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|. CONTEXT AND OBJECTIVES

“More Demanding Needs due to Energy Transition”

\\@ ) (A Governmental level regulation

= “National energy transition” directives (LTECV, 2019)

@ 1 Collective movement towards energy transition, particularly in the waste valorization
= Emergence of various new technologies

EDF as energy & waste actor should meet specific targets

= Time constraint and highly deployable technologies For examples:
o DPIT - Transition towards greener business model
o SEl - Seizing the opportunity of energy production from waste on site
o Tiru - Finding alternative solution to conventional combustion

& TeDF



GENERAL METHODOLOGY

Systemic /-\
approach — Sharing
Valorization Routes
(o Context of the study ) (o Performance evaluation\ sessions

* Overall vision of fuels - of raw waste valorization
* Overall vision of fuels routes

(waste/ non-waste and
renewable/ fossil) e (waste/ non-waste 9 . Techno-economic & (1 each part)

« Resources potential * Panorama of valorization environmental study
routes (maturity,

developers,...)

\ WERE \_ ) \ Case Studies for
Characterization EDF
Collaborative

\/ aspects
 Key literatures from: RECORD, ADEME, AMORCE, ANCRE

« Contributing departments: Colleagues from MFEE, EIFER, TREE
« Other entities: Interlocutors from SEI (client), TIRU

Exchanges

L
> -
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WASTE MANAGEMENT HIERARCHY

Most
preferable REDUCTION

2 REUSE

3 RECYCLING @

4 RECOVERY m s
v DISPOSAL
b

= Essential principles
:-::eDF Some options should come after the others, if there is no demand (moving to the lower level)

'c

Least
preferable



FUELS FROM WASTE - CLASSIFICATION

Generic term for fuel out of waste (no

——  Refuse Derived Fuel (RDF) e e RDF

mm O0lid Recovered Fuel (SRF)

Combustibles Solides de Heating value - Must be prepared from non-dangerous « Max. Pollutant content

Recuperation (CSR) > 12 MJ/ kg wastes (Cl, Hg, Br, Halogens)
o - Taking inputs from sorting/ treatment centers G

Qande

() Representative case (Leroux et Lotz “Energy from CSR” project: 30 MWth input and 16
Source: ADEME, 2016; MJ/ kg LHV WOUld give):

A U0 = For 2.5 MT/ year CSR potential (ADEME) = 46 units
1.;: €DE = For 10 MT/ year CSR potential (EIFER) - 185 units

European standard of RDF

* Heating value = 3 - 25 MJ/ kg Without regulatory aspects With regulatory aspects
* Max. Hg and Cl

N
D
D
n
=
@
Q
D
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>
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=
S
O
—
N
%)
=
@
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WASTE MATRIX - RESOURCE POTENTIAL

WASTE

’activities’ wastes

4

RENEWABLE

Conversion

J

~ T EeDF

v

Economic

Source: Adapted from ADEME, 2018; EIFER, 2016

® 0 .
CSR ] i
Wood Green wastes ™ ’ Resu;!ual
wastes (park, garden) csR wastes ’ ‘
Ve Pre-sorted
® wastes 0~ Used
Bio wastes Agro-food CSRy Used CSR., tires
wastes  CSRqy furnitures
Grass & fodde
Intermediate
o Animal
Qrop excrement
residues
Wood
Black energy Algae
liquor from
forest
NON-WASTE *only for qualitative representation

O

<10 TWh

O

10-40 TWh

o
FOSSIL

40 -
80
TWh

General Purposes

Distinguishing waste/ non-
waste due to regulation

Renewable content for
GHG-related incentive/
credits

Can be adapted for specific
project (mapping)

Presence of Fossil

Co-processing with the other
bio/ waste derived fuels
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MUNICIPAL WASTE MANAGEMENT PATHWAYS

Agricultural by products

Biowastes (restaurants,
farms, markets, etc.)

