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PRESENTATION TOPICS

• Basic Frame of Regulations for CHP Systems in Turkey.

• Outlines of Hospitals and CHP Potential in Turkish Hospitals.

• Mathematical Modelling Approach for CHP Systems’ Optimization

• A Case Study (Hospital) In Turkey.



BASIC REGULATIONS FOR CHP SYSTEMS

Cogeneration and trigeneration projects have been developing based on the

regulations by Energy Ministry and Energy Market Regulatory Authority (EMRA) in

Turkey since 20 years.

All CHP facility had to get licence from EMRA until 2010, and all these facilities

should be private company as well. This major rule was obstacle to establish CHP

systems for state offices, public facilities, foundations and natural personalities.

However, According to regulation dated 03th December 2010 published by EMRA,

legal and natural personalities get right to construct cogeneration systems without

licence and without being a company if only to meet for own electrical consumption.

This regulation provides effortlessness for foundations, sites, state offices and small

facilities to establish cogeneration systems.



BASIC REGULATIONS FOR CHP SYSTEMS

Industrial facilities were pioneer for CHP system until 2010 and reached a certain

maturity as potential by 7.000 MWe installed power. However, service facilities such

as hospitals, hotels, shopping malls, universities and public buildings have been

shining since 5 years.

When we consider that there are 1.500 hospitals, thousands of hotels and hundreds

of shopping malls and universities in Turkey, it is clear that there is huge potential for

CHP systems in near future.



BASIC REGULATIONS FOR CHP SYSTEMS

WITH LICENSE :

• No restriction for power output and
efficiency.

• EMRA (Energy Market Regulatory
Authority) is responsible for licenses.

• Legal Procedure is more detailed and
long-term.

• Electricity Market Financial 
Settlement Center determines the
Daily prices.

• Facilities has to pay some certain fee
to distribution and transmission
companies.

WITHOUT LICENSE :

• Restricton for power output and
efficiency.

• * Micro CHP (<100 kWe)
• * Renewable Energy Sources (<1 

MWe)
• * High Efficient CHP only for

own consumption (Parallel to EU 
2004/8/EC Directive)

• Local Electricity Distribution Company
is responsible for permissions.

• Legal Procedure is more simple and
short-term.

• Facilities do not pay any fee to
distribution and transmission
companies.



HOSPITALS IN NUMBERS (ELECTRICITY)

TYPE STATE
HOSPITALS

UNIVERSITY
HOSPITALS

PRIVATE 
HOSPITALS

TOTAL

QUANTITY 860 65 555 1.480

NO. OF BEDS 129.000 38.000 34.000 201.000
AVG. NO. OF BEDS 150 585 61

AVG. ELECTRICITY
CONSUMPTION 
(kWh/m²)

120 160 310

TOTAL ELECTRICITY
CONSUMPTION 
(GWh/year)

1.850 710 1.250 3.810

1,52 % of Turkey's total electricity consumption takes place at the hospitals.

Depending on the power need of hospitals instantaneous demand trends;
Winter months at night (24: 00-05: 00) ranged between 260-290 MWe
Summer daylight hours (11: 00-16: 00) ranged between 630-680 MWe.
The average annual demand is around 435 MW.



HOSPITALS IN NUMBERS (HEAT)

TYPE STATE
HOSPITALS

UNIVERSITY
HOSPITALS

PRIVATE 
HOSPITALS

TOTAL

QUANTITY 860 65 555 1.480

NO. OF BEDS 129.000 38.000 34.000 201.000
AVG. NO. OF BEDS 150 585 61

AVG. HEAT DEMAND 
(kWh/m². year)

200-350 200-350 200-350

TOTAL HEAT DEMAND 
(GWh/year)

3.200 1.230 2.170 6.600

When we consider the heat demand is provided by hot water boilers by natural
gas with 90% efficiency;

Total natural gas consumption is 765 million m³/year.

1,47 % of Turkey's total natural gas consumption takes place at the hospitals.



