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Nuclear power plants in Japan
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« All nuclear power plant were stopped after the Great East Japan
Earthquake, 11 March 2011.

« 34 and 4™ power plant in Ohi by Kansai Elec. was restarted in 5t
and 215t of July 2012, and now in scheduled maintenance from 2"d
and 15" of Sep 2013.

Statistics:
50 reactors
46GW

29% of elec.

Source: Graphical Flip-chart of
Nuclear & Energy Related Topics,
The federation of electric Power
Companies of Japan, 2011
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CO2 emissions rate of TEPCO In 2012

* 0,3751n 2010 -> 0,525 in 2012: 40% Increase
« 0,374 -> 0,406 with Kyoto protocol

2. Our target CO2 emission factor and achievement

C0O2 emission factor
(kg-CO2/kWh)

! .
| |
H
v 0.46.
0380 g 48 0:3845.2,0375
03?4
0324
20%
reduction

1990 2008 2009 2010 2011 2012 5-year EY)
I average

. |

Period to which the self-imposed target applies :

1 0.431

{0,377+

" 0.304
Self-imposed target
(5-year average)

——_——
A

o _ ) ] ] _ Press Release
* Qur FY 2012 CO2 emission factor related to our self-imposed target will be adjusted by reflecting a credit (Jul 30,2013)
to be issued later for FY 2012, and is expected to be 0.396kg-CO2/kWh, which is lower than the value ’
reported based on the “Act on Promotion of Global Warming Countermeasures” (0.406kg-CO2/kWh).
0.377kg-CO2/kWh shown as the 5-year average over the period to which the self-imposed target applies
was calculated by reflecting a credit that will be issued later.
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Stern Review

 Nicholas Stern

« Chair of the Grantham Research Institute on Climate Change
and the Environment at the London School of Economics
Review on “The Economics of Climate Change”

« Stern Review on The Economics of Climate Change
(2006)

« Without action: 5% of GDP
or 20% including wider range of risks and impacts
« With action: 1% of GDP

EN THE ECONOMICS
F CLIMATE CHANGE
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Energy payback time (EPBT)

Emat + Emanf + Etrans + Einst + EEOL

EPBT =
/ng)- EO

( agen

EPBT expresses the number of years the system takes to recover the initial
energy consumption involved in its creation throughout its life cycle via its own
energy production.

 E, . : Primary energy demand to produce materials comprising PV system

* E, .. Primary energy demand to manufacture PV system

* E,..«: Primary energy demand to transport materials used during the life
cycle

E,.« : Primary energy demand to install the system
* Ego : Primary energy demand for end-of-life management
E.gen - Annual electricity generation
Eosn: Annual primary energy demand for operation and maintenance
. Grid efficiency, the average primary energy to electricity conversion
e?flmency at the demand side
Guideline by IEA/PVPS Task12, Report by Task8
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CO2 emissions rate

Report by Task8

_ Ginput _ Gpman * Girans + Ginst + Guse + Gdecomm
Oco2 = e L = ]
gen ~ =PV gen ~ =PV

w2 . life-cycle CO, emission intensity [g-COZ2eq/kWh]

nput - CO, emissions during system life-cycle [g-CO2eq]

qnan - CO, emissions due to manufacture of each system component [g-CO2eq]
rans . CO, emissions for transportation of the system components [g-CO2eq]
st . CO, emissions for installation of the system components [g-COZ2eq]

e . CO, emissions during system operation and maintenance [g-CO2e(]

*  Gyecomm: CO, emissions during system decommissioning

* Egen Annual AC power generation [kWh]

Loy : lifetime of the PV system [years]

°
(@]

OO0 0w
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Calculation of LCA

Background data: From database (steel, electricity...)
Foreground data: Collecting from actual system and estimation

o Software Database
« SimaPro  Ecoinvent
+ MiLCA | _ » LCA Society of Japan
#ILEN hed) LCABETZ—5 L
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For comparison of LCA

« Condition/assumptions should be clear

« Lifetime

* Irradiation data
 Performance ratio
« Degradation

 Manufacturing location

« Efficiency of electricity generation
« (CO2 emissions of electricity

« g-CO2, g-C, g-CO2eq, or g-Ceq

Masakazu ITO | 10
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Lifetime

 There is a guideline.
 But they are different between papers.

PV modules 30 years for mature module technologies

Inverters 15 years for small plants or residential PV systems; 30
years with 10% part replacement every 10 years for
large plants

Structure 30 years for rooftop- and facade-mounted units, and

between 30 to 60 years for ground-mounted installations
on metal supports. Sensitivity analysis should be
performed.

