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Executive Summary 

Due to the rapid depletion of conventional energy resources, such as natural gas and 

fuel oil, and increased energy demand, conventional primary energy resources in 

Egypt will be unable to meet its growing demand. To avoid this situation, the 

government should adopt strategies on two tracks: reducing demand and increasing 

supply. 

The present study investigates the development of electricity generation with less fuel 

through integrating solar fields into existing conventional thermal power plants. This 

will lead to additional electricity generation from a renewable energy source and 

reduce the current amount of fossil fuels used. 

It is clear that within the next decade electricity in Egypt will still rely on fossil fuels; 

mainly N.G fired electric power plants. The resulting increase in fossil fuel 

requirements is substantial and even in the most optimistic scenario; an annual 

increase of 10% in fuel supply, a gap will exist until 2019/2020. Hybridization of 

existing thermal power plants with solar collection fields could represent one of the 

effective solutions for bridging the fuel gap in power generation.  

Clear and systematic criteria, applied in order to select the power plants that have 

potential for hybridization, resulted in 14 plants with a total capacity of 9649 MWe 

are suitable while the other plants are rejected. The selected plants are then technically 

and economically assessed for parabolic trough and power tower technologies. For 

each technology, two scenarios are adopted. Scenario A involves using available land 

area within the plants borders, while scenario B takes available land area outside the 

plants borders in consideration. Parabolic trough proved to have greater output than 

power tower with an annual electricity generation of 189 GWh for scenario A and 809 

GWh for scenario B. Using parabolic trough in hybridization is associated with higher 

annual natural gas savings of 38,628,442 m
3
 for scenario A and 178,710,346 m

3
 for 

scenario B. 

To determine the annual fuel savings cost, two sets of fuel prices are used. Using the 

subsidized fuel prices show the benefit of the hybridization for the investor. 

Moreover, the government will have the benefit of saving the subsidies on the saved 

fuel. The subsidized price of Heavy Fuel Oil (H.F.O)
1
 for the electricity sector is 

2,300 EGP/tonne while the subsidized price of N.G
2
 for the electricity sector is 0.44 

EGP/m
3
. As for the unsubsidized fuel prices, N.G is sold in the spot market for 10.75$ 

per MMBtu and H.F.O has the price of 598.9 $ per tonne. In case of using subsidized 

fuel prices, the average financial payback period will be 41.3 years. Nevertheless, the 

average economic payback period will reach 6.8 years as the fuel is unsubsidized. As 

the solar field area increases, both the solar field total investment cost and the annual 

fuel savings cost increase. Accordingly, both scenarios almost have the same payback 

period.  

The Levelized Cost of Electricity (LCOE) of the hybridized plants is a function of the 

fuel prices and the solar field total investment cost. Hybridized plants have higher 

LCOE than existing plants in case of using subsidized fuel prices, while it has lower 

LCOE than existing plants in case of using unsubsidized fuel prices. Kuraymat 2 

                                                 
1
 The Egyptian Cabinetôs decree No. 1258, 2012 

2
 The Egyptian Cabinetôs decree No. 1257, 2012 
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(C.C), for instance, currently have LCOE of 20.32 and 71.87 PT/kWh for subsidized 

and unsubsidized fuel prices respectively. After being hybridized in scenario A the 

LCOE for subsidized and unsubsidized fuel prices will be 20.36 and 71.38 PT/kWh 

respectively. On the other hand in scenario B, the LCOE for subsidized and 

unsubsidized fuel prices will be 20.38 and 71.01 respectively. 

CO2 avoidance depends on the fuel availability. In other words, if the fuel for power 

generation is available then it could be claimed that hybridization has had a positive 

environmental impact as opposed to the case of unavailable fuel. Parabolic trough 

technology would have a significant annual CO2 avoidance of 73,089 tonne in 

scenario A, while 338,139 tonne will be avoided in scenario B. 

The solar heat would be added to the cycle after the last feedwater heater and before 

the steam generator. This is because the thermal capacity of the solar field is lower 

than that of the feedwater heater.  
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1 Introduction  

The demand for electricity in Egypt has been growing at an average rate of around 6% 

annually since the early 2000s
3
, and is expected to continue growing due to: 

demographic growth, additional activities as well as excessive, inefficient use in some 

sectors.  In view of this forecasted growth and possible limited availability of fuel 

supplies, the need to search for all possible ways to reduce power plants fuel use is 

becoming a must. 

Concentrated Solar Power CSP, after a period of stagnation, has started to penetrate 

the energy market. During the five-year period 2008-2012, CSP capacity increased 

more than 40% per year on average
4
. In 2011, 40% of the countries operating CSP 

plants were located in the MENA region, namely: Algeria, Egypt, Iran, and Morocco
5
. 

CSP exists in four common forms: parabolic trough, linear Fresnel, power tower and 

parabolic dish. As it utilizes solar thermal energy for the generation of electricity, it is 

relatively easy to hybridize existing fossil -fired power plants with CSP systems, 

especially if adjacent land for the solar field is already owned by the utility. Such 

hybridization offers a low-risk opportunity to meet renewable energy targets while 

promoting, deploying and speeding the learning-curve which helps drive down the 

cost of these new technologies. On the other hand, it offers a lower cost alternative to 

stand-alone solar plants as it makes use of pre-existing power block, electrical 

substation and pre-existing transmission and grid interconnection. 

Hybridization has two possible operation modes; either power boost or fuel saving. 

This study focuses on fuel saving mode as the plants might have design and 

equipment limitations for power boost. 

Internationally, parabolic trough is the most commercially proven technology and 

have dominated the CSP industry for the last two decades. This is because it has the 

lowest material demand of all CSP technologies; it is the oldest and the most well-

understood technology. However, CSP landscape is rapidly changing, with power 

tower technology promising unique advantages.  

                                                 
3
 Ministry of Electricity and Energy MoEEôs Anuual Reports 

4
 REN21, Global Renewables Status Report, 2013 

5
 REN21, MENA Renewables Status Report, 2013 
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2  Expected Fuel Gap for Electricity  Generation 

2.1 Capacities of Electric Generation Power Plants 
The performance of the existing power plants and the expansion plan of the 

conventional power plants till 2022 are reviewed together with the forecasted fuel 

supply needs and the expected fuel supply gap. As shown in Table  2-1 electricity in 

Egypt is generated mainly from thermal and hydro power stations. However, the 

percentage of hydro power energy generated is gradually declining due to the fact that 

all major hydropower sites have already been developed and there is no significant 

addition to hydro capacity. Thermal power capacity is expanding rather quickly with 

natural gas expected to fuel the new generation plants. However, the amount of 

natural gas that will be available to the power sector has been subject to some 

uncertainty. Therefore, the Egyptian Electricity Holding Company EEHC is building 

most of the thermal plants with a dual (oil and gas) firing capability to deal with any 

uncertainty in the availability of natural gas. Table  2-2 shows power plantsô expansion 

plan till year 2021/2022. 
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Table  2-1: Existing Power Plants in 2010 (Source: EEHC Annual Report, 2010/2011) 

