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Energy. System Integration

Energy and Environment

Constraints on energy: connect directly: to the
level off human Welfiare such asieconomic activity
and quality. of; life.

For sustainability, energy. strategy: should take
Into account both reseurce and environmental
constraints.

Tihe key selution for sustainability Is technology,
WhIch enables enhancement off welfare for more
people.

Source: Energy Technology Vision 2100, Institute of Applied Energy and METI




Energy. System Integration

Importance of
Energy Tlechnology: Strategy

Energy. technology: strategy, In which the role of technologies are
positioned and' the paths of: their realization are identified, Is
Inevitable due to' the following reasons:

Timeframe of resource and environment constraints are from 10s to
100s years, and long lead time off R&D, diffusion, and infrastructure
development Is required. (LLong term)

Due to the magnitude and timing of constraints and development of
dlternative technologies; the rolé and importance ofi each eneray:.
technology: can be' affected heavily. (Uncertainty)

Energy system coyvers huge areas offa social system and there are
large number of potential technologies and their portfolio.
(Diversification)



Energy. System Integration

Energy. Strategies by METT*

“Eneray. Tiechnology.Vision 2100(0Oct. ,2005)" identified
the reguired specification of energy. technologies through
the backeasting method from year 2100.

“Energy. liechnology. Strategy: Map: 2007 (April, 2007)"
identified the'R&Drand diffusion paths offmore than 200
energy. technologies which contribute the Japan's
National Energy: Strategy: (June 2006), through the
forecasting method te 2030, based on the direction of
the backeast vision.

Currentlg, “the Cool Earth  Energy. Technology. Innovation
Plan” is being prepared by a committee for the
announcement in the coming March.

*: Agency for Natural Resources and Energy, Ministry of Economy, Trade and Industry of Japan



“Energy Technology: Vision 2100"
Backcasting and Forecasting

& Energy Technology

Strategy Map 2007
-
| | | | | | |
| | | | | | |
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Backcasting Backcasting
/‘
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Energy_Technology =4 - Enabling Future
Vision 2100 Technologies * Quantitative
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Technologi

Modified from “Energy Technology Vision 2100” Akai,
2006 International Energy Conference for Sustainable ASIA Institute of Applied Energy




Energy System Integration

Japan’s Energy Policies & Measures
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“Energy Technology: Vision 2100"

Three Extreme Cases and Possible Pathways

Fossil fuel

(together with carbon capture
and sequestration (CCS))

<Advantage>
Reduction is certain if
technology is established.
<Disadvantage>
- Quantum leap in technology
IS necessary.

Renewable energy
(together with
ultimate energy saving)

100%

Cases A & C assume BAU energy: saving

<Advantage>
- Potential of reduction in
fossil resource consumption is
high.
+ Technology shift is easy.
+ Cost may be reduced.
<Disadvantage>
- Uncertainty due to factors other
than technological factors.

Nuclear power

(together with nuclear
fuel cycles)

100%




“Energy Technology Vision 2100"
Example of a road map :Household, Energy creation

Energy creating technologies

- Various renewable energy sources are introduced depending on individual characteristics of each community such as photovoltaic generation and biomass energy.

- The establishment of the technologies of installation, maintenance, and abandonment are important.

- Energy creating is disseminated to detached houses first, collective housing, and commercial buildings sequentially, according to conditions such as installation space,
installation facilitation, and energy cost.

Energy creating e
rate*

Residential

*The percer@ganhaeaiiah of energy per IJnit which can reduce the energy supplied from the transformation sector, comparéd with total energy demand or utility increases i

Conversion technologies such as from unused energy to electric power

- The technical hurdles may be high.

- Energy creation will contribute to the "self-sustenance" of electric equipment along with energy saving, but the potential amount of individual energy sou
small.

. I ! 1
Piezoelectric EBAVEISIBA | : « RiEPUOD R Elelig. L4
| . .
Magnetostrictive | ! « 2020070100 €% Vagnelic igld u u
conversion | | '
| |

. . Ligh El |
BlO-phOtOVOltalC [ Ilq I Al -e(itLOInI mEEEEEEER

Photovoltaic generation

- Development of several types of solar cells continues for the present, such as crystal silicon, thin film silicon, and dye-sensitized type, etc. The suitable solar cells will
be selected from viewpoints of the generation efficiency, productivity, durability, etc.

- The solar module is diversified (lightweight, flexibility, the bifacial photovoltaics, and built-in inverter, etc.) and multifunctioned (sound insulation, thermal insulation,
glare proof, etc.) to correspond to various usages and locations. Technological development is also necessary to increase additional value such as integration with
construction materials and the material.

- Overall economic improvement is important, by means of more efficiency, cost reduction of the system and installation, adaptive flexibility, standardization of grid
connection, increasing efficiency and reducing the cost of connecting equipment.

