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o CHP electricity generation in the EU in the year 2000 totalled 248.7 TWh,
which was 9.6% of total gross electricity generation.

e More than half of the CHP electricity, 145.3 TWh, was produced in
industrial plants whilst public supply plants recorded CHP electricity
generation of 103.5 TWh.

e The chemical industry (39.4 TWh), the pulp and paper industry (34.0 TWh)
and refineries (22.9 TWh) were the largest industrial CHP electricity
generators. Two-thirds of the CHP electricity in industry was generated in
these three sectors.

e Germany was the largest CHP electricity producer with 60.8 TWh, but
Denmark had the largest share of CHP generation in total gross
generation, 52.6%.

e CHP heat generation in the EU in the year 2000 was 2155 PJ. About 21%
of the CHP heat in the EU was produced in Germany.

e The principal fuel consumed in cogeneration was natural gas, which took
47.0% of the total fuel combustion in CHP plants. The share of renewable
fuels was 11.6%.

CHP electricity generation and capacity by Member State

CHP electricity generation in the EU in the year 2000 was 248.7 TWh,
corresponding to 9.6% of total electricity generation and 18.2% of
conventional thermal electricity generation.

Germany was by far the largest CHP electricity producer in the EU with above
60 TWh in the year 2000. The Netherlands was the second largest generator
with 33.7 TWh. Finland, the UK, Italy and Spain are also major CHP
generators, each of them producing more than 20 TWh in 2000.

The share of CHP generation in total electricity generation was largest in
Denmark, 52.6%. Shares of CHP electricity were also high in the Netherlands
and Finland in 2000, at 37.6% and 36.4% respectively. In the other Member
States the CHP electricity was less than 20% of total generation.

The share of CHP generation in conventional thermal electricity generation
was largest in Sweden (93.0%), followed by Finland (77.8%), Luxembourg
(72.7%) and Denmark (59.7%).

CHP electrical capacity in the EU was 75.5 GW in the year 2000. Germany
recorded 18.7 GW, ltaly 12.0 GW and the Netherlands 9.1 GW.



CHP Electricity generation, GWh EU-15 [Eurozond B DK D EL E F IRL | L NL A P FIN S UK
Combined cycle 76213 61984 108 2134| 10537 - 6441 - - 8734 1“2| 26805 1590 - 7627 15 11980
Steam :backpressure turbine 74531 61795 1462| 2556| 28661 473 2691 571 79 5717 - 1000| 2478 1342 12655| 8373 1335
Steam :condensing turbine 30105 16387 88| 8963 2477 - 644 1875 - 3546 - 743 2092 1039 3884 - 4755
Gas turbine with heat recovery 33400 28420| 3393 1506 7972 664 5803 5413 385 3958 - - 26 204 1266 17 2793
Internal combustion engine 29479 23437 395 3812 6186 - 517 3282 12 1075 66 5104 222 1790 78 40 2190
Others 5008 5008 - - 5003 - - - - - - 5 - - - - -
Total CHP electricity generation |248737 |197030 | 5445 (18971]|60836 | 1137 |20706 | 16280 576 |23030 208 |33657 | 6408 | 437525510 | 8546 (23053
of which
P ublic supply 103459 8157 4460 16245| 34778 u7 - 6680 - 955 -| 15250| 2608 1892| 14834 4512 1097
Autoproducers 145279 115574 985| 2725 26058 990| 20706 9600 576| 22075 208 18407 | 3800| 2483| 10675| 4034| 21957
- of total electricity generation, % 10 10 6 53 " 2 9 3 2 8 18 38 10 10 36 6 6
- of conventional thermal generation, % 18 20 16 60 17 2 16 31 3 10 73 40 35 “ 78 93 8
CHP Electrical capacity, MW EU-15 |Eurozongq B DK D EL E F IRL | L NL A P FIN S UK
Combined cycle 19467 16937 76 517 2425 - 823 - - 6273 23 5361 532 - 1424 79 1934
Steam :backpressure turbine 22643 17687 528 81 8967 600 662 1715 37 1993 - 337 543 301 2604 3193 352
Steam :condensing turbine 17116 10607 99| 3289 2467 - 124 480 - 2427 - 2032 1721 210 1047 - 3220
Gas turbine with heat recovery 8751 7804 599 310 3259 106 940 1607 55 879 - - 15 73 378 25 506
Internal combustion engine 7535 6094 210 957 1629 - 908 1058 26 422 22 1362 68 339 49 36 448
Others - - - - - - - - - - - - - - - - -
Total 75514 | 59129 1512 | 5885 | 18747 706 | 3457 4861 118 | 11994 45| 9092 | 2879 923 | 5502|3333 | 6460
Table 1: CHP electricity generation and capacity in EU Member states in the year 2000
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CHP heat generation and capacity by Member State

