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ABSTRACT 

 

 

The Palestinian electricity sector suffers from many problems such as high electrical 

deficit rate, high transmission losses, high electricity prices per kWh, annual growth and 

absence of energy management strategies and skills.  

 

The case studies are Gaza Training Center (GTC) and Automatic Palestine Factory 

(APF) located in Gaza Strip selected to demonstrate the use of energy investment 

models for each facility. The savings opportunities were identified for light system, 

compressed air, heating, ventilating and air conditioning, induction motor, and power 

factor correction during energy assessments. Each assessment identifies electrical 

energy, waste, and cost saving opportunities, and quantifies the expected savings, 

implementation cost and simple payback of each opportunity.  The training center 

facility consumes 250,820 kWh per year of electricity and factory used 263,875 kWh 

per year. 

 

This research proposes four investment models for electrical energy conservation in 

Gaza Strip, no cost model, low cost model, medium cost model, and high cost model to 

conserve the electrical energy in various plants. 

 

Evaluation of measuring results showed that the estimated energy saving of no cost 

investment model is 9.6 % in GTC, low cost investment model is 7.5 and 7.8 % in GTC 

and APF, respectively,   medium cost investment model is 19.6 % in GTC, and high 

cost investment model is 11% and 4% in GTC and APF, respectively. 

 

The outcome research can achieve 17.1 % from the total energy consumption 

(corresponding to 42890 kWh or 25262 NIS per year) in GTC and 12 % from the total 

energy consumption (corresponding to 31665 kWh or 18651 NIS per year) in APF by 

implementing some energy conservation models (no and low cost investment) on the 

electrical system and  most electrical equipment in the facility.   

 

Finally, the research results can be used to assess the impact of electrical conservation 

models on reduction of electrical deficit rate as the first priority for this research and 

achieve a good investment in commercial and industrial sectors as a second priority to 

enhance and support the national economy 
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     ملخص

 

ترشيد الكهرباء وتحسين كفاءتها من خلال إدارة الطاقة لمرافق  نما ذج "

 " مختلفة في قطاع غزة

معدل الطلب على استهلاك الكهرباء  في رتفاعغزة يعاني من مشاكل عديدة كإإن قطاع الطاقة الكهربية في قطاع 

شبكة الكهرباء بالإضافة إلى ارتفاع  سعر  وردة و كذلك الفقودات الموجودة علىية الكمية المستمع محدود

حالتين تم اختيار معدل النمو السنوي و غياب مهارات واستراتيجيات إدارة الطاقة. في الكيلوات.ساعة و زيادة 

ج ذلسطين الآلي ليتم توضيح استخدام نمافي قطاع غزة وهما مبنى مركز التدريب التابع للوكالة ومصنع ف دراسيتين 

على الكهربائية  تقييم الطاقة تمي عناصر المنظومة.ترشيد الطاقة الكهربية و بالتالي تحديد نسبة توفير الكهرباء في 

ديد فرص تحلمعامل القدرة  لك ذأنظمة الإنارة والتبريد والتكييف و الضواغط الهوائية والمحركات الكهربائية وك

لك ذالتوفير للأنظمة الكهربية المختلفة. لقد شمل التقييم تحديد الطاقة الكهربائية الفعلية و كمية الطاقة المهدرة وك

 .تحديد ثمن الطاقة المهدرة و ايضا حساب كمية التوفير والتكاليف المطلوبة للتوفير والمدة الزمنية لإستعادة التكاليف

سنويا و ما يستهلكه مصنع فلسطين   kWh 250820ب من طاقة كهربائية ما يعادل إن ما يستهلكه مركز التدري

 .سنويا kWh 263875  الألي هو ما يعادل 

ج بتكلفة ذج الإسثمار بدون تكلفة ونموذالطاقة الكهربائية وهي نمو لترشيد استثمارية  جذنما تقترح الدراسة أربع

لك لترشيد الطاقة الكهربائية داخل المرافق المختلفة من قطاع ذج بتكلفة عالية وذج بتكلفة متوسطة ونموذقليلة ونمو

 غزة.

ج الإستثمار ذفي مبنى تدريب الوكالة بتطبيق نمو %  9.6بين تحليل وتقييم النتائج أن نسبة توفير الكهرباء يصل 

على  % 7.5ج الإستثمار بتكلفة قليلة على مبنى تدريب الوكالة و ذبتطبيق نمو % 7.5بدون تكلفة و ما نسبته 

من الإستهلاك الكلي للطاقة  % 19.6ج الإستثمار يتكلفة متوسطة ما يعادل ذمصنع فلسطين الآلي. وحقق نمو

% من الإستهلاك السنوي  4و  11ج التكلفة العالية ما نسبته  ذلك نموذالكهربائية على مبنى التدريب و حقق ك

 سطسن الآلي عل التوالي.للطاقة الكهربائية على كل من مركز التدريب و مصنع فل

 

% على مصنع  11% من الإستهلاك الكلي للطاقة الكهربائية  على مركز التدريب و  1..1إن نتيجة البحث تحقق 

 على منظومة الكهرباء داخل المنشأة.كلفة قليلة تكلفة و ت ن الإستثمار بدونجيذفلسطين الألي من خلال تطبيق نمو

. 

ج ترشيد الكهرباء على تخفيض نسبة ذتقدير أثر تطبيق نمال ممكن ان تستخدم  المقترحة الدراسة أخيرا إن نيجة 

 في مختلف القطاعات استثمارا جيدا تستخدم لتحقيق لكذكو ا البحث  ذله أولئي في قطاع غزة كهدف العجز الكهربا

 م الإقتصاد الوطني في قطاع غزة.يدعن وتيتحسلكأولوية أخرى 
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CHAPTER 1  

INTRODUCTION 

1.1 Overview 

 

Energy management is the judicious and effective use of energy to maximize profits 

(minimize costs), reduce energy consumption, protect the environment, and save 

money. The first step should take is to conduct an energy audit. Also called an energy 

survey, energy analysis, or energy evaluation, the energy audit examines the ways 

energy is currently used in that facility and identifies some alternatives for reducing 

energy cost [2].  Electrical conservation through energy management plays an important 

role in the reduction of load consumption for various sectors. Statistics for energy 

consumption by sector show that the commercial and industrial sectors in Gaza Strip 

and West Bank compose roughly one-third of the total G.S and W.B energy 

consumption in 2009, and also electrical energy consumption is approximately 30 % of 

the total energy sources in G.S &W.B [9,10].                                                

 

Currently, the electrical power in Gaza Strip relies on three main sources of 

electrical energy: Gaza Generation Power Plant (GPGC), the Israeli Electricity 

Company (IEC), and the Egyptian Channel Company (ECC) and then distributed 

through the power grid low voltage to customers. 

 

Energy audit is the study of the energy flow in and out in electrical distribution 

system on visited sites [1]. The selected facilities for this study are Gaza Training 

Center (GTC) and Palestinian Factory for Construction as medium class electrical 

consumption. The electrical conservation approach through energy management was 

evaluated and analyzed inside the two selected facilities to determine the annual savings 

in electrical consumption.  

 

The study revealed that there are a huge wasted electrical consumption and 

money due to the absence of energy management and experiences for energy 

conservation in the two selected case studies. This research comes to highlight the 

importance for electrical energy saving to reduce the deficit between supply and 

demand, and the need for implementing energy saving opportunities on various 

electrical systems such as light fitting, heating, ventilating and air conditioning 

(HVAC), compressed air, induction motor in different sectors of Gaza Strip.  
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1.2 The Need of Energy Management for Gaza Strip 

 Palestine faces sustainable growth in energy demands, especially in electrical energy. 

Currently, electrical energy supply in Gaza Strip is about 212MW, provided by Israel 

Electrical Company (IEC) 120 MW, Gaza Power Generation Company (GPGC) 

70MW, and Egyptian Channel Company (ECC) 17MW[12].  

The estimated electrical demand according to Palestrina Energy National and 

Resources Authority (PENRA) in Gaza Strip is about 300 M+W in 2011 [14]; therefore, 

the rate of electrical deficit is 30 % in case no disturbances or faults occurred in the 

feeder lines. One of the strategy solutions to overcome the electrical crises in Gaza Strip 

is reduction of electrical deficit rate by using energy saving models through energy 

management. Energy management is mainly important to Gaza Strip because: ` 

1. Energy management is essential to decrease the rate of electrical deficit in Gaza 

distribution network by practices of energy management programs. The electrical 

conservation programs through energy management decreases the electrical 

consumption rate of equipment and consequently increase the availability power in 

the electrical network. 

2. Energy management is good for the Palestinian economy. The wasted money for 

industrial and commercial sectors can be dropped by implementing the electrical 

conservation programs. 

3. Electrical energy management cooperates to decrease the electrical cutoffs cycle 

time due to the electrical consumption load drops in line feeders and this leads to 

increase the power availability. 

4. Energy management is friendly to our environment as it eases some of the strain on 

our natural resources and may leave a better world for future generation. The 

electrical energy is saving result in more CO2 is decreasing. 

5. Not only does energy conservation reduce energy bills but also it helps to improve 

countries economic performances and also provides environmental benefits such as 

the reduction of carbon dioxide, thus contributing to the global environmental 

concerns [11]. 

1.3   Classification of Energy Conservation Measures 

The research proposes a model for energy saving measures and classifies them into four 

categories as follow: 

 No cost measure- high return: The cost is zero and the return of investment is high 

(return profits). 

 Low cost measure- high return; The cost level is above 0 NIS to 1000 NIS 

 Medium cost measure- medium return; the cost level is between 1000 NIS to 5000 

NIS. 
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 High cost measure- high return; the cost level is above 5000NIS. 

Normally, no cost and low cost - high return projects receive priority. Other 

projects have to be analyzed, engineered and budgeted for implementation in a phased 

manner [15]. 

1.4 Objectives of Study 

The main idea of this work is conducting energy audits; thus, leading to energy 

conservation opportunities. The research identifies those opportunities and measures for 

electrical equipment that can help to attain energy and money saving. The following are 

the research objectives: 

1. To conduct energy audits at both GTC and APF. 

2. To determine the potential of energy consumption patterns in Gaza training center 

and Palestinian factory for construction. 

3. To determine the potential of energy savings in different energy consumed 

equipment through energy audits in different load sectors. 

4. To review and select energy conservation opportunities suitable for Gaza Strip.  

5. To investigate the feasibility of implementing the proposed energy conservation 

techniques. 

6. To improve power factor by proposing automatic power factor regulator with 

capacitor stages in the facilities under low power factor value to reduce the losses 

and maximize the cost saving. 

7. To decrease the rate of electrical deficit in distribution network in Gaza strip. 

1.5 Motivation 

Many of the 1.5 million Palestinians residing in the Gaza Strip must cope with 

scheduled electricity cuts of 6-8 hours daily due to the limited of electrical resources to 

matching the demand side and the limited of allocated budget to increase the electrical 

purchasing in Gaza Strip. 

The Palestinians governments can’t cover the deficit of electrical energy until 

now due to needs to high budget for purchasing the electrical energy quantities and 

rehabilitation of Gaza distribution network, also the terrible political situation dropped 

all projects and plans to solve the electrical problem in Gaza Strip. 

A considerable amount of energy and money exists in industrial, commercial, 

residential sectors in Gaza due to the lack of energy management skills. The energy 

management at Gaza Strip is almost up to zero due to no energy management strategy 
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was applied in most of all various sectors in Gaza Strip. All of above motivated us to 

search for solution to decrease the electrical deficit and therefore, the scheduled 

electricity cut off. 

1.6 Statement of Research Problem 

The rate of electrical deficit in Gaza Strip approximates 30% according to Palestinian 

Energy and Natural Resources Authority estimation [12] and the technical and 

nontechnical losses are 32% according to Gaza Electricity Distribution Network in 

electrical distribution network [12, 13]. A considerable amount of energy and money is 

wasted in industry, commerce, transport, agriculture and the household sector of Gaza 

Strip. The limited of electrical resources to matching the demand side and the limited of 

allocated budget to increase the electrical purchasing are the role of the electrical crises 

in Gaza Strip. 

According to the above problem statement, a model of electrical saving 

opportunities and measures are demonstrated using case studies of actual energy 

assessments. The case studies are selected because they cover the electrical energy used 

in in industry, commerce, transport, agriculture and the household sector of Gaza Strip. 

The following are considered the roots of the problem: 

1. The rate of electrical deficit to cover the electrical demand approximates 30 % and 

the losses in distribution network are to 32 % [12, 13]. 

2. The structure electrical tariff is very high due to the limited supply of electrical 

energy and the profits for IEC and GEDCO. Currently the average kWh price is in 

range 0.49-0.598 NIS [17]. 

3. The net budget allocated to purchase the electricity is very high and equal to 583, 

163, 859 NIS while the losses costs reaches 174, 955, 519 NIS [17]. 

4. The absence of energy management strategies and skills such as using energy 

efficient components, equipment, automation system, process improvements and 

power factor correction expanded the gap between electrical supply and demand. 

5. The power demand is increasing with no plans to cover future demand. The 

expected demand in the year 2015 is 415 MW in Gaza Strip [18]. 

6. Renewable energy has not reached a satisfactory level of utilization and pollution 

from conventional resources is a potential environmental threat. The direction 

towards getting use from renewable energy sources such as solar or photovoltaic 

energy from sun was a competitive and good option to Palestinians; especially 

Palestine has been gifted with huge solar radiation. This type of renewable energy 

was excellently utilized in water heating, but without clear feasibility to use it in 

utilizing electricity because of the high cost of photovoltaic system per watt [11]. 
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1.7 Research Methodology 

The study proposes models for electrical saving opportunities for various facilities in 

Gaza Strip. The models of achieving energy saving have been recognized. This 

approach includes gathering information about selected of various facilities including 

their characteristic and investigates the potential to energy conservation opportunities. 

The tools of collecting information for the research included review of relevant 

literature in international countries, neighboring Arab countries, and in Palestine. The 

collected data also includes personal interview with the facilities managers and 

questionnaire survey for the electrical equipment rating and consumption, and monthly 

bill invoice analysis, review of measurement of all electrical equipment certain   

parameters that are indicative of energy consumption in the space.  

1.8 Limitation & Restriction 

The limitations and restrictions to energy conservation and efficiency improvement in 

the Gaza Strip industrial and commercial sectors were identified as follow: 

1. Lack of management awareness related to energy saving investment for 

improvements efficiency restricted the production capability. 

2. Lack of instruments limited the audited equipment and restricted the number of 

selected facilities. 

3. The political and economic situation limited the energy audit for high-class 

electrical consumption factories and many of them were closed due to lack of 

raw materials and equipment. 

4. Lack of technical data for electrical equipment and components to identify 

energy and investigate the potential for energy saving opportunities  complicated 

the energy audits. 

1.9 Standards and Codes 

1. IEEE STD 739-1995, IEEE Recommended Practice for Energy Management in 

Industrial and Commercial Facilities (IEEE Bronze Book). 

2. ASHRAE/IEEE 90A-1-1988, Energy Conservation in New Building Design 

(Sections 1–9). 

3. ANSI/ASHRAE 135-1995, BACnet: A Data Communication Protocol for Building 

Automation and Control Networks. 

4. ANSI/ASHRAE/IESNA 100.3-1985, Energy Conservation in Existing Buildings—

Commercial. 
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5. ANSI/ASHRAE/IESNA 100.4-1984, Energy Conservation in Existing Facilities—

Industrial. 

1.10 Thesis Structure 

This thesis consists of eight chapters on the basis of proposed research methodology of 

study. Chapter 2 Provides the necessary background for the energy situation in Gaza 

strip and west bank. Chapter 3 highlights the approaches to energy conservation 

opportunities, energy management aspects and classification various facilities. Chapter 

4 presents the literature review for the energy conservation in the neighboring countries 

and international countries. Chapter 5 provides the audited of electrical energy for the 

various facilities in Gaza Strip for lighting, HVAC, Air compressor. Induction motor 

and power factor correction. Chapter 6 presents the economic and technical analysis of 

the data collected from various commercial and industrial facilities. Chapter 8 

illustrates the conclusions and recommendations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

7 

 

 

CHAPTER 2  

THE ENERGY SITUATION IN PALESTINE 

2.1 Introduction 

The electrical sector in Gaza Strip and West Bank is not in satisfied condition due to the 

lack of energy sources and Israel occupation. The Israeli occupation is suppressing all 

possibilities of developing the Palestinian energy plans & projects in the West Bank & 

Gaza Strip.  

Palestine has forced to depend almost exclusively on external imports to meet its 

energy needs and has had essentially no fossil fuel resources of its own. The limited 

amounts of energy sources in Gaza Strips during the severe siege in Gaza strip have 

pushed the Palestinian toward Egyptian to compensate its energy needs.   

The only domestic energy source in Palestine is the two discovered gas fields by 

British Gas Company (BG) in December 2000 at Gaza shore. The gas reserves are 

estimated to be around 1.4 TcF, while the needs for gas by the Gaza power station and 

other industrial transport and household consumption was estimated at nearly 14.8 BcF 

each year. Replacement of oil products with gas at  the  plant  would  require  up  to  8.5 

BcF/year  if  all  power  generating  capacity  could  be  used[20, 21, 222]. 

Most Palestinian people have access to electricity, whether by the general 

electricity network or by small community diesel generators [23]. The West Bank 

depends on Israel for 98% of its electricity supply, and the Gaza Strip relies on Israel for 

at least 58% of its supply of electricity. After Israel military bombed the Gaza power 

plant in June 2007, Palestine was interconnected with Egypt by means of a medium line 

grid to supply 17 megawatts and the other between Jordan and Jericho with 20 

megawatts capacity [18]. 

2.2    The Electrical Energy Consumption in Palestine 

Table 2.1 shows total electrical imports, electricity consumption of household, industry, 

construction and services,  and total final electrical consumption in Gaza Strip and West 

Bank from the year 2003 to 2009 [9, 10]. Based on the above findings and observations, 

the following notes have been made: 

1. It is obvious that the estimated electricity is over 30 %  of total annual  final 



 

8 

 

consumption of energy including all various energy sources 

2. It is very clear that household is the main consumer of electrical energy with an 75% 

in the average case. 

3. It is also clear that services are the second consumer of electrical energy with a 

highly rapid growth from 3 % to 18 %. 

 

Table (2.1): Electricity consumption for different consumers in MWh.[9, 10] 

Year 2003 2004 2005 2006 2007 2008 2009 

Industry 648 980.48 643.55 646 739 1032 878 

Construction 22 120 41 87 3 31 99 

Household 6561.8 6802.73 6685.35 6585 7545 7893.81 8373.84 

Services 209 643 633 567 1493.81 1744.68 2325 

Total Electrical imports 8336 9355.54 10306 11147 11478 13913 14338.58 

Electricity Production 1233 1423 1802 1243 1501 1536 1802 

Final Electrical 

Consumption 

7984 9328 8604.41 8497.56 10642.95 10985 12657 

Final Energy 

Consumption 

35653 36168.4

2 

35647.49 33550.91 35900 33983.36 41098.5 

Electrical 

Consumption/Total 

Energy Consumption 

22.39% 25.79% 24.14% 25.33% 29.65% 32.32% 30.80% 

Production/Consumption 14.79% 15.21% 17.48% 11.15% 13.08% 11.04% 12.57% 

Industry/Electricity 

consumption 

8.12% 10.51% 7.48% 7.60% 6.94% 9.39% 6.94% 

Household /Electricity 

Consumption 

82.19% 72.93% 77.70% 77.49% 70.89% 71.86% 66.16% 

2.3 Electrical Network in Gaza Strip: 

Gaza Strip receives its electricity from three sources: Israel Electric Corporation (IEC)-

120 megawatts (58 %); Gaza power plant (GPP) supplies between 65-80megawatts 

(34%); Egypt-17 megawatts (8 %). The estimated total power demand according to 

Gaza Electrical Distribution Company (GEDCO) approximate 300 MW and the total 

available load is 212 MW, so the deficit in the network is 30% [13, 14].  



 

9 

 

Figure 2.1 shows that there are ten lines of electricity coming from Israel to the 

strip with capacity 12 MW , seven lines of electricity from  Gaza power plant with 

different capacity, and two lines of electricity coming from Egyptian to Gaza with 

different capacity 5 and 12 MW[14]. 
 

 

 

Figure 2.1:  Electrical power supply for Gaza Strip [16]. 
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However, the power plant generation capacity was further limited because its operation 

was depended on the purchase of industrial diesel from Israel. In the second quarter of 

the year 2010, the PEA efforts in Gaza strip succeeded to obtain alternative fuel supplier 

from Egyptian for operating Gaza power plant during Gaza Strip siege. Because of the 

sufficient liquid fuel in Gaza Power Plant, GPP has operated additional Gas turbine to 

increase the production and net load; hence, the rate of  electrical deficit decreased  by 7 

%.

 

2.4 Electrical Energy Price in Gaza Strip: 

Electrical prices typically are very high compared to international prices; this is 

considered one of the main problems for the Palestinian energy sector. Currently, a new 

electricity tariff structure was approved and implemented in Aug 2011 by GEDCO and 

became with average rate 0.479 NIS for household prices and 0.592 NIS for other 

sectors [17].  

The fact that electricity production is monopolized by the IEC giving him the 

power to impose high prices .The price of energy differs between regions due to the full 

control of Israeli Authority on energy sources for the Palestinian Territory [20, 21]. 

Most utilities offer industrial customers a lower price per kWh as consumption 

increases but in Gaza, a higher price per kWh as consumption and this situation is 

abnormal and differs from international regulations. This is in particular to encourage 

less consumption during the peak period of the power system. 

2.5 Costs of Electrical Energy Purchases 

The total electrical energy purchases in the Gaza Strip in 2010 reached 1,544,043,055 

KW (1,094,197,582 kW from Israel, 304,984,270 kW from Palestinian Electric 

Company and 144,861,203 kW from Egyptian Channel Company) as shown in Figure 

2.2.  

The average annual cost of the total quantity of electrical energy purchases is 

583,163,859 NIS (424,329,822 NIS for IEC, 118,272,900 for PEC and 40,561,137 NIS 

for Channel Company) as shown in Figure 2.3. The annual net sales reached 

 

                                                 


 Gaza power plant was 55 MW, then it became 75 MW(summer) after using Egyptian fuel to power plant 
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1,080,830,138kW and the total technical and non-technical losses is 463,212,917 

kW(174,955,519 NIS) about 30% [17]. 

 

 

 
 

Figure 2.2:    Total Quantities of Electricity purchases in 2010.          

 

 
 

Figure 2.3:       Total Costs of Electricity purchases in 2010. 

2.6 Description of Audited Facilities 

A- Gaza Training Center (GTC): 

1. Facility description  

There are more than a thousand students in addition to the staff at the college of 

management and trainers, with an almost 150 employees, the operation hours are 

between 1800 to 2400 hours per year for 7-9 hours daily. Management staff attends six 

days of a weak and other staff I five days of a weak. There are many building such as 
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commerce building, electronic and communication building, engineering building, 

English and administration building, workshops buildings, and other services. 

2. Energy bill Analysis:  

Table 2.2 shows annual energy, electric consumption in the factory for the period of 12 

months. The electrical bill is low during the months Hun, July, Aug due to the student's 

vacation and only the institution management is inside the training 

Table (2.2): Energy consumption and cost for the year 2010/2011 for GTC 

Month Electrical Cost Electrical Consumption 

 
NIS/Month kWh/Month 

Sep 11162.294 23254.78 

Oct 13711.44 28565.5 

Nov 11632.91 24235.23 

Dec 13709.914 28562.32 

Jan  13370.99 27856.23 

Feb 13711.334 28565.28 

Mar 13229.87 27562.23 

April 12304.901 25635.21 

May 10730.189 22354.56 

Jun 4111.2 8565 

July 1709.76 3562 

Aug 1009.1136 2102.32 

 
95520.182 250820.66 

 

Figures 2.4 and 2.5 illustrate the monthly electricity consumption and the delivered cost 

of GTC, the high load consumptions are from the light fittings HVAC system, and the 

motors inside the workshops. 

 

 
 

Figure 2.4:    Month electricity energy consumption at GTC 
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 Figure 2.5:    Monthly electrical consumption at GTC 

It is obvious that the GTC consumes high electrical (around 95520.182 NIS/year) 

corresponding to Table 2.3 and Figures 2.4 and 2.5. The big deviation in energy 

consumption between months as seen in graphs is due to vacation of students in months 

July and Aug. 

 

B- Palestinian Construction Factory (APF) 

 

The operation hours are about 6400 hours per year between 18 -22 hours; a day (two 

shifts work cycle is 10 hrs.) and seven days a week. The factory depends on the 

automation operation of the equipment and machines inside the factory. Each shift has 

control room engineer and 16 employees. 

