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Residential CHP Specifications

Gas Engine PEMFC SOFC
Output[kW] 1 0.7~1 0.7
Power efficiency [%] 22.5 35.0 45.0
Heat/ Power|[-] 2.8 1.3 0.9
Exhaust Heat Temp. [C] 75~80 60~65 65~75
Exhaust Heat Use Hot water Heating | Hot water (Heating) Hot water
Storage Tank[I] 135~150 180~200 70.0
Yearly Operation hour 2000~2500h 6500~8000h 8800h
Installation Space Ratio 1.7 2.1 1.0
Market in FY 2003 FY 2009 -

I SOFC gttt fy» i 45%(PEMFC £ 35%)> = 1 e #THlfet |-
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R }‘F, Kyocera /Osaka Gas~ TOTO » ENEOS “* il ’PITEIF%(E[J SRR
SOFC Field Test (FY2007~)

System Supplier output Fuel Units in FY2007 Units in FY2008
Kyocera 1 kW class | Town Gas 25 30
ENEOS 1 kWclass | LPG 1 2
ENEOS 1 kW class | Kerosene 1 1
TOTO 2 kW class | Town Gas 2 3

Total 29 units Total 36units
Installation manufacturer Fuel Use Units in 07 | Units in 08
Osaka Gas Kyocera Town Gas | residence 20 25
Tokyo Gas Kyocera Town Gas | residence 3 2
Hokkaido Gas | Kyocera Town Gas | residence 1 1
Saibu Gas Kyocera Town Gas | residence 1 1
ENEOS ENEOS LPG residence 1 2
ENEOS ENEOS Kerosene residence 1 1
TOTO TOTO Town Gas | commercial 2 3
TEPCO Kyocera Town Gas | residence 0 1

29 units 36 units

I'} Osaka Gas >* il £L (] » £ 3" SOFC VA EAYTS -

> 2004 =

F = Kyocera f‘J i (238 3 SOFC CHP

> 2005 = &S FIEED | SR (field test)
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Targeting specifications of SOFC power unit

Capacity 700W Achieved
Power Eff. >45%LHV Achieved
Heat >30%LHV Achieved(40%)
Recover Eff.

Weight 100 kg Achieved(91.5 kg)
Size As same as “Ecowill” Achieved 93%(in volume)
Startup time <100min Achieved
Operating Continuous/according Achieved
Mode to load

Durability 10 years Under development
Maintenance 24 month Under development
Interval

Price As same as “Ecowill” Under development

Targeting specifications of Exhaust heat recovery unit

Operating Continuous Achieved
mode /according to load

Storage tank 70L Achieved
Weight 90kg Achieved
Dimensions 700x1700x300mm 700x1700x300mm

Weight 50 kg Achieved

Dimensions 650x1300x350mm Developing 650x1370x350mm
Installation | As same as Gas Achieved

space Engine Type

JEI*:J‘I/ EENFES A R S F'u :
» £l SOFC Eﬁ'w TP Degradation Rate £% 0.03%/1000h

> 7t 2007 F = 2008 F 5

El ’ mF"[:H E

e E| 20 & 25 e m ik AL FE ’ﬁJ + 2007.09~2008.07
3 R TS -
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and Young Green(#45% ;ﬁﬂz)gf A %‘:”ﬁ!ﬁ?ﬂ“f }%ﬁﬁﬁi’ﬁlﬁ%ﬁﬂi ﬁ’?)ﬁ@%ﬁ%? » E
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SR S 3 R e g
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[ O FT o AISEIEN AR S 10cc ~ 100ce M 250cc » ffl™] 100wt F6ff9F AT > 53
i 3= A5 DMFC 3 fihffi™] > f 1R 10Wh ~ 100Wh 2 250Wh fjk - 4
BN 1 3%@ SR USRI R Y 2 ferk] 44 BOP
17471~ ¥ Injection Pump i’ '} ffy DMFC 311 » 5 454" 11 Passive Type
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bi‘fr——[clﬂ%ﬁ};}@j“ Sl F“"f@ 200 cc » [l JHEH ~200Wh FE - JIIE 12 BT

<~ » MEA Power density ff1*] Eﬁj ~50 mW/cm? > Durability 5% 1000h > —T—w’&fﬁl%% £

