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Renewables growth
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three years in
some cou ntries From: IEA - Energy Technology Perspectives 2012
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W Renewables growth...and load-flexibility

MW, 2011 in northern Germany
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Start-up time [hours] Ramp rate [% per min] Time from 0 to full rate [hour] Minimum stable load factor [%

| \ lea

Hydro generation can respond more quickly than other technologies, but the resource is
geographically limited

Open Cycle Gas Turbines are therefore very often considered

For the traditional base load power plants, a change in operation would translate into
reduced load factors, while maintenance cost increase and thus lower financial revenue

From: IEA - Energy Technology Perspectives 2012
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and...with CCS?

New operational constraints
Larger start-up time
Higher CAPEX and OPEX

Results:

CCS can meet the future
flexibility requirements
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R. Domenichini et Al, Operating Flexibility of Power Plants with Carbon Capture and Storage (CCS), Energy Procedia, 2013
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COMSO Laboratory is developing a new approach to
meet CCS and flexibility:

*EGR and Oxy GT Cycles could be mid-term solutions

*S-CO, Cycles could be a long term unique solution
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COMSO Experimental Activities
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Characteristics of an ideal power cycle

Good utilization of available heat

— High expansion, low compression work

— Direct coupling to heat source

Benign working fluid

- Non-corrosive, non-toxic, thermally stable
— Dry expansion to avoid erosion

Low capital cost

Low operation & maintenance (O&M) costs

Supercritical CO, meets these characteristics

Steam turbie: 55 stages [ 250 MW
Mitimhiahi Heany Industries Led, Japan (with casingh

Helnom torbane: 17 stages / 333 MW (167 MWD
Lo Yam, LAL Lidsky (MITH (withont casimg)

Supercntical OO fuirbane: 4 stages /450 MW (300 MW, )

{wkibetsur casbagh
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Carbon Dioxide
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Supercritical CO, Power Cycles
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Supercritical CO, Power Cycles

weene OXY S-CO, Cycle: simulation results
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+-HCOMPR -LCOMPR -Oxygen
‘kg/s - kW kW . . . . ‘kg/s

.0,01443 . .32 .80 -0,058

.0,01392 . .36 .83 .0,058

.0,01354 . .35 .83 .0,056

O Regenerator cold side outlet temperature is a key parameter on cycle
performance, because of both direct and indirect impact through the TIT limitation.
LA rough sensitivity study was performed by varying TIT, in order to evaluate the
“Technological level” on the cycle performance.

The first principle efficiency LHV basis, is always more than 50%, also with a
“state-of-the-art” temperature setting. Energy consumption for oxygen production
was included (720 kJ/kg).

Beside of mechanical energy, other cycle products are a stream of “pipeline
ready” CO2 (300 bar) and a water stream at 30 bar.

The cycle is virtually “zero emission”.

Giuseppe Messina, “Supercritical Carbon Dioxide Power Cycle”, presentation to European Turbine Network, London, 201
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OXYCoal fired S-CO2 Closed Cycle
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G.Messina, E. Giacomazzi, “Modellazione di un Ciclo di Potenza a CO2 Supercrtica da 48 MWt alimentato dal Loop ISOTHERM PWR”, Ricerca di Siste
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Supercritical CO2 Power Cycles

An Holistic Solution
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Fluctuating Base
Electrical Suppl
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EGR
Nuclear
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S-CO, ALBA Cycle
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Net Efficiency (LHV) after capture process
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30

SPECCA: S%Eggi)fic Primary Energy Consumption for CO, Avoided. Data elaborated by
ENEA from: 1) Rahul Anantharaman et al. “European Best Practice Guidelines for
Assessment of CO, Capture Technologies”, CAESAR Project — FP7, 2011; 2) Matthias
Finkenrath, “Cost and Performance of Carbon Dioxide Capture from Power
Generation”, IEA, 2011.
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