No. Plant Name Type
6
 No. of units & capacities per unit in MW 

Capacity 

(MW)  
Fuel type

7
 

1 Shoubra El-Kheima ST 4 x 315 1260 N.G-H.F.O 

2 Cairo West ST 4 x 87.5 350 N.G-H.F.O 

3 Cairo West Ext. ST 2 x 330 660 N.G-H.F.O 

4 Cairo South 1 CC 3 x 110 + 3 x 60 510 N.G-H.F.O 

5 Cairo South II CC 1 x 165 165 N.G 

6 Cairo North CC 4x 250 +2 x 250 1500 N.G-L.F.O 

7 Wadi Hof G 3 x 33.3 100 N.G-L.F.O 

8 Damietta CC 6 x 132 + 3 x 136 1200 N.G-L.F.O 

9 Ataka ST 2 x 150 + 2 x 300 900 N.G-H.F.O 

10 Abu Sultan ST 4 x 150 600 N.G-L.F.O 

11 Shabab G 3 x 33.5 100.5 N.G-H.F.O 

12 Port Said G 2 x 23. 96 + 1 x 24. 6 73 N.G-L.F.O 

13 Arish ST 2 x 33 66 H.F.O 

14 Oyoun Mousa ST 2 x 320 640 N.G-H.F.O 

15 Sharm El-Sheikh G 2 x 23.7 + 4 x 24. 27 + 4 x 5.8 + 2 x 5 178 L.F.O 

16 Hurghada G 3 x 23. 5 + 3 x 24.3 143 L.F.O 

17 Zafarana W 105 x 0.6 + 117 x 0.66 +412x 0.85 490 Wind 

18 Suez Gulf (Boot) ST 2 x 341.25 682.5 N.G-H.F.O 

19 Port Said East (Boot) ST 2 x 341.25 682.5 N.G-H.F.O 

20 Talkha ST 8 x 24.72 + 2 x 45.95 290 N.G-L.F.O 

21 Talkha 750 CC 2 x 250 +1 x 250 750 N.G-L.F.O 

22 Talkha 210 ST 2 x 210 420 N.G-H.F.O 

23 Nubaria 1,2 CC 4 x 250 + 2 x 250 1500 N.G-L.F.O 

24 Nubaria 3 CC 2 x 250 +1 x 250 500 N.G-L.F.O 

25 El-ATF CC 2 x 250 +1 x 250 500 N.G-L.F.O 

26 Mahmoudia 2 G 1 x 50+ 1 x 25 75 N.G-L.F.O 

27 Mahmoudia CC 8 x 25 + 2 x 58.7 317 N.G-L.F.O 

28 Kafr El-Dawar ST 4 x 110 440 N.G-H.F.O 

29 Damanhour Ext ST 1 x 300 300 N.G-H.F.O 

30 Damanhour (Old) ST 3 x 65 195 N.G-H.F.O 

31 Damanhour CC 4 x 24.62 + 1 x 58 156.5 N.G-L.F.O 

32 El-Seiuf G 6 x 33.3 200 N.G-L.F.O 

33 Karmouz G 1 x 11.37 + 1 x 11.68 23.1 L.F.O 

34 Abu Kir ST 4 x 150 + 1 x 311 911 N.G-H.F.O 

35 Abu Kir G 1 x 24.27 24.3 N.G.-L.F.O 

36 Sidi Krir 1.2 ST 2 x 320 640 N.G-H.F.O 

37 Sidi Krir CC 2 x 250 + 1 x 250 500 N.G-H.F.O 

38 Matrouh ST 2 x 30 60 N.G-H.F.O 

39 Sidi Krir 3,4 (Boot) ST 2 x 341.25 682.5 N.G-H.F.O 

40 Walidia ST 2 x 312 624 N.G-H.F.O 

41 Kuriemat ST 2 x 627 1254 H.F.O 

42 Kuriemat 2 CC 2x250+1x250 750 N.G.-L.F.O 

43 Kuriemat 3 CC 2x250+1x250 500 N.G-H.F.O 

44 Assiut ST 3 x 30 90 H.F.O 

45 High Dam H 12 x 175 2100 Hydro 

46 Aswan Dam I H 7 x 46 280 Hydro 

47 Aswan Dam II H 4 x 67.5 270 Hydro 

48 Esna H 6 x 14.28 86 Hydro 

49 New Naga Hamadi H 4 x16 64 Hydro 

                                                 
6
 ST: Steam, CC: Combined Cycle, G: Gas, W: Wind 

7
 N.G: Natural Gas, H.F.O: Heavy Fuel Oil, L.F.O: Light Fuel Oil 



Hybridization of Existing Thermal Power Stations with Solar Collection Fields (Draft) 6 

Mohamed Salah Elsobki (jr.) in collaboration with Environics  November 2013 

 

Table  2-2: Expansion plan till year 2020/2021 
8
 

Plant Name Type MW  Year Plant Name Type MW  Year 

Zafrana W 55 2010/11 Safaga (1) ST 650 2016/17 

Kurimat (3) CC 250 2010/11 Safaga (2) ST 650 2017/18 

Nobaria (3) CC 250 2010/11 Mini & Small Hydro Units H 32 2014/15 

Tebbin ST 700 2010/11 Steam Units ST 650 2017/18 

Sidi Krir CC 250 2010/11 Steam Units ST 650 2018/19 

Atf  CC 250 2010/11 Steam Units ST 1950 2019/20 

Cairo West Ext. ST 700 2010/11 Steam Units ST 650 2020/21 

Kurimat S 140 2010/11 Combined Cycle Units (1) CC 1000 2017/18 

EL-Shabab G 1000 2010/11 Combined Cycle Units (2) CC 1000 2018/19 

Damitta G 500 2011/12 Combined Cycle Units (3) CC 750 2019/20 

Fayoum west G 500 2011/12 Combined Cycle Units (4) CC 1250 2020/21 

High Voltage Site G 500 2011/12 Nuclear (1) N 1000 2018/19 

Abu Kir (1) ST 650 2011/12 Nuclear (2) N 1000 2020/21 

Abu Kir (2) ST 650 2012/13 Suez gulf (1) W 720 2013/14 

 Ain Sokhna ST 1300 2013/14 Suez gulf (2) W 450 2014/15 

Banha (1) CC 500 2012/13 Suez gulf (3) W 500 2015/16 

Banha (2) CC 250 2013/14 Suez gulf (4) W 500 2016/17 

Giza North (1) CC 1000 2012/13 East-West Nile (1) W 

4000 

 

 

2017/2022 

 

 

Giza North (2) CC 500 2013/14 East-West Nile (2) W 

Giza North (3) CC 500 2014/15 East-West Nile (3) W 

Giza North (4) CC 250 2015/16 East-West Nile (4) W 

Dairout BOO (1) CC 1500 2013/14 East-West Nile (5) W 

Dairout BOO (2) CC 750 2014/15 Solar units (1) S 50 2012/13 

Suez ST 650 2014/15 Solar units (2) S 50 2014/15 

Helwan South ST 1950 2015/16 Photo Voltaic cells (1) S 4 2012/13 

Aiaat (1) ST 1300 2016/17 Photo Voltaic cells (2) S 4 2013/14 

Aiaat (2) ST 650 2018/18 Photo Voltaic cells (3) S 4 2014/15 

Qena (1) ST 650 2015/16 Photo Voltaic cells (4) S 4 2015/16 

Qena (2) ST 650 2016/17 Photo Voltaic cells (5) S 4 2016/17 

 

                                                 
8
  Private Communication with the EEHC. 



Hybridization of Existing Thermal Power Stations with Solar Collection Fields (Draft) 7 

Mohamed Salah Elsobki (jr.) in collaboration with Environics  November 2013 

Moreover, a solar plan for installing 3,500 MW of solar plants including 2,800 MW of 

CSP and 700 MW of PV has been approved by the Supreme Energy Council and the 

cabinet of ministers in July 2012 as displayed in Table  2-3. 

Table  2-3: Development of of CSP and PV Projects till 2027
9
 

Year 
CSP PV 

Added Capacity 

(MW)  
Annual Energy 

Generated (GWh) 
Added Capacity 

(MW)  
Annual Energy 

Generated (GWh) 
2015/16 100 400 20 30 

2016/17 150 600 20 30 

2017/18 150 685 40 60 

2018/19 200 1005 40 60 

2019/20 250 1,120 40 60 

2020/21 250 1,290 60 90 

2021/22 250 1,290 80 120 

2022/23 250 1,290 80 120 

2023/24 250 1,290 80 120 

2024/25 250 1,290 80 120 

2025/26 350 1,380 80 120 

2026/27 350 1,380 80 120 

Total 2,800  13,020  700  1,050  

2.2 Fuel Supply Forecasting for Electric Power Generation 
In order to forecast the fuel supply needs based on the current and the expansion plans 

of the electric power plants, the 2010/2011
10

 and 2011/2012
11

 annual reports of the 

EEHC have been reviewed. Data required for the forecast have been collected such 

as: Specific Fuel Consumption in gm/kWh Gen., Peak Load in MW and the Load 

Factor. Moreover, to forecast the fuel demand for the planned electric power plants, 

the following assumptions have been made: 

1- The load factor of the planned power plants is assumed to be 0.8. 

2- The peak load of the planned power plants is assumed to be equal to their 

nameplate capacity. 

3- The specific fuel consumption of the planned power plants is assumed to be 

the same as the most efficient existing plant of the same type.  

4- The load factor, peak load and specific fuel consumption of the existing power 

plants after year 2011/2012 is assumed to be equal to their values in 

2011/2012. 

5- A plant lifetime of 40 years was assumed in order to determine the retirement 

year of all the power plants.  

                                                 
9
 Approved by Cabinet of ministers 12

th 
of July 2012  

10
 EEHC: Annual Report 2010/2011. Arab Republic of Egypt: Ministry of Electricity & Energy. 

11
 EEHC: Annual Report 2011/2012. Arab Republic of Egypt: Ministry of Electricity & Energy.  
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Table  2-4 and Figure  2-1 show the annual installed electric generation capacity and 

the forecasted ones uptill year 2021/2022. 