Passive Type %7 » 2% FlFfiET 2011 & [ ][yt 1~

YAMAHA £LE e P kW % DMEC 5%V 2 il » &3I4 Juelich
Research Center 5 IV kW % DMFC #ak/JER [F5 Hiﬁfifﬁf”éﬁ.' BES(Forklift) YAMAHA
B EUER RIS > P13 e AR F"f" £ 3600 cc > ffu ™| S4wt. %
F”@"F?’F’T > FARIEAN30% 0 [ TELST0 2T ED o (R R 30km/h -

P ’F 1Y Syspotek( F&Hﬁ‘l*ﬁl), Nan Ya PCB(FHE#I PCB), and Young Green($ 4 7
) 7 TR AShR TSR RS R VG 2 R R A
ﬁ? s o3 A JE')FPIE ' 3.5W, 25W ® 30W V DMFC 3% @Uﬁ&a\[ 14-16 Hr. FSJ"
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FIIP Pk A g (=55 5] 0> Test Cell fi' i % 50 mW(GLIH! 17)> KLE T = 5 Passive-Type
Bio-Battery f fy ! =izt FErfiy ATk A i 1) 53 i A oA AR 0
SO PUER RO B B ST O RS ES AP TR B
P B 1LSmW/em” » S e (70E | USSR o
EUPI SR TV R RN > 2 PR IR ACTA 2 RllIG s 100W e
STV YD S (DERC) » JT 18 AP+ ELH i 1 (5E) F BER « Horizon Fuel Cell
Technologies 2* il 7 250W PEMFC ™ |4 Fgs R ir (BLI 19) » 4y 5 25 ke »
- CRH GREN T 1200Wh TR > R 300 Y RISREE il F RO 5435 °C
(F A i USD$4,600° 5 5 T bbedd— 30 HydroPak i* 1 FErIFIBLIA 20)» F1I*] Sodium
borohydride NaBH: # % H:4E{#f PEMFC ffi" ] - !t 30 W &/ GRET 3.6ke) > SFEHES
270Wh > fji " PRUALES 1-35 °C o J 2 I 2000 10 1 1 B2 USDSA00 » -
PRI BUR T RIS T A E mf{ R e TN
SR O BRI ST - H R E 30
DMFC (585 BPSSRI AR sV = i+ (100 ol ol et sl 2
WHE|R1 % DMEC SRt 4 5% 0 {113 %)  BUSSIRTRLIS - — - F!
HPre RS T P55 W # (New Energy and Industry Technology Development
Organization, NEDO)Z. # M5 55 %]l NEC, HITACHI » YAMAHA 3 % 7 fl 3 # .V
DMEFC G5l > [Nl £ 4 it FC EXPO 8 Am8 1 G g e = L7 i
ok 7RIS SR DMEC ™ o JM@JWJ@ PCB * Fil![fi] DuPont [ i
&/ MBA I8 I S5 DMFC 756 » pyEj— Byt = 2 il - I
AR E IS R LA PR B =T 2 ) %ﬁf'ﬂé@f W F}iﬁ‘wﬂ@%ﬁ ik
7 DMEC #3523 114 DMFC {19 Reliability and Cost Down [7¢ |41 f T/ A1
i R SRR BT U R - T BRI O T R
#1 DMFC 320 -
B "t 5B 1 Panasonic 7 frfiy i< £ 25 > {4 Technical Conference H1+7 8

?FJ%% “Development of Fuel Cell for Mobile Application in Panasonic” > @Fﬁ’?ﬁf] LB I
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F ‘EU ’ q?ﬂ' 23-26 - o 75 FI A EN F%FJ M L PR A 15 = Coating Catalyst 4%
Nafion = F=9f » FIOFAESEIREEL b OF R I 0F fj0 & S pr I (VR 15 DMEC
fﬁ"ﬁfj PR CO: Mass Transport Limitation I » 4~ [fptiy e H $5g= 23 -

TR SR B R BT = 4 ﬁﬁﬂf?ﬁ R 2fu- o & 3% DMFC
FARR T It o AR F MEA T RS 2 il(Optodise) » i % R E(GDL)
[1> E] CeTech(i<f=) > pil(bLIH! 27-28) » Jg“,gl’%ﬁ ET Y SR A IR RS
VIR T WIS F O =37 [ MEA HUBSFEE Y cost down .V F UL« 4 i@ty
AL T Fil(General Optics Corp) # 3 & * Fil(Green Hydrotec Inc) > 73 {1} Fifef<
[R50 A B > U 29-30 B