= ; Costreductionand  Module efficiency 22% 30% 40%
1 high efficiency Durability  30vyears 40 years 40 years
! Flexible solar cell and "see';through" solar | ~P\/ paint" |

Installation facilitation ®=®® === =<} "
(curved surface and window) (all places)

Non-technical factors
- Measures of deployment such as the bounty system.

Source: Energy Technology Vision 2100, Institute of Applied Energy and METI 10
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“Energy Technology Strategy Map 2007" Overhead Map of Energy Technologies

High efficiency lighting | (5) Stable supply and efficient clean use of fossil fuels J
— 'V High efficiency fluorescent lamp
| (1) Improvement of overall energy efficiency J W High efficiency LED lightin
‘W Organic EL lighting
'V Next-generation lighting

CO2 storage -

@ Geological storage of CO2 Coal mining

@ Ocean storage of CO2 ®Advanced technology for
mining and cleaning of coal

o - - . - . High efficiency water heater f coal
VHigh efficiency air-heater  yHigh efficiency heat pump water heater # W<>Advancedintegijon %%Zrec-?grt#lgsstion CO2 cay lure()underground Eecluaslezy
I Ve rS I I — ergy-conserving housing/bui 'V High efficiency water heater in complex 04LPOSt-combustion 02 capiure
'W Advanced insulation housina/building 'V Latent heat recovery water heater < 0Oxy-fuel combustion CO2 capture

¥ Advanced airtight housing/building nergy-conserving industrial processe

High effici o L W @ Next-generation coke production metisds Development of unconventional fossil fuel resources
- igh efficiency kitchen equipment V',g_”g?, ;é:ggﬁgya gbﬁgr’;ft’ig;"ggﬁgr_heme, 'V @lron and steel process @ Enhanced coal bed methane (ECBM) recover ‘
VHigh efficiency gas burner cooking equipments w High efficiency heat pump 'V ONew reductive melting iron making processe @ Production and reforming of oil sand and other heavy oils
'VHigh efficiency induction heating (IH) cooker  wjtra-high performance heat pump 'V @ Petroleum refining process @ Improved development, production and recovery of unconventiol
W OPetrochemical process 4@ Development of methane hydrate (MH) resource
nergy-conserving electric X ) ‘ VOCement process Coal-fired power generation

home appliances %nfrgy-conservmg d'fplagDP Energy-conserving VgPap?r manufactulnng PR syslemOReduction of trace substances emission

'V Energy-conserving refrigerators OW power consumption industrial process 'V & Nonferrous metals process Devel tof fossil

v Redction of standby power VLow power consumption LCD - VLS| production ¥ QProcess of chemical raw materials  ¥QITS R AT e

consumption VLED display process 'V OGlass production process 'V OModal shift if\passenger transport & Drill d developing oil and natural
T 'V Organic EL display v OProcessing and in W< Modal shift in Xeight transport _Lb b Gl Ll L
(4) Utilization of nuclear > 2 9 Drilling and developing fossil resources in frontie)
Energy management e WO Co-production 'V & Ceramic manufacturing process @EOR/EGR
= -l " . N . . e . = .
energy and secured VHEMS W< Integration and collaboration between industries 2) Diversification 4 Eco-conscious oil and gas development
VBEMS
safety as premises High performance devices WV OHigh-efficiency industrial furnace/boiler of transport fuels | Ypgradingultra-heavy oil and utilizing upgraded |
Energy-conserving network communication VSi devices Utilization of LP gas Petroleum refining :Uﬁqradllnq °'|k‘?x"a‘f3‘be,d from ?“ san;‘ls g
'V High-capacity high-speed network 'V SiC devices i weh [Py i i . Thermal cracking of bitumen from oil sands
) M F=n 5 V OHigh-efficiency LPG - VO Fuel-saving high-durability lube by using supercritical water, etc
Light water reactor 1 optical network communication 'V Nitride devices (GaN, AIN) burning appliance . : . . S S s Rt S
W Advanced utilization of light watersagtor ) . - ~ vDiamond devices : ing app Coal fired power generation @ Utilizing bitumen from oil sands
e m e e ngh-efflt:lency power tran?mls&on/transformanon VCNT transistor ngh-efflaencynatt_ural zgfsg—c Advanced technology Xusing petroleum
M Next-generation light water reactor B 'V Energy-conserving LS| systerfis gvaérl’_‘[.’me{ gener? 'O%T VQA-T O < Hydrogen production fdq petroleum Utilization of heavy crude oil
High performance power electronics Voﬁ/ﬁ'ﬂw VQI(;CC and hydrogen transportatig @ High severity fluid catalytic
Light water reactor fuel cycle 'WHigh efficiency inverter = O<New alternative fuels for vePs cracking and other advanced

'V QEC/GT hybrid power YOIGEC O<Improving vehicle efficiency ang technologies for heavy oil

