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BIOMASS

A MAIN RENEWABLE SOURCE
(LIKE WIND, SOLAR, GEOTHERMAL AND HYDRO)

A Nearly carbon neutral
ACan be staeaed Y no

AUbiquitous Y most countries
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THERMAL ENERGY MECHANICAL ENERGY
1 kWh

conversionE FFICIENCY h= 0.150.25

1 kWhmech requires4-6 heatunits
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Utilisation of biomass for electric power generation (and
possibly cogeneration) with a Rankine cycle

E{) coLD a with directexchangescheme
SOURCE
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BIOMASS STEAM OR ORC
BOILER

_
B o " ‘ _)@ & with indirect (thermal oil)
'qﬁi'.ﬁ = B exchangescheme(one/two loops

* Turboden ORC units can be also fed with saturated vapor or superheated water.

J

TURBODENas about 260 biomass ORC platverthe
world in theMWelrange (efficiency: about 15% in
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HIGH EFFICIENCY PAYS

A Lower BIOMASS COST per MWh produced
typical biomass cost in Europe 0.025 0/kWh thermal

if h=0.20Y biomass cost 125 W/MWh electric
if h=0.30Y biomass cost 83 G/MWh electric

A Lower required STORAGE VOLUME

A Lower FLOW OF EXHAUST GASES to be treated
A Better UTILIZATION of biomass, a limited renewable energy source

A Higher POWER from a limited biomass source at low cost
(e.g. waste wood from a factory)
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Turboden target: a more efficient, reliable and low O&M cost solution for

few MW power range

T RANKINE  300-400°C T] >900°C  cOMBINED CYCLE
5 s
1) GASI FI CATI ON Y fi xed bed

2) GAS TURBI NEOPRA2 MW turbin¥, sophisticated yet

simple, rugged, reliable, low emission

1) ORC BOTTOMI NG Y easy to oper at
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Traditionalscheme
atmospheriogasifier followed by adeepcleaningand compression

Syngasompressor
~ 1 bar(a) ~ 11 bar(a)
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Tar problem: thorough gas cleaning required
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Newschemeoroposedoy Turboden
pressurizedjasifier followed by asimplecleaning

Pressurizediomass
Pressurizedjasifier feedingsystem ~ 11 bar(a)
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Twosolutionsare describedfor the heatrecovery

downstream the gas turbineexhaustgasesat 575°C)
with ORC:

1. Medium temperature, singleevel ORC
2. High temperature, doubléevel ORC
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AMedium temperature, single level ORC
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High temperature (35 !), doubldevel ORC

H130°C exhaust gas temperature
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StandardORC EnhancedORC
(mediumtemp., (hightemp.,

Singlelevel) Doublelevel)
Fuel power input (rel. To LHV) KW 8362 8362
LHVfuel (moisture content wood chips 27
Wt.% wet bulb MJ/kg 12.7 12.7
U Ambient temperature °C 15 15
;‘: Temperaturesyngasout of gasifier °C 400 400
f; Electric power output turbine- gross kW 2054 2054
;’ Thermal power input OREfrom exhaust KW 4284 4906
€ gas
} Electric power output OREgross kW 966 1328
ORC net efficiency/Lorenz efficiency % 41.7 49.6
Total electrical power output net kW 2577 2884
Total electricefficiency- net %
[@ clean energy ahead
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EXHAUST GAS
1.7 MW
: ; ~ :
g O t =
g ! 3 i * COOLING WATER
< ] GASTURBINE ORC = 33MW
= i § GROSS POWER  : GROSS POWER |
g _GT’A?'F',EB P | 21MW 1LOMW
8 - . . v ' "o ' ’ " . g e Sare . ™ ' ' ' o
AUXILIARIES <_(l u—> .
0.5 MW 5 6 MW
BIOMASS
8.4 MW

sean cnersysiead  Powerbalance for the medium temperature, sindéevel ORCheat

T u R B 0 D E N recoverycase

& g compuny of o' MITSUBISHI HEAVY INDUSTRIES, LTD.




ORC BOTTOMING FOR COMBINED CYCLE SYSTEMS FED BY BIOMASS

AN INNOVATIVE GASIFIER
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ADDITIONAL FEATURES AND CONCLUSIONS

A RANGE from 2.5 MW (single OPRA turbine + ORC) to 5.0 MW(twin OPRA
turbines + single ORC)

A PERFORMANCE in excess of 30% (and up to some 34%)
A FAST MODULATION of power produced

A low POLLUTANT CONTENT in exhaust gas

A tolerant towards BIOMASS FEED characteristics

A Further comment:

A system featuring reciprocating internal combustion engines has similar
performance but the gas cleaning capital and O&M cost are much higher (up to
now) and tolerance to different kind/low quality of biomass is low
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A Traditionally the solutions are classified according to the following
schemes:

- fixed bed Updraft in which the descending biomass moves counter-current
to the ascending gaseous phase, so that the subsequent steps of the
process, from the point of view of biomass, are ordered as Drying,
Pyrolysis, Reduction, Oxidation (as reported in fig.1-a)

- fixed bed Downdraft in which the descending biomass moves co-current to
the descending gaseous phase, so that the subsequent steps of the
process, from the point of view of biomass, are ordered as Drying,
Pyrolysis, Oxidation, Reduction (fig 1-b)

- fluidized bed of various kinds. In many cases the process cannot be
divided in zones and it takes place instead on the surface and within each
particle of solid biomass, hence all four transitions take place substantially
at the same time in parallel.
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