Draft Background Document
on

Combustion sector

(part 1: plants greater than 500 M Wy)

Prepared in the framework of EGTEI

1/80




LIST OF TABLES . ... e S

1 DESCRIPTION OF HYPOTHESIS IN THE DIFFERENT

RAINS MODELS ... 9

11 FUel categorieSin RAINS ... ....co et s s et e st s te st e s teste e saaesteeenaesreeentesneeenes 9
1.2 Emission calculation in RAINS ...ttt et e e bbb e et sbe s se e e e e 10
1.3 Sectorsconsdered in RAINS ... ...ttt ettt b e sa e n e e eae e 10
R S @ T 1110 o (U] [T 11
141 Main groups of SO, emission control technologies considered in RAINS..........cccocvvvvviivviiviiiennn. 11
142 [NVESEMENE FUNCEION ...ttt bbbt bbb e b e e e s 12
143 L@ 0= = 1] 10 e 0= TS 12
e B R o 1 o = o= 0 [ =R 12
1432 Vaiahle OPErating COSLS.......cueiiiiieiiiiieiesessee st seesteesseesesteessaesteessee st besseessesseesssessesaneesses 13

L5 NOK MOUUIE.....c.eeieeieieete ettt bbbt bt bt he e e e b e e aeesbesbesbe e Rt ebe e ebeebeeae e e e b e st e e saeabesbenae e 14
151 Main groups of NO, emission control technologies considered in RAINS..........cccccevevievieeeennnnn. 14
152 [NVESEMENE FUNCEION ...ttt b e h e bt e sb bbb e e e s 15
153 (O] 07 = 1] 10 [ 0= ST 16
1531  FIXE EXPENAITUMES. ....ccueieiieie ettt ettt ettt e sb et e st e b st este et e sbeenseesseesessseenseenneenes 16
1532 Vaiahle OPErating COSLS.......cueiiiiiieiiiriieiesessee st see st te st eaesteessaeste e ssee st e sseestesseesnsesseeeneenses 16

16 TREPM MOUUIE ... ettt ettt bt et e st e et e bt e aeeae e st eneeseene e seeene e 17
16.1 SOUICE CBLEGONTES. ..t veeuteseiieieeieeesteesteesteetessaeesteasseesseessaesseentesaseeseesseesseenbessee s beeneenseeaneesseeenes 17
16.2 Emission factors for SOl FUEIS .......coeiiieiee et e e 17
16.3 Emission factors for Other FUEIS..........ccoi i e e 18
16.4 CONLrOl LECANIGUES.....c.etieiiceieeie ettt ettt et e s et e es e ntess e nsess e enseenseensennseenes 18
165 (000 £ ST RURO U PP UPTUUPTPRORUPN 19
1651 INVESIMENT ..ot et 19
1.6.52 FiXed OPErating COSS.......cuiiiiiieriieeieitisieesteeteestesseesteesseessesseeesseesseesseensaesseenseessesnssessennsensses 19
1653 Variahle Operaling COSIS.....uuiiiiiierieiriieiiesieeee st see e seetee s e e e te s sseesbessseessaesse e seessessneesees 19

2 OVERVIEW: ANALYSIS OF POLLUTANT ABATEMENT

EFFICIENCIES FROM VARIOUS DATA SOURCES......... 21
2.1 Primary measures for NOy @DateMENt .........c.coviiiiiie et e st eseesnaesreeens 21
2.2 Secondary measuresfor NOy abatemMENt..........cccviuiiiieiiiriieiiee s sre s e nes 22
2.3 Primary measuresfor SO, abatemMENt..........ccoiiiiiiierieie et nne e enes 23
24  Secondary measuresfor SO, @DAtEMENT ......cceoiieiiiiiiiere e e 24
25  Secondary measuresfor PM abatemMent........c.cooiiiiiiiiiieiiein ettt ae e enes 25

3 EGTEI APPROACH CONCERNING PLANTS HAVING
CAPACITIES HIGHER THAN 500 MW TH coovviiiiiiiiiieeeeceeeeeienn 26

2/80



TN 1= o V= = g T [ oS TSR 26

311 FUEIS CONSIABIEA ..ottt ettt ettt et e e s be et e es e e sbeente e sbeenbeenseenseennees 26
312 NEW aNd EXISING PLANES .. .eiviieii ettt te s sbe e e e sbesre e e stessbeeae s sreeneeenrens 27
3.13 Distinction Of regUIAtOry ClaSSES........ciiiiiiiiieie et ee ettt et e ste s sbe s e eseeeaeaste s sreenneas 28
A U 1c o g = T Tot = T ot RS 28
321 LOWES NEAL VAIUES.......eee ettt ettt ettt et e te s e st e e testee e sbeenee st beentesneeeatennnens 28
322 IS 10 g elo 01 = g | TSP 29
323 Sulfur retained in ash (SOl fFUEIS) ....eeieeiie et 29
325 Ash content Of SOLTA FUEIS.......uiiie ittt e s sreerae e sresneeens 29
3.3 Unabated EMISSION fACLONS......ccciiiieiiiiiieie sttt ettt este s b e te s ste et aesseenseens 30
331 Unabated NOX EMiSSION FACION ......eeviiiiiieieie ittt e e e sre e sreesaesreesreennnens 30
3.3.2 Unabated SO, EMISSION FACLON ... ieeiiie et e e e s e e e e e e e e e eae e e seeessesasasbreeeeeeaeeas 30
333 Unabated dust @MiSSION FACION .......eivviiiiiie ettt e st esreesreesnaesraesreesree s 31
34 ADALEMENT LECNNIGUES ... .cc.eiiiieie et ettt st e et et e e seesbe e esaesseeantesseennteeneennes 33
341 N[O V= 0 0115 o] o TR 33
34.11 NO,emisson control tEChNOIOGIES ... ...ccuieiieerieiiie ettt eee e rte st re e eee e sae s sre s e enes 33

I O 1 01V 1 4= 01 TSRO PP PPPPPPPPPRTIN 34
3 O I B @ o < - 110 o= RSP 36
3.4.1.4 Technology-specific parameters for the cost calculation of add-on control technologies............ 36
34.2 SO EIMISSION ...ttt sttt s h et se et b s bt e ae e e e b e sheeb e eh bt eh e e he e s e e e ebeebeebeensenbesbesbeenbesnneneennens 37
3421 LOW SUITUN FUEIS.....eiieiieece ettt st et ss e nbe e enaesne et e snee e 37
3.4.22 Wet Flue GasDeSUIPNUIISAIION .......oivuiiiiiie ettt sttt sttt sre e s e 38
34.3 [ Y= 0 TS o o 1TSS 40
3 T A = o000 oo 1= <SSR 40
Bi4.3.2  INIVESIMENES. .. eteee ettt ettt ettt e et e e ettt e e st e e e e e sne e e e aabebeeeaanee e e eabbeeeeaanneeeeanbeeeeeanneeeerneeeennne 41
3:4.3.3  COSt PATAIMELENS ...coiieiie ettt ettt ettt e e st e s e e be e e e aabe e eeeaanee e e et abeeeabeeeeseanseeesanbeeeeeanneeesanrn 43
3434 PMy and LAY U 44

G I O a1 o[ =1 1= o | S SSTRR 45
G T AN o] o] [ To=1 o 112U 50
3.7  Cost calculation for each technical option in all different Case.........ccovveeieivviiiiecinie e 52
4  EXAMPLE OF FRANCE ...t 57
41 ENergy SCENArioSfOr FIaNCE.......cciiiieiiiiieiiesie ettt ettt et e e e e be e e be e e e be e nbeenns 57
411 Fuels considered for existing and NEW PlantS..........ccvvviirieiinie i sveeeeseees DT
412 Digtinction of the regulatory ClaSSES .........uiuiiiiiiiiiesiese ettt e sr e sraesreea 58
N V1< e g = Tox L= 1 oS R 60
16.1 HEBE VBIUBS. ...ttt sttt ettt e st e et e e st e sbe e s s beebeestesseesbbeesbeenseaneesreeentennnens 60
16.2 IS 10 ela a1 = g | ST 60
16.3 SUITUF FELAINE IN @SN ... et s et e beenseebeenseesennnes 60
424 Ash retained DY thE DOHESN .......eeoiiiiiee ettt aesreeeeesreeens 61
4.25 Ash contentS Of SOLTA FUEIS .....vveieie e et st e e 61
4.3  Unabated EMISSION FACLONS.......eiiiiiieiii et sttt s sbe e b e e e e sneesnee e 61
431 Unabated NOy, EMISSION FACLON .......ocuieeiiie et e e e e s e e e e s e s s sbae e e s seeeeesasbebbaneeeeeanss 61
43.2 Unabated SO, EMISSION FACLON ........oc e ettt e e e e st e e e e s e s e e s e e s eeessessbbabreeeeeeaneas 61
433 Unabated dust @mMiSSION FACION .......civiiiiiie et sttt st e e sraesreesree s 62
O O 014 o I = (=0 VSO 62
4.7  Costsfor each technical option in all different Case.........ccoviverieiiiiie e 75

4.7.1 Costs per PIfuel input, per ton of pollutant abated and marginal CoStS..........cccoevvvervesieiiesinnen. 15

3/80



4.7.2

Cost curves

4/80



List of tables

Table 1.1: FUEl CaEgOMES RAINS ... ...ttt st st e e e s stesbe e esee s saeebeeeseesabesbeeeneesnaesreeas 9
Table 1.2: RAINS sectors related to stationary sources with energy combustion... e 11
Table 1.3: Main groups of SO2 emission control technologies considered in RAI NS for the power plant %ctor 11
Table 1.4: Coefficients of the investment function for add-on control technologiesin RAINS.. . .12

Table 1.5: Relative flue gas volume v for different fuel categories used in RAINS (hard coalzl) ceerreerreereeeenns 12
Table 1.6: Technology-specific parameters for add-on control technologiesin RAINS............c.ccco v 13
Table 1.7: Optionsfor low-sulfur fues considered in RAINS and their COSES........cccvevievieniesie e 14
Table 1.8: Main groups of NOx emission control technologies considered in RAINS for Power plant sector..... 14
Table 1.9: Coefficients of the investment function for ' combustion modification’ technologies used in boilers

BNA FUIMNBOES ...ttt ettt b et h bt he e bt e bt e aeeae e st e e heeRe e st e s e e heemeeaseabeeas e b e s e nbesbasaneesbesbbenens 15
Table 1.10: Coefficients of the investment function for add-on technologies and combined measures used in
DOHErS BN FUMBCES ...t ettt bbbt bbb e b et et e s aeehe e shesbeebe e nbesbesbeenenans 15
Table 1.11: Other technology-specific parameters for add-on control technologies (secondary and combined
IYYEASUIES) ..veeuveeeeeseeestteeteeseesseesteessteesseasseaseestee e teanseaseeaseesbeeeseenseeseeaseeaE ke esseenseeseeeEee s abeenteansenseeseeeeneaensenneensenns 16
Table 1.12: RAINS sectorsrelated to stationary sources with energy combustion... cererreeeennennn 17
Table 1.13: Size fractions used in RAINS for solid fuel combustion in power plants raw gas [%] e, 18
Table 1.14: Emission factors used in the RAINS model for stationary combustion of heavy fuel oil [kt/PJ]

Table 1.15: Emission factors used in the RAINS mode for stationary combustion of natural gas [kt/P]]........... 18
Table 1.16: CoNtrol tECNNIGUES. .........ci ittt ettt st e sae e be s e enee e nbeeneeenes 18

Table 1.17: Relative flue gas volume v for different fuel categories used in RAINS (hard coal=1).................... 19
Table 1.18: Cost parameters for technologies used to control emissions from stationary combustion sourcesin

POWES PIANES BN INAUSIIY ..ottt ettt e te e sbeete e st e et eesaeenseesbeesseenbeeaseensaesseenseensens 20
Table 2.1: Primary measures for NOx abatement: comparison of existing data..........cccoecveveevenienienieesceeeieene 21
Table 2.2: Secondary measures for NOx abatement: comparison of existing data...........cccccceveveeninsinseeseenne, 22
Table 2.3: Primary measures for SO, abatement: comparison of existing data...........cccoveeeeveieiveseeesiesie e 23
Table 2.4: Secondary measures for SO2 abatement: comparison of existing data... ceereerennenneseesnennnenns 24
Table 2.5: Secondary measures for PM abatement: comparison of existing data... .25
Table 3.1: Energy scenarios for plants having a capacity greater than 500 MWy, (data reqw red as mput from
National eXPErts fOr EACN COUNTIY).......iuiiiiiiie et st st sre et e s e sreensaesbeesrae s sennees 26
Table 3.2: Fuel consumption for scenario BL for the years 1990 until 2030 (data required as input from national
(oL R R (o g = To oo 011 PSSP 26
Table 3.3: Fuel consumption for scenario CP for the years 1990 until 2030 (data required as input from national
(oL RS R (o g == Toi oo 011 PSPPSR 27
Table 3.4: Energy consumption for new plants for different fuels between 1990 and 2030 for the BL scenario
(datarequired as input from national experts for @aCh COUNLIY) .......ceviviie e 27
Table 3.5: Energy consumption for existing plants for different fuels between 1990 and 2030 for the BL scenario
(datarequired as input from national experts for @aCh COUNLIY) .......eiiiiiie e e 27
Table 3.6: Energy consumption for new plants for different fuels between 2000 and 2030 for the CP scenario
(datarequired as input from national experts for @aCh COUNLIY) .......eiviviie et 27
Table 3.7: Energy consumption for existing plants for different fuels between 1990 and 2030 for the CP scenario
(datarequired as input from national experts for @aCh COUNLIY) .......ciiiiiie e 28
Table 3.8: Lower heat values for each fuel and for each year (example of France)[GJ/t] (datarequired as input
from national eXpertsSfor EACh COUNLIY) .......ccuiiiiiii e et e be e e 28
Table 3.9: Sulfur content for each fuel and for each year (example of France) [%S] (datarequired as input from
National eXParts fOr EACN COUNTIY).......iuiieiiiis ettt st sae e st et e sbeesreenseesreesreesssennees 29
Table 3.10: Sulfur retained in ash for each solid fuel and for each year (example of France) [fraction] (data
required asinput from national expertsfor €aCh COUNEIY) .......cuviieiiiiieiie et 29
Table 3.11: Ash retained by the boiler for each solid fuel and for each year (example of France) [fraction] (data
required asinput from national expertsfor €aCh COUNEIY) .......cuiiieiiiiieiie et 29
Table 3.12: Ash content for each solid fuel and for each year (example of France) [%)] (datarequired asinput
from national eXpertsSfor EACh COUNLIY) .......ccuiiiiiii ettt e sbe e sre e 29
Table 3.13: Unabated NO, emission factor for each solid fuel and for each year (example of France) [kt NO./PJ|
(datarequired as input from national experts for @aCh COUNLIY) .....c.oiiiiiie e 30
Table 3.14: Unabated NO, emission factor for each solid fuel and for each year (example of France) as
CONCENETALiON [MG/NIM3] ...ttt et e s be et e be e st e beent e sbe et aesbeenbeesbee b eesseenteesneenten 30
Table 3.15: Unabated SO, emission factor for each solid fuel and for each year (example of France) [kt SO,/PJ]
....................................................................................................................................................................... 31

Table 3.16: Unabated SO, emission factor for each solid fuel and for each year (example of France) as
CONCENETALION [MIG/NIM3] ...ttt e be e st e be e st e beent e sbe e taesbeentaesbe et aesse et eeeneennen 31

5/80



Table 3.17: Unabated TSP emission factor for solid fuels and for each year (example of France) [t PM/P]] ...... 31
Table 3.18: Unabated TSP emission factor for solid fuels and for each year (example of France) [mg/Nm?] ..... 31
Table 3.19: Unabated TSP emission factor for non-solid fuels and for each year (example of France) [kt PM/PJ]

(datarequired as input from national experts for @aCh COUNLIY) ......cvivieiieceieie e 32
Table 3.20: Unabated TSP emission factor for non-solid fuels and for each year (example of France) [mg/Nm?]
....................................................................................................................................................................... 32
Table 3.21: NO, emission control technol ogies proposed with their abatement efficiency.... e 33
Table 3.22: NO, emission control technologies proposed with their abatement efficiency for other fuels .33
Table 3.23: RAINS Investment function applied on two capacities 800 and 1800 MWy, for primary measure and
for SCR without any primary measures aready iNSalled ..........ccoocvvviiiiiiiiciiiiicccee e 34

Table 3.24 : Currently available figures NOx abatement techniques [EURELECTRIC, BREF, Manufacturers]. 35
Table 3.25 : Investments applied on two capacities 800 and 1800 MW, for primary measure and for SCR....... 35

Table 3.26: Coefficients of the investment fUNCLION ..........cooiiiiiiiii e s 36
Table 3.27: Other technol ogy-specific parameters for add-on control technologies (secondary measures for NO,)
[EURELECTRIC, BREF, MBNUFACIUNEIS] ......cuitiie et eieieeriet ettt e sest et se s et b e e e s enesbe e e e e sneseens 36
Table 3.28:0ptions proposed for low-sulfur fuelS and thEIr COSES .......viiieiii i 37
Table 3.29: Options proposed for DESOX tECANOIOGIES ........civiiiieie it 38
Table 3.30: Options and investments proposed for DeSOx technologies in RAINS applied on two examples of
calculation (Power plants of 800 and 1800 MWL) .........oiuiiiiieiiiiiieiiesiie et ettt e se e e snee e 39
Table 3.31: Options and investments proposed by EGTEI for DeSOx technologies applied to two ca culation
examples (Power plants of 800 and 1800 MWth) [EURELECTRIC, BREF, Manufacturers] ... .39
Table 3.32: Coefficients of theinvestment function (for power plants with capacity h|gher than 500 MWth) .40
Table 3.33: Technology-specific parameters for add-on contral technologiesin EGTEI .. ceeveereeniennnennn. 40
Table 3.34: Options proposad fOr AEHUSLENS. ........cviiiiiiicie et sne e ens 41

Table 3.35: Options defined by RAINS with their TSP abatement efficiencies for the example of France......... 41
Table 3.36: RAINS cost parametersfor technologies used to control emissions from stationary combustion

sources in power plants for capacity greater than 50 MWIEN.........occviii i e 42
Table 3.37 : Currently available figures for solid fuels considering the cost functions of RAINS...................... 42
Table 3.38 : Alternative proposal figuresfor solid fuels [EURELECTRIC, Manufacturers] ...........ccoecveevenenennn. 42
Table 3.39 : Proposal figuresfor liquid fud s [EURELECTRIC, Manufacturers] ........ccccveceeeeieeie e cie e 43
Table 3.40: Coefficients of the investment fUNCLION ..........coooiiiiiiie e e 43
Table 3.41: Cost parameters for dedustersfor solid fuelsSby RAINS .......ooieiiiie i 43
Table 3.42 : Alternative proposal figuresfor solid fuels [EURELECTRIC, Manufacturers] ..........cccecvvevvenne.nn. 44
Table 3.43 : Proposed figures for liquid fuelsS[EURELECTRIC, ManufaCturers] ........coocvevveveeveeseeseeesieeseenns 44
Table 3.44: Size fraction for PM 19 and PM, s depending of the deduSter .........oovevveiieive e 44
Table 3.45: Size fraction for PM g and PM 5 DEfOre dedUSLEN ........ccooiiiiceeeiieiee et 44

