From waste heat to electricity

Waste heat recovery by Organic Rankine Cycle for renewable energy applice
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What is ORC?

The Organic Rankine Cycle or Biomass 5 The produced work can be
ORC__ converts heat_ Into combustion converted into electricity with a
electricity In a boiler, a generator, or used directly as

preheated organic working fluid
under high pressure (1)
evaporates . This vapour (2)
produces work while passing Engine
through an expander . Then, the
expanded vapour (3) exchanges
its  perceptible heat In the
recuperator (4) Dbefore being
liquidized in the condenser. The
liqguid (5) is then pumped to

mechanical power to drive
certain equipment . The cycle
efficiency varies from 8% to
22% , depending on the
temperatures of the heat source
and the cooling circuit .
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evaporation  pressure (6) and /\ 3 Residential
preheated In the recuperator heating
before it arrives Iin the boiler, ‘ )
where the cycle restarts . Solar 1
radiation In the condenser, latent heat is
-—= RECLEERAOE released during the phase
6 ‘ 5 change of the fluid. Depending
Due to the thermodynamic 4 on the temperature level, this
properties of the chosen organic heat can be wused for heating
medium, its evaporation requires S:aottgg[;rnci: CONDENSER CONHDEiNI_SER purposes . Lowering the
a rather small amount of low condensing  pressure increases
temperature heat . Thermal 5 cycle efficiency and electricity
energy from 80°C is sufficient to production, but causes unusable
run the cycle. Consequently, ORC T low temperature heat that needs
IS extremely suitable to recover Dissipation to be  dissipated in  the
all types of waste heat . PUMP atmosphere
Industrial Greenhouse
waste heat heating

Advantages of ORC Working fluid Project goals

fUse of dry working fluid : WET FLUID t Intensive state of the art research both theoretical
9 No superheating needed and practical .
9 No blade erosion due to wet vapour _ _ T Introduction of ORC in Flanders by proving its
tHigh molecular mass fluid : The conventional Rankine Cycle technical and economic feasibility
. ' uses water/steam, which is a + C lot ket : £ ORC fact
9 Lower fluid speed W Aol bemuss cmETEen o omplete market overview o0 manufacturers
9 Lower mechanical stress the saturated vapour results in + Study of the ORC potential in Flanders
¥Typical ORC-fluids : the wet vapour region . To avoid T Examination and use of several simulation software
9 Lower vaporization enthalpy this moisture in the turbine, T Determination  of the cost-effectiveness of ORC
9 Low temperature heat sources possible which causes blade erosion, wet applications
9 Lower bressures fluds need to be superheated . T Extensive case studies on existing installations
P | | | Small and simple molecules offering waste heat, which can serve as examples
O Less complicated and cheaper installations with polar or hydrogen bonds for similar situations
9 Small scale |.nstallat|ons are feasible (e.g. H,0, CH,, NH;) generally t Construction of a laboratory setup to perform
FModular construction belong to this class and are several experiments and use for demonstrative and
THigh reliability and availability : ¢ 98% cons_ldegelgc as Inappropriate  for educational purposes
T ow running costs Hse i ' T Comparison of ORC with other heat recovery
technologies
T Valorization of knowledge and project results by
publications, website, presentations on conferences,
Tri -O-Gen (Netherlands) etc.
Turbine rotor  with a high - DRY FLUID  Symposium on ORC (Howest, 19/05/2009 )
speed generator and a : :
oump mounted on the t A clearly detected market gap is offering a
same axis. Dry fluids remain superheated possibility of further researches in collaboration with
Nominal rotating speed: after expansion . Cooling down an industrial - partner .
18.000 - 28.000 rpm the vapour to condensing
temperature releases lots of
heat, which is recovered in the First ORC in Belgium at municipal solid waste
recuperator . incinerator plant MIROM (Roeselare), fed with  hot
Most of the organic fluids water residues of  district heating network,
Tri -O-Gen module linked to belong to the dry category, as constructed by Turboden  (ltaly)
a 2 MWe Deutz natural gas they consist of complicated
engine, Olij Rozen, De molecules with a high molecular
Kwakel (Netherlands ): mass . Due to the lower Heat source : 180 °C/140 °C

(infout) , 19MW
Nett electrical power : ~ 2,5MW
Cooling circuit: 28 °C/43°C

vaporization enthalpy and the
redundancy of superheating the

+HDW VRXUFHC, 760kW vapour, ~ the cycle can be (infout), 16MW
Nett electrical power:  150kW realised on the lower Turbine speed: 3.000 rpm
Cooling circuit : 60  °C, 600 kW, temperature level .

Scientific support Cases Contact

Ghent University, Faculty of Engineering + Heat recovery of exhaust gas (>400°C) and engine jacket cooling (90°C) from Laboratory of Industrial Physics and Applied

St. - Pietersnieuwstr. 41 B -9000 Gent, Belgium internal combustion engines : Mechanics

T Prof. Michel De Paepe o Landfill gas engines with total power of 3,3MW,, University College of West  -Flanders, dept. PIH
Department of Flow, Heat and Combustion Mechanics s Bio oil engine of 250 kW, Graaf Karel de Goedelaan 5
Tel. (+32) 9 264 32 97 8500 Kortrijk

www.FloHeaCom.UGent.be ° Blogas engines of 375 kW, and 500 kW, Tel. (+32) 56 24 12 27
+ Prof. Alex Van den Bossche + ORC fed with water from grate cooling loop * 140°C) in biomass combustion Fax (+32) 56 24 12 24

Electrical Energy, Systems and Automation E:Jallr?;c.e AvallableSSnenmalSSpewe IRIIGMES S COKWRIaR2 S 00RW-Rdepenaingisenigrate Bruno.Vanslambrouck@howest.be

Tel. (+32) 9 264 34 18 Evelyn.Defoer@howest.be
+ Integration of ORC on existing biomass boilers with further use of condenser heat Sergei.Gusev@howest.be
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