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A c knowled gem ents

The C anad ian C lean P owerC oalition wis hes to ac knowled ge the financ ialc ontribu tions
mad e by N atu ral Res ou rc es C anad a, A lberta Energy Res earc h Ins titu te and
S as katc hewan Ind u s try and Res ou rc es to the P has e Is tu d ies .

Introd u c tion

The C anad ian C lean P owerC oalition (C C P C )repres ents elec tric ity generators and c oal
s u ppliers ofover90 % ofC anad a’ s c oal-fired powergeneration. The partic ipants ofthe
C C P C have been c onc erned abou tthe levelofgreenhou s e gas emis s ions res u ltingfrom
the operation of their plants . A s the c hallenge of potentialc limate c hange impac ts
bec ame c lear, c oaland c oalfired elec tric ity prod u c ers began to evalu ate s trategies for
netemis s ion red u c tion.

A nu mberofthe partic ipants held a s eries of d is c u s s ions throu ghou t20 0 0 and 2 0 0 1 to
id entify a jointc ou rs e of ac tion to ens u re thatc oaland c oalfired elec tric ity wou ld
c ontinu e to have a plac e in C anad a’ s energy s u pply fu tu re, alongs id e both other
c onventional fu els and non-c onventional renewable s u pplies . Thes e d is c u s s ions
expand ed and c u lminated in the formation of the C C P C , an as s oc iation and formal
agreement.

The C C P C P artic ipation A greementwas s igned in mid 20 0 1 among A TC O P ower
C anad a L td . , E P C O R Utilities Inc . , L u s c ar L imited , N ova S c otia P ower Inc . , O ntario
P ower Generation Inc . , S as katc hewan P ower C orporation, and Trans A lta Utilities
C orporation, with the c onc eptof a private-pu blic partners hip to d evelop tec hnology to
meet the s tated goals . P has e I of the projec t c ommenc ed in S eptember 20 0 1 .
S u bs eq u ently, the governments of A lberta, S as katc hewan, and C anad a s u bs c ribed to
s u pportthe C C P C . In ad d ition, the partic ipation of EP RI (Elec tric P ower Res earc h
Ins titu te of P alo A lto, C A ) and IEA (InternationalEnergy A genc y) was s olic ited and
s ec u red .

The C C P C es tablis hed a goalto d evelop projec ts to d emons trate tec hnology ata
c ommerc ialu tility s c ale forretrofitto exis ting plants , orforu s e in new c oalfired power
plants , that wou ld allow allemis s ions , inc lu d ing C O 2 , to be c ontrolled to meetall
fores eeable new regu latory requ irements . The emis s ions targetwas to allow a c oal-fired
plantto be as c lean as a mod ern natu ralgas fired gas tu rbine plant. The goalwas to d o
this while maintaining overalleffic ienc y ator above c u rrentlevels , maintaining c os ts
c ompetitive withothergeneration tec hnologies and enablingthe C O 2 to be c aptu red .

P has e I of the projec tc ompris ed the C onc eptu alEngineering and Feas ibility S tu d ies ,
u nd ertaken from mid 20 0 1 to early 20 0 4. The objec tive of the c onc eptu alengineering
and feas ibility s tu d ies was to d etermine the mos t appropriate tec hnologies for
d emons tration. Implementation plans , preliminary d es igns and c os tes timates were
d eveloped for thos e tec hnologies , rec ognizing the geographic al variability of c oal:
wes tern lignite and s u b-bitu minou s c oals , and eas tern bitu minou s c oals .

The fu nd amentalprinc iple u nd erlying the goals of the C C P C was to id entify a proc es s
thatwou ld prod u c e elec tric ity from c oalin s ome fas hion and thatwou ld als o provid e a
relatively pu re s tream of C O 2 thatc ou ld be c aptu red , fu rther proc es s ed as nec es s ary,
and s u bs eq u ently u s ed ors tored .
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W orkP ac kages

Table 1 s u mmarizes the work pac kages thatwere u s ed to c omplete the P has e Ieffort.
The C C P C req u es ted potentialc ontrac tors to s u bmitpropos als on the variou s work
pac kages . Thes e propos als were evalu ated by the C C P C and c ontrac ts were award ed
to c arry ou tthe work.

Table 1 : W O RK P A C KA GE D ES C RIP TIO NS

Nu m ber D esc ription C ontrac tor C om pletion D ate

W P 1 P re-s c reenings tu d y S FA P ac ific D ec ember20 0 1

W P 2 A mine s c ru bbingand oxyfu elevalu ation Flu orC anad a Ju ly 20 0 3

W P 3 Gas ific ation tec hnologies evalu ation Flu orC anad a Ju ly 20 0 3

W P 4 Retrofitemis s ions c ontrolexc eptC O 2 N eill& Gu nter D ec ember20 0 2

W P 5a C O 2 u tilization and s torage options in
wes tern C anad a

S N C L avalin A u gu s t20 0 3

W P 5b C O 2 s eq u es tration opportu nities in N ova
S c otia c oals eams

Geologic alS u rvey
ofC anad a

M arc h20 0 4

W P 6 P has e Ifinalreport C RIC ons u lting Febru ary 20 0 4

Resu lts

The main res u lts of the feas ibility s tu d ies are s u mmarized in Table 2 . M u c h d etailed
analys is has been c ond u c ted in ord erto d evelopthes e d ata.