Table 3.46 : Application rates for NOx abatement techniques — scenario CLE — for each regulatory class 1to 5
and for the national emission reduction plan (data required as input from national experts for each country)..... 48
Table 3.47 : Application rates for low sulfur fuels for each regulatory class 1 to 5 and for the national emission
reduction plan. Have to be fixed by the experts and not by the mode (datarequired asinput from national
(oL R R (o g = To: g oo 011 PSSP 49
Table 3.48 : Application rates for SO2 abatement techniques— scenario CLE — for each regulatory class 1to 5
and for the national emission reduction plan (data required as input from national experts for each country)..... 49
Table 3.49 : Application rates for Dedusters— scenario CLE — for each regulatory class and for the national

emission reduction plan (datarequired asinput from nationa expertsfor each country) ... .. 49
Table 3.50 : Applicability for NOx abatement techniques for each regulatory class and for the nat|onal emission
(=0 (8T (Lo g 1o = o T USRS 50
Table3.51: Applicability for low sulfur fuels. They are the same as application rates. .. .50
Table 3.52: Applicability for SO2 abatement techniques for each regulatory class and for the nat|onal emission
(=0 (1T (Lo g 1o = o TS RPRRP 51
Table 3.53: Applicability for dedusters for each regulatory class and for the national emission reduction plan 51
Table 3.54 : Installed capacities for each specific case (fuels and regulatory classes) in MWth......................... 52
Table 3.55 : Average operating hours at full load for each specific case (fuels and each regulatory class) in hours
....................................................................................................................................................................... 52
Table 3.56 : Number of plantsfor each specific case (fuel and each regulatory class) ... . .52
Table 3.57 : Cost per PJ fuel input, per ton of NOXx abated and marginal cost for NOx abatement technlques for
each regulatory class and for the national emission reduction Plan ..........ccce v 53
Table 3.58: Cost per PIfuel input, per ton of SOx abated and marginal cost for low sulfur fuels for each
regulatory class and for the national emission reduction Plan ..........c.eecee i e 53

6/80



Table 3.59 Cost per PIfuel input, per ton of SOx abated and margina cost for SO2 abatement techniques for

each regulatory class and for the national emission reduction Plan ..........ccce v 54
Table 3.60 : Cost per PJfuel input, per ton of TSP abated and marginal cost for dedusters for each regulatory
class and for the national emissSoN redUCtioN PIAN..........ccooiiiii s 54

Table 3.61: NOx abatement cost curve for each specific case (fuels and each regulatory class)......................... 55
Table 3.62: SO, abatement cost curve for each specific case (fuels and each regulatory class) .......................... 55
Table 3.63: TSP abatement cost curve for each specific case (fuels and each regulatory class)................ee....... 55

Table 3.64: Total emissions for €ach reguIatory Class.........ccovvi i 55
Table 3.65: Total emiSIONS fOr thE SECLON.......c ittt ettt ettt b e e e bbb eae e sae e 56
TahlE 4. 1: ENEIQY SCENGITOS . vevveeieetie et eieeesteeteeestesteeestesseeestesseestesseessessesansessesasesseeansesseesnsessessnsessessnsessensnes 57

Table 4.2: Fuel consumption for existing and new plants in France for thetwo scenariosCPand BL................. 57
Table 4.3: Fud consumption for regulatory class 1in Francefor the two scenariosCPand BL......................... 58

Table 4.4: Fuel heat valueSin FranCe [G/L] .....ccvueueeiieiieiieiieiee ettt ettt ettt a e nseenseenseeseenes 60
Table 4.5:; SUIfur CONLENE IN FTaNCE [Y0ST] ....eeiveiiieeeiieiieiir ettt et st te e ste e sae e et e te s eseessaennee s eens 60
Table 4.6: Sulfur retained in ash iN France [fraCtion].........ccoo v 60
Table 4.7: Ash retained by the boiler in France [fraction].........ocvecie e 61
Table 4.8: Ash content of solid fuelSin France [PErCENtagE] .......covceeevieiiire e 61
Table 4.9: Unabated NO, emission factor in kt/PJ for new and existing plantsin France... ceerererereneennennn. O1
Table 4.10: Unabated NOx emission factor in concentration for new and existing plantsin France vereen. 61
Table 4.11: Unabated SOy emission factor in KY/PJiN FranCe..........cooeeeeiiriie et 61
Table 4.12: Unabated TSP emission factor iN t/PJiN FranCe..........cueueiiiire ettt e 62
Table 4.13: Unabated TSP emission factor in Mg/NMB in FranCe.........cooovvvieiieie et 62
Table 4.14 : Application rates for NOx abatement techniques — scenario CLE — for each regulatory class 1to 5

L0 =& = T T PP TP U SRRSO TP PP PPPTPRURN 62
Table 4.15 : Application rates for SO2 abatement techniques— scenario CLE — for each regulatory class 1to 5

L0 =& = T T U O SRR TP PP PTUPTPRURN 63

Table 4.16 : Application rates for Dedusters— scenario CLE — for each regulatory class for France................... 63
Table 4.17 : Applicability for NOx abatement techniques for each regulatory classfor France......................... 64
Table 4.18 : Applicability for SO2 abatement techniques for each regulatory classfor France......................... 65
Table 4.19: Applicability for dedustersfor each regulatory classfor France.. ceerteereeeeeeeessee. OD
Table 4.20 : NOx total emissionsin kt for each regulatory class and for the BL energy SCENAN0..ccvveveeeveeenenn. 66
Table 4.21 : NOx total emissionsin kt for each regulatory class and for the CP energy scenario....................... 67
Table 4.22 : NOx total emissionsin France for the BL Scenario in KL .........cocooeeevineninieee e 67
Table 4.23: NOx total emissionsin France for the CP scenario iNKt............coceiiininie i 68
Table 4.24 : SO, total emissionsin kt for each regulatory class and for the BL energy scenario........................ 68
Table 4.25 : SO, total emissionsin kt for each regulatory class and for the CP energy scenario........................ 68
Table 4.26 : SO, total emissionsin France for the BL SCENario iN K...........cueviiiiieiiieiiie et 69
Table 4.27 : SO, total emissionsin France for the CP SCENario iN KL .........uevivivieiiieiiie e 69
Table 4.28 : TSPtotal emissionsin kt for each regulatory class and for the BL energy scenario........................ 69
Table 4.29 : TSPtotal emissionsin kt for each regulatory class and for the CP energy scenario............ccceevve.... 70
Table 4.30: TSPtotal emissionsin Francefor the BL scenarioin Kt ..........couecevceiinnn e secececnecsineieesiennens 71
Table4.31: TSPtotal emissionsin Francefor the CP sCenarioiN K.........ccoooveiiiiiieiiiinineee e 71
Table 4.32 : PM10 total emissions in kt for each regulatory class and for the BL energy scenario...........cc.ee..... 71
Table 4.33 : PM10 total emissions in kt for each regulatory class and for the CP energy scenario..........ccecee.... 72
Table4.34: PM10 total emissionsin Francefor the BL scenario iNKt..........ccococoviiinininicee e 72
Table 4.35: PM10 total emissionsin Francefor the CP scenario in Ki..........coooveiieiiieiniiniiniieeeee e 73
Table 4.36 : PM2.5 total emissionsin kt for each regulatory class and for the BL energy scenario.............c...... 73
Table 4.37 : PM2.5 total emissionsin kt for each regulatory class and for the CP energy scenario ...........c.ve... 73

Table4.38: PM2.5 total emissionsin Francefor the BL SCENario iN Kt.........oovvvvvieieiinienin e 74
Table4.39: PM2.5 total emissionsin Francefor the CP scenario iNKt..........cccvvviiie e 74
Table 4.40 : Cost per PJ fuel input, per ton of NOXx abated and margina cost for NOx abatement techniques for
€ACK FEQUIBLONY ClaSS..... i it e b et e b et e s ae e be e tesbe e be e eneesbe e ntesneeneeeenes 75
Table 4.41 : Cost per PIfuel input, per ton of SOx abated and marginal cost for low sulfur fuels for each
(=0 U= o A o = 1TSS 76
Table 442 Cost per PIfuel input, per ton of SOx abated and margina cost for SO2 abatement techniques for
€ACK FEQUIBLONY ClaSS.... e i it ettt e s bt et e s ae e be e tesbe e be e eneesbe e ntesneeneeeenes 76
Table 4.43 : Cost per PJ fuel input, per ton of TSP abated and marginal cost for dedusters for each regulatory
(o= S TP PSR PP URRRPPPPRN 77
Table 4.44 : Cost per PJfuel input, per ton of PM 10 abated and marginal cost for dedusters for each regulatory
(o= S TSP PSSP PR URURPPPPRN 78

7/80



Table 4.45 : Cost per PJfuel input, per ton of PM2.5 abated and marginal cost for dedusters for each regulatory

Ll B -ttt ettt b h e b e b b e R e e he e Re e Re SRR £ oA e e Ee ARt AR e e ReeeEeeEeeReeR e e ReebeeheeReeeeabeeae et e nenreareas
Table 4.46 : Example of NOx abatement cost curve for combustion sector in Francein 2010..........c.ccceveveeenne.

8/80

79



1 Description of hypothesisin the different RAINS models

This paragraph describes the various hypotheses applied in the RAINS modules. These
hypotheses are compared to the hypotheses proposed by EGTEI throughout the next

paragraphs.

1.1 Fuel categories in RAINS

Table 1.1: Fuel categories RAINS

Brown coal/lignite, grade 1 BC1
Brown coal/lignite, grade 2 BC2
Hard coal, grade 1 HC1
Hard coal, grade 2 HC2
Hard coal, grade 3 HC3
Derived coal (coke, briquettes) DC
Other solid-low S (biomass, waste, wood) Os1
Other solid-high S (incl. high S waste) 0S2
Heavy fuel oil HF
Medium distillates (diesel, light fuel oil) MD
Light fractions (gasoline, kerosene, naphtha, |LF
LPG)

Natural gas (incl. other gases) GAS
Renewable (solar, wind, small hydro) REN
Hydro HYD
Nuclear NUC
Electricity ELE
Heat (seam, hot water) HT
No Fuel use NOF

For solid fuels (hard coal, lignite) RAINS offers an opportunity to distinguish —within each
sector - different quality parameters (grades) such as calorific value, sulfur content or sulfur
retained in ash.

The characteristics of each fuel are country and sector specific. The different parametersto
describe each of them are the following:
- Low heating value [GJ/1]
Sulfur content [%S]
Sulfur retained in ash [fraction]
Ash content for solid fuels [percentage]
Dust retained by the boiler for solid fuels [fraction]

In the RAINS PM module, the category “LF - light fraction” disappears and the model
introduces some new fuel categories such as:

GSL: Gasoline; LPG: Liquefied petroleum gas, MTH: Methanol; ETH: Ethanol; H2:
Hydrogen; LFL: Leaded gasoline.
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1.2 Emission calculation in RAINS

The RAINS model calculates present and future sectoral emissions as a product of activity
level (e.g., fuel consumption) and an emission factor:

SM=a,a,ac, ), =, (OX1-p,,)

with:
S(t): SO2; NO, or PM emissionsin country i intime step t
act;;(t): activity level of sector j intimestep t
efi;j: (unabated) emission factor per unit of activity for country i and sector |
P removal efficiency of technology k in sector |
afijk(t): application factor of technology k in country i for sector j intime step t.

The country- and sector-specific emission factor €f; is calculated taking into account the most
important fuel characteristics in the case of SO2 emissions:

o, = 2% K1 )
ij hvi,j,| i,j,l
with:
sciji: sulfur content (per weight) of fuel | used in sector j in country i
hvi;i: heat value of fuel | used in sector j in country i
srij,: sulfur retention in ash (fraction) of fuel | used in sector j in country i.

It is important to mention that the unabated emission factor reflects the hypothetical situation
asif no control measures were applied and is derived from information of the CORINAIR’ 90
inventory (if, in a particular situation, in the year 1990 emission controls were applied, they
are reflected in the application factor af). Any change in emission factors over time (e.g.,
caused by a changed sulfur content) is interpreted as an emission control measure and
reflected via a modified application factor f of a control technology k with the efficiency (e.g.,
by assuming the use of low-sulfur fuels). This approach implies that al changes in fuel
quality, even those occurring "autonomously’ due to other reasons, are credited as emission
abatement efforts with costs attributed to them.

1.3 Sectors considered in RAINS

Five main sectors are considered:

1. Power generation PP (SNAP code 01 distinguishing New boilers (PP new),
Existing boilers, wet bottom (PP_EX_ WB) and Existing boilers, dry bottom (PP_EX_OTH))

2. CON COMB fuel conversion other than power plants Combustion (CON_COMB)
05

3. DOMESTIC domestic, commercial and agriculture use (SNAP code 02)

4. IN BO industrial boilers 0301

5. Other combustion 03 excluding 0301 IN OC
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Table 1.2: RAINS sectors related to stationary sources with energy combustion.
RAINS sector RAINS code NFR category SNAP sector

Centralized power plantsand district heating

New power plants PP_NEW
New power plants, grate combustion PP_NEW1
New power plants, fluidized bed combustion PP_NEW2

New power plants, pulverized fud combustion PP_NEW3 0101, 0102, 020101,

Existing plants Y, wet bottom boilers PP_EX_WB 1Ala

Existing plants %, other types (of boilers) PP_EX_OTH 020102, 020201, 020301
Other types, grate combustion PP_EX_OTH1
Other types, fluidized bed combustion PP_EX_OTH2
Other types, pulverized fud combustion PP EX_OTH3

Fuel conversion
Energy consumed in fuel conversion process CON_COMB

Fuel conversion, grate combustion CON_COMB1 1A1c 0104
Fuel conversion, fluidized bed combustion CON_COMB2
Fuel conversion, pulverized fud combustion CON_COMB3
Residential, commer cial, institutional, agricultural use
.. Combustion of liquid fuels | boM . 1Ad
Fireplaces DOM_FPLACE
Stoves DOM STOVE 020103-06, 020202-03,
Single house boilers (<50 kW) - manual DOM_SHB M 1A4b 020302-05
.. Single house boilers (<50 kW) - automatic | DOM SHB A
Medium boailers (<1 MW) - manual DOM_MB_M 1A4a
Medium boailers (<50 MW) - automatic DOM_MB_A
Fuel combustion in industrial boilers
Combustion in boilers IN_ BO
Combustion in boilers, grate combustion IN_BO1 010301-03, 010501-03,
Comb. in bailers, fluidized bed combustion IN_ BO2 0301
__Comb. in boilers pulverized fud combusion  INBO3 IAD
Other combustion IN_OC
Other combustion, grate combustion IN_OC1 010304-06, 010504-06,
Other combustion, fluidized bed combustion IN_OC2 0302, 0303

Other combustion, pulverized fue combustion  IN_OC3

Plants having a capacity higher than 500 MW, are covered in PP.

1.4 SO, module

1.4.1 Main groups of SO, emission control technologies considered in RAINS

Table 1.3: Main groups of SO2 emission control technologies considered in RAINS for the power plant sector

Technology name RAINS Removal
y abbreviation efficiency
%

Use of low sulfur fuels (coal, and heavy fuel oil) *)

Limestone injection Industry LINJ 50

Power plants, Wet FGD, already retrofitted PRWFGD 90

Power plants, Wet FGD PWFGD 95

High efficiency FGD RFGD 98

(*) The control efficiency is afunction of the initial sulfur content of the fuel to be replaced.
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1.4.2 Investment function

Investment function is given by Equation:

\

ci
bs

| =(ci’ +

where

)0 X1+1)

cif . ci': coefficients of the investment function

bs: boiler size

v: relative flue gas volume

r: retrofit factor.

Table 1.4: Coefficients of the investment function for add-on control technologiesin RAINS

Coefficient Capacity class (M W)
Technology <20 20-300 >300
Limestone cit, EURO/kwth 64 32 22
Injection civ,10°EURO 0 638 3630
Wet FGD cit, EURO/Kwth 97 83 44
civ,10° EURO 0 294 12,101
Advanced FGD | cif, EURO/kwth 373 182 113
civ,10* EURO 0 3823 24,079

Table 1.5: Relative flue gas volume v for different fuel categories used in RAINS (hard coal=1)
ltem Value

Brown coal 1.2
Hard coal 1.0
Other solid fuels 1.0

Heavy fuel oil and gas 0.9

Retrofit factor
| Retrofit coefficient r | %/100 | 0.3 |

The investment is annualised over the technical life of the plant It by using real interest rate q
(as %/100). The result is given by this equation:
It
. (1+q)n q
(1+g)"-1
A 4% interest rate is taken into account in the RAINS model. The rate of 4% is regarded as a
societal parameter and not as a business parameter.

1.4.3 Operating costs
1.4.3.1 Fixed expenditures

The annual fixed expenditures OM™ cover the costs of maintenance and administrative
overhead. These cost items are not related to the actual use of the plant. As a rough estimate
for the annual fixed expenditures, a standard percentage f of the total investmentsis used:

OM "™=|-f
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1.4.3.2 Variable operating costs

The variable operating costs OM* related to the actual operation of the plant take into
account:

- additional labor demand

- increased energy demand for operating the device (e.g., for the fans and pumps),

- sorbent material demand (e.g., limestone),

- byproducts/ waste disposal .

These cost items are calculated based on the specific demand | of a certain control
technology and its (country-specific) price c:.

(|
A
omV¥ :(p—}c+xe>ce)+ef xS xS +2.9 scd)

SC
of =2 X(1- )

where:

n: removal efficiency,

A" labor demand,

% additional energy demand,

% sorbents demand,

2% demand for waste disposal,

c: labor cogt,

. electricity price,

sorbent cost,

. byproduct/waste disposal cost,
. load factor (annual operating hours at full load)
. unabated emission factor,

sc: sulfur contents,

hv: lower heat value

sr: sulfur retention in ash.

QT L%

Names and units of technology-specific parameters for the cost calculation of add-on
control technologies

I Investment function [EURO/kWth]

ci f: Intercept of the investment function [EURO/kWth]

ci v: Slope of theinvestment function [10 ® EURO]

v: Flue gas volume (relative to that of hard coal)

r: Retrofit cost factor [%/100]

n: Sulfur removal efficiency [%/100]

f: Maintenance costs and overheads [%/100/year]

2% Specific demand for electricity [KWh/GJth]

A" Specific demand for labor [man-year/MWth]

25, 2% Specific demand for sorbents and byproducts/waste disposal [ton/t of SO, removed]

Table 1.6: Technology-specific parametersfor add-on control technologiesin RAINS

Par ameter Unit Limestone Wet EGD Advanced FGD

injection
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Removal efficiency n % 50 95 98

Retrofit coefficient r %/100 0.3 0.3 0.3
Fixed O+M cost f %/100/yr 0.04 0.04 0.04
L abor demand man-yr/GWth 10.8 10.8 252
Electricity demand GWHPJ fuel inp. 0.5 1 2.2
Sorbent demand t/tS0O2 4.68 1.56 0.01
Byproducts t/tSO2 7.8 2.6 0.5

Costs of low sulfur fuels

Table 1.7: Options for low-sul fur fuels considered in RAINS and their costs

Fuel type Pricedifference |Cost per ton of SO2removed
(million (EURO/t SO»)

EURO/PJ/%S)

Hard coal (HC), 0.6% 0.28 370

Derived coal (coke - DC), 0.6 % 0.28 370

Heavy fuel oil, 0.6% S 0.20 410

Gasoil 0.68 1440

- reduction to 0.2 %S

- reduction from 0.2% Sto 2.04 4330

0.045% S

- reduction from 0.045% Sto 6.69 14,200

0.003% S

Country-specific parametersfor calculating costs of add-on technologies

sc: sulfur contents [%/100]
hv: lower heat value [GJ1]

sr: Sulfur retained in ash [%/100]
ef: unabated emission factor [ktonSO2/PJ]
bs: Average boiler size [MWth]
pf: load factor (annual operating hours at full load) [hours/year]
c® electricity price [Euro/kWh]

c® sorbent cost [Euro/person-year]
c%: byproduct/waste disposal cost [Euro/ton]

c": labor cost [Euro/ton]

It: Control equipment lifetime [years]

g: Redl interest rate [%/100]

For detailed values of the country-specific parameters, see the annexes of the RAINS model.