:&?gxff\ijeg‘ef;ﬁrgg?;snrichmem High-efficiency generator generation VY @A-IGCC/IGFC promoting exhaust gas cleanup! processing
MOX fuel fabrication 'V Superconducting generator High-efficiency co-generation O<0ffroad engines with low environmental load

Electric power storage . 'V OGaslpetroleum engine co-generat Usiiftien e heavy cce el

/BN B T S S e Y OGT co-generation Q< Production of\ﬁi,gh-uctane gasoline fron\low-quality oil
Electric power storage 0, OOProducn:on of hydrogen from petroleum ptch and cokes
V- [INasS battery O #Production of synthesized diesel fuel forrh asphalt (ATL,

Utilization of LP gas

Smooth shift from light water reactor

cycle to fast reactor cycle

M High-decontamination process prior to
conversion of reprocessed uranium

Fast reactor cycle . ilizati i ini
MEast reactory & : Ve*clsrmé)é)wer storage 'V % New advanced power supply systei Petgf:ul::\“::in:i:zf LPGIDME mixed fel zeg;l)e.gnn:isr:iféﬂ'ggm|eum
MEuelcycle Dunderground pumped V- Superconducting flywheel Sy e O <Advanced technology for producing etielv/piccess

storage power gerig 'V +#rRedox flow battery High-efficiency co-generation desulfurized liquid fuels

Otherinnovativereactors Compressed air enéxgy Energy-conserving VMicrogrid \ Y7+ OFuelcell co-generation atural gas utilization

= m] . . Natural gas utilization
O Supercritical-water-cooled reactor, storage (CAES) Electric power conversion of housing/buildin @ Gas to liquids (GTL)

<Producing, transporting

medium and small reactors unused micro-scale energy WV +Passive housing/buildin 5 and utilizing NGH
V + Thermoelectric conversion gower s;g/lstem Gl Clean energy vehicles OO Next generation technology for
Disposal of radioactive wastes V +#Piezoelectric conversion V% Utilization of distribute V@ - ®Plug-in hybrid vehicles producing hydrogen from natural gas Gas supply .
W Shallow land disposal Power system control Heat transport eneration : - OElectric vehicles O Synthesizing LP gas from natural gas, etc. < Gas transportatiol
MDisposal at intermediate depth 7 DPower system protegtion Vo Latenth [l SioEhy CIEREEE ¥ @ OFuel cell vehicles Utilization of new alternative fuels OGas storage
enough for general underground se. atentheat ransport v Latent heat storage  Utilization of unus g O OHydi e @ O Utilization of GTL and other new Coal Utilization
W Geological di 0 V 7 Sensible heat transport 7+ Sensible heat storage 'V Utilizing cryogenid e EEE i v e O Combustion of low-grade£oal
v :
Geological disposal Power system control ‘A':Eattra_nsp’og by of snow and ice . v ucti SNext-generationtechnofoy
pEgwercontol sorption/adsorption - OHyd uction el el for pulverizing coal

High efficiency air-conditioning nver 2.8% asificatiol oogﬁ’ﬁ&"@ggfggﬁsm
'V 3rGround source heat pump g ‘oduction of biofuel

“Frequency control
JLoad flow control

<OAdvanced utilizatiory6f coal ash
4 Coal de-ashing teghnolog

* Power system stabilization i © : . Coal Utilization

- V7 Utilization of snow ice coolin SOt @ Low-rank coal y#grading
“ Wide area monitoring and control * o 9 gigglmethylit?rsgﬁ_E) ass O®Coalto lig OHot coke oveirgas reforming
JrRestoration Utilization of solar thermal energy Hydrogen utilization without cajaflyst

JSolar thermal power generation V 7 Hydrogen combustion turbing e 0K Advanced technology for OEffectivpfise of coke oven gas
Hot-water supply by using solar thermal ener T——s . . i i
iAir-conditionﬁ%{ay{Jsinggsolar thermal energgy utilizin blc_lmass and other Production of biofuels OEffigefitcoal conversion
++<&Producing biomass fuels with addition of coal

PV power generation n n
Wind power generation products Coal fired power generation

“ Suppressing influence of

photovoltaic systems to grid “ Suppressing influence of wind power systems to grid O*Blomass respurce supply Coal Utilization < Biomass/coal hybrid power generation
Y P G R B T Geothermal power Production of biofuels Coal U—y—p—g;tilization
i ) { 3 : eneration Alcohol fermentation i . S
Y Crystalline silicon solar cell “JOnshore wind power generation %Geothermal binary (g i eobieed - @ Multipurpose uses of coal gasificase
 Thin-film silicon solar cell “Offshore wind power generation power generation
“ Compound-crystalline solar cell JMicrowind power generation rHot dry rock power @ * Biodiesel fuel (BDF)
 Thin-film CIS-based solar cell generation O Methane fermentation
*Dye-sensitized solar cell Hydraulic power JrMicro geothermal O+ Hydrogen fermentation
o +rSmalland medium power generation i
Utilization of ocean energy hydraulic power generation Hydrogen production e |
“Wave power generation o O/« Solid polymer water Hydrogen storage The colored symbols specified in front of the technologies indicate
#Tidal and current power generation  Utilization of biomass and waste energy electrolysis O / Inorganic materials fprhydrogen storage the policy objectives to which these technologies would contribute:
#rQOcean thermal energy conversion % RDF/RPF O/ Hightemperature O+ Alloy materials fgeffydrogen storage o
JrSewage sludge carbonization steam electrolysis Paterials for hydrogen storage V Improvement of overall energy efficiency
iglrect co/mbu[stlon 0; bnotmass and wastes‘ @ - Alkaline water j O Diversification of transport fuels
g D g i § ¥
R e T U ey - Ocpiveirtgen storage container % Promotion of new energy development and introduction

