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BoaopoaHasn aHepreTuka nu oMosaHepreTuka:
nepcneKkTuBbl U pearibHOCTb

BooopoaHaa aHepreTuka.

1.0OCcHOBHbIE NpUHUMNBLI padoTbl TA. KpynHble U nopTaTMBHbIE TO.
BoeHHble nporpammbl. 30 % aoknaaa.

2. HaHoCTpyKTYpupOBaHHLIE MEMOpPAHbI TOHKOW OYUCTKU NErknx
raszoB.OpurnHanesHble paboTbl. 20 % aoknaapa.

BbunoaHepreTuka.

3. AnbTepHaTuBHas n yrnesogopoaHas saHepreTuka. Manas
pacnpeneneHHasa aHepretTnka. CUHTETMYECKOE TOMNMNBO U
KOMOMHUpPOBaHHbLIE aHeproycTtaHoBkU. 30 % paoknaaa.

4. lNony4veHne aneKkTPoIHEPrnn N3 GbITOBLIX OTXOO40B.
OpurnHanbeHble paboTbl. 20 % aoknaaa.




BoaopoaHas aHepreTMka — MCMNonb30BaHWs BOAOPOAA B Ka4ecTBe cpeacTea Ans
aKKyMYNMpPOBaHWS, TPAHCNOPTMPOBKM U NOTpebnenns aHeprun. Bogopoa kak Hanbonee
pacnpoCTPaHEHHbIN 3NIEMEHT Ha NOBEPXHOCTU 3EMIIN U B KOCMOCE, TEMSOTa CropaHns Boaopoaa
Hambornee BbiCOKasi, a NPOAYKTOM CropaHus SiBNsieTcs Boaa.

an/IHLI,I/IﬂI/Ia.ﬂbeIe npenmyuliectBa BOAOpO,D,HOVI QHEePreTukun

APPENDIX B: ENERGY DENSITIES OF FUELS

Energy Form of Specific Energy Energy density
carrier Storage (kWh/kg) (kWh/1)
Hydrogen | gas (20 MPa) 33.3 0.53
gas (24,8 MPa) | 33.3 0.64
gas (30 MPa) 33.3 0.75
liquid (-273°C) | 33.3 2.36
metal hydride 0.58 3.18
Natural as (20 MPa) 13.9 2.58
gas gas (24,8 MPa) | 13.9 3.01
gas (30 MPa) 13.9 3.38
liquid (-162°C) | 13.9 5.8
LPG liquid 12.9 7.5
(Propane)
Methanol | liquid 5.6 4.42
Gasoline liquid 12.7 8.76
Diesel liquid 11.6 ' 9.7
Electricity | Pb battery 0.03 0.09
(chemical)

Values exclude container weights and volumes.

” I[BMraTenM BHYTPEHHEro CropaHuns 1aBTOM06ManbIe;
2! ABTOHOMHbLIE UCTOYHUKU ANNIEKTPUYHECKOIo TOKa ‘6aTaEGMl
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1. b. Wenuw y cteHaa,
NOCBSILLLEHHOro NoaBuUry ero
oTua.

B 1941 nentenaHT MNBO 3awmwaswmn r. JleHnnrpag bopuc Wenuw npeanoxun
ncnonb3oBaTth "oTpaboTaHHLIN" BOOOPO N3 3arpaguTenbHbIX adpoCTaToB B
KadyecTBe Tonnuea Ansa asuratesien astomobunen NA3-AA (nonyTopka).

- ANIeKTPOXUMMNYECKMEe B3aUMOAENCTBUAX MeXAay
rasaom, XMAKOCTbIO U TBepAbIM COCTOSAHUSIMU UCXOOHOTIO
TONJSIBA C UeNbIo NONyYeHUS INEeKTPUYECKOM aHepruu.
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ra3om, XxnakocCctbro n TBepaAbiM COCTOAHUAMU NCXOAOHOTIO
TOMJSIMBA C LUesibio NOJIYYEeHUSA INIEKTPUYECKOU 3Hef
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"Tonight | am proposing $1.2 billion

in research funding ... so that the

first car driven by a child born today
~lcould be powered by hydrogen, and
#|poliution-free.”