1.5 NO, module

1.5.1 Main groups of NOy emission control technologies considered in RAINS

Table 1.8: Main groups of NOx emission control technologies considered in RAINS for Power plant sector
RAINS Sector/Technology Technology Removal
abbreviation efficiency,
%
Power plant sector (PP):
Brown Coal - Combustion modification (CM) — PBCCM 65
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existing plant

Brown Coal - Selective catalytic reduction (SCR) PBCSCR 80
— new plant

Brown Coal - CM + SCR — existing plant PBCCSC 80
Hard Coal - CM — existing plant PHCCM 50
Hard Coal - SCR — new plant PHCSCR 80
Hard Coal - CM + SCR — existing plant PHCCSC 80
Oil and Gas- CM — existing plant POGCM 65
Oil and Gas - SCR — new plant POGSCR 80
Oil and Gas- CM + SCR — existing plant POGCSC 80

1.5.2 Invesment function

The investment function is given by equation:

-V -V

P s S S TSN
|—(CI1+E)+(CI2+E)>( +r)+ cat " eat
where

ci:', cit’, cis', ci.": coefficients of investment function; cil have non-zero values only for
combinations of technologies (e.g., CM plus SCR)

bs: boiler sze

Jcat: Catalyst volume (per unit of installed capacity)

Cicar: UNit cost of catalysts

r: retrofit cost factor

Table 1.9: Coefficients of the investment function for 'combustion modification’ technologies used in boilers
and furnaces

Technology ci f2 ci v2 Capacity range

abbreviation EURO/KWin 10° EURO MW,
12.34 0.00 <20

PBCCM 10.02 46.46 20-300
6.4 1128.93 >300
7.62 0.00 <20

PHCCM 6.27 27.23 20-300
2.82 1060.57 300
4.63 0.00 <20

POGCM 3.75 17.42 20-300
241 967.58 >300

Table 1.10: Coefficients of the investment function for add-on technologies and combined measures used in
boilers and furnaces

Technology cifl civl ci f2 ci v2 Capacity
abbreviation | EURO/KW, | 10°EURO | EURO/KW;, | 10°EURO | range MW,
0.00 0.00 28.46 0.00 <20
PBCSCR 0.00 0.00 21.2 148.1 20-300
0.00 0.00 7.4 4283.4 >300
12.34 0.00 28.46 0.00 <20
PBCCSC 10.02 46.46 21.2 148.1 20-300
6.4 1128.93 7.4 4283.4 >300
0.00 0.00 23.72 0.00 <20
PHCSCR 0.00 0.00 17.67 123.42 20-300
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0.00 0.00 6.17 3569.5 >300
7.62 0.00 23.72 0.00 <20
PHCCSC 6.27 27.23 17.67 123.42 20-300
2.82 1060.57 6.17 3569.5 >300
0.00 0.00 17.7 0.00 <20
POGSCR 0.00 0.00 13.62 83.31 20-300
0.00 0.00 5.72 2409.42 >300
4.63 0.00 17.7 0.00 <20
POGCSC 3.75 17.42 13.62 83.31 20-300
241 967.58 5.72 2409.42 >300
Retr ofit factor
| Retrofit coefficient r | %/100 05

1.5.3 Operating costs
1.5.3.1 Fixed expenditures

The annual fixed expenditures OMrsix cover the costs of maintenance and administrative
overhead. These cost items are not related to the actual use of the plant. As a rough estimate
for the annual fixed expenditures, a standard percentage f of the total investmentsis used:

OM ™=| f

1.5.3.2 Variable operating costs

OM VA =288 + ef 35S
where:

2% additional electricity demand
/5. sorbents demand

S

C”. sorbents price
c® energy price
ef: unabated NOx emission factor

n: removal efficiency

If a control technology makes use of catalyst, the periodical replacement cods for this
equipment (depending on the real operation time of the plant) is also included in this cost
category:

Pt 1
|l Ciy Pf

pf: capacity utilization (operating hours/year)
lcar: lifetime of catalyst.

OM* =

Table 1.11: Other technology-specific parameters for add-on control technologies (secondary and combined

measures)

Par ameter Unit Value
Retrofit coefficient r %/100 0.5
Fixed O+M cost f %/100/yr 0.06
Catalyst cost Gicat KEURO/m® 10
Electricity demand e
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- coal boilers GW/PJ fuel input 0.36

- oil and gas boilers 0.30
Catalyst volume Acat

Brown coal boilers 0.41
Hard coal, dry bottom boilers m*/MWin 0.34
Hard coal, wet bottom boilers 0.46
Oil and gas boilers 0.11
Sorbent demand 4s, technology:

PBCSCR, PHCSCR, POGSCR 0.390
PBCCSC, POGCSC t/t NOx 0.117
PHCCSC, 0.173

Country-specific parametersfor calculating costs of measures on boilersand furnaces

ef nox: Unabated NOx emission factor [kt NO/PJ|
bs: Average boiler size [MWin

pf: Capacity utilization hours/year

ce: Electricity price EURO/KWh

Cs Sorbent (ammonia) cost EURO/ton

It: Control equipment lifetime years

g: Real interest rate %/100

For detailed values on the country-specific parameters, see the annexes of the RAINS model.

1.6 The PM module

1.6.1 Source categories

Table 1.12: RAINS sectors related to stationary sources with energy combustion

RAINS sector | RAINS code | NFR category | SNAP sector
Centralized power plants and district

New power plants PP_NEW

New power plants, grate combustion PP_NEW1

New power plants, fluidized bed combustion PP_NEW2

New power plants, pulverized fuel combustion PP_NEW3 1Ala 8%8%0(1)102'
Existing plants (1), wet bottom boilers PP_EX_WB 020102:
Existing plants (1) , other types (of boilers) PP_EX_OTH 020201,
Other types, grate combustion PP_EX_OTH1 020301
Other types, fluidized bed combustion PP_EX_OTH2

Other types, pulverized fuel combustion PP_EX_OTH3

(1) Refersto all sources that came on line before or in 1990.

1.6.2 Emission factorsfor solid fuels

Estimation in afirst step:

ac
g = X1- ar) A0

where:
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ef: unabated emission factor [g/MJ],
ac: ash content [%0],

hv: lower heat value [GJ1],

ar: fraction of ash retained in boiler .

In a second step, the emissions of fine particulate matter (for two size fractions: PM10 and
PM2.5) are calculated from the TSP estimates by using typical size profiles available in the
literature (e.g., Ahuja et al., 1989; Houck et al., 1989; EPA, 1998a; AWMA, 2000; Kakareka
et al., 1999). The order of magnitude of the emission factors obtained with this method was
checked against values reported in the literature, e.g., TA Luft, 1986; Soud, 1995, and
summarized by Dreiseidler et al. (1999).

Sizefraction

Table 1.13: Size fractions used in RAINS for solid fuel combustion in power plants, ‘raw gas' [%o]

Fuel [installation type] PMzs Coarse PM 1o >PM1o TSP
Coal [grate] 14 23 37 63 100
Coal [fluidized] 5 21 26 74 100
Brown cod [pul verized] 10 25 35 65 100
Hard coa [pulverized] 6 17 23 77 100
Hard coal [wet bottom] 21 2 23 77 100
Derived cod 45 34 79 21 100
Biomass 77 12 89 11 100
Waste 23 15 38 62 100

1.6.3 Emission factorsfor other fuels

For liquid fuels, biomass, solid fuels used in small residential installations, industrial
processes, mining, storage and handling of bulk materials, waste incineration, agriculture’,
and transport TSP emission factors are taken from the literature.

Table 1.14: Emission factors used in the RAINS model for stationary combustion of heavy fuel oil [kt/PJ]

Fuel [installation type] PMzs Coarse | PM1o | >PM1o TSP TSP

Power plants PP_NEW, PP_EX | 0.0093 0.0039 |0.0132|0.0023| 0.0155 55

Table 1.15: Emission factors used in the RAINS model for stationary combustion of natural gas [kt/PJ]

Fuel [installation type] PMzs Coarse PMio | >PM1o TSP TSP
mg/Nm®
Power plants PP_NEW, PP_EX | 0.0001 0 0.0001 0 0.0001 0.35

1.6.4 Control techniques

Table 1.16: Control techniques
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Removal efficiency

Control technology RAINS code - PMu Coarsd? Fing?
Cyclone CYC,_CYC 90 % 70 % 30 %
Wet scrubber WSCRB, _WSCRB 99.9% 99 % 96 %
Electrostatic precipitator, 1 field ESP1, ESP1 97 % 95 % 93 %
Electrostatic precipitator, 2 fields ESP2, ESP2 99.9% 99 % 96 %
Electrostatic precipitator, 3 fields and more ESP3P, ESP3P 99.95 % 99.9% 99 %
Wt electrostatic precipitator PR_WESP 99.95 % 99.9% 99 %
Fabric filters FF, _FF 99.98 % 99.9% 99 %
Regular maintenance, ail fired boilers GHIND 30 % 30 % 30 %

(2): coarse particles: (> 2.5and < 10 microns)

(2): fine particles (< 2.5 microns)

Source: Modelling particulate emissions in Europe. A framework to estimate reduction potential and control
costs. IIASA. 2002.

1.65 Costs

1.6.5.1 Investment

The Investment function is given by the equation:

| =(ci' +%)Xu>(1+ r

where:

ci ', ciV: coefficients of investment function
bs: boiler size

r: retrofit cost factor

v: relative flue gas volume

Table 1.17: Relative flue gas volume v for different fuel categories used in RAINS (hard coal=1)

[tem Value
Brown coal 1.2
Hard coal 1.0
Other solid fuels 1.0
Heavy fuel oil and gas 0.9

1.6.5.2 Fixed Operating Costs

The annual fixed expenditures OM™ cover the costs of repairs, maintenance and
administrative overhead. These cost items are not related to the actual use of the plant. As a
rough estimate for annual fixed expenditures, a standard percentage f of the total investments
is used:

OM ™= | xf

1.6.5.3 Variable Operating Costs
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A xC
oM*™ :Tﬂf >+ ef o W X7 T

where

s dust (TSP) removal efficiency,

A" labor demand (per thermal capacity unit),

L°  additional electricity demand (per unit of fuel used),
A% demand for waste disposal (per unit of dust reduced),
o labor cost,

c electricity price,

c waste disposal cost,

pf plant factor (annual operating hours at full load),
eftse  unabated TSP emission factor

Cost parameters for technologies used to control emissons from stationary combustion
sourcesin power plantsand industry

Table 1.18: Cost parameters for technologies used to control emissions from stationary combustion sourcesin
power plants and industry

Technology INV_C INV_V Fixed Electricity | Capacity range, MWth
Euro/kWth kEuro O+M, % | kWh/GJ fuel from to
26.0 0.0 0.5 0.11 0 5
ESP1 (1 field) 6.9 95.9 0.5 0.11 5 50
3.7 254.6 0.5 0.11 >50
325 0.0 0.5 0.13 0 5
ESP2 (2 fidds) 8.6 119.9 0.5 0.13 5 50
4.6 318.2 0.5 0.13 >50
ESP3 (3 and 354 0.0 0.5 0.15 0 5
more fields) 10.2 126.4 0.5 0.15 5 50
5.6 353.6 0.5 0.15 >50
104 0.0 0.5 0.15 0 5
CYC (cyclones) 2.7 384 0.5 0.15 5 50
15 101.8 0.5 0.15 >50
215 0.0 1.0 0.20 0 5
FF (fabricfilters) 11.0 52.3 1.0 0.20 5 50
7.9 212.1 1.0 0.20 >50
31.9 0.0 1.0 1.50 0 5
Wet scrubbers 9.1 113.8 1.0 1.50 5 50
5.0 318.2 1.0 1.50 >50
Good housekeeping 2.0 0.0 4.0 0.00 >0
oil boilers
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2 Overview: Analysisof pollutant abatement efficiencies from various data sour ces

2.1Primary measures for NOy abatement

Table 2.1: Primary measures for NOx abatement: comparison of existing data

Techniques

EURELECTRIC LCP 115-116

LCP BREF 2" Draft*

RAINS

Low NOy, Burner
(LNB)

Salid fuels

Air staged: 25-35%

Fuel staged: 50-60%

Liguid fuels: 20%, up to 50%

Salid fuels

Air staged: 25-35%

Fuel staged: 50-60%

Liguid fuels: up to 50% for modern design

Over Fire Air (OFA)

Salid fuels: 40-50%
OFA isthemost often used primary for coa
Liquid fuels: up to 60%

Solid fuels: 40-50%
Old plant design do not alow for installation
Liguid fuels. Up to 60% in specific cases

Flue Gas

FGR more often used for oil than coal

Recirculation (FGR) | Solid fuels Solid fuels
FGR is often used, except in wet bottom boilers FGR is not often used, except in wet bottom boilers
15% (coal) 15-20%
Liguid fuels: FGR mainly used with LNB &/or OFA Liguid fuels. FGR mainly used with LNB: it adds 20% to LNB
efficiency
Low Excess Air Solid fuels Solid fuels
(LEA) LEA: better for wet bottom, for cod than lignite 10-40%
20%-40% Liquid fuels

Liquid fuels

LEA rarely used alone, but in combination with LNB &/or
OFA.

Reburning Never used aone & Better suited for new plants Never used aone & Better suited for new plants
Solid fuels: Alwayswith LNB and/or OFA. Solid fuels: Alwayswith LNB and/or OFA.
Liguid fuels Liguid fuels
always with OFA+FGR, if not even with LNB only with OFA+FGR and/or LNB: than 55%- 80%
LNB & OFA Salid fuels Salid fuels

Air staged LNB+OFA: 55%
Fuel staged LNB+OFA: 60%
New design LNB+OFA: up to 70%

Liguid fuels
2

LNB+OFA: up to 70%

Liquid fuels
LNB+FGR: 60-75%

LNB+OFA: 60-75%

Does not distinguish primary
measures. only one category
(Combustion Modification).

Only considers primary measures
for existing plants:

Lignite: 65%

Hard Coal: 50%

LNB & Reburning
&/or OFA

Solid fuels: 65%-75%

Solid fuels: 65%-75%
Liquid fuels: 55-80%
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LNB & FGR&/or
OFA

Liquid fuels. 60-75%

LEA)

General comment: primary measures for Nox reduction reduce
efficiency of plants by 0.1-0.3%, may increase electricity
consumption (OFA) and may have impact on waste (LNB,

*:gtill under deve opment within BREF working group

2.2Secondary measures for NOy abatement
Table 2.2: Secondary measures for NOx abatement: comparison of existing data

Description EURELECTRIC LCP 115-116 L CP BREF 2" Draft* RAINS (present figures)
Generdl: Lignite, new plant: 80%
80-95% Hard Coal, new plant: 80%
Energy consumption: 0.5 to 2% of electric capacity Qil& Gas, new plant: 80%
Salid fuels
SCR No figure For plants over 300MWth For existing plants, only combination of primary
Not applicable to lignite fired plants and secondary measures are considered
Catalyst lifetime: 4-5 years
Catalyst lifetime reduced for wet bottom
Liquid fuels:
Catalyst lifetime: 7-10 years
Better suited for small units 30-50%
SNCR Not suited for gasturbines Not suited for gasturbines SNCR is presently not considered for the power
Energy consumption: 0.1 to 0.3% of electric capacity plant sector
General comment: General comment:
No secondary NOx abatement measures | No need for secondary measures for NOx for lignite
needed for grate combustion, lignite fired plants
fired boilersand CFBC

*:&till under devel opment within BREF working group
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2.3Primary measures for SO, abatement

Table 2.3: Primary measures for SO, abatement: comparison of existing data

Techniques EURELECTRIC LCP 115-116 L CP BREF 2" Draft* RAINS
Low Sulfur content | Solid fuels Solid fuels
fuel Nofigure Can be used alone for boilers < 100MWth (combined with
dry sorbent injection)
No figure Considers use of low sulfur fuels
Liquid fuels Liquid fuels Do not consider limestone
A decrease S by 0.5% reduces emissions by 800mg/Nm3 | A decrease of 0.5% in S content leads to a decrease in injection for power plants (only
emissions by 800 mg/Nm3 for industrial boilers, 50%)
Injection of dry Solid fuels Solid fuels
sorbent Pulverized combustion boilers: Pulverized combustion boilers:
mainly used for lignite For boilers < 250 MWth (combined with Fabric Filters)
50-70% 40-50%, up to 70%
Fluidized bed combustion:
Fluidized bed combustion: 55% - 65% for BFBC, 80% - 95% for CFBC
80-90% for BFBC, 90-95% for CFBC
Liquid fuels
Liquid fuels Not relevant
Not relevant
Fuel cleaning Not addressed Not addressed

*:gtill under deve opment within BREF working group
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2.4Secondary measures for SO, abatement

Table 2.4: Secondary measures for SO2 abatement: comparison of existing data

Description EURELECTRIC LCP 115-116 L CP BREF 2" Draft* RAINS (present figures)
80% of installed FGD are wet scrubbers Retrofitted plants: 90%
For plants> 100 MWth New plants: 95%
Salid fuels Salid fuels High efficiency FGD: 98%
Wet scrubber Not suited for small plants (<100MWth) and | 85% - 98%
low operating factors (<2200 FLH/a) 90% maximum value in specific cases
No figure
Liguid fuels Liguid fuels
No figure 92-98%
Solid fuels Solid fuels Not considered
Nofigure 80%-92 %
Spray dry Better suited for small unitsor low load For plant<100MWth
factors
scrubber

Liquid fuels
Not mentioned

Liguid fuels
For plant<300MWth

85%-92 %

General comment:

No secondary SO2 abatement measures
needed for grate combustion, lignite fired
boilersand FBC

*:gtill under deve opment within BREF working group
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2.5Secondary measures for PM abatement
Table 2.5: Secondary measures for PM abatement: comparison of existing data

Description EURELECTRIC LCP 115-116 L CP BREF 2™ Draft* RAINS (present figures)
<1 nm: > 96.5% ESP 1field:
2 mm: > 98.3% @ PM10: 97%
Solid fuels 5 mm: > 99.95% @ Coarse: 95%
99.5 10 99.9% > 10 mm: > 99.95% @ Fine 93%
Liquid fuels Solid fuels ESP 2 fields:
ESP Only for oil with high ash content (> 1%) 85% - 98% @ PMI0: .99.9%
90% maximum val ue in specific cases @ Coarse: 9%
@ Fine: 96%
iaui ESP 2 fields and more:
%flgé%m @  PM10: 99.95%
@ Coarse: 99.9%
@ Fine: 99%
Solid fuels <1mm: > 99.6% @  PM10: 99.98%
Higher O& M than ESP: 2 mm: > 99.6% @ Coarse: 99.9%
- compensation of pressure drop, 5mm: > 99.9% @ Fine: 99%
- pre-heating during start-up > 10 mm: > 99.95%
Fabric filter |- cleaning the bags Solid fuels
- replacement of filters (10% of total -
investment, every 3 to 4 years) Liquid fuels
Liquid fuels
Not used in oil fired boilers, for safety reasons
@  PM10: 90%
Cyclone 85-90% @ Coarse: 70%
Smallest diameter trapped: 5t0 10 m @ Fine: 30%
<1mm: > 98.5% @  PM10: 99.9%
2 mm: > 99.5% @ Coarse: 9%
Vet scrubber 5 mm: > 99.9% @ Fine: 96%

> 10 mm: > 99.9%

General comment
Deduster is not needed for wet bottom boilers
Most used: ESP (90%) and Fabric filters (10%)

*:gtill under deve opment within BREF working group
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3 EGTEI approach concer ning plants having capacities higher than 500 MW,

To consider the plants having a capacity greater than 500 MW, the following approach has
been developed by EGTEI.

3.1Energy scenarios

It is important to know and estimate the energy consumption for the years 1990 until 2030 for
the scenarios BL and CP for plants having a capacity greater than 500 MW, in a country.

BL scenario: Baseline energy scenario
CP scenario: Climate Policy scenario
The PRIMES model can be used as help to determine the different consumption.

Table 3.1: Energy scenarios for plants having a capacity greater than 500 MWy, (data required
as input from national experts for each country)

Unit PJ 1990 | 1995 | 2000 | 2005 [2010| 2015 | 2020 | 2025 | 2030
BL Constot PP
CP Constot PP

3.1.1 Fuelsconsidered

For each scenario, the energy consumption will be split following the fuels used. The expert
has the possibility to introduce additional fuels, different from the fuels predefined in the
RAINS models. But as the abatement techniques are depending from the fuel burned, the
introduction of new fuels must be accompanied by a description of the abatement techniques
(name, abatement efficiency, investments, operating costs, ...), which are used with this fuel or
the difference in the exhaust gas flow observed in comparison with a conventional fuel.

