alternatives. The diesel PV system fed the loads simultaneously by
PV and Diesel Generators without need for expensive battery storage.
The hybrid system feds the loads through 3.3 kV bus bar. The first
standalone PV has all PV modulus connected together to 3.3 kV bus
bar and the second one consists of two separate PV system each with
its own PV modules connected directly to the loads at 415 V busbars.
The three alternatives have been analyzed using the Canadian
Analysis Package RETScreen. Each alternative can provide good
energy source and would reduce the dependency on the availability of
diesel and reduce the CO2 considerably. It was found that the hybrid
diesel PV is the most appropriate one in terms of technical and
economic performance. The hybrid diesel PV technical performance
is farther studied using System Advisor Model (SAM).

Keywords: PV solar power plant, Pre-feasibility analysis of PV
power plant, RETScreen Analysis, System Advisor Model
(SAM)
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1. Introduction

Sana'a Wastewater Treatment Plant (SWWTP) is placed at the north side of
Sana'a city beside the Sana'a airport. It is designed to treat 50,000 m3/day of
domestic sewage. The Treatment plant is designed to serve a population of about
450,000. The treatment plant consists of Mechanical and Biological units. The
basic and main problems facing the operation of this system is to insure a
sustainable and enough energy source to operate the system. The total power
demand of SWWTP is about 4000 kW. To limit power cut-off and interruptions,
the public electric corporation has insured an independent power line at 33 KV
stepped down to 3.3 KV and then to 415 volts. As a stand by power supply
system Sana'a Water Sanitation Local Corporation (SWSLC) installed two sets
of local Diesel Generators each with capacity of 2000 kW.

The conflict in Yemen, March 2015, resulted in unavailability of power supply
from the public electrical corporation (PEC). Moreover, the shortage of financial
resources to secure enough fuel to run the local generators and unavailability of
fuel, the treatment plant has stopped working forcing SWWTP to by-pass the
sewage outside the treatment plant towards the agricultural areas passing
residential neighborhoods through the drainage channel. Lack of environmental
awareness among the public around the channel and absence of any
governmental control resulted in water, groundwater, soil, agriculture and human
sever pollution.

Irregularity of fuel supply resulted in stopping the plant from time to time which
in turn resulting in by-passing the sewage outside the plant. This make it
essential to look for a more effective solution for the power problem particularly
during the time when fuel is not available or not enough to operate the plant. An
effective alternative source should make it possible to run at least 50% the plant
for a period of 6-8 hours per day to keep the biological flux alive.

The average solar radiation in Sana’a is 6.39kWh/m? /day and the solar radiation
ranges from 5.45kWh/m?/day to 6.39kWh/mz2/day [1, 6]. This indicates that solar
power supply system would be very suitable power source to supply SWWTP.
This would be a sustainable and environmentally friendly energy source.

The paper aimed to provide a scope of how the PV solar power can be used to
overcome the existing shortage of conventional power supply to SWWTP. It
highlights and interprets the main technical, economic and environmental results
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obtained from adopting such system. Technical, economic and environmental
performance of three PV solar generation alternatives is presented.

2. Load profile
SWWTP consists of four main treatment units which include: Inlet, Aeration
Tanks, Thickeners and Final Settling Tanks. Each unit includes number of
machines with different power demand. The loads to be supplied from the PV
power cells as shown in Table (1) below.

Table: 1. SWWTP loads

Unit Machine # of Machine kwW Total kW
Pump station 3 90.00 270
Screen 1 2.50 2.5
Inlet Conveyor 1 1.50 15
Feed from Grit rack 2 1.50 3
T4 Great
Remove 2 1.50 3
Inlet total Load 280
Mixer 1 13.89 13.89
Aerators 4 90.00 360
Mixer 1 13.89 13.89
Aeration Aerators 4 90.00 360
Feed from Mixer 1 13.89 13.89
T2& T3 Aerators 4 90.00 360
Mixer 1 13.89 13.89
Aerators 4 90.00 360
Subtotal Aeration Load 1,495.56
Sludge pump 4 5.50 22
. Thickener
Thickener Tank motors 4 0.47 1.88
Fed from
T5 Polymer
pump 1 7.00 7
Subtotal Thickener Load 30.88
Final settlement tank T5 8 0.47 3.76
Lab 1 2.00 2.00
. bore hole
If’:(;‘]ﬁ:r‘;er; Pump 1 | 15.00 15.00
T6 Workshop 1 8.00 8.00
MIMIC 1 2.00 2.00
Admin 1 3.00 3.00
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Unit Machine # of Machine kW Total kW