COOEPXAHUWE OTYHETA ana MO PO

1. BBeaeHue

. Pa3paboTtka jieTaTtesSibHbIX annapatToB U KOCMUYE€CKUX CUCTEM

. Acnonb3oBaHue TONJIUBHbLIX 3TIEMEHTOB B NOABOAHbLIX JTIOAKaX

. ObLeBOUCKOBOE Ucnonb3oBaHUA

. PazpaboTkn AreHtctBa o6opoHbl CLUA (DoD Department of Defense),
AreHtcTtBa 3Heprum (DoE Department of Energy)

7. OcHaweHue conpaTt. PaspaboTkm nHctutyTta Battelle (CLLUA)
8. TexHONMOrMA NOPTaTUBHbLIX TOMJIMBHbLIX JIEMEHTOB
9. PaboTbl N0 HageXXHOCTU M Aerpagauuun napameTpoB TJ

10. Uspenua coupm Ha pbiHKe TO. ConHeYHble CUCTEMbI NONy4YeHUS
Bogopoaa

11. Pa3spabotku T3 B EBpone, mupe, mexxayHapoaHaa Koonepauus
12. BbiBogbl (Bonpockbl — OTBEThI).

2
3
4. PaspaboTka sgepHbix ueHTpoB CLUA
5
6




O6GnacT NPMMEHNMMOCTU Pa3NNYHbIX
MCTOYHUKOB 3HEpPrum

Power Source Applicability
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Approximate ranges of application of different power sources.




Power Levels

Multi KW

Pa3paboTka netartenbHbIX annapaTtoB U
KOCMUYECKUX CUCTEM

EVOLUTION OF FUEL CELL
AEROSPACE APPLICATIONS

00-10°s Aerospace Applications

Y _ 90°s- Lunar/Mars
e 80°s- Shuttle Orbiter Base, High

£ NFuel Cell Altitude Balloon

50-70’s- Gemini,

Apollo Missions

PAST PRESENT FUTURE




DLDO3-15 ppt

Pa3paboTka netartenbHbIX annapaTtoB U
KOCMMNYECKUX CUCTEM
n-flight fuel saving opportunity

1 .f: o'
ﬁ"x' 40-45% Efficient =
I/ (Jet-A to electrical

during cruise)

1 litre

40% less
fuel used

~75% Efficient

(Overall system at cruise)

Future 2015
SOFC APU 0.6 litre .Z;_aaﬂmfs




B PA3SPABOTKAX HOBbIX BOOOPOAHbIX SHEPTETUYECKUX _C}
TEXHONOTMMIN NCNONB3YETCA BOJIbLLON HAYYHO- N
TEXHUYECKUI OMNbIT CO30AHMNA BOAOPOAHbBIX PAKETHbIX
NBUTATENEN

BooopoaHble pakeTHble ABUraTeNN




Pa3paboTka netartenbHbIX annapaTtoB U
KOCMUYECKNX CUCTEM

A tmosphere Filter
Intake Duct
Methane Condenser
Methane Pump
Methane Hoses
H, Intake
Sabatier Reactors
Water Electrolyzer
O, Pump

0, Condenser
CO, Condenser
CO, Compressor

About the Ai

Fre. 7. Mars Ascant Vahicle based ann ISRU propelianis. I. A. (Ram) Rama




Ucnonb3oBaHne TONSIMBHbLIX 3J5IEMEHTOB .
FMV Fuel Cell Technology Program

- Anincreasing need for compact, robust and highly efficient power supplies exist in the same power
range and in similar applications for both military and civil purposes, "Dual use”.

MI'Itﬂ? Telecom

MEMS
= o gy

~ ol

Wehicle APU LAY

Energy weapons

Cargo ship AFPU




Ucnonb3oBaHue TONNUBHbLIX 3/IeMEHTOB B
noaBOAHbLIX NoAKax.