4" FC Expo ﬂ?ﬁ P A Qﬁiﬂl@“%['—ffﬂ FIRAYS - s 7 2 VI T
1 MEA, Bipolar Plate, Stack, BOP %5 i » HIR== i silxp ey » PR R Rl IR
b (EPISRI TR ARy =175y > — EVRPERAS A (O gl sl il P
=
I PEMFC 151 KW 5D 7 B0 IR > F12005 = E(1AE 480 1)
FE PGS = 2008 £ L 5E 3,307 7 NI LPG #) 1,614 7 > * Nature Gas |
1,379 ’F'}, | Kerosene & 314 ’F'} > YIB! 31 E o R A FF]'?FF‘BRRWPH[/J@ 2009 =
E (1 200 £y F U (1= 2020 & 42 Py F VR AREET RR~1S 0 TR BV LR
[ﬁﬁ[' 2009 = 4L 6,000 ’F}/12Bllhon E'fﬁ" == 2020 F P 600,000 F|/252B1hlon
E‘ﬁ?‘ P 32 e o FELPG £ ﬂlf’Ff‘ FSEE ] XL IR 33 T
B T4 TOYOTA 7347 EVASR i = EIFTJ%F J ﬁ’\l'%?’ff‘/ﬁ ThEEE - T
e S R ol ?Ygﬁwﬁﬂﬂﬁi J4(Cost/High Power Density, Stack Durability, Freeze
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Start capability, and Cruising Range) > Z/Dq%\' 34 F=1- > LI TOYOTA FCHV-adv 7git
oG 500 2 BTSRRI ) PRI SRS R SRR
[ 35 T F SR Fbb i RO U 36 T 2 RIRRSEHCLAT 2015
ﬁ@’ﬁ@@ R T Jﬁi“ﬁﬁ?ﬂ*ﬁl | &(Infrastructure Readiness and Market Needs)
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Eﬁﬁﬁtl_l'lon%i@ﬁﬁtcm Ulx— FE@‘DWJ Schematic diagram of the mode transition of hybrid DMFC system

Li-ion FC Hybrid FC Li-ion
Mode Mode Mode Mode Mode
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Li-ion B8
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(BENEDER) VI—HK%ASH KiE~v T PV kR B
(E-mail) TadashiSenoo@jp.sony.com S ONY

[fi' 9 SONY Hybrid DMFC System 117 /481
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[ﬁl 11 HITACHI ** ﬁJ A 7 T00W Portable DMFC
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ﬁ,%ﬂ 12 Fujikura 2+ fil"s=1 7/ 10W Portable DMFC

ﬁi%ﬂ 13 YAMAHA “* fil'sr 1kW DMEC R g B 5 1
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[ﬁ[ 14 «F RS Syspotek( F.;HTE']T%SIF fib&eA- 7 3.5W Portable DMFC
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H “RDES 17 25W Portable DMFC
[f' 15 71 #19 Nan Ya PCB(F i PCB  fil)3 7 25W Po
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ﬁ,%ﬁ' 16 ’F (Y Young Green(H 4 7= % Fil)) s 7 30W Portable DMFC

ﬁ,%ﬁ' 17 SONY * ﬁJ %A 7 Bio-Battery

06-



faq ST RS TR [ e
ﬁ%ﬁ' 19 Horizon Fuel Cell Technologies -+ fil"s#~ 250W PEMFC &2 P {
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BIR 30w

P4 X (cm) S2X 2613
T
HWERHD—FIvIE) 3.6 kg
R e e
ERRE 1-35°C

RIFTTRERARR (B2IR/3E7 9 74 TBS) HXA

HERREES (GhE)-21E-B T W
émﬁgg— 6009—

HARX (cm) 23.5x10—

[f#! 20 Horizon Fuel Cell Technologies ** Fil"# 7. 30 W HydroPak [ T{%?“ IR

Panasonic

Specifications of new prototypes ety
Panasoric Costoralion l_nuarc:mm-;- Technoiogy Devslopment Canler
]
| Laptop computer power
supply

Multi-charger

Overview

Max. output 20 W (when combined with a high-power Li-ion battery)

