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Concept: Avoid N, mixing

Primary recycled flue gas

Any unspent

Similar to traditional 0 hydrocarbons, stray
coal-firing boiler Sulfur Cleanup N,, Hg, SO,
Runs on ,/ Secondary recycled flue gas These steps can be Exhaust gas
traditional 7 < expensive for coal systems 25°C, 1 bar
steam BOILE/R ey T eep - ! FG
cycles Toombe1200°G s <250°C oK 157G g 63°Cr p5ec | Net flue gas 25°C, 100 bar

N Tcomb=1200"C 350°C 250°C
\ Lambda=1.15 —b\[\ @ O
Steam Flue gas
o,
(2%) co,

Air Gypsum H,O
leakage ,_uu;;;;

303°C, 327 bar -----4-____Flyash
Feed water Dried coal 100°C>q 15°C --_______::::::::::::::: ---- Need Something to Dilute
300°C T isn’
) the fuel (that |sn.t N,) to
o 48.4 kgls ASU prevent super-high flame Disadvantages
leakage Coal temperatures . o
Bottor ach 0,+Flue gas 5‘ 0, 5 Boiler knowledge limits flame temperature
- I
=97 kgls - Too hot: melts ash
Advantages - Too hot: much more NO, formation
v N2 Uses well-known steam cycle technology - Hard to prevent air leakage (unwanted N,!)
Only limited N, enters fuel Low N, combustion environment significantly
- Cheaper CO, capture, 95% feasible. (CO2/impurities) ~ affects combustion mechanisms.
- Limited NO, potential. Requires lots and lots of O..
Potential cost savings (maybe) Extra propensity for CO emissions

http://repository.cmu.edu/epp/75
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Key

Differences

Flue Gas Density

Flue Gas Heat Capacity

O, Diffusivity

Radiation of Heat

Flue Gas Volume

FMACC

Lower

Lower

Higher

Lower

Higher

Higher
CO, more dense than N,

Higher
More efficient heat source for
steam cycles

Lower by 80%

O, takes longer to penetrate
gases (so much CO,), requires
longer burning

Higher Emitting Power
heat transfer rates are higher

Lower by 80%
Smaller pipes, smaller stacks
Lower costs downstream



Hot Burnin’

Burning Coal in Air

Oxycombustion
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Flame bigger, hotter.

Causes profound design and operational
challenges.



Delayed Burning

Slower diffusivity means longer oxidation delay (0.5 m distance vs 0.2m).
Mean you need much bigger firing equipment, more expensive.
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Technology Progress
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Note, there have been
several recent attempts at
Oxyfuel Combustion
projects (from coal) but they
all have been cancelled
before completion.



Efficiencies: Comparing Advanced Systems

Al
J

>
I
I
N—r
S
>
O
c
2
O
&
L

Supercirtical
Pulverized Coals

Oxyfuel with Supercritical
Steam Cycle
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Oxyfuel with Ultra-
Supercritical Steam Cycle
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SC-Ar USC-Ar AVG SC-Ar SC Cryo- Warm SCITM AVG  USC-Ar USC Warm
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References: DOE/NETL 2007 - 1291 “Pulverized Coal Oxy-combustion Power Plants” Rev. 2,
DOE/NTL 2007-1281 “Cost and Baseline for Fossil Energy Plants” Rev.1, and B&W/AL Integration Study

Promising from an efficiency standpoint.
But, you'll notice that each lecture has a different set of data to compare A to B to C.
I'll show you a big-picture normalized comparison at a later time.



CO, Emissions Comparison
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Comparative Costs

This is older: NGCC is likely lower now )
< 10.56

04— — — — — - -
-§
-~
- A S i i
w2
-
Se—
N
o
R — = e
— -
= 5.06
S
2z
= N = — e — y—
= 4
9
s
88

o il e s aes

() T L

Pulvenized coal Pulvenized coal Pulvenzed coal IGCC IGCC with CCS  Natural gas Natural gas Natural gas
with post- with oxyfuel combined cycle combined cycle combined cycle
combustion CCS ) with post- with pre-
CCS Note: These are for greenfield plants combustion combustion

Increased value in retrofits?

val CCS CCS
Also, conflicting numbers from DOE




FutureGen 2.0 — The major demo proj.