L AR
AP,

Figure 4-5 Submarine Fuel Cell Fowerplant




Pa3paboTtka agepHbix ueHTpoB CLUA

Fuel Cell Market Projections

$2.6 Trillion by 2021 — /

=

=

‘ Portable Fuel Cells — Early Market Growth

$ Billlons
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Specific Power, W/kg

O6LweBoOMCKOBOE UCNOJIb30BaHUSA
1) Pa3paboTku AreHTcTBa 060poHbLI CLLUA
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O6LwweBoOMCKOBOE UCNOJIb30BaHUSA
1) Pa3paboTku AreHTcTBa 060poHbLI CLLUA

I Resource Allocation ‘

Materials 3
Materials
Bl%

Systems Processing
61% / 6%

catalysis

ct, complex Components

25%




O6LwweBoOMCKOBOE UCNOJIb30BaHUSA
1) Pa3paboTku AreHTcTBa 000pOoHbLI CLLUA

LOAD (Watts)
0.1 1 10 100 1k 10k

Proposed Technology Solutions

vas

= . :
- Direct Methanol Fuel Cell

« _

|
- Reformed Hydrogen Fuel Cell

4| -
Logistics-Fueled Solid Oxide Fuel Cell

K\“‘—-h__] /

Fuel Clis in Hybrid Power

>

i &




Power, Watts
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OOLwweBONCKOBOE NCNOSIb30BaHUSA
1) Pa3pabotku AreHtcTtBa o06opoHbl CLUA

X Directed X Ship DDX DoD
Energy Weapons (Destroyer) Focus

X Future Combat
System, Mobility X Satellites

X Home
X Cars
X Tools X Warrior :
X Laptops Commercial
X Cell Phones Focus

X Cameras
X Watches
|

Sec Min Hrs Days Month Years
Mission Length




OOLwweBONCKOBOE NCNOSIb30BaHUA
2) Pa3paboTtkm AreHtcTBa aHeprum CLUA

Figure 9-3 “WELL-TO-WHEEL" EFFICIENCY FOR VARIOUS VEHICLE SCENARIOS

Energy
Resource Recovery
Extraction/
Ng.:;al Cleaning/
Delivery
BB%
Qil 96%

Processing

Methanol
Conversion/
Storage
76-81%

Hydrogen
Conversion/
Storage
B8-75%

Gasoline
Processing/
Delivery
88%

Reformer Energ}_r
Conversion
Methanol
Reformer 50-55%
80-85%
Fuel Cell
50-80%
Autothermal
Reformer Fﬁuuig;"
75-80% °

Gasoline IC Vehicle (current)

18%

Power

Management

Motor/
Controller/
Accessories
75-84%

Motor/
Controller/
Accessories
T75-84%

Energy
to Wheels

Overall
Efficiency
20-28%

Overall
Efficiency
22-33%

Overall
Efficiency
24-31%

Overall
Efficiency
15%




Call Voltage

O6LwweBoOMCKOBOE UCNOJIb30BaHUSA
2) Pa3paboTku AreHtcTBa 3Heprum CLLUA

Higher Efficiency
= Larger Cell

Lower Efficiency
amaller Cell

Changes in: Cell Pressure,
Tamperature, Gas Constituents, ~Thay
Litilizations, etc.

Currant Density
Figure 9-6 Optimization Flexibility in a Fuel Cell Power Syvstem
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OcHaweHue conaar

PeanusoBaHHble pa3paboTrku uncTutyTa Battelle (CIIIA):
«4eMoOaHYMK»

FC Air Pumps
Fuel Cell

Fuel Tanks

FP Air
Pumps

I
=

Elecironic

Ul

Fuel Processor

FP Liquid
Pumps

Startup
Datieny
FC Humidifier

FP Liquid
Flow Meter




OcHalweHue conaar

PeanusoBaHHble napameTpbl unicturyra Battelle

Miniature Fuel Processors for Portable Fuel Cell Power Supplies

Jamelyn D. Holladay. Evan O. Jones. Daniel R. Palo. Max Phelps. Ya-Hui Chin. Robert Dagle,
Jianli Hu, Yong Wang, and Ed Baker

Battelle Pacific Northwest Division, PO Box 999, K§-93,

Richland WA 99352, US.A.