OPTIMIZATION OF CHP SYSTEM DESIGN

3 MAJOR PARAMETERS FOR MAXIMIZATION;

• Operation of CHP unit at maximum capacity

• Meeting electricity consumption at maximum rate

• Meeting heating & cooling demand at maximum rate

Cogeneration systems are produced in some certain nominal power steps and
have to operate in some certain capacity range.

Hospitals’ daily and seasonal consumption of electricity, heating and cooling
demands vary in wide range. Because of such restrictions obligate to make
optimization in aim of determining cogeneration nominal capacity.

There are three main parameters for determining capacity of a cogeneration
system. These are; to meet electrical consumption in maximum rate, to meet
cooling-heating demands in maximum rate, and to operate cogeneration
system at maximum load. However, it is impossible to maximize these 3
parameters at the same time. Therefore, an optimization study has to be
derived.

OPTIMIZATION to minimize payback period.



MISTAKES ON DETERMINING CHP CAPACITY

• Determination of CHP capacity according to Hospital’s total transformer or

total power demand.

• Ignoring consumption differences between Winter & Summer and Day &

Night.

• Ignoring a minimum consumption from the grid.

• Determination of CHP capacity according to heat demand instead of

electricity consumption.

• Ignoring CHP units’ can not operate under 35-40% of nominal power output.



HOSPITAL CASE STUDY

Project Location : İstanbul

Altitude (from sea level) : 80 mt.

Max. Temperature (Summer) : 35 °C

Min. Temperature (Winter) : -3 °C

Total area : 21.000 m²

Total Installed Transformer Power : 2 x 1.600 kVA

Cogeneration Total Elec. Power : 800 kWe

Cogeneration Total Heat Power : 915 kWth.

Electricity Unit Price (EUR/ MWH) : 97,50

Natural Gas Unit Price (EUR/ 1000 M3) : 270,00



DAILY
ELECTRICITY CONSUMPTION OF THE HOSPITAL
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ELEC. CONSUMPTION & PRODUCTION GRAPH

Power output of CHP system is determined to meet facility’s base own electricity
consumption.
System meets 84 % of consumption by running at 91 % load yearly cumulative.
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D770

		MEDICANA ANKARA HASTANESİ KOJENERASYON SİSTEMİ YILLIK TASARRUF ANALİZ TABLOSU (800 Kw) - D.GAZ YAKITLI

		Doğalgaz Fiyatı (TL/m3) - Serbest Tüketici		0.515				Elektrik Kapasitesi (kW)						800

		Elektrik Fiyatı (TL/kWh)		0.277				Termal Enerji Kapasitesi (kW)						858

		Doğalgaz Fiyatı (TL/m3) - Ticari		0.615				Kullanılan Yakıt						Doğalgaz

		Doğalgaz Isıl Değeri (kcal/m3)		8700				Isı Sarfiyatı (kcal/kWh)						2268

		Bakım Birim Fiyatı (TL/çal.saati)		14				Yakıt tüketimi (kW)						1898

								Çalışılan Saat Sayısı (saat/ay)						700

				Ocak		Şubat		Mart		Nisan		Mayıs		Haziran		Temmuz		Ağustos		Eylül		Ekim		Kasım		Aralık		TOPLAM

		Elektrik İhtiyacı (kWh/ay)		514,857		505,143		514,857		563,429		602,286		641,143		670,286		748,000		612,000		573,143		544,000		524,571		7,013,714

		Doğalgaz tüketimi (m3/ay)		83,008		81,670		78,992		62,926		56,231		14,727		14,058		13,388		17,405		37,488		49,537		61,587		571,017

		Isıtma Enerjisi İhtiyacı (kWh/ay)		755,762		743,573		719,193		572,917		511,968		134,087		127,992		121,897		158,466		341,312		451,019		560,727		5,198,913

		Soğutma Enerjisi İhtiyacı (kWh/ay)		0		0		0		0		0		0		0		0		0		0		0		0		0

		Elektrik Maliyeti (TL/ay)		142,615		139,925		142,615		156,070		166,833		177,597		185,669		207,196		169,524		158,761		150,688		145,306		1,942,799