Cabling 30 years

PV LCA guideline by IEA/PVPS Task12
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Conditions/assumptions

 Jrradiation

» Local data at tilted angle
* or 1700kWh/m2/year

 Performance ratio (PR)

« 0,75 for rooftop-mounted
« 0,80 for ground-mounted

« Degradation

« 0,80 at the end of life-time
« Crystalline-Si: 0,5%/year
« Thin-film: 0,5%/year (or higher)

PV LCA guideline by IEA/PVPS Task12

Masakazu ITO | 12



| | Annual Radiation [kWh/m2]
B 0
Bl 500
.~ 1000
. 1500

12000
B 2500
B 3000

~o
h= |

' *‘.iﬂ“"i"* ey

Data: NASA, SeaWIiFS

Masakazu ITO | 13




Horizon vs tilted angle

 Don’t look only horizontal data
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Energy payback time (EPBT)

Emat + Emanf +£&m@5 + Einst + EEOL

EPBT =
(Eagen nG) EO&M

* 1) - Grid efficiency, the average primary energy to electricity
conversion efficiency at the demand side

« All data will be calculated in primary energy base.

 Electricity output of PV system will be calculated in primary energy
too.

 However, electricity conversion efficiency is depends on location.

Guideline by IEA/PVPS Task12, Report by Task8

Masakazu ITO | 15
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Power generation efficiency by countries

(@)
(o]

O Coal
50 - B Oiland Gas |
B Average

Efficiency of power generation (% LHV)

us
Canada
France
Japan
Korea
China
India
Russia

Germany
Australia

1 1-1 2005 ‘ElCBIT A& EOREDZOE: (CHP 2 510)

Source: Research Institute of Innovative Technology for the Earth

Masakazu ITO | 16



NATIONAL WNSTIMUTE

OF SOLAR ENERGY

o’

ones

{
!

)v

<
|

’

10N

ty generat

ICI

Countries

Source: IEA, CO2 EMISSIONS FROM FUEL COMBUSTION Highlights {2012 Edition)

TRTITEYS

© BIqedys|pneg
uoueqa

bey)

SEIUBWY 0D30-UoN
Aentnun

Aendeaey

So||nuy spuepaan
ey

1openg

BNy €503

eialog

eupy) ‘fuoy Fuoy
RISy 910

Buey us

uesyeg

sjoduow

. R|SuOpuUy

- BIpoquie)

amqequiz
ooy

EIPY YInos
BjquueN
eAgn

uogen
wdids
oduon
uuag

- suiesyn

= «EIQI35

grammes CO2 / kilowatt hour

2500

2000

1500 |

1000 -
500
0

3000

LJoudaumuopy
FUOpa0E JO HAY
ueszAFiAy
Beqin

Enea)

sniejag

Blueq|y

247 - uojun veadany
Aepan g

uiedg

|ednuog
SpuepayiaN
pue)

eIl

putjuiy

Aqnday Y29z
BUE300 B5Y 0030
uede(

SEIISY 0030
3o

#3191 (030-UoN
113 | Xxauuy
eIBWY YUON
PHOM

CO2 emissions per electr

Masakazu ITO | 17




“9ines

NATIONAL NSTTUTE
OF SOLAR ENERGY

CO2 emissions per kWh by fuel

[9-CO2/kWh (sending end))
1,000
943
900 (Note) [+
# C0, emissions intensity is calculated from all energy consumed
800 in mining, plant construction, fuel transports, refining, plant —
738 operations and maintenance, etc. as well as burning of fuel.
700 # Date for nuclear power: 1) includes spent fuel reprocessing in | |
Japan (under development), MOX fuel use in thermal reactors
2 599 {assuming recycling once) and disposal of high level radioactive
g 600 waste, and 2) is based on the capacity-weighted average of CO, |
= emissions intensities of existing BWR and PWR plants in Japan,
é 500 which are 19g- CO/kWh and 21g- CO/kWh respectively. -
L
2
£ 400
@
S I Fuel Conbustion
© 300 -
i Facilities/Operations
200
100
o . 25 ‘ 20 13 11
Power Coal Fired Oil Fired LNG LNG Solar Wind Nuclear Geothermal Hydroelectric
Sources Fired Combined (small &
medium-sized)

Source: Graphical Flip-chart of Nuclear & Energy Related Topics, The federation of electric Power Companies of Japan, 2011
Data: CRIEPI: Central Research Institute of Electric Power Industry, Evaluation of Life Cycle CO2 Emissions of Power
Generation Technologies — Update for State-fo-the art plants — , Eiichi Imamura and Koji Nagano, 2010

