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Coal Power: Ubiguitous
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Sources: Ghosh 2009, Ch 6

US Energy Information Administration, "Existing Generating
Unit in the United States by State and Energy Source, 2010"
Natural Resources Canada — Electricity Facts (2016 data)
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Scale, Efficiency, & Age

Data are for all types of coal generation
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Canada Coal Production Predicted / Legislated
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US Politics

= Social & Political War against “Clean Coal”:
» “"Clean Coal” buzzword defeated by “No Such Thing As Clean Coal” buzzword (2009)
» V.P. Biden pledges to stop new coal plants during campaign (2008).

* Gov. Granholm (MI) bans all new coal plants with executive order regardless of “clean coal”
status. Generally a state-level battle. (Also in ID, ME, NJ, GA, & TX).

GLEAN GOAL.
GOOL.
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Policy, Courts, and Regulations

« No US law regulates CO, - 2012: EPA acknowledges commercial
CCS technologies not available ...
» 2007 US Supreme Court says effectively bans new coal power
: * (But also doesn’t think anyone would
CO, counts as a.”' pOHUtant (build new ones anyway d%J/e to prices...)
* Therefore Environmental * June 29, 2015 > US Supreme Court
Protection Agency can regulate orders.ghange:fnot ”at|):)pro riate”
2009 EPA declares CO, harmful (no evidence o COSt/. ene 't ratio).
: * Aug 3, 2015 - EPA Finalizes new
air pollutant ctandards
« Means they have authority to act * 1 lb per kWh limit for new large base-
without oversight load nat gas plants (>25 MW
, * 1.4 |b per kWh limit for new coal plants
« 2012 EPA announces future strict (requ.lre.?.ZO% carbon capture
imit on CO, for power, effectively " Sinificant because 20% capture alreacy

preventing all coal without CCS required 90% capture, which did not.

Environmental Protection Agency, Greenhouse Gas Emissions Standards and Fuel Efficiency Standards for Medium- and Heavy-Duty Engines and Vehicles. Federal Register
2011, 76, 57106.
Environmental Protection Agency, Standards of Performance for Greenhouse Gas Emissions for New Stationary Sources: Electric Utility Generating Units. Federal Register, 2012, in-
press. Docket No. EPA-HQ-OAR-2011-0660.
http://www.nytimes.com/2015/06/30/us/supreme-court-blocks-obamas-limits-on-power-plants.html? r=0

http://www3.epa.gov/airquality/cpp/fs-cps-overview.pdf



http://www.nytimes.com/2015/06/30/us/supreme-court-blocks-obamas-limits-on-power-plants.html?_r=0

« 2016: Supreme court fully shuts  « Meanwhile, US coal power Iosing
down rules down anyway

» Aug 21, 2018: POTUS moves to * 40% of capacity of US fleet closed

or marked for shutdown since 2010

e Only one tiny plant under
construction in US.

remove EPA rules finally
* (never really did anything),

* shifts regulatory power to the
states * But everyone else...

« 700 new plants in construction in
China or by Chinese companies

1600 total new in world under
construction / planned.

onto Star. Ellen Kni km y erThe Ass t d Press Seth B nstein. “Trump plan scales back Obama'’s coal emissions standards”. Aug 21. 2018
LM h IB chsbaum. Ene gyT n. Amer \pl nts I gd pt e Trump. Jun 2018
Hiroko Tabuchi. As Beijing Joi Clmt thtCh se Companies Build Coal Plants. New York Times. July 1, 2017.




Coal and CCS In Canada

» Canada Legislation effective 2015

 All existing coal-fired plants must meet 375 tonne/GWhr upon end of economic life (45 years) =
Compare: US is 454 tonne/GWhr

* New coal permitted if it uses CCS, same emissions standards.
« Law only takes effect “only if compliance is achievable”.

Sept 5, 2012: Quest Project Begun

« Royal Dutch Shell paid for ~40% of $2bln project in Alberta

» Rest paid by Canada.