Table 3.2: Fuel consumption for scenario BL for the years 1990 until 2030 (data required as input
from national experts for each country)

Fuel 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 2030
BC1

BC2

HC1

HC2

HC3

DC

Os1

0s2

HF1

HF2

HF3

MD

Natural gas
Cokeoven gas
LPG

Others?
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Table 3.3: Fuel consumption for scenario CP for the years 1990 until 2030 (data required as
input from national experts for each country)

Fuel 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 2030
BC1

3.1.2 New and existing plants

First we need to distinguish between new and existing plants.
New plants: plants permitted after 27-11-2002 or sarted after 27-11-2003.
Existing plants: plants permitted before 27-11-2002.

It is important to point out that the definition of new/existing plants is different in the LCP
directive:

- “existing plants’: licensed before 1 July 1987;

- “new plants’: licensed after 1 July 1987 and before one year after the entry into force of the
directive.

But this new classification proposed by EGTEI is important because of the influence of the
regulation of emissions considering the L CP directive and because of the influence of a retrofit
factor for the calculation of the abatement costs. For new ingtallations, the abatement efficiency
could be also higher.

Then the tables 3.2 and 3.3 are split into two other tables: one for new plants (tables 3.4 and
3.6) and the second for existing plants (tables 3.5 and 3.7).

Table 3.4: Energy consumption for new plants for different fuels between 1990 and 2030 for
the BL scenario (datarequired as input from national experts for each country)

Fuel 2000 | 2005 | 2010 | 2015 | 2020 | 2025 2030
BC1
BC2
HC1

Table 3.5: Energy consumption for existing plants for different fuels between 1990 and 2030
for the BL scenario (datarequired asinput from national experts for each country)

Fuel 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 2030
BC1
BC2
HC1

Table 3.6: Energy consumption for new plants for different fuels between 2000 and 2030 for
the CP scenario (datarequired as input from national experts for each country)

Fuel 2000 | 2005 | 2010 | 2015 | 2020 | 2025 2030
BC1
BC2
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HC1

Table 3.7: Energy consumption for existing plants for different fuels between 1990 and 2030
for the CP scenario (datarequired as input from national experts for each country)

Fuel 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 2030
BC1
BC2
HC1

3.1.3 Distinction of regulatory classes

The energy consumption will be distinguished according to the following regulatory classes
described by the LCP directive:

1. New Plants (permitted after 27-11-2002 or started after 27-11-2003)
Emission limit value to fulfil (see paragraph 3.5.1)

2. Plants closed until 31/12/2015 and operating less than 20,000 hours between
01/01/2008 and 31/12/2015

No emission limit value to fulfil.

3. Low operated plants, burning solid fuels and permitted before 01-07-87, which do not
operate more than 2000 hyear (rolling average over 5 years) from 01-01-2008 to 31-12-
2015, and more than 1500 h/year (rolling average over 5 years) after 01-01-2016

Emission limit value to fulfil (see paragraph 3.5.1)

4. Plants authorized between 01/07/1987 and 27/11/2002
Emission limit value to fulfil (see paragraph 3.5.1)

5. Plantsauthorized before 01/07/1987. Classes 4 and 5 have the same emissions limit.
Only the implementation dateline of the application is different.

6. Plants submitted to aNational Emission Reduction Plan

Countries prepared national emission reduction plans to limit pollutants from large combustion
plants. These plans contain detailed information on existing plants including capacity, annual
operating time and emissions history and they specify total emissions targets with a timetable
for compliance.

3.2Fuel characteristics
Each fuel is described with different characteristics for each year between 1990 and 2030.
3.21 Lower heat values

Table 3.8: Lower heat values for each fuel and for each year (example of France)[GJt] (data
required as input from nationa experts for each country)

| Fud | 19000 | 1905 | ... | 2030 |
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HC1 24 24 24

HC2 24.9 24.9 24.9
HC3 24.9 24.9 24.9
HF 39.2 39.2 39.2

If no data for each year isavailable. the same characteristics can be used.

3.2.2 Sulfur content

Table 3.9: Sulfur content for each fuel and for each year (example of France) [%S] (datarequired
as input from national experts for each country)

Fuel 1990 1995 2030
HC1 0.9 0.9 0.9
HC2 0.8 0.8 0.8
HC3 1.2 1.2 1.2
HF 2.79 2.79 2.79

If no data for each year isavailable. the same characteristics can be used.
3.2.3 Sulfur retained in ash (solid fuels)

Table 3.10: Sulfur retained in ash for each solid fuel and for each year (example of France)
[fraction] (datarequired asinput from national experts for each country)

Fuel 1990 1995 2030
HC1 0.02 0.02 0.02
HC2 0.024 0.024 0.024
HC3 0.024 0.024 0.024
BC1

If no data for each year isavailable. the same characteristics can be used.

3.2.4 Ashretained by the boiler

Table 3.11: Ash retained by the boiler for each solid fuel and for each year (example of France)
[fraction] (datarequired as input from national experts for each country)

Fuel 1990 1995 2030
HC1 0.1 0.1 0.1
HC?2 0.1 0.1 0.1
HC3 0.1 0.1 0.1
BC1

If no data for each year isavailable. the same characteristics can be used.

3.2.5 Ash content of solid fuels

Table 3.12: Ash content for each solid fuel and for each year (example of France) [%] (data
required as input from nationa experts for each country)
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Fuel 1990 1995 2030
HC1 12 12 12
HC2 12 12 12
HC3 12 12 12
BC1

If no data for each year isavailable. the same characteristics can be used.

3.3Unabated Emission factors

3.3.1 Unabated NOx emission factor

The unabated NO emission factor is depending on the fuel used in the combustion process and
on the combustion process itself, which is not accounted for here.

Table 3.13: Unabated NO, emission factor for each solid fuel and for each year (example of
France) [kt NO,/PJ] (datarequired asinput from national experts for each country)

Fuel 1990 1995 2030
HC1 0.26 0.26 0.26
HC2 0.333 0.333 0.333
HC3 0.315 0.315 0.315
HF 0.238 0.238 0.238

Table 3.14: Unabated NOy emission factor for each solid fuel and for each year (example of

France) as concentration [mg/Nm?3|

If no information for each year is available. the same values can be used.

Fuel 1990 1995 2030
HC1 743 743 743
HC?2 950 950 950
HC3 900 900 900
HF1 850 850 850

If no information for each year is available, the same values can be used.

Remark on the relationship between the pollutant concentration (C) in mg/Nm® and pollutant
emission expressed as specific mass flow (Fs) in mg per PJ fuel consumed.

A conversion factor F.__ can be introduced on the basis of:

conv

3.3.2 Unabated SO, emission factor
The unabated SO, emission factor is calculated taking into account the most important fuel
characteristics :

SC
of =2 X(1- )
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with:
ijl: sulfur content (per weight) of fuel | used in sector j in country i
hvij: heat value of fuel | used in sector j in country i
sij: sulfur retention in ash (fraction) of fuel | used in sector j in country i.

If this information is available, the emission factor can be calculated for each year.

Table 3.15: Unabated SO, emission factor for each solid fuel and for each year (example of
France) [kt SO./P]J|

Fuel 1990 1995 e 2030
HC1 0.74 0.74 0.74
HC2 0.63 0.63 0.63
HC3 0.94 0.94 0.94
HF1 1.42 1.42 142

If no information for each year is available. the same values can be used.

Table 3.16: Unabated SO, emission factor for each solid fuel and for each year (example of
France) as concentration [ mg/Nm?]

Fuel 1990 1995 e 2030
HC1 2590 2590 2590
HC2 2200 2200 2200
HC3 3290 3290 3290
HF1 3980 3980 3980

If no information for each year is available, the same values can be used.

3.3.3 Unabated dust emission factor

For solid fudls, the unabated TSP emission factor is calculated:

ac
g =1 X1- ar) A0

where:

efrse: Unabated TSP emission factor [g/MJ],
ac: ash content [%0],

hv: lower heat value [GJ1],

ar: fraction of ash retained in boiler .

Table 3.17: Unabated TSP emission factor for solid fuels and for each year (example of France)

[t PM/PJ]
Fue 1990 | 1995 | ... | 2030
HC1 4500 | 4500 4500
HC2 4337 | 4337 4337
HC3 4337 | 4337 4337

Table 3.18: Unabated TSP emission factor for solid fuels and for each year (example of France)

[Mmg/Nm’]
Fuel 1990 | 1995 [ ... [ 2030
HC1 12,857 | 12,857 12,857
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HC2 12,392 | 12,392 12,392
HC3 12,392 | 12,392 12,392

For non-solid fuels, the unabated TSP emission factor has to be given.

Table 3.19: Unabated TSP emission factor for non-solid fuels and for each year (example of
France) [kt PM/PJ] (datarequired asinput from national experts for each country)

Fuel 1990 1995 e 2030
HF 15.5 15.5 15.5
Natural gas 0.1 0.1 0.1

If no information for each year is available. the same values can be used.

Table 3.20: Unabated TSP emission factor for non-solid fuels and for each year (example of
France) [ mg/Nm?]

Fuel 1990 1995 - 2030

HF 55.4 55.4 55.4
Natural

gas 0.4 0.4 0.4

If no information for each year is available. the same values can be used.

Remarks: 1. In case of use low NOy burners, the TSP emission factors for HF is two times
bigger.

2. on the relationship between the pollutant concentration (C) in mg/Nm® and the
pollutant emission expressed in specific mass flow (Fs) in mg per PJ fuel consumed.

A conversion factor F.__ can be introduced on the basis of:

conv

C’ F, = F

conv

The emissions of fine particulate matter (for two size fractions: PM10 and PM2.5) will be
calculated after the treatment because the type of abatement measure has a big influence on the
repartition of the size fractioning and EGTEI has considered that it was the easiest way to
tackle the problem.

3.3.4 Conversion factor F

conv

An average conversion factor (Feny) between concentrations of pollutants (in mg/Nm®) and
specific mass flows of pollutants (emission factor, in g per GJ fuel input)

Concentration of pollutant emitted (in mg/Nm®) X Feony = Specific mass flow of pollutant
emitted (in mg/GJ fuel input)

For solid fuels: Feomv= 350 Nm/GJ (6 % O, dry)

For liquid fuels: Feomv= 280 Nm/GJ (3 % Oy, dry)
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For gaseous fuels: comv= 270 Nm*/GJ (3 % Oy, dry)

3.4Abatement techniques

3.4.1 NOyemission

34.11  NOyemission control technologies

Two important options are supposed to be possible: as primary measure MP and as secondary
measures SCR. RAINS actually doesn’'t really combine both but the expert group suggests to
combine them.

Table 3.21: NOy emission control technologies proposed with their abatement efficiency

Abatement
Control Technology Description Technology efficiency %
HC existing plant MP 30
BC existing plant MP 30
HF existing plant MP 20
Gas exigting plant MP 40
HC new plant MP 40
BC new plant MP 40
HF new plant MP 30
Gas new plant MP 50
HC existing plant MP + SCR 82.5
BC existing plant MP + SCR 82.5
HF existing plant MP + SCR 80
Gas exigting plant MP + SCR 85
HC new plant MP + SCR 91
BC new plant MP + SCR 91
HF new plant MP + SCR 89.5
Gas new plant MP + SCR 92.5

Remark : the chosen abatement efficiency for SCR is 75 % for existing plants and 85% for new
plants.

For others categories of fuels, the average efficiency of all abatement techniques described
above is taken into account.

Table 3.22: NOy emission control technologies proposed with their abatement efficiency for
other fuels

Abatement
Control Technology Description Technology efficiency %
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Existing plant MP 30
New plant MP 40
Existing plant MP + SCR 82.5
New plant MP + SCR 91

The lifetime of all these control equipments is taken as 10 years for new and existing plants.

For catalyst the approach is different.

34.1.2 | nvestments

The Investment function is given by the following equation:

| =1 principal + | catalyst

.\ .\
_f L 0 92 N
|—(CI1+ bs)+(C|2+ bs)><1+r)+ cat " eat
where

ci:', cit’, cis', cin":: coefficients of investment function; ciz have non-zero values only for
combinations of technologies (e.g., CM plus SCR)

bs: boiler size

Acar: Catalyst volume (per unit of installed capacity)

Cicar: UNit cost of catalysts

r: retrofit cost factor

Considering the investment functions in RAINS, the investments for Primary measures and for
SCR without any primary measure already installed have been calculated for two different

capacities 800 and 1800 MW,

Table 3.23: RAINS Investment function applied on two capacities 800 and 1800 MWy, for

primary measure and for SCR without any primary measures already installed

INV_C1 INV_C2 Investment | Investment
Fuel Techno R'ﬁ; ?O [Eur oKW '[Eg&\g]l [Eur oKW '[EI\E/L}\Q]Z 800 MW, | 1800 MW,
el 0 input] input] [Euro] [Euro]
Hcp‘?‘a'ni“ ng MP 0 0 0 282 106057 | 3316570 | 6,136,570
Bcggni“ ng MP 0 0 0 6.4 112893 | 6,248,930 | 12,648930
HFg‘a'nSt“ ng MP 0 0 0 241 96758 | 2895580 | 5,305,580
Gasp‘?;'n?' g MP 0 0 0 241 967.58 | 2895580 | 5,305,580
HC new plant MP
BC new plant MP
HF new plant MP
Gas new plant MP
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HCexsting | MP+ 50 2.82 1060.57 6.17 35695 | 16,074,820 | 28,149,820
plant SCR

BCexisting | MP+ 50 6.4 1128.93 74 42834 | 21,554,030 | 39,054,030
plant SCR

HF existing | MP+ 50 241 967.58 5.72 2409.42 | 13,373,710 | 24,363,710
plant SCR

Gasedsting | MP+ 50 241 967.58 5.72 2409.42 | 13373710 | 24,363,710
plant SCR

HC new plant '\ggg 0 2.82 1060.57 6.17 35695 | 11,822,070 | 20,812,070

BC new plant '\ggg 0 6.4 1128.93 74 42834 | 16,452,330 | 30,252,330

HF new plant '\ggg 0 241 967.58 5.72 2409.42 | 9,881,000 | 18,011,000

Gas new plant '\ggg 0 241 967.58 5.72 2409.42 | 9,881,000 | 18,011,000

Currently available figures:

Table 3.24 : Currently available figures NOx abatement techniques [EURELECTRIC, BREF,

Manufacturers]
Investments Investments
[10° Euro] [10° Euro]
800 MWth 1800 MWth
Hard Coal SCR [9.9-16.2] [17-33]
Brown Coal SCR [12.4-20] [21-34.6]
HF SCR [8.5-13.8] [14.5-23.5]
Gas SCR [8.5-18] [14.5-36]
HF MP [3.7-7] [4.1-8.6]

Thus considering all these figures:

Table 3.25 : Investments applied on two capacities 800 and 1800 MWy, for primary measure

and for SCR
Investment Euro | Investment Euro |Retrofit
800 MWy, 1800 MWy, factor

Hard Coal existing plant SCR 16,200,000 28,000,000

Brown Coal existing plant | SCR 20,250,000 35,000,000 40 %
HF existing plant SCR 14,000,000 24,000,000

Gas existing plant SCR 13,000,000 22,000,000

Hard Coal existing plant MP 2,500,000 4,650,000

Brown Coal existing plant | MP 3,750,000 7,000,000

HF existing plant MP 2,200,000 4,200,000

Gas existing plant MP 2,000,000 3,800,000 0%
Hard Coal new plant MP 0 0

Brown Coal new plant MP 0 0

HF new plant MP 0 0

Gas new plant MP 0 0

35/80




Remark: For new plant, the investment for Primary measures is considering as zero because a
new boiler is always built with low NOy burners.

Table 3.26: Coefficients of the investment function

cif ' cf '
Fuel -typeofplant | Technology | &\ oiw, | 10°Euro | Eurdlicw,, | 10° Euro
Hard Coal existing plant MP - - 215 780
Brown Coal existing plant MP - - 3.25 1,000
HF existing plant MP - - 2 600
Gas existing plant MP 18 560
Other fuels existing plant MP - - 2.3 735
Hard Coal new plant MP 0 0
Brown Coal new plant MP 0 0
HF new plant MP 0 0
Gas new plant MP - - 0 0
Other fuels new plant MP - - 0 0
Hard Codl existingplant | MP + SCR 2.15 780 6.28 5,000
Brown Coal existing plant | MP + SCR 3.25 1,000 8.39 5,700
HF existing plant MP + SCR 2 600 51 4,300
Gas existing plant MP + SCR 18 560 4.8 4,300
Other fudsexisting plant | MP+SCR 2.3 735 6.14 4,825

Remark: for the other fuels, to calculate the investment, a relative flue gas volume v is used,
taking into account that for hard coal it is 1.

Then the investment for other fuels is the following:
vV -V
ciy Ci

| :(cii +E)+(cif2+b—§) X1+ 1) 0+,

cat eat

The investments are annualised over the technical lifetime of the plant for the principal
investment and for the catalyst investment using the catalyst lifetime, on the real interest rate g
(as %/100):

i@ D)" @+ ™
A= lprinc. @+ p)' - 1Pt |cata. 1+ p)' - 1P
34.1.3  Operating cost

The same methodology as for RAINS has been used (see the report: "Nitrogen oxides
emissions, abatement technologies and related cogts for Europe in the RAINS model database’)

34.1.4  Technology-specific parameters for the cost calculation of add-on control

technologies

Table 3.27: Other technology-specific parameters for add-on control technologies (secondary
measures for NOy) [EURELECTRIC, BREF, Manufacturers]

| Par ameter | Unit |ValueRAINS|  ValueEGTEI
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Retrofit coefficient r %/100 0.5 0.4
Fixed O+M cost f %/ 100/yr 0.06 0.04
Electricity demand | e
brown coal boilers 0.36 0.36
hard coal boilers GWHPJ fudl input 0.36 0.36
oil boilers 0.30 0.30
Electricity demand
brown coal boilers 0.13 0.13
hard coal boilers % of thermal capacity 0.13 0.13
oil boilers 0.11 0.11
gas boilers 0.11 0.11
Catalyst volume | cat
brown coal boilers 041 0.5
hard codl boilers m°/MWin 0.34 0.5
oil boilers 0.11 0.11
Catalyst lifetime
brown coal boilers 24 56
hard coal boilers 103 h 24 56
oil boilers 36 80
gas boilers 36 120
Sorbent demand | s,
for SCR 80% defined in RAINS t 0.39
for SCR 75% NO: 0.34
for SCR 85% 0.39
Labour demand person-year/GWy, 0 1.2
Catalyst cost 121 26 for liquid fuels
kEuro/ms 6 solid fuels
20 gas
Catalyst cost
brown coal boilers 4.96 3
hard coal boilers kEuro/MW;, 411 3
oil boilers 1.33 29
gas boilers 1.33 2.2

3.4.2 SO, emisson

Two options are proposed: the use of low sulfur fuels or the use of wet scrubbers.

3421

Low sulfur fuels

The costs for low-sulfur fuels are represented through the price difference between high- and

low-sulfur alternatives.

Table 3.28:0ptions proposed for low-sulfur fuels and their costs

Cost per tonne of| Additional cost per tonne
SO2 avoided compar ed to the previous
Sulfur content| Pricedifference fuel category
[%] [Meuro/PJ/% S] [eurog] [euros]
HC 1 -
HC - LSCO 0.6 0.33 412.5 3.3

37/80




HF 3 - -
HF - LSHF 1 0.28 560 22.4
HF - LSHF 05 15 3160 30
HF-LSHF|  0.25 2.5 5000 25

Compared to the approach in RAINS, the EGTEI approach is a little different. For hard coal,
one type of low sulfur coal is defined and for heavy fuel oil HF 3 types of low sulfur heavy fuel
(see table 3.22) (in RAINS, only one is defined). In accordance with the paragraph 3.2, the
strategy to use fuels with low sulphur fuels is left to the initiative of the country.

To caculate the cost of low-sulphur fuel[ M€/P]], the following equation is used:

Extra cost of low Sfuel oil (MEuro/PJ/%YS) - (sulphur content of the old fuel - sulphur content
of the new fuel)

3422  Wet Flue Gas Desulphurisation
Wet limestone flue gas desulphurisation (WFGD) is the most commonly used desulphurisation
technique in Europe.