Table  2-4: Evolution of Electric Generation Capacity (MW) based on plants type till 2021/2022 

Year Steam Gas 
Combined 

Cycle 
Wind Solar Nuclear Hydro  Total 

2010/11 11,359 1,389 9,766 477 20 0 2,800 25,811 

2011/12 13,002 4,298 9,983 505 20 0 2,800 30,608 

2012/13 13,652 3,762 11,483 505 74 0 2,800 32,276 

2013/14 14,952 4,298 13,733 1,225 78 0 2,800 37,086 

2014/15 15,602 4,298 14,983 1,675 132 0 2,832 39,522 

2015/16 18,202 3,762 15,233 2,175 256 0 2,833 42,460 

2016/17 20,802 3,762 15,233 3,175 430 0 2,833 46,234 

2017/18 22,752 3,762 16,233 3,475 620 0 2,832 49,674 

2018/19 23,402 3,762 17,233 4,275 860 1,000 2,832 53,364 

2019/20 25,157 3,762 17,983 5,075 1,150 1,000 2,832 56,959 

2020/21 25,807 3,744 19,233 5,875 1,460 2,000 2,832 60,951 

2021/22 25,807 3,744 19,233 6,675 1,790 2,000 2,832 62,081 

 

 

 
Figure  2-1: Evolution of Electric Generation Capacity based on plants type till 2021/2022 

 

The annual energy generated in GWh according to plants type is displayed in Table 

 2-5 and Figure  2-2. It is worth mentioning that values for years 2010/2011 and 

2011/2012 are actual ones. 
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Table  2-5: Annual Electric Energy generated (GWh) based on plants type till 2021/2022 

Year Steam Gas 
Combined 

Cycle 
Wind Solar Nuclear Hydro  Total 

2010/11 54,591 4,047 59,277 1,504 9 0 19,622 139,050 

2011/12 74,527 16,231 59,456 1,504 19 0 19,622 171,359 

2012/13 79,082 16,231 69,968 1,504 398 0 19,622 186,805 

2013/14 88,192 16,231 85,736 6,550 426 0 19,622 216,757 

2014/15 92,747 16,231 94,496 9,703 804 0 19,847 233,829 

2015/16 110,968 16,231 96,248 13,207 1,262 0 19,847 257,763 

2016/17 129,189 16,231 96,248 15,593 1,920 0 19,847 279,028 

2017/18 142,855 16,231 103,256 22,318 2,665 0 19,847 307,171 

2018/19 147,410 16,231 110,264 27,924 3,730 7,008 19,847 332,414 

2019/20 160,392 16,231 115,520 33,531 4,910 7,008 19,847 357,439 

2020/21 164,947 16,225 124,280 39,137 6,290 14,016 19,847 384,742 

2021/22 160,392 16,225 124,280 44,743 7,700 14,016 19,847 387,203 
 

 

 

Figure  2-2: Annual Electric Energy Generated based on plants type  
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It is worth noting that natural gas (N.G) ratio to total fuel consumption in power 

generation accounted for about (84.3%) while the use of N.G in thermal power plants 

connected to the gas grid reached (86.5%) in 2011/2012 
12

. The annual fuel needs is 

calculated by multiplying the annual electricity generation by the specific fuel 

consumption of each plant. Table  2-6 and Figure  2-3 show the annual fuel needs 

according to plants type. 

Table  2-6: Annual Fuel Needs (ktoe) based on plants type till 2021/2022 

Year Steam Gas 
Combined 

Cycle 
Total 

2010/11 14,592 1,119 10,695 26,406 

2011/12 17,252 4,263 10,345 31,860 

2012/13 18,155 4,263 11,985 34,403 

2013/14 19,962 4,263 14,889 39,113 

2014/15 20,865 4,263 15,811 40,939 

2015/16 24,477 4,263 14,907 43,647 

2016/17 28,089 4,263 16,085 48,437 

2017/18 30,798 4,263 17,474 52,535 

2018/19 31,702 4,263 18,271 54,235 

2019/20 34,182 4,263 19,091 57,536 

2020/21 35,085 4,260 20,458 59,803 

2021/22 35,080 4,260 20,458 59,798 

 

 
Figure  2-3: Annual Fuel Needs based on plants type till Year 2021/2022 

 

 

                                                 
12
  EEHC: Annual Report 2011/2012. Arab Republic of Egypt: Ministry of Electricity & Energy. 
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2.3 Extra Fuel Needed for Power Generation 

In this section, the expected gap between power stations fuel demand and the fuel 

supplied by the ministry of petroleum is determined. This gap represents the annual 

extra fuel needed for power generation. For 2010/2011, the electricity sector used a 

total of 24,505 ktoe. By assuming that the electricity sector fuel supply is increasing 

by an annual rate of 7% 
13

, then the extra fuel needs to cover the generation capacity 

can be determined as shown in Figure  2-4.  

 
Figure  2-4: Annual Extra Fuel Needed till 2021/2022 

                                                 
13
 Workshop on ñEnergy in Egypt..going whereò, Energy Research Center, Faculty of 

Engineering, Cairo University on 26 of December 2012 by Mohamed Salah Elsobki (Jr.) 
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Given the current energy situation in Egypt, it is questionable that a 7% growth rate of 

fuel supply to the electricity sector could be sustained. Two other scenarios are 

presented in Table  2-7 and Figure  2-5. 

 
Table  2-7: Potential of Gap till 2021/2022 

Year 
Extra Fuel Needs (ktoe) 

at 4% fuel supply growth 

Extra Fuel Needs (ktoe) 

at 7% fuel supply growth 

Extra Fuel Needs (ktoe) at 

10% fuel supply growth  

2010/11 1,904 1,904 1,904 

2011/12 6,379 5,644 4,909 

2012/13 7,902 6,351 4,756 

2013/14 11,552 9,098 6,502 

2014/15 12,275 8,822 5,066 

2015/16 15,014 10,460 5,364 

2016/17 17,434 11,666 5,031 

2017/18 20,293 13,191 4,789 

2018/19 20,703 12,137 1,714 

2019/20 22,663 12,491 0 

2020/21 23,535 11,605 0 

2021/22 22,079 8,226 0 
 

 

 
Figure  2-5: Impact of Fuel Supply Variation on Extra Fuel Needed till 2021/2022 
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2.4 Conclusion 

The current plan to meet the continuous growth in demand of electricity in Egypt 

introduces a much needed diversification in terms of use of renewable resources, wind 

and solar. It also considers the introduction of much discussed nuclear generation. 

However, it is clear that within the next decade electricity in Egypt will still rely on 

fossil fuels, mainly N.G fired electric power plants. The resulting increase in fossil 

fuel requirements is substantial and even in the most optimistic scenario, an annual 

increase of 10% in fuel supply, a gap will exist until 2020. Therefore, Hybridization 

of existing thermal power plants with solar collection fields could represent one of the 

effective solutions for bridging the fuel gap in power generation. 
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3 Concentrating Solar Power CSP Technologies  

3.1 Overview 
Concentrating solar thermal power technologies (CSP) are based on the concept of 

concentrating solar radiation to be used for electricity generation within conventional 

power cycles using steam turbines, gas turbines or Stirling engines. For concentration, 

most systems use glass mirrors that continuously track the position of the sun. The 

concentrated sunlight is absorbed on a receiver that is specially designed to reduce 

heat losses. A fluid flowing through the receiver takes the heat towards the power 

cycle, where high pressure, high temperature steam is generated to drive a turbine. 

Air, water, oil and molten salt are used as heat transfer fluids.  

There are two operation concepts for CSP technologies. As shown in Figure  3-1 and 

Figure  3-2, parabolic trough and linear Fresnel systems follow a line-focus concept 

while power tower and Dish/Engines follow a point-focus concept. Further 

explanation of CSP technologies is provided in  4. 

 
Figure  3-1: Concentrating Solar Power Technologies 

 
Figure  3-2: Operation Concepts 

The performance of the four CSP technology families is summarised in Table  3-1. 

Whereas trough plants are in routine commercial application, tower plants are 
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currently making the transition to commercial application, and linear Fresnel and 

parabolic dishes are at the demonstration stage, and have not yet reached large-scale 

commercial application. 

Table  3-1: Performance Data of Various CSP Technologies
14

 

 
Capacity 

(MW)  

Concentration 

Ratio 

Peak 

Solar 

Effici ency 

Annual 

Solar 

Efficiency 

Capacity 

Factor 

(solar) 

Land Use 

(m²/MWh/year) 

Trough 10-200 70-80 21% (d) 
10 ï 15% (d) 24% (d) 

6-8 
17 ï 18% (p) 25 ï 90% (p) 

Fresnel 10-200 25-100 20% (p) 9 ï 11% (p) 25 ï 90% (p) 4-6 

Power 

tower 
10-150 300-1000 

20% (d) 8 ï 10% (d) 
25 ï 90% (p) 8-12 

35% (p) 15 ï 25% (p) 

Dish-

stirling  
0.01-0.4 1000-3000 29% (d) 

16 ï 18% (d) 
25% (p) 8-12 

18 ï 23% (p) 

d = demonstrated, p = projected, Solar efficiency = net power generation / incident 

beam radiation, Capacity factor = solar operating hours per year / 8760 hours per year 

3.2 International experience 
The first utility scale CSP project was of parabolic trough type and was constructed in 

the Mojave Desert in California, USA. It consists of 9 Solar Electricity Generating 

Systems (SEGS). The construction of these plants started in 1980s. Nowadays, CSP 

projects are already in operation in many countries around the globe. 

In this section, CSP projects will be categorized according to status, technology and 

country. The project status would be either operational, under construction, or under 

development, defined as follows: 

1. Operational: projects in which power plants are producing electricity. 

2. Under Construction: projects where construction is still in progress. 

3. Under Development: projects having a signed agreement, but whose actual 

construction is still pending. 

he international CSP , t)NREL(According to National Renewable Energy Laboratory 

. 4-3  Figure, 3-3 Figure  can be summarized as in and technology projects by status

power the parabolic trough is the most commercially proven technology,  the Although

now penetrating the CSP market with projects under development more also tower is 

parabolic trough as shown in  the than 

Table  3-2. 

