SMART CITY WORKSHOP
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SMART Energy C%"

ARy W19 Aavin/AennneAniiunis WUEIAA

1 Aeddianslindsnu munusinasgiu Usiu
> 50% AnIASEIU 25% (1), > 50% AnTunasgnannndl 25% (2) 2

2 NISHARNASIY 2.1 WATUVYUITUNT DALMY
0-10% (-2) , 11-20% (-1) , 21-30% (0) , 31-50% (1), >50% (2) -2/+ 2
2.2 uaansaulumuil 50-70% (1), >70% (2) 2
2.3 NMSINNUNATEIY
Lidaeniniosny 30% voadsuikanluig 1

3 msdeiewdsny 3.1 sruudsenudu vie anafeulunui
RSEURGLTT 30-509% (1), 50-70% (2), >70% (3) 3
3.2 sapudinwdsuandou
mauaquﬁ'uﬁ 30-50% (1), >509 (2) 2

4 nuanmnieEsunszan 4.1 Whwineluntsasfnvidaunszan
0-10% (-2), 11-20% (-1). 21-30% (0). 31-40% (1), 41-509 (2), =50% (3]  -2/+3
5 sruuAintnesenier 5.1 szuunsvananaseuluiui
ATBURRLTLT 50-80% (1), >80% (2)
5.2 fmaidenivy asauaqunislinssulidonndt 80%
5.3 lulasnin

= = N

5.4 Distribution management system
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Energy Consumption and Carbon Emission - BAU Calculation

Filled in by Applicant Calculation Results
Type of Facilities/ Energy Consumption Operating Hour Floor Area BAU Energy Consumption MW (average) CO; Emission - BAU

Activities Reference (kWh/m2ly) Reforance m2 kWhiy

Building
Office building 50.000 10,950,000.00 4.68 5.804
Department store 50.000 15.400,000.00 3.52 8.162
Retail & wholesale . . -
Hotel
Condominium . . .
Medical center 10,000 2.440,000.00 0.28 1,293
Education Institution - - -
Other general bulidings - - -

Housing
Housing 0

Public area

Publicarea | 2 430 10.000 220,000.00 0.05 "7

Industry Filled in by Applicant
Factory

Calculation Results
I O i
Transportation Filled in by Applicant Fuel Consumption (Wy) tonly
Travelling Inunoud 140,000.00
110,000
criteria > 100,000 m2
not included public area

CRITERIA
Floor Area > 100,000 m2 or
MW {average) 3 MW or
Poputation 5.000 Persons

CO; Reduction 0%



SMART Energy : asiin1sl4wasanu

Table 3.4: Net Energy Consumption Derived from Modeling Each Building Type under
Each Level of Energy Saving Capability.

Energy Consumption under Each Level of Energy Saving
Building Type Capability (kWh/m?/y)
Reference BEC HEPS Econ ZEB

Office building 219 171 141 82 57
Department store 308 231 194 146 112
E:ﬁ?r"'ei‘sv::g:;:a'e 370 298 266 161 126
Hotel 271 199 160 116 97
Condominium 256 211 198 132 95
Medical center 244 195 168 115 81
Educational institution 102 85 72 58 39
Other general buildings 182 134 110 66 53
% Saving )  ~ 20-25%  ~ 30-35% ~60-65%  ~ > 70%

Smart

Cities- Clean Energy)
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e Core Indicators

Supporting Indicators
Sustainable

£, development iugnsiie City Services uas Quality of Life Ausineq laun
Energy Environment Governance Transportation Urban
Planning
== Economy Health Finance Shelter Safety
Education Recreation Water & Telecommunicat Waste
Sanitation ion Water

Solid Waste Fire emergency

response
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Table A1 (continued)

Core indicator

Supporting indicator

Energy (Clause

Total residential electrical
energy use per capita (kWh/
year)

Percentage of city population
with authorized electrical ser-
vice

Energy consumption of public
buildings per year (kWh/m?)

Percentage of total energy
derived from renewable sources,
as a share of the city’s total
energy consumption

Total electrical energy use per
capita (kWh/year)

Average number of electrical
interruptions per customer per
year

Average length of electrical
interruptions (in hours)

iz 1Smart Cities- Clean Energy)