3.4.2.2.1 Technology

For existing plants, EGTEI proposes an abatement efficiency of 85 % and for new plants of 90
%. A high efficiency wet flue gas desulphurisation HEFGD could be installed for new plants
with an efficiency of 95 %.

Table 3.29: Options proposed for DeSOx technologies

Control Technology Description Technology Abatement efficiency %
HC existing plant WFGD 85
BC existing plant WFGD 85
HF existing plant WFGD 85
Other fuels existing plant WEGD 85
HC new plant WFGD 90
BC new plant WFGD 90
HF new plant WFGD 90
Other fuels new plant WEGD 90
HC new plant HEWFGD o5
BC new plant HEWFGD o5
HF new plant HEWFGD o5
Other fuels new plant HEWEGD 95

The lifetime of all these control equipments is taken as 10 years for new and existing plants.
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3.4.2.2.2 Investment

The Investment function is given by the following equation:

) X1+ 1)

—(~if
| =(ci’ + s

where

cif . ci': coefficients of the investment function

bs: boiler size

v: relative flue gas volume

r: retrofit factor.

Table 3.30: Options and investments proposed for DeSOx technologies in RAINS applied on
two examples of calculation (Power plants of 800 and 1800 MWth)

Retrofit| INV_C INV V Abatement In]:/oerstgggnt I nvestment
Fuel Technique | factor |[Euro/kWy, = efficiency for 1800 MWy,
%] | input] [MEUOT] T 06 MW [Eurq]
[Euro]
All existing PWFGD 30 44 12101 95 61,491,300 | 118,691,300
All new PWFGD 0 44 12101 95 47,301,000 [ 91,301,000
All existing | PRWFGD 30 44 12101 90 61,491,300 | 118,691,300

Table 3.31: Options and investments proposed by EGTEI for DeSOx technologies applied to
two calculation examples (Power plants of 800 and 1800 MWth) [EURELECTRIC, BREF,

Manufacturers]
No. of | Abatement I nvestment I nvestment
Fud - type of plant Technology spray | efficiency | [Euro] for 800 | [Euro] for 1800
levels % MW;n MW;n
Hard Codl existing plant | /& FlueGas 3-4 85 35,000,000 78,750,000
Desulphurisation
Brown Codl existing plant | V& FlueGas 3.4 85 44,000,000 99,000,000
Desulphurisation
- Wet Flue Gas
HF existing plant Desulphuristion | 37 85 30,000,000 67,500,000
Hard Coal new plant Wet Flue Gas 4-5 90 31,200,000 70,200,000
Desulphurisation
Brown Coal new plant Wet Flue Gas 4-5 9 39,000,000 87,750,000
Desulphurisation
HF new plant Wet Flue Gas 4-5 9 26,520,000 50,670,000
Desulphurisation
Hard Coal new plant High Eg'[‘;' ency 6-7 95 36,200,000 81,450,000
Brown Coal new plant High Eg'[‘;' ency 6-7 95 44,000,000 99,000,000
HF new plant High Eg;;' ency 6-7 95 31,520,000 70,920,000

In RAINS, the investment function is a linear function. As we defined two points (800 and
1800 MW4), it is possible to determine the coefficient of the investment function.
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Table 3.32: Coefficients of the investment function (for power plants with capacity higher than

500 MWth)
Fuel - type of plant Technology cit, Euro/kWth | civ,10° Euro
Hard Coal existing plant | Wet Flue Gas Desulphurisation 33.65 0
Brown Coal existing plant | Wet Flue Gas Desulphurisation 42.30 0
HF existing plant Wet Flue Gas Desulphurisation 28.85 0
Other fuels existing plants | Wet Flue Gas Desulphurisation 34.92 0
Hard Coal new plant Wet Flue Gas Desulphurisation 39 0
Brown Coal new plant Wet Flue Gas Desul phurisation 48.75 0
HF new plant Wet Flue Gas Desulphurisation 33.15 0
Other fuelsnew plants | Wet Flue Gas Desulphurisation 40.3 0
Hard Coal new plant High Efficiency FGD 45.25 0
Brown Coal new plant High Efficiency FGD 55 0
HF new plant High Efficiency FGD 39.4 0
Other fuels new plants High Efficiency FGD 46.55 0

Remark: for the other fuels, to calculate the investment, a relative flue gas volume v is used,

taking into account that for hard coal it is 1.

The Investment function is given by the following equation:

\

ci
bs

| =(ci' +—)x0X1+r)

3.4.2.2.3 Technology parameters for the different FGD technologies

Table 3.33: Technology-specific parameters for add-on control technologies in EGTEI

High efficien
Parameter Unit Wet FGD |  Wet FGD o
Removal efficiency h % 85 90 95
Retrofit coefficient r %/100 0.3 0 0
Fixed O+M cost f %/100/yr 0.04 0.04 0.04
Labour demand person-yr/GW, 3.33 3.33 3.33
Labour demand person-yr 10 10 10
Electricity demand GWHPJ fuel inp. 1.22 1.60 2.36
Electricity demand % of thermal 0.44 0.58 0.85
capacity
Sorbent demand t/tSO2 input 141 1.48 1.59
Byproducts t/tSO2 input 2.3 24 25

3.4.3 PM emisson

The RAINS model defines a lot of different deduster types. EGTEI proposes to simplify the

approach.
3431  Technologies

For solid fuels (HC and BC for example) four different dedusters are defined according to the
emission factor achieved with theses techniques. Deduster 1 achieves the emission level of 300
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mg/Nm3, deduster 2 100 mg/Nm? , the third 45 mg/Nm® and the fourth 20 mg/Nm. For the
fourth deduster, if a wet FGD has been already installed, no additional cost will be added.

For liquid fuels, only one deduster is defined, which achieves a emission level of 10 mg/Nm3.
Table 3.34: Options proposed for dedusters

Achieved abated emission
Fuel Technology factor
[mg/Nm?]

Deduster 1 300

Deduster 2 100

Hard Cod 1 ister 3 45
Deduster 4 20

Deduster 1 300

Deduster 2 100

Brown Coal Dedusior 3 15
Deduster 4 20

Heavy fud oil| Deduster 1 10

Concerning heavy fuel oil firing, it will be considered that the use of low NOx burners
increases the unabated emission factor by afactor 2.

The lifetime of all these control equipments is taken as 10 years for new and existing plants.

3432 Investments
The Investment function is given by the following equation:

\

ii)s )X(1+r)

| =(ci’ +
where:
cif . ci 2 coefficients of investment function
bs: boiler size

r: retrofit cos factor

RAINS defines for the combustion sector the following abatement techniques

Table 3.35: Options defined by RAINS with their TSP abatement efficiencies for the example
of France

Cyclones| Ghkeep |[ESP1| ESP2 | ESP3| FF |WSCRB
BCLU/BC2 PP EX OTHUNEW1 77.00 95.98199.15/99.81[99.82| 99.15
PP EX OTH2/NEW?2 96.38 | 99.52 | 99.89 | 99.91
PP EX OTH3 96.10)99.28199.84 | 99.86| 99.28
PP NEW 3 96.10] 99.28| 99.84 | 99.86
DC PP EX OTH 56.20 94.52 1 97.84 | 99.51 | 99.51
HCL/HC2/HC3 | PP EX OTHL/NEW1 77.00 95.9899.15|99.81(99.82| 99.15
PP EX OTH2/NEW2 96.38 | 99.52| 99.89 | 99.91
PP EX OTH3 96.42199.51|99.88|99.91| 99.51
PP EX WB 95.84198.94|99.74 | 99.76
PP NEW 3 96.42]99.51 | 99.88 | 99.91
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HF PP EX OTH 30.00 99.37
PP NEW 30.00 99.37
MD PP EX OTH 30.00 99.76
PP NEW 30.00 99.76
Os1 PP EX OTH 41.40 93.68 | 96.79| 99.21 | 99.22
PP NEW 41.40 93.68 | 96.79| 99.21 | 99.22
OS2 PP EX OTH 72.00 95.72198.78| 99.70 | 99.72
PP NEW 72.00 95.72198.78| 99.70 | 99.72

Table 3.36: RAINS cost parameters for technologies used to control emissions from stationary
combustion sources in power plants for capacity greater than 50 MWth

Technology INV_C | INV_V | Fixed Electricity
Euro/kW,| kEuro |O+M, % | kWh/GJ fue

ESP1 (1 field) 4.07 | 280.06 0.5 0.11
ESP2 (2fields) 5.06 | 350.02 0.5 0.13
ESP3 (3 and morefields) 6.16 | 388.96 0.5 0.15
CYC (cyclones) 165 | 111.98 0.5 0.15

FF (fabricfilters) 8.69 | 233.31 1.0 0.20
Wet scrubbers 55 | 350.02 1.0 1.50
Good housekeeping oil 22 0.0 4.0 0.00
boilers

Currently available figures:

Table 3.37 : Currently available figures for solid fuels considering the cost functions of RAINS

Achieved Investment Investment
concentration RAINS RAINS
mg/Nm3 800 MWth 1800 MWth
[10° Euro] [10° Euro]
Deduster 1 252 35 7.6
Deduster 2 84 53 11.47
Deduster 3 37 7.2 15.88

Table 3.38 : Alternative proposal figures for solid fuels [EURELECTRIC, Manufacturers]

Achieved Investment Investment
concentration 800 MWth 1800 MWth
mg/Nm3 [10° Euro] [10° Euro]
Deduster 1 300 5.4 10.9
Deduster 2 100 6.7 13.9
Deduster 3 45 8.6 16.8
Deduster 4 20 10 20
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Table 3.39 : Proposal figures for liquid fuels[EURELECTRIC, Manufacturers]

Achieved Investment Investment
concentration 800 MWth 1800 MWith
mg/Nm3
[10° Euro] [10° Euro]
Deduser 1 10 4.8 9.6

According to these figures the coefficients of the investment function can be determined for
each deduster.

Table 3.40: Coefficients of the investment function

INV.C | INV V
Fuel Technology | re \ o/kwith] | [kEurd]
Deduster 1 55 1,000
Deduster 2 7.15 1,000
HardCoal 505 qer 3 8.25 2 000
Deduster 4 10 2.000
Deduster 1 55 1,000
Srown Cog | |DedUStEr 2 7.15 1,000
Deduster 3 8.25 2.000
Deduster 4 10 2.000
Heavy Fudl oil  |Deduster 1 48 960
Deduster 1 55 1,000
Deduster 2 7.15 1,000
Other fuels (5 duster 3 8.25 2.000
Deduster 4 10 2.000

Remark: for the other fuels, to calculate the investment, a relative flue gas volume v is used,
taking into account that for hard coal it is 1.

The Investment function is given by the following equation:

\

ci
bs

| =(ci’ +

3433

) 0X1+1)

Cost parameters

Table 3.41: Cost parameters for dedugters for solid fuels by RAINS

Achieved Electricity Fixed OM | Labour demand Waste byproduct
concentration consumption [%] [person- disposal
[mg/Nm?] [GWh/PJ] RAINS yr/GWth] [t/t TSP reduced]
RAINS RAINS RAINS
Deduster 1 252 0.11 0.5 0 1
Deduster 2 84 0.15 0.5 0 1
Deduster 3 37 0.20 1 0 1
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Table 3.42 : Alternative proposal figures for solid fuels [EURELECTRIC, Manufacturers]

Achieved Electricity Fixed OM L abour Waste byproduct
concentration | consumption [%] demand disposal
[mg/Nm°] [GWh/PJ] [Person- | [t/t TSP reduced]
year]
Deduster 1 300 0.11 4 5 1
Deduster 2 100 0.15 4 5 1
Deduster 3 45 0.18 4 5 1
Deduster 4 20 0.2 4 5 1

Table 3.43 : Proposed figures for liquid fuels [EURELECTRIC, Manufacturers]

: Electricity _ L abour Waste byproduct
Achieved consumption | Fixed OM demand dis yogal
concentration GWh/PJ [%] P
(mg/Nm] [ ] [man-yr] [t/t TSP reduced]
Deduster 1 5 0.1 3 1
3.4.34 PM 10 and PM25

The emissions of fine particulate matter (for two size fractions: PM10 and PM2.5) will be
calculated after the treatment because the type of abatement measure has a big influence of the
repartition of the size fraction.

It is a particularly difficult subject which requires more information to validate the information
which isin this document.

Table 3.44: Size fraction for PM1o and PM s depending of the deduster

Size fraction of PM 10 | Size fraction of PM 2.5
Fuel Technology in TSP in TSP
[%] [%]
Deduster 1 40 15
Deduster 2 65 40
HardCodl (5 uster 3 75 50
Deduster 4 20 60
Deduster 1 45 17
Deduster 2 70 45
Brown Cod 15 ster 3 80 50
Deduster 4 20 60
Heavy Fuel oil |Deduster 1 98 95

Table 3.45: Size fraction for PM1o and PM 5 before deduster

Size fraction of PM 10 | Size fraction of PM 2.5
Fuel in TSP in TSP
[%] [%]
Hard Coal 23 12
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Size fraction of PM 10 | Size fraction of PM 2.5
Fuel in TSP in TSP
[%] [%]
Hard Coal 23 12
Brown Coal 32 10
Heavy Fuel ail 85 60
Natural Gas 100 100

3.5Control strategy

The application rates will be recalculated considering the integration of the LCP directive for
regulation of the emissions.

The different cases are:
Uncontrolled
Scenario CLE taking into account the LCP directive
Maximum feasible

3.5.1 LCPDirective

The LCP directive provides the following distinctions:
1. New Plants (permitted after 27-11-2002 or started after 27-11-2003)

mg/Nm?3
SO, 200
Solid fud NOy 200
Dust 30
SO, 200
Liquid fuel NOx 200
Dust 30
general 35
SO, LPG 5
Coke oven gas | 400
HF 200
Gaseous fuel NO, general 100
[ronand steel | 200
industry gases
general 5
Dust Cokeovengas | 30
Blast furnace | 10
gas

2. Plants closed until 31/12/2015 and operating less than 2000 hours between 01/01/2008
and 31/12/2015

No emission limit value to fulfil.
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3. Low operated plants, burning solid fuels and permitted before 01-07-87, which do not
operate more than 2000 hyear (rolling average over 5 years) from 01-01-2008 to 31-12-
2015, and more than 1500 hyear (rolling average over 5 years) after 01-01-2016.

mg/Nm?3

SO, 800

NOy 600 (until 31/12/2015)
450 (from 01/01/2016)

4. Plants authorized between 01/07/1987 and 27/11/2002

mg/Nm?3
SO, 400
Solid fud NOy 500 until
31/12/2015
200 from
01/01/2016
Dust 50
SO, 400
Liquid fuel NOx 400
Dust 50
general 35
SO, LPG 5
[ronand steel | 800
industry gases
Gaseous fuel NO, 200
general 5
Dust Coke ovengas | 50
Blast furnace | 10
gas

5. Plants permitted before 01/07/1987
The same val ues as above are considered from the 1% of January 2008.

6. Plants submitted to a National Emission Reduction Plan (the national expert will have
the possibility to provide in the tool the different limit values per pollutant)

3.5.2 Calculation of application ratesfor the scenario CLE

The methodology to calculate the application rate for each technique will be laid out in the
following. To illustrate this, the case of NOx emissions is chosen.

First method:
The different input parameters to determine the application rates can be:

U Enox: Emission of NOy in a country (t per year) for one fuel and considering a
regulatory class (see below how to calculate the emission level)
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U Na: Activity level (PJfuel per year) for “each specific case” (the regulatory class
for example) (aready given in the tables of paragraph 3.1.3)

Then, the (sector) specific case (one fuel, one regulatory class) situation may be defined by:
Fsanox = (Enox/Na) ‘

Using thisresult, it isthen possible to caculate the different application rates.
The following different parameters are already known:

Fsinox:  Uncontrolled NO, emission level

Fsonox: NOx emission level implementing the DeNOXx stage 1 technical option (primary
measures — PM)

Fsanox:  NOy emission level implementing the DeNOXx stage 2 technical option (secondary
measures — SM)

First case: Fsanox has avaue lower than the emission limit value of the LCP directive:

U If Fsanox <Fsanox < Fsanox, it can be considered that some primary measures may still be
implemented to a given percentage of the production capacity.

The virtual application rate of primary measures T1nox then isobtained by:

T1nox = (Fsanox - Fsinox)/(Fsanox - Fsinox) ‘

U If Fsanox <Fs2nox it may be considered that some secondary measures have already been

implemented. In this case, it can be considered that the application rate concerning NOy
primary measures is 100%.

The virtual application rate of secondary measures T, nox then is obtained by:

Tanox = (Fsanox - Fsonox) / (Fsanox - Fsonox))

Second case: Fsanox has avalue higher than the emission limit value of the LCP directive.
Then the emission limit value of the LCP must be considered from the implementation date.

Fsanox = Emissionof the LCP directive (see the different values presented in the tables above)

U If Fsanox <Fsanox < Fsanox, it can be considered that some primary measures may still be
implemented to a given percentage of the production capacity.

The virtual application rate of primary measures T1 nox then is obtained by:

T1nox = (Fsanox = Fsinox)/(Fsenox - Fsinox) ‘

U If Fsanox <Fs2nox it may be considered that some secondary measures have already been
implemented. In this case, it can be considered that the application rate concerning NOy
primary measures is 100%.

The virtual application rate of secondary measures T, nox then is obtained by:

Tanox = (Fsanox - Fsonox) / (Fsanox - Fsonox))
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Second method:

If the national expert does not know the different emission levels, then the second case is
automatically applied, because the plant must fulfil the directive from the implementation
deadline.

Before the implementation deadline, application rates have to be fixed considering the unabated
level, the emission limit value and the corresponding application rate.

Third method:

The national expert has always the possibility to check the calculated application rates among
technical options and to give other values allowing nevertheless to fulfil the LCP directive.
Then with these new values, the influence on the total emissions of the sector will be calculated
and shown in the tool. The tool calculates sectoral emissions as a product of activity level (fuel
consumption) and an emission factor, considering the removal efficiency of the technical
options and the application rates of these techniques in the country.

S (1) = D) kactij () afijk @ efij (1-pjk)
with:
S(t): SO2; NOy or PM emissions in country i intime step t
actij(t): activity level of sector j intimestep t
eij: (unabated) emission factor per unit of activity for country i and sector |
pik removal efficiency of technology k in sector |
ar i, K(t): application factor of technology k in country i for sector j intime step t.

Table 3.46 : Application rates for NOx abatement techniques — scenario CLE — for each

regulatory class 1 to 5 and for the national emission reduction plan (datarequired as input from
national experts for each country)

Control Technology Description | Technology | 199019952000 2005 | 2010 | 2015 | 2020 | 2025 | 2030
New plants

HC new plant MP

BC new plant MP

HF new plant MP

Gas new plant MP

HC new plant MP + SCR

BC new plant MP + SCR

HF new plant MP + SCR

Gas new plant MP + SCR

Regulatory class X (2 to 5) and national emission reduction plan

HC existing plant MP

BC existing plant MP

HF existing plant MP
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Gas exigting plant MP

HC existing plant MP + SCR
BC existing plant MP + SCR
HF existing plant MP + SCR
Gas existing plant MP + SCR

Table 3.47 : Application rates for low sulfur fuels for each regulatory class 1 to 5 and for the

national emission reduction plan. Have to be fixed by the experts and not by the model (data
required as input from nationa experts for each country)

| 1990 | 1995 [ 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

Regulatory class X (1 to 5) and national emission reduction plan

HC1 - LSCO

HC2 - LSCO

HF1 — LSHF1

HF1 — LSHF2

HF2 — LSHF1

HF2 — LSHF2

Table 3.48 : Application rates for SO2 abatement techniques — scenario CLE — for each

regulatory class 1 to 5 and for the national emission reduction plan (data required as input from
national experts for each country)

Control Technology Description | Technology | 1990|1995{2000| 2005 | 2010 | 2015 | 2020 | 2025 | 2030

New plants
HC new plant WFGD
BC new plant WFGD
HF new plant WFGD
HC new plant HEWFGD
BC new plant HEWFGD
HF new plant HEWFGD
Regulatory class X (2 to 5) and national emission reduction plan
HC existing plant WFGD
BC existing plant WFGD
HF existing plant WFGD

Table 3.49 : Application rates for Dedusters— scenario CLE — for each regulatory class and for
the national emission reduction plan (datarequired as input from national experts for each country)

Fuel Technology | 1990|1995 2000 2005|2010 2015|2020 2025|2030

Regulatory class X (1 to 5) and national emission reduction plan

HadCod |Deduser2| | | | | | | | ]
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Deduster 2
Deduster 3
Deduster 4
Deduster 1
Deduster 2
Deduster 3
Deduster 4
Heavy fud oil | Deduster 1

Brown Coal

3.6 Applicability

For each technique, an applicability has to be introduced. This rate alows to reach emissions
lower than those given under legal requirements. To help the national expert, some default
values will be already introduced.