Ave. output 10W
Volume Approx. 360cc | Approx. 270cc
Weight Approx. 350g Approx. 320g _
Fuel Methanol
Ru'r;:i;'i:_- | Approx. 20 hours (using 200 cc of fuel)
Febr, 2Teh, 2000 FCEXPO 2008

ﬁ%ﬂ' 21 Panasonic * FlJEJ“EF ' 10 W DMFC
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Panasonic

Developed anode electrode ey

na?linn Eneramy hioy Ionl Cente 3
Feature of Electrode for highly concentrated fuel
»Original designed Micro Porous Layer
Porous layer consist of carbon black and PTFE mixture
MFunction of contrelling water and mathano! taansport

(2’Reduction of contact resistance between catalyst layer and diffusion layer

Panasonic Corporittion Enangy Compeny . Technology Develapmont Contar

Conventional MEA Novel MEA for highly concentrated fuel

- R e e
! e |
ol T | oo =5 |
- fo domieiion: | et 30 )
-1 ] : A ﬂl i
5_- L .._wi oy |+ BM|
&
A =V =] -
S | [
carve |
ox |
i | |
| L
an e 0 ==
e 240 ] 5 108 159 0 0
W TR = e
~ % o~ |
E 2 E i
H . 5 !
0 e £9) f
Y 1 P e i
5 ¥ ! g |
ix ' | carve :% f
in I - Ean |
5 T L A |
bl ] Py &
l,""“. ] £5 ABBITA Y
P . PRSPt = L2 S al g |
o L] o 150 200 il a S0 10 150 00 Fo ]

Current Density ImAdom’)

Gurrant Density (=4 /sm)

Feb. 2Tth, 2008 FCEXPOD Z008

[ﬁ[ 22 Panasonic * ﬁJ MEA = frfLds 2[R ], Micro Porous Layer
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Mobile Devices Technology Office (M) moToroLA

Comparison of Fuel Cells & Batteries

Rechargeable Batteries Fuel Cell
(Li-lomn)
Power i
++
Density {10-100X lower)
Energy + -
Density {3-5X higher?)
, Electrons
Inputs & Electrons |, Electrons Fued | _ __| Water Vapor
Outputs (Hieat) (Heat) Air (CO2)
) Heat
In/Onat H-95% Balance is 20-50%% Balance ks heat
Efficiency {depending on heat {fuel energy to
discharge rate) electrical cnergy)

Functional Differences Betwean Micro Fuel Cells and
Battery Packs Integrated in Portable Electronic Products
UL 2265 - Working Group 15
http:iwww.ul.com/dge/fuelcelisiwhitepaper. pdf

Mobile Devices Technology Office (M) MmOoTOROLA

Cross Over

System Energy, Wh

canversion efficiency, dilution

Intercept: FC “null volume®

Total System Volume

Fuel cells can offer higher energy density (Whil), above a critical volume

Key development challenges:
= Shrink FC “null volume™

(function of required application power and FC power density)
+ Maximize fuel energy and conversion efficiency

[ﬁ[ 23 Fuel Cell = Battery {%p=l ik
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Mobile Devices Technology Office M\ MOTOROLA

A Fuel Cell Solution for Cell Phones Is Particularly
Challenging Because of Space Limitations.

* Requirements:

- Meet all the requirements of Li ion battery
+ longer lasting and fast refill (replace cartridge) in the same space!

Bee battery
A
Designed to fit inside phone B i g.f}_,
Similar volume, generating 2x e
talk time with easy recharge M
arnr

Replace 8cc Battery with
FC + Fuel cartridge + small battery
In same volume !

Mobile De Technology Office (M) moTOoROLA

Our Vision for How the Micro Power System Would Look

Baitery: 2cc

RAZR Battery (SNN5696B): 8cc Supercap: 1cc
3.7V, 680mAh and ED: 320Wh/L Fuel Cell; 1cc
- : Fuel: 4cc
Total: Bee

Supercap
(optional)

Each fuel cell die
has € serially
connected arrays
of hundreds of
cells connected in
parallel

five fuel cell dies, 1 control chip

dem x 2em x 0.1em

Mobile Devices Technology Office

Since Fuel Takes Up Most of the Available Space,
the Micro Fuel Cell Stack Must Fit into 1 cm3

(M mMmoToROLA

* Volumetric power density of “traditional” planar fuel cell designs is
constrained by their 2D active area

* Non-planar (3D) fuel cell designs provide higher active area to volume ratios:
higher volumetric power densities

* Another benefit is that by keeping fuel space as large as possible, energy
density is optimized.