                                                 
14

 MED-CSP: Trieb, F., Schillings, C., Kronshage, S., Viebahn, P., May, N., Paul, C., Klann, U., 

Kabariti, M., Bennouna, A., Nokraschy, H., Hassan, S., Georgy Yussef, L., Hasni, T., Bassam, N., 

Satoguina, H., Concentrating Solar Power for the Mediterranean Region (MED-CSP), Internet 

Publication of Final Report, German Aerospace Center (DLR), Study for the German Ministry of 

Environment, Nature Conversation and Nuclear Safety, Stuttgart 2005, www.dlr.de/tt/med-csp 
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Figure  3-3: Total CSP Capacity by status
15

 

 
Figure  3-4: International  CSP Experience by Technology

16
 

 

Table  3-2: Total CSP Capacity (MW) by Status and Technology  

Technology Operational Under construction Under development Total MW 

Trough 2,373.96 1,930.00 1,260.00 5,563.96 

Tower 64.50 587.00 1,395.00 2,046.50 

Fresnel 295.40 166.00 - 461.40 

Dish 1.50 1.50 - 3.00 

Total  2,735.36  2,684.50  2,655.00  8,074.86  

                                                 
15
 http://www.nrel.gov/csp/solarpaces/by_status.cfm 

16
 http://www.nrel.gov/csp/solarpaces/by_technology.cfm 

http://www.nrel.gov/csp/solarpaces/by_status.cfm
http://www.nrel.gov/csp/solarpaces/by_status.cfm
http://www.nrel.gov/csp/solarpaces/by_technology.cfm
http://www.nrel.gov/csp/solarpaces/by_technology.cfm
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The international CSP projects by country are summarized in Figure  3-5. 

 
Figure  3-5: International CSP Experience by Country

17
 

Further information regarding different CSP projects is provided in  Annex B (for 

parabolic trough projects),  0 (for power tower projects),  0 (for linear Fresnel projects) 

and  Annex A (for dish/engine projects) according to their status with data organized 

by country, project name, solar capacity, electricity generation and storage. 

3.3 Conclusion 

It is observed that parabolic trough technology has dominated the CSP market as it is 

currently the most mature and the most commercially proven technology. However, 

CSP landscape is about to change, with power tower promising unique advantages 

and its upcoming projects are growing around the world. Accordingly, analysis is 

conducted in section  5.1 for both parabolic troughs and power towers.  

                                                 
17
 http://www.nrel.gov/csp/solarpaces/by_country.cfm 

http://www.nrel.gov/csp/solarpaces/by_country.cfm
http://www.nrel.gov/csp/solarpaces/by_country.cfm
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4 Plant Selection 

Not all plants in Egypt are suitable for hybridization. A plantôs potential for 

hybridization depends on many factors such as: capacity factor, plant age, Direct 

Normal Irradiation (DNI) at each site. Relevant and systematic criteria developed by 

Turchi, C. et al(2011)
18

 to evaluate the hybridization potential for plants found 

throughout 16 states in the southeast and southwest United States are adapted in the 

present study in order to select suitable plants. Since these criteria have been 

developed for plants in the USA, some of them do not apply to plants in Egypt.  

Hybridization is not applicable for gas turbine power plants as it has no boiler to 

integrate the solar heat with. In addition, gas turbine power plants have low overall 

efficiency and thus the electricity generated from these plants are expensive compared 

to steam and combined cycle power plants. This in turn adversely affects the 

economic feasibility of the hybridization approach. The following gas turbine plants 

are not considered in this study. 

1- Wadi Hof 

2- 6
th
 of October 

3- Shabab 

4- New Gas Shabab 

5- Port Said 

6- New Gas Damietta 

7- Sharm El-Shikh 

8- Hurghada 

9- El-Seiuf Gas 

10- Karmouz 

11- Abu Kir 300 

The remaining steam and combined cycle plants are then checked against the 

following criteria. 

4.1 Exclusion Criteria  

4.1.1 Capacity Factor 

Plants with low capacity factors are not attractive for hybridization. The infrequent 

operation of a plant with a low capacity factor will result in significantly reduced 

megawatt-hours attributed to solar, which in turn raises the cost of solar-generated 

electricity as there are fewer hours over which to reclaim capital costs. Plants with a 

capacity factor below 15% are not considered further. Among all thermal power 

plants in Egypt, only gas plants have capacity factor less than 15%. Since gas plants 

are already not considered in this study, no other plants are excluded based on this 

criterion. 

4.1.2 Plants Age 

According to Turchi, C. et al, (2011), all plants older than 30 years are excluded. 

However, based on a 40 years lifetime assumption, plants that have 10 years until 

retirement are unsuitable if the payback period is more than 10 years. Thus, this 

criterion is modified to exclude plants that are older than 25 years. Old plants are also 

                                                 
18 Turchi, C., Langle, N., Bedilion, R., Libby, C., Solar-Augment Potential of U.S. Fossil-Fired Power 

Plants, technical report # NREL/TP-5500-50597, National Renewable Energy Laboratory, February 

2011. 
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likely to have less sophisticated controls than newer ones, which may make 

incorporating the control logic of the solar field integration more difficult. The plant 

age is calculated based on the latest commissioned unit. Hence, the following table 

shows the plants that passed an age limit of 25 years. 

Table  4-1: Plants older than 25 years 

Plant Type Age (years) 

Shoubra El-Kheima ST 26 

Cairo West ST 34 

Ataka ST 26 

Abu Sultan ST 27 

Kafr El -Dawar ST 27 

Damanhour Steam ST 27 

Assiut ST 46 

4.1.3 Topography of the Land  

The topography of the land surrounding the plant affects the ease of installation of the 

solar field as well as its performance. Any plant with surrounding land that has a slope 

greater than 5% is excluded. Since, the topography of Egypt differs from the 

topography of the USA. Then, no plants are excluded based on this criterion since all 

existing plants are installed on flat areas. 

4.1.4 Available Land Area  

The available land area surrounding existing fossil fuel plants affect the size of the 

solar field that can be built, which in turn affects the amount of solar steam and solar-

generated electricity. According to Turchi, C. et al (2011), existing fossil fuel plants 

can accept a design-point maximum of between 10% and 20% of their total plant output 

from solar steam before reaching equipment or other design limitations.  Because the 

amount of solar steam a plant can accept will vary based on the plantôs capacity, the 

required land area is calculated as acres per fossil fuel plant megawatt. Plants with 

land available for less than 1% of the plant output from solar, or less than 0.05 acres 

per fossil fuel plant megawatt, are excluded. In case of applying this criterion for the 

available land area within the plants borders, all plants will be excluded except for 

Arish power plant. Hence, this criterion could not be literally applied in the present 

study. 

Accordingly, two scenarios are involved. In scenario A, only available land within the 

plants borders are used for the solar field, while scenario B takes available land 

outside the plants borders in consideration. All plants have been screened to check if 

there is any available land outside their borders. Agricultural land is assumed to be 

privately-owned and may not be acquired; while desert land is assumed to be state-

owned that could be acquired
19

. Table  4-2 shows excluded plants that do not have 

excess land area inside or outside their borders. 

 

 

 

 

 

                                                 
19
 It could be the case that any desert land acquired in the present study is privately-owned. 

However, due to limited time and information it is assumed to be state-owned land. 
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Table  4-2: Excluded plants due to lack of land 

Plant Type Comment 

Cairo West Ext. ST Surrounded by residential and agricultural area 

Cairo North C.C Surrounded by residential area 

Tebbin ST Surrounded by industrial and residential area 

Talkha C.C Surrounded by residential and agricultural area 

Talkha steam (210) ST Surrounded by residential and agricultural area 

Talkha (750) C.C Surrounded by residential and agricultural area 

Mahmoudia C.C Surrounded by agricultural area 

El-Atf  C.C Surrounded by agricultural area 

Damanhour C.C C.C Surrounded by agricultural area 

Abu Kir 150 ST Surrounded by agricultural area 

 

4.1.5 Direct Normal Irradia nce (DNI) resource available at the plant  

The solar resource at the plant site, measured as average DNI, will significantly affect 

the performance of the hybridized fossil fuel plant. A high average DNI will produce 

more solar steam, increasing the number of megawatt-hours attributed to solar and 

reducing fossil fuel consumption. Turchi, C. et al (2011) proposed to exclude plants in 

a location with a DNI less than 4 kWh/m
2
/day. As mentioned earlier, these criteria 

have been developed for power plants in the USA where some states have a DNI less 

than 4 kWh/m
2
/day. However, Egypt has a substantial potential for solar energy. 

Then, no plants are excluded based on this criterion. The Annual DNI at the 

remaining plantôs sites are summarized in Table  4-3. 

 

Table  4-3: Annual DNI at each plant's location
20

 

Company # Power Plant 
DNI (kWh/m

2
) 

Annually  Daily 

Cairo 
1 Cairo South I 2,177 5.9 

2 Cairo South II  2,177 5.9 

     

East Delta 

3 Damietta 2,159 5.9 

4 Arish  2,018 5.5 

5 Oyoun Mousa 2,133 5.8 

     

Mid Delta 6 Nubaria (1,2,3) 2,150 5.9 

     

West Delta 

7 Damanhour Ext. 2,139 5.9 

8 Sidi Krir 1,2  2,113 5.8 

9 Sidi Krir (C.C)  2,113 5.8 

10 Matrouh  2,139 5.9 

     

Upper 

Egypt 

11 Walidia  2,403 6.6 

12 Kuraymat steam 2,244 6.1 

13 Kuraymat 1 (C.C) 2,244 6.1 

14 Kuraymat 2 (C.C) 2,244 6.1 

 

                                                 
20
 http://www.solar-med-atlas.org 

http://www.solar-med-atlas.org/
http://www.solar-med-atlas.org/
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4.2 Conclusion 

After excluding plants that are ineligible, the remaining plants have potential for 

hybridization. Thus, the plants shown in Table  4-4 are selected for both scenarios A 

and B.  