* N ote to Table 2 . C os tofC O 2 avoid ed is d efined as the inc reas e in c os tofelec tric ity in $/M W hr(evalu ated c as e minu s
s elec ted bas e c as e)d ivid ed by the d ec reas e in tonnes ofC O 2 emitted perM W hrnet(s elec ted bas e c as e
minu s evalu ated c as e).

Table 2 : TEC H NIC A L A ND EC O NO M IC C O M P A RIS O N O F C O 2 A B A TEM ENT TEC H NO L O GIES

Fu el B itu m inou s
S u b-

bitu m inou s
L ignite L ignite L ignite

Tec hnology Gas ific ation Gas ific ation Gas ific ation A mine O xyfu el

C O E (90%C F) $/M W hr 10 7 97 131 116 152

C ost millions $ 1 , 330 1 , 490 1 , 590 1 , 37 0 2 , 31 0

C O 2 Em itted Tonne/M W hr 0 . 1 16 0 . 1 1 1 0 . 1 8 2 0 . 0 60 0 . 145

C O 2 C aptu red % 8 6 8 9 8 6 95 90

C O 2 A void ed Tonne/M W hr 0 . 65 0 . 7 4 0 . 7 1 0 . 8 2 0 . 7 4

C ostC O 2 A void ed * $/tonne 47 52 8 8 57 1 1 2

C apac ity M W gros s 594 629 555 454 629

Ec onom ic C apac ity M W net 445 437 361 311 37 3

NetH eatRate KJ/kW hr 11 , 410 13, 8 10 13, 240 1 2 , 530 14, 8 8 0

UnitC ost $/kW net 3, 0 0 0 3, 40 0 4, 40 0 4, 40 0 6, 2 0 0
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C onc lu sions and NextS teps

The learnings from P has e Iwere:

 This was the firs ts tu d y to as s es s allthree available tec hnologies forC O 2 c aptu re.
 Emis s ions from c oalc an be red u c ed to levels eq u ivalentto natu ralgas power

generation.
 The c os tofelec tric ity (C O E)withC O 2 c aptu re was 50 % higherthan c u rrentrates ,

bu tlowerthan priors tu d ies .
 Gas ific ation ranked firs tand amine s c ru bbingnext, even withnon-optimized

proc es s es .
 The W es tern C anad a S ed imentary B as in has vas ts torage c apac ityforC O 2 .

The s etofc onc lu s ions thatthe C C P C has ad opted as a res u ltofthe workofP has e Iare
itemized below.

 Gas ific ation is s tillnotmatu re tec hnology for power plantapplic ations . S ignific ant
work remains to be u nd ertaken to make this a c ompetitive tec hnology, althou gh itis
probably the mos tlikely platform forthe fu tu re iflimits on C O 2 emis s ions are applied .
S imilarly, oxyfu elis notyeta matu re tec hnology. A mine s c ru bbing wou ld appearto
be relatively matu re, one ofthe lowes tc os talternatives , and read y to apply to power
plantapplic ations forc aptu ringC O 2 . Initiatives are req u ired :

o To explore and d evelopgas ific ation forlow ranked c oals to make itmore reliable
and c os teffec tive, and

o To ans wers c ale u pq u es tions regard ingamine s c ru bbing.

 A d emons tration projec twillreq u ire a s u bs tantialeffortfrom ind u s try and government
if itis to proc eed and to s u c c eed . Governmentpartic ipation willbe req u ired to
ens u re thats u c h a projec tc an be financ ed , to ens u re thatthe nec es s ary permitting
is provid ed , and to provid e s ignific antfu nd ing.

D etailed s tu d ies of IGC C plants will be c ond u c ted in P has e II prior to making
c ommitments ford emons tration projec ts . The s tu d ies s hou ld inc lu d e c ons id erations of
polygeneration of power, hyd rogen, and s team atS as katc hewan (lignite-fu eled ) and
A lberta (s u b-bitu minou s -fu eled ) s ites , where bu s ines s c as es mightbe bu iltbas ed on
partners hips with nearby oilrefineries and other ind u s tries . Thos e refineries c ou ld
s u pply low-c os t petroleu m c oke for fu el blend ing and potentially c ou ld u tilize the
polygenerated hyd rogen and s team . A n IGC C plantd es igned for c o-prod u c tion of
hyd rogen is inherently read y forthe ad d ition of C O 2 c aptu re eq u ipment. P has e IIwill
optimize the tec hnologies to lowerc os ts fu rtherand d evelopthe rightbu s ines s c as e for
the d emons tration plant. Itappears thata C O 2 c aptu re projec tis mos tlikely to be a
greenfield projec tbec au s e C O 2 c aptu re tec hnologies are nots u ffic iently attrac tive on a
retrofitprojec t.

In s u mmary, power generators u s ing c oal-fired generation s ee an array of new
emis s ions regu lations approac hing in the nextfew years . There is an u rgentneed to
u nd ers tand and evalu ate the ability for ad vanc ed c ombu s tion and emis s ions c ontrol
tec hnologies to mitigate the environmentalimpac tof c oal-d erived power generation
before c ommitting the s ignific ant c apital inves tment nec es s ary to c ons tru c t the
nec es s ary plant. The C anad ian C lean P ower C oalition is one s u c h res pons e. The
partic ipants antic ipate thatthe res u lts ofthe s tu d ies willmake a s ignific antc ontribu tion to
the u nd ers tand ing ofthe c ontrolofairemis s ions , inc lu d ing C O 2 , from the generation of
powerfrom c oal.


