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Economical Analysis: Standardized Method
AACE Recommended Practice Class Il + IV (Expected Accuracy: £30%)
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Economical Analysis: Standardized Method
AACE Recommended Practice Class Il + IV (Accuracy +30%)

Capita| costs Equipment costs for chemical plant size:

« Standard equipment (compressors, pumps, heat exchangers):

* Equipment costs
auip Chemical engineering data from Peters, Timmerhaus, Westl"!

» Piping and installation .
* Non-standard equipment (reactors, electrolyzers):

o i iliti . . .
Service facilities Literature survey, commercial offerlng

» Engineering

[ peters M., Timmerhaus K., West R., Plant design and economics for chemical engineers, 2004
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Economical Analysis: Standardized Method
AACE Recommended Practice Class Il + IV (Accuracy £30%)
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Economical Analysis: Standardized Method
AACE Recommended Practice Class Il + IV (Accuracy +30%)

e Year-specific (2016) raw material prices and by-product Operational costs

revenues for Germany (stock market, market surveys) .
* Raw materials

 Labor costs based on German labor market . Utilities
* Maintenance

- Adaptation for additional markets required * Labor

%
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COMSYN task - process simulation
Flexible flowsheet model

3 example cases for the process improvement:

o st
é Case " Feedstock Gasification section Filtration and Reforming section
ase case (See C art) . Catalytic Water  Activated carbon
Gasifier Cyclone Filter reforming scrubber adsorber
TN ( )
nd A Raw gas
hd 2 case Crushed barl 7
CO, removal ) .
2 \T/ Cha Ammonia Clean gas
Steam
| L--Heat (sand) <J Hydrogen sulphide
. 3r case <«—Flue gas— ‘_l
. Combusti it
Allothermal reforming T
FT Synthesis Product upgrading section

. Co-processing -
Option 1 Ly grotreatment

A~
i )
Synthesis off-gas Hydrodesulfurized feedstocl >
> —Fuel>»
N—
S~— Light diesel range material— .
€ & Option 2 |somerization
FT Reactor N
One-stage vs.
two-stage reactor o » —Fuel>»
is compared Distillation column Hydrocracking
— Y

Fuel—>»

Heavy part (wax)
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Aspen Plus Simulation — Base Case

Feedstock [| Gasification || Filtratio naﬂ@'feform'”g313

T

hpé?ading
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Simulation results
Preliminary data

¢ Dual fluidized gasifier @ 780°C and 1.5 bar
s Autothermal/allothermal Reformer @ 900 °C and 1.3 bar
e FT reactor @ 230 — 250°C and 20 — 30 bar
o First results modelled with: chain growth probability (a): 0.81
CO conversion: 75 %

- ) 1

DFB : Gas FT Oil
Gasifier » Filter » KRG » Cleaning » reactor » refinery
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Simulation results with preliminary data
Overview

* Input: 20 t/h biomass (98 MW,

Units Case 1 Case 2 Case 3
Base case CO, removal alloth. reformer
8.1 8.4

Power consumption

FT-product t/h 2.7 2.7 3.2
(LHV = 44 MJ/kq) MW, 32.7 32.8 39.1
Efficiency (BtL) % 30.4 30.9 36.8
En. Efficiency % 76.7 76.8 79.3
Carbon usage % 21.9 21.9 26.2

2020 research and innovation programme under grant agreement No 72747 ' i
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Case 1 — Base case results:
Investigating of the impact of the FT operating conditions

BtL efficiency (ng,):
W25%-30% M30%-35% M35%-40% mM40%-45%
W45%-50% m50%-55% [55%-60% [m60%-65%

Strong impact of FT reactor

conditions on BtL efficiency:
0.94
0.92
0.9

0.88

* Ngy iNCreases with...
... Increasing ASF a
... Increasing CO conversion

086 =
Both parameter reduce the amount 084 §
. . . i
of FT-tailgas and increase the yield 082 g
c
of FT-waxes 08 ¢
078 9

0.76

. 0.74

Preliminary 07

data '

0.7

i DLR

COMSYN project has received funding from the European Union’s Horizon J
2020 research and innovation programme under grant agreement No 727476




DLR.de ¢ Chart 12 COMSYN Workshop ¢ Ralph-Uwe Dietrich, Simon Maier ¢« Monday, April 16, 2018 c U M SY N