CHP Heat production

500
CHP heat generation in the EU in the year 2000 was 4507
2155 PJ. Germany was by far the largest CHP heat 4007
producer with 452 PJ. Finland (251 PJ), the Netherlands 350
(233 PJ), France (223 PJ), ltaly (216 PJ) and the UK 300
(206 PJ) also recorded high CHP heat generation 2 250 |
figures in 2000. 200
CHP heat capacity in 2000 was greatest in Germany 190
(40.8 GW) followed by ltaly (27.8 GW) and France 1001
(17.8 GW). 50 1
o
D FIN NL F I UK E DK S A P B EL IRL L
CHP Heat production, TJ EUB Eurozone B DK D EL E F IRL | L NL A P FIN S WK
Combined cycle 424831 333534 oM 1391 45 #0| - 37557 - - 39485 1082 66 563 9962 - 31442 1548 89749
Steam : backpressure turbine 1022 462 87869% 2701 32990| 253218 7852, 4668 B0757 170 838% - 3170 38592 33044 B2545 01943 26 20
Steam : condensing turbine 292870 240240 1258| 43275 25474 - 3897 26633 - 52786 - 17 595 D16 B 865 31340 - 52630
Gas turbine with heat recovery 224572 02240 5902 9600 5444 3708| 46951 31701 2381 28209 - - 252] 924 5885 392 24523
Internal combustion engine 60 546 137653 1929 D237 34254 - 20973 1537 445 615 336 27307 1291 2876 273 62| 74
Others 39633 39633 - - 39600 - - - - - - 33 - - - - -
Total CHP Heat production |2 154 91411821996 | 47 013| 116 494| 451825| 11560 164 996 | 222 628 4 537| 215571 1418 232668| 69214 | 55709 251484| 104 035| 205 763
of which
Public supply 695300 552040 26679 889#| 274741 1174 - 62783 - #%490 - 49548 23723 000 90057 45952 720
Autoproducers 145961B| 1165025 20334 27580 177090 0386 B49% 59844 4537 201081 148 B3 17| 45491 45690 61427 58083 D8543
CHP Heat capacity, MW EUB Eurozone B DK D EL E F IRL | L NL A P FIN S WK
Combined cycle 30650 25852 B7 638 2886 - 2326 - - 0709 89 7360 780 - 1545 B5) 399%
Steam : backpressure turbine 82789 70488 3039 2621 22 166 693 5755 2034 339 8864 - 2789 2909 2481 M 7436 1551
Steam : condensing turbine 30073 22231 74 5134 7048 - 71 2020 - 6024 - 460 2489 1473 2472 - 2708|
Gas turbine with heat recovery B B5 1B937| 686 600 6 #9) 28 2049 2583 88| 1667 - - Ll R2| 604 53] 1357
Internal combustion engine 0687 8552 368 1343 2506 - 1424 121, 32, 550 30 2062 B0 B1 68| 54 738
Others - - - - - - - - - - - - - - - - -
Total 170 364| 141060 4324| 10336| 40755 910| 1726 17 849 459| 27814 119 12 671 6 347 4196| 14800 7708 10 350

Table 2: CHP heat production and capacity in EU Member States in the year 2000

CHP generation and capacity by type of technology

Combined cycle plants generated 30.6% of CHP
electricity and 19.7% of CHP heat in the EU. The
contribution of steam backpressure turbines in
generating CHP electricity was almost as high as that of
combined cycles, 30.0%. On the other hand, the steam
backpressure turbine plants produced much more CHP
heat than the combined cycle plants, 1022 PJ (47.4%).

The share of CHP electricity generated in combined
cycle plants is highest in the Netherlands (79.6%),
Luxembourg (68.3%), the UK (52.0%), Italy (37.9%) and
Spain (31.1%).

