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Abstract
This project aims to design a software that calculates the energy consumption in industrial and commercial sectors and the corresponding energy savings by applying the energy efficiency measures. 
The software performs energy calculations for many systems, including Boiler, lighting, motor and power factor. All energy consuming systems in hospitals and other facilities are studied in details. The energy consumption equations are identified as well as the energy saving models. The economic models are identified as well. 
 The software estimates the financial viability of each proposed measure. Different economic indicators are estimated. The software is developed using Microsoft excel spreadsheet ,by using the special equations for each system with a simple and detailed information on how to calculate the energy consumption and the energy efficiency and costs of multiple systems.
The software is validated using data from real case studies that dealt with energy management and efficiency. 
The software is friendly to users and mostly oriented to energy consuming systems existed in Palestine. The main output of the software is the amount of energy consumption of the system before and after applying the alternative. The amount of energy and money saved are indicated as well. The costs and the bayback period of each alternative are estimated and analyzed in a technical approach. 
The software helps the decision makers to use the effective energy efficiency opportunity from different alternatives.
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1.1 [bookmark: _Toc469824645]General Background
Energy is vital to human beings as we need it in every aspect of our lives. Energy is important for our transportation, manufacturing as well as it improves our standard of lives. 
Energy occurs in different forms. Energy neither be "created" nor "destroyed”. It is only converted by us from one form to another so that it is convenient to use. The origin of all forms of energy can be traced back to the solar energy received by the earth, either now or in the past. 
If energy productivity is an important opportunity for the nation as a whole, it is a necessary for the individual company. It represents a real chance for creative management to reduce that component of product cost [1]. 
The efficient and effective use of energy is very important to maximize profits. This rather broad definition covers many operations from services to product and equipment design through product shipment. Waste minimization and disposal also presents many energy management opportunities. 
Our main focus is energy management in buildings, manufacturing, and industry. A whole systems viewpoint to energy management is required to ensure that many important activities will be examined and optimized. 
Presently, many businesses and industries are adopting a Total Quality Management (TQM) strategy for improving their operations. Any TQM approach should include an energy management component to reduce energy costs.
The primary objective of energy management is to maximize profits or minimize costs. Some desirable sub objectives of energy management programs include [1]: 
1. Improving energy efficiency and reducing energy use, thereby reducing costs. 
2. Reduce greenhouse gas emissions and improve air quality. 
3. Cultivating good communications on energy matters.
4. Developing and maintaining effective monitoring, reporting, and management strategies for wise energy usage.
 5. Finding new and better ways to increase returns from energy   investments through research and development.  
6. Developing interest in and dedication to the energy management program from all employees. 
7. Reducing the impacts of curtailments, brownouts, or any interruption in energy supplies.
1.2 [bookmark: _Toc469824646]Statement of The Problem
Palestine suffers from shortage of energy supply which is considered one of the significant problems that hinders progress and development. Palestine has to import all its needs of petroleum products from Israeli market and about 92% of electrical energy from the Israeli Electric Corporation. Indigenous energy resources are quite limited which forced the prices of energy to be relatively high [2].
This project is one of the efforts to reduce energy consumptions by finding out easy and applicable method to estimate energy consumption and savings with the corresponding economical indicators. this method is the software where is  a special program to give a special energy consumption and effective alternatives results to reduce this consumption and do many calculation that we need .  
The software applied energy conservation that is considered one of the most feasible measures that can reduce the energy consumption and consequently the energy demand [2]. 

1.3 [bookmark: _Toc469824647]Objectives and Importance of The Work
The main idea of this project is to design a software that estimates the energy consumption and the energy savings obtained by implementing the energy engineer recommendations. The software will be examined using real data. The real data must be obtained by performing energy auditing which is obtained from previous studies and research that it was taken as a reference .The validation of the software results will be examined by performing comparison study among some previous works.   
The followings describe the main research motivations:-
1. The lack of energy efficiency software suitable for Palestinian facilities and equipment. The software will be designed to help decision makers and energy professionals to evaluate the financial viability of renewable energy, energy efficiency and cogeneration projects in Palestine