3. Energy Bill Analysis: 

Table 2.3 shows annual energy, electric consumption in the factory for the period of 12 

months. 

Table (2.3): Energy consumption and cost for the year 2010/2011 for APF 

Month Electrical Cost 

Electrical 

Consumption 

 

NIS/Month kWh/Month 

Sep 3138.384 6538.3 

Oct 1810.5216 3771.92 

Nov 6912.94 12546.17 

Dec 10931.52 19839.42 

Jan  11482.48 20839.35 

Feb 24355.5 44202.36 

Mar 16243.6 29480.22 

April 14931.12 27098.22 

May 17050.64 30944.9 

Jun 12532.6 22745.19 

July 12058 21883.85 

Aug 13215.6 23984.75 

Total 144662.91 263874.65 
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Figures 2.6 and 2.7 illustrate the monthly electricity consumption and the cost 

consumption of APF. 

 

 

Figure 2.6:    Month electricity energy consumption at GTC              

 

 Figure 2.7:    Monthly cost NIS/month at GTC. 

 

It is obvious that the factory consumes high electrical (around 144663 NIS/year) 

according to Table 2.3 and Figures 2.6 and 2.7. The big deviation in energy 

consumption between months as seen in graphs is due to seasonal production for stone 

interlocking. 
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Summary: 

 

The energy sector in Palestine suffers from major distortion and developments due to 

Israel occupation. During the Israeli occupation period, the infrastructures of the West 

Bank and Gaza Strip were largely neglected by Israel.  

Gaza Strip receives its electricity from three sources: Israel Electric Corporation 

(IEC)-120 megawatts (58 %); Gaza power plant (GPP) supplies between 65-80 

megawatts (34%); Egypt-17 megawatts (8 %).   In general, the electricity sector is 

characterized by a relatively low level of electricity consumption; in the Gaza Strip, 

electricity consumption was estimated at 1544.043 GWh/year.  

Statistic for energy consumption revealed that the electrical energy consumption 

per person is the lowest indicator in the region and the electrical consumption rose by 

30 % in Palestine during the period 2003-2009.  

 

 

The Palestinian electricity sector suffers from many problems, such as high 

electrical deficit rate, transmission losses, electricity prices per kWh, annual demand 

growth and lack of the energy management strategies and skills. The Palestinian 

Territories have practically no energy resources, with the exception of the modest 

natural gas reserve on the shore of the Gaza Strip.  

Energy priorities require the rehabilitation and development of the electricity 

system, rural electrification, and utilization of renewable energy and energy 

conservation. Therefore, the energy efficiency improvements in different sectors by 

finding suitable energy management measurements are very important for energy sector 

in Palestine. 
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CHAPTER 3    

 LITRATURE REVIEW 

 

Several published studies have investigated the potential for electrical energy saving 

opportunities in various facilities in the world through energy management. Energy 

savings programs have been in existence since the 1970s [73] and their evaluation is an 

internationally accepted field of study. These studies could be implemented for various 

plants in the world. 

1. In Australia, a study was carried out in 2010 for various energy conservation 

measures (ECMs) on heating, ventilating and air conditioning (HVAC) and lighting 

systems for a four-storied institutional building. Three categories of  ECMs, 

namely major investment ECMs (variable air volume (VAV) systems against 

constant air volume (CAV); and low coefficient of performance (COP) chillers 

against high COP chillers); minor investment ECMs (photo electric dimming 

control system against general lighting, and double glazed low emittance windows 

against single-glazed windows) and zero investment ECMs (reset heating and 

cooling set point temperatures) are evaluated. All zero investment measures can be 

applied to the existing buildings which include reset heating and cooling set point 

temperatures. With zero investment, about 2.99% of electric energy can be saved 

annually by resetting cooling and heating temperature of HVAC system. With 

minor investment, about 12.02% of electric energy can be saved annually by 

implementing stepped dimming day lighting control and double-glazing. With 

major investment, about 26.86% of electrical energy can be saved annually by 

replacing CAV to VAV of HVAC system and low COP chillers to high COP 

chillers. Finally, by implementing all of these ECMs together, about 41.87% 

electrical energy can be saved annually. It is noted that an annual energy saving of 

up to 16.9% can be achieved by only implementing a VAV system with outside air 

re-set instead of the current CAV system [71]. 

 

2. In Europe [72], the amount of the electrical energy used in illuminating the 

interiors of medium and large buildings is considerable of about 40%. Energy 

saving actions could follow two basic directions:  efficiency and effectiveness: 

efficiency, by new more performing equipment (lamps, control gear, etc.) and by 

utilization of improved lighting design practices (localized task lighting systems); 

effectiveness by improvements in lighting control systems to avoid energy waste 

and by adopting a technical building management system (maintenance and 
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metering). By controlling the lighting in such a way, that the lighting level is 

always accurately matched to the actual need allows to save on the energy costs 

and to improve the human comfort and efficiency. To adopt smart lighting control 

systems allows saving the energy consumed for lighting up to 25% in industrial and 

commercial and up to 45% in tertiary and educational. To meter the actual electric 

energy consumption is an important goal in the management time and can enable 

effectiveness of the system with savings up to 15% [72]. 

 

3. In Pakistan, a study was carried out in 1993 [39], to find out the possibility of 

energy savings in sheet glass industry. The sheet glass industry namely the 

Nowshera Sheet Glass industries (NSGI) in Pakistan were chosen as a case study. 

The industry had about 136 motors of various sizes, 60% of which are rewound. 

Studies have shown that eclectic motors lost about 3-7% in efficiency when 

rewound, and also 30 electrical heaters. The study replaced the inefficient motor 

with efficient electric motor and use gas heater instead of electrical heater. It 

achieved return in investment 23% / month in gas heater, and 16 % / month for 

electrical motor. 

 

4. In Thailand, 1996 to1998 , [35]the studies, from energy conservation programs for 

commercial and government buildings in accordance with the Energy Conservation 

Promotion Act of Thailand, state that The audit results confirm the typically air 

conditioning is responsible for 60% of electricity consumption in a commercial 

building, heat gain through the building envelope contributes up to 60% of the total 

cooling load, electric lighting contributes 20% of the electricity consumption and 

also contributes up to 20% to the cooling load. The study achieving, by utilizing 

and implementation the energy conservation programs, the energy saving from 

9.5% to 17% for the four different commercial buildings [35]. 

 

5. In USA, Eastern Illinois University (Fickes, M., 2002)[47] estimated that it had 

avoided several million dollars in utility costs through the past six to 10 years. EIU 

structured their early efforts around a series of no-cost initiatives (such as 

education programs about importance of saving energy aimed at students, faculty 

and staff, and review of maintenance practices) and low-cost initiatives (such as 

replacing incandescent  bulbs in all desk lamps with screw-in fluorescent lamps; 

installing sensors on 115 soda machines that turn the machines off when no one is 

around; installing showerheads that reduced water flow from 5 gallons per minute 

to 2.5 gallons per minute). Low cost programs had total investment costs of around 

$55,000 and  resulted in savings of over $270,000. 

In recent years, the Arab countries placed in recent years a growing interest in 

improving the efficiency of energy use in the manufacturing sector, and implemented 

the energy conservation programs in industrial and commercial sectors. 

 

6. In Egypt, a study for five energy audits have been carried out in governmental 

buildings, water stations, irrigation pump stations, sewage stations; transportation, 
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telecommunications and street light lighting. The energy saving opportunities were 

by using high efficient air condition and using high efficient lamps, replacement of 

magnetic ballast by electronic ones and using daylight dimming in both 

governmental buildings and street lighting. The annual energy saving was about 21 

GWh ( 4 % of saving energy) for the large governmental buildings and about 1430 

GWh( 34 % of saving energy) for public lighting. Thus, the total annual energy 

saving was about 1451 GWh representing 15% of the total electricity consumption 

for large governmental customers in 2003 [42]. 

 

7. In Saudi Arabia, a study for five buildings was conducted a survey for HVAC 

system that consumed 65% of the total energy delivered to the building; hence, 

implementing appropriate HVAC operation strategies might lead to reduction 

energy consumption. Operation strategies such as a thermostat control, night setback 

and fan control and the investigation produced energy saving of 6.5%, 7% and 10% 

respectively, with no investment made, and Employing VAV system, in these 

centralized systems provides substantial energy savings (21.4 %)  [37]. 

 

8. In Jordan, the industry sector forms 24% of the total energy consumption in Jordan 

[36]. In 2009, the study was to focus on the energy consumed by the mechanical 

equipment in the meat production factory. The author concentrated on analyzing the 

energy consumed such as steam boiler, condensation systems, cooling towers, 

pumps, and steam supply system, fuel and water consumption. The opportunity for 

energy saving was installing economizer for steam boiler to rise feed water 

temperature. The investment cost of installing economizer was 12000 JD and saving 

cost was 1881889 JD and energy was 32125 litters of fuel, and the payback period is 

0.637 year [36]. 

 

9. In Palestine in 2008, An-Najah National University [11] studied and improved the 

industrial sector in West Bank through conducting energy audits in some 

industries, which they considered high-energy consumers and allocated the 

potential for energy savings opportunities. It was showed that there was a decent 

potential for energy savings in the audited industrial facilities. The load demand 

management concentrated to improve electrical efficiency by using compact 

efficient light, reducing air leak of electrical compressor, improving power factor 

and improve thermal efficiency of boiler by controlling the excess air and increased 

feed water temperature. The savings in electric energy was around 11% by using 

the energy conservation measures of no and low cost investment. 

 

10. I.  Ibrik and M. Mahmoud in 2002[46] , The  residential  sector  in  Nablus  - 

Palestine  represent  48%  of the  total  electric  power consumption while  the  

power losses  in  it  amount  to  8.1 %.  Implementing  of a  project  aiming  at 
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energy conservation  in  households  which  included  wide range  of diversified 

power measurements,  had  led  to creating this  paper. Measurement results,  had  

shown that power losses in the  residential sector are  mainly caused  due to  low  

power factor of the  household  - loads  varying  in  the  range:  0.55  - 0.75. The 

higher the  reactive power  transported  by the  distribution  network  the  lower  

will  be  the  power factor.  Due to  high  cost  of electric  energy  transport,  it  is  

more  feasible  to  generate  the  required  reactive power directly  at the  inductive  

loads by installing  capacitors. The study developed  a  proper  mathematical  

model  representing  the  power  losses  in  the  residential  sector,  evaluation  of  

measuring  results show  that  an  energy  saving  of  53.18%,  by  improving  the  

power  factor  in  the  households  to  0.95,  is possible. This  percentage 

corresponds  to  3242430  kWh  I  year or to money saving  of 353035  US  $ I  

year.  
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CHAPTER 4  

MODELS OF ELECTRICAL CONSERVATION THROUGH 

ENERGY MANAGEMENT 

 

 

This research presents the proposed models of energy saving opportunities and 

measures to be implemented in Gaza strip, and classifies the models into no cost, low 

cost, medium cost, and high cost energy saving energy investment to implement in 

various facilities of Gaza Strip. The study discovered that the technical options available 

for energy savings in various facilities in Gaza Strip principally revolve around the 

saving of energy in areas such as:  

1. Electrical Light System 

2. Air-conditioning system   

3. Air Compressor 

4. Induction Motor 

5. Power factor improvement  

4.1 Models of Energy Conservation Opportunities in Gaza Strip 

The potentials for energy saving opportunities can be found in different electrical 

equipment and components such as electrical system, light system, HVAC system, air 

compressor, induction motor, and power factor correction. 

4.1.1 No cost energy saving model: 

The no cost saving model implements the lumen method in light fittings and thermostat 

set point control in HVAC system 

1. Light system:  Lumen method to reduce excess lamp 

The main parameters for this approach are the specific standard level of illumination 

intensity, area dimension, and  the utilization factor. The objective of this technique is 

removing the excess artificial lamps from specific area, consequently, reducing of 

electrical consumption.  This can be arranged by measuring the illumination level at the 

specific area and comparing it with the international standards for illumination 
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(IESNA).  In order to calculate the optimum number of fixtures and reduce the number 

of excessive lamps, equation 4.1(lumen method) is applied. 

( ) / ( ) 4.1u mN E A n K K      

Where: 

N: number of units, E: illumination lm/m² (lux), A: area in m², n: number of lamps in 

the unit, Φ: luminous flux in lumen, K u: reflectance factor (it depends on the color of 

walls, 0.6-0.8), Km: maintenance factor (it depends on the condition of the lamp, clean 

or not, 0.6- 0.8) [48]. The lumen design method was applied in offices, labs, classes, 

corridors buildings of GTC. 

2. HVAC system: Adjusted the thermostat temperature: 

Efficiency is always the ratio of useful output to required input.  For an air conditioner 

as shown in Figure 4.1, the useful ‘output’ is the heat removed from the space and the 

required input is the electrical energy.   

 

Figure 4.1:    Air condition components for add and remove heating.   

The efficiency of devices such as air conditioners and refrigerators that extract more 

energy from a space than electrical energy consumed is also called Coefficient of 

Performance (COP): 

evap evapuseful

required comp cond evap

Q QE
η COP 4.2

E W Q Q
   


 

Thus, the efficiency of an ideal Carnot air conditioner is given by: 
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evap evap

carnot

cond evap cond evap

Q T T
η 4.3

Q Q T T T T

indoor

outdoor indoor

  
    

Thus, the evaporator temperature is equal to the temperature of the space being cooled 

and the condenser temperature is equal to the outside air where heat is being rejected 

[62].   

This demonstrates the tremendous potential for improving the performance of air 

conditioners by reducing temperature difference. It is claimed that an increase of 1
o
C in 

the thermostat setting can achieve as much as 6% reduction in the load. The majority of 

people feel comfortable at a room temperature of 21-26 
o
C depending on the relative 

humidity (less than 60 %) and other factors [37, 54,64, 65,60,67]( see Appendix G). The 

proposed set point of thermostats to achieve saving cost in summer seasonal in this 

study is 24 
0
C for cooling distribution load. Adjust the air conditioner thermostat set 

point temperature percentage of saving in cooling system in summer can be calculated 

by equation 4.4 [54]: 

[( ) ( )]
% 4.4

[( )]

exisit out suggested out

existing out

T T T T
Energy saving

T T

  



 

 

Where 

Texisting    : The temperature inside the mom 

Tout            : Before cooling the space 

Tsuggested : Suggested room temperature  

HVAC involves sensible heat exchange to control the space temperature and latent heat 

exchange to add or remove water vapor for control of humidity (difference humidity). 

Increasing thermostat temperature from 20 C to 24 C will reduce the cooling sensible 

load according to the following equation. [67] 

                    

 Where, Qs  = sensible heat flow in kJ/h 

              fa  = rate of air flow (L/s) 

             T1  = warmer temperature 
o
C 

             T2  = cooler temperature 
o
C 

 

The reduction of cooling load from increasing the thermostat temperature  keep the area  

under thermal comfort standard condition ( 24 C @ less than humidity 60 %) stated by 

ASHRE 55 [67]. 
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4.1.2 Model of low cost energy investment: 

The low cost model consists of efficient components in light system and reducing of air 

leak and air intake temperature for electrical compressed air. 

1. Light system: Energy-Efficient Light: 

The main parameters for this approach are power rate and lumen efficiency (lumen/w) 

to select optimal component for the indoor and outdoor light fitting. It can clearly be 

seen from Figure 4.2 that there is a wide variation in the luminous efficacy between the 

various lamp types [48]. CFL and HPS lamps are selected in indoor and outdoor light 

efficient lamps. This method was adopted in indoor and outdoor buildings for two 

selected plants. 

 

Initial lamp lumens 

 Figure 4.2:    Efficiencies of various lamps [48] 

Key:            GLS   Tungsten filament 

                    MBF  High-pressure mercury discharge (fluorescent) 

                    MBIF High-pressure mercury discharge (metal halide) 

                    SON   High-pressure sodium discharge 

                    SOX   Low-pressure sodium discharge 
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A: Indoor light fitting: CFL instead of incandescent lamp 

Compact fluorescent lamps have an efficiency of approximately 70lm/W, while 

tungsten filament lamps exhibit an efficiency of approximately 10 lm/W. Where 

possible, tungsten lamps should be replaced by compact fluorescent lamps. CFL 

consumes approximately 20% of the power required by tungsten [32]. If all 

incandescent lamps worldwide were to be replaced by CFLs, an additional 728 TWh of 

electricity would be saved per annum and global lighting energy demand would be 

lowered by 27% [48]. 

 

B: Outdoor light fittings: HPS instead of MHL 

Metal halide lamps offer efficiencies today up to 125 lm/W of white light. High-

pressure sodium (HPS) lamps offer efficiencies that exceed those available from most 

metal-halide lamps. Current available types offer efficiencies up to 140 lm/W [47, 48]. 

It could be adopted in outdoor or floodlight area in two selected facilities. 

2. Light System: Installing reflectors in lamp fixture 

Special reflectors are available for fluorescent lamp fixtures. These reflectors 

approximately double the light output of the light fixture. Once the reflectors installed 

in the fixtures, one lamp could be disconnected in every two-lamp fixture. When the 

lamp disconnected, the ballast also should be disconnected for that lamp because 

ballasts draw energy whether the lamp is working or not [50]. 

3. Opportunities for Air Compressor: 

It is estimated that only 20%–25% of input electrical energy is delivered as useful 

compressed-air energy [6] and leaks are reported to account for 10%–50% of the waste 

and misapplication accounts for 5–40% of loss in compressed air [1]. Leak repair and 

maintenance can reduce this number to less than 10% [4]. Fresh air is drawn into the 

compressor by way of an air filter and is usually compressed to a pressure of 7–8 bar for 

distribution around the factory.  

A. Reduce leak in distribution system: 

 The main parameter are loading and unloading time for electrical compressor. The 

calculation of the additional power demand for the coverage of the wasted energy is 

done by applying equation 4.5 [6].  

   

% 100% 4.5

Additional power kW  W loaded  W unloaded    *       4.5  

T
Air leak X a

T t

Air leak b




 
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Where:  

 W loaded: Power requirement during "loaded" mode (kW)  

 W unloaded: Power requirement during "unloaded" mode (kW)  

 T = Time running "loaded" (mints or seconds)  

 t = Time running "unloaded" (mints or seconds) 

B.  Reduction of inlet air temperature: 

The intake line for the air compressor should be at the lowest temperature available. The 

reduced temperature of air intake results in a smaller volume of air to be compressed. 

As a rule of thumb, each 5°F (3°C) lower air temperature will save 1% compressor 

energy [52]. This is because the cooler air is dense supplying more compressed air, and 

thereby reducing the total operating time [4]. In addition to energy savings, compressor 

capacity is increased when cold air from outside is used. This normally means outside 

air, simply by installed additional duct directed to outside air or changing the 

compressor location. The reduced power requirement can be calculated from equation 

4.6, which is derived from the ideal compression power equation [4]:  

 

  W2  W 1 x 1  0.00341 x T 2  T1                                4.6        

 W1, W2 = initial and final ideal compression powers (kW)  

 T1, T2 = initial and final inlet air temperatures (°K) 

 .00143 the rate of change per K 

 

4.1.3 Model of medium energy saving investment 

1. Light System:  Automatic light system 

Occupancy -linked control can achieve a huge of waste energy using infrared, acoustic, 

ultrasonic or microwave sensors, which detect either movement or noise in room spaces 

[48]. These sensors switch lighting on when occupancy is detected, and of again after a 

set time, when no occupancy movement is detected. Lighting controls have been shown 

to reduce lighting energy consumption by 50% in existing buildings and by at least 35% 

in new construction [52]. Table 4.1 presents estimates of the maximum yearly energy 

savings that would be expected per controlled circuit according to control type, space 

type and typical hours of operation. 
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Table 4.1: Light control savings by application and control type [53]. 

No Space Type Control type Max. Saving 

1 Private Office Occupancy Sensor 45% 

2 Laboratory Occupancy sensor 35% 

3 Classroom Occupancy sensor 25% 

 

Figure 4.3 shows the proposed Watt Stopper DT-200 Dual Technology occupancy 

sensors in this study that combine advanced passive infrared (PIR) and ultrasonic 

technologies into one unit. The combination of these technologies helps to eliminate 

false triggering problems even in difficult applications [70].   

 

 

 

Figure 4.3:     DT-200  Dual  Technology  occupancy sensors [70].   

 

 

PIR technology senses motion via a change in infrared energy within the controlled 

area, whereas ultrasonic uses 40 kHz high frequency ultrasound. Once on, detection by 

either technology holds lights on. Sensors can also be set to trigger lights on when either 

technology or both detect occupancy, or to require both technologies to hold lighting on 
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[70]. The sensors can be configured to turn lighting on, and hold it on as long as either 

or both technologies detect occupancy. After no movement is detected for the duration 

of the time delay (5 to 30 minutes) the lights are switched off. The DT-200 has 8 logic 

configurations for occupancy triggers, set with DIP switches 1, 2 & 3 as shown in 

Figure 4.4.  Initial Occupancy is the method that activates a change from “Standby” 

(area unoccupied and loads are off) to “Occupied” (area occupied and loads are on).  

•  Both requires detection by PIR  and  Ultrasonic. 

•  Either  requires detection by only one technology. 

•  PIR requires detection by the PIR. 

•  Ultra requires detection by the Ultrasonic. 

•  Man. requires activation of the Manual Switch.  

 

 

 

Figure 4.4:     Logic configurations for DT-200 with  dip switch [70]. 

The wiring diagram to connect the circuit with low voltage 220 V is shown in Figure 

4.5 and  DT-200 contains an isolated relay with N/O and N/C outputs; rated for 1 Amp 

at 24 VDC/VA. 
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Figure 4.5:    Occupancy sensor DT-200 wiring diagram [70]. 

The DT-200 provides an elliptical coverage pattern. The coverage shown in Figure 4.6 

represents the walking motion at a mounting height of 10 feet (3 meter). For building 

spaces with lower levels of activity or with obstacles and barriers, coverage size may 

decrease. Under ideal conditions with no barriers or obstacles, coverage for half-step 

walking motion can reach up to 2000 ft2(185.8m2), while coverage for typical desktop 

activity can reach up to 1000 ft2(92.9 m2). 

 

Figure 4.6:    An elliptical coverage pattern for DT-200 [70]. 

2. HVAC: install inverter compressor type. 

Modern   electronic VSD systems adjust the mains alternating current to regulate motor 

speed. Various electronic VSD systems are available. One of the most popular types is 

the variable frequency drive, which achieves speed control by varying the voltage and 

frequency output. VSD signifies the ability of the unit to regulate its thermal power flow 

by altering the speed of the compressor in response to cooling demand.  It can save 30 

% more energy saving than non-inverter [55, 66].   
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4.1.4 Model of High Cost energy saving investment 

The high cost model includes high efficient induction motor and high technology LED 

lamp and this model require high initial cost to achieve the energy saving. 

1. Light System: High technology LED  lamp 

The LED lamp (LED light bulb) is a solid-state lamp that uses light-emitting diodes 

(LEDs) as the source of light and the average luminous efficacy of LED is 160 lm/W, 

the maximum should be much higher [49,50].  

 

An important consideration when replacing linear fluorescent lamps with LED 

products is electrical safety. Nearly all LED replacements bypass the existing ballast. 

Most have their drive electronics integrated in the tube, while some are provided with 

external drivers that replace the existing fluorescent ballast. 

 Advantages of LEDs include: 

1. LEDs typically use 90 to 95 percent less energy than incandescent bulbs. 

2.  LEDs last 10 to 20 years and provide tens of thousands of hours of light. 

3. LEDs don’t produce as much heat as other lighting,  

4.  LEDs achieve full brightness in microseconds, much faster than fluorescents and 

about 10 times faster than incandescent [31, 32]. 

2. Opportunities for Induction Motor: 

 Incremental efficiency improvements are still possible with the use of superior 

materials (e.g., amorphous silicon steel) and optimized computer-aided design 

techniques. High-performance permanent-magnet materials such as neodymium–iron–

boron alloys, with a large energy density and moderate cost, offer the possibility of 

achieving high efficiency and compact lightweight motors [2, 3]. 

A. Improvement of voltages level: 

Motor voltages below nameplate rating result in reduced starting torque and increased 

full load temperature rise. Motor voltages above nameplate rating result in increased 

torque, increased starting current and decreased power factor. The increased starting 

torque will increase the accelerating forces on couplings and driven equipment. 