Managed by municipality
/\

\

y A 4

JfJ ; m

-

Legend:
: /5'/7 Electricity “ Heat
‘fJ Synthesis molecule
.ﬁ Upgraded fuel
@ Material valorization

BN Other Process
. Valorization

HH: House hold

«'~eDF

e “ Residual HH Presorted wastes (Paper, N
E and assimilated cardboard, plastics, etc.) Used furniture waste
——— L= .
' 7 7.0t
‘" ‘*’ I_ Used tires

¢ Aerobic
Dlgestlon

Compost

v
Biogas,
digestate

Mechanical-biological .
t Btlowatstest prefreatment (TMB) Mecharj‘f:rlti;;retézzgﬁnt (TM) >
(CAIMENE CENTET “treatment center” g

4_I
Biodegradables

Non-valorizable materials

idue

CSR

I
I
| Wood-based Plastic-based |

rt & CSR CSR

Recycling
center  [med

0

A 4

Other
materials

10

CSR

Green and wood wastes
Waste tires, plastics,
furniture

| | —

Incmerat|on OCOEEN  |ncineration
materials -
Landfill

,; m JfJ

7 W

, !

[EI Treatments depending on the characteristics and guality of the wastes )

&

7 W Jmel

Other
upgrading

ol
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ENERGY VALORIZATION OPTIONS
Other Pathways

Paper, Residual and Biowastes
cardboard, assimilated CSR Waste tires, Green wastes/
plastics, etc. wastes plastics biomass
a I l

Anaerobic Gasification Pyrolysis Other Fuel

Chamber

Combustion
Chamber
(Incineration)

Combustion Chamber

Digestion Chamber Upgrading

l Biogas
| , Sngas —1 ¥ Vil
High temperature Bio ol y
flue gas » Upgraded fuel wll
| v
\ 4 .
Rankine Cycle o Internallzr?é)irr?:ustlon o > Catalytic Synthesis Bio coal
| g y R
Gas Turbine =| = |—>| Upgrading Process S.UbStltu.teS In existing
I industries (cement,
Y v vy Vv v v R power plant, NG
1 " g : Synthetic Molecul '
({K) Electricity (Heat) ’7&{ Cogeneration ’—wl-leatl Syngas Flame mte‘:gllz:;rg?(:?::ose) boiler, etc.)

. = Complexity to draw holistic views and comparisons
~ S €DF = CSR valorization in France is mainly through cement kilns (although facing some burdens)

| 12




TECHNOLOGY COLLECTION METHOD

Inputs

Wastes, waste derived fuels (CSR), waste biomass

I | : I I
Anaerobic : : : . . :
\ ]
Y

Detected
>
80 suppliers

Key sources:
» Suppliers’ data
 Study from the past projects
(EDF, EIFER, ADEME)

e -
_,‘EDF

-
e Oy
o 9%,
0%
| |
Technologies

Technology collection

Name of supplier
Number of industrial units
Maturity (Readiness level)

« Treatment capacity - MW,

Products: = ¥ o™ 7



TECHNOLOGIES - SIZE RANGE AND AIR INPUT

Classical
combustion

Staged
combustion

Gasification

Pyrolysis &
Fuel
Upgrading

]

L
& TeDF

’

Flue gas actual

Flue gas stoichiometric

o
(4%}
(@)
-—
(4]
QO
(20
>
«©
Q
—
=)
x.
o
Qj)
=
5.
g e
(e
—

‘g

WASTES

TREATED WASTES (CSR)

Power Range — Input Fuel (MW,

1 5 10 50 100 250 500 1000
A | Fixed ' : :
rate Old techno!ogy ! !
4 .: Moving arate Jl i
4 : : Moving grate |
| | T |
| i ntkins | :
| | Bubbling fluidized bed (BFB) |
Circulating fluidized bed (CFB)
: : : Pulverized co
1 1 I ggmgggjign
Staged combustion : :
(fixed bed) ' , :
| ; Staged combustion |
: : idized bed) :
: Fixed bed :
| l l
l Bubbling fluidized "ed I
| (BFB) ! :
I ' ting fluidized bed I
: (CFB) !
| : Entrained bed
| Fast pyrolys | |
\& HTC : :

