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4. 1—1 Cost and Performance Summary and Environmental Profile for All Cases

Exhibit ES-2 Cost and Performance Summary and Environmental Profile for Al Cases #%2)

Gasification C Cycle Pulverized Coal Boiler
FC Subcritical PC Supercritical
ase | Cased | Case 10 | 'Eﬂ'e ase
o Yes
Gross Power Quipul (RYv,) 770,350 563,445
[Auxiliary Power Requirement (kW,) 130,100 189,285 117,450
[Net Power Output (kW,) 555,875 545995 | 560,360
Cont Flowiate (o) 0037 seseat A
Natural Gas Flowrate (Ibihr) NIA 165,182
HHY Thermal input (AWl 2005660 11,103,383
Net Plant HHV Efficlency (%) 2 50.8%
[Not Plant HHV Heat Rate (Biu/kW-hr) 6.715
aw Watar m 2,51
‘otal Plant Cost (8 x 1, 310,710
Total Plant Cost Ifﬂdﬂl

554

ILCOE imillskWh)'

&8 4

1,038,110 X E I33E|8]| 446,333

[CO. Emissions (Ibfhr) 12
(€O, Emissions (tons/year) @ cF! 3,937,728 | 401,124 | 3777815 3,864,884) 569,524 |3,631,301| 516,310 |1.861,720| 186,172
MBtu) 1497 198 199 238 200 187 203 203 203 203 14 118
[CO; Emissions lmwll}’ 662 637 659 859 639 674 8o7 102 762 355 89
[CO. Emissions ||mmn)’ 1458 154 1.452 189 1.409 149 1.780 225 1,681 783 858
CO, Emissions (Ib/MWH) 1,755 206 1.730 253 1,658 198 1,886 278 1,773 797 93
== oH v

73 = ] T €6 5 433

gegibis
Megligible | Neghgible | Negligible

SO, Emissions (tons/year) @ CF' 196 237 167 230 204 1613
50, Emissions (Ib/MMBtu) 0.0096 0.0125 0.0085 0.0124 0.0105 | 0.0848 Negiigibie | Negigiie | Negligisie
e 00241 o.0442 g.0211 o.0z0e D.ozee 8332 1 8 1 17 L da RMackaibie | M, s
S0, Emissions (Ib/MWh)* 0.0751 0.090% 0.0686 0.0878 0.0837 0.7426 | Megligible | 0.7007 | Negligible | Neghigible | Negligible
[Fox Emissions (iomn FE] 309 259 357 513 336 ar9 ET) EZ]
[NOx Emissions (tonsiyear) @ CF' 1,096 955 1,082 944 1,331 1,966 1,250 1784 127 127
[NOx Emissions (Ib/MMB1u) 0.055 0.047 0.058 0.049 0.070 0.070 0.070 0.070 0.008 0.009
NOx Emissions (kg/MWh)® 0.184 0.166 0.187 0.176 0.278 0.352 0.263 0328 0.027 0.030
HOx Emisslons LMW 5405 0.385 5413 388 0.813 5777 0.57% G722 T.080 5065
ons [Ibinn i T 37 33 3 98 (7] ] Teghgibie 9

PM Emissions (tonslyear) @ CF' 142 145 131 137 247 365 232 33 Megligible | Neglig
PM Emissions (Ib/MMBtu) 0.0071 0.0071 0.0071 0.0071 0.0130 0.0130 0.0130 0.0130 | Negligible | Megligible
PM Emissions (kg/MWh)* 0.02¢ 0.025 0.023 0.026 0.052 0.065 0.043 0.061 | Negigibie | Negligible

0.056 0.050 0.057 0.114 0144 0.107 0.134 | neghigible | Neglig

G003 00030 00032 | DOOSE | 00086 | 00055 | 00078 |Neghgibie | Negigble

0.012 0.011 0.011 0.022 0.032 0.020 0.029 | Negagivle

0.571 0571 0.571 1.14 1.14 1.14 114 | Megigible

e 1 e | 2 08 53

4 4BE-06 4.03E-06 | 4 55E-06

T Capacity factor is 80% for IGCC cases and 85% for PC and NGCC cases —_—
*Value is based on gross output NGCC@COZEHE$= 90 %

* Value Is based on net output
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Total Plant Cost, $/kW