Increased starting current causes greater voltage drop in the supply circuit and increases 

the voltage dip on lamps and other equipment [6,7,8]. The improvements of voltage 

levels can be adjusted by tap changer, power factor correction, or installed additional 

cable on the main power cable connected in parallel to the main board. 
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B. Install high efficiency motor 

 

The efficiency of a motor-driven process depends upon several factors that may include: 

1. Motor efficiency 

2. Motor speed controls 

3. Proper sizing 

4. Power supply quality 

5. Distribution losses 

6. Transmission 

7. Maintenance 

Figure 4.3 shows the distribution of the losses of an induction motor as a function of the 

load. At low load, the core magnetic losses (hysteresis and eddy currents) are dominant, 

whereas at higher loads the copper resistive losses are the most important. Mechanical 

losses are also present in the form of friction in the bearings and windage [1]. High 

efficiency motors are designed and manufactured to reduce these losses. In addition to 

having lower losses, high efficiency motors also have higher power factors during 

operation [2]. 

 

Figure 4.7:    Power losses vary with load motor. [1] 

Approach Procedure: 

The easy method for calculation the saving energy of electrical motor is by using 

tachometer instrument for shaft speed measurement according to equation 4.7 [2, 3]. 
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( )

Motor load= 4.7
synch measured

synch full load name plate

RPM RPM

RPM RPM




 

 

The other way relies on the data nameplate or catalogue manufacturing to obtain the 

efficiency at Input power at full-rated load in kW (reference point), then, determining 

motor load according to equation 4.8[3,4]: 

Motor Efficiencyat Load Point
% 4.8

0.746

measured measured

input fullload nameplate

kW kW
Motor load

kW hp


 



 

The annual energy savings were determined by inserted  the estimated existing motor 

load and  also operating efficiencies for existing and high efficiency  motors according 

to equations 4.9 and 4.10 [2,3]. 

1 1
powerreduction=hp(M)*L*0.746( ) 4.9

1 1
Energy saving=hp(M)*L*0.746*OH( ) 4.10

STD HEM

STD HEM

 

 





 

  

Where : 

 hp(M)  :    Rated output power of the motor 

 L          :     Motor Loading 

 ηstd          :     Efficiency of standard motor 

 ηhem       :       Efficiency of the high efficient motor 

 O.H     :      Running Hour (three month the center on holidays) 

4.1.5 Opportunities for Power Factor Correction: 

Power factor correction is applied in most systems to achieve lower cost operation [8]. 

The overall power factor of electrical systems should be checked for low power factor. 

In certain applications as much as 10%–15% savings can be achieved in poorly 

operating plant(low power factor). Power factor is defined as the ratio of real (working) 

power in kW to apparent (total) power in kVA according to equation 4.11 [7]. 

1

Re ( )
4.11

cos tan 4.12

al Power Kw
Power Factor

Appearnt power

or

kVarh
Power Factor

kWh





 
  

 
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Many utility companies charge an additional fee when power factor is less than a certain 

value which determined by the electric company, 0.92 in Palestine. Low  power  factor  

has  negative  impacts  on  the  electric distribution  network  represented  in  voltage  

and  power losses,  as  well  as  on  large  consumers  (factories, municipalities)  

represented  in  high  penalties [46]. 

 Selected approach: Install automatic power factor regulator. 

Automatic power factor regulator (APFR) is an electrical board includes capacitor 

banks and controller. It is designed to maintain the target power factor by regulating 

lagging or leading current.  

 

The controller is a microprocessor device that is designed to monitor the reactive power 

within the circuit continuously and to provide ON/OFF signals automatically to control 

circuit breakers in capacitor banks. It supervises and regulates the preselected value of 

power factor in the plant   by automatic switching capacitors ON and off as the situation 

required in the face of reactive leading or lagging load. In the factories, a number of 

induction motors are very high to consume reactive power from L.V distribution 

network so that the power factor drops to penalty region. This causes a power loss and 

line voltage drop. The wiring diagram of APFR from ABB manufacturer is shown in 

Figure 4.4 with the required components: 

 

Figure 4.8:    Wiring diagram of APFR from ABB [58] 

 

 C1...C12 capacitor steps, F1 main fuses or protective devices, F2 control fuses 

 F3...F14 capacitor step fuses, K1...K12 contactors, P1 PF controller 

 T1 power transformer,  

 S Fan DC supply 

 CT current transformer 

  V1 fan 

 R1...R12 reactors (APCR only) 
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The benefits by applying this approach of power factor correction are:  

1. Reduction of electricity bills  

     To lower the cost of electric energy, when the electric utility rates vary with the 

power factor at the metering point 

2. Extra kVA available from the existing supply  

The percent released capacity resulting from an improvement in power factor is as 

follows: 

.
% Released system capacity 100 (1 ) 4.13

.

original

new

P F

P F
    

3.  Reduction of I²R losses in transformers and distribution equipment 

      Since power losses are proportional to the current squared, and the current is 

proportional to the power factor, an improvement in power factor will cause a 

reduction in system losses and reduce power bills [7,47]. 

2

2

.
% Loss Reduction 100 (1 ) 4.14

.

original

new

P F

P F
    

 

4. Reductions of voltage drop in long cables.  

     When capacitors are added to the power system, the voltage level will increase. The 

percent voltage rise associated with an improvement in power factor can be 

approximated as follows: 

      Under normal operating conditions, the percent voltage rise will only amount to a 

few percent. Therefore, voltage improvement should not be regarded as a primary 

consideration for a power-factor improvement project [7, 47] . 

* %
%  Voltage rise 4.15

Capacitor Kvar Transformer ZI

Transformer kVA
  

 

5. Environmental benefit 

      Reduced power consumption means less greenhouse gas emissions and fossil fuel 

depletion by power stations [11].  
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CHAPTER 5 

  TECHNICAL ANALYSIS OF ELECTRICAL CONSERVATION 

OPPORTUNITIES IN GAZA STRIP 

5.1 Introduction: 

During our site visits for the two selected facilities, it was tried to identify electrical energy 

saving opportunities exist in facilities. The first step is to use an energy audit to determine the 

amount of electrical energy that enters and leaves a plant by listing major energy-using 

equipment with nameplate data relating to electrical consumption. The required measurement 

instruments to do electrical energy audits in this research are the following instruments: 

1. Power analyzer: An instrument for measuring and recording the power factor and also the 

power consumption for seventy two hours (72 hr). This instrument was borrowed from 

GEDCO. 

2. Clamp meter: An instrument for measuring the three phase currents& voltages. 

3. LUX meter: An instrument for measuring illumination in locations and places of GTC. 

This instrument was borrowed from GTC. 

4. Timer: An instrument for recording the on-loading and un-loading time for air 

compressor. 

5. Thermometer: An instrument for temperature measurement for indoor and outdoor places. 

This was borrowed from GTC. 

In this study, the analytical options study  for energy savings in various facilities of 

Gaza Strip principally revolve around the saving of energy in areas such as the energy 

conservation opportunities  in light fittings, HVAC, air compressor, induction motor and 

power factor improvements. 
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5.2 Case Study 1: Gaza Training Center (GTC) 

5.2.1 Auditing of electrical lighting system 

The energy audit of all indoor and outdoor light fittings through collected data nameplate of 

light types in GTC was performed to calculate the overall rate of electrical light fitting in 

Gaza Training Center. The overall rate of electrical light fittings is approximated by 118.909 

kW under assumption all indoor and outdoor light fittings within the plant are in operation 

mode.  

Table 5.1 illustrates the surveying of lighting distributions in GTC buildings included the rate 

consumption of lamp & ballast, and the quantities of lamps. 

Table (5.1): Summary of Light fitting ratings & Quantities in GTC 

No Building Description Unit Quantity Lamp Ballast
* 

Total Ratio 

W W kW % 

1 Commerce     

Building 

Fluorescent Light 2*36w Nos 146 36 5.4 6.3072 6.87% 

2 Incandescent Light 

1*60W 

Nos 27 60 9 1.863 

3 Engineering   

Building 

Fluorescent Light 2*36w Nos 490 36 5.4 21.168 19.31% 

4 Incandescent Light 

1*60W 

Nos 26 60 9 1.794 

5 English & 

Administration    

Building 

Fluorescent Light 2*36w Nos 374 36 5.4 16.1568 13.94% 

6 Incandescent Light 

1*60W 

Nos 6 60 9 0.414 

7 Communication

& Electronic   

Building 

Fluorescent Light 2*36w Nos 238 36 5.4 10.2816 9.34% 

8 Incandescent Light 

1*60W 

Nos 12 60 9 0.828 

9  

 

Workshops  & 

Misc,  Buildings 

Fluorescent 

 Light 2*36w 

Nos 880 36 5.4 38.016 48.22% 

10 Incandescent Light 

1*60W 

Nos 30 60 9 2.07 

11 Floodlight Sodium Nos 100 150 22.5 17.25 

12 Wall Mounted 

Outdoor 
400w Metal Halide 

Floodlight 

Nos 6 400 60 2.76 2.32% 

13 Total     118.909   

* Ballast circuit consumes about additional wattage power accounted for 10-20 % of lamp power rate [1]. 

The energy saving opportunities of electrical light system in GTC buildings were being 

conducted as follow: 
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A. Removal extra lamp: 

This can be arranged by implementing lumen method to calculate the optimum number of 

required lamps in the specific area such as offices, classes, and corridors. Returning to 

Appendix B of illumination level measurements by lux meter in (GTC) and comparing it with 

the international standards (IESNA = Illuminating Engineering Society of North American, 

1993 in USA/Canada) for illumination in Appendix A [49]. The measurement data is 

analyzed through Excel office software and the results are summarized in Table 5.2.  

 

Table (5.2): The existing and proposed fluorescent lamps after apply Lumen method. 

Existing of Fluorescent Lamps Proposed of Fluorescent Lamps 

No Building Type Q Rate OH Energy 

Used 

Required 

Lamps 

Out 

Lamps 

Energy 

Used 

Energy 

Saving 

W hr kWh/year kWh/year kWh 

1 Commerce  FL  146 36 1800 11353 126 20 9798 1555 

2 Engineering  FL  490 36 1800 38102 389 101 30249 7854 

3 English & 

Admin 

FL  374 36 1800 29082 280 94 21773 7309 

4 Electronics 

& Comm. 

FL  238 36 1800 18507 218 20 16952 1555 

5 Workshops 

& Misc 

FL  880 36 1800 68429 746 134 58009 10420 

6 Total    165473       28693 

 

Note:  Energy used = power rate X Operating hours X quantity x 0.2(ballast power rate/lamp)  

The peak saving of electrical light energy after adopting the lumen method in all buildings 

was 28693kW.  

B. Install high efficiency lighting lamps 

The proposed alternatives of replacing the low efficient lamps to high efficient lamps rely on 

the power rate and flux intensity for the selected efficient lamps. 

 

(1) Replacement of CFL lamps instead of incandescent lamps  

The proposed is to install compact fluorescent lamps instead of incandescent lamps. Replace 

lamps from incandescent lamp 60 W to PL spot light 1x14 W in W.C place. Table 5.3 

illustrates the expected annual energy achieved upon the replacing lamps from incandescent 

to CFL. 
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Table (5.3): The annual energy saving by replacing incandescent lamp to CFL 

Existing of Incandescent Lamps Proposed of CFL 

 

 

No 

 

Building 

Q Rate OH Energy  

Used 

Q Rate Energy 

Used 

Energy 

Saving 

Nos W hr kWh/year Nos W kWh/year kWh 

1 Commerce 27 60 1800 2916 27 14 816 2100 

2 Engineering 26 60 1800 2808 26 14 786 2022 

3 English & Admin 6 60 1800 648 6 14 181.2 466.8 

4 Electronics & 

Communication 

12 60 1800 1296 12 14 362.4 933.6 

5 Workshops & 

Misc., 

30 60 1800 3240 30 14 907.2 2332.8 

6 Total   10908   3052.8 7855.2 

 

(2) Replacement of HPS  150W instead 400W ML mercury lamps (Low cost): 

The existing outdoor lights in GTC are metal halide lamps with power rate 400 W and the 

proposed lamps is high pressure sodium (HPS) lamps with rate 150 W. Replacement of the 

ML (400W) external outdoor lamps with HPS(150W) lamps is recommended. Table 5.4 

illustrates the expected annual energy and saving achieved upon the replacement of the 

specified lamps. 

Table (5.4): Energy saving by replacement from ML to HPS  

Existing of Outdoor light(Metal halide) Proposed of  Outdoor Light (HPS) 

No Building Q Rate OH Energy 
Used 

Q Rate Energy 
Used 

Energy 
Saving 

Nos W hr kWh/year Nos W kWh/year kWh 

1 Outdoor Area 6 420 3600 8640 6 150 3240 5400 

2 Total  8640   3240 5400 

(3) Replacement of LED lamps instead of all fluorescent lamps ( high cost) 

After removing excess lamps (by applying Lumen method in section 5.2.1-A), we 

replace remain lamps from fluorescent lamps 36 W to high technology lamps 18 W in specific 

places such as classrooms, laboratories, offices. Table 5.5 illustrates the expected annual 

energy achieved upon the replacing lamps from linear fluorescent lamps T12 to high 

technology LED lamps. The annual energy saving of 45949.68 kWh/year after installing the 

new technology high efficient LED lamps. 
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Table (5.5): the saving energy by used LED lamps instead of fluorescent lamp 

Existing of Fluorescent  Lamps Proposed of High Technology LED  

No Building 
Q Rate OH 

Energy 
Used 

Q Rate 
Energy 

Used 
Energy 
Saving 

Nos W Hr kWh/year Nos W kWh/year kWh 

1 Commerce  126 36 1800 9797.76 126 18 4082.4 5715.36 

2 Engineering  389 36 1800 30248.64 389 18 12603.6 17645.04 

3 
English & 

Admin 
280 36 1800 21772.8 280 18 9072 12700.8 

4 
Electronics 
& Comm., 

218 36 1800 16951.68 218 18 7063.2 9888.48 

5 Total     78770.88     32821.2 45949.68 

 

C.  Install reflector in lamp fixture 

Special reflectors are available for fluorescent lamp fixtures. These reflectors approximately 

double the light output of the light fixture. Once the reflectors installed in the fixtures, one 

lamp could be disconnected in every two-lamp fixture. When the lamp disconnected, the 

ballast also should be disconnected for that lamp because ballasts draw energy whether the 

lamp is working or not [53]. Table 5.6 shows the energy saved after installed reflectors for 

specific fluorescent lamps in computer lab. 

 

Table (5.6):   Energy saving by installing reflector for light fittings 

Existing of Light lamps  without 
Reflector(9 x4) 

Proposed of Light with 
Reflector(9 x2) 

No Building  Rate OH Energy 
Used 

Q Rate Energy 
Used 

Energy 
Saving 

Nos W hr kWh/year Nos W kWh/year kWh 

1 Computer 
Lab 

36 32 1800 2488 18 32 1244 1244 

2 Total  2488   1244 1244 

 

D. Installing Occupancy-Linked Systems (Medium Cost Programs) 

The two types of proposed occupancy sensors were DT 2000 dual technology sensor with 

light level and WT 1105 ultrasonic. The Watt Stopper DT-200 Dual Technology 

occupancy sensors combine advanced passive infrared (PIR) and ultrasonic technologies 

into one unit. The combination of these technologies helps to eliminate false triggering 

problems even in difficult applications. 
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The research selects the standard saving factor due to borders closed to get the 

occupancy sensor from aboard. The specific ratio relies on the occupation level of classes and 

labs, and cutoff the electricity from the main sources. The Distribution power and energy in 

Classes of GTC and laborites in GTC are summarized in Table 5.7, 5.8, respectively. 

Table (5.7): Distribution power and energy in Classes of GTC 

Distribution Classes in GTC without Removing Excess Lamps 

                      

Nr 

  Lamp/Class Rate 

Lamp 

Consumption/Class Classes O.Hours Energy Used 

Building 

  Nos W W Nos hr kWh/year 

1 Commerce 16 36 576 12 1800 12441.6 

2 Engineering 20 36 720 9 1800 11664 

3 English 20 36 720 8 1800 10368 

4 Communication 

and Electronic 

24 36 864 11 1800 17107.2 

5 Workshops 36 36 1296 20 1800 46656 

6 Total   98236.8 

 

Table (5.8): Distribution power and energy in Labs of GTC 

Distribution Labs in GTC without Removal Excess Lamps 

                      

Nr 

  Lamp/Class Rate 

Lamp 

Consumption/Class Classes O.Hours Energy Used 

Building 

  Nos W W Nos hr kWh/year 

1 Engineering 32 36 1152 2 1800 4147.2 

2 English 36 36 1296 5 1800 11664 

3 Communicatio

n and 

Electronic 

12 36 432 1 1800 777.6 

4 Workshops 36 36 1296 5 1800 11664 

5 Total   28252.8 

The annual electrical energy saving from installing occupancy sensor at labs and classes is 

shown in Table 5.9.  

Table (5.9): Estimation of energy saving by Occupancy sensor 

Space Type Annual Energy  Used Saving Factor Annual Energy Saving 

 kWh/Year % kWh/Year 

Class 98236.8 25  % 24559.2 

Lab 28252.8 20  % 5650.6 
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5.3.2 Auditing of cooling system: 

This study investigates the energy conservation opportunities for HVAC system in GTC and 

seen that the potential energy opportunities were:  

1. Increase the air conditioner thermostat set point temperature: 

The first step for HVAC system auditing was an observation of thermostats temperature set 

point value. Then, record the temperature measurements for indoor and outdoor area. 

Percentage of power saving in cooling system in summer was calculated according to 

equation 4.2 or 5.1. Table 5.10 shows the percentage of saving power from raising the 

thermostat temperature to 24 
o
C (Majority efficient condition 24 C and less than 60 % 

humidity in summer) [37]. The annual energy saving is 7950 kWh/year if change the 

thermostat set point to 24 C in summer seasonal. 

[( ) ( )]
% 5.1

[( )]

exisit out suggested out

existing out

T T T T
Energy saving

T T

  



 

Table (5.10): The thermostats temperatures and energy savings for GTC offices 

Area S.P Tinlet Toutlet Tsugg Rate O.H Using  Saving 

Power  

saving 

Energy 

saving 

No Name 
0
C 

0
C 

0
C 

0
C Kw Hour kWh/year % KW kWh/Year 

1 Library 16 21 32 24 6.3 620 3906 27% 1.1 692.4 

2 Commerce  15 21 34 24 2.6 620 1612 23% 0.4 241.8 

3 Electronic Bldg 17 21 33 24 6.3 620 3906 25% 1.0 634.7 

4 Admin.Bldg 16 21 34 24 14.7 620 9114 23% 2.2 1367.1 

5 Engineerg.Bldg 18 21 32 24 12.6 620 7812 27% 2.2 1384.9 

6 Workshop 15 21 34 24 8.4 620 5208 23% 1.3 781.2 

7 Communication 16 20 35 24 26.5 620 16430 27% 4.6 2847.9 

 8 Total          47988.0 

  

7950.0 

 Note: the input power of A/C measured according to    √                              

 

2. Replacement the conventional split unit to A/C included inverter: 

When using the air condition included the inverter, the saving energy reaches up to 30 % [66]. 

Table 5.11 shows energy saving for using the air conditioner with inverter in GTC based on 

the measurements of power and energy consumption for air conditioners with inverter 

compressor type. 
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Table (5.11): The energy savings by using HVAC with inverter for GTC offices 

Area S.P Tinlet Toutlet Tsugg Power O.H Using 

 

Saving 

Power  

saving 

Energy 

saving 

No Name 
0
C 

0
C 

0
C 

0
C Kw hour kWh/year % KW kWh/Year 

1 Library 16 21 32 24 6.3 1120 4586 30% 1.2     1376 

2 Commerce  15 21 34 24 2.6 1120 1893 30% 0.5 568 

3 Electronic Bldg 17 21 33 24 6.3 1120 4586 30% 1. 1376 

4 Admin.Bldg 16 21 34 24 14.7 1120 10702 30% 3 3210 

5 Engineerg.Bldg 18 21 32 24 12.6 1120 9173 30% 2.5 1376 

6 WorkShop 15 21 34 24 8.4 1120 6115 30% 1.6 2752 

7 Communication 16 20 35 24 26.5 1120 19292 30% 5.2 5788 

 8 Total          56347.2 

  

16904 

The annual energy saving is 16904 kWh/year if replace the existed air conditioner with new 

inverter compressor type.  

5.3.3 Auditing of power factor correction 

The improvement of Power factor is to avoid the penalty. In Palestine, the penalty for power 

factor supposes to be imposed by the municipality soon according to Table 5.12 [55].The 

power analyzer was installed at the main electrical distribution board for measuring the 

average power factor. The measurement collected data for load profile and power factor 

values in GTC dated on 23
th

 April, 2011 for 72 hrs was summarized in Appendix C.  

Table (5.12): Power factor proposed penalties in Palestine [54]  

Power factor Value Penalty 

Power Factor ≥ 0.92 None 

.92≤Power Factor ≤ 0.80 
1% of the total bill for every 0.01 of  

Power factor less than .92 

.80<Power Factor ≤ 0.70 
1.25 % of the total bill for every 0.01 

of  Power factor less than 0.92 

Power Factor < 0.70 
1.5% of the total bill for every 0.01 of  

Power factor less than .92 

Returning to Appendix C, the values of power factor were not fixed for different times 

whereas P.F values sometimes located in the penalty region. The electrical board of 
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Automatic Power Factor controller (APF) for GTC was already installed and the investigation 

revealed that some of the installed capacitor stages are out of service as shown in Figure 5.1. 

 

Figure 5.1:    Capacitor stages C4, 5 are out of service. 

Figure 5.2a shows that the power factor during the test period (red color curve) and 5.2b the 

daily real and reactive power (green curve is daily real power; blue curve is reactive daily 

load). The P.F values sometimes occur in the penalty region as shown in Figure 5.2a (x: time 

hour; y: P.F value). The electrical board of Automatic Power Factor was already installed 

before the test was done.  The test revealed that two of capacitor stages were out of services. 

 

 

Figure 5.2:    Average power factor and daily load power measured at GTC 

(Before Improvement)  
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The recommended solution was to re-install new capacitor stages to stabilize P.F above 0.92 

as shown in Figure 5.3 and hence no a penalty for low power factor in the future.  The 

proposed approach keeps the values of power factor during 24 hrs above 0.92, so that GTC 

plant can avoid penalty from low power factor. Figure 5.4 shows the situation of daily power 

load after the proposed approach for improvement power factor inside GTC plant. The 

demand reactive power of plant drops after applied reactive power compensation by APF and 

consequently, increases power factor.    

 

Figure 5.3:    Average power factor at GTC (after improvement). 

 

Figure 5.4:    Average daily  power measured at GTC (after improvement). 
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The energy saving for power factor improvement is determined according to the equation 5.2. 

   

Penality  saving=Penalty.factor(P.F . ) / 5.2

0.01 (92 89)   250820.66 7524.6 /

,

The  saving money  energy saving *  price kWh                        5.3

new oldP F electricity consumption kWh Y ear

kwh year

Then

Money

 

    



7524.6 / .48 / 3612 /Saving kWh year NIS kWh NIS Y ear  

 

5.3.4 Auditing of three phase induction motor 

The energy conservation opportunity of electrical motor in this study was to replace of high 

efficiency motor (HEM) instead of existing standard induction motor. The easy method for 

calculating the saving energy of electrical motor requires tachometer to measure the motor 

shaft speed according to equation 4.7 or 5.4 [3, 4]. 

 

 

The study can't use the speed method due to tachometer instrument is not available in Gaza 

Strip. The alternative method is full load efficiency and at t full load, the motor efficiency is 

known through the manufacturer catalogue (see Appendix E), then, apply equation 5.5: 

Motor Efficiencyat Load Point
5.5

0.746

measured

nameplate

kW
Motor load

hp






 

 

The typical  load  factor of  industrial  motors  is around  75%[2].The annual energy savings 

were determined by inserting the estimated existing motor load and  also operating 

efficiencies for existing and high efficiency  motors according to equations  5.6 and 5.7. 

HEM

STD HEM

1 1
powerreduction=hp(M)*L*0.746( - ) 5.6

η η

1 1
Energy saving=hp(M)*L*0.746*OH( - ) 5.7

η η

STD
 

 hp(M)  : Rated output power of the motor  

 ηstd : Efficiency of standard motor  

 ηHEM: Efficiency of the high efficient motor  

 O.H=: Running Hour (three month the center on holidays) 

 L    : Motor Loading 

( )

Motor load= 5.4
synch measured

synch full load name plate

RPM RPM

RPM RPM




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The following example illustrates the above procedures for energy saving if replacement of 

HEM instead of conventional motor. The collected measuring data rate of induction motor for 

well pump was recorded into Table 5.13. 