CIRCULAR ECONOMY SIZE, for example

Source: Adapted from EDF 2017 and suppliers’ information

TRL and
Industrial Units
£+ >1000
£ >1000
o >0 JESsences:
<100 «  Thermochemical
& >10 conversion data
oD >10 compilation
@ <10
8 <10  Technology pre-
o >10 selection tool
£* >1000 based on size
¢ <50
& Demo
8 <100

9 > 10 industrial units
O Test 8 1 - 10 industrial
- Inaustria

#& Demo units
#& Demo 7 Industrial demo
6 Test <7 Pilot phase

14
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ASSESSMENT METHODOLOGY

-»

Data collection:

Supplier’s technical information

Feedstock properties

v

v

Case Study 1 (Metropole)
. Thermal energy input
. Energy output objective
. CSR production

Ll :
°
OO0

Case Study 2 (DOM)
Waste generation per person
Population size
Targeted output

L.

Treatment Cost

Building relevant
waste to energy schemes

|

v

Multi-criteria assessments

W

v

N Energy,
1 _>_' Material
Including:
« CAPEX
« OPEX ‘

» Qutput offset

Results analysis
In comparison to conventional
technology

L
& TeDF

«»

mmad Process mmg
|

Energy,
Material

Byproducts for

material flow analysis

Co,



CASE STUDY 1) RESIDUAL WASTES VALORIZATION

| .
i —| Incineration > Valo&'rf;tlon : > M
I .
N | | : » Byproducts/
“l,';-.‘. ! i'""""""""""""""""'i | Wastes
d | Treatment CSR! Thermochemical Valorization |1 : :
RAWWASTES 1 | centre : conversion | Unit 'E_:—' 7
(residual) in ! I — s —— P
metropolitan city | !
! J Biodegradables 4 Valorization ! . 4 w
, treatment Unit : /S
i !
Refuse «— v l
Recyclables
Y Compost

& TeDF

OBJECTIVE: Fairly assess the different schemes from the same starting point




SCHEMES DEFINITION FOR METROPOLITAN CASE

Gas engine

+ 4 other schemes

Recommendable size for territorial unit
¢ (ADEME)

& TeDF

!

MW, Input
Scheme, Power Block = - R E——
ea ogeneration ectrici
1L le combust : y e
: Large scale com ustion, Y 100 ' Combustion
Rankine cycle ‘o
2: Medium scale combustion, Y 50 RAW WASTES
Rankine cycle
3: TMB + combuston, | ., | A [
Rankine cycle v 50 o :
=\ Combustion
4:TMB + gasification, , 50 m,\ CSR o
Rankine cycle ‘s Gasification
5: TMB + gasification, / 50 RAW WASTES Valorization

4

No single production is allowed for unit > 20 MW,
(Article 4, Arrété du 23 mai 2016)

| 18



TECHNO-ECONOMIC RESULTS

S Annual Energy Valorization Parasitic loadand |, effciency% CAPEX OPEX
Electricity (GWh) Heat (GWh) losses (GWh) (Million €) (Million €/ year)
1 205 257 338 0,57 190 12,3
2 96 128 176 0,56 104 7,8
3 87 103 210 0,48 / 125 8,1
4 83 119 198 0,51 131 8,7
5 79 114 207 0,49 121 8

A 4

Energy input
from waste

100%

b -
_,\EDF

L 1%

Useful

: energy
T™B Anaerpblc Power Block M 30%
digestion

Process

All losses

Pre-treatment of waste and
anaerobic digestion also
consume internal energy!

290/0 T




TREATMENT COST (CASE STUDY METROPOLE)

® Thermochemical conv. CAPEX ® Thermochemical conv. OPEX = TMB CAPEX TMB OPEX
= AD CAPEX AD OPEX Biomethane purification CAPEX m Biomethane purification OPEX
Revenue electricity - thermochemical = Revenue heat - thermochemical conv. = Revenue electricity - AD m Revenue heat - AD
® Bio methane injection m Valorization of metals B Nett cost
220
Incinerati tropol
i e meorle Biometane pc
180 (70€/ MWh)
160 199 S
= 140 - — — — —
=) 17 0 mrrem
s 120 110 I o7 4% 12 107
2] i L —— o -
2100
o
5 80
© 60
n
8 40
2 2
48]
2 0
-20
-4(0 - v - - - - .
50 Landiil 65-75€/ ton Ferrous metals
- (excl. 15€/ ton as taxes) price (50€/ ton)
Large incineration ~ Medium size ~ Small incineration TMB + TMB + With biogas With byproduct TMB +
ﬁf . eDF unit incineration combustion, RC  gasification, RC injection valorization gasification, ICE
L 100 MWth 50 MWth 10 MWth