Case 1 — Base case results:

Investigating of the impact of the FT operating conditions
Higher heat

Pr nditions limit FT r r
o.ces_s cc? d t.o s limit FT reacto ent balance M50 505 55-10 demar_1d than
optimization since some of the FT- gasifierin MW: 51015  @1520  [120-25 available
tailgas is necessary to cover the 0.94
required heat in the gasifier 0.92
0.9
0.88
The red line marks the optimum , 086 T
operating conditions at which the L | Feasible 084 §
. H E
energy flow of FT-tailgas exactly operating 082 g
N ind c
matches the heat demand of the —~ - 08 g
gasifier R 078 3
. AT | | X 0.74
Preliminary /
— 1 N 0.72
data h
A - A i 0'7
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Case 1 — Base case results:

Investigating of the impact of the FT operating conditions

Higher heat

BtL efficiency:
m40%-45% deémand than

System restrictions limit the operating
M25%-30% W30%-35% M35%-40%

window: m45%-50% E50%-55% m55%-60% m60%-65%, available

0.94
0.92
0.9

0.88
0.86
0.84
0.82
0.8

0.78
0.76
0.74
0.72
0.7

In the COMSYN process the HT-heat in
the gasifier needs to be covered by
burning some of the FT-tailgas

CO conversion [-]

Preliminary
data
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Case 2 - CO, removal:

Investigating of the impact of the FT operating conditions

BtL efficiency: Higher heat

Reducing the amount of inerts in the
FT-tailgas increases its heating value W2576:30% M30%:35% 35707 mA0%-5% demath;clhan
J J B45%-50% E50%-55% M55%-60% [60%-65%— 0" aRI€
94
. 0.92
- Lowering the heat demand for 05
the gasifier leads to less excess heat, 0'88
=> higher efficiencies achievable . 086
Feasible 084 §
. ("]
1 AI.! Ig 0.82 E
V 08 §
[
078 9
0.76
. 0.74
Preliminary
0.7
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Case 3 - allothermal reformer:
Investigating of the impact of the FT operating conditions

Same effect as before: Btl. efficiency:
_ | _ M25%-30% W30%-35% M35%-40% W40%-45%
Reducing the amount of inerts in the M45%-50% E50%-55% E155%-60% [60%-65%

0.94
More heat § 0.92

| demand 0.9
—> Less gas needs to be heated up in the than avaiblef 0.88

FT-tailgas increases its heating value

gasifier, which leads to less excess 08
heat, therefore higher efficiencies are 084 &
v
achievable 082 g
08 &
- Case 3 allows S
: L 1078 ©
very high BtL efficiencies )
at moderate FT performance 0.74
Preliminary 0.72
data 0.7
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Outlook 1: Cost estimation

NPC [€/kg]: ®1-125  ®125-15  m15-175
1.75-2 2-225  ®22525
25275 w2753

- - 0.94
" P | 0.92

NPC [€/kg]: m0-1 m1-2 m2-3 m3-4 w45 156 @ 6-7

?’7T 0.9
Se Cost/Performance ratio
£ 5 086,_,
2| 084 §
will be key to future
2 2 ' 08 §
o] | v
blofuels market introduction!!!
o . 0.74
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Outlook 2: Life cycle analysis

Efficiency losses

| Gate-to-Gate / \|

it Search for
.y maximum CO, reduction
e

at lowest cost!!!

 Assigning ecological impact (e.g. CO,, CH,, NOX,...) to material and energy streams
 Ecological footprint for products and by-products and comparison between process options

— mitigation potential/costs for e.g. GHG emissions (CO,-equivalent), CO, emissions (reference?)

CO, — emission reduction

CO, — Abatement costs [

. .
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L
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€ ] _ Differencein fuel/heat/H, costs
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Outlook 3: Ongoing Dissemination

« 2"d workshop in Czech Republic, 2019
e raise your interest to VTT

e 319 workshop in Finland, 2020
e TBD

« COMSYN summer school, 2021

e Ph.D. student gathering across Europe

%
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Thank you for your attention!

Dr. Ralph-Uwe Dietrich
Research group: Alternative Fuels

Institute of Engineering Thermodynamics
ralph-uwe.dietrich@dlr.de
Tel.: 0711/ 6862-8215 g—
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