Production of biofues

e SRS [ Utilization of nuclear energy and secured safety as

premises
< Stable supply and efficient clean use of fossil fuels
Technologies that make great contributions to policy objectives are

| (3) Promotion of new energy development and introduction J

accompanied by pasted symbols (¥ @ Hl @) for the relevant
policy objectives and specified with underlined red letters.

Source: Energy Technology Strategy Map 2007, Institute of Applied Energy and METI L e L S T D 12




‘Energy Technology Strategy Map 2007"

€] Iecbn.olog)LMap_(DLag.ram)_tor_Promotlon of New Energ

I The colored symbols specified in front of the technologies indicate the policy
. objectives to which these technologies would contribute:
I 'V Improvement of overall energy efficiency
. O Diversification of transport fuels
I ¥ Promotion of new energy development and introduction
[ Utilization of nuclear energy and secured safety as premises
i < Stable supply and efficient clean use of fossil fuels
Technologies that make great contributions to policy objectives are
| accompanied by pasted symbols (¥ @ * M @) for the relevant policy
I objectives.
i new energy development and introduction™ are specified with underlined red
letters.

High efficiency air-conditioning
V ¥rGround source heat pump
V ¥t Utilization of snow ice cooling

Heat storage

velopment and Introduction

Technologies that make great contributions to the "promotion of

Heat transport

'V rLatent heat transport

V JrSensible heat transport
WV ¥rHeat transport by absorption/adsorption

VrLatent heat storage
| V+cSensible heat storage

Energy-conserving housing/building
V +#Passive housing/building

Energy management
V< Local energy management

| Res/Com

W+ O<O0ptimization of energy

Utilization of unused heat source

V # Utilizing cryogenic energy of snow and ice

V # Utilizing thermal energy of river water
V # Utilization of exhaust heat in urban

Utilization of solar thermal energy
“rSolar thermal power generation

demand and load leveling

+rHot-water supply by using solar thermal energy

.
loc-ooc-o

" “rAir-conditioning by using solar thermal energy

V¥ Microgrid

High-efficiency co-generation
¥+ OFuel cell co-generation

Natural energies —\

Fossil fuels —\

Coal
Oil
Natural gas

Unconventional

\ fossil fuels /

Utilization of biomass
and waste energy
QO-*Biomass resource supply

Coal fired power generation
< Biomass/coal hybrid
power generation

0o0cccscccscccs

+ (Electricity) :

Secese ceesd

. (Heat) E

cesesecse

Utilization of biomass and waste energy
JRefuse derived fuel (RDF),

refuse paper and plastic fuel (RPF)
JSewage sludge carbonization
JcDirect combustion of biomass and wastes
“ Biomass/waste gasification power generation

Production of biofuels
+rDevelopment of solid biofuels

FXXTTTTTN
+ Fuel

Secccccee
Utilization of new alternative fuels

@ - OAdvanced technology for utilizing biomass
and other unconventional petroleum products

Photovoltaic power generation

“ Crystalline silicon solar cell

“ Thin-film silicon solar cell

* Compound-crystalline solar cell
 Thin-film CIS-based solar cell

“* Dye-sensitized solar cell ‘a

.
.

Solar
Hydraulic power i
YrSmall and medium hydraulic

Hydraulic .
power generation

Wind power generation

“ Onshore wind power generation
% Offshore wind power generation

“Micro wind power generation

Wind

Marine Utilization of ocean energy

+rWave power generation

“rTidal and current power generation
Geothermal “rOcean thermal energy conversion
Geothermal power generation
“rGeothermal binary power generatio
YrHot dry rock power generation
“rMicro geothermal power generation

Biomass

Production of biofuels

Photovoltaic power generation
“ Suppressing influence of

Electric power storage

photovoltaic systems to grid VASMES .
YrSuperconducting Flywheel
YrONasS battery
V *New electric power supply system V¥ Redox flow battery

