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Background: FLEDGED project and scope of the work

* Synthetic biofuels production from renewable energy sources like biomass has an important role to play in the
decarbonized scenario needed in the coming years for fulfilling the 1.5°C target

* Indirect gasification has a great potential due to its inherent advantages

e Using a CO2 acceptor as bed material: Sorption Enhanced Gasification results

0 Dual fluidized bed system using CaO as circulating bed material

SYNGAS

FLEDGED 0 Energy needed for gasification supplied by CaO carbonation (= CaCO3) and by
GASIFICATION . . . .
sensible heat of circulating solids

8 . ; 0 Unconverted char leaving the gasifier supplies the energy needed in the
TREATED BIOMASS o , e e ': CombUStor

0 The presence of CaO simplifies the syngas cleaning and purification section




Background: FLEDGED project and scope of the work

OBJECTIVE FLEDGED: Develop a highly intensified and flexible process for DME production from
biomass and validate it under industrially relevant environments (i.e. Technology Readiness Level 5 (TRL))

Optional CO recycle
(smaller for given yield)

DME

Biomass !
St o Sorption
ﬂ.. Enhanced Tar/PM HZS -
. . . . —
air | Ga5|f'cat|on removal separation

OBJECTIVE of this WORK: Solve the mass and energy balances of two synthetic fuel production plants
based on sorption enhanced gasification, one focused on DME and other on Synthetic Natural gas (SNG),
to compare their performance

Syngas recycle

Biomass
*  Sorption
Steam Enhanced Tar/PM H,S TREMP SNG (Bio-CH,)
air o Gasification removal separation Methanation

More info 5= http://www.fledged.eu/
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Process description

e Biomass drying and sorption enhanced gasification (SEG)

Ultimate composition
[%owt. db]
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- Complete combustion of char and calcination of CaCO3
- 910°C with 30%vol. O2 at inlet (from an ASU)



Process description

e Biomass drying and sorption enhanced gasification (SEG)

_______________________________________

| oxygen Symans | Objective: M-module=2 (DME) and 3 (SNG)

[ cooler v
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(not to be used)



Process description

 DME production plant

e LomE * Reformer needed before cleaning and
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Process description

 DME production plant .

Water
_______________________________________ DME removal
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Process description

* SNG production plant

_______________________________________ SNG Reformer not needed
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Performance index definition

« Cold Gas Efficiency of the SEG process:

» Global Cold Gas Efficiency:

« Equivalent Cold Gas Efficiency:

- If P nr<O (import electricity) - additional fuel
consumption

Msyngas LH Vsyngas

CGESEG - -
Mpio,SEG in * LHVbiomass

chemical energy introduced .
. with the biomass into SEG i

________________________________________

___________________________________

\ chemical energy of the
 final product (DME/SNG)

Mpme/sne - LHVpmEe/sne

CGEglobal - =

biomass,ar * LH Vbiomass,ar

mDME/SNG ) LHVDME/SNG

CGE,, =
q Pel,net

77el,re f

_____________________ |

' Fuel saving associated to the
. electric power output
| (34% for a biomass SC) |

Mpiomass * LHVpiomass —
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Performance results

Gasifier temperature [°C]
Biomass input to gasifier [%0]

Biomass input to combustor-calciner [%0]

SEG-DME
production plant

SEG-SNG
production

CGEggg [%0]
CG Eglobal [%]
Net electric output [MW,] (Pg net)

Steam turbine electric output [MW,]

Electric consumption [MW,]

Off gas engine electric output [MW,]

CGE,, [%]

CO, capture ratio [%]

63.0

Lower gasifier temperature in
the SNG plant since more CO2
capture needed (M higher)

Larger amount of unconverted
char = less biomass sent to the
calciner 2 CGE¢ turns larger

Global CGE larger for the SNG
plant (no reformer needed,
CGE( larger and no off-gas
produced)

SNG plant needs more electricity
import = advantage still on
CGE,,
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Results: Well to Wheel Analysis

_ Well-to-Tank (Fuel production) TtW (fuel use) Well-to-Wheel
Primary
source MJ./MJ gCOz,eq 9C02,eq gCOz,eq gCOz,eq gCOz,eq
P/MJ stored/MJ; | emitted/MJ; 9coa,eq M emitted/MJ; | emitted/km | stored/km

Diesel Oil 0,2 -- 15,1 73,6 89 106 --
Gasoline QOil 0,19 -- 14,0 73,9 88 132 --
Conventional CNG | Natural 0,16 -- 13,2 57,3 71 107 -

gas
Bio-CNG from SEG | Biomass 0,83 -119 -47 55,0 8,1 12,3 -181
Conventional bio- Biomass 1,05 -- -65 67,3 2,4 2,9 --
DME
Bio-DME from SEG | Biomass 1,01 -127 -62 67,3 5,2 6,3 -155

f

Primary energy Fossil fuel based value chains are positive emitters, while conventional

expended per MJ of DME is almost neutral

final fuel produced SEG-based processes have the potential to store 155-181 gCO2/km >
turns out into a ‘carbon negative’ mobility (net C removal from the
atmosphere)

Joint Research Centre-EUCAR-CONCAWE collaboration, "WELL-to-WHEELS Report”, 2014



Concluding remarks FI_Ei ’EE[]

A process assessment of two synthetic fuel production plants based on a flexible Sorption
Enhanced Gasification process of biomass has been carried out

Synthetic Natural Gas production plant yields biomass-to-fuel efficiency of almost 54% (CGE
which is slightly higher than that of the DME production plant (52%)

eq)l

Based on the WtW analysis: a bio-DME vehicle emits around 100 gCO2/km less than a
conventional diesel vehicle, which is the same saving for the conventional CNG vehicle and the
bio-CNG one

Assessed processes allow capturing between 63-67% of inlet C from biomass, which turn into
155-181 gCO2/km removed from the atmosphere and stored (‘carbon negative’ mobility)

16
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