» The well touted "FutureGen” project cancelled late 2010
« Major IGCC w/ CCS project by US Department of Energy
« Cancelled after seeing massive costs for IGCC at Edwardsport
« Switched to Oxycombustion with CCS = FutureGen 2.0! 168 MW, Gross

= New key value is in coal plant retrofits
« Main goal is to replace existing boilers with oxyfiring
« Use existing balance of plant with some modifications

Will demo CO, geologic storage and a CO, pipeline

Construction hasn't happened yet. (Pushed back every year)
« March 2013: Purchased a defunct power plant to do the testing
« Sept 2013: Expect $1.65 billion capital cost ($1 billion from US DOE)
« Sept 2014: US EPA approves the CO, storage portion.

« 2015: US DOE gives up. All of the engineering design work was finished but they couldn’t negotiate funding and
various contract negotiations.

Leading partners mention conflicting politics between federal & state, elections uncertainties, anti-
coal mentality




Air Separation — Major Cost Barrier

= Recall: IGCC requires O,/N, separation to use high purity (95%) O, in the gasifier.
» Expensive and energy intensive (parasitic load)
« Only oxidizing roughly 10-20% of the carbon in the gasifer

» Oxyfuel Combustion needs 5-10 times more of the same:
« Purity must be higher (closer to 98%)

* Need to oxidize all of the carbon (5-10x) in the boiler

« Causes 5-7 percentage points of efficiency loss (i.e, 40% HHYV efficient to 33-35% HHV
efficient)




Recent Advancement

The power plant itself never changes
output, it runs at steady state
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Oxyfuel w/CCS for coal is worse than
Oxyfuel w/CCS for nat gas is the
same or better than NGCC w/CCS
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Life Cycle Analysis
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Our own calculations

Cradle-To-Gate-Exit Greenhouse Gas Emissions (kgCO2e/MWh)
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Like IGCC, but N, no
longer used for GT diluent

Could also make steam
her'e with radiant cooler

2nd Generation (Gasification)

S~ N, Coal et H.S
~o , // . —>
Cleaning
HZO (Meta|S Metals
_) ’
- H.S,
Gasifier
N Removal
ir Sweet
—>»{ ASU Raw etF:) S Wneis
Rectisol? | =YN9
‘ . 0, Syngas
Air no longer used in GT > >
Need a lot more high ~ —————---1 CO,/0, >
purity O, than IGCC. "~~~
COsto 4 \ 4
Compression & N
___- Sequestration CO,
Low pressure. ~~ < L —
High CO, compression costs -

Need lots and lots of CO, for
diluent when no N, present.
High recycle rates, large
equipment.

The combined cycle

part is mature enough.

Condenser

A

Have to get stoichiometric O, in
real time to meet strict O, limits
for CO, pipelines

Tough control challenge too

Turbines cannot operate at
as high of temperatures as
boilers (moving parts,
complex shape, etc).

.~ New design challenges

=0

Tom’s Thoughts:
The company NEBB is advancing

this technology for

=|H/\p=|£

commercialization.

Results from systems research
though doesn’t look promising
(Duan 2007).

Not a lot of attention

Overall looks very difficult...



Final Notes

» Materials limits are a huge uncertainty

= Having to relearn combustion all over again
* Mixed O,/CO,/H,O environments mess things up
* Flames look different
* Delayed combustion
« Carbon monoxide intermediates from Boudouard Reaction
. CO, + C=2CO
* Many unknown variables, huge sensitivies
» But, this is much closer to large scale commercialization (compared to other
advanced methods)

= 2nd Gen: Probably a ways off

* Alogical combination of the concepts we have learned so far