2. The Low efficiency of most equipment's and processing is lower than expected.
3. Scarcity of energy resources: Palestine has to import all its needs of petroleum products and about 95% of electrical energy from Israel. 
4. High prices of energy: Since most of energy consumed is imported and heavily taxed. About 10% of the family income is paid for electricity bill.
5. The High consumption rates of energy which is due to use of inefficient equipment, lack of awareness and knowledge of energy conservation and The High energy demand for energy particularly electricity in order to meet the unusual increment in a lot of sectors.
1.4 [bookmark: _Toc469824648]Scope of The Work
The energy software estimates the energy consumption of each equipment and identify feasible alternatives for reducing energy costs. 
1.5 [bookmark: _Toc469824649]Significance or importance of the work
The energy audit examines the ways the energy is currently used in the facility and identifies some alternatives for reducing energy costs [1]. The importance of this project comes from improving energy efficiency and reduces consumption and thereby reduce costs and improve performance.  To achieve this, a special software is required to perform energy calculations and propose different solutions to reduce the energy consumptions based on financial and economic indicators. 
1.6 [bookmark: _Toc469824650]Organization of the report
In the first chapter the introduction of the project is presented while the second chapter talks about the project constrains, standards/codes and earlier coursework. Chapter three discusses the literature review that contains some reports that are related project. Chapter four presents the mythology of our work. Chapter five illustrates the energy consumptions equations and energy efficiency models that we used to estimate the energy savings in the proposed software. The economic indicators models are presented in this chapter as well, chapter six present the conclusion and recommendations.  
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Chapter Two
[bookmark: _Toc469824652][bookmark: _Toc469824653]Constrains, Standards/Codes and earlier Coursework











2.1Constraints
In this project the book of administration it was taken as a main reference and taken many equations and numbers from it ,  and taken many studied and research that done previously as further  references.
The specific heat of the water is considered as 4.18 KJ/Kg.C⁰ , and in the motor if the load factor less than 50%  the motor is under estimated and if the load factor between 70% to 85% the motor is good and if it more than 85% the motor is over estimated . The temperature that out from the boiler is equal 80 C⁰ , the line voltage is equal 400 volt and the phase voltage is equal 220 volt , the frequency is equal 50 Hz .
The average cost of electricity is considered as: 0.55 NIS/kWh. The cost of electricity is varying related to political situation and demand, but in the last 4 years there is a stability on the cost. 

2.2Earlier Coursework
The main studied courses throughout the bachelor degree that facilitates implementation and understanding this project are as following:
1. Electrical Machines: 
This course gives us good information about the main types of generators and motors used in industries and commercial buildings. The performance of each machine was studied in details.
2. Energy management: 
It is the key point to know how to save energy and its impact to environment. Reducing the cost of energy and mitigate the environmental impacts are the main objective of energy management.
3. Renewable energy systems:
In this course we studied the main renewable energy systems like photovoltaic systems with different types and applications, wind energy systems and solar water heating. 
4. Environmental impact assessment (EIA):
It is the process in which the anticipated effects on the environment of a proposed development or project are measured. If the likely effects are unacceptable, design measures or other relevant mitigation measures can be taken to reduce or avoid those effects.
5. Heating, ventilation and air conditioning (HVAC):
Heating, Ventilating, and Air Conditioning (HVAC) equipment perform heating and/or cooling for residential, commercial or industrial buildings. The HVAC system may also be responsible for providing fresh outdoor air to dilute interior airborne contaminants such as odors from occupants, volatile organic compounds (VOC’s) emitted from interior furnishings, chemicals used for cleaning, etc. A properly designed system will provide a comfortable indoor environment year round when properly maintained.
6.  Energy efficient building:
Is the practice of increasing the efficiency with which buildings and their sites use and harvest energy, water, and materials, and reducing the impacts of buildings on human health and the environment, through better site planning, design, construction, operation, maintenance, and removal—the complete building life cycle.
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This chapter talks about some of the previous studies that have been done about auditing and energy efficiency software.
RETscreenTM software is considered one of the famous tools to help decision makers and energy professionals to evaluate the financial viability of renewable energy, energy efficiency and cogeneration projects around the world [9].  It's an Excel-based clean energy project analysis software tool that helps decision makers quickly and inexpensively determine the technical and financial viability of potential renewable energy, energy efficiency and cogeneration projects.

RETscreenTM models have both new and conventional technologies, allowing for comparisons between technology options. The software can be used to evaluate benefits from both clean energy production from power generation projects and savings through energy efficiency projects, accounting for project costs, emission reductions, and financial risk. RETscreenTM provides access to a global climate database based on ground measurement and NASA satellite data, allowing analysis of projects around the world [3].