Table 5.13:  Auditing for three phase induction motor of well pump 

Data Rate Data Measurements 

Power Current Voltage Efficiency Current Voltage Power 

(hp) (A) (V) % (A) (V) (kW) 

15 22.9 380 86.7 14.7 398 8.46 

 

- First step: Specify loading motor %:  

 

Apply equation 5.8 to compute the loading motor (Returning to Appendix E for standard 

efficiency of electrical motor   to get the efficiency motor). 

Motor Efficiencyat Load Point
5.8

0.746

measured

nameplate

kW
Motor load

hp





 

The motor efficiency at rate 15 hp was obtained from manufacturers catalogues at Appendix 

E and equal to 86.7 %. 

              Loading Motor %  =  8.46*0.867/0.746*15      =   65 % 

 

- Second Step: Select  the required high efficiency motor HEM with ηHEM=.915 ( See 

Appendix E) 

- Third   Step: The saving power was calculated from equation 4.9 and equal to 0.44 kW. 

- Fourth Step: The annual energy saving based on the operating hour was 1415 kWh/year 

as illustrated in Table 5.14.  

Table 5.14: Energy saved by replacing well pump motor by HEM 

Name Standard  HEM 
 Power 

Saving 
OH 

 Annual energy 

saving 

  Efficiency Efficient Efficient hr Efficient 

Unit % % kW hr kWh/y 

Well Pump 86.7 91.5 0.54 3600 1944 

The running hours are high due to the continuous daily operation of the pump ( 8 hrs/day) to 

transfer the fresh water into service water tanks of plant, and the number of starting and 

stopping electrical motor increases the equivalent running hours. 
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5.3.5 Auditing of air compressor: 

The presence of air leakage deducts the energy efficiency of air compressor due to waste 

power consumption delivered to air leak. The study applied the procedure from the IEEE 

standard 730 in order to calculate the waste power for air leak.  

A: Air leak tests ( Load/ No Load Test) 

The test of air leak was achieved by accounting for rising and drop time and recorded the 

measurements of power consumption, then, calculates waste power of air leak during loading 

and loading of electrical air compressors. 

1- Air Compressor at welding shop:  

This is an electrical compressor place in the welding workshop for cleaning and actuating 

pneumatic valves. Recording and Measurements for rising, drop time, and real power 

(Loading and unload) are summarized in Table 5.15. The test is done without running the 

final air consumption in distribution air network to get accurate results. 

Table (5.15): Air Leak Test in Work Shops of GTC 

Mode 

Rising Time 

Trise 

Drop Time 

Tdrop 

Cycle Time Mints mints 

Cycle 1 2.5 4.2 

Cycle 2 2.3 4.19 

Cycle 3 2.5 4.15 

Cycle 4 2.6 4.15 

Average time (mints) 2.43 4.17 

Real loading Power(kW) 4.9  

 

 

The percentage of air leaking from the system can be estimated   as follow [6]. 

 

T 2.43rise% = *100% 36% 5.9
T +T 2.43 4.17drop rise

Air leak  
  

 

The waste consumption power was determined according to equation 5.10: 

 

Waste Power(kW)= (P ) 5.10rise
loaded unloaded

rise drop

t
P

t t



 

Where:  

 P loaded: Power requirement during "loaded" mode (kW)  



 

47 

 

 P unloaded: Power requirement during "unloaded" mode (kW) 

 trise = The rise time running "loaded"(mints)  

 tdrop = The drop time running "unloaded"(mints) 

          

Waste Power(kW)= (P ) .36(4.9) 1.8 5.11rised
loaded unloaded

rised drop

t
P kW

t t
  


 

2- Air compressor at carpentry shop:  

The Measurements for time rising and drop (Loading and unload), and power consumption 

were summarized in Table 5.16. 

Table (5.16): Air leakage test in the carpentry for GTC 

 

Rising Time 

T rise 

Drop Time 

T drop 

    Cycle Time mints mints 

Cycle 1 2.6 4.6 

Cycle 2 3 5 

Cycle 3 2.5 4.6 

Cycle 4 2.5 5.7 

Average time (mints) 2.67 5 

Real Power(kW) 5.43   

The percentage of air leaking from the system can be estimated as follow: 

2.67rise% = *100% 34% 5.12
+t 5 2.67drop rise

t
Air leak

t
 

  

The compressor air leak in Welding and Carpentry workshops equals 36% and 34%, 

respectively, as shown in Table 5.17. The waste consumption power was determined 

according to equation 4.5b: 

    

Additional Power(kW)= (P ) .34(5.43) 1.9 5.13rised
loaded unloaded

rised drop

t
P kW

t t
  


 

Table (5.17):  Summary of Annual energy saving from sealing air leak 

Name Air Leak Power Saving O.H 
Saving 

energy 

  % Kw Hr kWh/Year 

Welding shops 0.37 1.8 648 1,182 

Carpentry 0.35 1.9 648 1,223 

Total   2,405 
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B: Improving the inlet air temperature conditions 

Table 5.18 shows the measurement for indoor and outdoor temperature for the three air 

compressors in GTC workshops. 

(Table 5.18): The Measured temperature at different locations in GTC workshops 

 

 

 

The reduced power requirement can be calculated from equation 4.6, which is derived from 

the ideal compression power equation [62]: 

  W2  W 1 x 1  0.00341 x T 2  T1                              5.14      

 P initial, P final :  initial and final ideal compression powers (kW)  

 T1, T2         : initial and final inlet air temperatures (°K) 

The results were analyzed by the energy software and summarized in Table 5.19. 

Table (5.19): the temperature measurements for different locations in GTC 

Location 

Exist Proposed 
Loading 

Power 

Initial 

Power 

Final 

Power 

Power 

Saving 

Running 

Hours 

Energy 

Saving 

Told T new Preal Pini Pfinal Ps O.Hr Es 

C C kW kW kW KW Hrs kWh/year 

Turning 36 24 4.9 4.9 4.0 0.9 648.00 583 

Carpentry 33 25 5.5 5.5 5 0.5 648.00 324 

Diesel 38 22 6.8 6.8 6 0.8 648.00 518 

Total     1425 

 

 

. 

 

 

 

 

Location 

Told Tnew Real Power 
o
C 

o
C Kw 

Welding & Turning 36 24 4.9 

Carpentry 33 25 5.43 

Diesel 38 22 6.8 
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5.4 Automatic Palestinian Factory 

5.4.1 Auditing of electrical lighting system 

The light fitting in Palestinian factory was much less than the light fitting in educational 

institution. The research adopts energy conservation opportunity in light fitting by using high 

efficient lamps instead of convention lamp.  

1. Indoor efficient lamps 

 

The light fittings are not the majority load in industrial sector and the potential for energy 

saving in indoor incandescent lamps. Table 5.20 shows the energy used and saving by 

replacing conventional lamps with CFL.  

Table (5.20): Comparing of CFL and Conventional lamps 

Conventional Lamps Compact  efficient lamps Saving Power 

KW kWh/year KW kWh/Year KW kWh/Year 

1.6 2799.36 0.6 1088.64 0.9504 1710.7 

2. Outdoor efficient lamp 

 

Table 5.21 shows the energy used and saving by replacing outdoor ML lamps with high-

pressure sodium HPS in outdoor building.  

 Table (5.21): Comparing of HPS and MHL Lamps 

 

 

 

5.4.2 Auditing of power factor correction 

The measuring of the average power factor for 48 hr by power analyzer was shown in 

Appendix D. The results show that p.f varies around .55 to .88 during daily load of the 

factory. Figure (5.5) shows average power factor, average real, apparent and reactive power 

before install APF controller for 48 hours at factory (Appendix D). 

Metal Halide Lamp High Pressure Sodium Saving Power 

KW kWh/year KW kWh/Year KW kWh/Year 

3.5 5760 1.5 2160 2 3600 
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Figure 5.5:    Average power factor and daily load power measured at APF 

(Before improvement) 

The analysis of the collected data in Appendix D indicates that the factory needs to automatic 

power factor to keep the power factor above 92. The reactive power of the capacitor Qc 

required for improving the PF is calculated from equation 5.15. 

2 2Q   (tan tan )                            5.15C P     

Where Qc is the reactive power of the capacitor in (kVAr), P is the active power (kW); Φ1 

and Φ2 are the angles between voltage and current before and after power factor correction 

respectively. Figure 5.6 illustrates the average power factor after proposed approach for 

installing APF controller. The APF controller was selected based on the equation 5.15 and the 

measurements of average power factor, and found that Qc=100 kVar. 
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Figure 5.6:    Illustrates the average power factor after installing Automatic 

power factor 

 

 

Figure 5.7:    Average daily load power measured at APF (before 

improvement). 
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The energy saving of improvement of power factor was calculated based on Table 5.12 . 

 
Energy saving=Penalty.factor(P.F . ) / 5.16

1.25% (.92 .75)   263874.65 56073.3 /

new oldP F electricity consumption kWh Y ear

kwh year

 

    
 

5.4.3 Auditing of three phase electrical induction motor 

The same procedure in GTC was implemented for the measurements of the induction motor in 

the factory. Table 5.22 was summarized the electrical measurements for electrical motor at the 

factory. 

Table (5.22): Electrical Measurements For three Phase Motors 

Motor name 

Voltage 

L1-L2 

Voltage 

L2-L3 

Voltage 

L1-L3 

Current 

 

Power 

 

Horsepower 

Rate 

 V V V A kW Hp 

Well Pump 374 375 373 19.5 10.179 15 

Breaker Motor1 372 374 376 22.5 11.766 20 

Breaker Motor2 372 374 376 22.9 12.0 20 

Elec. Motor for 

Hydraulic  System 372 374 376 43.8 22.7 50 

The power reduction and saving energy was calculated according to equations 5.6-5.8 and the 

result data was summarized in Table 5.23. 

Table (5.23): Energy saved by replacing motors by high  efficient motor (HEM)\ 

Name Efficiency HEM.Eff 
 Power 

Saving 
OH 

 Annual 

Energy 

Saving 

   Standard Efficient 
 

Hr Efficient 

Unit % % kW Hr kWh/y 

Well Pump 88.4 93.2 0.524 6200 3250 

Breaker1 87.2 91.6 0.592 6200 3674 

Breaker2 87.2 91.6 0.592 6200 3674 

Elec. Motor for 

Hydraulic  System 
90.1 93.2 0.88 6200 4681 
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5.4.4 Auditing of electrical air compressors 

The Measurements for time rising and drop (Loading and unload) were   summarized in Table 

5.24. 

Table (5.24): Air leakage test for air compressor in factory 

 

Mode 

Rising Time 

T rise 

Drop Time 

T drop 

     Cycle Time mints Mints 

Cycle 1 1.23 6.25 

Cycle 2 1.19    6.31 

Cycle 3 1.28 6.55 

Cycle 4 1.53 6.6 

Average time (mints) 1.3 6.4 

Real  Measuring Power(kW) 8.56  

 

The percentage of air leaking from the system can be estimated as follow: 

 

1.3rise% = *100% 16.9% 5.17
+T 1.3 6.7drop rise

t
Air leak

t
 

  

The waste consumption power was determined according to equation (5.12) and illustrated to 

Table 5.25: 

 

Additional Power(kW) = *(P ) 5.18

.168(8.56 0) 1.4

rise
loaded unloaded

rise drop

t
P

t t

kW




  

 

 

Table (5.25): Summary of Annual energy saving from sealing air leak 

Name Air Leak 
Power 
Saving O.H Saving energy 

 
% Kw hr kWh/Year 

Air Compressors1,2,3  34 1.445 4320 6243 

Total   6243 

B: Improving the inlet air temperature conditions 

Table 5.26 shows the measurement for indoor and outdoor temperature for the three air 

compressors for factory. 
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Table (5.26): the temperature measurements for different locations in APF 

Location 

Told T new Real Power 

o
C 

o
C kW 

Air Compressor 1 28 22 8.56 

Air Compressor 2 28 22 8.67 

 

The reduced power requirement can be calculated from equation 5.20 which is derived from 

the ideal compression power equation [62]:  

 

  W 2  W 1 x 1  0.00341 x T 2  T1                                        5.19      

 W1, W2 = initial and final ideal compression powers (kW)  

 T1, T2 = initial and final inlet air temperatures (°K)  

 

It was found that W 2 = 8 kW and this means 0.7 kW power reduction per hour. The summary 

of saving energy by cooling air intake for air compressor in factory is shown in Table 5.27. 

 

Table (5.27): Saving energy by decreasing air intake Temperature for air compressor 

 

 

 

 

Location Exist Proposed 

Initial 

Power 

Final 

Power 

Running 

Hour 
Power 

Saving 

Energy 

 Saving 

 

Told T new P1 P2 
O.H   

C C kW kW Hr kW kWh/Year 

Air Compressor 1 27 20 8.7 8.0 4320 0.7 3024 

Air Compressor 2 27 20 8.7 8.1 4320 0.6 2592 

Total  5616 
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CHAPTER 6 

ECONOMIC ANALYSIS OF ELECTRICAL CONSERVATION 

OPPRTUNITIES IN GAZA STRIP 

6.1 Introduction: 

There are two general methods of evaluating energy options: simple break-even analysis and 

a more complex method called life cycle costing. Simple payback is the simplest index of 

economic feasibility, and one that is very widely used. Life cycle costing is most likely 

needed when the project costs are large compared to the energy savings or when there are 

significant future Costs.  

6.2 Simple Payback (SP): 

The break-even methods do not use the time value of money, and they all answer the same 

question: At what point will I get my money back? [6]. 

This study evaluates the energy conservation measures by use of the simple payback 

expression as follow: 

 
InitialCost $

Simple Payback years  6.1
SavingsPerYear $/yr

 
  

 
 

6.3 Life Cycle Cost Method: 

The purpose of the evaluation is to show whether the project meets a specified criterion for 

acceptability. It is useful to convert all cash flows to a common time.  Cash flows involving 

future amounts of money can be converted to their present values using two important 

equations, present value of a future amount and a series of annuities.  

6.3.1 Present value of a future amount 

Equation 6.2 is the fundamental equation of exponential growth and can be applied whenever 

growth is a fixed percentage of the current quantity. 

                                                                                           6.2 

Equation 6.2 can be rearranged to show the present value of a future amount, as in Equation 

6.3. 
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                                                                                                  6.3 

 

Where: P is the present value; F: future value; i: interest rate; n: number of years. 

6.3.2 Present value of a series of annuities 

An annuity is a regular payment of income made at the end of a fixed period.  Consider 

investing an annuity of amount, A, during each of n compounding periods with an interest 

rate i. This situation can be shown graphically in a cash flow diagram. The present value of a 

series of n payments of amount A is mainly calculated from equation: 

 

                       [
        

 
]                                                                   6.4 

 

The factor  






  

i

i)(11 n

is sometimes called the series present worth factor, SPWF(i,n).  The 

reciprocal of the series present worth factor is sometimes called the capital recovery factor, 

CRF(i,n).  Thus, 

 

                                                                                               6.5 

It is sometimes easier to understand “annualized savings” than the “present value” of 

savings”.  To find annual savings, find the present value of savings (equation 6.4), and then 

annualize that amount by solving equation 6.5. The study evaluates and analysis the economic 

state for saving energy models through both methods to determine the saving energy effective 

cost and the feasibility for implementing the models for various facilities in Gaza strip.  
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6.4   Case Study 1: GTC as educational institution  

6.4.1 Economic evaluation of ECO for lighting systems: 

 A.  Reducing the number of lighting lamps 

Returning to Table 5.2, the peak annual energy saving was 28693 kWh/year due to removing 

the extra lamps by using lumen method. The corresponding savings were calculated as shown 

in Table 6.1, knowing that lamps removal doesn’t incur any costs from GTC, and the 

implementation cost is zero so that the simple payback period is immediate. 

Table (6.1): Annual saving of energy & money for light fitting in GTC 

Saving Energy & Money from Lumen Method Implementation 

No Building Removal 

lamp  

Rate Power 

Reduction 

OH Energy 

Saving 

Money    

Saving 

CO2
 

Reduction 

S.P.B.P 

Q W kW Hr kWh NIS kg/year Year 

1 Commerce  20 36 0.86 1800 1555 715 1121 Immediate 

2 Engineering  101 36 4.36 1800 7854 3613 5663 Immediate 

3 English 

Admin, 

94 36 4.06 1800 7309 3362 5270 Immediate 

4 Electronics 

& Comm, 

20 36 0.86 1800 1555 715 1121 Immediate 

5 Workshops  

Misc 

134 36 5.79 1800 10420 4793 7512 Immediate 

6 Total   28693 16900 20688   

 

 Key:          Saving energy equals power saving X Operating hours 

                   Money saving equals to energy saving X price NIS/kWh 

                   Electrical tariff is in average 0.589 NIS/kWh. 

                   Saving one kWh can save 0.721 kg of CO2 [68] 

                   S.P.B.P= Investment cost/ money saving. 

 

 

The estimated maximum saving of electrical light consumption by adopting excess lumen 

method is 28693kWh/year and the net cost saving from reduction in light energy is 16900 

NIS/year. The classes and labs are not fully occupied in the same time so that the selected 

reasonable saving estimation is about 52 % of peak saving corresponding to 16053 kWh/year 

and about 6.4 % of total electrical consumption.   
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B. Saving energy & money by replacement of high efficient lamps: 

 (1) Replacement of CFL instead of incandescent lamps     

Returning  to Table 5.3, the annual energy saving of  7853.76 KWh upon using more efficient  

lighting fixture like CFL14W  instead of  incandescent 60W  are calculated as shown in Table 

6.2. 

Table (6.2): Annual energy & money saving for light fitting in GTC by using CFL 

Saving energy & Money from Install new CFL instead of Incandescent 

No Building Power 

Reduction 

OH Energy 

Saving 

Money    

Saving 

Cost CO2 
Reduction 

S.P.B.P 

kW hr kWh NIS NIS kg/year Month 

1 Commerce  1.17 1800 2100 966 270 1514 3.35 

2 Engineering  1.12 1800 2022 930 260 1458 3.35 

3 English  0.26 1800 467 215 60 337 3.35 

4 Electronics 0.52 1800 933 429 120 673 3.35 

5 Workshops 1.30 1800 2333 1073 300 1682 3.35 

6 Total 4.36   7855 4626.5   5663   

 

 

(2) Replacement of HPS 150 instead of ML 400 W: 

Returning to Table 5.4, the annual energy saving of 5400 kWh upon using HPS 150 W 

instead of ML 400W can be achieved. The corresponding savings are as shown in Table 6.3. 

Table (6.3): Annual saving of energy & money for light fitting in GTC by using CFL 

Saving energy & Money from Install new HPS instead of ML 

No Alternative Proposal Power 

Reduction 

OH Cost Energy 

Saving 

Money 
   

Saving 

CO2
 

Reduction 

S.P.B.P 

  kW hr NIS kWh NIS kg/year Month 

1 HPS 150 instead of 

ML 

1.50 3600 420 5400 3180.6 3893 1.9 

 

The estimated saving potential of electrical light consumption by install energy efficient 

lamps such as indoor and outdoor efficient lamps is 13255 kWh/year and the saving money 

from reduction in light energy is 7807 NIS/year and about 5% of total electrical 

consumption. 

 

 



 

59 

 

(3) Replacement of high technology LED lamps instead of fluorescents 

Returning to Table 5.5, the annual energy saving of 45949.7 kWh is upon using high 

technology LED lamp 18 W instead of fluorescent lamp 36W and adopting lumen method. 

The corresponding savings are calculated as shown in Table 6.4. 

 

Table (6.4): Annual energy & money saving for light fitting in GTC by using LED 

Saving energy & Money by adopting new technology LED lamps 

No Building 

Power 
Reduction 

OH Cost 
Energy 
Saving 

Money 
Saving 

CO2
 

Reduction 
S.P.B.P 

kW hr NIS kWh NIS kg/year Year 

1 Commerce  3 1800 15120 5715 3366 6173 4.5 

2 Engineering  10 1800 46680 17645 10392 19057 4.5 

3 English  7 1800 33600 12701 7481 13717 4.5 

4 Electronics 5 1800 26160 9888 5824 10680 4.5 

5 Total   45949.7 27064 33130   

 

The maximum saving potential of electrical light consumption by install new technology LED 

lamp after adopting lumen method at the operation peak is 45949.7 kWh/year and the net 

cost saving  is 27064 NIS/year. The classrooms are not fully occupied in the same time so 

that the selected reasonable saving estimation is about 52 % of peak saving corresponding to 

is 23894  kWh/year and about 9.5 % of annual electrical consumption.. 

(4)  Saving energy & money by install reflectors: 

Returning to Table 5.6, the annual energy saving of  1244 kWh upon installing reflectors. The 

corresponding savings are calculated as shown in Table 6.5. 

Table (6.5): Annual Energy & Money Saving for Using Reflector 

Saving energy & Money from Install Reflector FL light 2*18W 

No Power 

Reduction 

OH Cost Energy 
 

Saving 

Money 
   

Saving 

CO2
 

Reduction 

S.P.B.P 

kW hr NIS kWh NIS kg/year Month 

1 0.69 1800 630 1244 732 897 12 

 

The estimated saving potential of electrical light consumption by install reflector for lamps is 

1244kWh/year and the net cost saving is 732 NIS/year. 

 

C.  Saving Energy & Money by Installing Occupancy Systems: 

Returning to Table 5.9, the annual energy saving is 30210 kWh upon using Dual technology 

occupancy sensor in class and lab. The corresponding savings are calculated as shown in 

Table 6.6. 
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Table (6.6): Economic analysis of occupancy system used at the main Location 

Saving energy & Money from Install Occupancy sensor 

No Building Alternative Proposal Cost Energy
 

Saving 

Money 

Saving 

CO2
 

Reduction 

S.P.B.P 

Install DT200 Dual NIS kWh NIS kg/year Year 

1 Classes Occupancy Sensor 25800 24559.2 14465 17707 1.78 

2 Labs Occupancy Sensor 5600 5650.6 3328 4074 1.68 

 

The estimated maximum saving potential of electrical light consumption by install automatic 

light control technique for classes is 24559.2kWh/year and 5650.6 kWh/year for labs. The 

summary list of electrical, financial and environment saving by implementation of lighting 

energy saving method is as follow: 

Table (6.7): Summary of Light System Economic analysis in GTC 

Saving energy & Money from light systems 

No Opportunity Cost
 

Investment 

Energy 

Saving 

Money 
  

Saving 

CO2
 

Reduction 

S.P.B.P 

NIS kWh NIS kg/year Month 

1 Removal Lamps 0 16057 9457 11577 Immediate 

2 CFL instead of Incand 1010 7855 4626 5663 3 

3 LED technology 

Lamps 

121560 45949/23894 14073 30313.44 4.5  year 

4 HPS 150 180 5400 3180 3893 2 

 5 Occupancy sensor 31400 30209 17793 21781 2 year 

6 Install Reflector 600 1244 732 897 12 

7 Total 263362  155120 217254   

 

6.4.2 Economic evaluation of ECO for HVAC 

 A.   Increase A/C thermostat set point temperature  

Returning to Table 5.10 and by using equation 4.2, it is expected to achieve an annual energy 

saving of 7950 kWh/year upon increasing the air conditioner thermostat set point 

temperature. Table 6.8 illustrates the conservation by using this technique. 
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Table (6.8): Economic analysis upon increase temperature set point (24C) 

Saving Energy & Money from Re-adjusting Thermostat 

No  
Opportunity 

Cost 

Investment 
Energy 
Saving 

Money 
Saving 

CO2
 

Reduction 
S.P.B.P 

NIS kWh NIS kg/year Year 

1 Thermostat Setpoint=24 oC 0 7950 4682 2751 Immediate 

2 Total  7950 4682 2751   

 

The estimated saving potential of electrical air conditions consumption by re-adjust the 

thermostat set point to  is 7950 kWh/year and equivalent to 4682 NIS/year and the energy 

saving is 3 % of the total electrical consumption in the GTC. 

 

B. Energy conservation upon Replace A/C to inverter type: 

Returning to Table 5.11, it is expected to achieve an annual energy saving of  8452  kWh/year 

upon increasing the air conditioner thermostat set point temperature. Table 6.9 illustrates the 

conservation by using this technique. 

Table (6.9): Economic analysis for A/C with inverter compressor type 

Saving Energy & Money from New A/C inverter Compressor type 

No  
Opportunity 

Cost 

Investment 
Energy 
Saving 

Money 
Saving 

CO2
 

Reduction 
S.P.B.P 

NIS kWh NIS kg/year Year 
1 HVAC with Inverter  Compressor 

Type 
27000   16904 9956 12187 2.6 

2 Total 27000 16904       9956 12187  2.6 

 

The summary of annual energy and money saving is illustrated in Table 6.10. The 

implementation of the energy saving opportunities in HVAC is considered important due to 

the waste consumption power in the HVAC system. 