Masakazu ITO | 18



“olines

NATIONAL NSTTUTE
OF SOLAR ENERGY

Unit of green house gases

e« CO2o0rC?
e C0O2=44/12xC=3,7xC “Calculation of Molecule”

« CO2o0r CO2eq?
« CO2 only or including other GHGs.

m2%- 1% _moy

3%

Simapro7.3.3
Data: 2007

Analyzing 1 m2 'Photovoitaic panel, multi-Si, at plant/RER/I1 U';
Method: IPCC 2007 GWP 100a V1.02 / Characterization

W Carbon dioxide, fossil B Methane, fossil Sulfur hexafluoride

- - int i m ini
W Methane, tetrafluoro-, CFC-14  Dinitrogen monoxide Remaining substances Masakazu ITO | 19
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Points to read LCA results

 Condition of assumptions should be clear

« Lifetime

* Irradiation data
 Performance ratio
« Degradation

 Manufacturing location
« (CO2 emissions of Electricity

« g-CO2, g-C, g-CO2eq, or g-Ceq

Masakazu ITO | 20
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Masakazu Ito, Mitsuru Kudo, Masashi Nagura, Kosuke Kurokawa, A
comparative study on life cycle analysis of 20 different PV modules
installed at the Hokuto mega-solar plant, Progress in Photovoltaics:
Research and Application, 19 (2011) 878-886.

3. Example of research result

A comparative study on life cycle analysis of 20
different PV modules installed at the Hokuto
mega-solar plant




Background — About the Project —

« NEDO started a 5 year MW system project in 2006

« Focusing on generating high-quality electricity which does not
affect grid voltage, frequency and waveform mainly.

 Hokuto site (Our team)

« 2 MW system

« Development of large capacity inverter
« To find suitable PV module for LSPV

« Environmental study

« Wakkanai site
« 5 MW system

« Research on electricity stability with battery
« andsoon

NEDO: New Energy and Industrial Technology Development Organization

Masakazu ITO | 22
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About — the Hokuto city—

 The Hokuto city has the longest duration of
sunshine in Japan

. Close to Tokyo and easy access from hlghway

i OV i
~ Central Tokyo

g

':j-a-‘ .Narita airport

RN -
B
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Purposes — Environmental Study on PV —

 Purposes

1. To find environmental-friendly design (PVSEC-17)

2. To evaluate environmental effect of Large PV systems by LCA
to know Iif it can resolve environment issues and how much
potential it have.

3. To apply real energy yield.

This is important to calculate Energy payback time and CO,
emissions rate.

 Approach

« Summarize ‘Real’ input and output data of the PV systems
« Calculate CO, emission and Energy input and output by using
real system data

Masakazu ITO | 26
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PV modules installed at the site

Type Nominal power  Module efficiency Capacity [kW]
[W] [%]
Al: sc-Si 84 13.2 30
A2: a-Si/sc-Si 186 15.9 30
A3: sc-Si 160 12.6 10
A4: sc-Si 160 12.6 10
Ab5: sc-Si 150 11.8 10
AB6: sc-Si 200 12.0 30
AT: sc-Si 173 12.0 30
B1: mc-Si 167 12.6 30
B2: mc-Si 179 14.0 100
B4: mc-Si 167 13.2 30
B5: mc-Si 180 12.3 10
B6: mc-Si 190 13.0 10
B7: mc-Si 240 12.4 30
B8: mc-Si 170 13.5 10
Cl:a-Si 60 6.1 30
C2: uc-Si/a-Si 110 8.8 10
C3: uc-Si/a-Si 130 8.3 10
D1: CIS 70 8.8 30
D2: CIS 125 11.2 3 |27
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Balance of System for LCA

Inverter: 10 kW for each 10kW &
array unit =

Array: Galvanized steel, 30° tilt
angle,
30 m/s wind speed

Foundation: Pile
Cable

Junction box
Transformer
etc...

Masakazu ITO | 28




Boundary of LCA

Waste
manage

turing ment tion , tion ! ent

|
\ Y

________ A

( _ .
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PV system’s life

Manufac-

. Trans-
turing

mission

Const-
ruction

O & M Disposal, recyclg

’a
) \( \l,

Mining

: &'n )

Energy and CO2

year
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Assumptions of this study

PV Other Annual power

([ put 6 types A Erom Actual Actual
of PV LCA database — amount of output (one
data by kg | - year)
— MJ/m2 or kg-
C?rggqnz LCA data is| " Considerin
reference - from g fixed
\ y | database | degradatio
n rate
One PV
— technology
per one data
4 N\
Each PV
modules are
— assumed
that capacity
is 600 kW
L J
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References for LCA of the 20 PV systems