Electricity ¢

sesecssscne

¥ O+ Capacitor

Power system control
YrPower control
YrFrequency control

YrLoad flow control

* Power system stabilization
V % Utilization of distributed

High-efficiency power

transmission/transformation

V-l OLarge capacity power
transmission

Wind power generation

e generation
*Sgggressmg influence of B e nonitonn
wind power systems to grid and control
“rOPower system protection
Electric power conversion of ~ 7rRestoration

unused micro-scale energy
V +# Thermoelectric conversion
n 'V Piezoelectric conversion O Transportation and supply
of compressed hydrogen
O+ Transportation and, supply
of liqui
OrHydrogen pipelines

V @7 Nickel-hydrogen battery
V @ Lithium-ion battery

| Industry

Transportation and supply of hydrogen

Hydrogen utilization
V #rHydrogen combustion turbine

Fuel cells
V4 OPAFC

VX @MCFC

@ Alcohol fermentation
@ * Conversion of cellulosic
materials into ethanol

@k Biodiesel fuel (BDF
O < Dimethyl ether (DME)

Hydrogen production

O+ Solid polymer water electrolysis

O High temperature steam electrolysis
@ YrAlkaline water electrolysis

O *Hydrogen production using

@ ;- Safety technology for hydrogen
gas refueling stations

Hydrogen storage
O Inorganic materials for hydrogen storage

O* < Production of BTL by photocatalysts
gasification of biomass
O Methane fermentation

<O Producing biomass fuels
with addition of coal
Production of biofuel
Hydrogen production
O O Hydrogen production
by gasification

Coal Utilization

O+ OHydrothermal cracking of coal
- ¥ Multipurpose uses of coal gasification

: Hydrogen

O #rHydrogen fermentation

OAlloy materials for hydrogen storage

QO Carbonaceous materials for hydrogen storage

Sesesecesecns

' O+ Organic materials for hydrogen storage
E O+Hydrogen storage container

Clean energy vehicles
\ V @< ®Plug-in hybrid vehicles

| Transport |

. V @/ OElectric vehicles
V¥ @k OFuel cell vehicles
~.. VO¥OHydrogen engine vehicles

Source: Energy Technology Strategy Map 2007, Institute of Applied Energy and METI
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“Energy Technology Strategy Map 2007"
Example of Deployment Scenario

("Promotion of New Energy Development and Introduction®)

2005 2010 2015 2020 2025 2030-

| New National Energy Strategy > (Rolling) )

Nncreasing share of renewables

| AN ENERGY POLICY FOR EUROPE to 20% by 2020

and abroad

Advanced Energy Initiative Cost-competitive PV by 2015

Background at home

Making PV generation as cost-
competitive as thermal power
generation by 2030

[ Improving PV energy conversion and cost reduction

[ Diffusion of silicon PV cells ey
Deployment of compound PV and other new-concept cells

Solar / wind
[ Improving wind generation efficiency and enlarging wind generation faciliti

Market expansion through
the RPS Law, etc

Positive introduction by
public organization

Diffusion of onshore wind generation

{ Deployment of offshore wind generation

1
Developing businesses of self-sufficient |
production and consumption of energy |

Technologies for suppressing influence of distributed generation to grid,
new advanced power supply system and utilization of distributed power systems

[Stabilizing electricity grids and maintaining their qualit

o B Cooperation between
Electricity grid control and storage distributed generation and grid

[ Performance improving and deployment of electricity storage

[ Production of biofuels for transport (ethanol, ETBE, BDF, DME, BTL)

Utilization of biomass and waste energy (gasification power generation, etc.)
Biomass, waste, geothermal and other renewable energies

[ Positive introduction for public use |

Market expansion through
the RPS Law, etc

Utilization of other renewable energies

[ Fuel cell efficiency improvement and cost reduction

[[Polymer electrolyte fuel cell (PEFC) Deployment of fuel cell vehicles

Fuel cells
Molten carbonate Fuel Cell (MCPEC Gas turbine/fucl cell combined cycle power genoration
Solid Oxide Fuel Cell (SOFC) oo
Deployment of fuel cell cogeneration for residential/commercial and industry
(PEFC, PAFC, MCFC, SOFC)

Promotion of new energy development and introduction

[ Hybrid, plug-in_hybrid and electric vehicles

Major technology development projects and relevant measures

[ Production of synthetic liquid fuels for transport

Deployment of natural gas cogerteration
| Utilization of heat pumps

Other innovative energy utilization

—_— - - Oil residue gasification, coal gasification and clean coal technologies
Revitalization of diverse technological

innovations in venture companies Utilization of unconventional fossil

fuels

| Subsidization of businesses to create initial demand |

| Expansion of assistance to new energy venture businesses |

| Creation of new energy industry structure |

| Review of electricity/gas industry systems |

Common relevant
measures

Source: Energy Technology Strategy Map 2007, Institute of Applied Energy and METI




Energy System Integration

Japan’s Energy Policies & Measures
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Energy System Integration

Cool Earth
Energy Technology: Innovation Plan

—SEANICHOBETNEIRILF—SWER —
IRNF—FHRGOREEMHICETE, TRILF-EEBIC, HERDSEEBAICESH

el oD, BEORECERRIEOERSS,. COZ2XIEABEIECTS 20
Riily &= 2.