Office
Batteries 90 0.013 1.17
Subtotal Services Load 31.17

Total power required for the treatment plant 1,841.37
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As almost all the loads are dynamics and the starting currents could be as high as
5 times the rated current. Starting current were measured and was confirmed that
it is about five times the rated steady state current. Fig. 1 shows the single line
diagram for the SWWTP power distribution.

Fig. 1: Single line diagram for the SWWTP

3. Proposed Alternatives
Three alternatives have been developed and analyzed. Standard design
procedures were used to designing the PV power plant [2,3,4and 5].

3.1 Alternative (1): Hybrid PV - Diesel
A hybrid system has been developed to feed the loads (50% of SWWTP) from
PV power plant and Diesel Generator (DG). It is designed to supply the loads by
the PV power plant during the day time and in case of lower power output from
the PV plant, the additional required power could be supplied by the DG.
Table (2) shows details of the system components.

Table (2): Details of the hybrid system components (Alternative 1)

Item Capacity
Solar Module Pnax (As specified in Annex V) 300 watts.
Total number of Modules 6960
Number of modules connected in series (form one Array) 20
Number of Arrays 348
Inverters Power capacity 1000 kw
Inverter Input Vg 602
Inverter output V¢ 3.3kV
Total number of inverters 2

The PV system is designed to provide 80% of the total rated power of the
machines (50% of the SWWTP) which is 1,473 kW. The Diesel generator will
provide approximately 10-30% of the required power during the period (from 10
am to 3pm) and about 80%. The PV system is to be connected to the 3.3 kV bus
bar through two inverters. As this system is a hybrid system, no batteries will be
reczquired. Land required: A total area required for this alternative is about 14,125
m©.

Cost of Alternative (1)
Table (3): shows itemized and total cost of the system.
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Table (3): Cost* estimation of Alternative (1)

Item Units Units cost ($) | Cost ($)
PV Module 6,960 Module 300 | 0.80 per watt 1,670,400
watt
Module Accessories 2% of the PV Module cost 33,408
Inverter** 2,000,000 watt | 0.35per watt 700,000
Installation cost 3.5% of the PV Module cost 58,464
Land Preparation Lump sum 10,000
Cabling 2.5% of the PV Module cost 41,760
Engineering Lump sum 75,000
Training 6 persons 1,000 per 6,000
person
Total PV system 2,595,032

* The cost is average cost in the Yemeni market.

** Invertor is self-synchronized.

3.2 Alternative (2): Standalone PV connected to 3.3 kV

In this alternative all the PV system is designed to provide 100% of the total
rated power of the machines (50% of the SWWTP) which is 1,841 kW. This is a
sort of stand-alone PV power plant which is designed to supply the loads during
the day time from 10 am to 3 pm. All the PV modules are operating as one unit
and connected to the 3.3 kV bus bar through tow inverter s. The system will have
batteries with a capacity enough to supply the load for one hour to make it

possible to feed the load during the cloudy periods.

Table (4) shows details of the 3.3 kV standalone PV system.

Table (4): Details of the 3.3 kV standalone PV system (Alternative 2)

Item Capacity
Solar Module Ppax (As specified in Annex V) 300 watt.
Total number of Modules 8,680
Number of Batteries (12 volts) 3,912
Number of modules connected in series (form one Array) 20
Number of Arrays 432
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Inverters Power capacity 1000 kW
Inverter Input Vg 602 volts
Inverter output V. 3.3kV
Number of inverters 2

Batteries of a total capacity of 391,200 Ah will be installed. If 12 volts 100 Ah
Batteries are used 3,912 batteries will be needed. It is suggested that 96 volts
system is used by connected eight of 12 volts batteries in series. Total area
required for this alternative is about 17,616 m?.