PV module, Inverter Other components
Mining NEDO database LCA database
Manufacturing NEDO database LCA database
Transport Actual km data LCA database
Construction Actual data
Waste management LCA database LCA database

PV modules of NEDO database is assumed to be produced in Japan

LCA database: JLCA-LCA database 2009 Fy 1st Edition, JEMAI LCA Pro,
Japan Environmental Management Association for Industry



Annual yield of each PV systems

Type Yeild [KWh/kW] _

Al sc/—Si 1412 « kWis not from label but
A2: a-Si/sc-Si 1397

Arolserst by flash test of each PV
A3: sc-Si 1487 modules
Ad4: sc-Si 1319
Ab: sc-Si 1420
AB: sc-Si 1428 . 0 : :
e 1383 0.5 % degradation is also

B1: mc-Si 1338 considered. (It maybe

B2: mc-Si 1426 . :
B4: mc-Si 1419 small for thin-film)
B5: mc-Si 1500
B6: mc-Si 1451 _ _
B7: mc-Si 1404 « Life-time : 30 years for all
B8: mc-Si 1440
Cl:a-Si 1295 CQmp_onent |
C2:c-Sila-Si 1337 Life-time of inverter (10
C3:a-Si 1333 :
D2:CIS 1494

(Before considering degradation)
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Assumptions of LCA data of the system equipment
Module efficiency Energy

CO, emissions

in reference requirement
PV module (in 2008)
sc-Si 14.3 % 3986 MJ/m? 193.5 kg-CO,/m?
a-Si/sc-Si 16.6 % 3679 MJ/m? 178.0 kg-CO,/m?
mc-Si 13.9 % 2737 MJ/m? 135.2 kg-CO,/m?
a-Si (in 2000) - 1202 MJ/m? 54.3 kg-CO,/m?
a-Si/pec-Si 8.6 % 1210 MJ/m? 67.8 kg-CO,/m?
CIS 10.1% 1105 MJ/m? 67.5 kg-CO,/m?
10 KW inverter 0.57 GJ/KW 43 kg-CO,/kW
Cable and conduit 1068 GJ/600kW 62.0 t-CO,/600kW
Array (Galvanized steel) 22.5 Gt 1.91 t-CO,/t

Other small components, junction box, transformer, etc. are also included.
Masakazu ITO | 35
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Energy requirement and EPBT

Energy [GJ/KW] EPBT [Year]
80.0 - - 4.0
70.0 | = 3_8 37 3.5
X 34 3.0
33
3 60.0 - —3 *0 3*0 * - 3.0 » Disposal
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20.0 L 1.0 m Armray support
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100 m AN . 05 ~ Energy payback time (0.5%)
 Energy payback time (1%)
00 . - 0.0
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CO2 emissions and CO2 emissions rate

CO2 [t-CO2/kW] CO2 emissions rate [g-CO2/kWh]
6.0 - - 80
- 70
5.0 .
67 6’5
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< ,

g 40 T =585 8 T = = Constraction
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5 20 2.1 9 " ’ * L 30 é ® Inverter

2.0 . ’ ; | - . ; L2 L 31 A .
8 1.6 L7 1.6 1.6 T 17 17 15 1.6 1.7 1.6 g # Foundation

13+ 20 ©  ®Array support
® PV module
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Comparison of CO2 emissions

i)ur result
_ _ Coal 975
« CO, emission rate ol a2

Of the PV SyStemS LNG combined 519
are much smaller Nuclear | 28
than conventional Hydro | 11
fossil fuel energies. "™ 1%
PV (ref.) Ml 53
Wind 30

0 200 400 600 800 1000 1200
CO2 emissions rate [g-CO2/kWh]

Reference: CRIEPI, Evaluation of power source by LC-CO, (Japanese)
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Conclusions

* In this study, the authors evaluated the Mega-solar
system with 20 different PV modules by LCA
approach.

« The mc-Si and CIS got good result.

 mc-Si and CIS PV module have high efficiency and lower
energy requirement.

* Installed sc-Si did not get good result at now
« Efficiency is lower than usual. (11.8~13.2%)

 However, the CO, emission rate is much lower than
fossil power plant. Therefore, they have potentials to
mitigate global warming.

Masakazu ITO | 39
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Keiichi Komoto, Christian Breyer, Edwin Cunow, Karim Megherbi,
David Faiman, Peter van der Vleuten, Energy from the Desert: Very
Large Scale PV Power-State of the Art and Into the Future, Routledge,
USA and Canada, 2012.