Table  4-4: Selected Plants 

Company  # Power Plant 
Plant 

Type 

Existing 

Plant 

Capacity 

(MW)  

Available 

Land Within 

Plants Border 

(m
2
) 

Available 

Land Outside 

Plants Border 

(m
2
) 

Total 

Land 

Area (m
2
) 

Cairo 
1 Cairo South I C.C 450 17,621 119,307 136,928 

2 Cairo South II  C.C 165 16,510 0 16,510 

        

East Delta 

3 Damietta C.C 1,200 19,316 0 19,316 

4 Arish  ST 66 23,712 150,166 173,877 

5 Oyoun Mousa ST 640 36,412 950,229 986,642 

        

Mid Delta 6 Nubaria (1,2,3) C.C 2,250 269,737 0 269,737 

        

West Delta 

7 Damanhour Ext. ST 300 2,837 0 2,837 

8 Sidi Krir 1,2  ST 640 0 392,305 392,305 

9 Sidi Krir (C.C)  C.C 750 0 392,305 392,305 

10 Matrouh  ST 60 1,896 0 1,896 

        

Upper 

Egypt 

11 Walidia  ST 624 41,650 89,598 131,248 

12 Kuraymat steam ST 1,254 81,528 218,101 299,629 

13 Kuraymat 1 (C.C) C.C 750 3,928 0 3,928 

14 Kuraymat 2 (C.C) C.C 500 143,268 107,216 250,484 
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5 Technology Assessment 

After identifying suitable plants, they have to be technically and economically 

assessed in order to evaluate the feasibility of the hybridization approach for each 

plant.  

5.1 Technical Assessment 
Since the electrical output of the solar field depends on the efficiency of the existing 

plant, hence the performance data of each existing power plant including their 

efficiencies are presented in the table below. 

Table  5-1: Existing Plants Performance
21

 

Company  # Power Plant 
Plant 

Type 

Plant 

Capacity 

(MW e) 

Plant 

Annual 

Gross 

Gen. 

(GWh) 

Plant 

Efficiency 

(%)  

Plant Specific 

fuel 

consumption 

(gm/kWhe) 

Plant 

Annual 

Fuel 

Consum-

ption 

(ktoe) 

Cairo 
1 Cairo South I C.C 450 2,681.19 38 231.06 619 

2 Cairo South II  C.C 165 718.93 34 261.26 188 

                  

East Delta 

3 Damietta C.C 1,200 7,522.30 46 193.10 1,453 

4 Arish  ST 66 366.56 34 257.90 94 

5 Oyoun Mousa ST 640 5,187.90 41 214.40 1,112 

                  

Mid Delta 6 Nubaria (1,2,3) C.C 2,250 11,169.30 54 163.90 1,831 

                  

West Delta 

7 Damanhour Ext. ST 300 538.20 35 251.70 136 

8 Sidi Krir 1,2  ST 640 4,004.09 42 211.68 848 

9 Sidi Krir (C.C)  C.C 750 5,461.03 56 158.91 868 

10 Matrouh  ST 60 366.01 31 289.60 106 

                  

Upper 

Egypt 

11 Walidia  ST 624 3,166.00 27 234.60 743 

12 Kuraymat steam ST 1,254 7,601.70 41 211.82 1,625 

13 Kuraymat 1 (C.C) C.C 750 5,072.17 56 156.00 791 

14 Kuraymat 2 (C.C) C.C 500 4,434.92 51 173.80 771 

 

In order to calculate the technical CSP potential, land areas adjacent to the plants and 

available for solar field erection are multiplied by a land use efficiency factor in the 

following equation by Trieb, F., et al (2009)
22

. 
 

 

The thermal and electrical output of each solar field is then calculated, according to 

Duffi, J.A., Beckman, W.A. (1991)
23

, using the following equations: 

                                                 
21
 EEHC: Annual Report 2011/2012. Arab Republic of Egypt: Ministry of Electricity & Energy. 

22
 Trieb, F., Schillings, C., OôSullivan, M., Preggere, T., Hoyer-Klick, C., Global Potential of 

Concentrating Solar Power, German Aerospace Centre, SolarPaces Conference, September 

2009 
23 Duffie, J. A.; Beckman, W. A.  Solar Engineering of Thermal Processes, Second Edition. New York, 

NY: John Wiley and Sons, 1991 
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To estimate the amount of annual fuel savings in ktoe the following equation is 

adopted.   

 

EEHC stated that all thermal power plants consume around 85% natural gas of the 

total fuel consumption, while the rest 15% is fuel oil. Since fuel oil is not preferred 

because it has lower combustion efficiency and reduce the boilerôs lifetime, EEHC is 

targeting to eliminate the usage of fuel oil in all power plants. Moreover, the current 

N.G scarcity in Egypt requires any possible savings in the amount of N.G used by 

power plants. Therefore, in the present study, N.G share is assumed to be 100%. Thus, 

the annual fuel savings in ktoe is then converted into m
3
 N.G

24
. 

 

The land use factor and the optical efficiency are assumed as shown in the table 

below. 

Table  5-2: Solar Field Assumptions (Source: various references
25,26& 27

) 

 Parabolic Trough Power Tower 

Land Use Factor 40% 25% 

Optical Efficiency 70% 63% 

 

5.1.1 Scenario A 

As mentioned earlier, scenario A involves using the available land area within the plants borders. 

plants borders. Results of parabolic troughs and power towers for scenario A are shown in  

shown in  

Table  5-3 and Table  5-4. The results include the annual thermal output, the annual 

electrical output, the annual fuel savings and the solar share of the hybridized plant. 

5.1.2 Scenario B 

In this scenario, available land surrounding existing power plants are taken in 

consideration. Results of parabolic troughs and power towers for scenario B are 

shown in Table  5-5 and Table  5-6. 

 

 

                                                 
24
 1 ktoe = 39652.6 MMBtu & 1 MMbtu = 28.02 m

3
 (Source: http://www.unitjuggler.com/convert-

energy-from-MMBtu-to-GcmNG.html ) 
25
Trieb, F., Schillings, C., OôSullivan, M., Preggere, T., Hoyer-Klick, C., Global Potential of 

Concentrating Solar Power, German Aerospace Centre, SolarPaces Conference, September 2009 
26

Pitz-Paal, R., Botero, N., B., Steinfeld, A., Heliostat Field Layout Optimization for High-

Temperature Solar Thermochemical Processing, ScienceDirect, December 2010 
27
Forristall, R., ñHeat Transfer Analysis and Modeling of a Parabolic Trough Solar 
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Table  5-3: Parabolic Trough Results (Scenario A) 

Company # Power Plant 

Solar 

Field 

Capacity 

(MWe) 

Annual 

Thermal 

Output 

(kWht)  

Annual 

Electrical 

Output 

(kWhe) 

Annual Fuel Savings Solar 

Share 

(%)  
(ktoe) N.G (m

3
) 

Cairo 
1 Cairo South I 1.11 10,740,996 4,060,096 0.94 1,042,333 0.15 

2 Cairo South II  0.92 10,063,659 3,371,326 0.88 978,622 0.47 

               

East Delta 

3 Damietta 1.46 11,677,096 5,313,079 1.03 1,139,904 0.07 

4 Arish  1.25 13,398,036 4,555,332 1.17 1,305,303 1.24 

5 Oyoun Mousa 2.44 21,746,966 8,894,509 1.91 2,118,784 0.17 

               

Mid Delta 6 Nubaria (1,2,3) 23.80 162,381,385 86,874,041 14.24 15,820,087 0.78 

               

West Delta 

7 Damanhour Ext. 0.16 1,699,232 591,333 0.15 165,369 0.11 

8 Sidi Krir 1,2  - - - - - - 

9 Sidi Krir (C.C)  - - - - - - 

10 Matrouh  0.10 1,135,624 348,637 0.10 112,179 0.10 

               

Upper 

Egypt 

11 Walidia  2.07 28,023,564 7,566,362 1.78 1,972,219 0.24 

12 Kuraymat steam 5.77 51,225,673 21,053,752 4.46 4,954,917 0.28 

13 Kuraymat 1 (C.C) 0.38 2,468,041 1,387,039 0.22 240,410 0.03 

14 Kuraymat 2 (C.C) 12.45 90,018,150 45,459,166 7.90 8,778,314 1.03 

   51.91 404,578,421 189,474,671 35 38,628,442 0.39 

 

Table  5-4: Power Tower Results (Scenario A) 

Company # Power Plant 

Solar 

Field 

Capacity 

(MWe) 

Annual 

Thermal 

Output 

(kWht)  

Annual 

Electrical 

Output 

(kWhe) 

Annual Fuel Savings Solar 

Share 

(%)  
(ktoe) N.G (m

3
) 

Cairo 
1 Cairo South I  0.63 6,041,810 2,283,804 0.53 586,313 0.09 

2 Cairo South II  0.52 5,660,808 1,896,371 0.50 550,475 0.26 

               