Alternative (2) cost
Table (5): shows itemized and total cost of the system

Table (5): Cost estimation of Alternative (2)

Item Units Units cost ($) | Cost ($)
PV Module* 8,680 Module *300 | 0.80 per watt 2,083,200
watt
Module 2% of the PV Module cost 41,664
Accessories
Inverter 2,500,000,000 watt 0.28 per watt 700,000
Batteries 391,200 Ah 2.0 Per Ah 782,400
Batteries room 250 m* 200 per m® 50,000
Installation cost 3% of the PV Module cost 62,496
Land Preparation Lump sum 10,000
Cabling 2.5% of the PV Module cost 52,080
Engineering Lump sum 75,000
Training 6 persons 1,000 per 6,000
person
Total PV system 3,862,840

3.3 Alternative (3): Standalone PV system connected to 415V
In this alternative tow PV systems are designed to provide 100% of the total
rated power of the machines (50% of the SWWTP) 1,841 kW. That is 1,495 kW
and 343 Kw for system 1 and 2, receptively. The PV system is to be connected
to the 415 V bus bar through four and one each with 500 kKW inverters for
systems 1 and 2, receptively. The first one is to feed the Aeration units and the
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second one to feed the remaining loads. Each PV system will have its own
batteries to feed the loads for about one hour during the cloudy periods.

Table (6) shows details of the system components for both the PV systems
Details of the loads to be supplied.

Table (6): Details of the stand-alone PV system connected to 415 V Alternative

©)
Item Capacity
Solar Module both systems Pmax 300 watt
Number of Modules System 1 7,040 8,640
System 2 1,600
Batteries (12 volts) System 1 3,176 3,906
System 2 730
Number of modules connected in series (form one Array) 20
Number of Arrays System 1 432 512
System 2 80
Inverters Power | System 1 4*500 kW 2,500 kw
capacity (As specified | System 2 1*500 kW
in Annex 1V)
Inverter Input Vg 602 volts
Inverter Output Va, 415V
Number of inverters System 1 4
System 2 1

Batteries of a total capacity of 390,600 Ah for both the systems will be installed
which is 317,600 Ah for system 1 and 73,000 Ah for system 2. It is suggested
that 96 volts system is used by connecting eight 12 volts batteries in series. A
total area required for this alternative is about 17,574 m? for both the systems,
which is 14,296 m? and 3,278 m? for system 1 and 2, respectively.

Alternative (3) cost
Table (7): shows itemized and total cost of the system

Table (7): Cost estimation of the system
[ Item [ Units [ Unitscost ($) [ Cost ($) |
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Item Units Units cost ($) Cost ($)
PV Module* 8,640 Module *300 | 0.80 per watt 2,073,600

watt
Module Accessories 2% of the PV Module cost 41,472
Inverter 2,500,000 watt 0.25 per watt 625,000
Batteries 390,600Ah 2.0 Per Ah 781,200
Batteries room 300 m? 200 per m* 60,000
Installation cost 3% of the PV Module cost 62,208
Land Preparation Lump sum 10,000
Cabling 2.5% of the PV Module cost 51,840
Engineering Lump sum 75,000
Training 6 persons 1,000 per 6,000

person
Total PV system 3,786,320

4 Modelling and Analyzing the Proposed Systems

The proposed alternatives are first analyzed using RETScreen4 and based on the
outcomes of RETScreen the most suitable system is suggested. Farther technical
study for the suggested system is performed using System Advisor Model
(SAM) version 2017.9.5.

RETScreen4 Clean Energy Management Software is used. It is a free software
package developed by the Government of Canada [7]. The software is developed
for energy efficiency, renewable energy and cogeneration project feasibility
analysis as well as ongoing energy performance analysis. It is based on the
installation and operation costs and the system design parameters that the user
can specify as inputs into the model.

RETScreen analysis allows selecting the important parameters such as the
economic options as well as the type of PV modules, invertor that is more
suitable for the selected site. The main expectation from the prefeasibility
analysis is to determine whether or not the PV plant will be suitable for this
application and whether it will be worth the risk to use this technology to operate
such plant. This will save time and money for further detailed investment
evaluation.
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SAM version 2017.9.5 is also free software package provided by NREL [8]. It is
used to study the performance of the suggested system in terms of the electricity
supplied from the PV system and that supplied by the Generator.