 

Table (6.10): Summary of annual saving of energy and CO2 emission 

Summary of energy & money saving for HVAC 

No Opportunity Cost 

Investment 

Energy 

Saving 

Money 

Saving 

CO2
 

Reduction 

S.P.B.P 

NIS kWh NIS kg/year Year 

1 Thermostat Set point=24 
o
C 0 7950 4682 569 Immediate 

2   HVAC with Inverter  Compressor 

Type 

27000 16904 

 
9956 12187 2.6 

3 Total 27000 24854 14639 78424   
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The total electricity consumption per year in GTC was 250820.66kWh. The saving  by 

increasing thermostat set point  is 3.2% and by replacing the A/C to inverter type is 7 % with 

2.6 years of  return of investment. 

6.4.3 Economic evaluation of ECO for power factor improvements 

Referring to Figure 5.5 for the power factor situation in GTC, the power factor becomes less 

than 0.9 sometimes due to defect in APC and that cost to repair the defect of capacitor bank 

according to local supplier of new bank capacitor is 800 NIS. The expected work to achieve 

annual money saving 3612 NIS is highly return profits. 

Table (6.11): Economic analysis of fixed the APF regulator 

 

 

The total electricity consumption per year in GTC is 250820 kWh. The saving energy is 3 % 

by fixed the defect in GTC and the result indicates that simple payback period is 4 month. 

6.4.4 Economic evaluation of ECO for induction motor: 

Returning to Table 5.14, it is expected to achieve an annual energy saving of 3418 kWh/year 

upon changing the standard motor comparable to high efficient motor. In case, the need to 

replace the motor, the price of the standard motor and high efficient motor was summarized in 

Appendix E. The study deducts 70 % from the list price of existing standard motor due to 

amortization and avoids uncertainty conditions.   

1. Price of the saved energy = 1944 × 0.589 =  1145 NIS  

2. The difference price between the standard and high efficient motor is 660$ (864$-

0.3*677) and adds 15 % of uncertainty cost. Then, the investment cost is 2761 NIS.  

3. SPBP     = 2761 / 1145 = 2.4 years  for high efficient motor 

4. SPBP  =2.4 for HEM 

The results indicated that the replacement to HEM is recommended. The summary of 

economic and environmental analysis was shown in Table 6.12. 

Table (6.12): Economic analysis of replacement standard motor with HEM 

name of motor Energy saved Money saved Investment CO2 Saving S.P.B.P  

 kWh/year NIS/year NIS/year Kg/year Year 

  Well Pump Efficient Efficient Efficient Efficient Efficient 

 1944 1145 2761 1041 2.4 

 

Energy Conservation Opportunity Saving Investment S.P.B.P 

                          ECO NIS NIS Year 

 improvement of APF defect 3612 800.00 0.30 
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6.4.5 Economic evaluation of ECO for air compressor: 

A. Repaired air leakage 

 

1-  Air compressor for Welding shop 

Returning to Table 5.17, the waste power consumption is obtained by using equation 4.5b.  

  

Air leakage cost  Wastepower  annual operating hours  price of kWh 6.6

  1.8   648 0.589   559 NIS / Year

  

   
 

 

If we assume that 90 % of the leaks can be sealed, so the annual saving will be about 492 

NIS. The investment cost is about 200 NIS due to the material requirements and labors are 

free due to mobilizing them from inside the center.  

 The result indicates that S.P.B.P is 4 month. 

 

2- Air compressor for carpentry shop 

 

Returning to Table 5.17, the waste power consumption is obtained by using equation 4.5b. 

 
Air leakage cost  Wastepower  annual operating hours  price of kWh 6.7

  1.9   648 0.589   591 NIS / Year.

  

   
 

 

If we assume that 90 % of the leaks can be sealed, so the annual saving will be about 504 

NIS. The investment cost is about 200 NIS due to the material requirements and labors are 

free due to mobilizing them from inside the center.  The result indicates that the  S.P.B.P is 4 

month and illustrated in Table 6.13. 

Table (6.13): Economic analysis of arrested air leakage  in the distribution network 

Saving energy & Money from sealing of air leak 

No Opportunity Cost
 
 

Investment 

Energy 

Saving 

Money 

Saving 

CO2
 

Reduction 

S.P.B.P 

NIS kWh NIS kg/year Year 

1 Welding & Turning Workshop 200 1182 492 852 0.41 

 2 Carpentry Workshop 200 1223 504 881 0.40 

3 Total 400 2405 996 1734   
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B. Improving the inlet air temperature conditions: 

 

Returning to Table 5.19 and obtain the reduction power consumption by using of equation 4.6 

for change the location of air compressor into the cold side. The achieving this work requires 

changing the position of air compressor or the air intake direction. The estimated investment 

cost is around 150 NIS for material ducts and its accessories. The summary of economic and 

environmental analysis upon improvements the air intake condition for air compressors in 

GTC is shown in Table 6.14. 

Table (6.14): Economic analysis of improvement the air intake conditions 

Economic Analysis for improvements of air intake conditions 

No Opportunity Cost
 

Investment 

Energy 

Saving 

Money 

Saving 

CO2
 

Reduction 

S.P.B.P 

NIS kWh NIS kg/year Year 

1 Welding 150 583 268.8 313 0.6 

2 Diesel 150 324 201.6 320 0.8 

3 Carpentry 150 
518 

403.2 474 0.4 

4 Total 450 1425 873.6 1947.4   

 

6.4.6   Model of no cost investment analysis 

The no cost model of electrical conservation in GTC are using of Lumen method for light 

system and controlling the thermostat set point temperature to 24 C. 

 

Saving of light system by Lumen Method Saving of HVAC by adjust S.P
Saving Factor

Annual Electrical Consumption kWH

6.14


  

 
Saving of light system by Lumen Method Saving of HVAC by adjust S.P

Saving Factor
Annual Electrical Consumption kWH




 

                                                                                                            6.15 

 

 

 7950+16053
Saving Factor 9.6%

250821
 
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6.4.7 Model of low cost investment analysis 

Low- cost electrical conservation model are adopting compact efficient light, install reflectors 

for light fitting, sealing of air compressor distribution network, using cold  air intake of air 

compressor, and excluding  power factor penalty. The saving of electrical conservation 

programs of low-cost programs for GTC can calculate according to the following:  

Saving Low Cost programs
Saving Factor 6.16

Annual Electrical Consumption kWH


 

 

7855 | 5400 | 1244 | 2405 | 1425 |
Saving Factor 7.5%

250821

indoor outdoor reflector sealing cooling   
 

 

6.4.8 Medium cost investment analysis: 

The medium- cost electrical conservation programs are adopting automatic light fitting by 

occupancy sensor and replace the conventional HVAC units with new inverter compressor 

type one. The saving of electrical conservation programs of medium-cost programs for GTC 

can calculate according to the following equation:  

 

Saving Medium Cost programs
Saving Factor 6.17

Annual Electrical Consumption kWH


 

 

30210 | 16904 |
Saving Factor 18.7

250821

sensor inverter
   

6.4.9 Model of high- cost analysis: 

The high-cost electrical conservation model are adopting new technology LED lamps, and 

install high efficient motors, the saving of electrical conservation programs of high-cost 

programs for GTC can calculate according to the following equation :  

 

Saving high Cost programs
Saving Factor 6.18

Annual Electrical Consumption kWH


 

 



 

66 

 

23894  | 1944 |
Saving Factor 11%

250821

efficientLED HEM
   

6.4.9 Cash flow analysis: 

Each year income and costs are experienced. In general, a cash flow is the difference between 

income and costs. All costs are assumed to occur at the end of each year. The total initial 

investment cost of saving energy in GTC is the required costs for implementing the proposed 

saving energy models included the installation cost and uncertainty conditions and illustrated 

in Table 6.15. 

     Table (6.15): Initial investment cost for saving energy in GTC 

  Quantity 
Unit Cost 

(NIS) 
Total Cost 

(NIS) Years 

Indoor efficient Light 101 10.00 1,010.00 10 

Outdoor Efficient Light 6 66.00 396.00 10 

Install fixed capacitor 2 400.00 800.00 10 

High efficient motor 1 2,761.00 2,761.00 20 

Reflector 9 70.00 630.00 20 

Automatic light fittings 73 430.00 31,390.00 20 

 High Technology LED 1013 120.00 121,560.00 20 

Total Supply Cost L.S   158,547.00   

Installation 7 % of total L.S 1.00 11,000.00   

Uncertainty or 
unforeseen ( 2 % of 

total supply cost) L.S 1 3170  

 Total Initial Cost     172717 
 

 

The study will briefly review the economic analysis of the implemented models through 

advanced economic method called life cycle cost (LCC). The LCC method takes all costs and 

investments at their appropriate points in time and converts them to current costs [63]. The 

study assumes that the cycle time of project is 20 years and the interest value is 10 %. 

 

Total initial Cost = Cost of supplying or replacement material + Installation material+ 

uncertainty or unforeseen (2 % of total initial cost).  

                                             = 158,547 + 11000 + 3170=172717 NIS 

The annual Operation and maintenance Cost (O& M) is about 800 NIS and the salvage value 

of the design models after 20 years is taken 5 % and approximate 8636 NIS. The cost of 

replacement the old fixture with new one is about 2206 NIS in the second 10 years. 
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The life cycle cost of implement the energy saving models in GTC is obtained by drawing 

cash flow as in Figure 6.1: 

 

 

 

Figure 6.1:     Cash flow of energy saving models for GTC. 

 

 

 

The most important fact to remember is to convert everything to a present worth or a future 

worth. Then the equivalent uniform series is obtained with appropriate A/P or A/F factor 

according to equations 6.3 and 6.4.  

The life cycle cost of  implement the proposed models =   initial cost of models  + present 

worth of maintenance and operation (O&M)  – present worth of salvage value + present worth 

of second group of replacement materials. 

In order to simplify the routine engineering economy calculations involving the factors, tables 

of factors values have been prepared for interest rates from 0.25 to 50% and time from 1 to 

large n values (see Appendix H).  

 P.W= 172717 + 800 (P / A i ,n)- 8636(P / F i ,n)+ 2206 (P / F i ,n) 

 P.W= 172717 + 800 (P/A10%,20)- 8636 (P/F10%,20)+ 2206 (P/F 10%,10) 

The factors [(P/A10%,20); (P/F10%,20); (P/F 10%,10)] are obtained from interest factor tables in 

Appendix H. The following is the simplified procedure to explain LCC analysis. 

 P.W  = 172717 + 800 x 8.5136-8636*.1486+2206*.3855 =179095.3 

Then the equivalent annual worth AW is obtained with appropriate A/P, as  follow: 

 A.W= PW(A/P10%, 20)=179095.3 (0.11746)=21036.65 NIS 

 The life cycle cost is 21036.65 NIS 

 

 

8000

0

0 4 8 12 16 20
time

-2400   300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            300 NIS            NIS           

8636 NIS

  2206 NIS           

-172717
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6.4.10 Rate of Return for the energy saving models: 

Rate of return (ROR) is the rate of interest paid on the unpaid balance of borrowed money, or 

the rate of interest earned on the un-recovered balance of an investment, so that the final 

payment or receipt brings the balance to exactly zero with interest considered [63].  

The annual saving money from implement four models  and salvage value are saving values ( 

Income values ), but initial cost of the implemented  models, cost of new replacement 

components and annual cost of maintenance are assuming to be outcome values. 

 

 

Step 1: Specify income values for annual saving money and salvage value  

 Income values    =  42195(P / A i, 20) + 8636 (P / F i, 20) 

Step 2: Specify outcome values including total initial cost and maintenance costs  

 Outcome values = 172717+ 800 (P / A i, 20) +2206 (P / F i, 10). 

Step 3: Make balance between income and outcome to specify ROR value 

 Income + Outcome = zero. 

 42195(P / A i, 20)+ 8636 (P / F i, 20)- 172717-800 (P / A i, 20) -2206 (P / F i, 

10)=0 

 41392 (P / A i, 20)+ 8636(P / F i, 20)-172717-2206 (P / F i, 10)  =0 

Step 4: Use try and error method: 

By try and error the approximate i is between 22% and 24% to achieve the balance between 

income and outcome value of the proposed investment for electrical conservation. 

Use i = 22% to estimate the actual rate of return. 

 41392*4.46+8636*0.0187-172717-2206*0.1074=11709.6 >>> 0 

We are too large on the positive side, indicating that the return is more than 22%. 

Try i = 24 %: 

41392*4.1103+7927*0.0135-162547-2206*0.11644=-2723 <<0 

 

Step 5: Do interpolation to estimate the value of ROR: 

Since the interest rate of 24% is too high, interpolate between 22% and 24% to obtain:  

      (
         

               
)             

R.O.R =23.6 % 
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6.5 Case study 2: APF as industrial sector: 

6.5.1 Economic evaluation of ECO for Lighting Systems: 

 (A) Replacement of CFL instead of Incandescent lamps     

Returning to Table 5.20, the annual energy saving of 1711 kWh is upon using more efficient 

lighting fixture like CFL14W instead of standard fluorescent lamp. The corresponding 

savings are calculated as shown in Table 6.16. 

Table (6.16): Economic analysis and CO2 reduction for light fitting 

 

Saving energy & Money from use CFL 

No Cost Energy 
 

Saving 

Money 
 

Saving 

CO2
 
Reduction S.P.B.P 

NIS kWh NIS kg/year Month 

Workshop 600 1710.7 821.28 1233.77 0.73056692 

 

 

(B) Replacement of HPS 150 instead of ML 400 W: 

Returning to table 5.21 the annual energy saving of 3500 KWh upon using HPS 150 W 

instead of ML 400W can be achieved. The corresponding savings are as shown in table 6.17. 

 

Table (6.17): Annual energy & money saving for light fitting  by using HPS 

Saving energy & Money from Install new HPS instead of ML 

No Alternative Proposal Power 

Reduction 

OH Cost Energy 

Saving 

Money 

Saving 

CO2 

Reduction 

S.P.B.P 

  kW hr NIS kWh NIS kg/year Month 

1 HPS 150 instead of 

ML 400 

2 3600 560 7200 3456 5191 1.7 

 

 

The amount of savings for ECO in light system reaches amount of 3 % from total electric 

consumption. 
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6.5.2 Economic evaluation of ECO  for Power Factor Improvements 

The energy saving of improvement of power factor was calculated from equation 5.3. The 

avoided penalties that considered as savings in case of imposing the penalty law are 

calculated according to Table 5.12 as follows: 

 

Avoided penalties = 1.25 × (Improved power factor – Old power factor) ×   Electricity 

consumption (kWh/year) × cost of kWh  

 

   Avoided penalties 1.25 P.F  –  P.F  Electricity consumption kWh / year costof kWh 

 26915 NIS / Year.

new old   



  

 

The investment cost of power factor improvement is the cost of electrical board for automatic 

power factor regulator including variable capacitors banks and approximates 10170NIS 

(Appendix F). Table 6.18 summarizes the economic analysis of supplying and installation of 

APF regulator including the saving money, which reached to 18 % (26915 NIS) from total 

cost of electric consumption in APF.  

 

Table (6.18): Economic analysis of supplying and installation APF regulator 

 

 

 

6.5.3   Economic Evaluation of ECO for Induction Motor: 

 Returning to Table 5.22, 5.23, the total energy saving to install new efficient motor instead of 

standard motor was calculated according to equations 4.5. The results in Table 6.19 indicates 

that the replacement from standard motors to HEM is recommended for well pump and 

breakers  but hydraulic motor is not recommended due to about 3 year for return of the 

investment. The amount of electrical savings is 10598 kWh without adding hydraulic motor.  

Table (6.19): Economic analysis of changing the standard motor with HEM 

name of motor 

Energy 

saved 

Money 

saved Investment 

CO2 

Saving S.P.B.P 

 kWh NIS NIS Kg Year 

Well Pump 3250 1914 3228 2574.97 1.68 

Breaker1 3674 2163 1993 2242 1.0 

Breaker2 3674 2163 1993 2242 1.0 

Motor for Hydraulic 

 

4681 2298 6277 1041 3 

 

 

Energy Conservation Opportunity Saving Investment S.P.B.P 

                          ECO NIS NIS Year 

 Supply & Install APF Regulator 26915 10170 0.37 
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6.5.4 Economic evaluation of ECO for Air Compressor: 

 

1. Repaired air leakage: 

 

Returning to Table 5.25 and obtain the waste power consumption by using equation 5.5b for 

air leak. If we assume that 90 % of the leaks can be sealed according to IEEE 739-1995, so 

the annual saving will be about 2774.7 NIS. The investment cost is about 420 NIS due to the 

material requirements and labors cost. The result indicates that S.P.B.P is about 2 month and 

illustrated in Table 6.20. 

 Air leakage cost  annual Waste power   price of kWh

  6243 0.589   3677 NIS / ear y

 

  
 

Table (6.20): Economic Analysis for Air Compressor by arrested air leak 

Air leak 

No Opportunity Cost 

Investment 

Energy 

Saving 

Money 

Saving 

CO2 

Reduction 

S.P.B.P 

NIS kWh NIS kg/year Month 

1 Air Compressor 1,2,3 420 6243 3677 4501 1.8 

2 Total 420 6243 3677 4501 1.8 

 

2. Improving the inlet air temperature conditions 

Returning to Table 5.27 and obtain the reduction power consumption by using of equation 5.6 

for change the location of air compressor into the cold side. The average power saving is 

about 0.65 kW for air compressors in factory. 

Energy reduced  power saving  operating hours 

5616 kWh / Year.

 

  

Money saving    energy reduced  cost of kWh 

  5616  0.589  3307.8 NIS per year.

 

     

Changing the position of air compressor or the air intake direction is only required. The 

investment cost for improving the inlet air intake for the air compressor in Palestinian factory  

was estimated 650 NIS for supply and installation ducts from outside into inside the 

allocation of air compressor.  

The result indicates that the return the investment cost is about 6 month, so the change 

of inlet air position is needed immediate. The summary of economic and environmental 

analysis upon improvements the air intake condition for air compressors in APF was shown in 

Table 6.21. 
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Table (6.21): Annual saving for energy & money, and CO2 reduction 

Economic Analysis for improvements of air intake conditions 

No Opportunity Cost
 

Investment 

Energy 

Saving 

Money 

Saving 

CO2
 

Reduction 

S.P.B.P 

NIS kWh NIS kg/year Month 

1 Air Compressor1 650 3024 1781 2180 4.0 

2 Air Compressor2 650 2592 1526.7 1867 6.0 

3 Total 1300 5616 3307.8 4049   

 

6.5.5 Model of low cost saving analysis: 

The low- cost electrical conservation model is adopting compact efficient indoor and outdoor 

light, sealing of compressor air leak, using cold air intake of air compressor. The saving of 

electrical conservation model of low-cost programs for GTC can calculate according to the 

following equation:   

 Saving Low Cost programs
Saving Factor

Annual Electrical Consumption kWH


      6.19 

1711| 7200 | 6243 | 5616 |
Saving Factor

263874.65

7.8%

indoor outdoor sealing cooling  


  
 

6.5.6 Model of high- cost analysis: 

 

The high- cost electrical conservation model is adopting automatic power factor controller 

and install high efficient motors. The power factor penalties excludes from saving calculation. 

The saving of electrical conservation programs of high-cost programs for GTC can calculate 

according to the following equation:  

Saving high Cost programs
Saving Factor 6.20

Annual Electrical Consumption kWH

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10598 |
Saving Factor

263874.65

3.5%

efficientHEM




 

6.5.7 Cash flow analysis: 

Each year income and costs are experienced. In general, a cash flow is the difference between 

income and costs. All costs are assumed to occur at the end of each year. The total initial cost 

of energy saving investment in APF is the required costs for implementing low cost and high 

cost models, and illustrated in Table 6.22. 

 

     Table (6.22): Initial investment cost for saving energy in APF 

  Quantity 
Unit Cost 

(NIS) 
Total Cost 

(NIS) Years 

Indoor efficient Light 60 10.00 600.00 10 

Outdoor Efficient Light 8 70.00 560.00 10 

APF with capacitor banks L.S 1 10170.00 10 

High efficient motor 1 7214.00 7214.00 20 

Accessories for air compressor 9 70.00 1300.00 20 

Total Supply Cost L.S  1 27,058.00   

Installation cost 10 % L.S 1.00 2705.00   

Uncertainty or unforeseen ( 6 
% of total supply cost) L.S  1 1047  

 Total Initial Cost     30810 
 

 

The economic procedure to calculate the life cycle cost of our study can perform similar to  

LCC evaluation in APF. 

      Total initial Cost = Cost of supplying or replacement material + Installation            

material+ uncertainty or unforeseen ( 2 % of total initial cost). 

                                 = 27058 + 2705 + 1047=30810 NIS 

The annual Operation and maintenance Cost (O & M) cost is about 200 NIS and the salvage 

value (the residual value) of the design models is taken 10 % (approximates 2705 NIS) after 

cycle time is completed. The cost of replacement the old fixture and capacitor banks with new 

one is about 6245 NIS in the second 10 years. 

The life cycle cost of implement the energy saving models in GTC is obtained by drawing 

cash flow as in Figure 6.2: 
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Figure 6.2: Cash flow of energy saving models for APF 

 

We assume that the lifetime of project is 20 years and the interest value is 10 %. 

The life cycle cost of  implement the proposed models =  initial cost of models  + present 

worth of maintenance and operation  – present worth of salvage value + present worth of 

second group of replacement materials. 

 P.W= 30810+ 200 (P / A i ,n)- 2705 (P / F i ,n)+ 6245 (P / F i ,n) 

 P.W= 30810 + 200 (P/A10%,20)- 2705 (P/F10%,20)+ 6245 (P/F 10%,10) 

The factors of above equation are obtained from interest factor tables in Appendix H. 

 P.W  = 30810 + 200 x 8.5136-2705*.1486+6245*.3855 =34518 NIS 

Then the equivalent annual worth AW is obtained with appropriate A/P as follow: 

 A.W= PW(A/P10%, 20)=33567* (0.11746)=4054.5 NIS 

6.5.8 Rate of Return for the energy saving models  

The annual saving money from implement four models  and salvage value are saving values ( 

Income values ), but initial cost of the implemented  models, cost of new fixtures and annual 

cost of maintenance are assuming to be outcome values. 

 

Step 1: Specify income values for annual saving money and salvage value  

 Income values    =  (10951)(P / A i, 20) + 2705 (P / F i, 20). 

Step 2: Specify outcome values including total initial cost and maintenance costs  

 Outcome values = 30810+ 200 (P / A i, 20) +6245 (P / F i, 10). 

Step 3: Make balance between income and outcome to specify ROR value 

 Income + Outcome = zero. 

 10951(P / A i, 20)+ 2705 (P / F i, 20)- 30810-200 (P / A i, 20) -6245 (P / F i, 10)=0 

6000

0

0 4 8 12 16 20
time

-2400  200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200 200  NIS           

2705 NIS

  6245 NIS           

-30810
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 10751 (P / A i, 20)+ 2705 (P / F i, 20)- 30810-6245 (P / F i, 10)  =0 

Step 4: Use try and error method: 

By try and error the approximate i is between 30% and 35% to achieve the balance between 

income and outcome value of the proposed investment for electrical conservation. 

Use i = 30% to estimate the actual rate of return. 

 10751*3.3185+2705*0.0053-30810-6245*0.0497=477.65 >>> 0 

Try i=35. 

 10751*2.85+2705*0.00247-30810-6245*0.0725=-473<< 0 

Step 5: Do interpolation to estimate the value of ROR: 

 

Since the interest rate of 35 % is too high, interpolate between 30% and 35 % to obtain:  
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6.6 Summary of Electrical Energy Results: 

1. GTC: 

Table (6.23): Summary of outcome research included the electrical and money saving in GTC. 