» 15t CCS Project for Oil Sands . Has captured ~3MtCO, (less than one Dofasco refinery in a year)

« 80 km transportation distance from refinery

« 2km deep injection into porous rock site — meant for storage
Oct 2 2014: SaskPower’s Boundary Dam first world’s carbon capture from coal at
commercial scale

* 90% capture, amine solvent based

« Some CO, sold for EOR, rest stored at Aquistore (underground sandstone)

Sources: CBC news, “Shell OKs oilsands’ 15t carbon capture project.”. Sept 5, 2012. Carbon Capture @ Sequestration Technologies @ MIT. Sequestration.mit.edu
Canadian Electricity Association, Electricity 101 http://saskpowerccs.com/ccs-projects/carbon-storage-and-research-centre/
http://www.shell.ca/en/aboutshell/media-centre/news-and-media-releases/2012/0905quest.html

bhell Canada. Quest Carbon Capture and Storage. https://www.shell.ca/en_ca/about-us/projects-and-sites/quest-carbon-capture-and-storage-project.html



http://saskpowerccs.com/ccs-projects/carbon-storage-and-research-centre/
http://www.shell.ca/en/aboutshell/media-centre/news-and-media-releases/2012/0905quest.html

North American CCS Projects

Power Plant CCS Projects
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Eurasian CCS Projects

We will talk g;;;g:e 204 major
about CCS tech
in lecture 3.7.

Sleipner: 15t Large
Scale Storage
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@ China: Some projects are in pilot /
- _ planning stages, but most of these
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land
: b Ukraine B ¥ : '
: e on) Kazakhstan > '
7 : : Mongoha
@ancc ' / S-rRomania_ A g :
S Italy " ~ ) < . ) ) ‘
“> Spain Z _ Uzbekistan ‘ _.p,t“;,z;u‘. -
] | Greece Turkey . Eurkmenistn “ @ f Japar
rtugal _ ? - o = :
Syra J e ¥ . China outh Korea 2epen
Tunasis > Afghanistan’
Power Plant CCS Projects \ i lraq Iran »

\ ¢ Pakistan ¢
Pilot CCS Projects Fna Libva Rl @ Nty | @

Saudi Arabia

)| @®|@®|<®

Commercial EOR Projects B e : =50 India Myanmar, (&
Lire @ Sequestration~echnologies @ MIT. SequestratiSt#hit.edu (Burma)
Non-Power CCS Projects Niger a Siden sl vl Thailand., ) "
Cha , ” LA




a




Basic Process (Subcritical & Supercritical)

Sulfur Compounds

Limestone (Gypsum)
Fly Ash Just starting to do this
,‘y— Ash Sulfur U Il this iust
Cleanup Removal suatiy this justgoes
to the atmosphere here T
HZO/ ““““““
CO,, H,0, CO, Ny W 5
N,, Ash, SO,
Coal .
co Pipeline o i
2
co — o ‘Sequestration
i Boiler Absor 2tion Com rzess : i
Ar P 1atm press.
Heat
......................... N,, CO,, H,0
Steam ’
Turbines We can do
this, it's just
expensive.
(currently for Stack
EOR, soft
drinks, etc)
Power

Source: NETL 2007 - Bituminous Baseline




Subcritical & Supercritical -

. . . 50%
= Basic process is essentially
the same between them e =
: . 40% -
= Just uses different maximum S
steam pressure levels: ”
’ 3 30% N &
= Subcritical: 165 bar, 566°C g & & —
S o~ @ Subcritical PC
= Supercritical: 240 bar, 593°C § B Supercritical PC
(above critical point) e
10%
0% ‘
w/o CCS w/ CCS

Net Plant HHV Efficiency

% o -

-
- Sources: NETL 2007 - Bituminous Baseline Repor
‘ ETL, Klara J and Wimer J. Pulverized Bituminous Coal Plants With and Without Carbon Capture & Sequestration (ref's same work)




Detailed Process (Supercritical) -

Other Notes: “Live Steam” is the Above critical NOx G t
name for the highest pressure £ (221 b Remover Limestone g Fluaesg?agk
level. point ( ar) Baghouse
- \ 176°C —
The Intermed.late, and Low \ Furnace s —
Pressure turbines are actually \ :
. ) Desulfurizer
multi-stage, with v Ash
. Gypsum
some Ilqwd condensate frpm each. - 45 bar —— Sy
Heuristic: Use pressure ratio In Z 590°C
range of 2 to 5. Coal From Pile " 240 bar 10 bar
= 590°C | vap vap 370°C Generator
| F— | [~ |Driveshaft
Air G HP P LP CF
"""""""" "'"---..._____ "“*—-_____
lig lig qu 0.2 bar
. &lig
Misnomer? Condenser
Ash
Supercritical Pulverized Coal Process Cooling
Simplified Version 30°C Tower
Pump Deaerator/
Feedwater

Tank

Source: Combination of Spliethoff 2010, Ch 4. and NETL 2007 - Bituminous Baseline Report. Figure is Mine.



