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ZHROELEITVYRT—EX IRIVF . BIXRKRDEE - FIBZ3EId 2Advanced Research on

Integrated Energy Systems(ARIES) Z#&E. MWRA T —JVDKEfREEBEBRFCEE A KERKfiEY—X
&I BTy RADEEESG S BEERMYDIREE

m FIYHEEHANRELANTMWOPEFCYRTLEZEATE. EERDPEMIARIE
MAYE, YT L EDREZ ML

Transportation
ESIF HPC, Visualization and
m H HIL Capabilities .
Synthetic - Dynamometer
§
Fuels

SMDRT =120 T EHF. HEE.

ConventionalSterage

Power
Generation

Flatirons Campus 5-MW
- 20-MW Substation

Upgrading

Qil /
Biomass ‘: 3
Renewables “
Conl ol Cc lc' ’ a
i \,
Ammonia/

Fertilizer

Nuclear

H20 Hydrogen

A Grid Research Pads
Generation e

ElectricGrig
Infrastructure

MW/ IMWh -
Metal? Li<lon Battery
Production

3MW Load
Fossil Bank
with CCUS e Noinrsais: A
Chemical/Industrial 5\ N Fydogesysem /
*Under Development
Processes -
Heat/Distributed

Infrastructure Power

H2@Scale
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[£82]DOE AMR2022, “Technology Acceleration Overview”
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2023 F(CEHE

Electricity usage (TWh) of Data Centers 2010-2030
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BB 2030%(23,000TWhiHgfn

[HE]MicrosoftitHP
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4,000 == Data Centers Expected

3,000 / 2967

2,000
o M 137
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o X
2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030
Year

Data Centers Worst

[HE]Equinix#tHP

[HE2]On Global Electricity Usage of Communication Technology: Trends to 2030
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B KETIXT0HEE<SAIH S CANPEREFEZFIDISEEEMBADEANED
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Y27 AIFRAL1/1000@EREEN 2R [l 56 | 125
LTS MR EHBUBRVWERREDITEERHE
BAN36(Z 11,577W 100
L[V BBU 5900
68%
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6,877W
43%
4,808W 50
™
BBU 39x0 Wl RRU26G
1,237
RRU2.1G — 25
RRU 1.8G
RRU 900M ' i i .
@ Backup Power (418 sites and 852 FC units) o —
2G-3G power 2G-4G power 5G power
consumption consumption consumption
[HEE]JHUAWEI 5G Power Whitepaper, R FiiREEE 1HRILHESDERNIRIVF—HEIC [HEE]INREL, “Fuel Cell Backup Power System for Grid Service and Micro-
5x%%&(Vol.1) Grid in Telecommunication Applications” &) 2#HERK
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B GMIEAVU IR RBRKYFERME CDCREFRERIFEZEEATTDILDIICTICEZHNEL, KSRGS
RS FICEEERIEDFRREREDRIUNNARAIRERE M T DT Lﬁ?gﬁi\@TxéEﬁjL\M\gﬁ
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L

%}FCEnergy ’}RFCEnergy LB s g

FCiA150kWELE CRAA AQERERRI-DCRERET 52 = —
2:7'3\__[ 7)'/ Egsto) E*TE#FEﬁ‘g:ﬂZOﬁ Wﬁ9J70)7k$T H-Power™ EV Charger 480kW available for delivery from 2021
1 0 OAJQUZE‘-%' JEJ L EET X 5_-[%\5"‘95 IMW+ available for delivery from 2022
r_ﬁﬁr-" H- EVJ L EE'ZT_VE - EM POWE R [HE]https://fuelcellsworks.com/news/afc-energy-launches-h-power-
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5075F/kW 25M/kWh 2030F%T
55%#8 135 20258t [CIXT7—
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7S 2040FFT
Iy 8 38AF/W o
#= @, re - = - 2022%F 15GW, R
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[H#] CRE)DOE 2019 Annual Merit Review and Peer Evaluation Meeting, (ExM) FCH2JU Multi-Annual Work Plan, (BE) KZ=ZEFEHEO—RYY T EUMHRTIER. 1RJL=110M.
12—0=130M.19#7=0.THTHE
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\ \ |
Project Start Year
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60
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30
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) 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 20
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[HE8]FCHJU Programme Review Days&# &+ & (Y 1HER
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B EZE;GEAHEIE, ERXNMIRMAEVTMWRT—)LOPEFCHAFETOI TV ~(GRASSHOPPER, ~2021)
B SEREEEK0.68V@TIA/cm?2) EIR~ SMAMEARE. &