5 Evaluation RETScreen Results
The three alternatives have been analyzed using RETScreen. Output of the
analysis of the three alternatives are summarized below:

5.1 Evaluation of Alternative (1)

Financial analysis

All financial values shown in Table (3) have been entered to RETScreen. An
additional amount of USD $217,573 has been added for annual O&M and fuel
cost that will be used to supply the 15-30% of the energy. The program was run
and the output is shown in Fig. 2. The annual saving and income for using this
alternative is US $ 774,406, which represent the cost of using the DG only as a
source of energy.

Financial Analysis

Financial parameters
Inflation rate %
Project ife yr
Debt ratio % m
Initial costs
Power system $ 2,370,400 913%
[Other | 5 [ 224,632 87%
Total initial costs $ 2,595,032 100.0%
Incentives and grants 5 [:[ 0.0% Cumulative cash flows graph
Annual costs and debt payments 20000000
Q&M (savings) costs § |
Fuel cost - proposed case § 215,573 . i5000000
Other 5 | 2,000 e
Total annual costs $ 217,573 Q

& 10000000
Annual savings and income H
Fuel cast - bass cass $ 714,406 3
[Otrer ‘ s ‘ ; 5000000
Total annual savings and income $ 774,406 g

3

0

Financial viability g 1 T 4 5 6 T 8 8 10 11 12 13 1 15 18 17 18 19 B
Pre-tax IRR - assets % 270%
Simple payback yr 47 -5.000.000
Equity payback yr 41 Year

Fig.2: RETScreen Financial analysis output for Alternative (1)

It could be seen that the IRR is 27.0%, which reflect that this is a good
investment. Simple pay back for this alternative is 4.7 years and the Equity
payback is 4.1 years. Regarding the cash flow the figure above is self-
explanatory.

Environmental analysis
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RETScreen analysis shows that, emission is expected to be reduced by 2894 ton
CO; compared to using the DG. This is equivalent to 530 cars and light trucks
unused annually.

Advantages and disadvantages

This hybrid system will make it possible to operate the 50% of SWWTP from
renewable power source and the DG for 6 hours a day. This will reduce the cost
of energy significantly. Moreover, with stopping one of the Aerators, it will
make it possible to run the plant even if there is no diesel for at least 6 hours
daily.

The land required for this alternative is smaller than Alternatives (2) and (3).
When the PEC National Power supply is made available, this alternative can still
be used and would reduce the energy cost as the monthly power bill will be
reduced by the amount of the energy that will be drawn from the PV system.

The Environmental pollution due to the fuel consumption will be reduced during
the day time. The IRR of this is higher than the other two alternatives and the
payback time is smaller.

5.2 Evaluation of Alternative (2)

Financial analysis

The total cost of this alternative is USD $3,862,840. The increase of the system
cost is due to the increase of the total number of PV modules and need for
adding batteries to serve load during the cloudy periods. Breakdown of the cost
is listed in Table (5). The annual saving and income for using this alternative is
US $ 788,418, which represent the cost of using the DG only as a source of
energy. For financial analysis purpose, system cost and additional amount of
USD $195,600 representing the O&M cost have been entered to RETScreen. It
could be seen that the O&M cost is high, that is because of the batteries.
RETScreen financial analysis output is shown in Fig.3.
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Financial Analysis

Financial parameters
Inflation rate % 50%
Project life yr 20
Debt ratio % 0%
Initial costs
Power system s 3565 600 923%
[Other | § [ 297,240] 7%
Total initial costs 5 3,862,840 100.0%
Incentives and grants § [:l 00% Cumulative cash flows graph
Annual costs and debt payments 20,000,000
OBM (savings) costs s [ 1]
Fuel cost - sed case § 0 —~ 15000000
[Other | 5 [ 195,600 z
Total annual costs $ 195,600 é