		Doğalgaz Maliyeti (TL/ay)		51,050		50,227		48,580		38,699		34,582		9,057		8,646		8,234		10,704		23,055		30,465		37,876		351,176

		Toplam Enerji Maliyeti (TL/ay)		193,666		190,151		191,195		194,769		201,416		186,654		194,315		215,430		180,228		181,815		181,153		183,182		2,293,975

		10-22 Saatlerinde Ortalama Çekilen Güç (kW)		841		825		841		921		984		1,048		1,095		1,222		1,000		937		889		857		4,125,714

		22-10 Saatlerinde Ortalama Çekilen Güç (kW)		589		578		589		644		689		733		767		856		700		656		622		600		2,888,000

		10-22 Ara. Co-Gen'den Alınabilecek Max. Güç (kW)		800		800		800		800		800		800		800		800		800		800		800		800		3,456,000

		22-10 Ara. Co-Gen'den Alınabilecek Max. Güç (kW)		569		558		569		624		669		713		747		800		680		636		602		580		2,788,800

				1,300,000		1,210,000		1,410,000		1,930,000		3,010,000		3,790,000		4,280,000		4,410,000		3,190,000		2,340,000		1,370,000		1,230,000

		10-22 Saatlerinde Ortalama Soğutma İhtiyacı (kW)		0		0		0		0		0		0		0		0		0		0		0		0		0

		22-10 Saatlerinde Ortalama Soğutma İhtiyacı (kW)		0		0		0		0		0		0		0		0		0		0		0		0		0

		10-22 Ara. Co-Gen'den Alınabilecek Max. Soğutma Gücü (kW)		0		0		0		0		0		0		0		0		0		0		0		0		0

		22-10 Ara. Co-Gen'den Alınabilecek Max. Soğutma Gücü (kW)		0		0		0		0		0		0		0		0		0		0		0		0		0

		10-22 Saatlerinde Ortalama Isıtma İhtiyacı (kW)		954		939		908		723		646		169		162		154		200		431		569		708		2,363,142

		22-10 Saatlerinde Ortalama  Isıtma İhtiyacı (kW)		1,145		1,127		1,090		868		776		203		194		185		240		517		683		850		2,835,771

		10-22 Ara. Co-Gen'den Alınabilecek Max. Isıtma Gücü (kW)		858		858		858		723		646		169		162		154		200		431		569		708		2,281,361

		22-10 Ara. Co-Gen'den Alınabilecek Max. Isıtma Gücü (kW)		858		858		858		858		776		203		194		185		240		517		683		850		2,548,685

		Co-Gen Ünitesinin Üretebileceği Max. Elektrik (kWh/ay)		479,111		475,222		479,111		498,556		514,111		529,667		541,333		560,000		518,000		502,444		490,778		483,000		6,071,333

		Üretilebilen Elektrik Miktarı (kWh/ay)		560,000		560,000		560,000		560,000		560,000		560,000		560,000		560,000		560,000		560,000		560,000		560,000		6,720,000

		Üretilebilen Termal Enerji Miktarı (kWh/ay)		513,847		509,676		513,847		534,701		551,384		568,068		580,580		600,600		555,555		538,872		526,359		518,018		6,511,505

		Soğutma Amaçlı Üretilebilen Enerji Miktarı (kWh/ay)		359,693		356,773		359,693		374,291		385,969		397,647		406,406		420,420		388,889		377,210		368,451		362,612		4,558,054

		Soğutma İle Elde Edilecek Elektrik Tasarrufu (kWh/ay)		0		0		0		0		0		0		0		0		0		0		0		0		0

		Soğutma İle Elde Edilecek Elektrik Tasarrufu (TL/ay)		0		0		0		0		0		0		0		0		0		0		0		0		0

		Isıtma İle Elde Edilebilecek Doğalgaz Tasarrufu (kWh/ay)		403,737		400,460		403,737		305,543		236,308		81,153		0		0		0		230,945		300,777		407,014		2,769,672