FRFERRZ1 DO 7T RICENUL VT LZRE

RISEE(<15s) BRVRTLFIEHRED

BIEKRIC L BEERG

Electrochemical Dynamic Operation
processes A wide operation range

from 20 to 100%
of nominal power
Bi-directional Grid

Communication

Participation in the electrical
market in realtime and
smart grid integration

Microgrid
services

PEM FUO' CG”S market accesabllity

Long lasting design with
increased power density

and efficiency \

MEA

Increased durability and cost
reduction of stationary CCM

'(/\GRASSH,OPPER Fast Response

@\ : ting Modular Hydregen FEM Power Plal Quick load changes
without compromising
lifetime or efficiency

Advanced Control

Optimised design for improved
effmency and lifetime

Smart autonomous control,
/ no operators on-site
W -

Cost Reduction

Important efforts to facilitate

vvvvv

Autonomous System

T~ Containerised Solution

“Plug and play", transportable and
modular power plant for temporal

2> Ay
v ' or remote locations \\
=P
; I
- } i
WS | "

Flexibility

Adaptable for many different
applications such as:

* Power to power

= Grid balancing

* Off-grid and emergency generators

s etc
0— 100kw 3 MW
Development of a market-ready MW solution
@- \
£

[H82]FCHJU Programme Review Days, O 19 FEEEERIE S & 12 LHHER
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HEAE

" s tah
% ' Cathode(LSM) .

‘
Anode(Ni-YSZ) N H
Sacrificial

Interconnect
(LCTM)

3DTUH—IC L BSOFCERMMEHERE - SEMDIRE (12 0) DEIFE 3DV —IC LB KRERIL

[H82]FCHJU Programme Review Days, O 19 FEEEERIE S & 12 LHHER
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SOFCTOY o/ h2EtE - Efff - KF(2021FERT) ¥BESOCTOITYR
(H82]DOE, “Overview of SOFC Program at DOE NETL” [H#2]DOE NETLOZEE R &L W HHERK
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B YIVFRT=IVETI DT -FDIGE I THEMEIC L DL Tl EfBskst. & Ot XFHEFE(Additive
Manufacturing). VA7 LAIAETB O CSOCHRE G EhEXix

High Temperature Electrochemical ms (SOFC / r-SOC / SOEC)
FECM-SOFC Program NETL Unique Capability and Achievements
Goals and Objectives L '
+  Only team capable of modeling from atoms-to-COE b-FIB -

Techno-
Economic /
Market Analysas

= U\_ﬂ: reconstruction datasets Reconstruction
&ﬁ'/%/ IJ 7@— -l-/ g and simulating heterogeneity .

ﬁﬂ'}\ aX Fp:Fﬁ/ﬁiiijﬁJ\*ﬁ'@:‘fju erization - Atfom Probe Tomography

A-CSOCO):W; &?&L D create 40,000+ synthetic microstructures

, development feedback to industry
-
Modeling

« In-situ high Temp opfical fiber sensor development (femp / gas comp)

. In-situ Sensor Temp Map

.....
=

+  Experimental testing/electrode engineering/infilfration successes TPB Boundary Activity
- Extensive capability in strategic systems analysis and engineering Map
Modeling from the Atomistic Scale to the System Scale (w/ PNNL l
ar i
P M\

T — e e o Slngle Cell MUH’I Cell STGCk SOC Sysiem ‘k “

'NINL S P
APT Composition Map

BB~ RIYVT - DIRATLETIIT

[H82]DOE, "Solid-State Electrochemical Cell R&D Progress at NETL”
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