In 2015, an energy conservation study was performed for the Arab Women’s Union Hospital, The results shows an energy saving about 14.7% of electrical consumption, conservation measures cost. A 39,592 kWh saving from lighting per year and 80,371 kWh saving in hot water production through using solar system [4].
 In a study of energy efficiency for different industries in Palestine Mr. Basel Yaseen trying to establish a beginning step toward the efficient use of energy and energy conservation through conducting energy audits in some high energy consuming industries in Palestine with a potential for energy saving opportunities [5].
The results shows that there is a decent potential for energy saving in the examined industries, they obtained a 277,800 KWh savings in electricity per year and around 66,000 liters of fuel savings per year. On the national level 10 to 20% savings from the total energy consumption in industrial sector could be achieved by implementing some energy conservation measures to the most energy consumption equipment in the facility [5].
An energy management study implemented by Mr. Basel Daas in Palestinian hospitals found that great potential in energy conservation in all energy consumption aspects. In this thesis  it was successfully proved that there is a huge potential of energy savings in the Palestinian hospitals sector (10-25%) by implementing some energy conservation measures (no and low cost investment) on the most energy consumption equipment such as boilers, oxygen generation units, air conditioning, lighting systems, solar water heaters and others. It was  achieved average total savings of 17% for hospitals, and14%, 43% and 17% for cooling and heating, oxygen generation units, power factor correction and 5% for lighting systems, respectively.[6]
  
Another study was implemented by Mr. Abd Alhaq Energy Conservation and Load Management Analysis in Nablus Electrical Network. The efficient use of electrical energy, energy conservation and electrical load management are not in a better condition in Palestine or in Nablus electrical network. In this thesis was tried through analyzing and evaluation of the energy consumption situation and by performing energy audits for several energy consuming sectors in Nablus electrical network, to prove that there is a good opportunity to save a considerable amount of consumed electrical energy. 

In addition, this study tries to find solutions to decrease the peak electrical demand of Nablus electrical network as the peak demand of the network is nearly equal to the available maximum capacity of the supply so as not to reach a situation that the electrical supply will be cut on consumers. It was showed that there is an opportunity to save a considerable amount of electrical energy if energy conservation measures were implemented in water pumping sector, residential sector and street lighting sector. The total savings in electrical energy in all studied sectors in this thesis is around 14,860,269 kWh/year, associated with an investment cost of 15567303 NIS, and SPBP of less than two years.

The study also showed also that by implementing energy conservation measures and applying applicable load management techniques in the studied sectors, the peak demand of Nablus electrical demand can be decreased by 4.7%, and this percentage can be increased by applying a new electrical tariff structure [7].

Energy audit report for Jacir Palace Intercontinental Hotel was published. The study objective was to obtain an overview of existing building energy consuming systems related to the lighting, boilers, heating ventilating and air conditioning (HVAC), building control, motor loads, and process and office equipment. In order to determine energy consumption for this building, daytime walk-through were performed. Most building characteristics and systems were discussed. Energy savings opportunities for the major systems that consumed energy have been identified. They include boilers, HVAC system, lighting, and no/low cost opportunities, the saving was about 30% [8].
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In order to ask the research question presented in the introduction the following research methodology is shown in diagram (1)
Literature Review 
Theoretical study:  Energy opportunities in industrial and commercial sector
Software validation  
Software Design 
Analysis data and put recommendation

Reporting
Power factor
motor
lighting
boiler
Defining the problem statement 

[bookmark: _Toc450065694]Figure (1): research methodology




For further illustration of the methodology steps: 
1. Defining the research problem :explained the problem and try to solve it with the software, which was designed.
2. Literature review: some of the studies that have been done about auditing and energy software.
3. Theoretical study about the energy opportunities in industrial and commercial sector: The data will be collected using auditing. Some data will be gathered by previous auditing studies. 
4. Design software: We were designed a software by using Microsoft Excel spreadsheet. 
5. Software validation: by applied case studies to every system to make sure that the program is working well and effective. 
6. Analyze the data and put recommendation: by analyzed every section and put some recommendation to make the system more efficient. 
7. Reporting: Final report is written to describe and summarize all research steps and conclusions. 
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[bookmark: _Toc469824660]The software is implemented using excel sheet platform. The Objective of the software is to identify the types and costs of energy use, Understand how that energy is used—and possibly wasted, identify and analyze alternatives such as improve operational techniques and/or new equipment, Perform an economic analysis on those alternatives to determine which ones are cost-effective. The Software perform special calculations to estimate the amounts of energy consumption and costs using efficiency equations to reduce energy consumptions.
[bookmark: _Toc469824661]The software is divided into four sections: section one is talked about boiler and some alternatives to reduce the energy consumption , section two is talked about lighting which is one of the largest energy-consuming systems , section three talked about motor and how is used efficiently and the final sector is talked about the power factor correction .
Working Principles of the Proposed Energy Software: 
The main systems and their energy efficiency opportunities
1. Boilers: 
· Reduce Excess air . 
· Insulation . 
· Solar  water  heater .  