ECM Energy Opportunity 

Electrical 

Consumption Saving KWh 

Saving 

Money Saving CO2 

Saving 

Factor 

kWh/year kWh/Year NIS Kg % 

Model of No Cost 

Opportunities 

Removing Excess Light 250820 16053 7705.44 11574 6.40% 

HVAC S.P=24 C 250820 7950 3816 5732 3.17% 

Total 

 

24003 11521.44 17306 9.6 % 

        

  

  

Model of Low Cost 

Opportunities 

Compact Efficient Light 250820 7855 4626.6 5663 3.1% 

Outdoor Sodium Lamp 250820 5400 3181.6 3893 2.2% 

Sealing air leak  of Air 

Compressor 250820 2405 1107.36 1734 1.2 % 

Cooling Air intake of Air 

Compressor 250820 1425 873.6 1106 1% 

Total 

 

17194 10127 12912 7.5 % 

    

 

  

  

  

Model of Medium 

Cost Opportunities 

Automatic Light System 250820 30210 17793.7 21781 12% 

HVAC Inverter Type 250820 16904 8113.92 12188 7% 

Total 

 

47105 22610.4 33962 19 % 

    

 

  

  

  

Model of high Cost 

Opportunities 

High Technology LED Lamps 250820 23894   14073.6 17227 9.5  % 

High Efficient Motor 250820 1944 1140 2464 1.36% 

Total   27312 16114 19692 11 % 
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Figure 6.3: Cost and Energy Saving in GTC 
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1- Palestinian Construction factory 

 

Table (6.24): Summary of outcome research included the electrical and money saving in APF. 

ECM Energy Opportunity 

Electrical 

Consumption Saving KWh 

Saving 

Money Saving CO2 

Saving 

Factor 

kWh/year kWh/Year NIS Kg % 

Model of No Cost 

Opportunities   

        

  

  

Model of Low  Cost 

Opportunities 

Compact Efficient Light 263875 1710.7 821.28 1233 1.1% 

Outdoor Sodium Lamp 263875 7200 4240 5191 3.2% 

Sealing air leak  of Air 

Compressor 263875 
6243 

3677 4501 2.2% 

Cooling Air intake of Air 

Compressor 263875 
5616 

3307 4049 2.2% 

Total   20769.7 12233 14974.04 7.8 % 

  

Model of Medium 

Cost Opportunities   

    

 

  

  

  

Model of high Cost 

Opportunities High efficient Motor 263875 10598 6242 7345 3.71% 
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  Figure 6.4:  Effective-cost energy saving in APC 
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Summary: 

 

 

The study revealed from the previous economic analysis that no cost energy saving 

actions in training center achieved annual saving of 11521 NIS undertaken the 

removing the excess lamp and readjust the thermostat set point.  

Low cost energy saving actions also achieved in GTC annual saving money about 

10127 NIS and 12233.3 NIS in Factory by adopting compact fluorescent lamps instead 

of incandescent lamps, outdoor high-pressure sodium, sealing air leak in distribution 

network of air compressors and cooling air intake of air compressors.  

 

Medium cost energy saving actions in GTC achieved annual saving money about 22610 

NIS   undertaken install automatic light system and HVAC system with inverter type. 

 

 High cost energy saving actions achieved annual saving cost 16114 NIS with average 

simple payback period for GTC and 6242.2 NIS for APF. A huge amount of energy and 

carbon dioxide savings in various facilities could be achieved by implementing no cost 

and low cost energy conservation measures.  

 

It means that we could save a good percentage in energy consumption by just a simple 

changing in the behavior of energy utilization (no cost) or by a small amount of 

investment in order to achieve the required goal (low cost).  

 

Table 6.23 and 6.24 summarized the percentage of saving energy after implementing 

the energy conservation strategies and measures. Those amount of savings mentioned 

here are not including the amount of savings achieved by avoiding the low power factor 

penalties, due to that the municipalities did not start yet to impose these penalties. 
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CHAPTER 7 

ELECTRICAL CONSERVATION SIMULATION 

7.1 Introduction: 

The mathematical electrical conservation formulas models in the previous chapters were 

converted into interface user to facilitate the calculation of energy saving for electrical 

conservation models in this research. The designing program allows any user to insert 

measurement data for each energy conservation opportunity in any plant and get the 

saving ratio of electrical energy and reduction money, and finally print the summary 

report. The summary report can raise top management of the specified plant to make 

decision. The objectives in developing the software are; to identify electrical energy, 

waste, and cost saving opportunities, and calculate the expected savings, 

implementation cost and simple payback of each opportunity, to assist managers and 

engineers to manage their electrical energy consumption  

7.2 Software components and features 

The features of this software can be divided into four models as shown in Figure 7.1. 

Each model consists of the proposed opportunities in light system, HVAC system, 

electrical air compressor, power factor corrections and induction motors under this 

research. The designing software can determine the technical analysis output and the 

economic analysis for each opportunity in the proposed designing model in this resrach. 

There are menu bars in the software, which are the pop-up menu bar. The appearance of 

these bars allows the user to select and enter the desired function for each model. The 

structure of the program was divided into the following menu functions; an 

introduction, theory of induction motor, determination of motor performance, analysis 

of standard motor and HEM and help function which consist of useful information for 

the user 

7.3 Software Language 

In this project, I used ActionScript 3.0 as programming language to implement the 

entire simulation, because it's a cross-platform runtime environment developed by 

Adobe Systems for building Rich Internet Applications (RIA) using Adobe Flash, 

Adobe Flex, HTML, and Ajax, that can be run as desktop applications or on mobile 

devices. 
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Figure 7.1: Simulation Program Structure 
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7.4 User Graphic interface: 

The main screen desktop of the designing simulation software is shown in Figure 7.2. 

The software include a security level to restrict the using software and only authorized 

engineers allow to access to software.   

 

 

Figure 7.2:  Security access of electrical conservation program. 

The new widow at desktop will open as shown in Figure 7.3 after insert the user and 

password, the open window includes five top menu bars for the designing electrical 

conservation models in this research and the summary report. 
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Figure 7.3:  Main menu bars of the designing software. 

The simulation of lumen method is shown in Figure 7.4; the user inserts the measuring 

and rating inputs according to the specific space in the software. The outcome result 

appears after pressing insert new item to get the results or output as shown in Figure 

7.5. 

 

  Figure 7.4:  Lumen method window showing the required 

parameters. 
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  Figure 7.5:  Lumen method window showing the output results. 

The test value to get the summary report for the adopting models of electrical 

conservation opportunities in plant is shown in Figure 7.6. 

 

  Figure 7.6:  Test simulation summary report results. 
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The actual result of GTC plant is shown in Figure 7.7; the user can insert only the 

annual electrical bill consumption after recorded all measuring and data inputs for each 

investment model in the plant 

 

  Figure 7.7:  GTC summary report results. 
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CHAPTER 8: 

CONCLUSION AND RECOMMENDATION 

8.1 Conclusion 

In general, the electricity sector is characterized by a relatively low level of electricity 

consumption; in the Gaza Strip, electricity consumption was estimated at 1031.514 

GWh/year in the year 2010. Statistics for energy consumption by sector showed that the 

commercial and industrial sectors in Gaza Strip and West Bank compose roughly one-

third of the total G.S and W.B energy consumption in 2009. The electrical energy 

consumption approximates 30 % of the total energy sources in G.S & W.B. 

 

The Palestinian electricity sector suffers from many problems, such as high 

electrical deficit rate, high transmission losses, high electricity prices per kWh, 

unbalanced annual demand and growth and absence of energy management strategies 

and skills. 

 

This research investigated the potential of energy conservation opportunities in 

various facilities in G.S through energy management techniques in order to reduce 

energy consumption, protect the environment, and save money. The main purpose of 

this study was to decrease the rate of electrical deficit between demand and supply in 

Gaza strip to enhance and support the national economy.  

 

One of strategic solution to reduce the rate of electrical deficit is energy 

improvements for the commercial and industrial sectors in Gaza Strip. The case studies 

selected to demonstrate the use of method in order to measure energy savings into 

components. The savings opportunities were identified  for light system, compressed 

air, heating, ventilating and air conditioning, induction motor, and power factor 

correction. Each assessment identifies energy, waste, and cost saving opportunities, and 

quantifies the expected savings, implementation cost and simple payback of each 

opportunity. 

 

 

In this research, the proposed models in industrial and commercial facilities 

were  no cost model energy investment by adopting lumen method of light system and 

adopting thermostat set point of HVAC system, low cost  model by adopting high 

efficient lamps indoor and outdoor buildings, sealing air of compressed air, and air 

intake cooling source, in medium cost model by adopting automatic light fittings and 

install new air condition with inverter type, and in high cost model by implementing 

high technology LED lamps and high efficient motor. 
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The expected energy saving for no cost energy saving model achieves annual 

average energy saving of 9 % with 24003 kWh of electricity and equivalent to 11521.44 

NIS and the model includes the lumen method and readjust HVAC thermostat set point. 

The lumen method implements into all classes, labs, offices, and other areas  to reduce 

excess lamps and evaluation of  thermostat set point of cooling system to optimal set 

point in summer seasonal in order to reduce the electrical consumption by internal 

electrical equipment of air condition. 

 

Low cost energy saving actions achieve annual average energy saving of 7.5 % 

with 17194 and equivalent to 10127 NIS in GTC , in addition to  8 % with 20770 kWh 

and equivalent to 12233NIS in factory and low cost energy saving model includes 

installed high efficient lamps indoor and outdoor buildings such as compact florescent 

lamps and high pressure sodium  and improves the performance of electrical air 

compressors in GTC and APF. 

  

Medium cost energy saving actions achieve average energy saving of 19 % with 

47105 kWh and equivalent to 22610 NIS in GTC and medium cost model includes 

evaluation of automatic light fittings and install new air condition with inverter type, 

automatic light fittings consists of occupancy sensor with illumination level  and timer 

set to activate the lamp group switch after a set period. 

. 

High cost energy saving actions achieve average energy saving of 11 % 

corresponding  27312 kWh  and equivalent to 16114 NIS in GTC , in addition to 4.5 %  

with 10598 kWh and equivalent to 6242.2 NIS in some of induction motor in APC and 

high cost model includes evaluation of installed high technology LED lamps and high 

efficient motor in GTC and APF.  High technology LED lamps evaluate in offices, labs, 

and offices through the power consumption rate for the fluorescent and LED lamps. 

High efficient motor is primary characterized by low losses in windings and it is proper 

to installed in industrial factories in G.S in replace of standard motor. 

 

 The research proposes a model included five energy savings of electrical conservation 

for energy used light system, HVAC system, air compressor, partial of induction 

motors, and power factor correction. The total expected savings from implementing all 

five recommendations of electrical conservation models was 85,418 kWh per year 

corresponding to 50311 NIS per year for GTC and 24070 kWh per year corresponding 

to 14177 NIS per year in APF. 

 

The outcome research in particular contribute to reduce the electrical deficit rate with 

ratio  as the first priority for this research and achieve a good investment in commercial 

and industrial sectors as a second priority to enhance and support the national economy. 

 

Based on the results of this research, the following recommendations are hereby made: 
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8.2 Future Work 

1. The models of electrical conservation through energy managements can be applied 

at various facilities in Gaza Strip, especially house holding, services, universities, 

hospitals, mosques, etc. 

2. The research recommended setting up the local regulation and issuing legal 

enforcement of energy codes and practices for energy conservation and efficiency. 

3. The research recommended establishing a research energy center at IUG to support 

and develop the models of electrical conservation and encourage the research related 

to new technology and automation control models.  

4. The study recommends performing more energy audits at more sites 

5. The research suggests starting a public awareness of energy management in the 

schools and universities, and using public multimedia programs.  

6. The research recommends interactions among Palestinian universities and research 

centers in Gaza Strip and West Bank regarding electrical conservation through 

energy management. 

7. The research recommends performing researches combining automation and control 

systems with electrical conservation models.  

 

 

 

 

 

 

 

 

 



 

90 

 

 

REFERENCES 

[1]    Frank Kreith & D. Yogi Goswami, Energy Management and Conservation   

Handbook, CRC Press, 2008. 

[2] Cape Hart, Turner and Kennedy, Guide to Energy Management, Fairmont Press, 

5
th

 Edition, 2008. 

[3] The Bonneville Power Administration United States Department of Energy, 

Energy- efficient Electric Motor Selection Handbook, 1993. 

[4] Energy Mines and Resources Canada, energy management series 14 for industry 

and commerce compressor and turbine, M91-6-014E, 1987. 

[5] Gilbert A. McCoy, Todd Litman, John G. Douglass, Washington Energy-Efficient 

Electric Motor Selection Handbook, 3
rd

 Edition, Washington State Energy Office 

Olympia, 1992. 

[6] IEEE Std 739-1995, IEEE Recommended Practice for Energy Management in 

Industrial and Commercial Facilities,  ANSI, 1995. 

[7]  IEEE Std 141-1993, IEEE Recommended Practice for Electric Power 

Distribution for Industrial Plants, ANSI, 1993. 

[8] IEEE Std 399-1990, IEEE Recommended Practice for Industrial and Commercial 

Power Systems Analysis, ANSI, 1997. 

[9] Palestinian Central Bureau of Statistics (PCBS).  Energy Balance in Palestine 

2007, 2008, 2009.  Available from: 

 URL: http://www.pcbs.gov.ps/Portals/_PCBS/Downloads/book1621.pdf   

 URL: http://www.pcbs.gov.ps/Portals/_PCBS/Downloads/book1532 

 URL: http://www.pcbs.gov.ps/  Portals/_pcbs/Energy/38019346-0487-41fe-

9e42-97de33977959.htm  [access date 15 Dec, 2010]. 

[10] Palestinian Central Bureau of Statistics (PCBS), “Energy consumption in  the 

Palestinian Territories”, Annual  Report  2008.  available  at:  

     URL: www.pcbs.gov.ps/Portals/_PCBS/Downloads/book1613.pdf,  [access date 

15 Dec, 2010]. 

[11] Basel Yaseen , Energy efficiency improvement and  cost saving measures in some 

http://www.pcbs.gov.ps/Portals/_PCBS/Downloads/book1532
http://www.pcbs.gov.ps/%20%20Portals/_pcbs/Energy/
http://www.pcbs.gov.ps/Portals/_PCBS/Downloads/book1613.pdf


 

91 

 

different industries in Palestine,  An-Najah National University ,2008. 

[12] Palestinian Energy & Natural Resources Authority (PENRA); URL: 

http://penra.gov.ps/ , Access time: [26/6/2011]. 

[13] GEDCO Website: Statistical and Report, Technical statistic URL: 

http://www.gedco.ps/e/under.php/[access date 25June, 20100]. 

[14] Palestine Electricity Company, web site address, URL: 

http://www.pec.ps/?pageno=A02 [access date 5 Sep, 2010].  

[15] Dr. Ambedkar Institute of Productivity (AIP), Guide to Energy Management, 

Bureau of Energy Efficiency, New Delhi, India, available at: 

URL: http://emt-india.com/BEE-Exam/GuideBooks/; Access date [23/5/2010]. 

[16] United Nations Office for the Coordination of Humanitarian Affairs, GAZA’S 

Electricity Crises: The Impact of Electricity,  available at: 

http://www.ochaopt.org/default.aspx; Access date: [25/12/2010]. 

[17] Gaza Electricity Distribution Company, 2011. Unpublished data.  Gaza Strip.  

Palestine. 

[18]  Eng. Mohannad Aqel, Power Sector in Palestine, Palestinian Energy Authority, 

URL: www.albadronline.com/slides/power-sector-in-palestine.ppt, access date: 

[25/12/2010]. 

[19] Ayman Abu Alkhair, The Current Status of the Energy Sector in Palestine, with a 

Special Focus on the Electricity Sector, UEPE n° 2 Rapports de recherche du 

CUEPE n° 9 2006. 

[20] Palestinian Investment Fund, Annual Report 2008, Available at: 

www.pif.ps/resources/file/annual_report/AnnualReportEnglishFinal.pdf, Access 

Date: [22/6/2011]. 

[21] Ayman Abualkhair, Electricity sector in the Palestinian territories: Which 

priorities for development and peace?, Energy Policy 35 (2007) 2209 – 2230,  

[22] Sustainable Development Department (MNSSD) Middle East and North Africa 

Region, West Bank and Gaza  Energy Sector Review, Report No. 39695-GZ, 

May, 2007. 

[23] Imad Ibrik, "Energy Profile and the potential of Renewable Energy Sources in 

Palestine". Springer Science,2009. 

http://penra.gov.ps/index.php?option=com_content&view=article&id=590:2011-08-24-06-09-43&catid=1:2009-12-29-11-09-44&Itemid=29
http://www.gedco.ps/e/under.php
http://www.pec.ps/?pageno=A02
http://emt-india.com/BEE-Exam/GuideBooks/
http://www.ochaopt.org/default.aspx
http://www.albadronline.com/slides/power-sector-in-palestine.ppt
http://www.pif.ps/resources/file/annual_report/AnnualReportEnglishFinal.pdf


 

92 

 

[24] International Energy Agency (IEA), 2008.  Key world energy statistics , 2008. 

[25] Energy information Administration of US (EIA), available at URL: 

http://www.eia.gov/ countries/ country-data.cfm?fips=IS, Data access: 

[12/2/2010]. 

[26] Energy information Administration of US (EIA), available at URL: 

http://www.eia.gov/countries/country-data.cfm?fips=JO, Data access: 

[12/2/2010]. 

[27] Energy information Administration of US (EIA), available at URL: 

http://www.eia.gov/emeu/international/lebanon.html, Data access: 12/2/2010. 

[28] Rundquist, R.A., K. Johnson, and D. Aumann, Calculating  lighting and HVAC 

interactions. ASHRAE Journal, 1993 . 

[29] F.C. Verhagen, "Customer participation in electric load management: A state-of-

the-art review: Diagnosis and prognosis", IEEE Power Engineering Society 

Winter Meeting, New York, January 30 - February 4, 1983.  

[30] M.A. El-Kady and A.M. Shaalan, "Integrated utility-consumer strategies for 

demand management and energy conservation", Proceedings of the Joint 

Engineering Committee/KACST/IEE/IEEE Workshop on Energy Conservation 

and Load Management, Riyadh, Saudi-Arabia, May 1997. 

[31] Steve Doty and Wayne C. Turner , Energy management handbook, 6th edition , 

published by Fairmont Press,2007. 

[32] Albert Thumann, P.E., C.E.M, Handbook of energy audits, Sixth Edition, The 

Fairmount Press,2003. 

[33] OECD Observer, Healthier Energy Use, access time:18 Oct, 2010. URL; 

http://www.oecdobserver.org/news/fullstory.php/aid/1291/Healthier_energy_use.htm 

[34] World Energy Council, Energy Efficiency Policies and Indicators, Progress 

Achieved,www.worldenergy.org/wec-geic ,access time :[20th  Oct ,2010] 

[35] Surapong Chirarattananon , Juntakan Taweekun, "A technical review of energy 

conservation programs for commercial and government buildings in Thailand" 

;Energy Conversion and Management 44 (2003) 743–762. 

[36] K. Al-Qudah  , "Potential Opportunities for Energy Savings in a Jordanian 

Poultry Company" ,  GCREEDER 2009, Amman-Jordan, March 31st – April 

http://www.eia.gov/%20countries/%20country-data.cfm?fips=IS
http://www.eia.gov/countries/country-data.cfm?fips=JO
http://www.worldenergy.org/wec-geic


 

93 

 

2nd  2009 

[37] Mohammed Fasiuddin, HVAC System Operation  Strategies for Energy 

Connservation and Thermal Comfort in commercial Buildings in Saudi Arabia , 

Fahd University,Saudi Arabia, 2005. 

[38] Greg Wikler, Nonmember  Ahmad Faruqui, Nonmember  Clark W. Gehgs, FIES 

; "The potential for Energy Efficiency in Electric end Use Technologies" ,  IEEE 

Transactions on Power Systems, Vol.  8, No.  3,  August  1993 

[39] Atif Zaman Khan, "Electrical Energy Conservation and Its Application to a 

Sheet  Glass  Industry" ,Department of Electrical Engineering IEEE Transactions 

on Energy Conversion, Vol.  11, No. 3, September 1996. 

[40] Wiker, A. Faruqui, C.W. Gellings, K. Sieden, "The potential  for  energy 

efficiency  in  electric end-use technology" ,IEEE Trans Power system ,vol8,no 

3, pp. 1451-1367, August 1993. 

[41]  John C. Van Gorp, "Maximizing Energy savings with Enterprise Energy 

Management systems", IEEE Power & Energy; january/february 2004,page:61-

65. 

[42] Shaher A. Mahmoud, Khaled G. Ahmed, Ramadan F. Aboul-Fetouh and Fatma 

M. Maayouf , Assessment of DSM potential in The governmental Sector in Egypt 

and its effect on The national Power System Development , Egyptian Electricity 

Holding Company, Egypt. 

[43] Alfred E.Guntermann, "Are Energy Management Systems Cost Effective?", 

IEEE Transaction on Industry Application, VOL. IA-18, NO. 6, 

NOVEMBER/DECEMBER 1982. 

[44]  Arif Hepbasli, Nesrin Ozalp, "Development of energy electricity and 

management implementation in the Turkish industrial sector", ASME 

Mechanical engineering,  21 January 2002. 

[45] U.S. DOE EnergyInformation Administration, Manufacturing Energy 

Consumption Survey:Changes in EnergyEfficiency 1985–1991, U.S. Department 

of Energy, DC.  

[46] Imad H. Ibrik and Marwan M. Mahmoud, "Power Losses Reduction in Low 

Voltage Networks by Improving Power Factor in The Residential Sector", 



 

94 

 

Pakistan Journal of Applied Sciences, 2(7):727-732, 2002. 

[47] Dejan Skoric, "Cost Benefit Analaysis of Potential Energy Conservation 

Program at Oklahoma State", 2004, Available at: 

www.digital.library.okstate.edu/etd/umi-okstate-1019.pdf, Access Date: 

[22/6/2011]. 

[48] Clive Beggs, Energy Management Supply and Conservation, 2nd  edition,.  

Elsevier Ltd;  2009, USA. 

[49] International Energy Agency(IEA), Light's Labour's Lost , Policies for Efficient 

Light, OECD/IEA 2006. 

[50] U.S. Department of Energy ( DOE), Energy efficiency of Whit e LEDs, PNNL-

SA-50462 , June 2009. 

[51] Christina Galitsky and Ernst Worrell, " Energy Efficiency Improvement and Cost 

Saving Opportunities  for the Vehicle Assembly Industry", U.S. Environmental 

Protection Agency through the U.S. Department  of Energy Contract No. DE-

AC02-05CH11231, March 2008. 

[52] RLW Analytics, Non-Residential New Construction Baselines Study for the 

California Board for Energy Efficiency of the  CPUC, 1999. 

[53] James Benya, Lisa Heschong, Terry McGowan, Naomi Miller, and Francis 

Rubinstein,  Advanced Lighting Guidelines,  2003. 

[54] B., Da'as. Energy management procedures and audit results of electrical, 

thermal and solar applications in hospital sector in Palestine, An-Najah 

National University ,2008. 

[55] Wikipedia  free  encyclopedia, Inverter air conditioning systems 

http://en.wikipedia.org/ wiki/inverter_(air_conditioning), access time: 

22/5/2011. 

[56] Delta Electronics China;  Application of Delta’s Industrial Automation Products 

in HVAC: Energy-Saving, available at : 

URL:http://www.delta.com.tw/product/em/tech/tech_application.asp?act=3&ca

seid=80,  Access date: [15/6/2011]. 

[57] Peter G. Ellis, Paul A. Torcellini, and Drury B. Crawley. Simulation of Energy  

Management Systems in EnergyPlus, D.B. Crawley U.S. Department of Energy 

http://www.digital.library.okstate.edu/
http://en.wikipedia.org/
http://www.delta-china.com.cn/
http://www.delta.com.tw/product/em/tech/


 

95 

 

Presented at Building Simulation, 2007. 

[58] ABB Company, LV Capacitor Bank APC, and Available at: 

www.caltech.ie/pdf/Power%20Factor/Capacitor_bank.pdf, Access data: 

[25/6/2011]. 

[59] CSIRO and the National Framework for Energy Efficiency, "Sustainable Energy 

Solutions Portfolio", Natural Edge Project, 2007. 

[60] Vine, E. L., “Saving Energy the Easy Way: An Analysis of Thermostat  

Management”, Energy, Vol. 11 (8), 1986, pp. 811-820.  

[61] Obeid Hani, "Artificial Lighting Systems_ Planning and Design", 1st edition, 

Dar Al-Forqan for publishing and Distribution., 1987. 

[62]   J. Kelly Kissock and Carl Eger, " Energy Efficient Buildings ", University of 

Dayton, Department of Mechanical and Aerospace Engineering, 2011. Available 

at: http://academic.udayton.edu/kissock/http/EEB/420main.htm  , access time: 

[1/10/2011]. 

[63] Leland, P.E., Anthony Tarquin, P.E., Engineering Economy, McGraw-Hill 

companies, fourth edition, 2008. 