		Isıtma İle Elde Edilecek Doğalgaz Tasarrufu (kWh/ay)		600,600		600,600		600,600		553,483		497,747		130,362		124,437		118,511		154,064		331,831		438,491		545,151		4,695,877

		Isıtma İle Elde Edilecek Doğalgaz Tasarrufu (TL/ay)		35,553		35,553		35,553		32,764		29,464		7,717		7,366		7,015		9,120		19,643		25,957		32,270		277,974

		Üretilen Elektrik Miktarı (kWh/ay)		479,111		475,222		479,111		498,556		514,111		529,667		541,333		560,000		518,000		502,444		490,778		483,000		6,071,333

		Co-Gen Çalışma Yük Verimi (%)		86		85		86		89		92		95		97		100		93		90		88		86		90

		Elektrik İhtiyacı Karşılama Yüzdesi (%)		93		94		93		88		85		83		81		75		85		88		90		92		87

		Soğutma İhtiyacı Karşılama Yüzdesi (%)		97		97		97		97		97		97		97		97		97		97		97		97		97

		Isıtma İhtiyacı Karşılama Yüzdesi (%)		79		81		84		97		97		97		97		97		97		97		97		97		90

		TEDAŞ'tan Alınan Elektrik Miktarı (kWh/ay)		35,746		29,921		35,746		64,873		88,175		111,476		128,952		188,000		94,000		70,698		53,222		41,571		942,381

		Elektrik Birim Üretim Maliyeti (TL/kwh)		0.1208		0.1208		0.1208		0.1208		0.1208		0.1208		0.1208		0.1208		0.1208		0.1208		0.1208		0.1208

		Co-Gen Ünitesi Tüketim Maliyeti (TL/ay)		57,867		57,397		57,867		60,215		62,094		63,973		65,382		67,636		62,564		60,685		59,276		58,336		733,292

		TEDAŞ Elektrik Maliyeti (TL/ay)		9,902		8,288		9,902		17,970		24,424		30,879		35,720		52,076		26,038		19,583		14,743		11,515		261,040

		Ek Doğalgaz Maliyeti (TL/ay)		9,575		8,831		7,345		1,289		961		252		240		229		297		640		846		1,052		31,557

		Toplam Enerji Maliyeti (TL/ay)		77,343		74,516		75,113		79,474		87,479		95,103		101,342		119,941		88,899		80,909		74,865		70,904		1,025,888

		TOPLAM BRÜT TASARRUF (TL/AY)		116,323		115,635		116,082		115,295		113,937		91,551		92,973		95,489		91,329		100,907		106,289		112,278		1,268,087

		BAKIM GİDERLERİ (MALZEME+İŞÇİLİK) (TL/AY)		9,800		9,800		9,800		9,800		9,800		9,800		9,800		9,800		9,800		9,800		9,800		9,800		117,600

		ÇALIŞIRKEN YAĞ TÜKETİMİ (LT/AY)		168		166		168		174		180		185		189		196		181		176		172		169		2,125

		1500 SAAT YAĞ DEĞİŞİM MİKTARI (LT/AY)		63		63		63		63		63		63		63		63		63		63		63		63		756

		TOPLAM YAĞ TÜKETİMİ (LT/AY)		231		229		231		237		243		248		252		259		244		239		235		232		2,881

		YAĞLAMA YAĞI MALİYETİ (TL/AY)		2,019		2,007		2,019		2,078		2,126		2,173		2,209		2,266		2,138		2,090		2,054		2,030		25,208

		TOPLAM İŞLETME GİDERİ (TL/AY)		11,819		11,807		11,819		11,878		11,926		11,973		12,009		12,066		11,938		11,890		11,854		11,830		142,808

		TOPLAM NET TASARRUF (TL/AY)		104,504		103,828		104,264		103,417		102,011		79,577		80,964		83,422		79,391		89,017		94,435		100,448		1,125,278





elk_veri

		

				00:00		01:00		02:00		03:00		04:00		05:00		06:00		07:00		08:00		09:00		10:00		11:00		12:00		13:00		14:00		15:00		16:00		17:00		18:00		19:00		20:00		21:00		22:00		23:00		00:00

