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Wet Limestone FGD Process 

Flow Sheet 

CLEAN 
GAS 

_J 
FLUEGAS f' 

OXIDATION 
AIR 

ABSORBER 

• PROCESSWATER 

TECHNOLOGIES 
FOR FUTURE GENERATIONS. 

~ 
ABSORBENT 

PREPARATION 

HYORO· 
CYCLONE 

VACUUM BELT FILTER 

Aoomve~ 
SILO 

GYPSUM 

GYl'SUM· 
SILO 

WASTEWAIER 
TREATMENT 

ABSORBENT 
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Wet Limestone FGD Process 

Overall Reaction 

S02(g) + CaC03 + 2H20 + %02 

~ 
Flue gas El \ ~air..t 
Additive: limestone 
suspension 

'--~~~~~~~~~~~--! 
TECHNOLOGIES 

..+ CaS04"'2H20 + C02(g) 

\ -y- ) 

es Product: gypsum 

6 FOR FUTURE GENERATIONS. __ ,.. 
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Wet Limestone FGD Process 

FGD 
GYPSUM 

Gypsum for the building industry 
'' Gypsum wallboards 

Plaster gypsum 
Solidification agent for cement 

~11 Cem~nt for the mining industry 
~ ¡ Floonng . 

-¡ Gypsum chip boards 
1 Gypsum fíbre boards 
· Filler 
· ¡ Landscaping industry j 

1 

1 ~-cultivation \ 
l____..._. 

TECHNOLOGIES 
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Wet limestone FGD Process 

Mist Eliminators 

TECHNOLOGIES 
~~~~~~~~~~~~ 

Optimized Arrangement 

One Support Level far two Stages 

Optimized Flushing 

Low Pressure Drop 

6 FOR FUTURE GENERATIONS. .... ........ 
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Wet Limestone FGD Process 

Spraying Zone 

TECHNOLOGIES 
~~~~~~~~~~~---; 

High Mass Transfer Surface 
Moderate Pressure Drop 
CFD Optimised Spray Nozzle 
Arrangement 
Homogeneous Liquid Distribution 
Minimised Recirculation Rate 

6 FOR FUTURE GENERATIONS. .-........ 
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Wet Limestone FGD Process 

Sump Design and Impulse 
Suspending System 

Special Advantages 

only available with 

AE&E Lentjes Sump System 

Suspending without moving parts 
within the absorber 
Two different zones for oxidation 
and crystallisation 
Better utilisation of consumables 
Higher quality of gypsum 
Trouble-free restart of IS-System 
No operation of the Impulse 
Suspending System during shut-
d~n --

A TECHNOLOGIES 
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Wet Limestone FGD Process 

Absorber Type: Single Loop Spray Tower 

Advantages 

• Few Interna! Parts 
• Easy Maintenance 
• High Reliability 
• Removal Efficiency > 98 ºlo 
• High S02 inlet (> 27,000 mg/m3 STP) 
• Low lnvestment Costs 
• Adoption to Load Requirement 
• Long-term Experience 
• Experience with seawater as process water 

r'"~~ ~ 

"":'"'· ._, ... 
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L- TECHNOLOGIES 
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References Flue Gas Desulphurization 

o · Referenc~s Wet FGÓ · 
o Number of ·R~ferellces 

o 97 Wet Limestone FGD plants 
189 absort>ers in tptal (85 absorbers in China) 

o 4 Seawater FGD plants 
4 absorbers · · · 

o Totá1 instaned c~pacity . 
o 64,600MWeequiJa1ent in total 

(36,000.MWe in China). 
o Maximum .Capacity . , · ... 

o 900 MWe (tWo abs~rl:Jersl 
o 1,000MWe (sin~leabsorberin China) 
o 660 MWe (seawaterFGD) 

o References CFB FGD 
o Number of References 

o 47 Dry CFB plants 
86 absorbers (14 absorbers in China) 

o Total installed capacity 

o 37.1 Mio m'/h STP, wet, in total 
(12.6 Mio m'lh STP, wet, in China) 

o Maximum Capacity 
o 915 MWe (3 absorbers, 305 MWe each) 

350 MWe (single absorber) 

TECHNOLOGIES 
FOR FUTURE GENERATIONS. 6 ..-....... 
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Wet Limestone FGD Process 

Dolna Odra - 440 MWe hard coal fired - retrofit 

----ª'' 
1 ' 

íl1 rrrr=· :¡te: • ¿~tt" ";'"';'""'¡':'.F ¿::::~ 
~-:~:i~-~-:"'~0J11 ~ 
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____________ __, 
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'\j9"' l m. ~ ' ~1c--0---· 

Design Data Guaranteed Emission Data 

SOx ::;: 200 mglm' (STP dry) 

SOx Removal Efficiency :::: 92 % 

Gas Flow 1,926,000 m3/h STP, wet 

6 TECHNOLOGIES 
FOR FUTURE GENERATIONS. ... ....... 

~---~, 

'·o' 

'.'·•"4-' 
., 

.,...,"' 

C) 



.:;. 

Wet Limestone FGD Process 

Oroszlany - 240 MWe lignite fired - Wet Stack design 

L-~------------l 

I¡·*:: 
lt~ 
t" 

-! 
i 't~-;. 9 ''" 1 J 
1 LLLl_. < .J-f~~~ .. 
l. ~-¡· f:::-~,, i. J 11 !lim .. 

D--<0--'" -¡¡1 1 ~--~-j I~ ... , • __,..,e!! 

,\f'Uí\Wii' 

" ·-"""""-·~'"*""" 1• .. ~-~ 
Design Data Guaranteed Emission Data 

Gas Flow 1, 140,000 m"/h (STP wet) SOx:: 400 mg/m3 (STP dry) 

SOx lnlet 14,000 mglm3 (STP dry) SOx Removal Efficiency:::. 97 % 

HCI lnlet 50 mglm' (STP dry} HCI:': 20 mglm' (STP dry) 

HF lnlet 20 mg/m3 (STP dry) HF:: 5 mglm' (STP dry) 

Dust lnlet < 100 mglm' (STP dry) 

TECHNOLOGIES 

FOR FUTURE GENERATIONS. 

Particles.:;: 30 mglm' (STP dry) 

Droplets:s. 100 mglm3 (STP dry) 

6 .... ...... 
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Wet Limestone FGD Process 

Rugeley - 2 x 500 MWe coal fired - Retrofit 

TECHNOLOGIES 
~~~~~~~~~~~~--1 
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Wet limestone FGD Process 

Rugeley - 2 x 500 MWe coal fired - Retrofit 

@. Technical Data: 
r----------íl'!· Gross power generation (per urnt) 500 MWe 

[~ 

~,,,,,.,, ,,, ... ,,.,,.,,,· __ ,,:.1··[Fl''':·: .. ' :.·:~· .. :::.:-~ ' 
l ¡· .. ~-' 

~ 11 i •70:1" 

' ~- .. ·¡-·- *11 -·~ 
., ' ,,, 1 ,,., ~---0--··¡-·····-·······J 1 

h' ,''"""'"'""" ¡ [~·-~----;;¡,,,, 1 

r~,~-.... , ..•.•.. ,,,/.·.· 

TECHNOLOGIES 
'--~-~---------! 

Number of units 2 

Max. flue gas flow rate (wet) 2, 103,000 m3Jh (STP) 

Max. 5-content in coa! 1 % 

Max. 50rínlet concentration 2,076 mg/m3 (STP) 

Guaranteed fmi§sions (acc. to 6 % o2, dry)): 

SOrremovai efficiency 

Particulate matter 

Waste warnr 

~ '""" 
' 

@· 
19 

...... {¡}-... ¡¡!filil!jl 1~• 

94 % 

25 mgtm3 (STP) 

10.s m3/n 

6 .... ...,,.. FOR FUTURE GENERATIONS. 
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Flow Sheet of the CFB FGD Process 

Sorbent 

Flue Gas 

CFB 
Absorber 

Clean Gas Recirculation 

TECHNOLOGIES 
~~~~~~~~~~~-; 

FOR FUTURE GENERATIONS. 

Cleaned 
Flue Gas 

Product 
Silo 

Product 

A ........, .. 
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Retrofit of CFB FGD 

Existing Power Plant 

Boiler 

Dedusting 
(Boiler) 

Dust 

o~------
ID-Fan 
(Boiler) 

Retrofit Variant B 

Boiler 

CFB Absorber 

Dedusting 
(Boiler+CFB) 

ID-Fan 
(Boiler+CFB) 

Stack 

duct 
incl. Dust TECH NOLOG 1 ES 

~~~~~~~~~~___, 

Retrofit Variant A 

Boiler Dust ID-Fa., 
(Boiler) 

Retrofit Variant C 

Boiler 

FOR FUTURE GENERATIONS. 
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incl. Dust 
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Overall Reactions 

Main reactions, significant for the flue gas desulphurisation in the fluidised bed 

Ca(OHh + 502 1 :> CaS03 • 1/2 H20 + 1/2 H20 

2 CaS03 • 1/2 H20 + 0 2 2 CaS04 • 1/2 H20 

Ca(OH)i+ 503 1 :> CaS04 • 1/2 H20 + 1/2 H20 

Additional reactions with chlorides and fluorides 

Ca(OHh + 2 HCI 1 > CaCl2 • 2 H20 

Ca(OHh + 2 HF 
1 :> 

CaF2 • 2 H20 

Parallel reaction with C02, forming Limestone 

Ca(OH)i + C02 
1 > CaC03 + H20 

CaO hydrated in a dry hydrating plant on site 

CaO + H20 ==:> Ca(OHh 

TECHNOLOGIES 
~~~~~~~~~~~~--; 

FOR FUTURE GENERATIONS. 6 ,_...., .. 
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Sorbent utilized in CFB FGD Process 

Hydrated lime 

Burnt lime 

Limestone 

Results in: 

Ca(OHh direct use in the absorber 

CaO hydrated on site 

CaC03 calcined in a CFBC boiler 
activated to hydrated lime in the CFB absorber 
(= very efficient Combination of CFBC + CFB FGD) 

);> High efficient 503 removal capabilities 

);> High efficient HCI and HF removal capabilities 

> Removal efficiency can be adjusted to meet actual requirement 

TECHNOLOGIES 
~~~~~~~~~~~~-; 

FOR FUTURE GENERATIONS. 6 __ .., "' '" ~-'"'' ,_,_, -r 
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Typical Composition of Byqproduct 

Typical Composition in weight ºlo (dry) 

Component 

Ca503 x 1/2 H20 

CaC03 

Ca504 x 1/2 H20 

CaCl2 

'~ 

~~ 

: 
i 

without prededusting 

23 - 28 

5 -10 

5 -10 

o -1 

~ 0-1 
f ,:f 

i e,_· ·. . , il:,~· :· ......... ·:,:'' .. 
1 rt '".'·.·t ., .. , ... "m·". · · 

1··· ,, .• · ·· ~~'11, .. ~J&i · 'V '· L ·C;.1< - '? t:;¿( ':;:;,~ ' 

ne ¡,,,, 1,r~i?') add1t•V:!ri1 :h.,1. 1 - . :~~··· .. ~-:.' ..... ·" 
~ f&~~{~~)tfi .L .. --¡:;, •. ,fa. \¡~fü:.~;l~~'.(/~'._~'~p,0''.'f).J'.:Y~;+:j, -- ,- - ,,.,,~ .. :¿;;¡,v· '~ '-·:¡J[Pí~~~:t~x,~'t¡V'.J ¿; 

7

' {',7';%·Y~: ""~' 
Dust ¡(~1. ~h) fr~Jtl .. ~1.!:!~,~~;;,;;;;;"''''t·~·''~·i 50'1-,60¡ 

.!(, ¡''. "~• 't ,,1., ;:,,,,~{!14~.J"')Xhl~ { r < ~- ,;, 
~1f·*'~:''"'""' : 

Free humiChty J .ii • 0,5 - 1 

TECH NOLOG !ES 
~~~~~~~~~~~~--¡ 

FOR FUTURE GENERATIONS. 

with prededusting 

55 -60 

0,5 -1 
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General Arrangement 

CFB Absorber 

Absorbent Silo 

Fabric Filter 

Raw Gas Duct 

Clean Gas Duct 

, ... -~ 

\;,A. 

6 
?·\'~"' 

' -- '•' .. } 

TECHNOLOGIES 
~~~~~~~~~~~~--; 

FOR FUTURE GENERATIONS. 
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Advantages I Disadvantages of CFB FGD Process 

Advantages 
o Moderate process water consumption 

o Small power consumption 

o Small foot print 

o No waste water - dry particles only 

o High 803 removal 

o No flue gas re-heating 

o Absorber made of carbon steel 

o Easy handling and control 

o Easy adoption to higher SOx removal 

o Attractive investment costs 

Disadvantages 
o Non stochiometric reagent consumption 

¡-<"'' 

.. 
o Additional costs for landfill 

6 TECHNOLOGIES 
'--~~~~~~~~~~~--! 

FOR FUTURE GENERATIONS. ,,_..., .. ' c .. ) 
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Special Features of the CFB FGD Process 

Clean Gas Recirculation 

u Advanced part load capabilities 

o Single absorber for multiple boilers 

Solids Feeding below Venturi Nozzle(s) 

o Better solids distribution 

o Compact design 

o Lower absorbent consumption 

o Less residues 

Dry CaO Hydration at Site 

o Water addition independent from absorbent feed rate 

, "~ 

~···' ..... 

TECHNOLOGIES 
~~~~~~~~~~-; 
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References Flue Gas Desulphurization 

o References Wet FGD 
o Number of References 

o 97 Wet Limestone FGD plants 
189 absorbers in total (85 absorbers in China) 

l:l 4 Seawater FGD plants 
4 absorbers 

l:l Total installed capacity 
l:l 64,600 MWe equivalen! in total 

(36,000 MWe in China) 

l:l Maximum Capacity 
l:l 900 MWe (two absorbers) 
o 1,000 MWe (single absorber in China) 

o 660 MWe (seawater FGD) 

·o ReférellcesCFl3FG0:···•······•. 
·· o · Nur'nlJerofReten!fi6es''' ·• 

l:l 47 Diy CF,B;pla~ts ' • > .... , ... 
86 absorbers (14 a'bsoibers fn Chiá~j 

l:l Total installed capacity 
o 37 .1 Mio mª/h STP, wet, in total 

(12.6 Mio m'/h STP, wet, in China) 
o Maximum Capacity 

o 915 MWe (3 absorbers, 305 MWe each) 
350 MWe (single absorber) 

TECHNOLOGIES 
FOR FUTURE GENERATIONS. .... ....... 
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Setuza (Czech Republic) CFB FGD Reference 

2 x 60 t/h + 2 x 75 t/h steam / lignite fired 
~~., 

~4 
T 
~ 
'---

2 3 

Guaranteed Emission Data 

S02 _'.". 200 mg/m3 (STP, dry) 

S02 Removal EfC ,:: 93 % 

Partictes: 50mg/Nm' 

TECHNOLOGIES 
FOR FUTURE GENERATIONS. 