2. Lighting system . 
· Relamping method  . 
· Delamping method . 

3. Motor . 
· Rated Capacity  of motor . 
· Replacement the motor with high efficient motor .


4. Power factor correction .

· By using capacitor  
Each system is analyzed and discussed separately from the energy conservation opportunity point of view. 
[bookmark: _Toc469824662]   5.1      Boiler:
[bookmark: _Toc469824663]A large fraction of the facility's total energy usage begins in the boiler plant . the cost of boiler fuel is typically the largest energy cost of a facility , or the second largest, for this reason, a relatively small efficiency improvement in the boiler plant may produce greater overall savings than much larger efficiency improvements in individual end users of energy , Also most boiler plants offer significant opportunities for improving efficiency  [10].  

5.1.1 Boiler –reduce excess air :
Excess air is the extra air supplied to the burner beyond the air required for complete combustion . excess air is the supplied to the burner because a boiler firing without sufficient air or "fuel rich" is operating in a potentially dangerous condition . Therefore , excess air is supplied to the burner to provide a safety factor above the actual air required for consumption.

Many inputs were needed to the software  for calculation as shown in figure 2: 

Figure (2): inputs for boiler calculations










To determine the potential energy savings associated with reducing the amount of excess air of boiler .

The first step were calculated the old and new efficiency of the boiler by using the following graph that it was converted to a table in Excel software to get the required estimations :



[image: ]

Figure (3) : the efficiency of the boiler












Then the following sequence of steps and equations were followed as shown in figure (4) to get the results:



Figure (4): the equations for boiler calculations 


Analysis :
The numbers and equations was implemented in the software then we got these Figures:



Figure (5): stake temperature vs the optimal efficiency 


Figure (6): present of fuel savings vs stack temperature 




Figure (7) : present of fuel saving vs present of excess air 





Figure (8): present of flue gas vs efficiency





Noted when  reduce the amount of excess air will increase the efficiency of the boiler and this what we gets  when its applied in the software  with different values of  excess air and fixed value of stack temperature. And When the stack temperature  increase the efficiency and percent of fuel saving are decrease . 






















Case study :
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5.1.2 Insulation: 
[bookmark: _Toc469824664]Another opportunities to do the saving in energy in the boiler system is the insulation , Hot water boilers and boilers for the production of water vapor under high pressures are considered to be steam boilers. As a generic term, boiler is used to denote steam generators and hot water installations.[11] 
Purpose of insulation: 
Insulating boilers has the following purposes:
· Reduces heat losses and increases the efficiency of the boiler
· Guarantees protection against contact by minimizing the surface temperature
· Prevents heating of the compartment air in the boiler house, which guarantees an acceptable working.[11]
The boiler has three layer , first layer is the outer layer (aluminum) , the second layer is the insulation and the third layer is cast iron . 
And there is many type of insulation to use in the boiler like Rockwool ,  Astrofoil.
many inputs were needed to the software for calculations as shown in figure (9):

Figure (9): the inputs for insulation calculations


Then the following steps and equations were followed to find the savings as shown in figure (10): 

figure(10) : the equations of insulation 




Analysis : 
The equations were implemented in the software and we got this numbers and curves :
  
Figure (11):thickness vs saving 

Figure (12 ):thickness vs Qnew
From this curves  noted that when the thickness of insulation increasing the saving increasing too and the losses decreasing . Also we noted the over all convection losses is decrease because the total thermal resistant increase when added insulation .



Case study :
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5.1.3 solar water heater : 
Solar water heating (SWH) is the conversion of sunlight into renewable energy for water heating using a solar thermal collector. Solar water heating systems comprise various technologies that are used worldwide increasingly.
SWH systems are designed to deliver hot water for most of the year. However, in winter there sometimes may not be sufficient solar heat gain to deliver sufficient hot water. In this case a gas or electric booster is used to heat the water.[12] 
And we can used this technique in the boiler system to heat the water that inter the boiler to help the boiler that heating the water  and make it work more efficient and get saving in energy and cost . 
In this system many inputs were needed in the software as shown in figure(13) below: 

Figure (13) : the inputs of boiler when using swh











Then the following steps and equations were followed to find the savings and the payback period as shown in figure (14): 

Figure (14): the equations when using swh to the boiler 


Analysis : 
   
After that the inputs data were put and applied it in the software and then we got these numbers shown in figures below : 

 
Figure (15): mass flow rate of water vs area of the system 


Figure (16): mass flow rate vs cost saving

We noted from the curve When  the mass flow rate increase we need to increase the size of the system also when increase this mass flow rate  the cost of saving will increase . 