Once-Through Cooling

W Evaporation

/-

River f
0 River
.
» Heavily limit outlet temperatures to = Cheap to implement.. Pump water
avoid killing everything. through heat exch.
* Need huge flows through due to small = Local bans in place or proposed

t ture diff f wat ’ '
emperature difterence of water = Half of US coal plans using this

strategy.




Wet Cooling Towers

A\ Hot Air, 100% Relative Humidity

Air

3 Y

Makeup Wate Hot Water
Only €
>
/ Cold Water
River o
River

* Much less water consumption — some
water allowed to evaporate but uses
considerably less.

0
N

= Contact air and water together to
facilitate heat transfer

» Ak.a "evaporative” cooling R ) , th .
. . Iver water mixes wi rocess watetr...
» Uses about 1.7% of plant output this P

M o need extra treatment!
u ore Ca |ta Cost. Sources: US EPA. Energy Penalties, Air Emissions, and . . .
e P Cooling Tower Side Effects = Can pollute the air with stuff in the

http://water.epa.gov/lawsregs/lawsguidance/cwa/316b/ph

3o - B
)‘} ) .
| T~ ase1/upload/2009_04_02_316b_phase1_technical_ch3.pdf
ENGINEERING %%g * MCC Adams & Barton, AIChE J, 2010. rlver Wate r-




Wet Cooling Tower Details

Hlﬁtﬂted g, b, . . . .
About 30°C = Variations in air temperature and
(for 10°C atmospheric T humidity has major impact.
-te m p) / Tl 1minators ., .,
g SIS SN About 35°C * [n “natural draft towers (shown), we
AN e don't use fans for air intake
AR « chimney effect draws air in, pushes it
- upward
Temp Varies! Packing * save on electricity but lose a degree of
Humidity freedom for control (air flow rate)
mportant b * big optimization problem
Air\ % ; ma__‘,wbj/mr g p p
7 | Z

20-25°C
—3 Cold Water
To Pump

Sources: Khan et al.. Energy Conv. Manage. 44, 2073-2091 (2003)
J. Smrekar et al. / Energy Conversion and Management 47 (2006) 1086—-1100




Dry-Cooling

A Warm Air

9 Y

Hot
Water

Air e
—>

Water
River

0 River
» Heat-exchanger based (water and air " Huge energy penalty... up to 8.6% of
don’t mix) your power just for cooling.
* But need much more surface area per J of * Both natural convection and forced
cooling = more expensive convection possible

* Forced (sometimes just extra wind is

= No water consumption
enough)

- Sources: US EPA. Energy Penalties, Air Emissions, and Cooling Tower Side Effects.
U M Cttp://water.epa.gov/lawsregS/Iawsguidance/cvva/B16b/phase1/up|oad/2009 04_02_316b_phase1_technical_ch3.pdf

L ‘.>MAC Adams & Barton, AIChE J, 2010.




Dry Cooling: Size and Scale

180-270 MW outlet water temperature depends on
Delivered om 43 V-\/Ihd angle andsp;)eed
. | '_________ 42 r —v,=0m/s '\I\
Large size needed 41 [~ 5 mis -
for chimney effect .. __ g ‘;‘g (|- 9mbs
125 m g g?l L If no wind P ""‘-\.\2‘}_‘
Air Enters at S 36 | (na/’/cural) L N
Base \ R R S TN
\ Ml S
- 33 b’ Z < TS,
o RE S~
Ring of radiators (heat exchangers) 7 ) 31 | =7
= _F_d__,__,_r—-"' 30 _.~\\1 .L_J__L -— ] . P WP | PN | PP | i
located around air entrancesi;:/f// - 0 20 40 60 80 100 120 140 160 180
o " (’\ 0 (°)
J/{f;ij - — "~ Parallel with ground
' " Pinch point of 1.1°C

Sources: Su MD et al. J Wind Eng Ind Aerodyn
79:289-306 (1999).

Heat contour map
(things get complex
| quickly)

So wind can be good but also can be
bad.
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Elec Transport

Sources: Canadian Electricity Association. Electricity 101 (2018)
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