MATERIAL VALORIZATION (RECOVERABILITY)

™ Materials to landfill m Recyclables (transformed) ™ Recyclables good condition

Materials
Metal and Thermochemical to landfill

inert input [LEELUEIL conversion
TMB+gasification, ICE . center (TMB) 0

TMB+gasification, RC -

= Metals and inert
TMB+combustion, RC 87% A T
] 1%

2%

9|gen|ep

Medium size incineration

 Recyclables good condition (inert and metals)

i________________-______-i Reducmg this amount O Malnly Separated at TMB
Large incineration unit "—" o Certain portion from bottom ash
» Transformed materials (slag/ oxidized metals)
00%  50%  100%  150%  200%  25.0% o It can be recycled via post-treatment

MATERIAL QUANTITY (-%W) PER INPUT
‘
» -
v~ €DF | 21



MULTICRITERIA SUMMARY (SYNTHESIS)

DL A A Al R A (] )
1 2 3 g 5
Criteria | ium Di
Large Direct C, ~ Medium Direct C, TMB + C. RC TMB + G, RC TMB + G. ICE
RC RC

Energy production - 2 5 ¥ — - -
Treatment cost S B p— — . & p—
Byproduct management . B $ ) | S & X &
TMB: Mechanical-biological treatment  RC: Rankine cycle _ - ,
C: Combustion ICE: Internal combustion engine [ f : Good =  Neutral ‘ . Poor ]

G: Gasification

* Various aspects are involved (complex)

 Always optimize resources following waste hierarchy
& SeDF



Treatment cost (Eur/ ton of waste)

CASE STUDY 2) HOUSEHOLD WASTES IN ‘DOM’

o A

Household Wastes

Material
Sorting

||

Inert  Biodegradables

—

Thermochemical |
conversion

RC,
ICE .

ra /
Anaerobic 7
digestion | ~

‘I Stove |— Se {’{

Composting

La Nouvelle

u CAPEX Combustor uCAPEX RC u CAPEX Gasifier + ICE syngas
m CAPEX Biodigester + ICE biogas Fixed O&M Variable O&M
Revenue from electricity @ Treatment cost (total)
350 €
300€ 266 €
B
250 € 217¢€
200 €
147 € 1§€
150 € 135€
99 € 106 €
In i tropol B
100 € cineration, metropole 69 €
B
@ I 0
10€ 10€ 10 € 10 € . ®
- € B i, = 1] B
-50 €
-100 €
20 100 1000 10000 20 100 1000 10000 20 100 1000 10000 20 100 1000 10000
L J \ ) L J | J
| | [ I
Reference Scheme 1* Scheme 1 Scheme 3

«'~eDF

60 inhabitants

COST

ASSESSMENT

WITHOUT
VALORIZATION

Present

Combustion

Scheme 1*

.~

Le cirque de Mafate

700 inhabitants

WITH ENERGY VALORIZATION

Before 2030
(Replacing Fossil fuel)
Gasification and
Anaerobic
digestion
Scheme 3

After 2030
(Replacing Renewable energy)
Gasification and
Anaerobic

Combustion Combustion

digestion
Scheme 3

Scheme 1 Scheme 1
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V. CONCLUSIONS AND PERSPECTIVES

Q.

Ar\
g .
5

» Management
techniques should
always follow the

waste hierarchy

Analysis of circular economy
roadmap for France (French

government has issued in May
2018)

b -
_,\EDF

oo

‘---.x

 Various combinations
are possible for
‘waste to energy’
units, depending on
the needs

In-depth investigation about
byproducts valorization through

different technologies and
purposes

=

e TMB unit to produce
CSR increases the
treatment cost, but
with a better material

valorization

Assessment of pre-sorted

industrial/ economic activities’
wastes for CSR production

25
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