		KIŞ		610		580		565		555		550		555		605		645		725		850		880		885		890		905		905		890		885		860		780		745		710		675		640		620		610

		SOĞUTMA		80		80		80		80		80		80		90		130		150		180		220		240		260		280		280		280		260		240		220		180		150		130		90		80		80

		YAZ		690		660		645		635		630		635		695		775		875		1030		1100		1125		1150		1185		1185		1170		1145		1100		1000		925		860		805		730		700		690

		KOJEN NOMINAL		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800		800

		KOJEN ÜRETİM ORT		650		620		605		595		590		595		650		710		800		800		800		800		800		800		800		800		800		800		800		800		785		740		685		660		650

				ocak		şubat		mart		nisan		mayıs		haziran		temmuz		ağustos		eylül		ekim		kasım		aralık

		gunduz		954		939		908		723		646		169		162		154		200		431		569		708

		gece		1,145		1,127		1,090		868		776		203		194		185		240		517		683		850

		CHP NOMINAL		855		855		855		855		855		855		855		855		855		855		855		855

		CHP URETIM ORT		855		855		855		796		711		186		178		169		220		474		626		779

		elk masraf		142,615		139,925		142,615		156,070		166,833		177,597		185,669		207,196		169,524		158,761		150,688		145,306

		d.gaz masraf		51,050		50,227		48,580		38,699		34,582		9,057		8,646		8,234		10,704		23,055		30,465		37,876

				193,666		190,151		191,195		194,769		201,416		186,654		194,315		215,430		180,228		181,815		181,153		183,182

		chp		57,867		57,397		57,867		60,215		62,094		63,973		65,382		67,636		62,564		60,685		59,276		58,336

		elk		9,902		8,288		9,902		17,970		24,424		30,879		35,720		52,076		26,038		19,583		14,743		11,515

		dgaz		9,575		8,831		7,345		1,289		961		252		240		229		297		640		846		1,052

		bakım		11,819		11,807		11,819		11,878		11,926		11,973		12,009		12,066		11,938		11,890		11,854		11,830

		toplam		89,162		86,323		86,931		91,352		99,405		107,077		113,351		132,007		100,837		92,799		86,719		82,734

		NET TASARRUF		104,504		103,828		104,264		103,417		102,011		79,577		80,964		83,422		79,391		89,017		94,435		100,448





elk_tuketimi

		690		0

		660		1.0416666667

		645		0.0833333333

		635		0.125

		630		0.1666666667

		635		0.2083333333

		695		0.25

		775		0.2916666667

		875		0.3333333333

		1030		0.375

		1100		0.4166666667

		1125		0.4583333333

		1150		0.5

		1185		0.5416666667

		1185		0.5833333333

		1170		0.625

		1145		0.6666666667

		1100		0.7083333333

		1000		0.75

		925		0.7916666667

		860		0.8333333333

		805		0.875

		730		0.9166666667

		700		0.9583333333

		690		1



SUMMER

WINTER

KW

HOSPITAL DAILY ELECTRICITY CONSUMPTION
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isi_tuketim