2 10000000
Annual savings and income ]
Fuel cost - base case $ 778418 g
Other 1 M ‘ ‘ g 5,000,000
Total annual savings and income ] 778418 5

3

0

Financial viability § % 6 7 8 9 0 1 12 13 14 15 18 17 18 18 2
Pre-tax IRR - assets % 19.7%
Simple payback yr 66 5.000.000
Equity payback yr 56 Year

Fig. 3: RETScreen Financial analysis output for Alternative (2)

The IRR is 19.7%, which is less than that of Alternative (1). Simple pay back for
this alternative is 6.6 years and the Equity payback is 5.6 years which is almost
twice that of Alternative (1). Regarding the cash flow the figure above is self-
explanatory.

Environmental analysis

The reduced emission is expected to be 3929.3 ton CO, which is equivalent to
720 cars and light trucks unused annually. This indicates that this alternative is
slightly better that Alternative (1) from environmental benefits.

Advantages and disadvantages

This alternative will depend on the energy stored in the batteries during the
cloudy periods. This means that a fuel cost for using the DG for 6 hours daily is
going to be saved.

SWWTP can work for more than 6 hours a day even if there is no diesel which is
good solution for running the plant in case the supply of diesel is stopped due to
any reason. This makes the high cost of this alternative justified if it is expected
that country is going to face fuel deficiency problem without stopping any
aeration unit.

The land required for this alternative is bigger by more than 3000 m? than that of
Alternative (1).
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When the PEC National Power supply is made available, this alternative will
reduce the energy cost as the monthly power bill will be reduced by the amount
of the energy that will be drawn from the PV plant.

The Environmental pollution due to the fuel consumption will be reduced during
the day time. the amount by which the pollution is reduced is bigger than that of
Alternative (1).

5.3 Evaluation of Alternative (3)

The total cost of this alternative is USD $3,786,320. The cost can be reduced if
the total capacity of the batteries is reduced. This can be achieved by reducing
the total capacity of system batteries by 50%. In this case two Aeration units
should be stopped during the cloudy periods. The total cost may be reduced by
about $195,300.

Financial Analysis

Financial parameters
Inflation rate % 5.0%
Project life yr 20
Debt ratio % 0%
Initial costs
Power system 5 3479,800 919%
|other | 5 [ 306.520] 81%
Total initial costs $ 3,786,320 1000%
Incentives and grants ] [:l 0.0% Cumulative cash flows graph
Annual costs and debt payments 20000000
O8M (savings) costs s [ ]
Fuel cost - sed case § 0 — 5000000
Other [ § [ 195,300] 2
Total annual costs 5 195,300 §
2 1000000
Annual savings and income 5
Fuel cost - base case § 18418 3
[Other I s [ ‘ ¢ 5000000
Total annual savings and income $ 778418 i
3
0
Financial viability E %:/5 & 7 8 o 10 11 12 13 44 5 8 47 48 8 7
Pre-tax IRR - assets % 201%
Simple payback yr 65 -5.000.000
Equity payback yr 55 Year

Fig. 4: RETScreen Financial analysis output for Alternative (3)

For financial analysis purpose, system cost and additional amount of USD
$196,300 representing the O&M cost for this alternative have been entered to
RETScreen. As in Alternative (2) the O&M cost is high because of the batteries.
RETScreen financial analysis output is shown in Figure (4). The figure shows
that the IRR is 20.1%, which is very close to alternative (2). Simple pay back for
this alternative is 5.5 years and the Equity payback is 6.5 years. The financial
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analysis shows that this alternative is slightly better than Alternative (2) but still
less attractive than Alternative (1). Regarding the cash flow the figure above is
self-explanatory.

Environmental analysis
The reduced emission is expected to be 3929 ton CO, which is equivalent to 720
Cars and light trucks unused annually which is similar to alternative (2).

Advantages and disadvantages

This alternative will depend on the energy stored in the batteries during the
cloudy periods. This means that a fuel cost for using the DG for 6 hours daily is
going to be saved. However, it should be noted that this alternative has two PV
systems each with its own batteries storage which is the same as alternative (2).

There is no losses in the 3.3 kV/ 415 V as the PV system is directly connected to
415 V level. This is an advantage over alternative (2).