Exhibit ES-5 Total Plant Cost %%
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4. 2.1
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/B RE/EREREEED NG EXKFORLIZDOWT, SEEFENLET F71ELT=,

LUTF. R4 2—1IIEBEEHE.H4. 2—1 ~ 4. 2—B3IZRBREHERDYT S5 TT,

XK4. 2—1 &RiH4ER (Case 1)

(f&F)
120,000
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100,000

BREHE R (case 3)
| ERNEREEE
mES S5
46,000
40,000
7 LNG SMBERILKR

X4. 2—3 #®it#ER (Case 3)

R4 2—1 HEFH
(&R EH)
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=L k) =L k) =B
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=L =LKL 1N BE
g =XKL =K LLFI Sy T
18 E B HA (20124) 20304F (20094) 20304 EXREID T 20304
BARE 4,492 EH FMMBtu/ & 3,432 E FMMBtu/ £ 3,480 E AMMBtu/ 4
A %5 MAEM | 18$/MMBtu | 29.8/Nm? | 7.5 $/MMBtu | 29.8F/Nm3 | 11 $/MMBtu | 29.8F/Nm?
(CIF) T | ABBL—+ 80M/$ - 94M/$ - 120M/$ -
A ERE 64,685/ |111,000/EM| 24.196/EF | 84,800{&F | 45,936{&H 86,0001 M
MmO R 0.853 0.465 (*1) 0.886 0.465 (1) 0.868 0.465 (*1)
ERERE 0.147 0.535 (*1) 0.114 0.535 (*1) 0.132 0.535 (*1)
(1) : KHIER & 4R
(Em) BREHE R (case 1) ) BEHER (case2)
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4.3 BBERRARINMTSAUADKKZEEHBIE
MBERERDFEEHERSL. 3—1ITFT,

£4. 3—1 BHERRHRNRAMTSA~ADKREEGHBEE

RAARIZHTBAKEDESEIE (vol %)
~2 ~5 ~10 ~30 ~50
KinFARE (REFERESE) @) (O)
T2 (REBOBRRARE) O (O)
RATRIATSA M E RFHHEE) O

O AL THRMERL,

(O) Bl THRBLELLEAFTE D,
BL. RAHTRADMEBE. EBROEHICKYHFRESREIGIEEDDS,
KEFRETEIRAHRSA DEF11E40~8 bar

LT.SEEHETDEHNETRT
1) &%
BREORRBRHRNATSAADKKREEDHBREE T MET. T2, RKinFI A
BEOIBIZELL BN,

Summary of NATURALHY outcomes

The maximum percentage of H2 added to natural gas is
limited by (in order of increasing stringency):

W 1. Pipeline materials
: | 2. Safety

3. End user appliances

2)MEETOKRREGHBEAN
RKAARINAMTSAOMBEETKREZENLETRAETEDNE, BROXRAH R
REOEHICEYVEDLLH, —RIIZITLUTDREY,
KRESICFYRLBEITRDDIIRFTHFETHLH ., KRESEIS 50 vole ETIL
AR XK.

‘PE & PVC KR DEEEFZITLN,
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WP Durability Conclusions

Transmission pipelines:
* Final results give confidence in the technical feasibility of
injecting H2 in NG pipes
» Fatigue behaviour is the most critical situation
* Up to 50% vol. H2
* However, other devices along the transmission grids

Distribution networks:
* PE and PVC are not effected by hydrogen
* |Increased losses due to permeation (no safety issue)

3)REMTHKREESHBEE
TEE NRAVBENEELGST  FICHRLGL THAETELKREAEIEIL 30 volk
FTTHD,
Overall Conclusions of WP Safety

¢ We can add up to 30% hydrogen without adversely
increasing risk to public significantly and without any
additional mitigation measures