Case study : 
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5.2 [bookmark: _Toc469824665]lighting :
The lighting system provides many opportunities for cost-effective energy saving with little or no inconvenience . In many cases , lighting can be improved and operation costs can be reduced at the same time. Lighting improvements are excellent investments in most commercial businesses because lighting accounts for a large part of the energy bill ranging from 30-70% of the total energy cost . Lighting energy  use represents only 5-25% of the total energy in industrial facilities, but it is usually cost-effective to address because lighting improvements are often easier to make the many process upgrades . 
While there are significant energy-use and power-demand reductions available from lighting retrofits , the minimum lighting level standards of the illuminating engineering society  (IES) should be followed to insure worker productivity and safety . Inadequate lighting levels can decrease productivity , and the can also lead to perception of boor indoor air quality . 
Used as a starting place for an energy management program , lighting can attract immediate employee attention and participation ,since everyone has ideas about lighting . Lighting is also seen as a barometer of the attitude of top managers toward energy management : if the office of the president of a company is an example of efficient lighting , then employees will see the energy management  is taken seriously . A lighting retrofit program can be a win-win proposition for the business owner and the employees as it can improve moral , safety and productivity while reducing life-cycle costs . [1] 
The  tow strategies Relamping and Delamping were focused in the software .
5.2.1 Relamping strategies  :
 
The usual strategy for replacing lamps in many facilities is to wait until a lamp burns out and then replace it (called spot relamping ) . this relamping strategy is not necessarily the best one for a facility to follow because it does not consider such factors as labor cost or lumen depreciation , it is often more economical to replace all of the florescent and HID lamps in a facility at one time ( called group relamping ) . [1]

Advantage of group ralamping : 

· Group relamping can:
1. Reduce labor costs: Spot relamping can require up to 30 minutes to move furnishings or equipment, set up, replace the lamp, and put equipment away (e.g., ladder, lamps, tools). In group relamping, a fixture can usually be relamped and cleaned in 5 minutes.
2. Reduce lamp costs (discounts).
3. Allow lamp maintenance to be scheduled. 
4. Maintain higher and more uniform lighting levels.
5. Reduce inventory needs.
6. Insure the correct lamp use: provides an opportunity to install the newest energy-efficient lamp.
7. Extend ballast life.
8. Reduce interruptions in work area.
























 
5.2.2 Delamping strategies :
Major saving can be obtained by removing some of the lamps that are producing excessive level of illumination . there is usually one ballast for each tow fluorescent lamps . The ballast for rapid-start lamps will continue to consume some power even when the lamps are removed . Leaving burned-out lamps in instant start (IS) fixture reduces ballast life .[1]  

many inputs were needed to the software for calculations as shown in figure (17) and figure (18) : 
For Delamping method :

Figure (17): the inputs of delamping method










For Relamping method : 
 
                                     Figure(18): the inputs of relamping method 

 Then the following steps and  equations were followed to find the Saving as shown in figure (19) and figure (20) : 
Delamping  method :  



Figure(19) : the equations of Delamping method


For relamping method :

Figure (20): the equations of relamping method 
Analysis :
     Note that the lighting  after a 70% default life time  become more susceptible to          damage and the  level of lighting decrease  so it is advisable to replace it .   
      When we use any one of this method we obtain saving for energy and cost . 

 Lighting accounts for a large part of the energy bill, ranging from 30-70% of the total energy cost. Lighting energy use represents only 5-25% of the total energy in industrial facilities . 

The minimum lighting level standards of the Illuminating Engineering Society (IES) productive is should be followed to insure worker ty and safety. 

Inadequate lighting levels can decrease productivity, and they can also lead to a perception of poor indoor air quality.
 

Case study :
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[bookmark: _Toc469824666][image: ]
[bookmark: _Toc469824667]5.3 Motor :
Energy shortage problem becomes more and more serious. People emphasize the electric energy saving in large and medium size drive systems for many years. The evident validity has been got in motor and pump systems. However the energy saving measures for various kinds of small size motor control systems were neglected. Since they are in a huge numbers inside factory auxiliary systems, their electric power consumption can approach to around 1/3 of that of the total motor numbers. [13] 
There is many techniques to make the saving in motor and in our software we focused in these tow method : Rated Capacity  of motor and Replacement the motor with high efficient motor .
First the motor were checked if it  working on the rated capacity or not then decided to replace it to new motor or keep the current motor for that  many inputs were needed in the software as shown in figure (21):