		Ocak		Ocak

		Şubat		Şubat

		Mart		Mart

		Nisan		Nisan

		Mayıs		Mayıs

		Haziran		Haziran

		Temmuz		Temmuz

		Ağustos		Ağustos

		Eylül		Eylül

		Ekim		Ekim

		Kasım		Kasım

		Aralık		Aralık



GECE

GUNDUZ

KW

HASTANE MEVSIMSEL ISI İHTİYACI GRAFİĞİ

1145.0944503171

954.2453752643

1126.6251849894

938.8543208245

1089.686654334

908.072211945

868.0554704017

723.3795586681

775.7091437632

646.4242864693

203.1619186047

169.3015988372

193.9272859408

161.6060716173

184.692653277

153.9105443975

240.10044926

200.0837077167

517.1394291755

430.9495243129

683.3628171247

569.4690142706

849.586205074

707.9885042283



elk_karsilama

		690		800		0		650

		660		800		1.0416666667		620

		645		800		0.0833333333		605

		635		800		0.125		595

		630		800		0.1666666667		590

		635		800		0.2083333333		595

		695		800		0.25		650

		775		800		0.2916666667		710

		875		800		0.3333333333		800

		1030		800		0.375		800

		1100		800		0.4166666667		800

		1125		800		0.4583333333		800

		1150		800		0.5		800

		1185		800		0.5416666667		800

		1185		800		0.5833333333		800

		1170		800		0.625		800

		1145		800		0.6666666667		800

		1100		800		0.7083333333		800

		1000		800		0.75		800

		925		800		0.7916666667		800

		860		800		0.8333333333		785

		805		800		0.875		740

		730		800		0.9166666667		685

		700		800		0.9583333333		660

		690		800		1		650



SUMMER CONS.

CHP MAX. PROD.

WINTER CONS.

ACTUAL PROD.

KW

HOSPITAL DAILY ELECTRICITY CONSUMPTION-PRODUCTION
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isi_karsilama

		Ocak		855		Ocak		855

		Şubat		855		Şubat		855

		Mart		855		Mart		855

		Nisan		855		Nisan		795.7175145349

		Mayıs		855		Mayıs		711.0667151163

		Haziran		855		Haziran		186.2317587209

		Temmuz		855		Temmuz		177.7666787791

		Ağustos		855		Ağustos		169.3015988372

		Eylül		855		Eylül		220.0920784884

		Ekim		855		Ekim		474.0444767442

		Kasım		855		Kasım		626.4159156977

		Aralık		855		Aralık		778.7873546512



GECE

ISI ÜRETİMİ

GUNDUZ

ISI KULLANIMI

KW

HASTANE MEVSIMSEL ISI ÜRETİM - KULLANIM GRAFİĞİ

1145.0944503171

954.2453752643

1126.6251849894

938.8543208245

1089.686654334

908.072211945

868.0554704017

723.3795586681

775.7091437632

646.4242864693

203.1619186047

169.3015988372

193.9272859408

161.6060716173

184.692653277

153.9105443975

240.10044926

200.0837077167

517.1394291755

430.9495243129

683.3628171247

569.4690142706

849.586205074

707.9885042283



tasarruf_grafik

		Ocak		Ocak		104504.07393707		89161.5079102208		51050.1532758621

		Şubat		Şubat		103828.407103178		86322.9280322902		50226.7637068966

		Mart		Mart		104263.918646122		86931.4944942725		48579.9845689655

		Nisan		Nisan		103416.974787891		91352.0492392023		38699.3097413793

		Mayıs		Mayıs		102010.803024714		99404.701728981		34582.3618965517

		Haziran		Haziran		79577.2165743624		107076.64011283		9057.2852586207

		Temmuz		Temmuz		80963.8029668432		113350.930364438		8645.5904741379

		Ağustos		Ağustos		83422.4964857608		132007.399203894		8233.8956896552

		Eylül		Eylül		79391.4066366229		100836.657759929		10704.0643965517

		Ekim		Ekim		89016.7109030661		92798.7684565399		23054.9079310345

		Kasım		Kasım		94434.5244207864		86718.8896309378		30465.4140517241

		Aralık		Aralık		100447.953008749		82734.2528779502		37875.9201724138



KONVANSİYONEL TOP.ENERJI GİDERİ

KONVANSİYONEL ELK.GİDERİ

CHP SONRASI TOP. NET TASARRUF

CHP SONRASI TOPLAM ENERJI GİDERİ

KONVANSİYONEL D.GAZ GİDERİ

TL / AY

KONVANSİYONEL ENERJİ GİDERİ / KOJENERASYON SİSTEMİ TASARRUF GRAFİĞİ

193665.581847291

142615.428571429

190151.335135468

139924.571428571

191195.413140394

142615.428571429

194769.024027094

156069.714285714

201415.504753695

166833.142857143

186653.856687192

177596.571428571

194314.733331281

185669.142857143

215429.895689655

207196

180228.064396552

169524

181815.479359606

158760.571428571

181153.414051724

150688

183182.2058867

145306.285714286
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SEASONAL
ELECTRICITY CONSUMPTION OF THE HOSPITAL



ELECTRICITY CONSUMPTION & PRODUCTION

Power output of CHP system is determined to meet facility’s base own electricty
consumption.
System meets 84 % of consumption by running at 91 % load yearly cumulative.