9 

B 

Bypass 

Bypass 

1 
~ 

Design Data 

Gas Flow: 290,000 rn3 /h (STP, wet) 

S02 inlet: 2,900 rng/rn' (STP, dry) 

Reagent: Ca(OHh 

No of process fines: 1 (for 4 boilers) 

6 --.. 
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Plzen {Czech Republic) CFB FGD Reference 

2 x 175 t/h steam + 3 x 35 MWe / lignite fired 
11 

~------------; 

~ 

t
4 f"l,,,0y6 

1
1 ~!.{}, 
¡_''':_ 
1 

, __ ~--·--

2 3 

~ 12 

; 13 

1 
~ 

Guaranteed Emission Data Design Data 

10 

Bypass 

802 ~ 400 mg/mª (STP, dry) Gas F!ow: 688,000 mª/h (STP, wet) 

802 Removal EfL:::: 92 % 802 inlet: 5,200 mg/mª (STP, dry) 

Particles: 50mg/Nmª Reagent CaO (on-site dry hydrator) 

No of process línes: 1 (for 5 boilers) 

6: TECHNOLOGIE5 
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Yushe, China CFB FGD Reference 

2 x 300 MWe I coal fired 

TECHNOLOGIES 
~~~~~~~~~~~~--; 

FOR FUTURE GENERATIONS. 

Guaranteed Emission Data 

S02 ::_ 345 mg/m3 (STP, dry) 

S02 Removal Eff.:;:: 90 % 

Design Data 

Gas Flow: 1,116,000 m3/h (STP, wet) 

S02 inlet: 3,450 mglm' (STP, dry) 

Reagent: CaO I Ca(OH) 

No of process fines: 2 (1 per boiler) r·· 
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Company Contact lnformation 

Contact Person: 
Frank Oberheid 

Daniel-Goldbach-StraQ.e 19 

D-40880 Ratingen 

Tel.: +49 2102 166 1484 

Fax: +49 2102 166 2484 
frank.oberheíd@aee-lentjes.de 

www.aee-lentjes.de 

TECHNOLOGIES 
'--~~~~~~~~~~~--4 

FOR FUTURE GENERATIONS. 6 .... ...., .. 
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lCPD 
o Emission fimit vafues to be applied from 2008 for 802 and NOx from existing 

plants (built before 2003), all data in mg/m3 

;;·~soo.' 

Natural gas 35 300 200 

TECHNOLOGIES 
'---~~~~~~~~~~~--1 

FOR FUTURE GENERATIONS. 6 -....... 
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LCPD 
u Emission limit values for S02 and NOX from plants to be built after 2003 

All data in (mg/mª) 

Solid fuels ~ 200 200 400 200 200 

Liquid fuels 400-200 200 400 200 200 
---

Biomass 200 200 200 400 300 200 
---

Natural gas 35 35 35 150 150 100 
1 

Al TECHNOLOGIES 

FOR FUTURE GENERATIONS. 
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Where are we coming from - Bischoff Branch 

1910 - Foundation 

[. Gottfried Bischoff GmbH & Co. KG 1 
1984 ~ Acquisition by 
Lentjes 

j Lentjes Bischoff GmbH 1 1996 

r ···-··-~~~t~ Bischoff GmbH - - J 1998 

[ Lurgi Energie und Entsorgung GmbH 1 2002 

[ Lurgi Lentjes AG 1 

1 Lentjes GmbH 1 

[. AE&E Lentjes GmbH 1 

Name Change due to Acquisition of Lentjes GmbH by 
Austrian Energy and Environment AG & Co KG 

2004 

2004 

2007 

,-------------------~--=-----, 
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References Flue Gas Desulphurization 

o References Wet FGD 
o Number of References 

o 97 Wet Limestone FGD plants 
189 absorbers in total (85 absorbers in China) 

o 4 Seawater FGD plants 
4 absorbers 

o Total installed capacity 

o 64,600 MWe equivalen! in total 
(36,000 MWe in China) 

o Maximum Capacity 

o 900 MWe (two absorbers) 

o 1,000 MWe (single absorber in China) 

o 660 MWe (seawater FGD) 

o References CFB FGD 
o Number of References 

o 47 Dry CFB plants 
86 absorbers (14 absorbers in China) 

o Total installed capacity 

w 37 .1 Mio m3/h STP, wet, in total 
(12.6 Mio m3 /h STP, wet, in China) 

o Maximum Capacity 

o 915 MWe (3 absorbers, 305 MWe each} 
350 MWe {single absorber) 

TECHNOLOCilES 
FOR FUTURE GENERATIONS. 6 ---
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SCR DeNOx Process 

o References 
o Number of References 

o 46 SCR DeNOx plants 
66 units in total (22 units by licencees) 

o Total installed capacity 
o 27,400 MWe equivalen! in total 

(8,600 MWe by licencees US, China) 

u Maximum Capacity 
o 2 x 1,000 MWe (China) 

TECHNOLOGIES 
·~~~~~~~~~~--; 

FOR FUTURE GENERATIONS. 
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Regulación del Sector 
Eléctrico en Chile 

:·· 1 f X :::2 ~ 
'"' ~i J~ Á,.., '(J 

www•~~·------- --------+-----

M. Soledad Arellano 
( sarellano@dii.uchile.cl) 

Centro de Economía Aplicada 
Universidad de Chile 

Contenido 

• Sistemas Eléctricos en Chile 
"' SIC-SING 
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"' Arquitectura Básica del Sector en Chile: Quién es Quién? 

• Operación y Regulación (hasta 2004) 
® Aspectos generales 
"' Comentarios - Evaluación 

• Cambios a la Normativa (2004 y 2005) 

• ¿Dónde estamos y hacia dónde vamos? 



Sistemas Eléctricos 
en Chile 

(Algunos Indicadores) 

Sistemas Eléctricos en Chile 

(2004) 

Sistema Interconectado 
Central (SIC} 

Potencia Instalada: 7.007 MW 
Generación Anual: 36.258 GW'n 
Demanda Máxima: 5.430.8 MW 
Cobertura: 111 a X Reg + RM (92% · 

Sistema de lll)agal l¡:¡n~s 

~otencia lnstal:da: 6~. 7 ;;.;. : 
Generación Anu~1: 1!14.3 .Gv:ln · 
Demanda Máxima.: 32.7 MW ·· 

· be · 11 Re. ión 1% · 

Sistema de Aysén 

Potencia lnslalada: 33.5 MW 
Generación Anual: 96.9 GW'n 
Demanda Máxima: 17.6 MW 
Cobertura: XI Región (0.8%) 
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••4ll@•.' 



Demanda Máxima y 
Potencia Instalada en el SIC 
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llaooo 1~·;*~~·~·~~~~ . 7000[¡ 

6000~~~~~~~~~ 
5000 wc;+~·.•·~"'~~~.,-,c~~ 
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2000 
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0-!d"-l¡SIL ..... .l\OlllU¡dL.r¡.l...,,._.L 

1989 1991 1993 1995 1997 1999 2001 2003 

1111 Capacidad Instalada MW o Demanda Maxima 

Tasa de Crecimiento anual 1989-1999 

Dda Máxima : 6.3% 

Potencia Instalada: 8.6 % 

1999-2003 

5.4% 

1.1 % 

1999-2004 

5.3% 

3.3% 

Alta Dependencia Hidrológica 

••• •••.s ••@<D 
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ENERGIA EMBALSADA SIC 
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Fuente: CNE 



Demanda Máxima y Potencia 
Instalada en el SING (MW) 

4000(f)f~~~~~~~~S5~~~~ 
3soolli-'.$~~~~-~~~,~~f 
3000 
2soo 15*~~ ·~B,~;;:-.•·.~~ 

2000-~~~~~~~ 
1500 l¡;I 
1000 1

'4_ ~,fj 

500 . 

o 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 

L ¡¡¡¡Capacidad Instalada 111 Demanda __ _ 

Entre 1999 y 2001 entraron ~ 2000 MW en centrales CC-GN 

Alta ªdependencia" del Gas Natural 
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Composición Parque 
Generador SING 

• Gas Natural 
58% 

Hidro 
0% 

l _______________ ~ 

Fuel Oil 6 
4% 

Carbó 

4% 
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Los Segmentos Básicos del Sector 
Eléctrico ... Quién es Quién? 

lírasy SEdil 
Tra-miliá1 

TT 

L. ___ , _______________ , ______ , __ 

Quién es Quién en el Sector Eléctrico: 
Generación (Julio 2005) 

Distribución Capacidad Instalada (MW) 

Gru o Economico 
Endesa 
Gener 
Colbun / (Suez Energy) 
Otros 
Total 

Fuente: CNE 

SING 
965 (27%) 
920 (26%) 

1711 (48%) 

3596 

•Alto grado de concentración en generación: 

SIC 
4172 (51%) 
1482 (18%) 
1925 (23%) 
647 (8%) 

8225 

• sin embargo "mejor" que 1992: Endesa 63% SIC 
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•Tractebel tiene pacto de accionistas con controlador de Colbun 

• Entrada de Pacific Hydro, Innergy 
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Quién es Quién en el Sector 
Eléctrico: Transmisión (Die 2004) 

• Obligaciones del Transmisor 
e Dar acceso abierto al uso de sus instalaciones a terceros. 

eee@ 
000ifit<«, 
&€:€< •'' 
e-e-·--

" 

'" No hay obligación de ampliar el sistema. (**Cambio Ley Corta**) 
• Obligación de entregar información (VNR, COYM) 

o SIC 
• Predominancia Transelec (transmisora) 

100 % 1 íneas en circuitos ;;: 154 KV 
Excepción 220 KV, 80% (Caso Colbún) 

e SING 
o Mayor Diversificación (Minerla) 
º Transelec I Tractebel I Gener 

Quién es Quién en Segmento 
Distribución (Dic. 2004) 

Económico 

SIC 
Olílactra 
CGE 
Olilquinta 
Saesa 
Eme! 

252,615 (100%) 

3.850,000 
1,352,220 (3.5%) 
1,3il2,200 (36"A>) 

009, 110 {13",{,) 
536,416 14% 
277.404 {7%) 

Ventns 

1,101.7 

23,418.9 
10,991.1 (47",&) 
6,573.9 (21l"k) 
2,058.9 (9%) 
1.~.1 B% 
1,295.1 (6%) 

Chilectra vendió Rlo Maipo (8% clientes) a CGE 

Saesa controla Edelaysén 

Integración Vertical: Chilectra y Endesa 7 Enersis 
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Operación y 
Regulacion 

(hasta 2004) 

Introducción 
• Chile fue el primer país del mundo que 

reformó y desreguló el sector eléctrico 
(1982) 
© Separación de las actividades (G I TI D) 

!ÍI Privatización de Empresas 
" No se evitó la concentración. 

• En general los cambios han sido positivos 
para el sector 
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Principios Básicos Operación 
del Sistema 

• Competencia "donde se pueda" 
e Generación 7 "Competencia" 

" T I D 7 Monopolio Natural 7 "Regulación" 

• Acceso No Discriminatorio a Sistema de Transporte 

® Obligación de Interconexión 

• Despacho según orden de mérito 

@ Centrales más baratas se despachan antes que 
centrales más caras 

@ Despacho independiente de contratos y retiros 

@ Determina el Costo Marginal Instantáneo 

Despacho por Orden de Mérito 

Costo iuarginal 
del sistenlJ 

1 

1 

Demanda 

El~ctricií.lad 

generada 
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Agentes del Sector 

• Agentes Reguladores: 
@ CNE: define normativa, calcula precios 
® SEC: fiscalización 

• CDEC 
e Integrantes: Generadores y Transmisores 
® Funciones: 

Coordinación Operación del Sistema - Despacho 
> Cálculo Costo Marginal Instantáneo 

Asegurar acceso al sistema de transmisión 

Agentes del Sector (con t.) 

• Tipos de Consumidores 

"' Regulados: 

"' No Regulados: > 2000 'r0N 

Sistema Ventas a Clientes (GWh) 
Regulados Libres 

SING 1,076 10,164 
SIC 23,515 11,088 
AYSEN 82 -
MAGALLANES 147 33 
Total 24,819 21,285 

Fuente: CDEC-SIC, Anuario 

Ventas a Clientes (%) 
Reaulados Libres 

10% ( 90%) 

e=: 32% 
0% o 

82% 18% 
54% 46% 
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Arquitectura Básica Regulación 
Sistema Eléctrico en Chile (hasta 2004) 

Mercado Spot (\'fa CDEC) ~---:=:::--­
(Cos10 Marginal Instan!· co) 

Empresa 
Generación~·---.. 

Cliente 
Libro 

(Uso siste1na 
distribución) 

Emptcsu 
Generación ~·--i> 

Emprcu1 
Generación 

U.o ~redo de Nudo 
Sistema (CNE) 
Transmisión 

Empresas de 
Dbtribuci6n 

Precio / ~cío Regulado 
Ubr:,/ ">._<VAD) 

Clicn1c 
Libre 

Consu1nidor 
Rcgulndo 

Arquitectura Básica Regulación 
Sistema Eléctrico en Chile (hasta 2004) 
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"Mercado" spot: Transferencias entre generad res 

Mcrrndo spot (vio CDEC) _J;!.ri~~~~~vinculación despacho / contratos 
(Costo ,\larginal Instan/· ea) 

Empresa 
Generación 

Contratos Libres Cliente 
Libre 

Empresa 
Generación 

re io Regulado 
--.__---'\. (V AD) 

Consumidor 
Regulado 

Distribuidoras sólo compran vía contratos 

Contratos a Precio Regulado (Nudo) 
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Arquitectura Básica Regulación 

Sistema Eléctrico en Chile (hasta 2004) 
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Meren do Spot (\.'fa CDEC} ----==::--~­
(Cosio Marginal Instan!· eü) 

Empresa Empresa Empresa 
Generación~ ··------+- Generndón Generación 

Uso ~recio- de Nudo 
Shtcmn (CNE} 
Trunsmlsión 

Hay suficiente 
competencia 

Los Precios ... 

• Precio "Spot" 
"' Calculado por CDEC 

Cliente 
Libre 

" = Costo Marginal Instantáneo 

• Precio de Nudo 

Emprcs:1s de 
Distribución 

~cio Regulado 
~(VAD) 

Consumidor 
Regulado 

"' Precio regulado a nivel de generación I transmisión 

• Precio a Cliente Final 
"' Incluye Distribución, Generación y Transmisión 

• Peajes 
e Transmisión 

e Distribución 

••• •••@ •• .,© 
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1 

Precios de Nudo (Pre-2005) 

• Calculado por la CNE cada 6 meses 
• 2 componentes: Energía I Potencia 

• Precio Nudo de Energía 
@¡ Equivale al CMg promedio de producir 

energía en el período. 
@ Considera: 

precio esperado de los combustibles, 
valor económico recursos hídricos, 

,,, proyección de demanda, 
condiciones hidrológicas últimos 40 años 

L__·----··~-··-----·-· 

Precio de Nudo 

• Precio Nudo de la Potencia 
@ Costo Marginal Anual de incrementar la 

potencia instalada del sistema (costo de 
capital de turbina diese!) 

• Precio de Nudo restringido por nivel del 
precio libre a través de una banda 
® Amplitud +/- 10°/o (**cambio 2004**) 
@ Punto Medio: Precio contratos libres 
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Precios de Nudo: SING vs SIC :~ 

PRECIO DE NUDO MONOMICO ~ 

201 
(~IC, S~ntl.ago ¡· 

oL.-~·~-.+-·-------~---··~-....... ·-----~___j 
OC1UIJRE ,O.SQIL Alilflll AB111, AB"lt. ABRl. J\BRI. AMll ABRl. /.Silll INOEX.A IHOEX A ocroane OCTIJBAE 

l);JZ '!»' 'l'ift(l 1lU '090 :lllll 'tlU 119G ~ :i:ioo SE:P-01 oct.\12 XIC3 2',lo~ 