SWWTP plant can work for more than 6 hours a day even if there is no diesel.
This is a good solution for running the plant in case the supply of diesel is
stopped due to any reason. This makes the high cost of this alternative justified if
it is expected that country is going to face fuel deficiency problem.

As this alternative is stand-alone, specification of the inverters should be
carefully selected to make it possible to allow smooth starting of the motors.
However, all motors should not be started at the same moment.

Due to the fact that this alternative has four separate PV systems, operation and
maintenance might be more complex. On the other hand, if one system fails part
of the SWWTP can still get power from the other one.

When the PEC National Power supply is made available, this alternative will
reduce the energy cost as the monthly power bill will be reduced by the amount
of the energy that will be drawn from the PV plant during the day time.
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Sana'a Wastewater Treatment Plant

The Environmental pollution due to the fuel consumption will be reduced during
the day time. the amount by which the pollution is reduced is slightly bigger than

that of Alternative (1).

6. Comparison of the alternatives
Table (8) below summarizes the points of strength and weakness of each

alternative.

Table (8): Summary of strength and weakness of the three alternatives

Alternative Alternative (1) Alternative (2) Alternative
Topic (3)
Total cost Lowest cost Highest cost Highi
IRR—assets (%) 26.8 20.1 20.1
Simple payback 4.7 years 10.0 years 9.7 years
Equity payback 4.1 years 6.5 years 5.5 years
Net GHG | 2,894tCO;, 3,929.3tCO, 3,929.3
reduction tCO;
AC side | 3.3 kV. |3.3 kV. Connected | 415 V.
connection Connected to one | to one point Connected
point to five
points
Losses High High Lower than
others
Area required Smallest Higher than Alt. (1) | Higher than
Alt. (1)
Operation & | Simple Simple Medium
maintenance
Machine Starting No problem. Depends on | Depends on
invertor invertors
specification specification
availability time 6 hours day time 6 hours day time 6 hours day
time
Need for Diesel Partially Needed. Not needed Not needed
Working with | Can work with | Can work with grid. | Special
PEC grid. Smoothly smoothly arrangement
IS needed.
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From the table above, it could be concluded that each system has some points of
strength over the others. However, it is evident that Alternative (1) is the
cheapest and it is most suitable for SWWTP for the following reasons:
v'Its cost is significantly lower than the other alternatives.
v Higher IRR and payback period.
v As there are no batteries, SWWTP need not to wary about the batteries
life expectancy.
v’ Itis simpler to operate and maintain compared to Alternative (3).
v" Machines can start up smoothly as motor starting requirements can be
shared between the inverter and the DG or biogas or the grid.
v Can still run 80% of the targeted study of the plant without fuel or any
other energy source.
v" The difference in Net annual GHG emission reduction between this
alternative and the other two alternatives is small.

7. Supplied Power by the Suggested Alternative

The suggested system, Alternative (1), is farther studied using SAM which
allows use of solar radiation and weather data of the selected site and facilitates
load representation both in hourly bases over the entire year. The outputs of the
simulation include detailed results of electrical values describing the technical
performance of the system.

Fig. 5 and Fig.6 shows the hourly supplied power by the PV system and the
Generator over the entire year respectively. It could be clearly seen that the
power suppled from the system ranges from 90% of the demand in January to
about 60% of the demand in May.

February March Al

[ 1000) 1000] ‘::(-:— 10001 el Lluel! Atalitly leedt L:lbh,'i nixe ]



. Feasibility Study of Solar Photovoltaic Power Plant for
[AI'AraShl and others Sana'a Wastewater Treatment Plant ]

8001 800,

==k
=il

Fig. 5: Electricity from the PV system Fig. 6: Electricity from the
Generator

8. Conclusions

Using solar system to operate SWWTP is not only providing an additional
security for running the plant and provides more environmental friendly power
source, it will contribute significantly to building up the local solar energy
market and contribute to building the capacity of the Yemeni solar engineers and
technicians. The study shows that there are many factors that can affect the
selection of the most appropriate alternative. However, it is found that
Alternative (1) is the cheapest and most suitable for SWWTP.
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