SEASONAL
HEAT DEMAND OF THE HOSPITAL



Heat from jacket water and exhaust circuits (in 90-70°C hot water form) meets 91% of
annual heat demand of the hospital.

Rate of the utilized heat to total heat is 69%.

HEAT DEMAND & PRODUCTION



Rate of the utilized heat to total produced heat is 69%.

HEAT UTILIZATION



CHP System meets 84% of ELECTRICITY Consumption.

CHP System meets 91% of HEAT demand.

CHP System utilizes 91% of NOMINAL PRODUCTION CAPACITY.

MEETING RATES



COMPARISION OF ENERGY COSTS

The hospital’s conventional energy cost was 882.000 Euro/year (Electricity: 700.500 Euro,
Heat: 181.500 Euro). The total cost has been reduced to 572.000 Euro/year including
maintenance costs. Thus, 35,1% (310.000 Euro/year) cost saving has been provided.
Total payback period of the project is 22 months (less than 2 years).



COMPARISION OF ENERGY COSTS

The hospital’s conventional energy cost was 882.000 Euro/year (Electricity: 700.500 Euro,
Heat: 181.500 Euro). The total cost has been reduced to 572.000 Euro/year including
maintenance costs. Thus, 35,1% (310.000 Euro/year) cost saving has been provided.
Total payback period of the project is 22 months (less than 2 years).



PRIMARY ENERGY SAVINGS

𝑃𝑃𝑃𝑃𝑃𝑃 = {1 −
1

𝐶𝐶𝐶𝐶𝐶𝐶𝐻𝐻𝑛𝑛
𝑅𝑅𝑅𝑅𝑅𝑅 𝐻𝐻𝑛𝑛 + 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶

𝑅𝑅𝑅𝑅𝑅𝑅 𝐸𝐸𝐸𝐸
}𝑥𝑥100%

𝑃𝑃𝑃𝑃𝑃𝑃 = {1 −
1

48 𝑥𝑥 0,69
90 + 42,2

52,5 𝑥𝑥 0,86
}𝑥𝑥100%

𝑷𝑷𝑷𝑷𝑷𝑷 = 𝟐𝟐𝟐𝟐,𝟐𝟐 > 𝟏𝟏𝟏𝟏

PES (Primary Energy Savings) value is 23,3% which is more than 10%.

Therefore, the practice is High Efficient Cogeneration.



UNIVERSAL FLOW DIAGRAM FOR COGENERATION
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UNIVERSAL FLOW DIAGRAM FOR TRIGENERATION
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GENERAL APPROACH 
FOR TRIGENERATION PRACTICES

ADVANTAGES;

•Total cost saving is more than cogeneration system where all produced heat is

not utilized for heating.

• More advantageous at regions those have warmer climate conditions.

DISADVANTAGES;

•It is unavoidable for hot boilers’ operation and natural gas consumption during

the heat from CHP unit utilized at absorption chiller.

• Payback period is longer than cogeneration system.

• Total area requirement for installation is more than cogeneration system.

CONCLUSION;

• Each Project shall be studied individually considering climate conditions.



CONCLUSIONS

Main purpose of a cogeneration system is to provide cost saving. Capacity of

these systems has to be determined accurately, to provide effective and

efficient service. Otherwise, it will be unavoidable to create non-efficient and

inactive facilities.

It is possible to make optimization accurately regarding to electrical and

heating-cooling consumption datas of service facilities. Thus, it will be

possible to avoid useless investments and minimize payback periods by

accurately determining cogeneration system capacity which promises great

economic savings.

THANK YOU FOR YOUR ATTENTION... 
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