Fue11te; CNE Factores de Carga 2005: 

SIC: 0.74 SING: 0.82 

Precio de Nudo Energía vs 
Precio Spot (SIC) 

~ 
,¡¡ 
¡¡¡ 
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Incentivo a 
vender 

contratos? 
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Precio Final de Distribución 
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• Calculado por la CNE cada 4 años (última fijación 2004) 
• 2 componentes: 

Precio Final = Precio de Nudo + Valor Agregado de 
de Distribución Distribución 

(esto es esquemático, fórmula exacta difiere!) 

• Comentarios: 
© Precio de Nudo se traspasa completamente al 

consumidor final (passthrough) 
<\) Rentabilidad de la empresa dada por VAD 

Valor Agregado de 
Distribución (VAD) 

• Calculado en base a: 
" Costos de inversión (según VNR) 
"' Costos de Operación y Mantenimiento de las líneas 

••• •••@ ••@<!l 
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"" Costos Fijos (administración, facturación, medición, etc.) 
" Pérdidas de Energía y Potencia 

• Costos según empresa de distribución "modelo" 
(operación eficiente) 

• Uso de áreas típicas 
• En caso de divergencias estimación VAD, 

"' Ponderación: 2/3 CNE y 1/3 empresas 

• Chequeo de rentabilidad de la Industria (6 - 14%) 
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Peajes - Sistema de Transport 
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• Transporte de Energía 
a Actividad con características de Monopolio Natural 

• Peajes Relevantes: 
<1' Transmisión: 

Negociación entre las partes o arbitraje (***cambio 2004) 
Ley proporciona método referencial (uso opcional) 

"' Distribución 
No regulado 

~·· Distribuidora lo define 

• Monopolio Natural 0 Peajes No Regulados 

Situación Inicio 2000 

••• ••• 
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Situación Inicios 2000 

• 1 Poca flexibilidad en precios 
• Deficientes incentivos a invertir 

@ Generación 
"' Transmisión 

• Competencia en Generación insuficiente 
@ Clientes libres "cautivos", pocos 
@ "passthrough" 

• Métodos de Resolución de conflictos 
insatisfactorios 

Esquema de Regulación de 
Precios 

• Precio de Nudo no da señal de escasez 
adecuada 

••• ... ., ••cie 
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@) Consideraciones metodológicas (constante 6m) 

® Discrecionalidad regulatoria. 

l\ll lrnplicancias Consumo e Inversión. 

• No regulación de peajes genera problemas. 
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Situación Inicios 2000 

• Poca flexibilidad en precios 

•i Deficientes incentivos a invertir 
G 

. , L@enerac1on. ________ _ 

@ Transmisión 

• Competencia en Generación insuficiente 
@ Clientes libres "cautivos", pocos 

e "passthrough" 

•Otros 

Incentivo a invertir en Generación? 

• Poco Incentivo a invertir 
• Art. 99 bis 

iai Señales de Precio no adecuadas? 
Discrecionalidad cálculo de precio de nudo 

Crisis de Gas Natural y Precios 

s Señales de la Autoridad poco claras 

@ Fantasma: "y si vuelve el gas?" 
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PRECIQ DE NUDO M>NOMllXl 
(Valores en Dolares) 

!st.~G. Antofugasta 1 
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1981 fJíl4 !?lió 1989 1996 l99íl lO!l:!l S!Y·(U OCT.Ol 2003 100:4 

Precio de Nudo cae en período de sequía 

Período 99 - 02: Pnudo cae a pesar de escasez de inversiones 

PROGRAMA DE OBRAS EN EL SIC 

: ABRIL 2003 lfü····~>~'MM~· ··~;z; I·Í· '~M~· ~o] .. lA~um8e~nGto¿d~e~c_iap~a~ci~da~d!A.~J~a~hu~e~t-P~o~lp~ai~co~2E2:10QkV2Qa ~500~k;IVj¡c.ill3C911~M~VA~ 

Desarrollo 
del sector 
definido 
en función 
del Gas 
Natural 

2005 ¡ Línea Ancoa-Rodeo-Polpaioo 500 k V: 1400 MVA 
'. FlnaL , 

Febrero 

Ju río 

Octubre 
Enero 
Abril 

Ju lío 

· Instalación 2do T ransfonnador SIE Maítencillo 2201110 kV 
2005 

' Instalación 3er Transfonmador SIE Pan de Azucar 220/110 kV 
2005 ·Aumento de capacidad C.Navia-Polpaico 220 kV 
2008 , Aumento de ca arndad Charrúa-Concepción 220 kV 
2006 : Nueva linea Charrúa-Te muco 220kV 

2008 

Linea de Interconexión SJC-S!NG 
Segundo circuito Diego de Almagro-Carrera Pmto 220 kV 
Linea Carrera Pinto-Cardones 220 kV 
Nueva linea Cardones-Maítencillo 220<V 

i Línea Mailenc,llo - Pan de Azúcar 220kV 
'Linea Pon de /\zücsr Loo Víloo: 22úi<V 

Abnl 2007 ' Central a as ciclo combinado 1 
,~...,E~n~er~o-+-'2008 : Central a as ciclo combinado 2 

Octubre 2008 Central a as e1clo combinado 3 
Abrí! 2009 1 Linea de Interconexión SIC-SAOI 
Enero 2010 Central a as ciclo oombinado 4 

i--~'---f-

0 c tub re 2010 i Central a as ctclo combinado 5 
f-~=-'--+.o"-'-'+c="' 

O el ubre 2011 
: Central a gas ciclo oombínado 6 
CenL'"al Hidroeléctnca Nettume f----+--+' 

Abril 2012 Central a gas CJclo oombínado l 

75MVA 
75MVA 

300 ~WA 
300MVA 

1x270 l/NA 
250MW 
210~A 

210 f,WA 
200 t.WA 
235 f.WA 
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Crisis de Gas Natural y Precios 

• Pre-Crisis: 

••• ... .,, 
••@®'" •@"' 
@® 
@ 

@ Desarrollo del sector definido en función del Gas 
Natural. 

Dependencia 2003: 24o/o 
Dependencia 2013: 45% 

@ Precios no "internalizan" el problema en forma 
inmediata. 

Confusas Señales de la Autoridad 

•Mensajes 
® "Se acabó el Gas" 

® "Necesidad de ampliar matriz energética" 

® "Anillo energético" 

@ ¿Plan de Obras? 
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@!@ _:J, Xi 

·~· _,, 



Confusas Señales de la Autoridad 

Plan de Obra Abril 2004 
MW 

2006 Abril Rehab Coya Pangal 25 
2007 Oct Hidro V Region 65 
2007 Oct CC 1 (VIII Region) 385 
2008 Enero Hidro La Higuera 155 

Abríl CC 2 (VIII Region) 385 
2009 Abril Geotermíca Calabozo 100 

Abril CC 3 (VIII Region) 381 
2010 Enero Hidro Confluencia 155 

Abril Geotenrnica Calabozo 100 
2011 Enero CC 4 {VIII Region) 381 

Abril Hidro Neltume 400 
Abril Geotermíca Calabozo 100 

Incentivo a invertir en Generación? 

• Poco Incentivo a invertir 
@ Art. 99 bis 

@ Señales de Precio no adecuadas? 
Discrecionalidad cálculo de precio de nudo 

Crisis de Gas Natural y Precios 

@ Señales de la Autoridad poco claras •@ Fantasma: "y si vuelve el gas?" 

( \ l. .t ~ ") "1 ;~ 
\..~ l,,íi }_ 0 ...:_ '--.} 

• • • •••@ 
••<:;@ 
•@@ 

@ "' @ 

••• •••@ 
•• "'$ ,,, 
•@@il 
()¡@ /~ 

~ ); 1'.i 



lmplicancias 
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• Aumento de Precios y Costos de Operación 
CMg Abril 05 = 159 Mills/Kwh (promedio) 

CMg Mayo 05 = 109 Mills/Kwh (promedio) 

• Postergación I Atraso de Inversiones 
Nuevas Inversiones según Plan de Obras Octubre 2005 (MW) 

Hidro Termlca 
2006 25 50 
2007 157 715 
2008 155 200 
2009 970 
2010 145 1010 

Total 2006- 2010 482 2945 

• Situación precaria hasta 2008 

Situación Inicios 2000 

• Poca flexibilidad en precios 

• l Deficientes incentivos a invertir 
@ Generación 

~ Transmisión 

Total 
75 
872 
355 
970 

1155 
3427 

• Competencia en Generación insuficiente 
ª Clientes libres "cautivos", pocos 

® "passthrough" 

•Otros 
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Poco Incentivo a invertir en 
Transmisión 

• Falta de claridad en la normativa 

® Normas demasiado generales y ambiguas 

• Negociación Bilateral en Cálculo de los Peajes 

"' Financiamiento del Transmisor determinado, en la 
práctica, por Fallos Arbitrales 

• Normativa en torno a la expansión del sistema (no hay 
obligación .. Cambio ley corta) 

••• •••@ 
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® lmplicancias barrera de entrada segmento generación. 

® lmplicancias seguridad del sistema como un todo 

Situación Inicios 2000 

• Poca flexibilidad en precios 

• Deficientes incentivos a invertir 
@ Generación 

@ Transmisión 

••• •••@ 
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.[Competencia en Generación insuficiente__J 
@; Clientes libres "cautivos", pocos 

~ "passthrough" 

• Otros 



Competencia en Generación 
Insuficiente (s1c} 

• Segmento Clientes Libres pequeño 

• Peajes de Distribución no regulados 

••• •••411 ••0@ 
•@<h 
@i!) 2 

"' 

• Distribuidoras no tienen incentivo a contratar 

• Integración Vertical G/D 

Situación Inicios 2000 

• Poca flexibilidad en precios 

• Deficientes incentivos a invertir 
@ Generación 

@ Transmisión 

• Competencia en Generación insuficiente 
@ Clientes libres "cautivos'', pocos 

® "passthrough" 
' 1 L! Otros · 
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Otros Problemas 

••• .. ... . . '""' . ., .. 
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• Método de Resolución de Conflictos poco 
satisfactorio. 

• Regulación con "empresa eficiente": costosa 

• Actividad de Comercialización NO es 
monopolio natural. 

Cambios a la 
Normativa 

Ley Corta (2004) 

Modificación (2005) 

••• 
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Cambios a la Normativa : 
Ley Corta (2004) 

• Grandes clientes: 2 MW ~ 500 KW 
(puede ser menor, si TDLC autoriza) 

• Banda +/- 10°/o ~ +/- 5°/o 
• Peajes T y D: regulados 

e 80 I 20 peajes troncal 

• Expansión Sistema Troncal 
" Plan de Desarrollo del Sistema Troncal (cada 4 años) 
" Licitaciones para expansiones {obligatorias) del Troncal 

• Panel de Expertos 
e Plazos limitados, independiente. 

• Otros ... 

Cambios a la Normativa 
Ley Eléctrica 2005 

• Licitaciones para consumo regulado 

• •• ... ,, ••@@ 
• icr ® ,,> 
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!!l Precio fjjo (máx. 15a) ~fin del PNudo en el LP 

t'i) Precío Máx: 120°/o Px libre (138°/o Px Libre) 

"' Precio pagado por distribuidoras no puede diferir 
mucho. 

• Mayor flexibilidad para ajustar precios 
(§!¡ Anuncios a través de distribuidora 

• "Sequía de Gas" ~ no es fuerza mayor~ 
paga compensaciones. 
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lm pacto de las Modificaciones 

• Financiamiento seguro red de Transmisión 

••• ···® •• <!> <!) ,,, 
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• Mejores condiciones para competencia en G: 
@ Regulación de peajes 
"' Aumento tamaño clientes libres 
@ Precio de Nudo más cercano al libre 

• Mejores condiciones para inversión en G 
® Precio "asegurado" por período largo 
@ Incentivo a entrar. 

• "Demand side management" 

¡-·--'·-•-' __ ,_,_, ___ ,,,,_,_,,, 

Conclusiones 

¿Dónde estamos y 

hacia dónde vamos? 



Situación Actual 

• Mayor seguridad pero a mayor costo 

• Preocupaciones: 
""' Normativa no reconoce la diferenciación 

® Serán las licitaciones competitivas? 
Incentivo distribuidor deficiente 

Que pasa por el lado del generador? 

@> Figura deseable: comercializador 

Hacia dónde vamos? 

• Cierta inestabilidad 2007-2009 
@ Período de precios altos 

• Expansión del sistema: 
© Corto Plazo: carbón I diesel 

@ Mediano plazo: hidro I carbón I GNL 

~ (no es conveniente basar el crecimiento 
energético únicamente en energía hidro) 

• Mayor seguridad en el LP pero a mayor 
costo. 
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Regulación internacional de 

emisiones atmosféricas para 

Termoeléctricas 

Priscilla Ulloa Menares 

Carmen Gloria Contreras Fierro 

Junio, 2009 

Tópicos a discutir: 

1. Descripción de la normativa internacional 

2. Niveles de emisión de casos emblemáticos 
Chilenos 

• Bocamina 

• Petropower 

3. Exigencia de valores límites de emisión y PIB, 
según estudio realizado por consultora GAC 
para Gas Atacama 

2 
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¿Por qué analizar la regulación 
internacional? 

• Replicar enfoques de modelos regulatorios 
- Minimizar errores 
- Evolución de la normativa 

• Cuánto y qué exigir considerando el modelo 
económico de Chile 
- Se asume que la tecnología deberla ser la misma 
- En Chile el carbón es importado C 80%) 

• Convenios Internacionales (Hg) 

• Avanzar en: 
- Estadlgrafo para dar cumplimiento 
- Sistema de Monitoreo Continuo de Emisiones 

Descripción de la 
normativa internacional: 

)> Se identifica regulación para termoeléctricas y procesos de combustión 

)> La regulación ha evolucionado según contaminante prioritario 

• 1970: Material Particulado 

• 1980: Anhídrido Sulfuroso 

• 1990: ÓXidos de Nitrógeno 

• 2005: Mercurio 

)> Distingue entre Fuentes Nuevas y Existentes 

)> La mayoría distingue límites de emisión entre combustibles (fósiles y 
biomasa), sólo dos países con enfoque neutro (EEUU y canadá) 

l> Distingue por tamaño a regular (MWt) 

l> Tres países distinguen por zonas (México, Brasil y Japón) 

3 

4 

2 

l 
' ~ 
¡. 
' -~ 

~ 



:m Regulación da Brasil distingue zonas: 
'erase 1: zonas de conseNaci6:i o preservación 
Clase U: Zonas reguladas por normas de calidad secundaría 
Clase 111. Zonas r uladas r normas de calidad timarla 
: ni Regulación de México distingue zcnas en: 
:zona ZMCM: zona Melropohlana de la CIUdad de Mex'Co 
Z~ma ZC: Zor1as Críticas 
zona Reste> del País RP 

l· 

MP,NOi<,$02 

MP,NOx,S02;cov, 