Figure (21): the inputs of the motor calculations
Then the following steps and equations were followed  to get the outputs as shown in figure (22) : 

Figure(22): the equations of motors
And to calculate the saving when replacement the current motor with high efficient motor the following equations were followed in the software as shown in figure (23) : 
Figure(23): the equations of when use new high efficient motor
Analysis:

[image: ]
Figure (24):the load and efficiency curve 
From figure (9) above we can see that the load increasing with efficiency then the efficiency  become steady  after 20% and  load remains increasing . [15]
And if the motor  under/over  estimated  then replace the motor with new high efficient motor .  
Case study :
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[bookmark: _Toc469824668]5.4  Power factor : 
 Power factor is a measure of how effectively you are using electricity at your workplace . low power factor is expensive and inefficient . Many utility companies charge large commercial and industrial customers 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 also reduces an electrical system's distribution capacity by increasing current flow and causing voltage drop . [14] 
Power factor correction is achieving by the addition of capacitor in parallel with the connected motor or lighting circuit and can be applied at the equipment , distribution board or the origin of the insolation .



 
There is many techniques to do saving in the power factor one of these is by using capacitor and this what was focused in the software . many inputs were neede as shown in figure (25) below :

figure(25): the inputs of power factor calculations 













Then following equations were used to get the results as shown in figure (26) :

figure(26): the equations of power factor calculations

Analysis :
 The numbers and the equations were applied  in the software then got the curve below (27) :
 
Figure(27):Power factor vs fines 
Noted  when the power factor decrease the fines well increase so we should improve the power factor to 0.92 to reduce the fines .The power factor is not allowed decreases about 0.92  Because it would have on the payment of a fine . to improve power factor we use the capacity . 
Case study : [image: ]
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Chapter Six
[bookmark: _Toc469824670]Conclusion and Recommendations






Many equations and inputs data were used in the software to calculate energy efficiency , costs and payback period for each system . Then put some alternatives to reduce energy consumption , and final calculate the savings in energy .
This method is shortage in Palestine that one of reasons to design it , the software relied on several parameters and equations until we got the desired result and were used simple equations and uncomplicated but effective in the software and then got the desired results . 
The Systems were focused  on the software which are the more consumptions of energy in Palestine : boiler , lighting , and motor and each system was explained in details and clarify the equations that used and the steps that followed in the previous chapter . 
The results were obtained from the software are effective and useful to reduce energy consumption in Palestine .
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inputs 


type of space 


Total power


power factor old













Reactive power old = Ptot*(tan(Acos(PFold))) 


Qc= reactive power old - reactive power improv.


capacity of Y connection = Qc/(6*(Vl^2)*∏*F)


Reactive power improv.=Ptot*(tan(Acos(PFimprov.))) 


capacity of delta connection=Qc/(2*(v^2)*∏*F


fines = Ptot *0.55*0.16*(PFimprov.-PFold)


















old efficiency of the boiler (by using  Figure 3 ) 


new efficiency of the  boiler  ( by using Figure 3)


the present fuel saving = (old eff - old eff)/old eff *100%


Fuel saving = precent fuel saving * energy consumption 


pay back period = inetial investment / saving 
















inputs 


Area of the boiler 


surface tempereture 


thickness and thermal conductivity of each layer 


surrounding tempereture 


operations hour 


power consumed before and after insulation 






















thermal risistance for each layer = L/(K*A) 


Qold =U*A*(To-Ts)


Qnew for new layer of insulation=U*A*(To-Ts)


Rtot=RAl+Rinsulation+Rcastiron


U = 1/(Rtot *A)


Q=Qold-Qnew 


saving = Q/efficiency of boiler 


saving cost = (Pbefor ins.-Pafter ins.)*operation hour*0.55

























inputs 


mass flow rate of water 


the tempereture input to the boiler befor swh


cost of swh system













E= m*Cp*(T2-T1)


Eswh= m*Cp*(T2-T1)swh


E boiler with swh= m*Cp*(T2-T1)


Esaving=Ewith swh-Ewithout swh


E must reach from boiler=Eswh/efficiency  


Asys=(1*Eswh)/(1000/365)


cost saving=Esaving/0.55


payback period = cost sys/cost saving

























inpute 


operation hour/day


Illumination level standard


No. of fixture


Illumination level measurment


Current lamp  


watt of current  lamp























input 


lifetime of current lamp


Watt of proposed lamp 


Proposed lamp 


No. of fixture


Current lamp  


No. of lamp each fixture  


watt of current  lamp 


operation hour/day


cost of unite current  lamp  





cost of unite proposed  lamp  


lifetime of proposed lamp 





































Energy consumption(current case)= No.fix * Watt per fix. *operation hour 


Energy cost  ( current case ) = Energy consumption * cost of ele. 