Table 3.50 : Applicability for NOx abatement techniques for each regulatory class and for the
national emission reduction plan

Control Technology Description | Technology | 199019952000 2005 | 2010 | 2015 | 2020 | 2025 | 2030

New plants
HC new plant MP
BC new plant MP
HF new plant MP
Gas new plant MP
HC new plant MP + SCR
BC new plant MP + SCR
HF new plant MP + SCR
Gas new plant MP + SCR
Regulatory class X (2 to 5) and national emission reduction plan
HC existing plant MP
BC existing plant MP
HF existing plant MP
Gas exigting plant MP
HC existing plant MP + SCR
BC existing plant MP + SCR
HF existing plant MP + SCR
Gas exigting plant MP + SCR

Table 3.51 : Applicability for low sulfur fuels. They are the same as application rates.
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Table 3.52 : Applicability for SO2 abatement techniques for each regulatory class and for the
national emission reduction plan

Control Technology Description | Technology | 1990|1995{2000| 2005 | 2010 | 2015 | 2020 | 2025 | 2030
New plants

HC new plant WFGD

BC new plant WFGD

HF new plant WFGD

HC new plant HEWFGD

BC new plant HEWFGD

HF new plant HEWFGD

Regulatory class X (2 to 5) and national emission reduction plan

HC existing plant WFGD

BC existing plant WFGD

HF existing plant WFGD

Table 3.53 : Applicability for dedusters for each regulatory class and for the national emission

reduction plan
Fuel Technology | 1990|1995 | 20002005 2010 2015|2020| 2025|2030
Regulatory class X (1 to 5) and national emission reduction plan

Deduster 1
Hard Coal Deduster 2
Deduster 3
Deduster 4
Deduster 1
Brown Coal Deduster 2
Deduster 3
Deduster 4
Heavy fud oil | Deduster 1

Knowing the applicability , it is possible to calculate the possible profit by using the technique
until their applicability .

P(t)= DY kactij() afijk @ efij (1-piK- DY kactij(®): biijk () efij (1 pjk)

with:

S(t): SO2; NOy or PM emissions in country i intime step t
actij(t): activity level of sector j intimestep t
eij: (unabated) emission factor per unit of activity for country i and sector |
pik removal efficiency of technology k in sector |
ar i,jK(t): application factor of technology k in country i for specific casej intime step t
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br i,,k(t): applicability factor of technology k in country i for specific casej intime stept

The result gives the minimum achievable for each pollutant.

3.7Cost calculation for each technical option in all different case

For each technical option and each specific case, the cost and marginal cost per ton of pollutant
avoided and per unit of production has to be calculated. To realize theses calculations, some
input parameters are needed:

Capacities installed for each specific case (fuels and regulatory classes)
Table 3.54 : Installed capacities for each specific case (fuels and regulatory classes) in MWth

National
Euel Regulatory Regulatory | Regulatory | Regulatory | Regulatory | Emission
class 1 class 2 class 3 class4 class5 Reduction
Plan
HC1
HC2

Operating hours at full load

Table 3.55 : Average operating hours a full load for each specific case (fuels and each
regulatory class) in hours

National
Euel Regulatory Regulatory | Regulatory | Regulatory | Regulatory | Emission
class1 class 2 class 3 class4 class5 Reduction
Plan
HC1
HC2

Number of plantsin the country for each specific case.
Table 3.56 : Number of plants for each specific case (fuel and each regulatory class)

National
Euel Regulatory Regulatory | Regulatory | Regulatory | Regulatory | Emission
class 1 class 2 class 3 class4 class5 Reduction
Plan
HC1
HC2

These values will allow to check the consistency of the energy consumption with the average
capacity, the number of plants and the operating hours at full load.

Ené-:-rgy consumption in PJ = Number of plants - Average capacity in MWth - Operating hours /
10” - 3600.
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Reaults:

(For each specific case)

Table 3.57 : Cost per PJ fuel input, per ton of NOx abated and margina cost for NOx
abatement techniques for each regulatory class and for the national emission reduction plan

Cost per t of | Marginal cost

Control Technology Description | Technology Cost per PJ fue.l nput | NOXx abated [Euro/t NOx
[Euro/PJ fud input] | [Euro/t NOx abated]
abated]
New plants

HC new plant MP
BC new plant MP
HF new plant MP
Gas new plant MP
HC new plant MP + SCR
BC new plant MP + SCR
HF new plant MP + SCR
Gas new plant MP + SCR

Regulatory class X (2 to 5) and national emission reduction plan

HC existing plant MP
BC existing plant MP
HF existing plant MP
Gas exigting plant MP
HC existing plant MP + SCR
BC existing plant MP + SCR
HF existing plant MP + SCR
Gas exigting plant MP + SCR

Table 3.58 : Cost per PJ fuel input, per ton of SOx abated and marginal cost for low sulfur
fuels for each regulatory class and for the national emission reduction plan

Cost per PJ fuel

Cost per t of SOx

input abated Marginal cost
[Euro/PJ fuel [Euro/t SOx | [Euro/t SOx abated]
input] abated]
Regulatory class X (1 to 5) and national emission reduction plan
HC1 -LSCO
HC2 - LSCO
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HF1 - LSHF1
HF1 - LSHF2
HF2 — LSHF1
HF2 — LSHF2

Table 3.59 Cost per PJfuel input, per ton of SOx abated and marginal cost for SO2 abatement
techniques for each regulatory class and for the national emission reduction plan

Cost per PJ | Cost per t of Marginal cost
fuel input SOx abated

[Euro/t SOx
[Euro/PJ fuel| [Euro/t SOx abated]
Control Technology Description | Technology input] abated]
New plants

HC new plant WFGD

BC new plant WFGD

HF new plant WFGD

HC new plant HEWFGD

BC new plant HEWFGD

HF new plant HEWFGD

Regulatory class X (2 to 5) and national emission reduction plan

HC existing plant WFGD

BC existing plant WFGD

HF existing plant WFGD

Table 3.60 : Cost per PJ fuel input, per ton of TSP abated and marginal cost for dedusters for
each regulatory class and for the national emission reduction plan

Cost per PJ fud Cost per t of TSP Marginal cost

input abated [Eurolt TSP abated]
[Euro/PJ fud input]| [Euro/t TSP abated]

Fuel Technology

Regulatory class X (1 to 5) and national emission reduction plan

Deduster 1
Deduster 2
Deduster 3
Deduster 4
Deduster 1
Deduster 2
Deduster 3
Deduster 4
Heavy fud oil| Deduster 1

Hard Coal

Brown Coal

The sametable isto be given for PM10 and PM2.5.
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Knowing all the costs and potential reduction, it is possible to generate the cost curve for the
scenario CLE. Such cost curve defines - for each country and year - the potentia for further
emission reductions beyond a selected initial level of control and provide the minimum costs of
achieving such reductions. For a given abatement level a cost-optimal combination of

abatement measures is defined.

Table 3.61: NOx abatement cost curve for each specific case (fuels and each regulatory class)

Fuel — .. JUnit cost . -
Technology| Application Applr';?g'“ty [Eurolt Marginal cost NOx removed Rer’r\%:\(mg Total cost
- rate NOx | [EUrOtNOX Ty Mio Euro/a
Abatement [%] [%] abated] abated] [kt/a]
technique
Regulatory class X
HC1-Ex
plant-M P

Table 3.62: SO, abatement cost curve for each specific case (fuels and each regulatory class)

Fuel — .. JUnit cost . .

TechnologyApplicaIionAppIr'g?g'“ty [Eurolt Marginal cost SO, removed Rerg%mng Total cost
- rate so, |[BUrotSOz | g " | MioEurofa
Abatement|  [%] [%] abat ezd] abated] [kt/a]
technique
Regulatory class X

HC1-Ex

plant-

WFEGD

Table 3.63: TSP abatement cost curve for each specific case (fuels and each regulatory class)

Fuel — .. |Unit cost . -
TechnologyAppIicaIionApplr'g?g'“ty [Eurolt Marginal cost SO, removed Rerg%mng Total cost
- rate Top | [BUOTSPT g * | Mio Eurola
Abatement [%] [%] b abated] [kt/a]
. ated]
technique
Regulatory class X
HC1-Ex
plant-
Deduster 2

Calculation of the total emission in the sector

Table 3.64: Total emissions for each regulatory class
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Scenario NOx SO, TSP PM 10 PM2.5

W ithout treatment

Scenario CLE

Maximum feasible

Table 3.65: Total emissions for the sector
Scenario NOx|SO,| TSP|PM10|PM2.5

Without treatment

Scenario CLE

Maximum feasible
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4 Exampleof France

The number of plants > 500 MW, for FRANCE is around 30 (number of units: 49). The
biggest part of information has been found in the GIC inventory and has been completed with
enquiries or with input from experts

The study will be structured following the different fuels and status of plant (new and existing
plants) and regulatory constraints.

4.1Energy scenarios for France
Table 4.1: Energy scenarios

Unité PJ 1990 | 1995 | 2000 [ 2005 [2010| 2015 [ 2020 | 2025 | 2030
BL CLE Constot PP 374 | 263 | 309 |388.2| 436 | 442 |647.07|747.86| 848.65
CP CLE Constot PP 374 | 263 | 309 | 406 | 488 | 486 |737.66|845.08| 942.00

4.1.1 Fuelsconsidered for existing and new plants

Table 4.2: Fuel consumption for existing and new plants in France for the two scenarios CP and

BL

CP

Existing: 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
HC1 381 | 272 | 313 | 477 [ 331 | 127 [3267] 0O 0
HC2 124 | 88 | 100 [ 1010 | 76 | 52 0 0 0
HC3 1339 | 948 | 109.7 [ 129.3 | 1449 | 1203 | 1751 [ 2172 | ©
HF 49 31 | 39 [ 422 | 64 | 57 | 327 ] 248 | 0
Gas 29 22 | 28 | 18 | 18 0 0 0 0
Total 374 | 263 | 300 | 3382 336 | 242 [24047| 242 0
New: 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
HC1 0 0 0o | 000 [ 000 | 000
HC2 0 0 0 | 000 [ 000 [ 000
HC3 0 0 0 [180.00]245.86536.70
HF 0 0 0 | 1060 | 18.00 [ 43.60
Gas 50 | 100 | 200 [216.00]242.00] 268.35
Total 50 | 100 | 200 [406.60]505.86] 848.65
| Total existing + new | 374 | 263 | 309 | 3882 | 436 | 442 |647.07]|747.86]|848 .65]
BL

Existing: 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
HC1 381 | 272 [ 313 | 49 | 37 | 14 [3724] 000 | 0.00
HC2 124 | 88 | 1010 | 106 | 8 | 57 | 000 | 0.00 [ 0.00
HC3 1339 | 948 | 1097 | 136 | 162 | 132 [199.62]245.44| 0.00
HF 49 31 | 39 | 44 | 72 | 63 [37.28]28.02] 0.00
Gas 29 22 | 28 | 19 [ 20 0 | 000 | 000 [ 000
Total 374 | 263 | 300 | 354 | 376 | 266 |274.14]273.46] 0.00
New: | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030 |
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HC1

0.00 | 0.00 | 0.00

HC2 0.00 | 0.00 | 0.00
HC3 205.20| 277.82 | 595.74
HF 12.08 | 20.34 | 48.40
Gas 52 112 220 |246.24|273.46] 297.86
Total 52 112 220 |[463.52(571.62]942.00

| Total existing + new

| 374 | 263 | 309 | 406 | 488 | 486 |737.66]845.08]942.00 |

4.1.2 Distinction of the regulatory classes

1. New Plants (permitted after 27-11-2002 or started after 27-11-2003)
Table 4.3: Fuel consumption for regulatory class 1 in France for the two scenarios CP and BL

CP 1990 [ 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

HC1 0 0 0 0.00 | 0.00 | 0.00

HC2 0 0 0 0.00 | 0.00 | 0.00

HC3 0 0 0 180.00 [ 245.86 | 536.70

HF 0 0 0 10.60 | 18.00 | 43.60

Gas 50 100 200 [216.00|242.00|268.35

Total 50 100 200 |[406.60|505.86 | 848.65

BL 1990 [ 1995 [ 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

HC1 0.00 | 0.00 | 0.00

HC2 0.00 | 0.00 | 0.00

HC3 205.20( 277.82 [ 595.74

HF 12.08 | 20.34 | 48.40

Gas 52 112 220 |246.24|273.46|297.86

Total 52 112 220 [463.52|571.62|942.00
2. Plants closed until 31/12/2015 and operating less than 20.000 hours between

01/01/2008 and 31/12/2015

Table 4.3: Fuel consumption for regulatory class 2 in France for the two scenarios CP and BL

CP 1990 [ 1995 [ 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

HC1

HC2 124 88 101 101 76 52 0 0 0

HC3

HF

Gas

Total

BL 1990 [ 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

HC1

HC2 124 88 101 106 85 57 0.00 | 0.00 | 0.00

HC3

HF

Gas
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[ Total

3. Low operated plants. burning solid fuels and permitted before 01-07-87, which do not
operate more than 2000 hyear (rolling average over 5 years) from 01-01-2008 to 31-12-
2015, and more than 1500 h/year (rolling average over 5 years) after 01-01-2016.

Table 4.3: Fuel consumption for regulatory class 3 in France for the two scenarios CP and BL

CP

1990

1995 | 2000

2005

2010

2015

2020

2025

2030

HC1

24.1

13.2

17.3

33.7

19.1

12.7

32.67

HC2

HC3

HF

Gas

Total

BL

1990

1995

2000

2005

2010

2015

2020

2025

2030

HC1

24.1

13.2

17.3

35

23

14

37.24

HC2

HC3

HF

Gas

Total

4. Plants authorized between 01/07/1987 and 27/11/2002
Table 4.3: Fuel consumption for regulatory class 4 in France for the two scenarios CP and BL

CP

1990

1995

2000

2005

2010

2015

2020

2025

2030

HC1

HC2

HC3

HF

Gas

Total

BL

1990

1995

2000

2005

2010

2015

2020

2025

2030

HC1

HC2

HC3

HF

Gas

Total

5. Plants authorized before 01/07/1987

Table 4.3: Fuel consumption for regulatory class 5 in France for the two scenarios CP and BL

CP

1990

1995

2000

2005

2010

2015

2020

2025

2030

[HC1

14

14

14

14

14

0

0

0
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HC2
HC3 1339 | 948 | 109.7 | 129.3 | 1449 | 120.3 | 175.1 | 217.2 0
HF 49 31 39 42.2 64 57 32.7 | 24.8 0
Gas 29 22 28 18 18 0 0
Total
BL 1990 [ 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
HC1 14 14 14 14 14 0 0
HC2
HC3 1339 | 948 | 109.7 | 136 162 132 [199.61]|245.44 0
HF 49 31 39 44 72 63 37.28 | 28.02 0
Gas 29 22 28 19 20 0 0
Total
4.2Fuel characteristics
1.6.1 Heat values
Table 4.4: Fuel heat values in France [GJHt]
Fuel 1990-2030
HC1 24
HC2 24.9
HC3 24.9
HF 39.2
GAS 4.02
1.6.2 Sulfur content
Table 4.5: Sulfur content in France [%S]
Fuel 1990 |1995| 2000 | 2005 |2010| 2015 | 2020 | 2025 | 2030
HC1 0.9 0.9 0.9 09 | 09| 09 0.9 0.9 0.9
HC2 0.8 0.8 0.8 08 | 0.8 | 0.8 0.8 0.8 0.8
HC3 1.2 1.2 1.2 12 | 12| 1.2 1.2 1.2 1.2
HF 2.79 279 | 279 | 279 |279| 279 | 279 | 279 | 2.79
GAS 0.01 001| 001 | 001 |0.01| 001 | 001 | 0.01 | 001
HF regulatory class 1 210 {210 210 | 210 | 210 | 210
HC3 regulatory class 5 1.20 120 1.20 | 1.20 |115| 1.15 | 1.15 | 1.15 | 1.15
HF regulatory class 5 2.79 200 | 060 | 060 |146| 146 | 146 | 146 | 146

1.6.3 Sulfur retained in ash

Table 4.6: Sulfur retained in ash in France [fraction]

Fuel 1990-2030
HC1 0.02
HC2 0.024
HC3 0.024
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4.2.4 Ashretained by theboiler

Table 4.7: Ash retained by the boiler in France [fraction]

Fuel 1990-2030
HC1 0.3
HC2 0.1
HC3 0.1

425 Ash contentsof solid fuels

Table 4.8: Ash content of solid fuels in France [percentage]

Fuel 1990-2030
HC1 12
HC2 12
HC3 12

4.3Unabated Emission factors
4.3.1 Unabated NO, emission factor

Table 4.9: Unabated NO, emission factor in kt/PJ for new and existing plants in France

Fuel 1990-2030
HC1 0.26
HC2 0.333
HC3 0.315
HF1 0.238
GAS 0.08

In concentration mg/Nm3 (3% of O2 gas and liquids — 6% solids):

Table 4.10: Unabated NOx emission factor in concentration for new and existing plants in
France

Fuel 1990-2030
HC1 743
HC2 950
HC3 900
HF1 850
GAS 296

4.3.2 Unabated SO, emission factor

Table 4.11: Unabated SO, emission factor in kt/PJin France

Fuel 1990-2030
HC1 0.74
HC2 0.63
HC3 0.94
HF 142
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| GAs | 0.05 |

4.3.3 Unabated dust emission factor

Table 4.12; Unabated TSP emission factor in t/PJ in France

Fuel 1990-2030
HC1 3500
HC2 4337
HC3 4337
HF 155
GAS 0.1

Table 4.13: Unabated TSP emission factor in mg/Nm? in France

Fuel 1990-2030
HC1 12.857
HC2 12.392
HC3 12.392
HF 55.4
GAS 04

4.4Control strategy

Table 4.14 : Application rates for NOx abatement techniques — scenario CLE — for each
regulatory class 1 to 5 for France

Control Technology Description | Technology | 1990|1995{2000| 2005|2010| 2015| 2020|2025 | 2030

New plants
HC3 new plant MP 25.93|25.93|25.93(25.93(25.93(25.93
HF new plant MP 21.90/21.90|21.90(21.90(21.9021.90
Gas new plant MP 61.76/61.76|61.76|61.76|61.76|61.76
HC3 new plant MP + SCR 74.07|74.07|74.07|74.07|74.07|74.07
HF new plant MP +SCR 78.10/78.10|78.10|78.10[78.10|78.10
Gas new plant MP + SCR 38.24|38.24|38.24(38.24(38.24|38.24
Regulatory class 2
HC2 existing plant MP Ololol o 0 0 0 0 0
HC2 existing plant MP+SCR| O | o| 0| O 0 0 0 0 0
Regulatory class 3
HC1 existing plant MP 0 | 0| 35| 64 [64.10/64.10/82.05/82.05[82.05
HC1 existing plant MP+SCR| o | ol ol O 0 0 |17.95/17.95/17.95

Regulatory class 4

No plants in France

Regulatory class 5
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HC1 existing plant MP 0 | 0 [34.6470.51/94.87/94.87(17.9517 95/17 95
HC3 existing plant MP 0 | 0 [34.9269.8472.49/72.49/8.99 | g 99| 8.99
HF existing plant MP 0 | 0| 0] 0 [45.10[45.1045 10l45 104510
Gas existing plant MP 0| 0] 0| 0 [8L258g1.25/81.25(81.25/81.25
HC1 existing plant MP+SCR| 0 | 0 | 0 | 0 |5.13]5.13(82.05/82.05/82.05
HC3 existing plant MP+SCR| 0 | 0 | 0 | 0 [27.51/27.51/91.01]91.01/91.01
HF existing plant MP+SCR| 0 | 0 | 0 | 0 [54.90/54 90/54.90/54.90/54.90
Gas existing plant MP+SCR| O | O | O | O 0 0 0 0 0