90,_MP~O&F 

MP(OrstlnoÍ¡J): NOx, 
S02, C()V, CO 

f 
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Por otra parte: 
"Plan de Gestión de Riesgos sobre el Hg" 

objetivos 1 y 4 medidas para centrales térmicas 

El atlo 2008, a ralz de los resultados del "Inventario de Usos 
consumos y liberaciones de Hg" (CONAMA, 2007) sostuvo 
reuniones con la CNE y M!NSAL, donde se determinó como 
necesario: 

• Mejorar la información sobre emisiones de Hg de las 
termoeléctricas (que en el inventario fueron estimadas 
con factores entregados por PNUMA). 

• Analizar la posibilidad de incorporar al Hg en la norma de 
Centrales Termoeléctricas 

Analizar la exigencia de caracterizar el contenido de Hg 
en el carbón. 

Comentarios al informe realizado por el 
sector privado, que forma parte del 

Expediente Público del Proceso: 

"Análisis de Normas de Emisión para 
Centrales Termoeléctricas a nivel 

Internacional y Propuesta para Chile" 
realizado por la consultora GAC para 

Gas Atacama, 2006. 
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Figura m-2:Gráfia>de nomrasdeemlslón para N0x'll9. PIB peraipll:i! de cada pafs 

~··-------------------, 

Nonna NOx"" PIB porcApllll 

i 
IW,000 

50.000 

.:. tE ~0.000 
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20000 
! 10.000 
"' ii: 

Figura m-1: Gráfico de ncnnu de emisión para SOx vs. PIB per cáplta de cada pais 
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Rgura m-3: Gráfico de normas de emisión para MP vs. PIB per diplta de cada pals 

1 

Norma MP va PIB par cáplta 

00.000 

50.000 

40.000 ª ¡ 30.000 
~a 20.000 

i í0.000 ., 
¡¡: 

·10.000 

r.:.. ...... J: Latinoaméñca v BM: 

SO, i l!OX PM 
Pafs - '.m'N 1 m-'m'N molm'I! 

-~?fltina 1700 900 i IZO 
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' 
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Méxla> {ZM01) 1640 23S 
1 

68 

1 

Mbl<:<>(ZCJ Jm 235 285 
Mé>lc<l 'ºm 6196 799 399 

Banco MUl1dla! 2000 750 so : --""' """"" ¡ más•- 1715' 1 628 211 

PIBpercap 
ppp~ 

m 

14.838 
a.964 

10.604 i 

10.604 ' 
10.604 ¡ 

1 

11.'4ó9 ¡ 

i--Promedlc cm valores 
menos-·~ 28S4 R16 29<1 11.469 

1 Gru ...... n: PaFsel Desattotlados 

1 
• PIB por cap 

-~ 
l<Clx PM 

País ..,....¡~ :t'l\ttlm1N ppp•1· .. · 

C.nadá GS<l 18!1 26 35.748 
i Estados Uridos 192 139 20 43.203 

Jo¡¡ón W.ás -•l 327 411 so 31.8.36 
Ja~ fMenos e;.::i....u.00-1 1990 100 lU!lB 

1 Stim 413 2611 S4 33.7'l<I 
Unión Euro''""" . 200 200 JO 32.710 

Prómédl<> con valores 
1 más .,.,en/8$ 364 241 36 .JS.459 

Prr>me<fi<J CM ~ ' 
mencseJdA~~ ' 681 241 46 JS.-159 
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nominal• ,., ' 
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7.926 

6.310 
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1 
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38.659 ,¡ 
44.168 1 
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El estudio concluye que: 
, Por lo tanto, se puede concluir que existe una ciara relación entre el nivel de exigencia de 
i los su nl\lel de i rasos. Esto se podría deber a que en úll:!ma Instancia los CDS!Ds 

del abatlmlent.o de los dlstlntns contaminantes serán absolbldos por el consumidor final, por 
lo que en los paires con mayores Ingresos es más factible ins!31ar teglo!ogjas con menores 
emlsigoes pero de mayor mstp 

Tabla \11•2: Umitesdeemisión proptMIStolllJilra p(anbls nuewsenClllle 

l(enU::~)i 1: 25 

• Limites en basl\ 6 promedio 111<'.MI de 30 ellas 

Tabl11 Vl·1: Rango de vakml& para loll llmltes de emisión (en ng/j) 

1 

1 

1 

"'"' '"' !: 
t: 
3 .,. 

~:::; 
"" 

Más .wfM•nte 
Banco MlJndlal 
Menos.....,.nte 

Mediana 

NOx MP 
10? 139 20 

2.000 750 so 
6.196 900 607 
1.579 251 61 

t'·i~ (.~6~-~ 
1
L. 'L." 0 i~ u 
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Figura V1•3: Umltes de emisión para MP 

700 

¿: 

Es Importante decir que los valores aquf propuestos han sido demostrados de ser factibles 
en Ollle para proyectos especfflros aprobados por el SE!A. Tal como cx:urre en Estados 

fabla 111·3: Emisiones de Centrales en Chile (en ng/j deoutputbn.tto) ysu comparación 
amia norma propuesta ~ 

Cllntamlnanta ' Me;lfflones Nueva Guacolda3 
, Horma Nonna cumplida ¡ 

,.,;;.,nor\ - -centrat: ' 
l so.. S.814 962 1.'IOJ 1.000 Nueva Ventanas ! ¡ 

NOx 7'57 411 367 375 Guaa>lda3 ! 
• MP 22 S7 93 25 Mejillones 

"'-./ 
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Qué se espera del actual 
estudio 

• Análisis crítico del parque de generación 
(existente y futuro) de algunos países y su 
respectiva normativa internacional 

• Identificar y fundamentar aspectos útiles para la 
futura regulación Chilena 

• Análisis especifico de las recomendaciones del 
Bco. Mundial (Equators Principies). 

15 
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Discusión: 

Regulación de Mercurio (Hg) en 
la norma de emisión para 

termoeléctricas 

9 de junio de 2009 

Carmen Gloria Con!reras Fierro, CONAMA O.E. 
Priscilla Ulloa Menares, CONAMA O.E. 

¿regular metales? 
¿porqué? 

¿Cuáles, qué regular? 
¿es necesario contar con una línea de base? 

¿Cuánto emiten las termoeléctricas? 
Si se regula ¿qué valor límite exigir? 

¿Qué tipo de monitoreo exigir? 

¿Cuál es la opinión del sector público? 
¿Cuál es la opinión del sector a regular? 

¿Qué opinión técnica tienen quienes coordinan la 
formulación de esta regulación? 

2 
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Ya vimos qué el "Plan de Gestión de Riesgos sobre el 
Hg" en sus objetivos 1 y 4, medidas para centrales 

térmicas, indica: 

Se detenninó como necesario: 

• Mejorar la información sobre emisiones de Hg 
de las termoeléctricas (que en el inventario de 
emisiones fueron estimadas con factores 
entregados por PNUMA). 

• Analizar la posibilidad de incorporar al Hg en la 
norma de Centrales Termoeléctricas 

• Analizar la exigencia de caracterizar el 
contenido de Hg en el carbón. 

Tópicos a presentar 

1. Efectos/riesgos de exposición al Hg 

2. Emisiones de Hg en centrales a carbón 

3. Discusión: alternativas de regulación para Chile 
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Efectos/riesgos de exposición al Hg 

¿Cuánto cuesta no regular? 
¿Cuánto es el riesgo/costo evitado? 

--- -

Emisiones de Hg y Exposición 

n~,\ 1 \ \ 
' \ \ 
\ \ \ 

Wlllt411(10r¡ 
OupqsitiO!! 

J,len;u¡ytmMhl"1':1 lnto me!llW!l!!m!IY ti\ 
~i~ llld Wll.tr, \han tell DiOllCQJ!l'ull!C ¡,-. 

"" 

Fishing 
•o:>111mem;.1 
•rwm11tion111 
·~w.;co 

HUl!'IU/tl aru:I 
Orlldl~C Slll'ded 
~nrilyb)' 
(l/;';tlQ 

®!íll!nílGled 

""' 

lmpacts 
• EI0$1 d\>QlffiOnled 

Kllpad,sanlM 
áevetopng fMus 
irrpafrod l"!Olllí llnd 
ai<¡¡n~MISiJ!$ 

• Also~ catll!l";"MOll01, 
lmmllf\ll, and 
lll'~w::mo~~am 

"'""" 
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Referencia: "Mercury a:id Coa!·Fired Power Plan!&; Scianti!I, TIX.:hnology, and Emerging Sll!Jes and Faoorar (?) Ae¡:¡u!ationst 

Pnween Amar. NESCAUM. MIT Endicoll House Sympcsii.;mon Airrox:cs. Aogusl 3-5, 2004 
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Ciclo simplificado del Hg 

residen ce 
time 

(days} 

Hgº 150~350 

RGM 0·5 
PH9 0-10 

distante 
(km) 

global 
o. :roo 
o. 500 

El mercurio es emitido de 
tres formas: 

- elemental (Hgº) 

- i6nico {fambíén llamado 
reactívo o d1valente RGM); y 

partículas (PHg). 

El mercurio elemental se 
convierte a mercurio iónico 
en la atmósfera. 

El mercurio elemental puede 
viajar y ser depositado muy 
lejos de su fuente inicial. 

El mercurto iónico se 
deposita rápidamente (lluvia), 
cerca de su fuente inicial. 

Referencia: ·Mercuiy and Coar-Fire<f f'ower f'lants; Science, Techno!Ogy, and Emerglng States and Federal (?) 
Regulations* Praveen Amar_ NESCAUM. MIT Endicott House Symposium on A1rToxics 7 

August 3-5. 2004 

Emisiones de Hg en centrales a carbón 
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Carbón Térmico, 2006 

6% 

6% 
3% •Generación : 

Electrica 
ra Cementeras 

! Azucareras 

¡a lnduslrlas 
~ Varias 

Carbón térmico: se utiliza en Ja producción de calor, 
básicamente en hornos, generación de vapor, y 
otros sistemas térmicos. 

foenle; CNE (~). 
hflp·/,W.W...cr.e.cl/CMewwwfoper.cms/03_.Energ1es./Olroo_Nivelns.'hid'"tlcarbl.Jros_1mpoo_.EnergeliCl'.ls.IWborJcadono_isum\rgstro.hl 
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Carbón Importado 1999 a 2007: 80% Bituminoso, 20% Sub-Bituminoso 
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Consuma Carbón Importada 

L ~Hotal l':l Bttuminoso m Subbttuminoso' 

1999 2000 2001 2002 2003 2004 2005 2006 2007 

Año 

Fuente; Hidrocarburo, CNE, hUp•//ww.~«ene.alnstadtShca$./t"latiOl'.alest'petroleoJl_hidrocart;o:osJ1!ml 10 
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Balance de Mercurio en Centrales a Carbón Bituminoso 
Fuente: Lee et al (2006) Almospheric Environment, Vol. 40, N°12, pág. 2215-2224 

SOOMW 
Bl!.umiooos Goal consum:ng Utlllty Bollar 
APCDs: CS·ESP & Wet FGD 

ESP: eiectrostatic precipitator; FGO: fiue-gas desulfurizaüon 

go& 
uonts-
0.7 %) 
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Estimación global de Hg 2007, Chile 
(o) O 02.1 ppm Hg o;az.Somoano el aL {2005), ·using Wo!·FGO systoms fo( Mero.ay rcmova:· , J_ En vi ron. Monil 200S, 7, 900-909 

Supuestos: 

Concentración promedio de Hg 0.5 ppm (i) 

Carbón Importado 

3.749.134 ton bituminoso 

1.529.534 ton sub-bituminoso .l 
2.639 kg de Hg (Bit+Sub) ., 

Central Térmica 

a Carbón 

Mercurio en Escoria: 26 kg 

Mercurio al aire: 

2.613 kg 

En 20 años (al mismo ritmo de consumo) se tendrá aprox. 52 ton Hg 
depositado en Chile 
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Balance de Hg con Equipo de Abatimiento de MP 
6} 0.02> l PPfll H.¡ D1DZ·SOmQ8tG e'tllt (2005), "U:o;no Wei·F<>O syslenu ff>fMemu;y rell1(1Vllf'' J. Efllli.'Dll. JÍMI!. 20C5.1. QO(l.9()9 

Ui} f1«1 S~et on Power P!Ml EmlM'oof. erMem:ny!n \/l¡¡¡We ¡J,,1y 13, zoou, ll!tp'J!www.tJcq.stete.vQ.\151~1!f!Wlloi<l"t)lpowp!l~pdr 

Carbón Importado 

3.749.134 ton bituminoso 

0.5 ppm de Hg (i) 

1875 kg de Hg 

1.529.534 ton sub-bituminoso 

0.5 ppm de Hg (i) 

765 kg de Hg 

Central 
Térmica 

Carbón 

Central 
Térmica 

Carbón 

FGD 

55%(ii) 

ESP+ 
FGD 

33% 
(ii) 

Mercurio al aire: 844 k 

Mercurio al aire: 512 kg 

Total Mercurio al aire: 1.356 kg 
(reducción 1.257 kg) 13 

% de remoción de Hg en equipos de abatimiento de MP y gases para 
carbón bituminoso y sub-bituminoso 

Conttols 1 Bítuminous Duke Energy expect11tions fnt · Subbittnll:ÍilQUS 
(~~ t~lO\'al) confommuce \Vith the NC (.:¡"<i rem.ovnl) 

! 

Clean Smokestacks Act (% 
removal from bituminous) 

PMOnlv : 
Cold side (CS)-ESP 1 46 25 to 35 1 l<i 
Hot side (HS)-ESP 1 IZ Oto9 1 13 
Fabric Filter (FF) 83 ¡ 72 

PM scrubber ¡ 14 o 
DrvFGD 1 1 

SDA+ESP 1 38 
SDA+FF ' 98 1 25 

WetfGD 

1 

¡ 
CS-ESP + Wet FGD 81 SO to 90 (wíth SCR) 35 

¡ 55 lo 65 (wlo SCR) 
HS-ESP + \Vet FGD 55 1 33 

FF+WetFGD : 96 

ESP: electrostatic precipltator; FGD: flue-gas desulfurízation; SDA: spray dryer adsorber, SCR: 
selective catalytic reduciion of NOx_ 

14 
Fuanla: Faci Shosl ort POHOr P!ant Emiss'.oos of Mtlrcu¡y in Virginia {July 13, 2004), 
hll?tfMww.d11<¡.$1Bie.w.~lM/dcfu~l1111irlsa~!.-!)dl 

;; ~ ,¡ ~} 

V \J 
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Resultados estudio internacional sobre 
reducción de Hg en Termoeléctricas 

1!i,O m 
··~ 

~ ' 11»0 ..., ¡ 1 " i l í ""' =to' e 
.1 3 
; I! ro.o ¡ ,,, i 

! <M 
u • • 

l: l.ff X 
20.0 

,.., •• 
""""' All:uESP - $bd!ICfll lkfin ESP NltJ ESP ""' ""!"' 

Curronl S!ati.,s ol Merrury Regu".a!Jon and Conttcl Technoiogy in Koroa, DL Sihyun Loo Pr:ncipal Rescarctnx 
Korea lns!Jkilo ol Energy Rosearch {Kiffi), Korea February 2007 

Source¡ Professor Y.e. Seo. Yonsei University 
[ICR (lnformaUon Colleolion Request) Is data from USA EPA, 1999) 

Alternativas de regulación: 

11"'1 
Slado(lCll1 
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Alternativas de regulación 

1. No regular, no hacer nada 

2. No regular, sólo solicitar 
mediciones 

3. Regular a través de la reducción 
de MP + mediciones 

=::.Se justificaría un valor de MP al 
mínimo posible y a un costo 
razonable 

4. Regular Hg con equipo de 
abatimiento para Hg + 
mediciones 

ANAUS!S: 

COSTO EVITADO 

EFECTIVIDAD 

BENEFICIOS 

RIESGO EVITADO 

PASIVO 

PRECEDENTE OE 
REGlilACION DE 
llg EN NORMA DE 

lNClNEliAClON 

¿Qué se espera del estudio? 

17 

• Los impactos, riesgos y reducciones de Hg está 
ampliamente documentado. 

• Estimar el impacto en Chile (con y sin norma) 

• Conocer el costo - efectividad de reducir Hg a 
través de equipos de abatimeinto para MP, para 
gases, propios para Hg. 

• Conocer costos sociales, privado y beneficios. 

18 
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ABSTRACT 