East Delta 

3 Damietta 0.82 6,568,366 2,988,607 0.58 641,196 0.04 

4 Arish  0.70 7,536,395 2,562,374 0.66 734,233 0.70 

5 Oyoun Mousa 1.37 12,232,668 5,003,161 1.07 1,191,816 0.10 

               

Mid Delta 6 Nubaria (1,2,3) 13.39 91,339,529 48,866,648 8.01 8,898,799 0.44 

               

West Delta 

7 Damanhour Ext. 0.09 955,818 332,625 0.08 93,020 0.06 

8 Sidi Krir 1,2  0.00 - - - - - 

9 Sidi Krir (C.C)  0.00 - - - - - 

10 Matrouh  0.05 638,789 196,108 0.06 63,101 0.05 

               

Upper 

Egypt 

11 Walidia  1.17 15,763,255 4,256,079 1.00 1,109,373 0.13 

12 Kuraymat steam 3.24 28,814,441 11,842,735 2.51 2,787,141 0.16 

13 Kuraymat 1 (C.C) 0.21 1,388,273 780,209 0.12 135,231 0.02 

14 Kuraymat 2 (C.C) 7.01 50,635,209 25,570,781 4.44 4,937,802 0.58 

   29.20 227,575,362 106,579,502 20 21,728,499 0.22 
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Table  5-5: Parabolic Trough Results (Scenario B) 

Company # Power Plant 

Solar 

Field 

Capacity 

(MWe) 

Annual 

Thermal 

Output 

(kWht)  

Annual 

Electrical 

Output 

(kWhe) 

Annual Fuel Savings Solar 

Share 

(%)  
(ktoe) N.G (m

3
) 

Cairo 
1 Cairo South I 8.64 83,465,954 31,550,130 7.29 8,099,747 1.18 

2 Cairo South II  0.92 10,063,659 3,371,326 0.88 978,622 0.47 

               

East Delta 

3 Damietta 1.46 11,677,096 5,313,079 1.03 1,139,904 0.07 

4 Arish  9.15 98,247,679 33,404,211 8.61 9,571,774 9.11 

5 Oyoun Mousa 66.03 589,262,014 241,008,164 51.67 57,411,174 4.65 

               

Mid Delta 6 Nubaria (1,2,3) 23.80 162,381,385 86,874,041 14.24 15,820,087 0.78 

               

West Delta 

7 Damanhour Ext. 0.16 1,699,232 591,333 0.15 165,369 0.11 

8 Sidi Krir 1,2  26.39 232,103,330 96,322,882 20.39 22,654,010 2.41 

9 Sidi Krir (C.C)  35.29 232,103,330 128,817,348 20.47 22,744,358 2.36 

10 Matrouh  0.10 1,135,624 348,637 0.10 112,179 0.10 

               

Upper 

Egypt 

11 Walidia  6.53 88,308,682 23,843,344 5.59 6,214,913 0.75 

12 Kuraymat steam 21.20 188,262,893 77,376,049 16.39 18,210,145 1.02 

13 Kuraymat 1 (C.C) 0.38 2,468,041 1,387,039 0.22 240,410 0.03 

14 Kuraymat 2 (C.C) 21.78 157,384,107 79,478,974 13.81 15,347,651 1.79 

   221.83 1,858,563,026 809,686,556 161 178,710,346 1.66 

 

Table  5-6: Power Tower Results (Scenario B) 

Company # Power Plant 

Solar 

Field 

Capacity 

(MWe) 

Annual 

Thermal 

Output 

(kWht)  

Annual 

Electrical 

Output 

(kWhe) 

Annual Fuel Savings Solar 

Share 

(%)  
(ktoe) N.G (m

3
) 

Cairo 
1 Cairo South I 4.86 46,949,599 17,746,948 4.10 4,556,108 0.66 

2 Cairo South II  0.52 5,660,808 1,896,371 0.50 550,475 0.26 

               

East Delta 

3 Damietta 0.82 6,568,366 2,988,607 0.58 641,196 0.04 

4 Arish  5.15 55,264,319 18,789,869 4.85 5,384,123 5.13 

5 Oyoun Mousa 37.14 331,459,883 135,567,092 29.07 32,293,786 2.61 

               

Mid Delta 6 Nubaria (1,2,3) 13.39 91,339,529 48,866,648 8.01 8,898,799 0.44 

               

West Delta 

7 Damanhour Ext. 0.09 955,818 332,625 0.08 93,020 0.06 

8 Sidi Krir 1,2  14.84 130,558,123 54,181,621 11.47 12,742,881 1.35 

9 Sidi Krir (C.C)  19.85 130,558,123 72,459,758 11.51 12,793,701 1.33 

10 Matrouh  0.05 638,789 196,108 0.06 63,101 0.05 

               

Upper 

Egypt 

11 Walidia  3.67 49,673,634 13,411,881 3.15 3,495,889 0.42 

12 Kuraymat steam 11.92 105,897,877 43,524,028 9.22 10,243,207 0.57 

13 Kuraymat 1 (C.C) 0.21 1,388,273 780,209 0.12 135,231 0.02 

14 Kuraymat 2 (C.C) 12.25 88,528,560 44,706,923 7.77 8,633,054 1.01 

   124.78 1,045,441,702 455,448,688 90 100,524,570 0.93 
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It is worth mentioning that the Sidi Krir (1,2) and Sidi Krir (C.C) do not have free 

land area within their borders; however, they have adjacent free land outside their 

borders. Thus, they have no output in scenario A.  

Some plants such as Cairo South II, Damietta, Nubaria (1,2,3), Damanhour Ext, 

Matrouh and Kuraymat 1 (C.C) have no available land outside their borders but they 

have free land within their borders. So, the output of these plants in scenario A is the 

same as in scenario B. While the other plants that have available land area outside 

their borders have electrical output and annual fuel savings in Scenario B higher than 

in Scenario A.  

It is observed that the DNI is the main factor that affects the solar field thermal output. 

In other words, as the DNI increases the thermal output of the solar field increases. 

The plantôs efficiency also has a notable influence on the electrical output. The 

electrical output of the solar field increases by increasing the plantôs overall 

efficiency.  
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5.2 Economic Assessment 

In order to evaluate the economic effectiveness of the hybridization approach, two 

factors should be assessed.  These factores are the payback period and the Levelized 

Cost of Electricity (LCOE).  

As mentioned earlier, parabolic troughs proved to have greater output than power 

towers. Then, only parabolic troughs are economically assessed in this section. 

Nevertheless, the power tower economic assessment is presented in  0. 

5.2.1 Payback Period 

To determine the payback period, two parameters have to be calculated; the total 

investment cost as well as the annual fuel savings cost. 

The solar field total investment cost is determined by obtaining the installation cost 

per aperture area for both the parabolic trough and power tower. Cost estimates for 

both technologies are presented in Table  5-7 and Table  5-8. 

Table  5-7: Parabolic Trough Cost Estimate
28

 

Elements Cost Estimate Unit  

Parabolic Mirror thick glass mirror) 28 ï 40 ú per m
2
 of collector aperture 

Steel structure (material) 50 ï 65 ú per m
2
 of collector aperture 

Vacuum receiver 200 ï 300 ú per m receiver length 

Thermal oil 3.0 ï 7.0 ú/ l 

Solar Field installed (incl. connection 

piping, HTF & HTF system) 
230 ï 290 ú per m

2
 of collector aperture 

Parabolic trough installation cost has a large reduction potential in the near future due 

to the technological advancement. However, in the present study, parabolic trough 

solar field cost is calculated based on 290 ú
29

 per m
2
 of collector aperture as the 

implementation is on small scale. 

Table  5-8: Power Tower Cost Estimate
30

 

Elements Cost Estimate Unit  

Solar Field 200 $ per m
2
 of aperture area 

Solar Receiver 200 $ per kWt 

 

The solar fieldôs total investment cost for scenario A comprises only the solar field 

cost. While, in scenario B, the acquired land cost is added. The land cost is assumed 

to be 10,000 EGP per feddan
31

.  

Once the solar field total investment cost is calculated, the O&M cost could be 

determined as well. Based on the the experience of Kuraymat ISCC project, the O&M 

cost is assumed to be 1% of the total investment  cost.  

