Material and other related issues
on novel distributed IGCC

Related issues are more dominant than material issues of
Novel distributed IGCC? - My appreciation of the past

Why only one owner of 500 MWe at Rs. 3000 - 3500

million? Why not also 50 owners of 10 MWe at 50 x Rs. 60 -
70 million?
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My appreciation of the past

« Have visited (along with colleagues from CGPL) BHEL,
Trichy and Hyderabad in 1998 - 99 and discussed with
scientists on high pressure gasification system
development and the updraft coal gasifiers

« After two major discussion meetings at

Trichy and ITSc,

it appeared that the thermo-chemical basis of the high
pressure gasification system desigh needed major inputs

« The IGCC plant - BHEL-APGENCO of 102 + 80 MWe
scaled up from the 6 MWe system is still to come up.

An inference: The space for "smaller” coa
must be explored without insisting on
idea that is ruling the Coal world. Para
development have meaning

power systems
arge-being-only

lel paths of



Why only one owner of 500 MWe at Rs. 3 —3.5
billion? Why not also 50 owners of 10 MWe at 50
X Rs. 60 — 70 million?

Big money is too difficult o come by. At
roughly same investment cost of Rs. 6 - 7
crores per MWe, it would be possible to
enthuse very large number of investors
to build these plants and stabilize the
grid - this is why?

What about efficiencies, one might say.



On efficiencies and...

Large steam power systems enjoy a coal-to-
electricity efficiency of 36.5 - 37 % in India
(systems in Europe get around 40 7% for the same
class of parameters)

1 to 3 MWe class reciprocating engines (say
Jenbacher, MWM, Deutz) allow gaseous fuel to
electricity of 40 %

Small reciprocating engines are more than
reasonable in terms of efficiencies. They aspirate
the fuel gas at ambient pressure unlike gas
turbines that need the fuel gas to be compressed



Therefore....

« We can combine ambient pressure fixed bed
downdraft gasifiers with r/c engines to get solid
fuel to electricity at efficiencies of say 40 7% x
0.8? (gasification efficiency) = 34 % in the open
cycle.

» We still have exhaust at 300 °C + other heat in
the system available for use. These can be used
along with heat from additional coal combustion if
needed to run HRST to enable IGCC strategy

For 3 MWe with the steam cycle, we need to operate
the gasifier-engine system at around 5 - 6 MWe.
The total cycle efficiency may touch 39 to 42 %.



Biomass (first) to Coal (next) for electricity
Status of Biomass—power at 1 to 1000 kWe.

We recognhize that biomass is 70:30 while
coal is 30:70 in terms of volatile : carbon.

At CGPL, IISc there is >25 years of work -
scientific, technological and field operations
of >100,000 hours on solid biomass fuel-flex
gasifier systems at 1 to 1000 kWe

Systems have operated in India, Japan,
Brazil and Switzerland

The ITSc fixed bed reactor is an open-top

staged air supply gasifier uniquely suited to
run biomass or coal with 5 - 30 % char/ash

extraction.



Simple experiments on coal
in “biomass systems”

Coal pieces ~ 3 — 10 mm, 28 % ash content

Flame in phase Il (coal char combustion) right
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The 1 kg/h open top, staged air gasification system for research
and demonstration. —coupled to a 1 kWe gas engine



Result of 3 hour run on coal
Operates steadily throughout the duration

At 18 kg/h, at a superficial velocity of 5.1 cm/s, the gas
composition is:

H,S problem did not seem serious - Alkaline wash may be
adequate; otherwise other strategies need to be
adopted.

With increased SV, performance will improve to levels
same as large gasifiers. Upper limit on the SV is due to

ash fusion problem. This is about 10 cm/s (TBD)

Conclusion: Operating a biomass gasifier with 28 % ash
coal seems to show no surprises.



Important conclusions

ITSc biomass gasification system has undergone
successfully multiple tests in India and overseas
both in lab and field conditions for its operability
and efficiency. It has IPR in several countries.

A 1100 kg/h system has operated for more than
40,000 hours in an industrial environment.

Additional proving tests on larger systems can
always be performed at the laboratory as needed.

Demonstration systems can be built. Better would
be commercial demonstration with partners.




Future possibilities - 1

Conventional and flame-less combustion
modes

A: conventional turbulent combustion

B, C: Flame-less combustion mode (LPG)

D: Flame-less combustion mode (Syngas)
From Sudarshan Kumar et al (2002)

Chinese flame-less coal
combustor research (1986)

D Rl A - Implemented in several systems
HIGH SPEED 7 |
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Fic. 3. Computed flowfield of a combustor using
the coflowing jets (cold flow)
2 high speed jets located at r = 0.21m, at 45° from the
vertical line (K = 4), high speed jet, velocity = 248
mfs, flow rate = 0.00486 kg/s (each hole)

primary air velocity = 25.6 m/s, flow rate = 0.238 kg/s
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Fic. 5. Typical temperatures at combustor wall
with/without the high speed jets
(a) Low volatile bituminous, (b} anthracite

Low volatile coal has 52 % ash and
10 % volatiles.

Anthracite has 3.8 % volatiles.

Use of high speed jets reduced the
co-flowing oil to low levels.

Chinese group, 215t symposium on combustion, 1986, pp 567 - 574



Future possibilities - 2
...... some new possibilities with reasonable investments at
1 to 10 MWe class systems

Can scale up be done for 50, 100 MWe class systems?

Since the number of imponderables is not large, scale-up
seems a reasonable possibility.

It is of course a different track - totally Indian.
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