Energy consumption(proposed case)= No.of lamp new *watt per lamp *operation hour 


Energy cost (proposed cace) = Energy consumption * Cost of ele. 


Annual Energy saving = Energy consumption (current case) - Energy consumption (proposed case) 


Annual cost saving = Energy cost (current case) -Energy cost (proposed case) 


















Energy cost = Energy consumption (current case) * cost of ele. 


Energy consumption(current case)= No.of fix. * No . of lamp each fix * watt of current lamp * operation hour 


Energy consumption(proposed case)= No. of fix. * No.of lamp each fix. * watt of proposed lamp * operation hour 


Energy cost = Energy consumption (proposed lamp )* cost of ele. 


Annual Energy saving = Energy consumption (current case )- Energy consumption ( proposed case ) 


Anuual cost saving = Energy cost (current case ) - Energy cost (proposed cost ) 


Total annual use =  No.of lamp * 8760 


 number of current lamp need  = Total annual use / life time of current lamp 


  Annual cost of current lamp  = number of current lamp need * cost of unit current lamp 


Number of proposed lamp need  = Total annual use / life time of proposed lamp 


Annual cost of proposed  lamp= Number of proposed lamp need * cost of unit current lamp  


Annual lamp cost saving = Annual cost of current lamp - Annual cost of proposed lamp 


Total saving = Annual cost saving  + Annual lamp cost saving 








































inputs 


energy consumption in the motor(new and old)


operation hour 


maximum power of the motor 


output power for each motor


the eficiency of each motor 




















inputs 


current stake gas  analysis


combustion air inlet tempreture


Exhaust gas stack tempreture


opetation hour 


rated  capacity of boiler 


Energy consumption 


initial investment 


proposed operating  condition




























load factor (old/new )= (E consumption / max.Power)*100%


Power saving = Pin old - Pin new 


cost saving = Psaving * operation hour * 0.55


Pin = (load factor *Pout)/ efficiency of motor 












Pin=Pout/efficiency 


cost = Elosses * 0.55


cost saving =cost of current motor - cost of prorosed one 


Elosses = |Pin - Pout|












PF old Vs Fines	0.8	0.79	0.77	0.75	0.72	0.6	10.56	11.44	13.2	14.96	17.600000000000001	28.16	PF old 
Fines 
stack temp rise vs the optimal efficency	700	650	600	550	500	450	400	350	300	250	200	150	79	79.8	80.3	81.400000000000006	82	83	84	84.5	85.3	86.2	87	88	stack temp rise 
optimal efficency 
persent of fule saving vs stack temp.rise	2.5630000000000002	3.4049999999999998	4.4211499999999999	5.4461000000000004	6.6417299999999999	7.5390300000000003	8.7853600000000007	9.5106699999999993	10.318199999999999	700	650	600	550	500	450	400	350	300	present of fule saving 
stack temp. rise
precent of fule saving vs present of excess air	7.1191599999999999	6.9363000000000001	6.6417299999999999	6.2146299999999997	5.6314200000000003	4.8696700000000002	3.9135399999999998	2.7613400000000001	1.4360900000000001	2.3544	4.7728999999999999	8.4116	13.279500000000001	19.367599999999999	26.678699999999999	35.2134	44.9711	55.951999999999998	present of fule saving 
persent of excess air 
present of flue gas  vs eff 	1	2	3	4	5	6	7	8	9	10	81.768799999999999	81.510800000000003	81.139600000000002	80.63809999999998	79.992400000000004	79.1965	78.257999999999996	77.205799999999982	76.097100000000012	75.026600000000002	present of flue gas 
efficiency 
  
thickness vs Q new 	0.2	0.5	1	2	4	0.1623	0.1709	0.17945	0.188	0.19483	thickness
saving 
thickness vs Q new 	0.2	0.5	1	2	4	3.298	2.6389999999999998	1.9796	1.3198000000000001	0.79190000000000005	thickness
Q new 
mass folwrate of water vs area of the system 	50	70	100	120	150	170	3051.4	4271.96	6102.8	7323.36	9154.2000000000007	10374.799999999999	mass flowrate of water 
area of the system 
mass flowrate of water vs cost saving 	50	70	100	120	150	170	4180	5852	8360	10032	12540	14212	mass flowrate of water
cost saving  
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To cheack f the motor working on the rated capacity or not -
Old motor :-

We need to find load factor

[cost of clectricity 0.53|NIS/KWh

[Encrgy consumption in this motor 2000[K Whiyear

[Max. power of this motor 20[xw

[operation_hour 7600|hour/year

[Load Factor 0.37594]%

[State of motor [No | 200d motor
[yes |under estimated
No over estimated
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If the state of motor under or over estimated then we need new motor

Old motor ==

[P out

[Load factor old

[Efficency old

Pin

0.275078]

New motor -

[Encrgy consumption in this motor

[Max. power of this motor

[operation_hour

[Load Factor new

0.246711]

[P out

[Efficency new.