ABSTRACT

Miniature and microscale fuel processors are discussed that incorporate novel catalysts
and microtechnology-based designs. The novel catalyst allows for methanol reforming at high
gas hourly space velocities of 50.000 hr™" or higher while maintaining a carbon monoxide levels
at 1% or less. The microtechnology-based designs extremely compact and lightweight devices.
The miniature fuel processors. with a volume less than 25 cm’. a mass less than 200 grams. and
thermal efficiencies of up to 83%. nominally provide 25 to 50 watts equivalent of hydrogen,
which i1s ample for the portable power supplies described here. . With reasonable assumptions on
fuel cell efficiencies. anode gas and water management, parasitic power loss. the energy density
was estimated at 1700 Whr/kg. These processors have been demonstrated with a CO cleanup
method and a fuel cell stack. The microscale fuel processors. with a volume of less than 0.25 cm’
and a mass of less than 1 gram. are designed to provide up to 0.3 watt equivalent of power with
efficiencies over 20%.




TexHonorus noptatuBHbIX TI: Pa3paboTku
YHuBepcuteta KanudcgopHum (CLUA).

Fig. 3. Picture of a silicon wafer with flow channels.

Figure 4. Photograph of final micromachined GDM with soldered electrical lead. Inset: image shows mesh at higher magnification.

1 mr FIG 2. (a) Optical image of the Si-based bipolar plate. The detailed dimen-
sions of the serpentine flowfield are 750 pm n width, 400 um in depth, and
12.75 mm 1n length. (b) SEM 1mage at the tubing area. Tt shows details of

Figure 3. SEM photograph showing section view of a cleaved the channels, exhibiting the well-defined geometrical structure by two DRIE
silicon mesh processes. -




TexHonorusa noptatuBHbIX TI: Pa3paboTku
UHcTutyTa PpayHrodepa (lepmaHus).

SEM: anode side




PaboTtbl N0 nccnegoBaHuUIo HAOEeXXHOCTU U
npoueccoB Aerpagauum napametpoB T3.

1. Stable Interconnect
2. Fuel/ Oxidant Seals

3. Internal Reforming/ Direct oxi

1. Sulfur Tolerant Anode

3. On anode Fuel Utilization

2. Catalyst Kinetics, Parameters & Deactivation

raphs and EDX line scans of cross-sections of steel JS-3

1. Fast start up and Thermal Cycles from the long-term MICRU tesis (see Fig. 2). After a testing
2 Cell & Stack Performance Model > a 2.5 = 3 um thick corrosion layer formed on the LSMC-

3. Low Cost HX, Insulation, Blowers & sensors

1. Fuel cell / PE Interface
2. Materials & Fabrication Processes

3. Modeling: Electrical Interfaces




CornHe4Hble cucTteMbl NONy4eHUA BogopoAaa




Uspenua cdompm Ha pbiHKe T3

Table 1. Summary of Commercialization Performance Targets for Portable Fuel Cell
Power Systems.

Low-Power "

- E;
High-Power ™

- E;
High-Power ™

Consumer Laptop Auxiliary
Electronics Computer Power Unit
Sub-watt to 20W 20-30 W I-5EW
Specific Power 100 Wikg = 200 Wikg
Power Density 100 W/l == 200 W/l
Energy Density 1.000 Whi = =
Specific Energy =+ 600 Whike =%
Efficiency * ** 25% for commercial. 30%
50% for military/industrial
5400 for a 200W unit, S51/W for commercial use,
Cost S3/W $1.000 for a 50W unat £3/W for mulitary/ industnial
use
1,000 hours 1,500-2,000 hours for
Lifetime/ 5,000 hours of full power use commercial use,
Durability (1.5 hours/day for 2 years) 5,000 hours for

mulitary/industrial use

Start-up Time

20 psec

=1 minute for APUs,
~ 20 psec for back-up power
units

a. Long-term (2010) Commercialization Performance Targets
b. Targets to be met simultaneously in 2007

c. Operating temperature range: 10 — 50°C; survivability requirements:

-10-70°C

d. Efficiency is defined as the ratio of the output electvical power to the total HHV of the fiel

consumed

** Value was not determined by Breakout Group




Uspenua cdompm Ha pbiHKe T3

Table 3. Performance Targets for Low-Power (Consumer) Electronics (sub-watt to

S0W).