Steam backpressure turbine plants have the largest
share of CHP electricity generation in Sweden (98.0%),
Finland (49.6%), Germany (47.1%), Austria (38.7%) and
France (35.1%).

Gas turbines with heat recovery dominate CHP
electricity generation in Ireland (66.8%), Belgium
(62.3%) and Greece (58.4%).

eurostat

Others
Internal combustion engine 2%
12%

Combined cycle
31%
Gas turbine with heat
recovery
13%

Steam : condensing turbine
12%

Steam : backpressure turbine
30%

CHP electricity generation in the EU
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In Denmark steam condensing-extraction turbine plants
have the largest share, 47.2%, and in Portugal internal
combustion engines contribute the most to CHP
electricity generation with a share of 40.9%.

Electrical capacity of steam backpressure turbine plants

in the EU was somewhat higher than of combined cycle
plants, 22.6 versus 19.5 GW,. In heat capacity, steam
backpressure turbine plants were clearly highest with

82.8 GWy, compared with 30.7 GWy, of combined cycle

plants or 30.1 GWy, of steam condensing extraction

plants.

CHP generation and capacity by
economic activity

More than half of CHP electricity
was produced in industrial plants,
145.3 TWh (58.4%), whilst public
supply plants recorded CHP
electricity generation of 103.5 TWh
(41.6%).

Member States with a well-
developed district-heating network
have typically large CHP production
by public supply. In Denmark,
Belgium, Finland, Germany and
Sweden more than half of the CHP
electricity was generated in public
supply plants. The other extremes
are countries with more than 90%
share of autoproducer plants: Spain,
Ireland and Luxembourg (100%),
Italy (95.5%) and the UK (95.2%).

Chemical industry (39.4 TWh), pulp
and paper industry (34.0 TWh) and
refineries (22.9 TWh) were the
largest industrial CHP electricity
generators. Two thirds of CHP
electricity in industry was generated
in these three sectors.

Division of CHP heat production on
one hand between public supply and
autoproducers and on the other
hand between industrial sectors
follows the shares of CHP electricity
generation. 67.7% of CHP heat is
produced in autoproducer plants
and majority of that production takes
place in pulp and paper industry
(440.8 PJ), chemical industry (350.5
PJ) and in refineries (231.5 PJ).

n Statistics in focus — Theme 8 — 12/2003
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CHP heat generation in the EU

Sector M aximum CHP capacity] CHP Production Fuel
Electrical Heat Flectricity| Heat Input
MW MW GWh TJ TJ(NCV)
Public supply 39 355 63 942 103 459 | 695300 | 1778587
Autoproducers 36 158 106 421| 145279 | 1459616 (3073072
of which
Mining and agglomeration of solid fuels %6 329 702 8644 20543
Extraction of crude oil and nat. gas 22 60 123 707 1923
Cokeovens 3 5 13 79 407
Refineries 5104 15405 22927 231505| 450893
Ironand steel industry 788 2759 3170 28204 103108
Non-ferrous metals 47 1“9 199 2549 4657
Cherical industry 8987 24726 39400 350499 781277
Non-metallic mineral products 407 617 2337 16271 36989
Extraction 607 1278 3106 34287 9331
Food products, beverages and tobacco 3659 13 350 1285 121032 223627
Textile, clothing and leather 613 2236 2504 17509 38598
Paper and printing 6 704 25601 33971 440840 743788
Metal products, machinery, equipment 483 770 1427 8335 26089
Other industrial branches 1133 2412 4101 29706 70082
Transport 25 42 101 608 2390
Services, etc 1753 3267 7315 53487 115831
Others 5679 13415 12 599 115355 359552
TOTAL 75 513 170 363 | 248 738 | 2154916 | 4851659

Table 3: CHP in the EU by economical activity in the year 2000
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Fuel consumption in CHP generation

In the year 2000 47.0% of the fuel consumed in CHP plants was natural gas, which is clearly the fuel most
commonly used in CHP generation in the EU. The share of solid and liquid fossil fuels has fallen over the course of
time. In 2000 only 18% of the fuel input in CHP plants was hard coal, lignite or their derivatives. The share of
renewables has remained at about 12%.