Control of Mercury Emissions from Coal-Fired Power Plants: 
A Preliminary Cost Assessment 

Thomas Brown, William O 'Dowd, Robert Reuther, and Dennis Smith 
U.S. Department ofEnergy 

Federal Energy Technology Center 

Mercury emissions from coal-fired power plants are currently being evaluated by the 
Environmental Protection Agency (EPA) for possible regulation. Because of the possibility for 
such regulation, this paper discusses a preliminary assessment ofmercury capture technologies 
and associated costs based on commercially available technology. Sorbent-based technologies 
that may be amenable for mercury control include: sorbent injectíon; sorbent injection with spray 
cooling; and sorbent íajection with spray cooling and particulate collectíon. Important design 
criteria for each ofthese systerns are critically assessed for operability, maintainability, and 
reliability. The projected impacts of the control system on power plant operations are also 
evaluated. 
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INTRODUCTION 

Mercury cycles in the environment as a consequence ofboth namral and human activities. The 
annual global cycling ofmercury in the earth's atmosphere amounts to about 5,000 tons.' It is 
estimated that 4000 tons are the consequence of anthropogenic activities. The United States is 
responsible far 3 percent ofthe global anthropogenic emission. Coal-fired power generation in 
the United States contributes approximately one-third ofthis amount. The base year far these 
emission estimates is 1994. 

As a consequence of the large natural emissions of mercury to the atmosphere and the difficulty in 
accurately measuring anthropogeníc emissions, 1hese emissions and their subsequent influence on 
terrestrial deposition and uptake in the faod chain is a subject of significant uncertainty. None­
theless, the EPA has already issued regulations to control emissions from severa! types of 
processes, including municipal waste combustors and medica! waste incinerators, and is con­
sidering issuing regulations far coal-fired power generators (í. e., electric utilitíes).' Municipal 
waste combustors are estimated to emit nearly 20 percent of ali U. S. anthropogenic emissions; 
they will be required to reduce these emíssions by 90 percent of 1990 emission levels by the year 
2000. Medica! waste incinerators emitted nearly 1 O percent of ali U. S. anthropogenic emissions 
ofmercury; they will be required to reduce these emissions by 94 percent of 1990 emission levels 
by 2002. 

In addition, the U.S. recently completed negotiations, under the United Nations Economic Com­
mission far Europe's Convention on Long Range Transboundary Air Pollution, on a protocol far 
reducing heavy metals, which includes mercury:' It is anticipated that this protocol will be 
finalized and signed by member cauntries in 1he summer of 1998. 

Within this context, the U.S. Department ofEnergy's (DOE) Federal Energy Technology Center 
(FETC) is conducting research in its Fossil Energy Program to develop technology options far the 
characterization and control of air toxícs, including mercury, that are emitted from fossil fue! 
combustion systems. The EPA has recently submitted two Reports to Congress'" on the mercury 
emissions from coal-fired power plants. FETC made significan! contributions to these reports. In 
this context, the casi and performance models were incorporated into the Report to Congress 
with FETC's analysis of cost being preferred. In addition, the improved understanding of 
mercury emission and its control is a direct result of the clase collaboration between DOE/FETC 
and other prívate and public sector organizations, including the Electric Power Research Institute 
(EPRI) and the EPA. 

COAL·FIRED POWER PLANTS 

Coal-fired power plants are the predominant type ofpower generation in the United States. U.S. 
electric utility sales of electricity to consumers was 3,098 billion kW-hrs in 1996.' Coal-fired 
electricity generation accounted far 1,737 billion kW-hrs, or 56% oftotal generation, with a 
consumption of about 875 million tons of coa!. 



The most common characteristics ofthe coal-fired power plant that are thought to influence 
mercury emíssions are the mercury content of the coa!, the type ofburner(s) on the plant, the 
boiler operating conditions, the design and operation of any particulate collection devíces, and the 
design and operation of any flue gas treatment systems. A general depiction of a power plant 
configuratíon and the potential control system configurations used in this study ís provided in 
Figure l. 

Figure l. Power Plant and Mercury Control System Configurations. 

Environmental equipment used to control pollutants emitted from coa! combustion flue gas must 
meet local, state, and federal regulations. The trend in these regulatíons is to tighten rcquirements 
for new sources of pollution as well as to require retrofit of existing power generatíng equipment 
with environmental controls. The modem power plant is typically equípped with a high efficíency 
baghouse (fabric fi!ter) oran electrostatic precipitators (ESP) for particulate removal, staged 
combustion burner configuratíons for low-NO, emissions, and post-combustíon flue gas treatment 
devices for NO, and SO, control. Examples ofthe latter devices are selective catalytic reduction 
(SCR) and selective non-catalytic reduction (SNCR) technologíes for NOx control and high 
efficiency flue gas desulfurization (FGD) scrubbers for S02 control. Additionally, advanced coal­
fired power generation technologies are evolving from cooperative efforts between the U.S. 
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Department ofEnergy and industry, such as those being demonstrated in the Clean Coal 
Technology Program. Technologies such as integrated gasification combined cycle (IGCC) and 
pressurized fluidized bed combustion (PFBC) are capable of producing electricity more efficiently 
than a conventional pulverized coa! combustion power plant. These advanced power systems are 
also equipped with very high efficiency gas cleanup technologies. 

Many ofthe existing coal-fired power generation facilities do not contain modem flue gas 
treatrnent systems, however. In 1996, the net dependable capacity of coal-fired power generation 
was about 300 billion watts (GW), ofwhich nearly 75 GW (25%) had conventional scrubbing 
technology for controlling SO,. Much ofthe remaining capacity meets regulatory requirements 
for SO, emissions through fue! switching, either to lower sulfur coa! or by co-firing low sulfur 
fuels such as natural gas or biomass. 

Similarly, control ofNO, emissions are primarily accomplished with low-NO, bumers (LNB), 
which are cheaper !han SCR or SNCR, but do not reduce the emissions as much. The 
app!ications of LNB are limíted at present to dry bottom boiler configurations. The bumer type 
distribution for coal-fired power plants is provided in Table l. Thís distribution is broken into 
coa! consumption pattems, capacity distribution, and number ofboilers. The largest segment of 
the population (80%) is comprised of tangen tia! and opposed firing bumers. 

Table l. Firing Type Distribution for Coal-Fired Power Plants (1996)' 

FiringType Coa! Consumption, ¡ Net Dependable Summer 
1 

Numberof 
. million tons Capacity, GW Boilers 

: 
Front 82.l i 33.9 254 

Tangential 393.3 128.5 ! 424 

Opposed ! 314.5 107.5 203 

Vertical 7.7 3.5 . 28 

Cyc!one 68.0 22.4 86 

Other 9.0 3.1 40 

Total 874.7 299.0 1035 

• Compiled from FETC database 

Particulates from coal-fired power plants are principally controlled with either ESPs or fabric 
filters. The majority of ESPs are located on the "cold-side" of a system, i. e., after the air 
preheater. 
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The distribution of ali typícal particulate and so, flue gas cleanup devices by amount of coal 
bumed (in ali coal-fired power generatíon plants in the U. S. in l 996) is provided in Table 2. It 
can be seen that the predominant particulate cleanup device is a "cold-side" ESP, and that most of 
the S02 removal is performed by (wet) flue gas desulfurization. 

Table 2. Fine Gas Cleanup Systems for Coal-Fired Power Plants (1996}° 

1 Particulate Control Coal Consumptíon, Net Dependable Numberof 

1 

(million tons) Summer Capacity Boilers 
(GW) 

1 
Cold-Side ESP 650.2 226.7 777 

i Fabric Filter 67.2 19.3 
1 

74 

Particulate Scrubber 14.6 4.0 10 

Other 142.8 49.0 174 
i 

Total 874.7 299.0 1035 

S02 Control 

FGD 240.2 69.5 i 159 
1 

Spray Dryer 22.6 5.2 16 
1 

Other 611.9 224.2 
1 

860 

Total 874.7 299.0 1 1035 

• Compiled from FETC database 

The "other" particulate matter control systems are principally comprised of"hot-side" ESPs 
(where control occurs upstream of the air preheater) and mechanícal devices such as cyclones and 
multiclones. The "other" sulfur control is mainly due to fue! switcbing with a minar amount of 
control associated with sorbent injection and regenerable SO, control systems. 

MERCURY EMISSIONS 

Flue gas cleanup systems and other operational strategíes imposed at the power plant have a 
variable impact on the emissions ofmercury. Table 3, modífied frcm a table in the Electric Utílíty 
Report to Congress,4 qualitatively describes the impact these have on mercury emissions. The 
carbon adsorption system is the on!y system delíberately installed to control mercury emissions. 
This, and other mercury control options, to be discussed later, are expensive to implement. One 
reason for the expense is the large flue gas volumes that must be treated to capture a very srnall 
amount of rnercury; typical mercury concentrations in uncleaned flue gas are in tbe low parts per 
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billíon range. The mercury in the flue gas can be characterized as beíng in two forms: oxidized or 
elemental. The abílity of systems to capture the mercury ís dependent, in part, on the species of 
mercury in the flue gas, as evidenced by Table 3. 

Table 3. Power Plant Operations Affecting Mercury Emissions· 

i Effect on Mercury Emissions 
Power Plant Configuration 
and Opera tions Strategy Primarily Oxidized Primarily Elemental 

Mercury Mercury 
' 
¡ Conventional Coa! Cleaning Decrease in emission (highly coa! specific) 

1 Fue! Swítching: Coa! to Gas Decrease in emission 

Electrostatic Precipatator Sorne decrease in emission Sorne decrease in emíssion 

Fabric Filter Sorne decrease in emission Greater decrease in emission 

: Scrubber : Decrease in emíssion No Effect 

Spray Dryer/Fabric Fílter Sorne decrease in emission Limíted decrease in ernissíon 

Carbon Adsorption System Decrease in emission (based on pilot-scale studies) 

• Updated by FETC 

Further elaboration of the impact various unit processes in a power plant ha ve on mercury 
emissions has been investigated and was described by FETC in the Electric Utilíty Repon to 
Congress. 

An emission modificatíon factor (EMF) was developed by EPA that reflects the ratio of the 
mercury emíssions after installation of a particular subsystem or unit process to the mercury 
emissions that would be realized íf 100% of the mercury entering the subsystem or unit process 
left in the flue gas. EPA EMF's, shown in Table 4, are subject to a degree ofuncertainty since 
only limited measurements of mercury are available for each unit process or subsystem. 

An ínventory of mercury emissions from fossil fuel power plants was prepared by the EPA ín the 
Utility Report to Congress. The base year for thís inventory was 1994. For coal-fíred electric 
utility power plants, the total emíssion ínventory for the U.S. was estimated to be 51.34 tons. 
Coa! consumption at electric utílíty plants was 817.3 millíon tons.6 The most recent data of 
annual coa! consumption that contain sufficient detail on coa! quality is for 1996, where 
consumption rose to 874.7 mil!ion tons. Using the method established by EPA, a detaíled 
estimate of annual mercury emissíons can be made from avaí!able data sets that characterize the 
coal-fíred power generation industry in 1996. 



Table 4. EPA Mercury Emission Modification Factors 

Emission Modification Factors for Coal-Fired Power Mercury Emission 
Plants Modification Factor 

Front-Fired Dry Bottom without NOx Control 0.94 
Tangentially-Fired Dry Bottom with NOx Control 0.92 
Tangentially-Fired DryBottom without NOx Control 0.81 
Opposed-Fired Dry Bottom with NOx Control 0.81 
Vertically-Fired Dry Bottom with NOx Control 0.78 

¡ Opposed-Fired Dry Bottom without NOx Control 0.41 

1 Cyclone-Fired Wet Bottom without NOx Control 
' 0.93 

' Cyclone-Fired Wet Bottom wíth NOx Control 0.54 

Particulate Matter Scrubber 0.96 