[64] P.A. (Bert) Elkhuizen, J.E. (Jan Ewout) Scholten, H.C. (Henk) Peitsman,  

[65] A (Ad) Kooijman; The effect of optimal tuning of the heating/cooling curves in 

AHU of HVAC system in real practice, ICEBO 2004 

[66] Jørgen Pedersen, JPed, Planning laboratories for optimal energy solution,       

Optimal energy solutions in laboratories, nne pharmaplan, 2011. 

[67] LG Electronics, Introduction of VRF system, HVAC Magazine LG System air 

con Monthly Magazine | 2007. 09 | NO.1. 

[68] Energy Mines and Resources Canada, energy management series 10 for industry 

and commerce,  HVAC, M91-6-014E, 1987. 

[69] International Energy Agency (IEA) Statistics.  CO2 Emissions from Fuel 

CombustionKey , OECD/IEA , 2011. 

[70] Watt Stopper Legrand, Inc.  Sensor Installation Instructions, .  Available from: 

 URL:  http://www.wattstopper.com/getdoc/337/6207_DT-200_12-2009.pdf 

 URL: http://www.wattstopper.com/getdoc/1201/ii_DT200v2_03411r1_web.pdf  

[access date 15 Dec, 2010]. 

http://www.caltech.ie/
http://www.wattstopper.com/getdoc/337/6207_DT-200_12-2009.pdf


 

96 

 

[71] M.M. Rahman, M.G. Rasul, M.M.K. Khan, "Energy conservation measures in an 

institutional building in sub-tropical climate in Australia", Applied Energy Journal,  

Elsevier, 2010. 

[72]  Luigi Martirano, "A Smart Lighting Control to Save Energy", The 6th IEEE 

International Conference on Intelligent Data Acquisition and Advanced Computing 

Systems: Technology and Applications 15-17 September 2011. 

[73]  Nir Becker,, Yaron Fishman , Doron Lavee; "Economic evaluation of investment 

in electricity conservation", Energy Conversion and management International 

Journal  ,Elsevier, 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

97 

 

 

APPENDIX A: ILLUMINATION STANDARDS IESNA 

[48,61]  

Place   Standard illumination (lm/m²) or lux  

Classrooms  300-500 

Offices  250-500 

Laboratories  300` 

Conference Room  700 

Dissect Hall  700 

Drawing Halls  500 

Building Entrance  10-50    

boiler Area 20-50 

Parking Area   10-20  

Studio  300 

Lobbies  150 

Corridors  150 

Cafeteria  150 

Electrical Room  150 

Boiler Room  150 

Store  200 

Mosque  100 

W.C 100 
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APPENDIX B: ILLUMINATION MEASUREMENT IN GTC 

1-  Commerce Building 

Room Description  Light Existing Data Measured Stand. Consumption Proposed Energy Saving Energy 

No Name Type 
Area 
m2 

Type Manf 
Total 
Lamp  

Pc 

Rating    
W 

Lux Lux KW (kwh/y) Removal (kw) (kwh/y) Kw (kwh/y) 

First  Floor 

1 K/F1/R60 Office 12 FL  Osram 4 36 221 250 0.17 311.04 0 0.17 311.04 0.00 0 

2 K/F1/R65 Class 32 FL  Osram 6 36 280 300 0.26 466.56 0 0.26 466.56 0.00 0 

3 K/F1/R64 Class 42 FL  Osram 8 36 390 300 0.35 622.08 0 0.35 622.08 0 0 

 4 K/F1/R66 Class 67 FL  Osram 10 36 390 300 0.43 777.6 0 0.43 777.6 0.00 0 

5 Corridor Corridor 23 FL  Osram 12 36 160 150 0.52 933.12 4 0.35 622.08 0.17 311.04 

Second Floor 

6 F2/R102 CLASS 46 FL Toshiba 6 36 180 300 0.26 466.56 0 0.26 466.56 0.00 0 

7 F2/R105 Class 45 FL 
 

6 36 340 300 0.26 466.56 0 0.26 466.56 0.00 0 

8 F2/R103 Class 44 FL Toshiba 6 36 230 300 0.26 466.56 0 0.26 466.56 0.00 0 

9 F2/R104 Class 45 FL Toshiba 6 36 300 300 0.26 466.56 0 0.26 466.56 0.00 0 

10 F2/R108 Corridor 22 FL Toshiba 8 36 170 150 0.35 622.08 4 0.17 311.04 0.17 311.04 

Third Floor 

11 K/F3/R78 Class 38 FL Toshiba 8 36 300 300 0.35 622.08 0 0.35 622.08 0.00 0 

12 K/F3/R81 Class 46 FL Osram 12 36 350 300 0.52 933.12 0 0.52 933.12 0.00 0 

13 K/F3/R79 Class 43 FL Osram 8 36 225 300 0.35 622.08 0 0.35 622.08 0.00 0 

14 Library Lib 88 FL Toshiba  24 36 320 300 1.04 1866.24 2 0.95 1710.72 0.09 155.52 

15 Office Office 30 FL Toshiba 8 36 325 250 0.35 622.08 2 0.26 466.56 0.09 155.52 

16 K/F3/R77 Class 46 FL Toshiba 4 36 250 300 0.17 311.04 0 0.17 311.04 0.00 0 

17 
 

Class 43 FL Toshiba 12 36 390 300 0.17 311.04 4 0.00 0 0.17 311.04 
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18 Corridor Corridor 22 FL Toshiba 6 36 160 150 0.26 466.56 2 0.17 311.04 0.09 155.52 

  

19 Total         146 
    

11352.96 20.00 
 

9797.76 
 

1555.20 
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2- Engineering Building 

Area Description Fixture Rating Measurd Stand. Consumtion 
Proposed Energy 

Consumption Saving Energy 

No Name Type m2 Type Nos W Lux Lux kW kWh/year Removal kW kWh/year kW KWh/YEAR 

First Floor 

1 B2-02 Office 13 FL  4 36 260 250 0.1728 311.04 2 0.0864 155.52 0.0864 155.52 

2 B2-05 Class 104 FL  36 36 350 300 1.5552 2799.36 12 1.0368 1866.24 0.5184 933.12 

4 B2-07 Class 108 FL  24 36 330 300 1.0368 1866.24 0 1.0368 1866.24 0 0 

5 fashioncor corridor 18 FL  6 36 200 150 0.2592 466.56 2 0.1728 311.04 0.0864 155.52 

6 B2/04 LAB 19 FL  8 36 400 500 0.3456 622.08 0 0.3456 622.08 0 0 

7 B2-03 Store 12 FL  4 36 220 200 0.1728 311.04 0 0.1728 311.04 0 0 

8 B2-017 Class 40 FL  8 36 200 300 0.3456 622.08 0 0.3456 622.08 0 0 

9 corridor corridor 95 FL  14 36 200 150 0.6048 1088.64 3 0.4752 855.36 0.1296 233.28 

10 corridor corridor 35 FL  6 36 800 150 0.2592 466.56 2 0.1728 311.04 0.0864 155.52 

11 corridor corridor 97 FL  16 36 750 150 0.6912 1244.16 4 0.5184 933.12 0.1728 311.04 

12 corridor corridor 99 FL  16 36 200 150 0.6912 1244.16 4 0.5184 933.12 0.1728 311.04 

15 B2/015 Office 21 FL  6 36 290 250 0.2592 466.56 1 0.216 388.8 0.0432 77.76 

16   Office 13 FL  4 36 850 250 0.1728 311.04 1 0.1296 233.28 0.0432 77.76 

17   kitchen 11 FL  4 36 210 500 0.1728 311.04 0 0.1728 311.04 0 0 

Second Floor 

18 CT Class 60 FL  26 36 370 300 1.1232 2021.76 11 0.648 1166.4 0.4752 855.36 

19 Safety Class 28 FL  12 36 500 300 0.5184 933.12 5 0.3024 544.32 0.216 388.8 

20 b2-105 Office 21 FL  6 36 220 250 0.2592 466.56 1 0.216 388.8 0.0432 77.76 

21 B2116 Office 16 FL  4 36 200 250 0.1728 311.04 0 0.1728 311.04 0 0 

22 B2118 Office 14 FL  4 36 113 250 0.1728 311.04 0 0.1728 311.04 0 0 

22 CT2 Class 37 FL  8 36 350 300 0.3456 622.08 0 0.3456 622.08 0 0 

24   Drawing 111 FL  48 36 750 500 2.0736 3732.48 8 1.728 3110.4 0.3456 622.08 

25 b2/22 Class 92 FL  40 36 450 300 1.728 3110.4 20 0.864 1555.2 0.864 1555.2 
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26   Office 11 FL  6 36 310 250 0.2592 466.56 3 0.1296 233.28 0.1296 233.28 

27   Store 11 FL  4 36 275 200 0.1728 311.04 2 0.0864 155.52 0.0864 155.52 

28 b2/23 class 112 FL  36 36 400 300 1.5552 2799.36 8 1.2096 2177.28 0.3456 622.08 

29 b2/24 Class 53 FL  16 36 350 300 0.6912 1244.16 3 0.5616 1010.88 0.1296 233.28 

30   Office 27 FL  4 36 340 250 0.1728 311.04 0 0.1728 311.04 0 0 

31   corridor 35 FL  6 36 340 150 0.2592 466.56 0 0.2592 466.56 0 0 

32   corridor 97 FL  16 36 340 150 0.6912 1244.16 0 0.6912 1244.16 0 0 

34   corridor 99 FL  16 36 340 150 0.6912 1244.16 0 0.6912 1244.16 0 0 

Third Floor 

36   corridor 67 FL  10 36 150 150 0.432 777.6 2 0.3456 622.08 0.0864 155.52 

37 b2-250 Office 15 FL  4 36 270 250 0.1728 311.04 1 0.1296 233.28 0.0432 77.76 

38 B2-28 Office 13 FL  4 36 255 250 0.1728 311.04 1 0.1296 233.28 0.0432 77.76 

39 B2-215 Office 8 FL  4 36 255 250 0.1728 311.04 2 0.0864 155.52 0.0864 155.52 

40 B2-213 Office 11 FL  4 36 255 250 0.1728 311.04 1 0.1296 233.28 0.0432 77.76 

41 B2-214 Office 11 FL  4 36 255 250 0.1728 311.04 1 0.1296 233.28 0.0432 77.76 

42   fabrication 122 FL  24 36 220 250 1.0368 1866.24 0 1.0368 1866.24 0 0 

43   waiting 17 FL  4 36 220 250 0.1728 311.04 0 0.1728 311.04 0 0 

44   Corridor 35 FL  8 36 220 250 0.3456 622.08 1 0.3024 544.32 0.0432 77.76 

45   corridor 99 FL  16 36 220 250 0.6912 1244.16 0 0.6912 1244.16 0 0 

  Total   
  

490 
    

38102.4 101 
 

30248.64 
 

7853.76 
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3- English and Administration Building 

Area Description Fixture Rating Measured Stand. Old Consumption New Consumption Saving Energy 

No Name Type m2 Type Nos W Lux Lux KW Kwh/year Removal kW kWh/year Kw kWh/year 

First 
Floor                               

1 Sport Office 98 FL  16 36 192 250 0.6912 1244.16 0 0.6912 1244.16 0 0 

2 Fabrication class 69 FL  14 36 203 300 0.6048 1088.64 0 0.6048 1088.64 0 0 

3 men food fooding 143 FL  24 36 403 150 1.0368 1866.24 6 0.7776 1399.68 0.2592 466.56 

4 
Women 
Food fooding 253 FL  40 36 240 150 1.728 3110.4 8 1.3824 2488.32 0.3456 622.08 

  

6 Kitchen kitchen 87 FL  18 36 330 150 0.7776 1399.68 6 0.5184 933.12 0.2592 466.56 

7   office 17 FL  2 36 170 250 0.0864 155.52 0 0.0864 155.52 0 0 

8 Supervisor office 11 FL  2 36 170 250 0.0864 155.52 0 0.0864 155.52 0 0 

9   Washing 14 FL  4 36 150 100 0.1728 311.04 2 0.0864 155.52 0.0864 155.52 

10 Cleaning Store 14 FL  2 36 200 100 0.0864 155.52 0 0.0864 155.52 0 0 

11 Tools Store 11 FL  2 36 140 150 0.0864 155.52 0 0.0864 155.52 0 0 

12 Fooding Store 11 FL  2 36 225 150 0.0864 155.52 0 0.0864 155.52 0 0 

  

14 comuter Lab Lab 46 FL  8 36 244 300 0.3456 622.08 0 0.2592 466.56 0.0864 155.52 

15 management office 17 FL  4 36 157 250 0.1728 311.04 0 0.1728 311.04 0 0 

16 management office 17 FL  8 36 500 250 0.3456 622.08 4 0.1728 311.04 0.1728 311.04 

17 M.F1/R92   17 FL  6 36 190 150 0.2592 466.56 2 0.1728 311.04 0.0864 155.52 

18 M.F1/R90   29 FL  8 36 330 150 0.3456 622.08 4 0.1728 311.04 0.1728 311.04 

  

20 management office 30 FL  10 36 370 150 0.432 777.6 6 0.1728 311.04 0.2592 466.56 

21 R61 Lab 70 FL  36 36 137 150 1.5552 2799.36 12 1.0368 1866.24 0.5184 933.12 

22 R62 Lab 71 FL  36 36 137 150 1.5552 2799.36 12 1.0368 1866.24 0.5184 933.12 
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23 Room2007 class 47 FL  8 36 260 250 0.3456 622.08 2 0.2592 466.56 0.0864 155.52 

24 Teach.Room office 49 FL  12 36 330 250 0.5184 933.12 4 0.3456 622.08 0.1728 311.04 

25 English class 49 FL  8 36 520 300 0.3456 622.08 0 0.3456 622.08 0 0 

26 English class 49 FL  8 36 507 300 0.3456 622.08 0 0.3456 622.08 0 0 

27 English class 49 FL  8 36 420 300 0.3456 622.08 0 0.3456 622.08 0 0 

28 English class 49 FL  8 36 430 300 0.3456 622.08 0 0.3456 622.08 0 0 

29 English class 49 FL  8 36 316 300 0.3456 622.08 0 0.3456 622.08 0 0 

30 f2/r60 lab 87 FL  36 36 487 300 1.5552 2799.36 12 1.0368 1866.24 0.5184 933.12 

31 f2/r63 lab 87 FL  36 36 450 300 1.5552 2799.36 12 1.0368 1866.24 0.5184 933.12 

33 Total       374 
    

29082.2 94 
 

21772.8 
 

7309.44 
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4- Electronic and Communication Building 

Area Description Fixture Rating Measurd Stand. Old consumption New Consumption Saving Energy 

No Name Type Value(m2) Type nos W Lux Lux KW Kwh/year Removal kW Wkh/year kW kWh/year 

First Floor 

1 Engineers Office 18 FL  4 36 300 250 0.1728 311.04 0 0.1728 311.04 0 0 

2   class 57 FL 12 36 532 300 0.5184 933.12 4 0.3456 622.08 0.1728 311.04 

3   class 57 FL  10 36 380 300 0.432 777.6 2 0.3456 622.08 0.0864 155.52 

4   class 106 FL 22 36 540 300 0.9504 1710.72 0 0.9504 1710.72 0 0 

FL  

    Class 115 FL 36 36 335 300 1.5552 2799.36 6 1.296 2332.8 0.2592 466.56 

5   Class 96 FL  30 36 351 300 1.296 2332.8 6 1.0368 1866.24 0.2592 466.56 

6   Office 14 FL 4 36 330 250 0.1728 311.04 2 0.0864 155.52 0.0864 155.52 

Theoretical Building: First Floor 

7 Physic Lab 62 FL 12 36 185 300 0.5184 933.12 0 0.5184 933.12 0 0 

8   Class              57 FL  12 36 200 300 0.5184 933.12              0 0.5184 933.12 0 0 

Second Floor 

9   Class 51 FL  12 36 203 300 0.5184 933.12 0 0.5184 933.12 0 0 

10   Class 76 FL 18 36 175 300 0.777 1399.68 0 0.777 1399.68 0 0 

11   Class 76 FL  18 36 190 300 0.7776 1399.68 0 0.7776 1399.68 0 0 

Third Floor 

12   Office 50 FL  12 36 200 250 0.5184 933.12 0 0.5184 933.12 0 0 

13   Class 50 FL 12 36 180 300 0.5184 933.12 0 0.5184 933.12 0 0 

14   Class 50 FL  12 36 177 300 0.5184 933.12 0 0.5184 933.12 0 0 

15   Class 50 FL 12 36 180 300 0.5184 933.12 0 0.5184 933.12 0 0 

  

16 Total       238 
    

18506.88 20 
 

16951.68 
 

1555.2 
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5- Workshop Building and Miscellanies 

Area Description Fixture Rating Measured Stand. Old Consumption New Consumption Saving Energy 

No Name Type Value(m2) Type Nos W Lux Lux KW Kwh/year Removal kW kWh kW kWh 

First 
Floor                               

1 B1-110 Class 148.2 FL   38 36 370 300 1.6416 2954.88 2 1.5552 2799.36 0.0864 155.52 

2 Teachers Office 12.25 FL   4 40 865 250 0.192 345.6 0 0.192 345.6 0 0 

3 B1-111 Class 114.378 FL   32 36 203 300 1.3824 2488.32 0 1.3824 2488.32 0 0 

4 B1-111 Office 14.455 FL   4 36 319 250 0.1728 311.04 2 0.0864 155.52 0.0864 155.52 

5 B1-113 Lab 60.049 FL   6 36 200 500 0.2592 466.56 0 0.2592 466.56 0 0 

6 B1-17 Office 13.65 FL   4 40 460 250 0.192 345.6 2 0.096 172.8 0.096 172.8 

7   Class 35.625 FL   12 36 670 300 0.5184 933.12 4 0.3456 622.08 0.1728 311.04 

8   Class 83.05 FL   24 36 320 300 1.0368 1866.24 4 0.864 1555.2 0.1728 311.04 

9   Office 11.375 FL   4 36 360 300 0.1728 311.04 2 0.0864 155.52 0.0864 155.52 

10   Lab 58.875 FL   16 36 368 500 0.6912 1244.16 0 0.6912 1244.16 0 0 

11   W/C 29.64 FL   0 36 165     100 0 0 0 0 0 0 0 

12 B1-12 HVAC 242.288 FL   58 36 260 150 2.5056 4510.08 30 1.2096 2177.28 1.296 2332.8 

13 B1-15 HVAC 242.288 FL   58 36 260 150 2.5056 4510.08 28 1.296 2332.8 1.2096 2177.28 

14 Office Office 11.68 FL   4 36 252 250 0.1728 311.04 0 0.1728 311.04 0 0 

15 Store Store 32 FL   10 36 134 150 0.432 777.6 0 0.432 777.6 0 0 

16 B1-1 Class 200.25 FL   48 36 290 300 2.0736 3732.48 0 2.0736 3732.48 0 0 

17 Teachers Office 16.1124 FL   4 36 541 250 0.1728 311.04 0 0.1728 311.04 0 0 

19                 0 0   0 0 0 0 

20 W/C W/C 28.5 FL  4 36 165 100 0.1728 311.04 0 0.1728 311.04 0 0 

21 B1-22 Class 234.997 FL  64 36 330 300 2.7648 4976.64 8 2.4192 4354.56 0.3456 622.08 

22   Office 18.56 FL  6 36 350 250 0.2592 466.56 2 0.1728 311.04 0.0864 155.52 

23   Class 198.75 FL  56 36 300 300 2.4192 4354.56 8 2.0736 3732.48 0.3456 622.08 

24   Store 11.39 FL  4 36 150 150 0.1728 311.04 2 0.0864 155.52 0.0864 155.52 

25   Store 16.3216 FL  4 36 402 150 0.1728 311.04 2 0.0864 155.52 0.0864 155.52 



 

106 

 

26   Corridor 67.95 FL  12 36 190 150 0.5184 933.12 2 0.432 777.6 0.0864 155.52 

27   Corridor 105.4 FL  16 36 100 150 0.6912 1244.16 2 0.6048 1088.64 0.0864 155.52 

28   Corridor 52.5 FL  12 36 300 150 0.5184 933.12 4 0.3456 622.08 0.1728 311.04 

29 Mechtron Class 84 FL  24 36 445 300 1.0368 1866.24 4 0.864 1555.2 0.1728 311.04 

30 B1-24 Office 13.104 FL  4 36 145/290 250 0.1728 311.04 0 0.1728 311.04 0 0 

31 B1-22 Class 32.742 FL  12 36 555/297 300 0.5184 933.12 4 0.3456 622.08 0.1728 311.04 

32 B1-26 Class 32.742 FL  12 36 550/300 300 0.5184 933.12 4 0.3456 622.08 0.1728 311.04 

33 B1-29 Office 14.3416 FL  4 36 166 250 0.1728 311.04 0 0.1728 311.04 0 0 

34 B1-28 Class 58.9424 FL  8 36 680 300 0.3456 622.08 0 0.3456 622.08 0 0 

35 B1-231 Class 151.333 FL  44 36 265 300 1.9008 3421.44 8 1.5552 2799.36 0.3456 622.08 

36 Teac Office 12.6 FL  4 36 645 250 0.1728 311.04 0 0.1728 311.04 0 0 

37   BT-232 199.056 FL  48 36 323 300 2.0736 3732.48 2 1.9872 3576.96 0.0864 155.52 

39 Total       664 
    

51701.76 126 
 

41886.72 
 

9815.04 

40 Miscellanies Building 

43 

carpentry 1 

Class 224 FL 42 36 250 300 0.9072 1632.96 0 0.9072 1632.96 0 0 

44 Office 14.8 FL 4 36 250 250 0.1728 311.04 0 0.1728 311.04 0 0 

45 carpentry 2 

  

Class 218.4 FL 42 36 403 300 0.9072 1632.96 6 0.648 1166.4 0.2592 466.56 

46 Office 8.74 FL 4 36 215 250 0.1728 311.04 2 0.0864 155.52 0.0864 155.52 

47 Smkara1 class 129.244 FL 16 36 195 300 0.6912 1244.16 0 0.6912 1244.16 0 0 

49 Smkara2 class 129.244 FL 16 36 195 300 0.6912 1244.16 0 0.6912 1244.16 0 0 

50 Smkara3 class 86.11 FL 14 36 167 300 0.6048 1088.64 0 0.6048 1088.64 0 0 

51 mechanic class 453.14 FL 52 36 173 300 2.2464 4043.52 0 2.2464 4043.52 0 0 

52 Electrician class 138.718 FL 16 36 170 300 0.6912 1244.16 0 0.6912 1244.16 0 0 

53   Office 10.933 FL 16 36 205 250 0.6912 1244.16 0 0.6912 1244.16 0 0 

54       
 

                      

55 Electrician class 133.73 FL 20 36 215 300 0.864 1555.2 0 0.864 1555.2 0 0 

56 Security office 14.364 FL 4 36 235 250 0.1728 311.04 0 0.1728 311.04 0 0 

57 Security W/C 3.23 FL 2 36 79 100 0.0864 155.52 0 0.0864 155.52 0 0 

58 Cafeteria Cafeteria 25.9992 FL 10 36 186 150 0.432 777.6 0 0.432 777.6 0 0 

  Total       216 
    

16796.16 8 
 

16174.08 
 

622.08 
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APPENDIX C: POWER FACTOR MEASUREMENT IN GTC 

DATE TIME U1_AVE[V] U2_AVE[V] U3_AVE[V] Uave_AVE[V] Iave_AVE[A]_1 P_AVE[W]_1 Q_AVE[var]_1 S_AVE[VA]_1 PF_AVE_1 

05/05/2011 09:09:50 217.25 216.66 217.86 217.25 170.71 95070.00 57560.00 111240.00 0.86 

05/05/2011 09:19:50 216.94 216.60 217.98 217.17 162.31 93320.00 49570.00 105730.00 0.88 

05/05/2011 09:29:50 216.52 216.58 217.59 216.90 166.73 95550.00 51240.00 108470.00 0.88 

05/05/2011 09:39:50 217.37 216.58 217.55 217.17 151.97 88480.00 44340.00 99000.00 0.89 

05/05/2011 09:49:50 217.05 216.44 217.02 216.83 145.39 83780.00 43740.00 94560.00 0.89 

05/05/2011 09:59:50 217.18 216.22 216.54 216.64 145.50 83770.00 43740.00 94550.00 0.89 

05/05/2011 10:09:50 217.02 217.11 217.11 217.08 147.16 85550.00 43020.00 95830.00 0.89 

05/05/2011 10:19:50 217.11 217.65 217.17 217.31 155.56 89260.00 47800.00 101400.00 0.88 

05/05/2011 10:29:50 217.29 217.67 217.09 217.35 154.38 89440.00 45960.00 100650.00 0.89 