Natural gas was clearly the predominant fuel in seven Member States: Luxembourg (99.6%), Ireland (74.1%),
Belgium (68.5%), the UK (68.0%), the Netherlands (63.6%), Italy (62.7%) and Spain (61.1%). Natural gas was also
the most common fuel, though with a lower share, in Austria (46.2%) and in France (42.4%).

Coal, lignite and their derivatives were the most common types of fuel before natural gas in CHP generation in
Greece (53.6%), Denmark (44.1%) and in Germany (43.7%).

Renewables were the most common fuel in CHP generation in Sweden (57.8%) and in Finland (45.0%). The large
contribution of black liquor and wood wastes burned in CHP plants in pulp and paper industry explains the high
shares of renewables in these two Nordic countries. The share of renewables is rather high also in Portugal
(37.6%) France (27.9%) and Austria (18.3%).

In Portugal the most common fuel is residual fuel oil since more than 40% of CHP electricity is generated in internal

combustion engines.

Typeof cyde EU6 |Erorore| B DK D B E F IRL | L NL A P FIN s UK
Conbined oyde B3se54| 960023 4682| 2mm| omss -| 83064 - -| sB299|  mwo| sm0s| 39mt | 7o4m| 2285 sma7er
Steam: beckpressuretubine 633631 Bo47B| 49720| 48343| 44as9| 3205  7E7s| 204480|  2m43| wrma2 -| 48002| 63208| 494m| 288250 73G0| 40032
Steam: condersing turbire 956780 620002|  208| evO| 98258 | vom| s | weua | wo2| mem| oms| 79246 -| wsoe7
Ges tubire with heat recovery 460m1 3s4221f 3e620| BLS| oe320| 7me| o7ee| mEms|  meo| 3B - 4371 218| ows|  os3| 58496
Irterrel combustion engine are73| 300038| 44|  38tE| 7065 | 2901 34mo| woe| wms| 70| smm| sam| weor|  ws| 35| 3w2s
Others 8628 8®28 - || emes - - - - - - 63 - - - - -
Total 4851657 [3711427| 98572 | 305333 | 887781| 40717| 350650 | 364961 8923 | 662137| 2520 | 501606 | 185149 | 99347| 450781| 161003 | 633177
of which
Hrd cod and derived products |  693984| 525184 25| B4709| 306520 7 ) 98| 60 -| sss08 24641 | eeme| wm2| s
Ligriteand derived products mee31|  Bues - | emm| 2144 4 e “ - 2696 | | s -
Residal fuel o sas881 20005 emo| 797|  u5® -| so08s| ssus | ooes || 8| wom| 48342 woss| 203m| 2720
Gesoll 50027| 46m5| 2000 335 4 | ross B | 25003 of 2m 5 % 20| w3 wm
Naturd gas 208uss| masos3| 67ms| o3e0s| 3otos| w7s| 2wss7| Bas9s|  eeu| a4usss|  o5n| amo47]  smes|  ewo| w2933|  saze| 430873
Refirery gas 20402| o7 | 2400| 22934 | 2s848| a7o4| a2 336 || smsm|  s0se| 4480 %3 | 30247
Coke-ovengas 92007 8347I|  2m2 | e2m7 4 om - | 1ass || wes| ssse| 093 122| 8428
Blast-furrece gas Baz®e| 86742 7999 -| 36260 - A ems2 | ws0s A ors|  mm|  we2| w0 w6| sEm
Renewables 4628 43702|  so90| 21| mess | sem| vwess - || sm8| 3ss00| a7ass| 202776 92081  es24
Other fuds 300502 moa9|  w92| so4e3| 3esw| som| 4220 88 1 =260 | mose| wes| ae0| wea| 30l 7wes
Table 4: Fuel consumption in CHP plants in EU Member States in the year 2000, TJ