Li-ion Battery

2002 Status

Fuel Cell

Near-Term 2005

Fuel Cell
Long-Term 2010

Sample Market

Cell Phone Charger

Cell Phone/Laptop

Specific Power 50 Wikg 30 Wikg 100 Wkg
Power Density 60 Wil 30wl 100 W/l
Energy Density 150 W-h/l 500 W-h'l 1.000 W-h/1l
Cost S3W S3W $3W
Lifetime 300-500 cvcles 1.000 hours 5,000 hours




Uspenua oupm Ha pbiHke TO

Paspabotka T9 c¢umpmbl Delphi. 2-oe nokoneHue T3. HasHayeHue — ona nerkux
TpaHCNoOpTHbIX cpeacTB. Pa3mepbl 40x55x20 cm, Bec 70 kr, MmowHoOCTb 1-5 KBT

DELPHI Generation 2 SOFC APU

Design Features and Packaging

APU = HZM + PSM

_ Integrated Stack
Hot-Zone Module /" Module (ISM)

(HZM) — Integrated Component

Manifold (ICM)

¢ high-temperature
subsystems (700-950 C)

¢ Surrounded by high-
performance thermal
insulation

¢ “Core” of the SOFC plant

_~— Cathode Air Preheat HEX

~ _—ReforWER

_——Fuel/Air Prep
& Start Burner

High-Output
Blower

Plant Support
Module (PSM)

¢ Low-temperature
subsystems (40-125C)

¢ Inlet-air cooled
electronic components
+ Balance of plant . 1 “"“"r/_,z—Fue| & Air

— sensors, actuators, Bl = Interface
electronics, harness oo

| ———Power & Control
Electronics

- Output Terminals




dupma UltraCell o6b51Buna o Bbinycke T3 ana MK




PaspaboTtkmn TO B EBpone, mupe,
MeXayHapoaHaa Kkoonepauus.

Region of development

Ll Asia

0 North America
O Eurape

B Rest of World |




BoeHHasn peanbHOCTb
UAYV - Unmanned aerial vehicle

Regulation gate
Hydragen tank Back-up battery

Brushless <=
motor+command
PEM Fuel Cell

Payloads

Communication DC-DC
system converter




Febr
www soldiersmaga

SGT Richard Peebles and SPC Brett Horner work on a Hunter in the UAV school’s
maintenance hangar.




'paxxpaHcKas pearibHOCTb

www.gazeta.ru Hoytoyk Ha rasy

BaTtapeu gnsa HoyTOyKoB, KOTOpPbIE CMOTYT CYLECTBEHHO Aosblle paboTaTb
aBTOHOMHO, nosaBaTcA B npogaxe B 2009 rogy. Lilliputian Systems 1 MTI
Micro Fuel Cells — nnaHmpytoT npeactaBuTb CBOM 3apsiaHble YCTPONCTBA,

cnocobHble paboTaTb B aBTOHOMHOM PEXMME OKOS0 CYTOK.

Lilliputian will make formal product
The New Juice Box
Methanol, butane and other gases may help solve the age-old battery problem. /_f\ an nou ncements Soon .