2 - t"DI‘e.'.JJEI JE!I!'\’-.

R il b wabed ”‘ﬁﬁﬁ“’
LhRg

| GCCE 4 [CCS#3 m

1 GFC*2

MERARSETOER

DEEaT e - ®LE - MR

HEITFES - EN

..-" E—Fm2T

- EEIEERHTR @O -ILo+F0=23

W LAGEC E RS EW SR WIGFCEE

EXEUENEEE OEEFErEeE '.
BANDE serrz  [flg

R - 7L a_T:l-Ems.-'EEMS.-'lhuLmu.-Ems“

HACEH QBN S RG] FI CoSCONEE W]

MLHEMWE A=A T FAF— Vg 20 .--_:-'_:;'_-_T-__. BEME (FT v 2 T R — vk 20

Source: METI

16




Energy System Integration

Direction off Energy: System Innoyvation(1)

Fossilfiuel will play:a major role in primary. energy: supp!
In the world for a mid-term, and the rele off AUclear, coa
andirenewable energy will increase underthe constraints
oll-'and natural gas supply.

FFor: reall sustainability, the innovation to supply-tse-
recycle system off material and eEnergy IS nECEssary. in
order to realize total optimization.

ihe total optimization should need not enly: the supply
side Innovation but also the demand side Innovation and
energy. distribution system innoeyvation.

17



Energy System Integration

Direction of Energy: System Innovation(2)

INDUSTIRY: Process integration by: Copreductionand
Process harmonization through material storage, recycling
—CONSCIOUS; production

ENERGY TRANSFORMATION: Coal ?asification generation,
Renewable energy generation, Nuclear generation and
CCS, and Biomass utilization

USE: Various energy. Saving and energy. creation
technologies including heat pump: (air-conditioning/Water-
neating), PHEV/EV, distributed generation including PV.

RECYCLING: Waste treatment, water treatment, metal
recycling

SYSTEM: HEMS, BEMS and community. EMS s



Energy System Integration

Direction oft Energy: System Innoyvation(3)

= [he renovation off energy. demand-supply.
structure by, Innovative technology.

(Energy: system integration)

= [he renovation of production-demand-
reproduction chain (Energy: and material
metabolism optimization)

= [hese renovations are required to oecur
more earlier than commonly expected.



Energy System Integration

Energy System Integration (1)

Household, Building, Community:

HEMS, BEMS and Community: EMS, clustered
and multi-layered distributed control execute
energy. management and harmonization with
central control

Secondary. energy. selection gncluding Venicle
fitel) and innevation of distribution infrastructure

Integration of regional resource utilization,
waste/water treatment and heat/power supply

A0



Energy System Integration
Energy Management for Energy: Integration

: TERTE S
Example of EEE%” s

Examle of Community EMS
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Energy System Integration

Energy Integration Optimization(2)

National and Regional level:

RoDBUSE and suistainable nationall energy.
Integration Including renewable energy. and CCS

Integration o large scale PV Generation and
desalinization' plant (Water: storage from
intermittent PV energy)

Integration of large scale renewable energy
generation and energy. transport/storage by
transmission line or some medium' including H5

22



Energy System Integration _
And, new uncertainty

Intermittency: off Renewable Energy
PV output of one point in a2 month

[ Large diversification
due to time, season
and weather

!
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Energy System Integration

“llong-range” Strategic Energy Tlechnology Readmap
and Power Demand and Supply: Planning leoels

1. Energy Tiechnology: Strategy
W Energy liechnology: Vision 2100 (Oct. ,2005)"
M Energy liechnology: Strategy Map 2007 (April, 2007)*
B |he Cool Earth Energy Technology Innovation Plan®

2. Rebustness andrEnergy: System' Indicator

3. ool for Energy. System Integration
M Energy: system analysis tool
M PV penetration to a hoeusehold
M PV penetration to'a power system (time-series)
M PV penetration to a power system (duration-curb)



Energy System Integration: Objectives and Indicators

Robustness of Energy: System

2) Risks

1) Resource constraints
2) Environmental
constraints

3) Disaster or accidents

X P 4 3) Measures

1)Objectives | Recoverable zone

1) Energy supply 1) Strategic measures based on E
security energy policy

2) Competitive industry 2) Diplomatic activities for resource
3) Safe and peaceful life 3) Private sector’s actions for

management risk minimization
\E - %

Source: Triple 50, university of Tokyo




Energy System Integration: Objectives and Indicators

Example Classification ofi Risks

Classification

Long term supply outage

(> 1year: Change in
infrastructure is
necessary)

Short term supply outage
(<1/2year ; Mainly
measured by
stockpile.
Limited change in
infrastructure )

Short term network
infrastructure outage

-Resource depletion * price
increase

-Severe social rejection

-Severe environmental
constraints

-Conflicts

-Spike of price of resource
due to speculation

-Social rejection

(Short term)