7
Fuel Cartridge  Micro Fuel Cells

(quick (5-1 ecm? die area
recharge, 0.5 mm thick)
disposable) + control chip

[ﬁ[ 24 Motorola * ﬁJ 3% 5. 3D Micro Fuel Cellse #=4.
31-



Mobile Devices Technology Office .M MOTOROLA

Design Has 6 Fuel Cell Arrays of 600 cells
Schematic Cross-Section View

Anode: Porous melal post 4
(25-50um dia, 100um tall) - Imc:ljrwuus Cathode: Porous metal donut

{45-100um outer dia, 100 um tall)

Electrolyte: sold Mafion film
{20-40um wide, 100 um tall)

Ouida layer
Intarconnects

Si wafer

Single cell

(20 pm dia holes)

When the arrays are connected in series,
the target performance of each die is 150mA at 4V = 600mW/cm?2

Mobile Devices Technology Office '“‘ MOTOROLA

3D Fuel Cells are 2D Fuel Cells Placed on Their “Sides”

Electroiyte gaps

View from Top
20, 30 or 40 pm-., . T

o

GDU/electrocatalyst

Side view

50-100pm talt

* Geometry is not limited to linear in a 3D design.
[fi! 25 Motorola * il 5% .1 3D Micro Fuel Cells
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Mobile Devices Technology Office (M| MmoTOROLA

2D Fuel Cell Testing Results Using Our Cast
Nafion Film Indicated That Cast Nafion Should
Perform Well in our 3D Device

Comparisan of Cast Nafion to Maflon 115

H202 opsi; 100%RH; BOC Comparison of Cast Nafion to Mafion 115

1 = 1 11
—&— W free ¥ H-115 I —— W18 H2-0F 30pal
| =& W frea ¥ Tl Halen & Cuat Nafion HIOF 10pai
an T -+ 08 1 == N115 H2-02 Opai
i —l— Caat Nafion M20Z Dpai
| e i 1B HIA Dk |
R - = nE — : +— Cant Naflon H2Ar Opsl
5 = | = E
5 R o RN
0F — — —d 107 =
E ) j !h o E e
] . 1 ?‘_ E ar - e — ——,—
a | |
& 05— - — — s & & S
- —i—Y 118 y i L3 E 08 — - 5 I —
u £1==¥ Cast Nafion ) | - & ﬁ\
s - 05 F
"“x"\‘ | 08 —— ,\'\-an
B \5‘_[ 24 04 1= .Kwu ﬁ
1
0y — 03 oa kb St

a 2 a0 0 0] 1000 o 200 a0 o0 BOO 1000
Currant Density (miJem2) Current Density (mAJocm?)

Mobile Devices Technology Office (M) moTomRoLA
The Final Steps for Fabrication of the 3D Fuel Cell
Arrays are Sealing the Nafion and Anode Region and
Cleaning up the Cathode Region

Process still under optimization.

mg s Y :

[ﬁ[ 26 Motorola * FlJ 38 5.V 3D Micro Fuel Cells
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[ﬁ[ 29 WA ”F:CT‘ 2" fil(General Optics Corp)s=1 1 & 3k

\

[ﬁf 30 /& 2 }il(Green Hydrotec Inc)s = I F ‘f@%ﬂlﬁ ERp o
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Large-Scafe Sfaf:anary Fuel Ceﬂ Demonstration Pro;ect

FEFis s Lot SERTHRNREE 3 ss bl T PR £ d 3 Bl LimETry SSICTTIFF P+ rrad b TTRIT TS nad ol SR RETT I o0

Energy Consumption : 24%
Reduction [002 Emissions: 39%

FiRased on et Trom Bl homes whars top performing sysbems

FYZUDE 3307 were instalied |n # Y2084
1120 sites

Hokkaido
54 sites

Tahoku
96 sites

2002 2003 2004 2005 2006 2007 2008

! e Kinki

| 1% stage | 2%stage 529 sites
Breakdown hy Fuel Chugeku

181 sites
F:“ﬂ :':'. MNE
LPG{Propana} 1,614 d';;“;";‘
B MNatural Gas 1,379 ’ &Tpuu
Kerosene 314
; 7 Okinawa 147 sites
Total 3,307 Bsites