[Kw

[Kw
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[Pin 0187713
[Power Saving 0.087363
[Cost Saving 365.179)

[Kw

N1
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We need to improve power factor by using capacitor :-

[Type of space
[PF old 06|

[PF improvement 092
[Total power 1000[K W
[Line Voleg 400V
Frequancy 50|Hz
|Cost of electricity 0.33|N1S
Phase Volteg 220|v

Qc =P (tan (Acos(PF old)) - tan (Acos(PF

improvement ))

[Reactive power old 1333333333 KVAR |
[Reactive power improvement 425.9982161|KVAR.
[Reactive power (Q9) 907.3351172|KAVR
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Capacity (C) = Qc/ (6*(VL"2)*N*F) > A connection

Capacity (C) = Qc/ (2*(VL"2)*N*F) > Y connection

[Faradi
Faradi

[Capacity ¥ connection 1.806E-03]
[Capacity A connection 6.02E-06|
28.16|

[Fines

NIS / month
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present flve £s 02 [ Bl prasent o] 4186]stack temp cis=  [LLLBO0JF
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Financial analysis
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We need many input data

w2

[ of the boiler (4) =]
[scfacs temp (T5) =
[serouading terep (To) e

=l

To find the over all convection losses (U) and the total thermal resistance (R tof)

aT

/(R tot *A)

The outer laver of boileris Aluminum
hickness of the Al

thermal conduetivity of the AL (RAL)
RAL

The second layer s insulation
type of instation

thermal conduetivity of the insulation.
thickness of inssltion.

Rinsltion

R=L /(K*A)

o]

ume  sta00k

Saeg)

0.033]

Jume
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The third layer is cast iron
hicknsss o cast son.

thermal conduetivity of ast iron
Rcastizon

R tot =R AL + R insulation + R cast iron

R ot

Qold=U*A*AT

Qoté

o]

=

Jume

To003s

stzsek
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To Reduce the losses in the boiler we need add another layer of insulation

type of inslation added [emorer
thickness of the adéed nssltion e
thermal conductivity of this nsulation Tozfume
Rofnew inslation o505t

R tot new = R AL + R old insulation + R new insulation + R cast iron

Ristnen
e

Qunew=Unew * A * AT
o) =
= :

Qasw
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losses= Q old - Q new
o o]
fcancy ofth boler T 3058

saving = losses / efficency of the boiler

costof KV [
S— o
ovesconmnpe e in inmlation =
e conmnpad e in i 1

saving cost = A power * operation hour * cost of kwh
saving cost  —
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To caletate the saving by vsing SWH s nssd many of input

- s Aot of vatar SOl Kecay
cp - spacific heat of water £1s[10Ks ©
T2 - the temp ovt of the boller sole

Energy (E)=m*cp*AT
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Input Branch |

Type of Branch |

Method Delamping _ Relamping

Tiumination level measurment (twx)[ 1100

Tiuminafion level standard (lux) 500

Current lamp Fluoresent | Fluoresent

Proposed lamp Fluoresent
. of fixture 200 200

No. of lamgp cach fixture 4 4

wat of current lamp 40 40

Watt of proposed lamp 34

wat per fisture 208

operation hous/day 105 2

operation hout /year 38325 8760

cost of electricity (NIS) 055 055

number of ballast 2 \

wat of ballast 24

Energy consumption(current case)| 159432 | 280320

Energy cost 876876 | 154176

‘number of lamp proposed 1818181818

Energy consumption(proposed cas{ 278.7272727 | 238272

Energy cost 1533 | 1310496
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Annual Energy saving 159153.2727 | 42048
Annual cost saving 875343 | 231264
Total annual use 7008000
cost of unite current lamp 1
lifeime of current lamp 12000
number of current lamp need 584
Annual cost of current lamp 584
cost of unite proposed_lamp 15
lifeime of proposed lamp 20000
Number of proposed lamp need 3504
Annual cost of proposed_lamp 5256
Annual lamp cost saving 584
Total saving for one branch §75343 | 231848





