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Out line of  presentat ion

� Shor t  descr ipt ion of  t he scope and cont ent s of  
t he wor k in EUSUSTEL pr oj ect  on ener gy supply 
t echnologies (WP3)

� Main r esult s and high-light s on f indings on 
elect r icit y gener at ion t echnologies 2005-2030

� Elabor at ion on uncer t aint ies in t he f indings



Aim and scope of  work (WP3)

• analysis of  elect r icit y gener at ion t echnologies and 
t heir  int egr at ion int o over all gener at ion syst em, 
wit h emphasis on t heir  f ut ur e possibilit ies

• cr it ical r eview and evaluat ion of  exist ing st udies 

• t echnical, economic, envir onment al 
char act er izat ion of  each t echnology



Cont ribut ing partners

Partners in WP3:
1,2,3,5,7,8,9,10



Energy technologies reviewed



Charact erizat ion of  energy t echnologies

• Each t echnology has been evaluat ed and 
char act er ized in t hr ee dimensions:
– technical, economic, environmental performance

• Time point s:
– 2005, 2010, 2020, 2030

• A unif or m pr esent at ion of  all t echnologies
– report on state-of-the-art and perceived progress
– database of key parameters (to be used in the 

energy system modelling and optimizations)



Review of  t echnoeconomic paramet ers



Review of  environment al paramet ers



St art ing point :  elect ricit y supply in EU

• Elect ricity product ion increases 
more than 50% in 20 years

• EU’s invest ment  needs in 
elect ricit y some 900 billion ½�
over the next  20- 25 years

• Coal,  nat ural gas and 
uranium/ plutonium are main 
f uels in 2000 and 2020 (BAU)



Main result s of  t he t echnology and cost  
analysis - 2005

• Present  supply t echnologies 
available in ut ilit y scale:

– Main: fossil fuels, nuclear, wind, 
biomass (limited), hydro (limited)

– Marginal: geothermal, PV, fuel cells, 
marine, míni-hydro

– Speculative: fusion, hydrogen
• The elect ricity product ion cost  

depends not  only on t he 
t echnology and invest ment s but  

– Site dependence (geography, 
regulation, operator, market)

– Financial engineering
– Fuel, O&M, other variable costs

• Rough range of  cost s
– Fossil fuels: 30-45 ¼�MWh
– Nuclear: 25-35¼�0:K
– Biomass: 25..30 (CHP)- 50..60 

(condensing/gasification) ¼�MWh
– Wind: 30-60 ¼�MWh

Range Nom. Eff. Investment 
MWe % ¼/kWe

3.1.1 COAL lignite ST 965 44.5 1300
Coal condensing 400 48 1136
3.1.2 OIL,GAS CCGT 400-500 55-60 515-580
3.1.3 CHP Small-scale
Gas CCGT 58 46 1362
Gas Engine SCR 2x5.5 40 636
Gas Engine - SCR ind 0.527 40 1483
3.1.3 CHP Larg-scale
Coal 400 48.5 1131
Gas CCGT 470 56 490
Gas CCGT, back pres. 200 45.5 535
3.2.1 FISSION 900-1450 34-36 1300-1600
3.3.1 WIND onshore 0.75-2 n.d. 800-900
Wind offshore 2 n.d. 1550-1750
3.3.2 PV System (Si) 0.0005 10-14 4500-6000
3.3.3 BIOMASS (GAS) 10-200 37.2 1747
3.3.4 HYDRO large 10-800 90 1400-1900
Hydro small <10 90 900-4000
3.3.5 GEO conventional 3-120 n.d. 640-2400
Binary cycle 1-3 n.d. 800-2000
3.3.6 FUEL CELLS PEM 0.25 28-40 1000-70000
Fuel cell MCFC 0.3> 50-55 2800-5000



Elect ricit y supply t echnologies in 2030
• Technology progress expect ed in most  energy supply 

t echnology areas,  e. g.  f ossil/ bio f uel combust ion and 
gasif icat ion

• Cost  reduct ions in invest ment s expect ed in several areas,  
including t he main st ream t echnologies but  in part icular wit h 
new technologies; some cost  increases are expected with f ossil 
f uels if  CO2 need to be eliminated

• Some supply t echnologies (wind power,  CCS,  dist ributed power 
generat ion ???) may enter t he main st ream bulk supply of  
elect ricit y

• No major surprises t o be expect ed,  e. g.  f usion or hydrogen  
breakt hroughs improbable

• Next  slides shows a f ew examples on t echnology and cost  
progress t o be expect ed by 2030 (case: coal,  gas,  CCS,  
f ission,  wind)



Advanced coal power plant s
• Advanced pulverized coal combust ion 

(APCC)
– Advanced materials; higher temperatures and 

pressures (super-critical, ultra s-c)
– Plant and turbine optimization
– 85-90% availability, good part-load efficiency
– Investments 1500¼�N:������-1100¼�N:�

(2030)

• I nt egrated gasif icat ion combined cycle 
power plant  (I GCC)
– Hard coal and lignite gasification, efficiency 