4. Example of research result
Life-Cycle Analyses of Very-Large Scale PV
Systems using five Types of PV Modules
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Transition and Perspective of CO, (IPCC)

5 Direct
CO, density [ppm] measurements
ppm Ice core data l }Drojections
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Warming on Surface of the Earth

Departures in temperature in 'C (from the 1990 value)

Obsarvabons, Narthern Hamisphere, praxy data
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Evaluation scheme of LCA

« Designing of array and foundation

« Estimation of in-plain irradiation

 Calculation of output

 Transmission loss

* Life-Cycle Analysis

« Sensitivity analysis

Masakazu ITO | 44
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Assumption: PV module

mc-Si (multi crystalline silicon)

- 186 W, 13.9 %

e sc-Si (single crystalline silicon
« 165W, 14.3%

* a-Si/sc-Si (amorphous silicon/sc-Si)
- 195W, 16.6 %

« Thin-film Si (a-Si/micro crystalline silicon)
- 375W,8.6%

* CIS (cupper indium di-selenide)

- 80W, 10.1 %,
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Assumptions

1. Capacity .1 GW

2. Installation site . Gobi desert

3. Array . South facing, Fixed flat plate

4. PV module . mc-Si, sc-Si, a-Si/s-Si, a-Si/uc-Si, CIS

5. PR . 78% (depends on coefficiency of temp.)
6. Life-time . 30 years (15 years for Inverter)

7. O&M . 9 persons make 3 team for 3 shifts

8. Degradation . 0.5%/year
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Eq ul p m ent Energy from the desert 2012
PV module mc-Si sc-Si a-Si/sc-Si Thms'if”m CIS
Capacity (MW) 1071 1024 1021 1 036 1034
Annual power generation [GWh] 1687 1 596 1592 1615 1604
Land requirement (km?/GW) 21,3 20,7 18,0 34,5 29,2
Array support structure (108 tonne ) 93 88 83 199 152
Foundation (103 m3) 513 546 463 798 683
600 V CV 2 mm? (km) 10 692 10 469 11941 129 397 37 812
600 V CV 5,5-8 mm? double core (km) 1717 1838 1734 4 095 2183
600 V CV 60-150 mm? (km) 1 060 941 1146 2 100 1 555
6,6 KV CV-T 22 mm? (km) 262 233 283 343 302
6,6 kV CV 200 mm? (km) 306 320 229 356 344
110 kV CV 150 mm? (km) 255 245 236 319 292
Trough (30-degree) (m3) 346 307 345 816 316 393 669 445 529 150

Inverter with transformer (set)

4 040 (include replacement and maintenance)

6,6 kV circuit breaker (set) 2 080

110 kV/6,6kV transformer (set) 50

110 kV disconnecting SW (set) 180

110 kV GIS (set) 100

SVC (set) 20

Common power board (set) 10

110 kV TACSR 410 mm? (km) 1202

AC 70 mm? (km) 100

Tower (steel) (tonne) 22 044

Foundation (tonne) 50 932 Masakazu ITO
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Energy pay-back time and CO2 emissions rate

Energy pay-back time CO, emission rate
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Summary

 The authors studied environmental aspects

* Energy requirement, EPT, CO, emissions, and CO, emission rate
« There are no big differences. But;

* Energy

« CIS s the smallest and sc-Si is the largest
« EPT of CIS is the smallest. It is 2.1 yeas. sc-Si is 2.8 yeas.

 CO, emissions

* Thin-film Si is the largest: 71 g-CO.,/kWh
* mc-Si, a-Si/sc-Si, CIS are the smallest: 52-53 g-CO,/kWh
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Reference CRIEPI 2010 PV
Task8, tech CdTe
Results assuming Task8, tech CIS

Task8, tech Thin film Si
Task8, tech a-Si/sc-Si
Task8, tech sc-Si
Task8, tech mc-Si

Task8, 60 CdTe

high level manufacturing
of array and foundation

Results with Tasks, 60 CIS
60 years life-time of Task, 60 Thin film Si
array and foundation Task, 60 a-Si/sc-Si

Task8, 60 sc-Si
Task8, 60 mc-Si

Task8,30 CdTe

Task8,30 CIS

RSS_L”FS | Task8,30 Thin film Si
(Original) Task8,30 a-Si/sc-Si

Task8,30 sc-Si
Task8,30 mc-Si
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Summary

1. Background

2. Basics and points for comparing LCA results
*  Which explained how to read LCA results.

3. Example of research result

A comparative study on life cycle analysis of 20 different PV
modules installed at the Hokuto mega-solar plant

4. Example of research result

 Very large scale PV systems assumed to be installed in
Deserts were evaluated from environmental view points.
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