-Natural disaster
Terrorism,
Network failure

Primary Measure

Diversification of primary
energy source for risk
minimization

Reduction of energy demand

(Efficiency enhancement)

-Resource stockpiling in
accordance with demand

-Reservation of excessive
generation capacity

-Power system reinforcement
-Distributed energy source
- Reduction of energy demand

Source: Co-study
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Energy System Integration: Objectives and Indicators

Example Indicators

Sustainable Robustness

ey | 1. Stable energy supply
Objectives nergy Seir sutrriciency

(National enhancement

Policy)
dependence rate)

2)Energy use efficiency

enhancement

(Primary energy/GDP)

1)Reduction of oil
consumption

(Oil cg;nsumptlon
amount

Secondary.
Qbjectives
(Policy)

3)Primery energy
diversification
(Diversification
rate,
Substitutability)

(Self-sufficiency rate, Oil

performance
(CO2/GDP)

1. Global Environmental

Challenge

Connectivity to the target
sustainable society in 2100

Robustness at time cross
sections
I

I11. Supply security in
demand side

(Self-assistance, redundancy)

~Fossil fuel dependency

rate

4)Specific, Energy

consumP_tlon of each sector
(Sgem ic engrgy

consumption)

5)Diversification of fuel of
transportation sector and
material in industrial sector
(Diversification,
substitutability )

6)Reduction of CO2 Emission

from each sector
(Specific CO2 emission)

7)Enough stockpiling
(Equivalent stockpiling
dayg

8)Enhancemnet of
Network reliability
(Supply interuption
probability, Recovery
time, Congestion index)

9) Appropriate energy price
(Unit price)

Source: Co-study 27




Energy System Integration

“llong-range” Strategic Energy Tlechnology Readmap
and Power Demand and Supply: Planning leoels

1. Energy. Tiechnology: Strategy,
M Energy liechnology Vision 2100 (Oct. ,2005)"
M Energy Tiechnology Strategy Map 2007 (April, 2007)”
B |he Cool Earth Energy: Tiechnology: Innovation Plan?

2. Robustness and Energy: System' Indicator

3. loolfer Energy: System Integration
M Energy system analysis too|
M P\ penetration torarhousehold
M PV penetration tora pewer system (time-series)
M P\ penetration tora pewer: system (duration-curb)



Tool for Energy System Integration

Energy System Analysis Tool
From Strategy: to Grand Design

Energy Balance Analysis
Material Flow: Analysis

Pewer Balance Analysis

Infitence off new: technolegies
lime-Series / Duration-Curb
Single bus / Multi-area /- Clustered and Multi-Layer
With' /- Without Energy. Storage
With / Without Demand Control
Central / Decentralized Control

A



Tool for Energy System Integration

Energy System Analysis Tool
Duration Curb Method in

Energy
Storage

05
Probability (p.u.)

. ; @ Capacity of a power unit
Time series load data are ¢ Capacity of a power unit

reordered by magnitude.
The load is dispatched to
each generation unit by
merit order.
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Tool for Energy System Integration

Energy System Analysis Tool

Comparison; between Duration-curb/Time-series

ime-series method
v Easy to understand
v Easy: Simulation; of ' sophisticated control
v Energy storage can be modeled directly

Duration-curb method

v Effective to include probabilistic features suchias
plant outage and renewable generation intermittency.

v Iihe expected amount off energy.
v Reduced computing resource

31



Energy System Integration

“llong-range” Strategic Energy Tlechnology Readmap
and Power Demand and Supply: Planning leoels

1. Energy Tiechnology: Strategy
M Energy liechnology: Vision 2100 (Oct. ,2005)"
M Energy liechnology Strategy Map 2007 (April, 2007)7
B |he Cool Earth Energy Tiechnology Innovation Plan®

2. Robustness and Energy: System Indicator

3. Tool for Energy: System Integration
M Energy. system analysis tool
M PV penetration analysis te'a housenhold
M PV penetration to;a power system (time-series)
M PV penetration to a power system (duration-curb)



Tool for Energy System Integration

PV Penetration Analysis to a household
Power balance w/ PV and w/o energy storage

Original load

II o
;.
. .
H A

X EBER

05 | Balance | EEEETS
el -1.9~+1.7kW —— ABAREE
| — AHEEE




System Integration

PV Penetration Analysis to a household
Power balance w/ PV and w/ energy storage

i = Storage 7
| m . B level -

BB E[kWh]

=
=)

— EEFEED
ZEMH N

Leveled load
of = 1kW

= dependent Charge and
on control discharge |




Energy System Integration

“llong-range” Strategic Energy Tlechnology Readmap
and Power Demand and Supply: Planning leoels

1. Energy. Tiechnology: Strategy
M Energy lechnology: Vision 2100 (0Oct. ,2005)"
M Energy liechnology: Strategy: Map: 2007 (April, 2007)”
B [he Cool Earth Energy: Tiechnology: Innovation Plan”