50% (2005)- 62% (2005)
– Flexible fuel feedstock and products
– 160 IGCCs in use world-wide
– Hybrid IGCC with fuel cells
– Costs 1300¼�N:������-)



Nat ural gas power plant s

• Combined Cycle wit h natural gas (CCGT)

– 800 MW up to 1000 MW (2010-); efficiency 57.5% (2005)-
65% (2030); 0.35 tCO2/MWh

– Construction in 2 years, 80% availability, 25 yrs lifetime

– Costs 550 ¼�N:���������VRPH�FRVW�UHGXFWLRQV�H[FHSWHG



CO2 sequest rat ion
• CO2 capt ure and st orage

– geological storage, biological sinks, mineralization, 
oceans

• Test ed in Algeria and Norway (1Mt CO2/ a),  
commercial project s e. g.  in UK and 
Norway

• CO2 sequest rat ion inf luences bot h cost  and 
ef f iciency of  f ossil power generat ion

– 4-6% net efficiency loss, 280-560 ¼�N:�IRU�1*&&�
(+55%), 195-316¼�N:�IRU�,*&&�������



Nuclear power (2005):  Generat ion I I I

• EPR 1 600 MW reactor

– safety innovations to prevent core 
meltdown; better resistance to external 
hazards

– flexible fuel management, MOX; 17% 
saving in U consumption, reduces 15% 
long life time actinides; burn up > 60 
GWd/t. 

– life-span for non replaceable components 
60 yea, availability 91%, refueling period 
16 days, fuel cycle 2 yrs

• Finland Olkiluot o 3 NPP (1600 MW)

– Investment is 3 billion ¼� ����¼�N:
– Delays occurring in construction (2-3 

years) causing Areva Ltd. a loss of 0.3-0.5 
billion ¼� ���-312¼�N: Cost split-down of EPR, 2003



Nuclear challenges: wast e and weapons

• Nuclear wast e: 93- 94% U and 
1% Pu which can be used as 
MOX f uel;  3- 4% f inal waste 
and<0. 1% act inide nuclei

• Transmut at ion of  t he long 
living nuclei int o less dangerous 
element s may be possible



Generat ion I V t echnologies t o meet t he 
challenges ahead

• saving nat ural 
resources,  higher 
prof itabilit y,  reinf orced 
saf et y,  reduct ion of  
high- level wast e

• use nuclear power f or 
other applicat ions t han 
elect ricit y

• available 2030- 2040



Wind energy t echnology (2005)

• Size of  wind turbines has 
increased 100× in 25 yrs

• Typical unit  size 1- 5 MW

• I nvest ment s: 800- 900½�N:�
on- shore,  of f - shore 1300-
1700½�N:

• Sit ing of  t he wind power 
plant s inf luences st rongly 
t he prof it abilit y

• I nt ermit t ency in integrat ed 
market s is compensated with 
1- 2½�0:K�LI���- 20% wind 
share (Nordpool experience)

Total wind energy costs per unit of electricity 
produced, by turbine size. (2001 prices).



Wind power in 2030

• Technological and economic progress 
will cont inue

• Size of  wind turbines may increase

– no major physical barriers < 20 
MW

– reducing weight  may allow up t o 
30- 40 MW unit s

– 10MW= rotor Ø160 m,  20MW 
=220 m

– barriers in t ransport  
inf rast ruct ure ?

• I nvest ment  cost  may drop f or on-
shore down t o 500- 600½/ kW, of f -
shore 800- 1200½/ kW



Reliabilit y of  t he result s ?

• How do t he result s f rom t he EUSUSTEL t echnology and cost  
analysis compare t o ot her sources ?

• Comparison t o dat a in PRI MES and TI MES- EE energy models

– the WP3 data set for 31 technologies /EUSUSTEL, 2006a/,

– the TIMES data set for 61 technologies /TIMES, 2006a/, 

– the PRIMES data set for 61 technologies /PRIMES, 2006a/

• Comprehensive analysis f or f our key t echnologies

– advanced CCGT, modern coal, 3rd generation nuclear and coal/lignite 
IGCC

– electricity generation efficiency, investment cost, and technical lifespan

• Dif f erences f ound,  also signif icant  ones
– different unit sizes, differences in the compared technologies, different 

cost structures



Comparison 1: CCGT



Comparison 2: coal condensing power



Summary and conclusions

• EUSUSTEL project  has provided an in- dept h technology,  
economic and environment al analysis of  31 energy t echnologies 
f or 2005- 2030 (www. eusustel. be)

• Comprehensive database on parameters + reports available on 
each technology

• No major surprises in t he analysis 2005- 2030,  but  clear 
progress in t echnology ant icipat ed by 2030; we f oresee cost  
reduct ions; CO2 management  adds to t he cost s

• Energy technology R&D needs t o be clearly intensif ied t o 
capture t he promises that  new t echnologies can provide in the 
f uture

• The values of  t echnological and economic paramet ers of  energy 
supply t echnologies vary by source and assumpt ions; using a 
range f or the values is advisable (min- avg- max); ot her f actors 
bring addit ional uncert aint y t o calculat ing t he cost  of  elect ricit y


