





Major Milestone

e Phase I (1996 — 1998) — Basic research on a three cylinder,
hi comp. ratio gas engine (20 kW) converted from a diesel
engine; satisfactory 100 hours test.

 Phase II (1999 — 2001) — Adapted Greaves bio-gas engine (
250 kW); Gas carburetor developed; Cumulative
experience of 100 hours in the lab.

 Phase III (2002 onwards) — Adapted Cummins NG
engines; Lab testing of two engine models along with
Cummins; long duration trials - 75 hrs test; 3.0 MW
installed in field, joint monitoring in progress; 25 kW
engine for village project being tested.



Using R/C engines

Dual — Fuel Engine
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Reasons for
de-rating with
PG

Energy density Sub-optimal —
PG < NG Turbocharger
by 20 - 23%0
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Results of Basic Research

Operation of gas engine with PG is possible without any

limitation due to knock, this implies:

»higher compression ratio (CR) can be adapted
» Efficiency > 30%

» Higher power for a given engine volume size
Maximum de-rating of 16% at 17 CR, 26% at 11 CR

Optimum ignition timing for NG different from NG

The peak cylinder pressure is found to be lower compared
to a diesel engine at comparable power level; this implies
less wear and tear

Emission friendly; low NOx & CO level



Zero pressure regulator Gas Carburetor

Valve seat
Producer Gas
from 250kg/hr
Gasifier
(at Blower Exit)
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24 hour run

All engine components — throttle, manifold and valve were clean




Outcome of the collaborative work

The laboratory trails very encouraging for Cummins;
Impressed with the gas quality & overall performance

Initially 2 Engines were offered for commercial
operations with close monitoring jointly by Cummins &
[1Sc

One engine has satisfactorily undergone this monitoring

Today there are more than 12 installations with an
Installed capacity of over 3.0 MWe.

Currently qualifying a 25 k\We engine for rural
electrification package



Application |Requirement

Rural Electrification | «Short duration ~ 4 — 6 hour/day, low PLF
*High plant availability > 95%

L_oad reasonably constant

Industrial - Captive «Continuous operation — 24 hr x 6/7 day a week
*High plant availability > 90%
Large load fluctuations

Independent Power «Continuous operation — 24 hr x 7 day a week
Producer —grid lined | «High plant availability > 90%
Large load fluctuations

Producer gas engine can meet each of the above applications




The Company

The Power Plant
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H, & CO : 19 + 1%; CH, : 1.5%; LCV 4.7 + 0.1 MJ/kg

Cold Gas Efficiency : 80 - 82%







Parameter/Country USA EU Japan India

CO 3.06 14-1.8 1.67 1.25 (3.9)
NOx 2.56 2.56 2.6 - 3.06 2.22 (5.0)
HC 0.36 0.36 0.4 -0.56 0.3 (0.98)

PM 0.15 0.15-0.24 - 0.1 -0.2
(<3.5
Bosch)

KOEL Engine results between 6 to 20° CA for all CRs at ® =1.0 - 1.2

Parameter/CR 17.0 14.5 13.5 11.5

CO 1.1-11.0 11.0 - 15.0 4.0 -16.0 9.0 -14.0

h[0) ¢ 0.03 - 0.28 0.02 - 0.22 0.03 -0.20 0.05
PM < 0.014
Greaves Engine results between 12 to 24° CA for CR=12.0 at ® = 0.94 - 0.97
0.58-1.2
0.32-0.7
< 0.0005
Cummins Engine results between 22 to 24° CA for CR=10.0 at ® =1.01 -1.03
04-1.8
0.2-0.7
<< 0.0005







Parameter Fresh Used Oil | Limit*
Oil (496 hrs)

Kinematic viscosity @ Low - 85
40° C, cSt High - 155

*as per Cummins




A
Capital Investment: 100,000 US$

Federal Govt. Subsidy : 27,000 US$

Electricity Generation Cost US Cent/kWh
Feed stock 3.4 (2.7 per kg)

Maintenance 0.35
Labour 1.0
Sub-Total (A) 4.75
Depreciation (B) at 6% per annum 0.45
Sub-Total (A+B) 5.20
Revenue from Charcoal (C) 0.50
Net Generation Cost (A+B-C) 4.70
Grid Electricity 10.0
Sale of Electricity 7.70
Income for 0.6 Million units/year 18,000 USS
Return on Investment (with out subsidy) 18%

Return on Investment (with subsidy) 25%



Achievements

Scenario (end of 2005)

Knowledge base on PG engine operation has been established

Technology demonstrated with better reliability and uninterrupted
operation

Issues w.r.t. gas engine/s satisfactorily addressed
e Technical issue w.r.t turbocharger on larger engine
e Cummins considering extending warranties on engines with PG
o Cummins willing to label gas engines as PG engines and market them

Currently turbocharger basic studies are on to optimize the
performance further

More than 12 units totaling to 3.0 MWe equivalent plants
working; Cumulative experience > 27,000 hours

Cost of electricity generation ~ 5 US Cents against 10 US Cents
(grid)