2. Robustness and Energy: System' Indicator

3. Tool for Energy. System Integration
M Energy system analysis tool
M PV penetration to a household
M PV penetration tora pewer: system (time-series)
M PV penetration to a power system (duration-curb)



Tool for Energy System Integration

New technologies’ Influence
on Demand of a Total Power System

Original load

Max load
PV Output
Max load el
during night

+
EV Charge

+

HP Operation

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
i 21 ()
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Energy System Integration

“llong-range” Strategic Energy Tlechnology Readmap
and Power Demand and Supply: Planning leoels

1. Energy Tiechnology: Strategy,
M Energy liechnology: Vision 2100 (Oct. ,2005)"
M “Energy Tiechnology Strategy Map: 2007 (April, 2007)”
B [he Cool Earth Energy: Tiechnology: Innovation: Plan”

2. Robustness and Energy: System' Indicator

3. Tool for Energy: System Integration
M Energy system analysis tool
M PV penetration to'a household
M PV penetration to a power system (time-series)
M PV penetration to a power system (duration-curb)



Tool for Energy System Integration

PV Penetration to Power System
Duration Curb (One month)

123456 78 9101112131415161718192021222324 05
Probability (p.u.)

Time (hour)

== Load Duration Curve without PV
— — Original Load Duration Curve

Probability (p.u.)

2) Intermittency of PV output 4) Comparison of before and after
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Tool for Energy System Integration

How the intermittency: affect the system?

Under: the Japan's inselate condition and assumed PV deployment level
(several % off generation):

Equivalent peak load can be slightly reduced.

Mid-peak load'is reduced to
the utilization of the generation
units of the area will'be reduced and | —— Load Duration Gurve without PV

— — Original Load Duration Curve

change the economy. of: the system.

Load (p.u.)

Deployment of energy. storage
might be a solution.

Grand design should include the
evaluation of' distribution: infrastructure | Probability (p.u)

change* with storage and total economy.

* Some concepts are proposed including “Kosuke Kurokawa, Further considerations on solar community

concept consisting of massive roof-top PVs and domestic loads, 2274 EU PVSEC, 2007.
39



Tool for Energy System Integration
Clustered and Multi-layer Analysis

ﬁentral controlled,
TWEEILEWEUEL)  Goerator  Benders decomposition approach

Master Problem

(coordination
and Integration)

Power bop of Power SOP of Power PDP of
exchan area-1 €xchange area-2 €xchange A~

Sub Problem

(Individual
Optimization)

Subproblem-1 Subproblem-2 Subproblem-3
I

Central controlled,
Composite Analysis

i1

Decentralized control, Clustered, and Multi-layer Analysis

[_4 Control center,
@ = [ — @ EMS control device
O 'I O 'I M l—l Energy Storage
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Tool for Energy System Integration

On-going AnalysIs

Jlargeting the completion in several months, the fellowing
analysis are under way:

In order to find the realizable selution for 2020 and 2030,
Japan’s power: systemidemandlsupply balance s being
analyzed by both of the time-series and duration-curb
method, under several generation expansion and
demand SCenarios, Including heavy introduction of:
PHEV/EV, HP, PV, Wlnd DIOMAss generation and se on.

In order te guantify.the possible PV penetration level
and. its contribution: for CO5 reduction, multi-point
insolation datar processing and Japan’s power system
demand supply balance is being analyzed with the
parameter of the capacity off energy storage.
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Energy System Integration

NEXT STEPS

s Case study and grand design
= A house with PV, HP, battery, load control'and HEMS

= A power system with new technologies (P\V, wind, HP, PHEV/EF,
coal gasification generation, energy storage, CCS) and nuclear increase.

= Clustered and multi-layer power system control
= Community energy Integration utilizing regional resources

= Case studies of other countries
= Indicators for robust and sustainable energy system

= Energy technology strategy
n R&D strategy
= Dissemination Strategy
= [nstitutional consideration

42



Thank you!
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Energy System Integration
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Energy System Integration
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Energy System Integration

Energy Management

@®BEMS (Building Energy Management System)
@®HEMS (Home Energy Management System)

I
- BE/N— F = 7T - Sensor network - Energy storage (elec. and hear)i&#
» 2 FILY = 7HEN - Renewable energy coordination
* Load analysis/forecast * DC power

distribution

- HESEATEV P RIS & %4 T R 17 B il

= Distributed generator

@ithisi L X JLODEMS (Energy Management System)
I REERG 5 T+
HEMS/TEMS £ i
- HEMS/BEMS § & Ui BV #6715 £ & O A RAEE i
- BESBEBE OB T R IILX—FR - R L DGR
= Local area EMS
- Community level EMS
* Cluster level EMS

Related Technology

®PV, House/Building, Lighting, IT appliances, Battery, Power electronics, and others
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