                                                 
28
 Fraunhofer ISE. ISI, ERNST & YOUNG, Middle East and North Africa Region Assessment 

of the Local Manufacturing Potential for Concentrating Solar Power CSP Projects, The World 

Bank,  January 2011 
29 1 ú = 1.31 $  
30

 Kolb, G., J., Ho, C., K., Mancini, T., R., Gary, J., A., Power Tower Technology Roadmap 

and Cost Reduction Plan, SAND2011-2419, April 2011  
31
 This is an assumed price as it could be more expensive or cheaper than 10,000 EGP 

depending on the land location. 
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Table  5-9: Parabolic Trough Investment and O&M  Cost (Scenario A) 

Company # Power Plant 
Total Investment 

Cost ($) 
O&M Cost ($) 

Cairo 
1 Cairo South I 2,682,189 26,822 

2 Cairo South II  2,513,048 25,130 

         

East Delta 

3 Damietta 2,940,258 29,403 

4 Arish  3,609,303 36,093 

5 Oyoun Mousa 5,542,569 55,426 

         

Mid Delta 6 Nubaria (1,2,3) 41,058,311 410,583 

         

West Delta 

7 Damanhour Ext. 431,862 4,319 

8 Sidi Krir 1,2  0 0 

9 Sidi Krir (C.C)  0 0 

10 Matrouh  288,620 2,886 

         

Upper 

Egypt 

11 Walidia  6,339,761 63,398 

12 Kuraymat steam 12,409,895 124,099 

13 Kuraymat 1 (C.C) 597,906 5,979 

14 Kuraymat 2 (C.C) 21,807,733 218,077 

   100,221,457 1,002,215 

Table  5-10: Parabolic Trough Investment Cost (Scenario B) 

Company  # Power Plant 

Extra 

Land 

Cost 

($) 

Total 

Investment 

Cost ($) 

O&M Cost 

($) 

Cairo 
1 Cairo South I 40,559 20,883,272 208,833 

2 Cairo South II  0 2,513,048 25,130 

            

East Delta 

3 Damietta 0 2,940,258 29,403 

4 Arish  51,050 26,518,033 265,180 

5 Oyoun Mousa 323,037 150,506,077 1,505,061 

            

Mid Delta 6 Nubaria (1,2,3) 0 41,058,311 410,583 

            

West Delta 

7 Damanhour Ext. 0 431,862 4,319 

8 Sidi Krir 1,2  133,367 59,848,606 598,486 

9 Sidi Krir (C.C)  133,367 59,848,606 598,486 

10 Matrouh  0 288,620 2,886 

            

Upper 

Egypt 

11 Walidia  30,459 20,008,502 200,085 

12 Kuraymat steam 74,145 45,682,581 456,826 

13 Kuraymat 1 (C.C) 0 597,906 5,979 

14 Kuraymat 2 (C.C) 36,449 38,164,212 381,642 

   822,434 469,289,894 4,692,899 

It is obvious that the total investment cost for the plants in scenario B is higher than 

scenario A. This is because the solar field area in scenario B is larger than in scenario 

A. Also the added extra land cost in scenario B slightly increase the total investment 

cost. 
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The payback period is then calculated from the following equation: 

 

To determine the annual fuel savings cost, two sets of fuel prices are used. Using the 

subsidized fuel prices show the benefit of the hybridization for the investor; moreover, 

the government will also have a benefit by saving the subsidies on the saved fuel. The 

subsidized price of Heavy Fuel Oil (H.F.O)
32

 for the electricity sector is 2,300 

EGP/tonne while the subsidized price of N.G
33

 for the electricity sector is 0.44 

EGP
34

/m
3
. As for the unsubsidized fuel prices, N.G is sold in the spot market for 

10.75$ per MMBtu and H.F.O has the price of 598.9 $ per tonne. As mentioned 

earlier the N.G share is assumed to be 100% of the total fuel consumption. After 

evaluating the annual fuel savings, the payback period for subsidized and 

unsubsidized fuel could be calculated for both scenarios as shown in the tables below. 

 

                                                 
32
 The Egyptian Cabinetôs decree No. 1258, 2012 

33
 The Egyptian Cabinetôs decree No. 1257, 2012 

34
 1 EGP = 0.14 $  
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Table  5-11: Annual Fuel Savings Cost & Payback Period (Scenario A) 

Company  # Power Plant 

Subsidized Fuel Unsubsidized Fuel 

Annual 

Fuel 

Savings 

Cost ($) 

Financial 

Payback 

Period 

(years) 

Annual 

Fuel 

Savings 

Cost ($) 

Economic 

Payback 

Period 

(years) 

Cairo 
1 Cairo South I 65,484 41.0 399,896 6.7 

2 Cairo South II  61,481 40.9 375,453 6.7 

              

East Delta 

3 Damietta 71,613 41.1 437,329 6.7 

4 Arish  82,004 44.0 500,785 7.2 

5 Oyoun Mousa 133,111 41.6 812,881 6.8 

              

Mid Delta 6 Nubaria (1,2,3) 993,882 41.3 6,069,448 6.8 

              

West 

Delta 

7 Damanhour Ext. 10,389 41.6 63,445 6.8 

8 Sidi Krir 1,2  - - - - 

9 Sidi Krir (C.C)  - - - - 

10 Matrouh  7,048 41.0 43,038 6.7 

              

Upper 

Egypt 

11 Walidia  123,903 51.2 756,651 8.4 

12 Kuraymat steam 311,288 39.9 1,900,976 6.5 

13 Kuraymat 1 (C.C) 15,104 39.6 92,235 6.5 

14 Kuraymat 2 (C.C) 551,490 39.5 3,367,840 6.5 

   2,426,796 41.3 14,819,977 6.8 

 

Table  5-12: Annual Fuel Savings Cost & Pyaback Period (Scenario B) 

Company  # Power Plant 

Subsidized Fuel Unsubsidized Fuel 

Annual 

Fuel 

Savings 

Cost ($) 

Financial 

Payback 

Period 

(years) 

Annual 

Fuel 

Savings 

Cost ($) 

Economic 

Payback 

Period 

(years) 

Cairo 
1 Cairo South I 508,859 41.0 3,107,505 6.7 

2 Cairo South II  61,481 40.9 375,453 6.7 

              

East Delta 

3 Damietta 71,613 41.1 437,329 6.7 

4 Arish  601,338 44.1 3,672,255 7.2 

5 Oyoun Mousa 3,606,804 41.7 22,026,057 6.8 

              

Mid Delta 6 Nubaria (1,2,3) 993,882 41.3 6,069,448 6.8 

              

West 

Delta 

7 Damanhour Ext. 10,389 41.6 63,445 6.8 

8 Sidi Krir 1,2  1,423,217 42.1 8,691,314 6.9 

9 Sidi Krir (C.C)  1,428,893 41.9 8,725,976 6.9 

10 Matrouh  7,048 41.0 43,038 6.7 

              

Upper 

Egypt 

11 Walidia  390,446 51.2 2,384,380 8.4 

12 Kuraymat steam 1,144,036 39.9 6,986,405 6.5 

13 Kuraymat 1 (C.C) 15,104 39.6 92,235 6.5 

14 Kuraymat 2 (C.C) 964,202 39.6 5,888,196 6.5 

   11,227,313 41.8 68,563,034 6.8 
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From the previous tables, it is shown that the financial payback period is much larger 

than the economic payback period. The reason for that is the annual fuel savings cost 

in case of subsidized fuel is much lower than the case of unsubsidized fuel. 

Al though solar fields in scenario B involve higher total investment cost, they cause 

higher annual fuel savings cost. This is why both scenarios almost have the same 

payback period. 

5.2.2 Levelized Cost of Electricity  

The Levelized Cost of Electricity (LCOE) is an impotant indicator of the economic 

effectiveness of the hybridization approach. It reflects the annualized existing plant 

investment, fuel, solar field and other costs. The annualized existing plant specific 

cost and other cost per unit electricity are obtained from the Cost of Service Report 

2011/2012
35

 as shown in Table  5-13.  

Table  5-13: Annualized Existing Plant Specific Investment and other costs 

Company  # Power Plant 

Annualized Exiting 

Plant Specific 

Investment Cost 

(EGP/kW)  

Annualized 

Other Cost per 

Unit Electricity  

(PT/kWh)   

Cairo 
1 Cairo South I 134.64 6.25 

2 Cairo South II  134.64 6.25 

          

East Delta 

3 Damietta 83.64 6.47 

4 Arish  1064.64 19.80 

5 Oyoun Mousa 223.32 6.46 

          

Mid Delta 6 Nubaria (1,2,3) 142.44 11.49 

          

West Delta 

7 Damanhour Ext. 159.36 12.46 

8 Sidi Krir 1,2  259.80 9.60 

9 Sidi Krir (C.C)  216.36 11.88 

10 Matrouh  833.40 13.65 

          

Upper Egypt 

11 Walidia  219.24 8.89 

12 Kuraymat steam 127.08 6.92 

13 Kuraymat 1 (C.C) 134.04 8.46 

14 Kuraymat 2 (C.C) 134.04 8.46 

 

                                                 
35

 EgyptERA, Cost of Service Report, 2011/2012   
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LCOE for existing and hybridized plants are then calculated as follows: 

 

 

Where: 

E.P : Existing Plant 

F: Fuel 

O: Other 

S.F: Solar Field 

 

The results of the calculation are presented in Table  5-14 and Table  5-15 for scenarios 

A and B respectively. 