Typeof cyde EU-5 |Erozore| B DK D B E F IRL [ L NL A P FIN S UK
Conbined cyde 692| 714 es1| 877| 870 A ma - - =9 890 w7 3 -| es4| 78| .51
Steam: backpressureturbire goo| 818 677 874| 80| m7[ 77| 840| 4| 867 .| 75| 73| 76| 75| 843 w9
Steam: condersing turbine 2 617|623 628 350 -| 93| 658 - =0 .| a15] 8| 82| o - o=
Ges tunbinewith heat recovery 775 9| i 80| eeo| 785 3| w2 T4 78 - -| 9| 675 84| T4l T4
Interral combustion engire 72| 804| 76| 867 800 -| e85 72| 73| 7ol 76| 800| 657 4| 3| w9 w2
Others n6| s - - s - - - - - - 810 - - - - -
Al plants 715 751| 77| 72.7| 756| 56.0| 73.1| 78.7| 74.1| e4.5| se.0| 68.8| 655 73.7| 78.9| 84.2| 4.2
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Table 5: Efficiencies of CHP plants in EU Member States in the year 2000, %
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Performance of CHP plants

The overall efficiency of CHP plants in the EU was 71.5%. The efficiency was lowest in steam condensing-
extraction plants, 56.2%. The heat production of condensing-extraction CHP plants can be adjusted to heat
demand and even completely switched off, leaving them to generate only electricity. This naturally reduces their
overall annual efficiency.

The efficiency of combined cycle plants was also rather low, 69.2%. Their efficiency depends strongly on design
parameters: increasing the portion of electricity generation has a tendency to reduce their overall efficiency.
Luxembourg, Sweden, Denmark, Germany and Finland report efficiencies in excess of 80% in combined cycle
CHP plants, whilst in Italy and Austria the efficiency is below 60% and in the UK 65.1%.

The efficiencies of steam backpressure turbines (80.0%), gas turbines with heat recovery (77.5%) and internal
combustion engines (75.2%) are greater than the average efficiency of all CHP plants in the EU. These three types
of CHP plant are often used in industries with a fairly stable heat load, which in general terms explains the relatively
high efficiencies. Greece makes an exception in backpressure turbine plants with a reported efficiency of 50.7%,
which is related to combustion of low quality lignite.

n Statistics in focus — Theme 8 — 12/2003 Em
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Essential information — methodological notes

The definition of CHP or “cogeneration” implies that heat and electricity are produced simultaneously in one
process. In CHP production intermediate fluids, either hot steam or exhaust gases, are used first in electricity
generation after which the remaining heat is recovered and not emitted to the environment. If some part of the
intermediate fluid or the remaining thermal energy is ejected to the environment without heat recovery, the portion
of the electricity generation corresponding to this part is by default not CHP electricity.

In separate electricity generation the conversion efficiency is between 35-55%, but in cogeneration plants overall
efficiencies as high as 80-90% can be achieved by using the remaining thermal energy to produce heat either for
industrial processes or district heating. The energy savings potential of cogeneration is important with regard to
achieving the targets of the Kyoto protocol in reducing CO, emissions, improving energy efficiency and reducing
dependence on imported energy in the EU.

There are many types of CHP plant in which the share of CHP electrical power can be changed on demand or
whose operation can switch completely between CHP mode and electricity generation only. CHP plants are seldom
equipped with any device to monitor CHP electricity generation, since it would require detailed measurements and
thermodynamic calculations. Accordingly, indirect methods have been developed to calculate the CHP electricity
generation.

The method used to calculate CHP electricity in the project for the year 2000 is based on the same principles as
applied for the years 1994 — 1998. The most important change to the methodology was the introduction of overall
efficiency of a CHP plant as a measure to determine whether the electricity generation is fully CHP or not. If the
overall efficiency is above a threshold set at 75%, all the electricity generated is considered as CHP electricity. On
the other hand, if the overall efficiency is below 75% the amount of CHP electricity, Ecyp is calculated as follows:

Eup =C-H

Where

C is power-to-heat ratio characteristic of the plant
H is CHP heat generation of the plant.

Introducing the efficiency threshold has a quite significant effect on the results. Another new element introduced to
the methodology was the provision of default power-to-heat ratios depending on the type of the plant, separate for
district heating and industrial plants. The default values were used only if the real power-to-heat ratios were not
known.

Abbreviations :

MWh Megawatt hour (103 kWh) MW : Megawatt
GWh : Gigawatt hour (1 0° kWh) GW : Gigawatt
TWh Terawatt hour (10° kWh)

GW, Gigawatt electric
TJ : Terajoule (10° kJ) GWy, Gigawatt thermal
PJ : Petajoule (10" kJ)

Em 12/2003 — Theme 8 — Statistics in focus
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