Inside Lilliputian Systems’
fuel cell chip

Input materials are

converted to energy N
in a specially made — /" | @ @ Cathode g
electrolytelayer | [ | @_ Electrolyte @ @

Copper wire, —l Anode
moves energy to

o
dreult board ‘ Q Qo

u
< Hydrogen @ 9 Water vapor,
Carbon monaxide  carbon dioxide

Fuel arts butane Sources:
uel processor, converts butane Lilkiputian

Toshiba's direct methanol fuel cell was ~ Bytane . 3
to carben monoxide and hydrogen Systems

certified as the smallest in the world fuel

CtoumocTb TonnmMBHOWM baTapelikm oyaet coctaBnaTe $100-
150, a cMeHHbIN kapTpuak obonpetes B $1-3. «Ecnu
cToMMOCTb baTtapen dyaeTt conoctaBnumMa C LLIEHOW caMoro
HOYTOYKa, TO OHM ByayT BoCTpeboBaHbl TONLKO B CErMEHTE
OOPOrux ragxeTtoBy». «Ecnu e oHM ByayT CTOUTb OELLEBO,
nepexod Ha HOBblE akKyMynATOpbl Npon3onaeT 3a 4-5 neT»,




The Russian hydrogen and
fuel cell R&D program

Alexander V. Klimenko
Boris F. Reutov
Stanislav P. Malyshenko

FASI — IEA NEET Workshop
“Cooperation in the field of energy technologies”
Moscow, 2008



B PA3SPABOTKAX HOBbIX BOOOPOAHbIX SHEPTETUYECKUX _C}
TEXHONOTMMIN NCNONB3YETCA BOJIbLLON HAYYHO- N
TEXHUYECKUI OMNbIT CO30AHMNA BOAOPOAHbBIX PAKETHbIX
NBUTATENEN

BooopoaHble pakeTHble ABUraTeNN




Structure of FASI Hydrogen Energy Program

2005-2006 10 200 mil. rub.
2007 48 450 mil. rub.
Projects Sy, 6% Financing

15% B Production

36%
W Storage
W Fuel Cells
B Power Units

W Transportation

29%
W Safety

24%

In 2008 the Hydrogen Energy Program grows
New projects started
Total financing (federal and non-budget) is more than 1 bil. rub. ($40 mil.)



Year 2010: targets

Portable FC and power sources (small series production) for  “Aspect”,
electronics and microelectronics “Tenzor”
(commercialization and production)

Compact hydrogen generators based on reforming and partial Boreskov Institute of Catalysis,

oxidation of fossil fuels SSC “Institute for Physics & Power
(commercialization and small scale production) Engineering”

Module-type power units with PEM FC with capacity up to 10  CRI Ship Electric Engineering and Technology,
kW RRC “Kurchatov Institute”, Keldysh Center et
(semi-industrial devices and commercialization) al.

Power units based on SOFC with capacity up to 5 kW CRI Ship Electric Engineering and Technology,
(semi-industrial devices and commercialization) RFNC All-Russia Research Institute of

Technical Physics, SSC “Institute for Physics &
Power Engineering”

PEM Electrolyzers at pressure level of 150 atm RRC “Kurchatov Institute”

(semi-industrial devices)

Plazma convertors of fossil fuels into H,+CO RRC “Kurchatov Institute”,

(semi-industrial devices) Chemical Automatics Design Bureau

Fuel processors for SOFC Boreskov Institute of Catalysis, SSC “Institute

(semi-industrial devices) for Physics & Power Engineering’et al.



Year 2010: targets

100 kW to 20 MW Hydrogen-oxygen steam JIHT RAS,
generators Chemical Automatics Design Bureau
(semi-industrial devices)

Metal-hydride systems for hydrogen storage and JIHT RAS et al.
purification integrated with FC
(semi-industrial devices)

Transport hydrogen technologies NAMI, AutoVaz, RCC “Energia” et al.
(experimental vehicles and power units)

High purity H, sources on the base of non- JIHT RAS,

reversible systems, integrated with FC up to 1 kW Boreskov Institute of Catalysis et al.
capacity

(experimental and semi-industrial devices)

High temperature steam and gas turbines for Chemical Automatics Design Bureau, Central
hydrogen steam —turbine and combined cycle Institute for Aviation Motors, “Turbokon”, JIHT
power units RAS

(experimental and semi-industrial devices)

Hydrogen safety codes and standards JIHT RAS, RRC “Kurchatov Institute”,

(projects for codes and standards) Cryogenmash, RCS “Applied Chemistry”