Hybridization of Existing Thermal Power Stations with Solar Collection Fields (Draft) 33 

Mohamed Salah Elsobki (jr.) in collaboration with Environics  November 2013 

Table  5-14: LCOE (Scenario A) 

Company  # Power Plant 

Subsidized Fuel Unsubsidized Fuel 

Existing Plant 

LCOE 

(PT/kWh)  

Hybridized 

Plant LCOE 

(PT/kWh)  

Existing Plant 

LCOE 

(PT/kWh)  

Hybridized 

Plant LCOE 

(PT/kWh)  

Cairo 
1 Cairo South I 21.34 21.35 84.72 84.63 

2 Cairo South II  19.12 19.14 71.16 70.94 

              

East Delta 

3 Damietta 19.71 19.71 79.09 79.05 

4 Arish  53.25 53.34 122.71 121.93 

5 Oyoun Mousa 20.10 20.11 75.64 75.55 

              

Mid Delta 6 Nubaria (1,2,3) 22.55 22.57 64.34 64.04 

              

West 

Delta 

7 Damanhour Ext. 26.24 26.25 69.37 69.33 

8 Sidi Krir 1,2  24.39 24.39 78.90 78.90 

9 Sidi Krir ( C.C) 22.83 22.83 63.60 63.60 

10 Matrouh  42.58 42.58 120.30 120.24 

              

Upper 

Egypt 

11 Walidia  24.64 24.66 85.63 85.50 

12 Kuraymat steam 19.76 19.77 74.60 74.46 

13 Kuraymat 1 (C.C) 17.13 17.13 52.39 52.38 

14 Kuraymat 2 (C.C) 20.32 20.36 71.87 71.38 

 

Table  5-15: : LCOE (Scenario B) 

Company  # Power Plant 

Subsidized Fuel Unsubsidized Fuel 

Existing Plant 

LCOE 

(PT/kWh)  

Hybridized 

Plant LCOE 

(PT/kWh)  

Existing Plant 

LCOE 

(PT/kWh)  

Hybridized 

Plant LCOE 

(PT/kWh)  

Cairo 
1 Cairo South I  21.34 21.39 84.72 84.03 

2 Cairo South II  19.12 19.14 71.16 70.94 

          

East Delta 

3 Damietta 19.71 19.71 79.09 79.05 

4 Arish  53.25 53.86 122.71 116.95 

5 Oyoun Mousa 20.10 20.31 75.64 73.26 

          

Mid Delta 6 Nubaria (1,2,3) 22.55 22.57 64.34 64.04 

          

West 

Delta 

7 Damanhour Ext. 26.24 26.25 69.37 69.33 

8 Sidi Krir 1,2  24.39 24.50 78.90 77.70 

9 Sidi Krir (C.C)  22.83 22.91 63.60 62.71 

10 Matrouh  42.58 42.58 120.30 120.24 

          

Upper 

Egypt 

11 Walidia  24.64 24.71 85.63 85.23 

12 Kuraymat steam 19.76 19.79 74.60 74.08 

13 Kuraymat 1 (C.C) 17.13 17.13 52.39 52.38 

14 Kuraymat 2 (C.C) 20.32 20.38 71.87 71.01 
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As shown in the previous tables, LCOE slightly increases after adding the solar fields, 

in case of using subsidized fuel. On the contrary, in case of using unsubsidized fuel, 

LCOE decreases after the plants are hybridized, as a result of the annual fuel savings 

cost. In both cases, however, hybridization does not substantially affect  the cost per 

kWh because of the relatively small size of the solar fields. 

It is also noted that the rate of increase and decrease of the LCOE, in cases of using 

subsidized and unsubsidized fuel respectively, is greater in scenario B. This is because 

the solar field in scenario B is larger than in scenario A. This might lead to conclude 

that when accounting for the real fuel costs, there is a benefit to use as much solar 

energy as possible taking into account the maximum solar share limit already mention 

in section  4.1.4. 

 

5.3 Environmental Impact  
To evaluate the environmental impact of the hybridization approach, the CO2 avoided 

as a result of the anuual fuel savings is calculated. According to EEHC
36

, each tonne 

of H.F.O saved results in avoiding 3.11 tonnes CO2, while each tonne of N.G saved 

results in avoiding 2.61 tonnes CO2. The following table shows the annual CO2 

avoidance in tonnes. 

Table  5-16: Annual CO2 Avoidance (Tonne) 

Company # Power Plant 
Scenario A 

(Tonne) 

Scenario B 

(Tonne) 

Cairo 
1 Cairo South I 1,972 15,326 

2 Cairo South II  1,852 1,852 

       

East 

Delta 

3 Damietta 2,157 2,157 

4 Arish  2,470 18,111 

5 Oyoun Mousa 4,009 108,628 

       

Mid Delta 6 Nubaria (1,2,3) 29,933 29,933 

       

West 

Delta 

7 Damanhour Ext. 313 313 

8 Sidi Krir 1,2  0 42,864 

9 Sidi Krir (C.C)  0 43,035 

10 Matrouh  212 212 

       

Upper 

Egypt 

11 Walidia  3,732 11,759 

12 Kuraymat steam 9,375 34,456 

13 Kuraymat 1 (C.C) 455 455 

14 Kuraymat 2 (C.C) 16,610 29,039 

   73,089 338,139 

It is worth noting that the CO2 avoidance depends on the fuel availability. In other 

words, if the fuel for power generation is available then it could be claimed that 

hybridization has had a positive environmental impact as opposed to the case of 

unavailable fuel. 

                                                 
36
  EEHC: Annual Report 2010/2011. Arab Republic of Egypt: Ministry of Electricity & Energy. 
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5.4 Conclusion 

The parabolic trough technology has greater output than the power tower technology. 

Hence, using parabolic trough in hybridization is associated with higher annual fuel 

savings.  

The main factors that determine the hybridized plants performance are the DNI at the 

plants locations and the plants efficiency. So it is essential to check these two factors 

befor taking a decision on hybridizing any plant. 

As the solar field area increases, both the solar field total investment cost and the 

annual fuel savings cost increase as a result. This is why both scenarios have almost 

the same payback period. It is also worth mentioning that the payback period is a 

function of the fuel prices. This explains the long payback period in case of using 

subsidized fuel and the short payback period in case of using unsubsidized fuel. 

The LCOE of the hybridized plants is a function of the fuel prices and the solar field 

total investment cost. Hybridized plants have higher LCOE than existing plants in 

case of using subsidized fuel prices, while it has lower LCOE than existing plants in 

case of using unsubsidized fuel.   
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6 Modular Implementation  
In this chapter, modular implementation based on plants design are identified showing 

the integration point of the solar field. In order to evaluate the performance of the 

hybridized power plants, two power plants has been chosen. These plants are: 

Kuraymat steam power plant with a total capacity of 1254 MWe and Walidia steam 

power plant with a total capacity of 624 MWe. The plants are modeled using 

EBSILON Professional
37

. It is a mass and energy balance calculation program for 

thermodynamic cycles used for plant planning, design and optimization. EBSILON is 

used to simulate the existing power plant and the proposed design of the integration. 

The solar field capacity is taken from scenario A.   

6.1 Kuraymat Steam Power plant 
Kuraymat steam power plant is located 90 km south of Cairo on the Nile. It is of type 

Oil Power Plant (oil-fired power plant) with a design capacity of 1254 MWe. It 

consists of two identical units of 627 MWe each. The first unit was commissioned in 

1998 while the second one was commissioned in 1999.  The power stations location is 

shown in Figure  6-1 where the available free areas are outlined. There is around 

81,000 m
2
 available land area within the station borders to be covered by solar 

collectors. While there is also available land area outside the plants borders of about 

218,000 m
2
.  

 
Figure  6-1: Kuraymat power plant location 

 

                                                 
37
 http://www.steag-systemtechnologies.com/ebsilon_professional+M52087573ab0.html  

http://www.steag-systemtechnologies.com/ebsilon_professional+M52087573ab0.html
http://www.steag-systemtechnologies.com/ebsilon_professional+M52087573ab0.html
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Several modelings of Kuraymat steam power plant are performed. Figure  6-2 shows 

the existing plant simulation. It shows net output of 614.369 MWe and a fuel flow rate 

of 27.578 kg/s.  

Depending on the temperature achieved in the solar field, either the low-pressure 

(low-temperature) feedwater heaters or both the low- and the high-pressure ones can 

be supplied with thermal energy from the solar field. However, for Kuraymat Steam 

the solar field capacity is less than any of the feedwater heaterôs capacities. Then the 

solar heat is added to the cycle after the last feedwater heater and before the steam 

generator.  

This configuration, shown in Figure  6-3, will increase the feed water temperature by 

6.2 °C. Also the fuel flow rate will decrease by 0.29 kg/s to reach 27.29 kg/s. This 

will cause an annual fuel saving of 4.46 ktoe. Table  6-1 presents a comparison 

between the existing and the hybridized plantôs performance.  

Table  6-1: Comparison between Existing and hybridized Kuraymat performance  

 Existing station Hybridized station 

Capacity (MWe) 614.37 614.37 

Fuel flow rate (kg/s) 27.58 27.29 

Inlet temperature to steam generator (°C) 251.22 257.36 

Heat input to steam generator (MWt) 1,392.09 1,377.35 

Annual Fuel Consumption (ktoe) 1,625 1,620.5 
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G

G

Aux. Turbine

 614.369 MW  12.192 MW 

 1392.094 MW 

 27.578 kg/s 

 97.891 MW 

 63.420 MW  33.938 MW  32.536 MW  31.765 MW 

 27.101 MW 

 0.638 MW 

 20740.000 kPa 

 251.218 °C 
 1092.385 kJ/kg 

 1833874.157 kg/h 

 
Figure  6-2: Heat Balance Diagram of Kuraymat Steam Power Station (Existing) 
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Figure  6-3: Heat Balance Diagram of Kuraymat Steam Power Station (Hybridized) 




















