¢ The addition of 40 — 50% hydrogen would probably also be
achievable without unacceptably increasing the risk to the
public from the pipeline system or explosions in properties.
However, in some circumstances the increase in explosion
severity may be an issue and mitigation measures may need

to be adopted
KEMAZ

4)REETOKEREAHRTEE?
ZeE RAARTIIRFEDKREEDHRIEL. &K 10 vols THS,

In order to determine a safe hydfogen concentration limit for admixture in the natural gas grid, several
research and standardization issues have been identified. A strong knowledge base of the hydrogen tolerance
of the gas grid has already been established within several European or national projects and studies. In
MaturalHy it was found that no materials related showstoppers have been identified in the pipeline system,
and case by case consideration of the limits of hydrogen addition to the gas grid was recommended. Further
investigations have been made in other projects and studies. The current consensus seems to be that most
parts of the natural gas system can tolerate mixtures of up to 10% by volume hydro@. However, several
areas need further investigation in order to understand the hydrogen tolerance e.g., cavern storage, surface
facilities, storage tanks, gas flow monitors and gas analysis instruments. Depending on national or local
conditions, the allowable limit may vary. A common, European wide understanding about how much hydrogen
can be added to the overall gas network system is therefore necessary. There is also a need to provide
guidance to TSQO's and DSO's for injection of hydrogen in the natural gas networks in order to ensure
operational safety.
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5) RimFI AL (1)
RinF ARENBEYIHAESN . DD RBATRADGENIFELVEHTHDIHEEIC
[E. KFEIE 20 volh FTREETEDN. F3THMEBICITKRDRETHBINAL,
ARIVCUROHZRA—EV AREOBRAE. U/ HIVERENDETHD,
Impact H2 on Performance End User
Appliances

e Maximum H2% for the domestic market is determined by
the safe operation of properly adjusted conventional
domestic appliances as well as by the local conditions of
natural gas quality

o For properly adjusted appliances and favourable conditions
of natural gas quality, conventional domestic appliances can
accommodate up to 20% H2

» For poorly adjusted appliances and/or unfavourable
conditions of natural gas quality, no hydrogen admixture is
allowed

o stationary é]as engines and gas turbines need readjustment
and/or modification

» Feedstock processing and industrial combustion
applications require consideration from case to case

6) RinF FHzEE (2)@
AELAEND, TOTHDRAETKIGF HBENFZALIKRESISORIVBIEIX
2 vol% T.E&XK 5 vol% ETRIEEMNELANLLY, 20 vol% [THEEHERBEMNELD,

Determining requirements for admixing hydrogen into the natural gas grid and for the end-users depending on
it go hand in hand and as such should be approached from a system perspective. It was discussed that a
minimum threshold for no or limited action would be around 2%. Mixing up to 5% could also be possible but
this is to be further investigated and could be a driver for innovation for appliances. According to current
understanding, a hydrogen concentration limit up to 20% poses some challenges with regards to _end-use
aeeliances and gas analysis methods. Further research is needed to address end-user concerns regarding
process control, emissions and safety. Public acceptance relies on the proper identification and assessment of

risks.
7R VEBRD LR

ARIRIILF—EERARAOEREN, TRILX—FF F42% F15(2016 F 3
A)IZBWWT. TENEIZHITS Power to Gas DATEEM | ERELTHERRINTLVAiHXY
DFRT UTDEY ., RARHRNRATSAADKREBDHBREIZOVTRAYERRK
DLLBEEINTLVD,
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Motivation: Promising Perspective for MeOH

B Important bulk chemical/
fuel (additive)

B Increasing demand

B Existing infrastructure

B Liquid: easy storage/high enerc
density 19.5 MJ/kg

B Easy conversion to DME, etc.
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Million Metric Tonnes
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2010 2012

P =30 - 200 bar
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H:-Storage

Fluctuating Power

Input Compressor

2013 Yoo

Bypass

= Formaldehyde Acatic Acid MTBE/TAME H

mMethyl Methacrylate m Gasoline/Fuel u Dimethyl Ether H.0 ca. 30 bar
 Methylamines: @ Chioromethanes MTOMTP H Waste
# Solvents WDMT/Other Heat

We Evaluate the Economics of the PtL Process

Cost reduction for renewables

CO, permits/tax

Usage of O,

Stabilizing the grid (not yet considered)

Process integration/system optimisation (future task)
> 35 bar

CHs;0H
Destillation -
| L]

4
co; :

i H:0

Waste P Heat
Heat  feeeee.

Power-To-Liquids Economics on the Back of an Envelope
Mid-term costs for H,: ca. 3 €kg

H, demand for methanol: ca. 0.19 kg H,/kg Methanol

ca. 0.57 €kg methanol just for H, production
Current market price methanol 0.27 €kg methanol...

Conclusions (—#Bik#)

Electrolyzers combined with renewable energy sources will strongly
support the climate change and energy security goals in sectors such as
transport, industry and the power sector
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