Flue Gas Desulfurization Scrubber 0.66 

¡ Spray Dryer Absorber/ Fabric Filter 0.70 

1 Cold-Síde Electrostatic Precipitator 0.68 

Fabric Filters 0.56 

Coa! consumptíon at each power plant facility is obtained from the Utility Data Institute's Power 
Plant Statistics. 7 The consumption of coa! at the boíler leve! is assigned by capacíty distribution 
within the facility. The quality ofthe coa! and the state of orígin is used as a proxy to estimate the 
average state-wide rnercury concentration in the coa!. The impact of coa! cleaning is assigned as 
prescribed in Appendix D of the Utility Report to Congress. Power plant characteristics, su ch as 
firing configuratíon, partículate control, and flue gas treatment, are identífied on a boiler leve! 
basis, and the subsequent EMFs are assígned based on measurements at representative coal-fired 
power plants (Table 4). 

Frorn this analysis, it is possible to build an estímate of rnercury emíssions for 1996 using the 
following expression: 

e 
M * hg * ccf * Il EMF,.= Mhz cval !06 

Where M""' is the coa! consumption (tons/yr), C¡,8 is the mercury content in the coa! (ppmw), ccf 
is the coa! cleaning factor, Il EMF, is product ofthe applicable emission modifcation fuctors on a 
boiler leve! basís, and M¡,, is the mercury emissions (tons/yr). The mercury content in the coa! 
was estimated from Table D-8a ofthe Utílity Report to Congress anda coa! cleaning factor of 
0.79 was assigned to coa! mined in thirteen states where coa! cleaning is a common practice. A 



summary ofthe estimated annual emissíons ofmercury as a function offiring configuration and 
points within the mercury capture pathway is províded in Table 5. 

Table 5. Summary ofMercury Emissíon Inventory from Coal-Fired Power Plants• 

Mercury Emissions (1996), tons/yr 

Firing 
Uncontrolled 

After Coa! 1 After After Partículate Stack 
Configuration Cleaning Combustion Control Emission . 

Front 10.5 8.9 8.7 6.1 i 5.9 

Tangential 48.5 43.5 38.l 27.7 24.6 

Opposed 39.7 34.3 i 24.1 18.1 15.7 ; 

Vertical L2 LO ! 0.9 0.6 0.6 

' Cyclone 7.2 6.7 1 
6.1 4.3 3.9 

Other 1.5 1.3 ¡ 1.3 0.8 0.8 

1 Total 108.6 95.7 ! 79.1 57.6 51.46 
; 

• Compiled by FETC usíng EPA EMFs and EPA methodology 

It can be seen that the largest amount ofmercury released to the atmosphere (from coal-fired 
power plants in the U. S.) is from tangentially fired boílers. This is a direct result ofthe amount 
of coa! consumption for this firing configuration relative to the total coa! consumptíon. Stack 
emissions are reduced by about half (53%) of the uncontrolled emissions. The greatest reduction 
occurs ín the partícula te control arca of the power plan! and represents 20% of the uncontrolled 
emíssion reduction. This reduction is strongly influenced by the widespread use of cold-side 
ESPs. Coa! cleaning and scrubbers provide an additional reduction of about 17%, and the coal 
combustion boiler island pathway provides an addítion 15% reduction over the uncontrolled 
emissions. At this time, the mercury inventory should be considered preliminary. 

MERCURY CONTROL SYSTEMS 

Three carbon injection based technologies will be considered for mercury emission control 
options: carbon injection alone, carbon injectíon with spray coolíng, and carbon injectíon with 
spray cooling anda fabric filter. The control system is assumed to be retrofitted ínto an exísting 
power plan! with moderate congestion at the control points. The configuratíon of the control 
system is desígned around two coal-fired power plant models using the EPA methodology 
developed in Appendix B ofVolume VIII ofthe Mercury Study Report to Congress. 
Both plants operate with a capacíty factor of 65 percent. Fue! characteristics include chloride 
levels assumed to be sufficiently high that ali the mercury in the flue gas ís in the form ofHgCl2 
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(i. e., oxidized). The inlet mercury leve! in the flue gas to the control systems associated with 
each coal-füed model plant is assumed to be 10 µg/dscm (4.4 gr/million dscf) at 20ºC (68'F). 

Model plant 1 is a 975-megawatt (MW) boiler firing low-sulfur coa! with a chloride content of 
0.1 percent. The plant has a flue gas volume of 4,050,000 dscm/hr and is equipped with a cold­
side ESP. The temperature ahead of the ESP is 157'C (3 l 4ºF), and the temperature exiting the 
ESP is l 50ºC (302ºF). No mercury control across the ESP is assumed. 
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Model plant 2 is similar to Model plant 1, except that it has a capacit)' of 100 MW (Noblett et al., 
1993). This plant has a flue gas volume of 411,000 dscmlhr. The gas temperature ahead ofthe 
ESP is 146ºC (295ºF), and the ESP outlettemperature is l37'C (280'F). Again, no mercury 
control across the ESP is assumed. 

Mercury control of the units is accornplished by one of the following rnethods: 
A .... Direct injection of activated carbon ahead ofthe existing particulate control 

device; 
B .... Spray cooling of the flue gas after the existing particulate control device, followed 

by activated carbon injection anda fabric filter to collect the rnercury-laden carbon; 
C .... Spray cooling of the flue gas after the air preheater, followed by activated carbon 

injectíon before the existing partículate control device. 

Table 6 surnrnarizes the rnodel utility boilers and rnercury controls used in the cost analysis. 

Table 6. Description of Utility Model Cases 

Utility Model lA lB lC 2A 2B 
; 

i -_-_--- Boiler Size MWe 975 975 975 100 !OC. 
i , ·Hg Concentration 

' . 
µg/dscm 10 10 10 10 IC 

Flue Gas Temperature ºC 
' 

157 93 93 146 93' 

Flue Gas Temperature , ºF 315 199 199 295 199. 
~--_ - - ,,_ - -

, · .. · Carbon Usageª 
- - - 'i 

g C/gHg 100,000 9,398 30,000 100,000 12,572 

Carbon Injection Rate KgC/hr 4,050! 381 1,215 411 52 

Flue Gas Flow dscm/hr 4,050,00 4,050,00 4,050,000 411,000 411,00C 
' 

Spray Cooling No Yes Yes No Ye! 1 

Carbon Injection Yes! Yes Yes¡ Yes YeS: 
1 

Fabric Filter No Yes No No Yes 

1 
Existing Controls ESPj ESP ESP ESP ESP 

n 
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1 Utility Model lA lB lC 2A 2B 1 

Coal Sulfur Content low! low low 
. 

low low1: 

HgRemoval 90% 90% 90% 90% 90% 

Capacity Factor 1 65% 65% 65% 65% 65% 

• Derived from laboratory and pilot-scale mercury sorbent tests.'· 1
• 

The utility mode! numbering system conforms with that in Appendix B ofVolume VIII ofthe 
Mercury Study Report to Congress. Cases JA and 2A refer to carbon injection upstream of an 
existing ESP. Cases IB and 2B refer to spray cooling ofthe flue gas after the existing ESP, 
followed by activated carbon injection and a fabric filler particulate cleanup module. Model 1 C 
refers to spray cooling after the air preheater followed by carbon injection upstream of an existing 
ESP. The mercury removal efficiency of each control system is desígned to remo ve 90% of the 
mercury in the flue gas. It should be noted that spray cooling is an effective method for reducing 
the temperature of the flue gas stream, which in most cases reduces the amount of required 
carbon sorbent for mercury capture. 

Incremental costs associated with mercury control in this setting are addressed first. The design 
criteria and assumptíons that specify each ofthe three control modules are addressed next. 
Finally, a summary of the control system costs for each case is provided. 

Incremental Costs - Capital Cost A<ljustment for Retrofit 
The retrofit factors for the mercury control systems are used to account for site specific criteria 
such as: 

• access and congestion 
• underground obstructions 
• ductwork tie-in difficulty 
• distance between control system and waste handling system 

EPRI 17 has developed rough guidelines for capital adjustrnents that consider these factors. As 
indicated, " ... for a relative comparison of costs for crude comparisons, suggested retrofit factors 
are 1.25 for plants 5 years old, 1.30 for 15 year old plants and 1.4 for plants 25 years old or 
over." In the present cost analysis, a conservative retrofit factor of 1.3 for the model control 
systems is used in the development of installation costs. 

Incremental Costs - Operatíng Penalties 
It is estimated18 that 90 millíon tons of solid by-products are produced each year from coa! 
combustion. The American Coa! Ash Association, Inc. (ACAA) data for 1994 indicate that about 
61 % of the so lid by-product is fly ash. Fly ash used offsíte amounts to approximately 1 O million 
tons per year, of whích 7.5 million tons is used as high quality pozzolan cernen! in concrete 
applicatíons. "The price ofhigh quality fly ash pozzolan is beginning to rise in areas where there 



are shortages and prices of$25 to $30 per ton are not uncommon.rn" The cost far transportation 
is between $0. l O and $0.30/ton-mile. 

Based upan the above observations, 18.2% of ali fly ash generated will be rendered unfit far by­
product sales in the activated carbon injection process (used in Models l A and 2A). This cost is 
reflected in the levelized cost estímate far mercury control far Models IA and 2A. A conserva­
tive estímate of $3/ton far lost revenue in fly ash sales is assigned to carbon injection systems, 
since the carbon-to-mercury ratios are high enough to push fly ash beyond the specification far 
pozzolan. 

Carbon Iajection System 
The carbon injection system design consists of a carbon storage silo equipped with pneumatic 
loading capabilities, a feed bin, a gravimetric feeder, a pneumatic conveyer system, and carbon 
injection ports. The carbon injection system is evaluated far cases IA, l C, and 2A. In case 1 C, 
the carbon injection system is integrated with a spray cooler. 

Far the activated carbon storage silo, a Class III (detailed) leve! estímate was made with the use 
of the ICARUS Process Evaluator. 19 The silo was designed far 15 days of storage and compli­
ance with ali relevan! construction codes. The design considerations included elevation legs of 
8 feet far access criteria, a carbon steel shell, anda pulse jet baghouse far loading the activated 
carbon from a pneumatic truck transfer system. 

The remainder of the carbon injection system cost estímate was made based on a recen! EPA 
report.20 This report provides algorithms far carbon injection systems far hazardous waste 
combustors that have been validated both by quotes and by an architectural and engineering 
design team far the Office of Salid Waste and Emergency Response within the EPA. The leve! 
far this estímate is considered to be between a Class I (simplified) and Class II (preliminary). 
Only one change has been made in the use ofthis model: a change in the retrofit factor from 
1.15 to one more suitable far the utility industry of 1.3. 

Table 7 provídes a capital cost breakdown far the carbon injection system applied to a 100-MW 
and a 97 5-MW power plan!, íncluding a listing of the majar design criteria and assumptions. Only 
one carbon silo is used ín the 100-MW plant. Two silos operating in parallel are used in the 
975-'MW plant 

Spray Coolíng 
Spray cooling ar humidífication is used to coa! the flue gas from coal-fired power plants upstream 
of the ESP. In addítíon to increasing the sorben! reactivity of the activated carbon, it also can 
improve the ESP collection performance by reducing the flue gas volume and fly ash resistivity. 
Humidification prior to a fabric filler can be of concern, however, since the increase in moisture 
content of the flue gas can lead to blinding ( e.g., condensed sulfuric acid mist) and cake release 
problems within the fabric filler. 



Table 7. Carbon Injection System Design and Costs 

n • - Dlrt~+ "'~ª 1nn1\AUTa Q7<; MW" 

bulk carbon density, lb/ft' 24 24 
:carbon iniection rate, lb/hr 906 8929 
silo volume (15 day storage ), ft3 13,600 134,000 

Mass of carbon, lb 326,000 3,210,000 . 
"Ha~ f'nd< • '!: 

carbon silo 143 1,722 

¡feed hin 6 24 

111.ravimetric feeder 10 12 

ioneumatic convevor 35 96 
carbon iniection oorts 25 36 

¡Total Equíoment (1989 basis) 218 1,891 

Equioment w/instrument, tax & freight 257 2,231 

Escalated Total Equioment (Jan 1, 1996) 291 2,526 

~Purchased Eauíoment w/retrofit 379 3,283 

Total Capital Cost (Jan l, 1996) 708 6.139 

The spray cooling system consists of a water supply tank, pump, compressor, water leve! control 
system, in-duct temperature sensor array, anda spray bar with an array of nozzles. The spray 
cooling chamber is nornially designed for a gas residence time on the order of0.5 seconds, but in 
the present study the existing ductwork is considered to be able to substitute for the spray cooling 
chamber and provide for sufficient residence time. Water is injected into the flue gas througb a 