Table 4.15 : Application rates for SO2 abatement

regulatory class 1 to 5 for France

techniques — scenario CLE — for each

Control Technology Description | Technology | 199019952000 2005 | 2010 | 2015 | 2020 | 2025 | 2030
New plants

HC3 new plant WFGD 48.82/48.8248.82/48.82148.82/48.82

HF new plant WFGD 453453 4.53 453 453 4.53

HC3 new plant HEWFGD 51.18/51.18|51.18/51.18|51.18({51.18

HF new plant HEWFGD 95.47/95.47(95.47(95.47(95.47(95.47

Regulatory class 2
WFGD O|0|0|O 0 0 0 0 0

HC2 existing plant

Regulatory class 3

HC1 existing plant WFGD 0 0] 0 0 |72.83[72.83(72.83(72.83(72.83
Regulatory class 4
No plants in France
Regulatory class 5
HC1 existing plant WFGD 100 | 100|100 | 100 | 100 | 100 | 100 | 100 | 100
HC3 existing plant WFGD O | 80| 80 | 80 |99.38/99.38/99.38/99.38|99.38
HF existing plant WFGD 0 00 0 ]99.96/99.96/99.96/99.96/99.96

Table 4.16 : Application rates for Dedusters— scenario CLE — for each regulatory class for
France

Fuel Technology | 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Regulatory class 1
Deduster 1 0 0 0 0 0 0
HC3 Deduster 2 0 0 0 0 0 0
Deduster 3 40 | 40 | 40 | 40 | 40 | 40
Deduster 4 60 | 60 | 60 | 60 | 60 | 60
Heavy fud oil | Deduster 1 80.14|80.14|80.14|80.14|80.14|80.14
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Regulatory class 2
Deduster 1 |198.76|98.76(98.76| 25 | 25 | 25 | 25 | 25 | 25
HC2 Deduster 2 | O 0 0 7% | 75| 75| 75 75|75
Deduster 3| O 0 0 0 0 0 0 0 0
Deduster 4 | O 0 0 0 0 0 0 0 0
Regulatory class 3
Deduster 1 | O 0 0 0 0 0 0 0 0
Hard Coal Deduster 2 |63.64|63.64(63.64|63.64| 0O 0 0 0 0
Deduster 3 |36.36|36.36/36.36|36.36| 100 | 100 | 100 | 100 | 100
Deduster 4 | O 0 0 0 0 0 0 0 0
Regulatory class 4
Regulatory class 5
Deduster 1 | O 0 0 0 0 0 0 0 0
HCl Deduster 2 |63.64|63.64(63.64|63.64| 0O 0 0 0 0
Deduster 3 |36.36|36.36/36.36|36.36| 100 | 100 | 100 | 100 | 100
Deduster 4 | O 0 0 0 0 0 0 0 0
Deduster 1 | O 0 0 0 0 0 0 0 0
HC3 Deduster 2 |63.64|63.64(63.64|63.64| 0O 0 0 0 0
Deduster 3 |36.36|36.36/36.36|36.36| 100 | 100 | 100 | 100 | 100
Deduster 4 | O 0 0 0 0 0 0 0 0
Heavy fud oil | Deduster 1 | O 0 0 0O [11.81|11.81/11.81|11.81|11.81
4.5 Applicability

Table4.17 : Applicability for NOx abatement techniques for each regulatory class for France

Control Technology Description | Technology | 1990 |1995|2000( 2005 | 2010 | 2015 | 2020 | 2025 | 2030
New plants

HC3 new plant MP 0 0 0 0 0 0

HF new plant MP 0 0 0 0 0 0

Gas new plant MP 0 0 0 0 0 0

HC3 new plant MP + SCR 100 | 100 | 100 | 100 | 100 | 100

HF new plant MP + SCR 100 | 100 | 100 | 100 | 100 | 100

Gas new plant MP + SCR 100 | 100 | 100 | 100 | 100 | 100
Regulatory class 2

HC2 existing plant MP 0 0 0 0 0 0 0 0 0

HC2 existing plant MP+SCR | O 0| O 0 0 0 0 0 0
Regulatory class 3

HC1 existing plant MP 82.05(82.0582.0582.05 [82.05 [82.05 [82.05 [82.05 [82.05

HC1 existing plant MP + SCR (17.95/17.9517.9517.95 17.95 {17.95 (17.95 (17.95 |17.95
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Regulatory class 4

No plantsin France

Regulatory class 5

HC1 existing plant MP 94.87/94.8794.8794.87|94.87| O 0 0 0
HC3 existing plant MP 0 0 0 0 0 0 0 0 0
HF existing plant MP 45.10{45.1045.1045.10 45.10 45.10 45.10 45.10 45.10
Gas exigting plant MP 100 | 100 ({100 | 100 | 100 | 100 | 100 | 100 | 100
HC1 existing plant MP+SCR | 5.13|5.13|5.13| 513|513 | O 0 0 0
HC3 existing plant MP+SCR | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
HF existing plant MP + SCR (54.90/54.9054.9054.90 (54.90 [54.90 54.90 (54.90 [54.90
Gas exigting plant MP+SCR | O 0| O 0 0 0 0 0 0

Table 4.18 : Applicability for SO2 abatement techniques for each regulatory class for France

Control Technology Description | Technology | 1990|1995{2000| 2005 | 2010 | 2015 | 2020 | 2025 | 2030
New plants
HC3 new plant WFGD 0 0 0 0 0 0
HF new plant WFGD 0 0 0 0 0 0
HC3 new plant HEWFGD 100 | 100 | 100 | 100 | 100 | 100
HF new plant HEWFGD 100 | 100 | 100 | 100 | 100 | 100
Regulatory class 2
HC2 existing plant WFGD 0 00 0 0 0 0 0 0
Regulatory class 3
HC1 existing plant WFGD 100 | 100|100 | 100 | 100 | 100 | 100 | 100 | 100
Regulatory class 4
No plants in France
Regulatory class 5
HC1 existing plant WFGD 100 | 100|100 | 100 | 100 | 100 | 100 | 100 | 100
HC3 existing plant WFGD 100 | 100|100 | 100 | 100 | 100 | 100 | 100 | 100
HF existing plant WFGD 100 | 100|100 | 100 | 100 | 100 | 100 | 100 | 100
Table 4.19 : Applicability for dedusters for each regulatory class for France
Fuel Technology | 1990|1995 2000|2005 | 2010 | 2015 | 2020| 2025|2030
Regulatory class 1
HC3 Deduster 1 0 0 0 0 0 0
Deduster 2 0 0 0 0 0 0
Deduster 3 0 0 0 0 0 0
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Deduster 4 100 | 100 | 100 | 100 | 100 | 100
Heavy fud oil | Deduster 1 100 | 100 | 100 | 100 | 100 | 100
Regulatory class 2
Deduster 1 | 25 | 25 | 25 | 25 | 25 | 25| 25 | 25 | 25
HC2 Deduster 2 | 75 | 75 | 75 | 75 | 75 | 75 | 75 | 75 | 75
Deduster 3| O 0 0 0 0 0 0 0 0
Deduster 4 | O 0 0 0 0 0 0 0 0
Regulatory class 3
Deduster 1 | O 0 0 0 0 0 0 0 0
HCl Deduster 2 | O 0 0 0 0 0 0 0 0
Deduster 3| O 0 0 0 0 0 0 0 0
Deduster 4 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Regulatory class 4
Regulatory class 5
Deduster 1 | O 0 0 0 0 0 0 0 0
HCl Deduster 2 | O 0 0 0 0 0 0 0 0
Deduster 3| O 0 0 0 0 0 0 0 0
Deduster 4 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Deduster 1 | O 0 0 0 0 0 0 0 0
HC3 Deduster 2 | O 0 0 0 0 0 0 0 0
Deduster 3| O 0 0 0 0 0 0 0 0
Deduster 4 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
Heavy fud oil | Deduster 1 {11.81{11.81(11.81/11.81|11.81|11.81|11.81|11.81|11.81

4.6 Calculation of the total emission in the sector
4.6.1 NOXx emissions

Table 4.20 : NOx total emissions in kt for each regulatory class and for the BL energy scenario

Scenario 1990 1995|2000 2005 | 2010|2015 |2020| 2025 | 2030
Classregulatory 1

BL - Without treatment 4.16 | 8.96 |17.60(87.21{114.23223.01

BL - Scenario CLE 1.40|3.02 | 5.94 |21.69|27.97 | 52.45

BL - Minimum achievable 0.31|0.67|1.32| 7.60 | 10.03| 19.89

Classregulatory 2
BL - Without treatment  |41.29/29.30|33.63|35.30/28.31|18.98| 0 0 0

BL - Scenario CLE 41.29/29.30|33.63|35.30/28.31/18.98| 0 0 0
BL - Minimum achievable |41.29/29.30|33.63|35.30/28.31|18.98| 0 0 0

Classregulatory 3
BL - Without treatment 6.27 | 3.43|4.50|9.10|5.98(3.64|9.68| 0 0
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BL - Scenario CLE 6.27|3.43|4.03|7.35|4.83/294|587| 0 0

BL - Minimum achievable | 3.80(2.08|2.72|5.51|3.62|2.21|5.87| 0 0

Classregulatory 4

BL - Without treatment

BL - Scenario CLE

BL - Minimum achievable

Classregulatory 5

BL - Without treatment |59 80(42.64|49.72|58.47|73.41/56.57|71.75/83.98| 0

BL - Scenario CLE 59.80(42.64(45.72|48.73|39.94|30.16/18.15/ 20.32| 0

BL - Minimum achievable |16 .71(12.20/14.21|15.79/20.40|14.33|15.18/ 16.67| 0

Table 4.21 : NOx total emissions in kt for each regulatory class and for the CP energy scenario

Scenario 1990| 1995 | 2000|2005 (2010|2015|2020| 2025 | 2030
Classregulatory 1

CP - Without treatment 4.00 | 8.00 |16.00/76.50{101.09200.91

CP - Scenario CLE 1.35|2.70 | 5.40 |19.03| 24.75 | 47.26

CP - Minimum achievable 0.30|0.60|1.20|6.66 | 8.87 |17.92

Classregulatory 2

CP - Without treatment  |41.29| 29.30|33.63|33.63(25.31|17.32| 0 0 0

CP - Scenario CLE 41.29| 29.30 [33.63|35.30[28.31/18.98| 0 0 0

CP - Minimum achievable |41.29| 29.30|33.63|35.30(28.31/18.98| 0 0 0

Classregulatory 3

CP - Without treatment 6.27| 3.43 |4.50|8.76|4.97|3.30/8.49| 0 0

CP - Scenario CLE 6.27 | 3.43 | 4.03|7.08|4.01|267|5.15| O 0

CP - Minimum achievable | 380| 2.08 | 2.72|5.31|3.01[2.00|5.15| 0 0

Classregulatory 4

CP - Without tr eatment

CP - Scenario CLE

CP - Minimum achievable

Classregulatory 5

CP - Without treatment  |59.80| 42.64 |49.72|55.85|65.96|51.46|62.94| 74.32| 0

CP - Scenario CLE 59.80| 42.64 |45.72|46.55(35.95|27.44/15.92| 17.98| 0

CP - Minimum achievable |16.71| 12.20(14.21/15.17/18.47|13.02/13.31| 14.75| 0

Table 4.22 : NOx total emissions in France for the BL scenario in kt

Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015| 2020 | 2025 | 2030

67/80



Without treatment |17 35 75 38| 87.85 | 107.03| 116.65| 96.80 | 168.64 | 198.21 | 223.01
Scenario CLE 107.36| 75.38| 83.38| 92.78 | 76.10 |58.02| 45.70 | 48.29 | 52.45
Minimum achievable | g1 g | 4350|50.57| 56.91 | 53.00 | 36.84| 28.64 | 26.69 | 19.89
Table 4.23 : NOx total emissions in France for the CP scenario in kt

Scenario 1090 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Without treatment |17 35 75 38| 87.85 | 102.25| 104.23 | 88.08 | 147.94 | 175.41 | 200.91
Scenario CLE 107.36| 75.38| 83.38| 83.61 | 67.97 |52.82| 40.00 | 42.73 | 47.26
Minimum achievable | g1 g | 4350|5057 | 54.41 | 47.39 |33.53| 25.12 | 2362 | 17.92

46.2 SO, Emissions

Table 4.24 : SO, total emissions in kt for each regulatory class and for the BL energy scenario

Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

Classregulatory 1

BL - Without treatment 0 0 0 0 0 1.10 |211.33291.41/630.42

BL - Scenario CLE 0 0 0 0 0 1.10 | 16.14 |21.69 |45.51

BL - Minimum achievable | ¢ 0 0 0 0 | 110 | 11.40 |15.26|31.71
Classregulatory 2

BL - Without treatment 77.77 | 55.19 | 63.34 | 66.48 | 53.31 | 3575 | O 0 0

BL - Scenario CLE 77.77 | 55.19 | 63.34 | 66.48 | 53.31 | 35.75| O 0 0

BL - Minimum achievable | 7777 | 5519 | 63.34 | 66.48 | 53.31 | 3575 | O 0 0
Classregulatory 3

BL - Without treatment 17.71 | 970 | 1272 | 25.73 | 1691 | 10.29 | 27.37 | O 0

BL - Scenario CLE 17.71 | 9.70 | 1272 | 2573 | 644 | 3.92 | 1043 | O 0

BL - Minimum achievable | 266 | 146 | 1.91 | 386 | 254 | 154 | 411 | O 0
Classregulatory 4

BL - Without treatment

BL - Scenario CLE

BL - Minimum achievable
Classregulatory 5

BL - Without treatment | 207.45 | 144.70| 170.40 | 201.81 | 266.18 | 213.85 | 240.84[270.78 0

BL - Scenario CLE 198.71| 62.81 | 47.91 | 56.90 | 33.29 | 25,54 | 32.12 |37.50| O

BL - Minimum achievable | 3235 | 20,77 | 20.21 | 23.70 | 32.50 | 24.89 | 31.16 |36.32| O

Table 4.25 : SO, total emissions in kt for each regulatory class and for the CP energy scenario

Scenario

1990

1995

2000

2005

2010

2015

2020

2025

2030
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Classregulatory 1

CP - Without treatment 0 0 0 0 0 | 1.00 |185.42[257.91/567.95
CP - Scenario CLE 0 0 0 0 0 1.00 | 14.19 |19.22|41.01
CP - Minimum achievable | o 0 0 0 0 | 1.00 | 10.03 |13.53|28.58
Classregulatory 2
CP - Without treatment 77.77 | 55.19 | 63.34 | 66.48 | 53.31 | 3575 | O 0 0
CP - Scenario CLE 77.77 | 55.19 | 63.34 | 66.48 | 53.31 | 3575 | O 0 0
CP - Minimum achievable | 77,77 | 5519 | 63.34 | 66.48 | 53.31 | 35.75 | 0O 0 0
Classregulatory 3
CP - Without treatment 17.71 | 9.70 | 12.72 | 2477 | 1404 | 933 | 2401 | © 0
CP - Scenario CLE 17.71 | 9.70 | 1272 | 2477 | 535 | 356 | 915 | 0O 0
CP - Minimum achievable | 266 | 146 | 191 | 3.72 | 211 | 140 | 360 | © 0
Classregulatory 4
CP - Without treatment
CP - Scenario CLE
CP - Minimum achievable
Classregulatory 5
CP - Without treatment | 207.45| 144.70| 170.40 | 192.90 | 238.60 | 194.31 | 211.27 [239.63 0
CP - Scenario CLE 198.71| 62.81 | 47.91 | 54.29 | 29.90 | 23.23 | 28.18 |33.19| 0
CP - Minimum achievable | 32,35 | 20.77 | 20.21 | 22.63 | 29.19 | 22.64 | 27.33 |32.14| O
Table 4.26 : SO, total emissions in France for the BL scenario in kt
Scenario 1990 | 1995 |2000| 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Without treatment | 315 o3| 509 59 246,46 294.01 | 336.39 [260.99 479.55 | 562.18 | 630.42
Scenario CLE 294.19|127.70[123.96 149.11 | 93.04 |66.30| 58.69 | 59.19 | 4551
Minimum achievable | 15 77| 77 41 |85.46| 94.04 | 88.34 |63.28| 46.66 | 51.58 | 31.71
Table 4.27 : SO, total emissions in France for the CP scenario in kt
Scenario 1990 | 1995 |2000| 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Without treatment | 315 o3| 509 59 246,46 281.01 | 300.30 [237.25| 420,70 | 497.54 | 567.95
Scenario CLE 294.19|127.70 [123.96 142.40 | 82.91 |60.39| 51.52 | 52.40 | 41.01
Minimum achievable | 15 77| 77 41 |85.46| 80.68 | 78.96 |57.65| 40.97 | 45.67 | 28.58

4.6.3 Dust Emisson
4631 TSP Emission

Table 4.28 : TSP total emissions in kt for each regulatory class and for the BL energy scenario
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Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

Classregulatory 1

BL - Without treatment 0 0 0 | 001 | 001 | 0.02 |890.421205.66(2585.46

BL - Scenario CLE 0 0 0O | 001 | 001 | 002 | 228 | 312 | 6.69

BL - Minimum achievable | ¢ 0 0O | 001 | 001 | 002 | 1.49 | 203 | 434
Classregulatory 2

BL - Without treatment | 537.83|381.69|438.07 | 459.76 | 368.67|247.23| 0 0 0

BL - Scenario CLE 1953 | 1386 | 1591 | 557 | 446 | 299 | 0 0 0

BL - Minimum achievable | 651 | 462 | 530 | 557 | 446 | 299 | 0 0 0
Classregulatory 3

BL - Without treatment 2494 | 13.66 | 17.91 | 36.23 | 23.81 | 1449 | 3854 | O 0

BL - Scenario CLE 045 | 025 | 032 | 066 | 027 | 017 | 044 | O 0

BL - Minimum achievable | 015 | 0.08 | 011 | 022 | 014 | 009 | 023 | © 0
Classregulatory 4

BL - Without treatment

BL - Scenario CLE

BL - Minimum achievable
Classregulatory 5

BL - Without treatment | 630,53 | 460.66 | 525.41 | 639.56 | 752.77 | 573.51 | 866.36|1064.99] 0

BL - Scenario CLE 490 | 353 | 407 | 488 | 378 | 296 | 3.67 | 4.26 0

BL - Minimum achievable | 239 | 162 | 1.95 | 227 | 323 | 267 | 243 | 249 | ©

Table 4.29 : TSP total emissions in kt for each regulatory class and for the CP energy scenario

Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

Classregulatory 1

CP - Without treatment 0 0 0 | 001 | 001 | 0.02 |781.071066.96(2329.23

CP - Scenario CLE 0 0 0 | 001 | 001 | 002 | 200 | 2.76 | 6.03

CP - Minimum achievable | o 0 0O | 001|001 | 002 | 131 | 1.80 | 391
Classregulatory 2

CP - Without treatment | 537.83|381.69 | 438.07 | 438.07 | 329.64 | 225.54| 0 0 0

CP - Scenario CLE 1953 | 1386 | 1591 | 530 | 399 | 273 | O 0 0

CP - Minimum achievable | 651 | 462 | 530 | 530 | 399 | 273 | © 0 0
Classregulatory 3

CP - Without treatment | 108.45| 59.40 | 77.85 | 151.65| 85.95 | 57.15 |147.02| O 0

CP - Scenario CLE 067 | 037 | 048 | 094 | 030 | 020 | 051 | O 0

CP - Minimum achievable | 017 | 009 | 012 | 024 | 013 | 009 | 023 | © 0
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Classregulatory 4

CP - Without tr eatment

CP - Scenario CLE

CP - Minimum achievable

Classregulatory 5
CP - Without treatment | 630,53 | 460.66 | 525.41 | 610.48 | 678.48 | 522.67 | 759.98 | 942.46| 0
CP - Scenario CLE 490 | 353 | 407 | 467 | 340 | 269 | 322 | 3.77 0
CP - Minimum achievable | 239 | 162 | 1.95 | 217 | 288 | 242 | 213 | 2.21 0