05/05/2011 10:39:50 217.45 217.62 216.97 217.34 156.94 91520.00 45620.00 102320.00 0.90 

05/05/2011 10:49:50 217.37 217.44 216.95 217.25 160.24 90180.00 52170.00 104410.00 0.87 

05/05/2011 10:59:50 215.38 215.64 215.56 215.52 165.27 90580.00 56440.00 106840.00 0.85 

05/05/2011 11:09:50 214.83 214.75 215.30 214.96 150.55 85350.00 45950.00 97070.00 0.88 

05/05/2011 11:19:50 214.72 214.16 214.95 214.61 150.78 86550.00 43810.00 97060.00 0.89 

05/05/2011 11:29:50 214.65 214.32 214.95 214.64 147.32 84760.00 42520.00 94850.00 0.89 

05/05/2011 11:39:50 214.62 214.17 215.53 214.77 138.83 80930.00 38010.00 89430.00 0.91 

05/05/2011 11:49:50 214.72 214.25 215.53 214.84 132.86 76740.00 37910.00 85620.00 0.90 

05/05/2011 11:59:50 215.00 214.35 215.74 215.03 125.29 72040.00 36540.00 80810.00 0.89 

05/05/2011 12:09:50 216.36 215.60 217.01 216.32 120.76 70020.00 35180.00 78370.00 0.89 

05/05/2011 12:19:50 216.15 214.96 216.69 215.93 107.53 61920.00 31880.00 69650.00 0.89 

05/05/2011 13:59:50 225.07 223.74 226.35 225.05 22.60 14600.00 4310.00 15230.00 0.96 

05/05/2011 14:09:50 232.02 230.60 232.08 231.57 20.44 13630.00 3930.00 14190.00 0.96 
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05/05/2011 14:19:50 232.10 231.01 232.14 231.75 20.43 13640.00 3960.00 14200.00 0.96 

05/05/2011 14:29:50 232.16 230.70 232.04 231.63 22.69 15180.00 4220.00 15760.00 0.96 

05/05/2011 14:39:50 232.45 230.97 231.99 231.80 19.78 13240.00 3690.00 13750.00 0.96 

05/05/2011 14:49:50 231.95 230.97 232.16 231.70 19.91 13320.00 3680.00 13820.00 0.96 

05/05/2011 14:59:50 231.91 231.33 232.52 231.92 15.88 10560.00 3200.00 11040.00 0.96 

05/05/2011 15:09:50 232.87 231.94 232.48 232.43 6.29 3560.00 2500.00 4380.00 -0.80 

05/05/2011 15:19:50 233.01 231.98 232.47 232.49 5.62 3110.00 2380.00 3920.00 -0.79 

05/05/2011 15:29:50 232.79 231.79 232.48 232.35 5.55 3150.00 2250.00 3870.00 -0.81 

05/05/2011 15:39:50 233.44 231.88 232.23 232.52 5.62 3190.00 2290.00 3920.00 -0.81 

05/05/2011 15:49:50 233.38 231.90 232.30 232.53 5.56 3140.00 2280.00 3880.00 -0.81 

05/05/2011 15:59:50 233.21 231.72 232.39 232.44 5.62 3080.00 2420.00 3920.00 -0.79 

05/06/2011 03:19:50 230.84 230.35 231.92 231.04 5.22 3030.00 1990.00 3620.00 -0.84 

05/06/2011 03:29:50 230.96 230.52 232.08 231.19 5.22 3020.00 1990.00 3620.00 -0.84 

05/06/2011 03:39:50 230.23 230.26 231.61 230.70 5.21 2950.00 2070.00 3600.00 -0.82 

05/06/2011 03:49:50 230.46 230.14 231.84 230.81 5.20 2900.00 2140.00 3600.00 -0.80 

05/06/2011 03:59:50 230.62 230.26 231.69 230.86 5.21 2900.00 2150.00 3610.00 -0.80 

05/06/2011 04:09:50 230.64 230.12 231.62 230.79 5.21 2900.00 2140.00 3600.00 -0.80 

05/06/2011 04:19:50 230.78 229.98 231.58 230.78 5.36 3100.00 2040.00 3710.00 -0.83 

05/06/2011 04:29:50 230.84 230.08 231.76 230.89 5.40 3160.00 1990.00 3740.00 -0.85 

05/06/2011 04:39:50 230.74 229.98 231.74 230.82 5.46 3200.00 2020.00 3780.00 -0.85 

05/06/2011 04:49:50 230.94 230.26 231.97 231.06 5.39 3130.00 2030.00 3740.00 -0.84 

05/06/2011 04:59:50 231.07 230.20 231.86 231.04 5.47 3080.00 2210.00 3790.00 -0.81 

05/06/2011 05:09:50 231.48 230.62 232.32 231.47 5.42 3040.00 2220.00 3760.00 -0.81 

05/06/2011 05:19:50 231.52 230.84 232.79 231.72 5.75 3290.00 2270.00 3990.00 -0.82 

05/06/2011 05:29:50 231.37 230.69 232.91 231.65 5.39 3060.00 2170.00 3750.00 -0.81 

05/06/2011 05:39:50 231.31 230.47 232.79 231.52 5.46 3190.00 2050.00 3790.00 -0.84 
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05/06/2011 05:49:50 230.68 229.79 232.13 230.87 5.45 3170.00 2050.00 3780.00 -0.84 

05/06/2011 05:59:50 230.70 229.58 232.20 230.83 5.48 3180.00 2070.00 3800.00 -0.84 

05/06/2011 06:49:50 236.24 234.74 237.38 236.12 5.34 3150.00 2100.00 3780.00 -0.83 

05/06/2011 06:59:50 234.97 233.56 235.91 234.82 5.24 3120.00 1980.00 3690.00 -0.84 

05/06/2011 07:09:50 234.99 233.72 235.88 234.86 5.24 3120.00 1980.00 3700.00 -0.84 

05/06/2011 07:19:50 235.68 234.40 236.36 235.48 5.27 3070.00 2100.00 3720.00 -0.82 

05/07/2011 06:39:50 234.13 231.78 230.87 232.26 88.94 54210.00 29880.00 61960.00 0.88 

05/07/2011 06:49:50 233.62 232.23 231.33 232.40 93.90 57960.00 30400.00 65460.00 0.89 

05/07/2011 06:59:50 233.29 231.96 231.39 232.21 93.84 57760.00 30560.00 65360.00 0.88 

05/07/2011 07:09:50 233.37 232.21 231.63 232.40 89.96 54780.00 30530.00 62720.00 0.87 

05/07/2011 07:19:50 233.23 232.12 231.74 232.36 91.76 56020.00 30870.00 63970.00 0.88 

05/07/2011 07:29:50 233.05 232.04 231.80 232.30 92.27 56200.00 31220.00 64300.00 0.87 

05/07/2011 07:39:50 233.33 232.08 231.75 232.39 92.74 56770.00 30920.00 64650.00 0.88 

05/07/2011 07:49:50 233.21 232.74 232.07 232.67 91.16 56130.00 29990.00 63640.00 0.88 

05/07/2011 07:59:50 232.96 232.05 232.00 232.33 90.36 55100.00 30400.00 62980.00 0.88 

05/07/2011 08:09:50 233.06 231.82 231.56 232.15 85.55 53260.00 26660.00 59570.00 0.89 

05/07/2011 08:19:50 233.31 232.05 231.65 232.34 83.03 51340.00 26690.00 57870.00 0.89 

05/07/2011 08:29:50 232.92 232.38 231.94 232.42 105.33 60820.00 40920.00 73440.00 0.83 

05/07/2011 08:39:50 232.44 231.53 231.61 231.86 122.88 69880.00 49160.00 85460.00 0.82 

05/07/2011 08:49:50 232.57 231.02 230.95 231.51 122.21 70000.00 47910.00 84870.00 0.83 

05/07/2011 08:59:50 232.20 231.63 231.32 231.72 125.48 70260.00 51520.00 87220.00 0.81 

05/07/2011 09:09:50 231.89 231.52 231.32 231.58 132.30 71950.00 57100.00 91910.00 0.78 

05/07/2011 09:19:50 231.85 231.90 231.31 231.69 136.36 74190.00 58860.00 94780.00 0.78 

05/07/2011 09:29:50 231.84 231.00 231.09 231.31 141.85 75870.00 62620.00 98430.00 0.77 

05/07/2011 09:39:50 231.63 230.43 231.29 231.12 139.11 76230.00 58950.00 96420.00 0.79 

05/07/2011 09:49:50 231.59 230.78 231.28 231.22 136.99 77240.00 55200.00 95010.00 0.81 
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05/07/2011 09:59:50 231.92 231.12 231.40 231.48 140.53 77390.00 59260.00 97580.00 0.79 

05/07/2011 10:09:50 231.77 231.16 231.67 231.53 141.45 76790.00 61170.00 98240.00 0.78 

05/07/2011 10:19:50 231.85 231.53 231.76 231.71 138.03 76380.00 57830.00 95940.00 0.80 

05/07/2011 10:29:50 231.54 231.07 231.74 231.45 143.46 78090.00 61690.00 99590.00 0.79 

05/07/2011 10:39:50 231.73 231.27 231.62 231.54 139.83 76650.00 59530.00 97120.00 0.79 

05/07/2011 10:49:50 231.87 231.53 231.74 231.71 134.99 74910.00 56380.00 93830.00 0.80 

05/07/2011 10:59:50 231.82 231.84 231.84 231.83 123.60 71500.00 47570.00 85960.00 0.83 

05/07/2011 11:09:50 232.06 231.93 231.94 231.97 115.90 70020.00 40000.00 80660.00 0.87 

05/07/2011 11:19:50 232.13 231.89 231.92 231.98 114.57 69070.00 39810.00 79730.00 0.87 

05/07/2011 11:29:50 232.52 231.73 231.49 231.91 113.61 67060.00 41560.00 79040.00 0.85 

05/07/2011 11:39:50 232.41 232.05 231.49 231.98 117.41 66240.00 47730.00 81720.00 0.81 

05/07/2011 11:49:50 232.37 231.65 231.82 231.95 107.68 63570.00 39490.00 74930.00 0.85 

05/07/2011 11:59:50 232.46 231.48 231.90 231.95 95.35 57480.00 33050.00 66340.00 0.87 

05/07/2011 12:09:50 232.76 231.84 231.87 232.16 85.35 52590.00 27730.00 59450.00 0.88 

05/07/2011 12:19:50 233.07 232.40 231.86 232.44 77.05 47580.00 24940.00 53730.00 0.89 

05/07/2011 12:29:50 233.33 232.39 232.60 232.77 18.79 12070.00 5120.00 13110.00 0.92 

05/07/2011 12:39:50 233.28 232.10 232.89 232.76 7.25 4600.00 2110.00 5060.00 -0.91 

05/07/2011 12:49:50 232.95 231.62 232.92 232.50 7.16 4580.00 2000.00 5000.00 -0.92 

05/07/2011 12:59:50 233.20 231.70 232.89 232.60 7.29 4660.00 2030.00 5090.00 0.92 

05/07/2011 13:09:50 233.16 231.76 233.00 232.64 7.41 4740.00 2050.00 5170.00 0.92 

05/07/2011 13:19:50 232.81 231.51 232.96 232.43 7.89 5080.00 2100.00 5500.00 0.92 

05/07/2011 13:29:50 233.11 231.75 232.99 232.62 7.88 5030.00 2210.00 5500.00 0.92 

05/07/2011 13:39:50 233.34 231.96 232.92 232.74 7.73 4910.00 2230.00 5400.00 0.91 

05/07/2011 13:49:50 233.42 231.92 232.96 232.77 7.82 4980.00 2240.00 5460.00 0.91 

05/07/2011 13:59:50 233.26 231.88 232.89 232.68 7.83 5040.00 2130.00 5470.00 0.92 

05/07/2011 14:09:50 233.51 231.86 232.81 232.73 7.87 5050.00 2150.00 5490.00 0.92 
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05/07/2011 14:19:50 233.30 231.66 232.82 232.59 7.84 5040.00 2120.00 5470.00 0.92 

05/07/2011 14:29:50 233.42 231.79 232.91 232.71 7.86 5010.00 2230.00 5480.00 0.91 

05/08/2011 06:29:50 226.39 225.50 226.38 226.09 67.51 40800.00 20480.00 45770.00 0.89 

05/08/2011 06:39:50 225.60 224.46 224.79 224.95 85.19 50270.00 27800.00 57480.00 0.88 

05/08/2011 06:49:50 224.36 223.07 223.20 223.54 92.09 52040.00 32990.00 61730.00 0.85 

05/08/2011 06:59:50 222.62 221.42 221.87 221.97 111.08 58360.00 45150.00 73950.00 0.79 

05/08/2011 07:09:50 221.85 220.72 221.38 221.32 119.25 66690.00 42540.00 79150.00 0.84 

05/08/2011 07:19:50 219.20 218.87 219.34 219.14 135.05 73280.00 49910.00 88760.00 0.83 

05/08/2011 07:29:50 219.64 219.87 219.76 219.76 152.56 80800.00 59720.00 100570.00 0.81 

05/08/2011 07:39:50 217.83 217.82 218.05 217.90 148.08 78450.00 56600.00 96780.00 0.81 

05/08/2011 07:49:50 216.85 216.97 216.75 216.86 145.62 78310.00 53120.00 94730.00 0.83 

05/08/2011 07:59:50 216.62 216.71 216.52 216.62 133.39 75840.00 41950.00 86680.00 0.88 

05/08/2011 08:09:50 219.11 219.06 219.51 219.23 132.85 76280.00 42580.00 87360.00 0.87 

05/08/2011 08:19:50 218.58 217.96 218.65 218.39 132.34 75110.00 43300.00 86700.00 0.87 

05/08/2011 08:29:50 218.44 217.53 218.44 218.14 141.89 79340.00 48130.00 92840.00 0.86 

05/08/2011 08:39:50 216.89 216.82 217.67 217.13 157.41 86260.00 55240.00 102510.00 0.84 

05/08/2011 08:49:50 216.50 216.52 217.69 216.90 163.37 90630.00 55340.00 106290.00 0.85 

05/08/2011 08:59:50 215.31 215.39 216.74 215.81 168.68 87010.00 65760.00 109180.00 0.80 

05/08/2011 09:09:50 214.83 214.85 216.72 215.47 175.63 89150.00 70080.00 113500.00 0.79 

05/08/2011 09:19:50 214.30 214.36 216.25 214.97 173.55 89340.00 67200.00 111890.00 0.80 

05/08/2011 09:29:50 216.04 215.90 217.42 216.45 178.46 91640.00 70750.00 115860.00 0.79 

05/08/2011 09:39:50 216.39 216.01 217.54 216.65 175.65 91170.00 68540.00 114140.00 0.80 

05/08/2011 09:49:50 217.23 216.75 218.19 217.39 179.11 91340.00  116780.00 0.78 

05/08/2011 09:59:50 217.54 217.39 218.61 217.85 180.89 93660.00 71970.00 118190.00 0.79 

05/08/2011 10:09:50 216.75 216.56 218.07 217.13 171.15 91670.00 63330.00 111470.00 0.82 

05/08/2011 10:19:50 215.69 215.67 217.45 216.27 168.10 90220.00 61190.00 109040.00 0.83 
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05/08/2011 10:29:50 215.69 215.88 217.18 216.25 163.22 90180.00 55360.00 105880.00 0.85 

05/08/2011 10:39:50 216.40 215.94 217.52 216.62 156.15 87150.00 51860.00 101460.00 0.86 

05/08/2011 10:49:50 216.81 216.63 218.07 217.17 147.49 82970.00 48330.00 96070.00 0.86 

05/08/2011 10:59:50 216.66 216.65 218.40 217.24 149.96 85410.00 47280.00 97690.00 0.88 

05/08/2011 11:09:50 217.00 216.79 218.57 217.45 147.14 85160.00 44090.00 95960.00 0.89 

05/08/2011 11:19:50 216.77 216.95 218.59 217.44 138.82 80870.00 40580.00 90530.00 0.89 

05/08/2011 11:29:50 216.54 216.54 218.30 217.13 137.00 79650.00 40170.00 89210.00 0.89 

05/08/2011 11:39:50 216.82 216.51 218.31 217.21 135.17 80300.00 36100.00 88050.00 0.91 
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APPENDIX D: POWER FACTOR MEASUREMENT IN 

APC 
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    02/21/2011 U1_INST[V] U2_INST[V] U3_INST[V] Uave_INST[V] Iave_INST[A]_1 P_INST[W]_1 Q_INST[var]_1 S_INST[VA]_1 PF_INST_1 F_INST[Hz] 

02/21/2011 228.8 229.49 228.33 228.87 159.78 76400 78730 109700 0.696 49.989 

02/21/2011 229.62 230.59 229.23 229.81 150.5 63670 81910 103750 0.614 49.982 

02/21/2011 231.78 231.75 231.18 231.57 145.47 59020 82030 101060 0.584 49.729 

02/21/2011 232.17 232.19 231.51 231.96 148.49 66000 79450 103330 0.639 50.002 

02/21/2011 225.21 225.69 225.43 225.44 127.65 56510 65270 86330 0.655 49.997 

02/21/2011 227.34 227.72 227.76 227.61 62.02 18580 37940 42350 0.441 49.992 

02/21/2011 231.39 231.57 230.77 231.24 92.96 34070 54740 64480 0.528 49.986 

02/21/2011 227.38 228.03 226.86 227.42 147.22 62880 78280 100430 0.626 50 

02/21/2011 220.8 221.95 221.25 221.33 128.92 57070 63790 85600 0.667 49.989 

02/21/2011 211.03 212 211.25 211.43 159.51 76500 66200 101170 0.756 49.999 

02/21/2011 219.12 219.04 218.3 218.82 165.35 81500 71670 108540 0.751 50.003 

02/21/2011 227.21 225.46 227.11 226.59 132.85 55070 71540 90280 0.61 50.006 

02/21/2011 227.22 227.55 227.2 227.32 162 65390 88760 110480 0.59 49.998 

02/21/2011 228.05 228.2 228.05 228.1 187.72 86450 94820 128420 0.671 49.997 

02/21/2011 232.86 233.32 233.2 233.12 35.47 19320 15560 24810 0.779 49.986 

02/21/2011 233.33 234.32 232.62 233.42 63.76 28310 34490 44640 0.634 49.996 

02/21/2011 234.64 239.19 236.97 236.93 56.71 33060 22970 40250 0.821 50.07 

02/21/2011 232.53 232.68 233.56 232.92 34.98 18980 15400 24440 0.777 49.999 

02/21/2011 233.99 233.78 234.76 234.18 28.79 15670 12790 20220 0.775 49.998 
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02/22/2011 228.63 228.62 229.53 228.93 48.35 17790 27940 33200 0.535 49.997 

02/22/2011 231.33 231.28 231.89 231.5 54.44 22340 30470 37810 0.591 50.01 

02/22/2011 233.26 232.88 233.9 233.35 73.59 30010 41870 51520 0.583 49.997 

02/22/2011 229.37 228.66 229.35 229.12 242.11 120840 114420 166420 0.726 49.993 

02/22/2011 231.91 230.9 231.25 231.35 197.65 93650 100210 137180 0.683 49.994 

02/22/2011 232.14 231.81 231.92 231.96 198.77 93570 101800 138320 0.676 50.002 

02/22/2011 232.97 232.54 232.44 232.65 175.34 69950 100400 122380 0.572 49.996 

02/22/2011 233.15 232.25 232.43 232.61 167.09 75210 89070 116600 0.645 49.991 

02/22/2011 229.91 229.46 229.61 229.66 168.91 74230 89630 116370 0.638 49.996 

02/22/2011 225.8 225.17 225.55 225.51 167.3 65100 92590 113180 0.575 49.988 

02/22/2011 216.96 217.04 217.02 217.01 239.62 119590 100150 155990 0.767 49.972 

02/22/2011 221.51 221.11 221.59 221.4 143.38 60390 73630 95240 0.634 49.952 

02/22/2011 218.89 219.3 219.8 219.33 226.22 106470 103920 148790 0.716 50.001 

02/22/2011 220.17 220.64 220.99 220.6 182.64 86580 84340 120870 0.716 49.993 

02/22/2011 222.43 223.23 223.31 222.99 137.04 61500 67980 91680 0.671 50.001 

02/22/2011 220.05 221.22 221.33 220.87 156.65 76640 69990 103800 0.738 49.979 

02/22/2011 221.04 221.52 222.83 221.8 149.7 68210 72590 99610 0.685 50.002 

02/22/2011 217.02 219.9 220.66 219.19 200.4 98760 87160 131720 0.75 49.992 

02/22/2011 223.61 225.11 225.36 224.69 36.36 16380 18210 24500 0.669 49.988 

02/22/2011 223.99 225.53 225.64 225.05 55.29 28260 24330 37300 0.756 50.01 

02/22/2011 223.79 225.53 225.5 224.94 52.11 26990 22520 35150 0.768 49.998 

02/22/2011 220.39 221.16 221.51 221.02 165.91 79380 76140 110000 0.722 49.988 

02/22/2011 222.09 223.01 223.17 222.76 157.43 67890 80360 105200 0.645 50.009 

02/22/2011 225.84 226.89 227.09 226.61 156.11 76150 73900 106120 0.718 50.014 

02/22/2011 226.66 227.31 227.71 227.23 70.77 29550 38100 48240 0.611 49.986 

02/22/2011 229.43 229.91 231.17 230.17 84.26 41410 40830 58180 0.713 50.004 
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02/22/2011 224.83 224 224.54 224.46 220.2 91580 116600 148280 0.618 49.994 

02/22/2011 226.77 226.67 225.89 226.45 133.29 69830 57620 90540 0.771 49.996 

02/22/2011 228.55 228.7 228.82 228.69 61.46 28120 31410 42170 0.667 50.011 

02/22/2011 223.36 224.22 223.58 223.72 185.09 74350 99340 124210 0.598 49.997 

02/22/2011 220.13 219.82 219.69 219.88 150.4 70730 69560 99210 0.713 49.992 

02/22/2011 221.71 221.51 220.97 221.4 159.59 75030 74850 105990 0.708 50.008 

02/22/2011 223.08 222.94 223.3 223.1 151.81 70820 72860 101610 0.697 50 

02/22/2011 221.41 221.63 221.56 221.53 141.01 60450 71610 93710 0.645 50.003 

02/22/2011 220.86 220.53 220.78 220.72 178.61 86560 80590 118270 0.732 50.016 

02/22/2011 219.46 219.51 220.06 219.68 156.28 74090 71540 103000 0.719 49.991 

02/22/2011 220.27 220.48 220.34 220.36 187.68 94130 80710 124030 0.757 49.999 

02/22/2011 223.69 223.39 223.57 223.55 168.13 77470 81920 112750 0.687 49.986 

02/22/2011 224.25 224.58 224.71 224.51 155.85 74590 73870 104970 0.711 49.989 

02/22/2011 224.63 225.21 225.3 225.04 142.03 62410 72790 95890 0.651 49.997 

02/22/2011 225.26 225.28 225.87 225.47 185.05 91130 85800 125170 0.728 49.993 

02/23/2011 228.46 228.57 228.79 228.6 188.96 91820 91420 129590 0.708 49.99 

02/23/2011 229.98 229.78 230.77 230.18 162.01 72510 85200 111880 0.648 49.975 

02/23/2011 229.93 229.86 230.16 229.98 148.09 68230 76040 102180 0.667 49.99 

02/23/2011 231.24 230.65 231.12 231 148.68 68400 77060 103040 0.664 49.995 
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APPENDIX E: EFFICIENCIES AND PRICE OF HEM  [4] 
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APPENDIX F: QUOTATION REQUEST- 

W.ALKHOZENDAR FOR AAPF 
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Quotation Request- DUCATI energia Supplier for AAPF
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- Quotation Request- WattStopper Supplier for Occupancy Sensor by  
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Quotation Request- Seifarer company for LED lamps 
 

发件人： seifarer 

发送时间： 2011-07-06 09:43:22 

收件人： eyad_adnan 

抄送： Jeffrey.deng@seifarer.com 

主题： Re: I am interested in 18W LED Tube, High Luminous Efficiency --

GlobalMarket Online Inquiry 

  

Hi eyad Adnan, 

  

Thank for your Inquiry, 

LED 18W fluorescent can replace the 36W fluorescent lamp. 

Price:31USD,TT30%,MOQ1000,FOB Shenzhen  

If you have questions, please contact me. 

  

Best Regards 

Roy Xu 
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APPENDIX G: TECHNICAL DATA AND COMFORT 

STANDARD 
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2- Comfort Standard By ASHRE 50 
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APPENDIX H: INTEREST FACTOR TABLES (63) 
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