spray distribution header equipped with aerated nozzles. Aeratíon is provided with compressed 
aír. The water feed tank is a conventional vessel with no mixers. 

The water injection rate is estimated by the following expression derived from an energy balance; 

w. ~ _(T-'1--_T..c0_) _*_( G_,c___M-'-)_*_c=pg 
1 

J..vap 

W; is the water injection rate requírement. T; and T0 refer to the inlet and outlet flue gas 
temperatures, respectively. The mass flow rate offlue gas into the spray cooler (dry basis) is the 
quantity (G1 - M;). The specific heat capacity ofthe flue gas is expressed by e;,,, and the heat of 
vaporization for the water is expressed as 1.,.,. 

The capital cost estímate for both the spray cooler and fabric filter provided in the Mercury Study 
Report to Congress are reasonable and are used in the preliminary assessment. Sorne areas that 
require further definition include: the widespread availability of sufficient duct length between the 



spray injection point and particulate control devíce ( of concern in case 1 C); the abilíty to control 
flue gas temperatures sufficíently above the adiabatic saturation temperature so that corrosion 
problems are avoided; the abílity to avoíd blinding of the fabric filters (of concem in cases !B and 
2B); and a sufficient straight length of ductwork to avoid wall wetting and ash deposition 
downstream of the spray injectors. 

~ 
The fabric filler control system for the present study consists of a reverse-gas fabric filler or 
baghouse (one ofEPA's model assumptions), a carbon injection system, anda spray cooler (for 
cases 1 B and 2B) Iocated after the ESP. The baghouse consists of isolated compartments 
containing rows of fabric filter bags. Particle-laden flue gas passes along the surface ofthe bags 
before exiting radially through the fabric filter. The filter ís operated cyclically- alternating 
between relatively long periods of filtering and short periods of cleaning. During cleaning, dust 
that has accumulated on the bags is removed from the fabric surface and deposited in a hopper 
for subsequent disposaL 

Most of the energy needs for operating the fabric filler are associated with fan requirements to 
overcome the pressure drop across the bags and associated hardware and ducting. The most 
importan! design parameter is the air-to-cloth ratio. The largest capital cost associated with cases 
!B and 2B is for a reverse air fabric fil ter. As such, the capital costs for the fabric filter estimated 
in the Mercury Study Report to Congress was checked for reasonableness. Other capital 
components associated with Cases 1 B and 2B were accepted as reasonable estimates. 

A crucial concern for design considerations of the fabric fil ter control system used in this study is 
the build-up rate of a dust cake for the filtering of particulate-laden activated carbon that allows 
for mercury removaL Ifthis rate process is too slow, then a significan! amount ofmercury will 
not be exposed to the activated carbon at the fabric filler interfuce, thereby lowering the 
utilízation rate of carbon. Even more importantly, the filtration efficiency ofthe fabric filter 
would be jeopardized if the flow rate of particulates were insufficient to establísh a fil ter cake o ver 
normal cleaning cycles ofthe baghouse. 

A key design criteria established for the fabric filter system was a mínimum cake thickness for 
activated carbon of 11128-inches, representing a string length ofthirteen 15-mícron partícles, 
(1/16-1/32 of an inch is considered normal for a dust cake thickness for a reverse air baghouse). 
The reverse air cleaning cycle is assumed to occur over a one-hour time period for each 
compartrnent in the baghouse. Furthermore, the ESP upstream ofthe baghouse is assumed to 
operate at New Source Performance Standards (NSPS) for particulates. Takíng ali ofthese 
factors into consideration, the requírement for activated carbon exceeds the flow of flyash by 
about a factor of three. The following expression for activated carbon injection rate is used in the 
development of a preliminary cost estímate: 

A cioth * Tcake * P cake 
lVac :::: --------

tcycle 



Where w'" is the mass flow rate of activated carbon, A,,10,,, is the net cloth area of a baghouse 
compartment, and Trole, and Prole, are the thickness and the density (prior to cleaning) ofthe filter 
cake, respectively, and !""' is the filtering cycle time period. The flow rates of activated carbon 
are substantially higher than theoretical requírements proposed by !he EPA in their Mercury Study 
Report to Congress. Potential reductions in the activated carbon requirements could be realized if 
the configuration ofthe fabric filler control system were changed. For example, recycle ofthe 
flyash and activated carbon collected in the baghouse dust hoppers míght relax the constraint on 
the carbon ínjection needed to achieve a reasonable cake thickness. 

The OAQPS Control Cost Manual" and OAQPS-AIRS software were used to estímate the 
reasonableness of capital and operating costs provided in EPA 's Mercury Study Report to 
Congress. The results of this analysís for the fabric filler capital cost were compared to EPA's 
cost estímate. The costs are similar for the 100-MW model and are slightly higher for the 
975-MW model. Therefore, for the preliminary assessment of cases IB and 2B, the capital costs 
were taken as those provided in EPA's cost estímate after including the retrofit factor adjustment 
for installation. 

The following should be eonsidered in a more detaíled cost analysís: 
• Accounting for auxiliaries such as induced draft (ID) fan and waste conveying system. 
• The use ofa high air-to-cloth ratio pulse-jet filter (Le. EPRl's COHPAC and/or 

UNDEERC's Hybrid Particle Collector) versus a reverse-gas baghouse downstream of the 
ESP. 

• 

• 

Incorporating manufacturers recommendations for cake thickness and cleaníng cycle for 
dilute particluate streams. 
Examining the impact of recycle on fabric filler performance . 

Summary of Case Studies 

Table 8 summarizes the costs for ea ch case. Of the five cases developed in this prelimínary 
assessment, Cases !A and 2A represen! the least complex control configuration. Capital costs are 
minimized at the expense ofhigher operating and maintenance costs. The dominan! operatíng 
cost is for the activated carbon. The next leve! of complexity is adding spray cooling to activated 
carbon ínjection, Case 1 C. Here, operating costs are reduced significantly and provide a more 
cost effective control system !han for carbon injection alone. However, uncertainty in the 
potential adverse impact of spray cooling on downstream equipment and the ability to maintain a 
close tolerance on the cooling temperature raise conce'ms on the ability to achíeve cost effective 
mercury reductions. 

The final set oftechnology control options include a fabric filler with spray cooling and carbon 
injection. This optíon provided the greatest activated carbon utilization rale at the expense of 
additional capital outlays (Cases 1 B and 2B). Although this provides similar cost effective 
removal as with case lC, the reliability ofthis control optíon is thought to have similar uncer­
tainties with additional concems associated with the fabríc filler operatíons such as the potential 
for füter blinding. 



Table 8. Summary of Cost Estimation for Mercury Control 

Utility Model lA lB lC 2A 

. Capital Cost thousand $ 

Purchased Equipment 3,283 16,082 i 3,529 379 

Installation 984! 10,379 1,141 114 

Installed.Eq. w/retrofit 
/ .·· 

4,268 34,399 6,071 492 .. 
Imlirect 

. . . 
1,871 7,220 1,685 216 .. , 

Total Capital Cost' j 6,139 41,620 7,756 708 

Total Capital Cost, $/kW .. • 6.3 42.7' 8.0[ 7.1 

Operating & Maintenance 
0 - • • 

thousand $/yr 
. 
Operating Labor 

.· · .. · 
104 207 52 ·· ... 39 

Supervision Labor .·• 16 31 8 6 . 
Operating Materials . ·; o 522 220 o .. 

Maintenapce Labor & Matédal 114 238 67 
. 

38 

Carbon .:. 
·. 

27,903 2,622 8,371 2,832 

•Power ··.· .. 14 
•. 

2,047 959 1 

Activated Carbon Disposal . · .. ··· 761 96 228 77 

Disposal Óf Fly Ash .. · .. 1,012 o 1,012 104 

Lost Fly Ásh Revenue (@ $3/ton) 101 o 101. 10 

Overhead '. '; 140 286 76 50 
1 _,,'" • .-. -· 

! Taxes, lnsurance, Admm ; 246 1,665 310 28 

Total O&M Cost . . é .; .. 30,411 7,714 11,404 3,185 
i Awmal Cost & Perfot:Íll.ance 

Capital R.ecovery, thousand. $/yr . 580 3,928 732 67 

Total Levelized Cost, $/yr• · ·.·. ·· 30,990 11,642· 12,135 3,251 

. Total Levelized Cost, mills/kWh• 5.58 2.10 2.19 5.71 
1 ,, --

:Mercury Reduction, lb/yr • 458 458 458 46 

Cost Effectiveness, $/lb Hg•. 67,730 25,445 26,522 70,018 

·As reported in EPA Mercury Report to Congress 

2B 

2,182 

1,410 

4,669 

965 

5,634 

56.3 

95 

14 

80 

133 

356 

200 

12 

o 
o 

145 

225 

1,260 

532 

1,793 

3.15 

46 

38,614 

,i.1 
':d: 



DOE's posilion on mercury control syslem costs is exemplified with the following comparalive of 
DOE and EPA model boiler cost and performance estimates whereín DOE' s cost analysis became 
the basis for the system wide estímate of control costs ultimately used in EPA Mercury Study 
Report to Congress - Table 9. 

Table 9. Comparison of DOE and EPA Cost Analysis 

Model la Model lb Model le Model2a Model2b 
Characteristic 

EPA DOE EPA DOE: EPA DOE EPA DOE EPA DOE 

:arbon Usage 34,200 ' 100,000 460 9,400 460 30,000 17,200 100,001 460 12,600 
g carbooJ g Hg) 

Cost(!O' S) 1.26 6.14 33.7 41.6 5.52 7.76 0.167 0,708 4.56 5.63 

~ual Cost (IO'Slyr) 10.l 31.0 7.94 l 1.6 2.26 11.I 0.66 3.25 l.29 I.79 

:ost effectivcness l.82 5.58 1.43 

1 

2.10 0.40 2.19 l.16 5.7! 2.09 3.15 
míl!s/kWh) 

b:>st Effectiveness 22,100 i 67,700 17,400 1 25,400 4,940 26,500 14,200 70,000 27,700 38,600 
SflbHªl 

CONCLUSIONS and NEXT STEPS 

A preliminary evaluation of costs for mercury control optíons at coal-fired power plants has been 
conducted. This evaluation provides insights into the cost trade-offs associated with controlling 
the temperature at reduced sorben! ulílízalion versus reduced capital control stralegies al higher 
sorben! injectíon rates. 

A simplífied estímate of system-wide control costs can be obtained from the cost effectiveness and 
mercury inventory. Using carbon ínjectíon control as an example, the annual casi for mercury 
control is about $6 bíllion to reduce mercury emissions by about 46 tons (90 percent of the 
estimated 51.5 tons currently emitted). The following expression provides a more universal 
depiction of the factors that impact annual costs. 

A le t(B ·¡¡· $/ ) CostEjfectiveness($/lb)*Annua/MercuryCaptured(lblyr) nnua os 1 ion yr-~~~~~~~~~~~~~--'~-'-~-'-~~ 
109$/Billion$ 

The cost effectiveness of mercury control options is strongly related to the following key 
parameters: aclivated carbon usage and unit cost; fabric filler installation and parasitic power 
costs; and contaminated flyash disposal costs. 

The annual mercury emissions inventory for coa!-fired power plants contains uncertainty 
associated with the variable mercury content of coa! received at electric utilities as well as the 



mercury captured by conventíonal equipment in flue gas treatment systems ( characterized by 
emission modification factcrs ). 

The U.S. EPA and DOE continue to strive for reducing the uncertainty of the mercury emissions 
and control options. A few examples of current efforts to improve understanding of mercury 
emissions are: 

• More detailed evaluation of mercury control technology's cost and perfonnance 
• Proposed mercury measurements at coat-fired power plants 
• Large-scale fate of mercury studíes in Great Lakes region 
• Research and development for improved sorben! 

The prelímínary findings in the present study indicate that mercury control measures, if mandated 
by the regulatory process, will have a significan\ impact on coal-fired power plan! economics. To 
place this in perspective, an annual $6 billion incremental cost for mercury control is about 25% 
of the annual cost to deliver coa! to electric utilities. Prudent evaluation of control measures now 
witl provide significan! dividends for the etectric utility industry and its customers in the future. 
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. LIST OF INSTALLATIONS ~ , . ALSTOM Seawater FGD ALSTO>M 
CUSTOMER 

Sri Lanka Puttalam Power Plan! 

Huaneng Weihai Power Co., Ltd. 

Huaneng Weihai Power Co., Lid. 

Saudí Electricity Company 

Saudí Electricity Company 

Saudí Electricity Company 

AES Gener 

APPLICA TION 

Coal-líred Power Plant 
Puttalam Unit #1 
Sri Lanka 

Coal-fired Power Plan! 
Weihai 3, Unit #6 
Shandong Province, China 

Coal-líred Power Plant 
Weihai 3, Unit #5 
Shandong Province, China 

Oil-líred Power Plant 