Table 4.30 : TSP total emissions in France for the BL scenario in kt

Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Without treatment | 1576,81| 901.75 | 1041.34 |1256.8311224.95883.761924.36/2270.652585.46
Scenario CLE 2511 | 17.76 | 2046 | 1143 | 862 | 620 | 653 | 7.37 | 6.69
Minimum achievable | gy, | 633 | 737 | 808 | 7.86 | 578 | 418 | 452 | 434
Table4.31 : TSPtotal emissions in France for the CP scenario in kt

Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Without treatment | 1576 81| 901.75 | 104134 1200.2011094.07/805.38/1688.06/2009.422329.23
Scenario CLE 2511 | 17.76 | 2046 | 1092 | 7.70 | 564 | 573 | 653 | 6.03
Minimum achievable | g7 | 633 | 737 | 7.72 | 7.02 | 526 | 367 | 400 | 301

46.3.2 PM 10 Emisson

Table 4.32 : PM 10 total emissions in kt for each regulatory class and for the BL energy

scenario
Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

Classregulatory 1

BL - Without treatment 0 0 0O | 001 | 001 | 0.02 |205.05|277.71|595.61

BL - Scenario CLE 0 0 O | 001 | 001 | 002 | 1.83 | 249 | 533

BL - Minimum achievable | ¢ 0 0O | 001|001 | 002 | 135 | 1.83 | 3.92
Classregulatory 2

BL - Without treatment | 123 70| 87.79 | 100.76 | 105.74| 84.80 | 56.86 | 0 0 0

BL - Scenario CLE 668 | 474 | 544 | 292 | 234 | 157 | O 0 0

BL - Minimum achievable | 342 | 243 | 278 | 292 | 234 | 157 | © 0 0
Classregulatory 3

BL - Without treatment 2494 | 13.66 | 17.91 | 36.23 | 23.81 | 1449 | 3854 | O 0

BL - Scenario CLE 045 | 025 | 032 | 066 | 027 | 017 | 044 | O 0

BL - Minimum achievable | 015 | 0.08 | 011 | 022 | 014 | 009 | 023 | © 0
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Classregul

atory 4

BL - Without treatment

BL - Scenario CLE

BL - Minimum achievable

Classregulatory 5
BL - Without treatment | 14550 (106.25|121.22 | 147.52 | 173.83|132.51 [ 199.62| 245.22| 0
BL - Scenario CLE 342 | 245 | 284 | 340 | 294 | 231 | 2.80 | 3.23 0
BL - Minimum achievable | 209 | 142 | 170 | 198 | 281 | 232 | 214 | 221 | ©

Table 4.33 : PM 10 total emissions in kt for each regulatory class and for the CP energy

scenario
Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

Classregulatory 1

CP - Without treatment 0 0 001 | 0.01 | 0.02 |179.87|245.77 | 536.58

CP - Scenario CLE 0 0 001 | 0.00 | 0.00 | 1.66 | 228 | 5.00

CP - Minimum achievable | o 0O | 001 | 001 | 002 | 1.18 | 1.62 | 353
Classregulatory 2

CP - Without treatment | 123 70| 87.79 | 100.76|100.76| 75.82 | 51.87 | 0 0 0

CP - Scenario CLE 6.68 | 474 | 544 | 278 | 209 | 1.43 0 0 0

CP - Minimum achievable | 342 | 243 | 278 | 278 | 209 | 143 | © 0 0
Classregulatory 3

CP - Without treatment 24.94 | 1366 | 17.91 | 34.88 | 19.77 | 1314 | 3381 | O 0

CP - Scenario CLE 045 | 025 | 032 | 0.63 | 023 | 015 | 0.39 0 0

CP - Minimum achievable | 015 | 008 | 0.11 | 021 | 012 | 008 | 021 | O 0
Classregulatory 4

CP - Without treatment

CP - Scenario CLE

CP - Minimum achievable
Classregulatory 5

CP - Without treatment | 145 50| 106.25| 121.22 | 140.82 | 156.67 | 120.76 | 175.11|217.00| 0

CP - Scenario CLE 342 | 245 | 284 | 325 | 264 | 210 | 246 | 2.86 0

CP - Minimum achievable | 209 | 142 | 1.70 | 1.90 | 251 | 210 | 1.87 | 195 0

Table 4.34 : PM10 total emissions in France for the BL scenario in kt

Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Without treatment | 59 14 1507.70 | 230.88 | 289.50| 282.44 [203.89) 443.21 | 522.93 | 595.61
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Scenario CLE 1056 | 744 | 860 | 698 | 557 | 407 | 507 | 572 | 533
Minimum achievable | 555 | 393 | 450 | 513 | 531 | 400| 372 | 404 | 392
Table 4.35 : PM10 total emissions in France for the CP scenario in kt

Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Without treatment | 594 14 | 207.70| 239.88 | 276.46 | 252.26 [185.80 388.79 | 462.77 | 536.58
Scenario CLE 10.56 | 744 | 860 | 667 | 496 | 360 | 450 | 514 | 500
Minimum achievable | 565 | 303 | 450 | 490 | 474 | 363 | 326 | 358 | 353

46.3.3 PM25Emission
Table 4.36 : PM2.5 total emissions in kt for each regulatory class and for the BL energy

scenario
Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030

Classregulatory 1

BL - Without treatment 0 0 0 | 001 | 001 | 0.02 |107.05|145.01|311.00

BL - Scenario CLE 0 0 0O | 001 | 001 | 002 | 1.26 | 1.72 | 3.69

BL - Minimum achievable | ¢ 0 0O | 001|001 | 002|092 | 125 | 266
Classregulatory 2

BL - Without treatment 64.54 | 45.80 | 52.57 | 55.17 | 44.24 | 2967 | © 0 0

BL - Scenario CLE 273 | 194 | 222 | 153 | 1.23 | 082 | O 0 0

BL - Minimum achievable | 179 | 127 | 146 | 153 | 1.23 | 082 | O 0 0
Classregulatory 3

BL - Without treatment 1301 | 7.13 | 934 | 1890 | 1242 | 756 | 2011 | O 0

BL - Scenario CLE 028 | 016 | 020 | 041 | 018 | 011 | 029 | © 0

BL - Minimum achievable | 010 | 0.06 | 0.07 | 015 | 0.10 | 0.06 | 0.16 | O 0
Classregulatory 4

BL - Without treatment

BL - Scenario CLE

BL - Minimum achievable
Classregulatory 5

BL - Without treatment 76.03 | 55.51 | 63.34 | 77.08 | 90.87 | 69.29 |104.24|128.01| O

BL - Scenario CLE 220 | 157 | 1.82 | 218 | 200 | 158 | 1.89 | 2.17 0

BL - Minimum achievable | 144 | 098 | 1.17 | 1.37 | 194 | 161 | 146 | 150 | ©

Table 4.37 : PM2.5 total emissions in kt for each regulatory class and for the CP energy

scenario
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Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Classregulatory 1
CP - Without treatment 0 0 0 001 | 0.01 | 0.02 | 93.91 |128.32|280.18
CP - Scenario CLE 0 0 0 001 | 001 | 002 | 141 | 1.94 | 4.23
CP - Minimum achievable | o 0 0O | 001 | 001 | 002 | 0.81 | 1.10 | 240
Classregulatory 2
CP - Without treatment 64.54 | 45.80 | 52.57 | 52.57 | 39.56 | 27.07 | O 0 0
CP - Scenario CLE 273 | 194 | 222 | 146 | 110 | 0.75 0 0 0
CP - Minimum achievable | 179 | 1.27 | 146 | 146 | 110 | 075 | O 0 0
Classregulatory 3
CP - Without treatment 1301 | 7.13 | 934 | 1820 | 1031 | 686 | 1764 | O 0
CP - Scenario CLE 028 | 0.16 | 020 | 040 | 015 | 0.10 | 0.26 0 0
CP - Minimum achievable | 0.10 | 0.06 | 007 | 0.14 | 008 | 005 | 014 | O 0
Classregulatory 4
CP - Without treatment
CP - Scenario CLE
CP - Minimum achievable
Classregulatory 5
CP - Without treatment 76.03 | 55,51 | 63.34 | 73.57 | 81.89 | 63.14 | 91.44 [113.28| 0O
CP - Scenario CLE 220 | 157 | 1.82 | 2.08 | 1.80 | 1.43 | 1.66 | 1.92 0
CP - Minimum achievable | 144 | 098 | 1.17 | 1.31 | 1.74 | 146 | 128 | 133 0
Table 4.38 : PM2.5 total emissions in France for the BL scenario in kt
Scenario 1990 | 1995 | 2000 | 2005 | 2010 | 2015 | 2020 | 2025 | 2030
Without treatment | 153 55 | 108 44| 12525 | 151.15| 147.54|106.54 231.40| 273.01 | 311.00
Scenario CLE 521 | 366 | 425 | 412 | 342 | 253 | 344 | 389 | 369
Minimum achievable | 55 | 537 | 271 | 305 | 328 | 251 | 254 | 275 | 266
Table 4.39 : PM2.5 total emissions in France for the CP scenario in kt
Scenario 1990 | 1995 | 2000 | 2005 | 2010 |2015| 2020 | 2025 | 2030
Without treatment | 153 55 | 108 44| 12525 | 144.34| 131.78| 97.09| 202.99 | 241.60 | 280.18
Scenario CLE 521 | 366 | 425 | 394 | 305 | 230 | 332 | 386 | 4.23
Minimum achievable | 343 | 530 | 271 | 201 | 293 | 228 | 223 | 243 | 2.40
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4.7 Costs for each technical option in all different case

4.7.1 Costs per PJ fud input, per ton of pollutant abated and marginal costs

Table 4.40 : Cost per PJ fuel input, per ton of NOx abated and margina cost for NOx
abatement techniques for each regulatory class

Cost per t of | Marginal cost
Control Technology Description | Technology Cost per PJ fuelinput| - NOx abated [Euro/t NOx
[Euro/PJ fud input] | [Euro/t NOx abated]
abated]
New plants

HC3 new plant MP 0 0 0
HF new plant MP 0 0 0
Gas new plant MP 0 0 0
HC3 new plant MP + SCR 167,541 969 1,729
HF new plant MP + SCR 622,184 5,793 8,714
Gas new plant MP + SCR 135,502 2,930 6,377

Regulatory class 2
HC2 existing plant MP 43,348 434 434
HC2 existing plant MP + SCR 515,312 1,876 2,700

Regulatory class 3
HC1 existing plant MP 43,700 560 560
HC1 existing plant MP + SCR 646,486 2,322 3,329

Regulatory class 4

No plantsin France

Regulatory class 5
HC1 existing plant MP 24,620 316 316
HC3 existing plant MP 15,017 159 159
HF existing plant MP 205,485 4,317 4,317
Gas exigting plant MP 14,781 462 462
HC1 existing plant MP + SCR 324,750 1514 2,199
HC3 existing plant MP + SCR 214,896 827 1,209
HF existing plant MP + SCR 1,859,220 9,765 11,581
Gas exigting plant MP + SCR 176,200 2,591 4,484
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Table 4.41 : Cost per PJ fuel input, per ton of SOx abated and marginal cost for low sulfur
fuels for each regulatory class

Cost per PJ fuel |Cost per t of SOx
input abated Marginal cost
[Euro/PJ fuel [Euro/t SOx | [Euro/t SOx abated]
input] abated]
HC1-LSCO 99,000 404 404
HC2 - LSCO 66,000 421 421
HC3 - LSCO 198,000 421 421
HF — LSHF1 501,200 549 549
HF — LSHF2 3,435,000 2,940 13,465
HF —LSHF3 6,350,000 4,900 49,784

Table 4.42 Cost per PJ fuel input, per ton of SOx abated and marginal cost for SO2 abatement
techniques for each regulatory class

Cost per PJ | Cost per t of Marginal cost
fuel input SOx abated [Eurolt SOx
[Euro/PJ fuel| [Euro/t SOx abated]
Control Technology Description | Technology input] abated]
New plants
HC3 new plant WFGD 422,424 499 499
HF new plant WFGD 1,701,551 1,328 1,328
HC3 new plant HEWFGD 516,275 578 1,995
HF new plant HEWFGD | 2,033,368 1,504 4,662
Regulatory class 2
HC2 existing plant WFGD 931,934 1,748 1,748
Regulatory class 3
HC1 existing plant WFGD 902,896 1,445 1,445
Regulatory class 4
No plants in France
Regulatory class 5
HC1 existing plant WFGD 522,185 836 836
HC3 existing plant WFGD 433,297 542 542
HF existing plant WFGD 4,528,854 3,743 3,743
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Table 4.43 : Cost per PJ fuel input, per ton of TSP abated and marginal cost for dedusters for
each regulatory class

Cost per PJ fud Cost per t of TSP Marginal cost
Fuel Technology Input abated [Euro/t TSP abated]
[Euro/PJ fud input]| [Euro/t TSP abated]
New plants
Deduster 1 57,812 13.66 13.66
HC3 Deduster 2 72,561 16.87 210
Deduster 3 97,245 20.19 763
Deduster 4 101,603 22.47 1,640
Heavy fud oil| Deduster 1 674,281 53,093 53,093
Deduster 1
Heavy fud oil| after low 674,281 23,911 23,911
NOXx burner
Regulatory class 2
Deduster 1 156,541 36.99 36.99
HC2 Deduster 2 188,753 43.87 460
Deduster 3 234,012 54.15 2,351
Deduster 4 266,900 61.63 3,760
Regulatory class 3
Deduster 1 175,064 51.57 51.57
HCl Deduster 2 210,086 60.63 500
Deduster 3 260,955 74.90 2,642
Deduster 4 296,823 84.98 4,100
Regulatory class 4
Regulatory class 5
Deduster 1 86,489 25.48 25.48
HCl Deduster 2 103,733 29.94 246
Deduster 3 129,593 37.19 1,343
Deduster 4 146,607 41.97 1,944
Deduster 1 57,812 13.66 13.66
HC3 Deduster 2 72,561 16.87 210
Deduster 3 97,245 20.19 763
Deduster 4 101,603 22.47 1,640
Heavy fud oil| Deduster 1 674,281 53,093 53,093
Deduster 1
Heavy fud oil| after low 674,281 23,911 23,911
NOXx burner
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Table 4.44 : Cost per PJfuel input, per ton of PM10 abated and marginal cost for dedusters for
each regulatory class

Cost per PJ fud Cost per t of PM 10 Marginal cost
Fuel Technology Input abated [Euro/t TSP abated]
[Euro/PJ fud input]| [Euro/t TSP abated]
New plants
Deduster 1 57,812 60 60
HC3 Deduster 2 72,561 74 766
Deduster 3 97,245 88 1,342
Deduster 4 101,603 102 2,600
Heavy fud oil| Deduster 1 674,281 64,642 64,642
Deduster 1
Heavy fud oil| after low 674,281 28,564 28,564
NOXx burner
Regulatory class 2
Deduster 1 156,541 164 164
HC2 Deduster 2 188,753 194 1,673
Deduster 3 234,012 237 4,138
Deduster 4 266,900 269 5,966
Regulatory class 3
Deduster 1 175,064 229 229
HCl Deduster 2 210,086 269 1,819
Deduster 3 260,955 329 4,651
Deduster 4 296,823 371 6,506
Regulatory class 4
No plantsin France
Regulatory class 5
Deduster 1 86,489 113 113
HCl Deduster 2 103,733 133 896
Deduster 3 129,593 163 2,634
Deduster 4 146,607 184 3,086
Deduster 1 57,812 60 60
HC3 Deduster 2 72,561 74 766
Deduster 3 97,245 88 1,342
Deduster 4 101,603 102 2,600
Heavy fud oil| Deduster 1 674,281 64,642 64,642
Deduster 1
Heavy fud oil| after low 674,281 28,564 28,564
NOXx burner
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Table 4.45 : Cost per PJfuel input, per ton of PM2.5 abated and marginal cost for dedugters for
each regulatory class

Cost per PJ fud Cost per t of PM 2.5 Marginal cost
Fuel Technology Input abated [Euro/t TSP abated]
[Euro/PJ fud input]| [Euro/t TSP abated]
New plants
Deduster 1 57,812 114 114
HC3 Deduster 2 72,561 143 875
Deduster 3 97,245 170 1,396
Deduster 4 101,603 199 2,653
Heavy fud oil| Deduster 1 674,281 101,548 101,548
Deduster 1
Heavy fud oil| after low 674,281 42,301 42,301
NOXx burner
Regulatory class 2
Deduster 1 156,541 310 310
HC2 Deduster 2 188,753 373 1,927
Deduster 3 234,012 457 4,272
Deduster 4 266,900 517 6,095
Regulatory class 3
Deduster 1 175,064 433 433
HCl Deduster 2 210,086 517 2,175
Deduster 3 260,955 633 4,837
Deduster 4 296,823 714 6,687
Regulatory class 4
No plantsin France
Regulatory class 5
Deduster 1 86,489 214 214
HCl Deduster 2 103,733 255 1,071
Deduster 3 129,593 314 2,455
Deduster 4 146,607 353 3,176
Deduster 1 57,812 114 114
HC3 Deduster 2 72,561 143 875
Deduster 3 97,245 170 1,396
Deduster 4 101,603 199 2,653
Heavy fud oil| Deduster 1 674,281 101,548 101,548
Deduster 1
Heavy fud oil| after low 674,281 42,301 42,301
NOXx burner

47.2 Cost curves

Knowing all the costs and potential reduction, it is possible to generate cost curves for the
scenario CLE. It is not the work of EGTEI to elaborate them, that is why only one example is
shown in this document.
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Table 4.46 : Example of NOx abatement cost curve for combustion sector in France in 2010

. Removed |Remainin Application L
Fuel -Sector-Technol ogy Unit cost Marginal cost emissions | emissi onsg Total cost pprate Applicability
(Euro/t NOx abated) | (Euro/t NOx abat ed) (kt) (kt) (kEuro) (%) (%)

Initial emissions 116.65

HC3 new-MP 0 0 0.00 116.65 0 54.59 0.00
HF new-M P 0 0 0.00 116.65 0 60.78 60.78
Gaznew-MP 0 0 0.00 116.65 0 92.00 100.00
HC3 existing-M P 159 159 0.00 116.65 0 72.49 0.00
HC1 (LFC) existing-M P 316 316 104 11561 327 94.87 94.87
HC2 existing -MP 434 434 0.00 11561 327 0.00 0.00
Gaz existing-MP 462 462 0.64 11497 623 81.25 100.00
HC1 (hors LFC) existing-M P 560 560 147 11350 1447 64.10 82.05
HC3 existing-M P+SCR 1102 1641 42.10 71.40 70533 2751 100.00
HC3 new-MP+SCR 1323 2361 0.00 71.40 70533 45.41 100.00
HC1 (LFC) existing-M P+SCR 2060 3057 0.15 71.25 71004 513 513
HC2 existing-M P+SCR 2627 3880 0.00 71.25 71004 0.00 0.00
HF existing-M P 4317 4317 155 69.70 77676 45.10 45.10
HC1 (hors LFC) existing-M P+SCR 3247 4782 0.89 68.82 81911 0.00 17.95
Gaz existing-M P+SCR 3690 6559 0.00 68.82 81911 0.00 0.00
Gaz new-MP+SCR 3964 8627 8.28 60.54 153342 0.00 0.00
HF new-M P+SCR 8341 12547 0.00 60.54 153342 30.22 30.22
HF existing-M P+SCR 14829 18334 7.53 53.01 291397 54.90 54.90

Example of NOx abatement cost curve for combustion sector in France in 2010

18000 p —+— Marginal cost —=—Total cost
=) \\
+ 250000

£ 16000
g \
3 14000 \\ 1 200000 ©
Z 12000 3
S =3
S 10000 150000 &
L o

o
@ 8000 i
o \ + 100000 °
< 6000
£
[2]
S 4000
g D¢ + 50000

2000 .
0 ‘ ‘ s ' o

50.00 60.00 70.00 80.00 90.00 100.00 110.00 120.00

Remaining emissions (kt)

80/80