Installation by FY2008

[f 31 [ 14 PEMFC R IW it hpd

< Referanca >The market prospect of Residential fuel cells

700,000 - 350
254 Shipment = =farket Size
600,000 | 00 o
iy o
; 500,000 :
< 400,000 | 3
S 300,000 i g
£ 200,000 =
& | =
100,000 | 50
12 3.0 i
G mn . B it i s ::u...\,. g u
2008 2010 - 2015 - 2020
Retail Price 2MJPY 1.5MJPY  06MJPY  0.42 MJPY

[ 32 F1 7 PEMEC EE] 20 o (] Hd 5 & ]
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Cost Reduction, Specification Result and Target (Case of LPG unit)
. iy —— 5 &
Pemmstralm stage,) Introduction stage » Deployment stage
M I — i e |
Fiscal 2004 Fiscal 2005 || Fiscal 2006 || Fiscal 2007 | | Fiscal 2008 | Fiscal 2015
(Result) (Result) || (Result (Result) | | (Result (Result)
9 million yeniunit . : | | Under study
Brillion yen/uni 4.5 miflion yen! . {i SLr::I?DfImEnJ'
{equpment cost anly ) :aquipminnt cosi | Unit 4 A m:_':::;' yen! | unit ’ !
[ only ) euipment cosl only (&qu!;)mler;t cost E 2 ( User cast) |
. only i
Seosmiinofiumy) 343, 36% 36% g 3% % | More than 36% |
S 76% 78% 80% 3 8% £ | More than 82%
8000 hours | | 24 thousand 30 thousand| £| 40thousand | = | 4q years
iy |__hours
: : Expectation of continuous
NEF demonsiration study [E= assistance lo spread
| Monitoring test Sy e b h
_________ Productunit Realsales
2009 s
ENMEQDS N - o ENEOS CELLTECH

[/ 33 11 1] PEMEC (I ~ 32 X151 WP( | LPG £3 )

Majur Technical Challenges for FC Vehicles

T T T S s S S o g ) [ A O 0 o o oot I 1 -0 T g s Sl 0t o 8 5 R  CLTTPPPTET T

CflaRrRTEAE TS s R R e LRSS TS S S A s BT

C. Stack durability

B. Freeze start
capability

T |

D. Cost, Compactness &
High Power Density

- Today For Fumamnw
[l 34 56 ?#ﬁ’ﬁlj— MERIE

TOYOTA
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" Each Automaker's FCV Deployment

IearE s pE T

L R DR o L PP

HONDA i
Automaker | FAONDA | papvLER GM
= : . X-TRAIL
hdl_mhl Mame FCX clﬂn,t.‘.' B-Class F-Cell Equinox (2005 model)
o - s ' s Bz TR
3 Jul. 2008 in USA | Under development Early 2010
Intreduction Nov. 2008 in Japan | targeting 2010 dan; 2?_“ InUSA| 3 Japan & USA
FC max. output 100 kW 90 kW 93 kW 90 kW
FC stack HONDA Ballard GM NISSAN
_sthdmg‘Ter.} 35 MPa tank (1) 70 MPa tank (2} (70 MPa tank (3)| 35 MPa tank| T0 m-unu
70 km 500 km
E‘r;;j;;g!?ﬂ__ﬂa km (LA#4) | 400 km (NJA) | 320km (NiA) | 700 ot
HV Battery I..I-ion Li-ion Ni-MH Li-ion

Today For fTomorraw

TOYOTA

T ¥ T A

! Decision maki g

B rrErTE—

Source of pictures: each aulpmaker's web site_|

2015 . ——. 2030

2002 2008

Strongly depend on
infrastructure readiness

Phase : and maric_e1t needs
: Demnnst_r_'r?tiun i | e e Mﬁ
v : ! et
15t FCHV, Limited leasing
|FCV R — a T HETE
development | R&D
Manufacturing ngmeermg " """
Hydrogen "—| Tech. develnpment }_*"‘—L_Commarmallaatmn r;’ ;
infrastructure —_ _.—-——"r'_-ﬁ_u-p_p;l"_l_' Business | |
B = — .
E | "
Social needs &l'rInlsslon [_CDZ I‘edummn = = .
E— | Energy security |

Taday For Tomorrow
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