Shoaiba stage 3, Unit #14 
Jeddah, Saudí Arabia 

Oil-fired Power Plan! 
Shoaiba stage 3, Unit #13 
Jeddah, Saudí Arabia 

Oil-flred Power Plant 
Shoaiba stage 3, Unit#12 
Jeddah, Saudí Arabia 

Coal-fired Power Plant 
Ventanas Unit # 2 
Quintero, V region Chile 

¡~;t(!I ftlsitrn/besvl~0ri:t:01.¡;..:-0 con 
G11rme1~ G. CQf\f r-ero;s F, / Yrísc\l\c-

/\°(fa 
V\loc\... 

ole.. 

J 
l\IW.\'" 

TOTAL 
GASFLOW 

Nm3/h 

1126 000 

2 200 000 

2 200 000 

1100 000 

1100000 

1100 000 

854 000 

J<:lV'¡ i o Loo 9 

EQUIVALENT 
SIZE 
MWe 

300 

660 

660 

400 

400 

400 

220 

STARTUP 
YEAR 

2010 

2009 

2009 

2011 

2012 

2012 

2010 

<':"': 
e;;:-. 
~'l."\M. 

' 
('""'!! 
·~ 

CJ 
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~ LIST OF INSTALLATIONS -
ALST()iM ALSTOM Seawater FGD 

... . 

' 

-:;; --· 
CUSTOMER APPLICATION TOTAL EQUIVALENT STARTUP 

GASFLOW SIZE YEAR 

Nm3/h MWe 

Shougang Jingtang lron and Steel United Co. Coal-fired Power Plant 1191 500 300 2009 
Shougang Unit #2 
Hebei Province, China 

Shougang Jíngtang lron and Steel United Co. Coal-fired Power Plant 1191 500 300 2009 
Shougang Unit #1 
Hebei Province, China 

Zhoushan langxi Electic Power ltd. Coal·fired Power Plant 1100 000 255 2008 
Zhoushan Unit #1 
Zhejiang Province, China 

Huaneng Dalian Power Co., ltd. Coal-fired Power Plant 1 330 000 350 2009 
Dalian 1, Unit #2 
Liaoning Province, China 

Huaneng Dalian Power Co., Ltd. Coal-fired Power Plant 1 330 000 350 2009 
Dalian 1, Unit #1 
Liaoning Province, China 

Huaneng Dalian Power Co., Ltd. Coaf.fired Power Plant 1 400 000 350 2008 
Dalian 2, Unit #4 
Liaoning Province, China 

(""'-

Huaneng Dallan Power Co., ltd. Coal-flred Power Plant 1400 000 350 2008 e""'> "·". 
Dalian 2, Unit #3 
Liaoning Province, China (;;,;' 

•"''"11' 
\._•.· 
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ALSTOiM ·~·1!·· ,··~ 
... 
~··-·----

LIST OF INSTALLA TIONS 
ALSTOM Seawater FGD 

CUSTOMER 

Huaneng Weihai Power Co., Ltd. 

Huaneng Weihai Power Co., Ud. 

Emirates Aluminium Limited 
EMAL 
United Arab Emirates 

Emirates Aluminium Limited 
EMAL 
United Arab Emirates 

Emirates Aluminium Limitad 
EMAL 
United Arab Emirates 

Emirates Aluminium Limited 
EMAL 
United Arab Emirates 

Shandong Rizhao Power Co., Ud 

APPLICATJON 

CoaJ.fired Power Plant 
Weihai, Unit #4 
Shangdong Province, China 

Coal-fired Power Plant 
Weihai, Unit #3 
Shangdong Province, China 

Aluminium Smelter Potgas 
Unit 1 

Aluminium Smelter Potgas 
Unit 2 

Aluminium Smelter Potgas 
Unit3 

Aluminium Smelter Potgas 
Unit4 

Coal Fired Power Plant Rizhao Power 
Station #4, Shandong Province, 
China 

TOTAL 
GASFLOW 

Nm3/h 

1250000 

1 250 000 

1940000 

1 940 000 

1940000 

1 940 000 

2 438 560 

EQUIVALENT 
SIZE 
MWe 

300 

300 

647 

647 

647 

647 

660 

START UP 
YEAR 

2008 

2008 

2009 

2009 

2009 

2009 

2009 

,.~ 
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. . LIST OF INSTALLATIONS -

• ~· ALSTOM Seawater FGD ALSTC'M 
CUSTOMER 

Shandong Rizhao Power Co., Ltd 

Scottish Power ple 
Seotland, UK 

Seottísh Power ple 
Scotland, UK 

Scottish Power ple 
Scotlan d, U K 

RWE npower ple 
Wales,UK 

RWE npower ple 
Wales, UK 

RWE npower ple 
Wales, UK 

APPLICATION 

Coal Fired Power Plan! Rizhao Power 
Station #3, Shandong Provinee, 
China 

Coa! Fired Power Plant Longannet #3 
Kineardine, Fife, Seotland 

Coal Fired Power Plan! Longannet #2 
Kineardíne, Fife, Scotland 

Coaf Fired Power Plant Longannet #1 
Kincardine, Fife, Scotland 

Coal Fired Power Plant 
Aberthaw#9 
South Wales, UK 

Coa! Fired Power Plan! 
Aberthaw#8 
South Wales, UK 

Coal Fíred Power Plant 
Aberthaw#7 
South Wales, UK 

TOTAL 
GASFLOW 

Nm3/h 

2 438 560 

2 345 900 

2 345 900 

2 345 900 

2115 000 

2 115 000 

2 115 000 

EQUIVALENT 
SIZE 
MWe 

660 

600 

600 

600 

485 

485 

485 

START UP 
YEAR 

2009 

2009 

2008 

2008 

2008 

2009 

2008 

("' ' . 
,.,, .. 
\,, •. ~.V 

~'"~"" 

e;"; 
a:: 
l~· ,\. 
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·~ LIST OF INSTALLATIONS -
~ .... · ··-· ALSTOM Seawater FGD ALSTO>M 
CUSTOMER APPLICATION 

KUBIKENBORG ALUMINUM AB ALUMINIUM SMELTER 
SWEDEN POT GAS 

"TOWER31" 

lshikawajima-Harima Heavy Industries Co., Ltd (IHI) Coa! Fired Power Plant 
JAPAN JIMAH # 2 

MALAYSIA 

lshikawajima-Harima Heavy Industries Co., Ltd (IHI) Coal Fired Power Plant 
JAPAN JIMAH # 1 

MALAYSIA 

HYDRO ALUMINIUM AS ALUMINIUM SMEL TER POTGAS 
SUNNDAL 4 UNIT 4B 
NORWAY 

Huaneng Haimen Power Co., Ltd. Coal Fired Power Plant Haimen 
Power Station #2, Guangdong 
Province, China 

Huaneng Haimen Power Co,, Ltd. 

AES Kilroot 

Coa! Firad Power Plant Haimen 
Power Station #1, Guangdong 
Province, China 

Coal and Oil Fired Power Plant 
Kilroot #2 
Carrickfergus, Northern lreland 

TOTAL 
GAS FLOW 

Nm3/h 

1 340 000 

2 650 000 

2 650 ººº 

420 ººº 

3 426 240 

3 426 240 

848 000 

EQUIVALENT START UP 
SIZE YEAR 
MWe 

447 2008 

700 2008 

TOO 2008 

140 2008 

1000 2009 

1000 2009 

220 2008 

i:""'-~,, 

( 

~;.;r~" 

<:;._~, 

e~ .... ,, 
it',,'.) 
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• 
LIST OF INSTALLATIONS -

.. _. ALSTOM Seawater FGD ALSTO'M 
CUSTOMER 

AES Kilroot 

Shandong Rizhao Power Co., Lid 

Shandong Rizhao Power Ca., Lid 

North China Power Group Corporation 
China 

ISHIKAWAJIMA·HARIMA 
HEAVY INDUSTRIES CO., LTD 
(IHI) JAPAN 

APPLICATION 

Coal and Oíl Fired Power Plan! 
Kilroot#1 
Carrickfergus, Northern lreland 

Coal Fired Power Plan! Rizhao Power 
Station #2, Shandong Province, 
China 

Coal Fired Power Plan! Rizhao Power 
Station #1, Shandong Province, 
China 

Coal Fired Power Plan! 
Qinhuangdao #4 
Hebei, China 

COAL FIRED POWER PLANT 
TANJUNG BIN # 3 
MALAYSIA 

HUADIAN QINGDAO POWER CORPORA TION L TD. COAL FJRED POWER PLANT 
CHINA QINGDAO # 4 

HUADIAN QINGDAO POWER CORPORA TION L TD. COAL FIRED POWER PLANT 
CHINA QlNGDAO # 3 

TOTAL 
GASFLOW 

Nm3/h 

848 000 

1 449 840 

1 449 840 

1 250 ººº 

2 650 000 

1133 000 

1133000 

EQUIVALENT START UP 
SIZE YEAR 
MWe 

220 2008 

350 2007 

350 2007 

300 2007 

700 2007 

300 2007 

300 2007 

".'J F • 

;·ll"\''" 
¡''!< 1 :, ...... ,,, 

(;,.) 
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.~. LIST OF INSTALLATIONS -
ALSTO>M ALSTOM Seawater FGD . 

CUSTOMER APPLICATION TOTAL EQUIVALENT STARTUP 
GASFLOW SIZE YEAR 

Nm3/h MWe 

ELKEM ALUMINIUM ANS ALUMINIUM SMELTER 250 000 83 2007 
MOSJ0EN ANODEBAKE 
NORWAY 

ELKEM ALUMINIUM ANS ALUMINIUM SMELTER 700 000 233 2007 
MOSJ0EN POTGAS 
NORWAY TOWER31 

ISHIKAWAJIMA-HARIMA COAL FIRED POWER PLANT 2 650 000 700 2006 
HEAVY INDUSTRIES CO., LTD TANJUNG BIN # 2 
(IHI) JAPAN MALAYSJA 

ISHIKAWAJIMA-HARIMA COAL FIRED POWER PLANT 2 650 000 700 2006 
HEAVY INDUSTRIES CO., LTD TANJUNG BIN # 1 
(IHI) JAPAN MALAYSIA 

Guodian Technology & Environmental Group Co., COAL FIRED POWER PLANT 2 235 000 660 2006 
Ltd. China SHANDONG HUANGDAO # 6 

Guodian Technology & Environmental Group Co., COAL FIRED POWER PLANT 2 235 000 660 2006 
lid. China SHANDONG HUANGDAO # 5 

Fluor Daniel B. V Saudí Arameo Mobil Refinery 436 000 180 2006 
The Netherlands Off gas from FCCU and SRU ,--

Yanbu, Saudí Arabia 

QINGDAO POWER STATION COAL FIRED POWER PLANT 1133 000 300 2005 
]t:''""' 
í'.: ,.. 

CHINA QINGDA0#2 
·---: 

'' 



1ll LIST OF INSTALLATIONS -
ALSTO>M ALSTOM Seawater FGD 

. 

--· 
CUSTOMER APPLICATION TOTAL EQUIVALENT START UP 

GASFLOW SIZE YEAR 

Nm3/h MWe 

QINGDAO POWER STATJON COAL FIRED POWER PLANT 1133 000 300 2005 
CHINA QINGDA0#1 

JGC CORPORATION SOHAR REFINERY, OMAN 815 000 270 2005 
JAPAN FLUIDIZED CATALYTIC 

CRACKER UNIT (FCCU) 

ELECTR!CITY AUTHORITY OIL FIRED POWER PLANT 384 000 130 2005 
OFCYPRUS VASILIKOS # 3 
CYPRUS 

SHENZHEN WEST POWER COMPANY COAL FIRED POWER PLANT 1 200 000 300 2004 
CHINA SHENZHEN WEST P.P # 6 

SHENZHEN WEST POWER COMPANY COAL FIRED POWER PLANT 1 200 ººº 300 2004 
CHINA SHENZHEN WEST P.P # 5 

HYDRO ALUMINIUM AS ALUMINIUM SMELTER POTGAS 1 255 800 419 2004 
SUNNDAL4 UNIT4 
NORWAY 

HYDRO ALUMINIUM AS ALUMINIUM SMELTER POTGAS 677 300 226 2004 
SUNNDAL4 UNIT3 
NORWAY 

TNB Janamanjung Sdn Bhd COAL FIRED POWER PLANT 2 611 000 700 2003 ('~. 

MANJUNG UNIT 3 e::: 
MALAYSIA 

~;.~ 
("""' -.· ... 
(' .. .., - ' 
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ti .. LIST OF INSTALLATIONS -
~· ALSTOM Seawater FGD ALSTQ>M 

CUSTOMER 

TNB Janamanjung Sdn Bhd 
MANJUNG 
MALAYSIA 

HYDRO ALUMINIUM AS 
SUNNDAL4 
NORWAY 

TNB Janamanjung Sdn Bhd 
MANJUNG 
MALAYSIA 

S0R NORGE ALUMINIUM 
HUSNES 
NORWAY 

HYDRO ALUMINIUM AS 
SUNNDAL4 
NORWAY 

ELKEM ALUMINIUM ANS 
MOSJ0EN 
NORWAY 

STATOlL 
ASGAARD 8, NORTH SEA 
NORWAY 

APPLICATION 

COAL FIRED POWER PLANT 
UNIT2 

ALUMINIUM SMELTER POTGAS 
UNIT2 

COAL FIRED POWER PLANT 
UNIT1 

ALUMINIUM SMELTER 
POTGAS 

ALUMINIUM SMELTER POTGAS 
UNIT 1 

ALUMINIUM SMELTER 
POTGAS 

H2S INCINERATOR OFF-GAS 
OIL PROD. PLA TFORM 

TOTAL 
GAS FLOW 

Nm'lh 

2 611 ººº 

677 300 

2 611 000 

480 000 

636100 

313 000 

6400 

EQUllJALENT START UP 
SIZE YEAR 
MWe 

700 2003 

226 2003 

700 2002 

160 2002 

212 2002 

104 2002 

2 2000 ,.,., 

P.~·•-\ 

' 

e~ 



~- LIST OF INSTALLATIONS -
ALSTO>M ALSTOM Seawater FGD . 

CUSTOMER APPLICATION TOTAL EQUIVALENT STARTUP 
GAS FLOW SIZE YEAR 

Nm'lh MWe 

MITSUI & CO., LID COAL F!RED POWER PLANT 2 641 ººº 670 1999 
PAITON PAITON UNIT 8 
EAST JAVA 
INDONESIA 

SHENZHEN WEST POWER COMPANY COAL FIRED POWER PLANT 1 100 000 300 1998 
CHINA SHENZHEN WEST P.P #4 

MITSUI & CO., LID COAL FIRED POWER PLANT 2 641 000 670 1998 
PAITON PAITON UNIT 7 
EASTJAVA 
INDONESIA 

NORSK HYDRO ALUMINIUM SMEL TER 418 000 139 1997 
KARM0YV POTGAS 
NORWAY 

UNELCO OIL FIRED POWER PLANT 530 000 160 1995 
TENERIFE 
SPAIN 

UNELCO OIL FIRED POWER PLANT 530 000 160 1995 
GRAN CANARIA 
SPAIN ,.·~ 

TATA ELECTRIC COMPANIES COAL FIRED POWER PLANT 445 000 125 1995 r""• ..... , .... 
MUMBAI 2ND STREAM OF FGD ~·--' 
INDIA TROMBA Y UNIT 5 <:,¡;-

('~"""' 

""'·· ·¡ 
~· 

iJf!Yi\'/N •CC,. A.-0 e·,• 



m LIST OF INSTALLATIONS -
ALST()iM ALSTOM Seawater FGD 

CUSTOMER APPLICATION TOTAL EQUIVALENT STARTUP 
GASFLOW SIZE YEAR 

Nm31h MWe 

S0R NORGE ALUMINIUM ALUMINIUM SMELTER 297 000 99 1992 
HUSNES POTGAS 
NORWAY 

STATOIL CAT CRACKER 330 000 110 1989 
MONGSTAD CLAUS INCINERA TOR 
NORWAY 

TATA ELECTRIC COMPANIES COAL FIRED POWER PLANT 445 000 125 1988 
MUMBAI TROMBAY UNIT 5 
INDIA 

S0R NORGE ALUMINIUM ALUMINIUM SMEL TER 1125 000 375 1988 
HUSNES POTGAS 
NORWAY 

GRANGES METAL ALUMINIUM SMEL TER 280 000 93 1988 
SUNDSVALL POTGAS 
SWEDEN 

NORSKHYDRO ALUMINIUM SMELTER 690 000 230 1986 
KARM0YJV POTGAS 
NORWAY 

ALLIS CHALMERS CORPORATION ILMENllTE SMEL TER 225 000 75 1985 
TYSSEDAL PREREDUCTION r":~" 

NORWAY e:~~~ 

NORSKHYDRO INDUSTRIAL OIU 90 000 30 1982 
¡o,~,,._ 

' PORSGRUNN COAL FIRED BOILER e- ...... 
NORWAY BOILERNO. 8 '• 

C..J 

t-\?.:v1v-··1·:·<,·" ,_, _, ~- 1 c ·,p: ·-"'P/ st;· ,, · "·'+' './, .,e_, ' ., ··<; •.iii":0''0'!!>/":·" "</'<'/' -,.,,1,~-/ ~'."U(!_ i<Fof:U);;¡~·/yc ';8'.''.'1;\'!1 '•; :H'i1'1Y}F;r>;,i-:'Vi~-">'1'::f:>YY, :W.'i ;~-<·"<'<n«''i~ •:0_:/i('.í'.~:!'~-1'.-f?Jfkí:.0/?.TG::'ii ·!!'.-c'+.LCY']O'.':Y?l~'P1":.''.:f{'.-.'.~i\Ll"b.\'.'.:ol"7c<<.'.B'6Y,;IX-'• . .:t.~r.r.0zli2'"""''-"''''~-'0'·""''-'··-'".c"''''·'·""~"-"""""-""'"'"'····•'""'-~~--h'-''" --~---



m LIST OF INSTALLATIONS -
ALSTO>M ALSTOM Seawater FGD . 

-· 
CUSTOMER APPLICATION TOTAL EQUIVALENT START UP 

GASFLOW SIZE YEAR 

Nm3/h MWe 

NORSKHYDRO ALUMINIUM SMELTER 655 ººº 218 1982 
KARM0Y 111 POTGAS 
NORWAY 

ASV ALUMINIUM SMELTER 610 000 203 1981 
H0YANGER POTGAS 
NORWAY 

GUAM POWER AUTHORITY PILOTPLANT 1981 
GUAM OIL FIRED UTIUTY BOILER 
USA 

RAFINOR CLAUS 6 000 2 1979 
MONGSTAD INCINERATOR 
NORWAY 

Asv ANODEBAKE 21 000 1 1977 
ARDALSTANGEN FURNACES 
NORWAY 

NORSKHYDRO MIX. OF CLAUS GAS, 50 ººº 17 1977 
PORSGRUNN FURNACE GAS AND PROCESS AIR 
NORWAY 

NORSKHYDRO INDUSTRIAL OIL FIRED BOILER, 60 000 20 1977 
PORSGRUNN BOILERNO. 7 ,,.. ... 
NORWAY 

NORSKHYDRO INDUSTRIAL OIL FIRED BOILER, 60 000 20 1977 
PORSGRUNN BOILERN0.6 ~;.~· 

NORWAY ('" ..... .. 
u 
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lm. LIST OF 1 NS TALLA TIONS -
ALSTOM Seawater FGD 

CUSTOMER APPLICA TION 

NORSKHYDRO INDUSTRIAL OIL FIRED BOILER, 
PORSGRUNN BOILER NO. 5 
NORWAY 

NORSKHYDRO PILOTPLANT 
PORSGRUNN INDUSTRIAL OIL FIRED BOILER, 
NORWAY BOILER NO. 5 

Asv ALUMINIUM SMELTER 
SUNNDALS0RA POTGAS 
NORWAY 

TOTAL gas flow, equivalent MW, and number of units: 
PDVSA LAGOVEN OIL REFINERY 
AMUAY 

ALSTO,M 
TOTAL 

GAS FLOW 

Nm3/h 

35 000 

10 000 

810 000 

114 820 880 
345 000 

EQUIVALENT 
SIZE 
MWe 

10 

4 

270 

32182 
115 

STARTUP 
YEAR 

1975 

1972 

1968 

91 

r-

~ 

~! 
(..) 
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