Carbon Reduction Target

Energy Consumption and Carbon Emission - BAU Calculation

Filled in by Applcant

Type of Facilities) Energy Consumption Operating Hour Floor Area

Calculation Results

BAU Encrgy Consumption MW (average) CO, Emission - BAU

Activities Reference (KkWhim2ly) Reference m2 KWny
Building
Office buillting 50,000 10.850.000.00 463 5.804
Department store 50.000 15.400,000.00 352 8.162
Retail & whelesale . . -
Hotel - ¢
Condomnium . . .
Medical center 10.000 2,440.000.00 0.28 1263
Education Institution - - -
Other general buldngs -
Housing
Housing 2 - - 0
Public area —
Pubic areo 10.000 220,000.00 005 | "7
Industry Filled in by Applicant Results
= e r—— c—
Calculation Results
CO; Emission
Transportation Filled in by Applicant Fuel Consumption (lfy) tonly
Traveling UTOUUH 140,000.00 rﬂm
T P SO
Total 110,000 8.47 15,259
critena > 100,000 m2
mal included public area

CRITERIA

Floar Area > 100,000 m2 or
MW {average) IMWor
Papulaton 5,000 Persony
€0, Reduction 0%

Carbon Reduction Target > 30% of BAU



Carbon Reduction Target

(1) TOWN STRUCTURE PLANNING for Low-Carbon Development

Greenery Areas : Forests, Orchards and Urban Areas

Non-Greenery : -Sustainable Communities
-Non-Automobiles Oriented Communities
: Walking Streets

(2) TRANSPORTATION (3)-(7) ENERGY

Upgrading Public Transportation

UL BN Area Energy Planning
Diffusion of Low Carbon Vehicles SIDE

and Development of Charging Renewable Energy
Stations

Untapped Energy Use
Mobility Management

Spacing for bicycle and pedestrian 20U Area Energy Management

Improvement of road condition Low Carbon Building

Providing appropriate sightseeing
information
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Alternative energy
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Renewable Energy ~ Non-Renewable Energy

LA
® 7 8

Natural Gas

Renewable energy vs Non-renewable energy H
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Renewable energy
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- Photovoltaic cell
- Solar-dish Stirling technology
- Parabolic trough solar collector system

- Solar central receiver system
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Mono-crystalline Poly-crystalline Flexible amorphous CIGS thin film

silicon silicon thin film

Mono-crystalline Silicon 12.5-15%

Poly-crystalline Silicon 11-14%

Copper Indium Gallium Selenide (CIGS) 10-13%

Cadmium Telluride (CdTe) 9-12%

Amorphous Silicon (a-Si) 5-7%

Photovoltaic cell 13
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Photovoltaic cell system “



Solar-dish Stirling technology 15



solar
collecior fleld

pump pump

WANNI3UdY Parabolic trough solar collector system
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* Receiver

[

-
Salt

Heliostat

Heat Rejection

WanNN13vas Solar central receiver system "



Solar central receiver system
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Renewable energy

2. MsuNranANsaulagaNALLNISUALS D ULARITING
- Solar water heater

- Solar drying

Plumber

>
<
»
.
+
>
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*+

Solar water heater




Passive, Batch Solar Water Heater Active, Closed Loop Solar Water Heater

Hot water

Pump—

Antifreeze fluidin
collector loop only

‘ =10 house
Eiimm
supply

+— Solar storage/
backup water
heater

- Double-wall

e,

Solar water heater

22



Screened Air Outlet
"

Loading Door -

Drying Shelves

/ Glass Collector

Foil Faced Foam Insulation
(paint black)

Solar drying 23
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Renewable energy
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200+
180
100m
160 3,000kW
' -
“ Rotor Diameter (m) BOm
Rating (kW) 1,800kW
- 1204 70m s
E 1.500kW
§ 100
80
i wq
‘o«
20
° 1“0- 1990- 190& 2000- 2005- 2010 2011
1990 1995 2005 2010

Wind turbine sizing

25
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Wind resource map of Thailand

26
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Wind resource map of Thailand
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Renewable energy
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Biomass resource 29
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Energy storage
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Chemical
Hydrogen Synthetic Natural Gas

Electrical

Capacitors

Mechanical

Adiabatic
Compressed Air

Diabatic
Compressed Air

Fly Wheels
Pumped Hydro

Pumped Heat Compressed Storage

Electinical Storage of Liquid Aur

Thermal
Heat (Hot Water/PCM) Moltensalt (CSP)

Packed-bed Heat Smart Electrical
Storage Thermal Storage

Electrochemical

Lead acid Li-lon " Vanadium |
% Li-Polymer ]J{ Li-S 1‘\ s J[ o }
[ Metal Air 1|L Na-lon ]
| Na-Nicl || Nas |
CoNiCd || Ni-MH

Biomass resource
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Energy storage
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Energy Storage Method Using Superconducting Phenomenon
(Mechanism of SMES)

AC power syslom Zoro vollngo
Roctifier modo oporation Invertor modo
AC (Altomating currom) I I ?Pmm:om cusmant I
= E'Ouﬁc P ‘. by thoe eNoct of T Elouﬁc
""" i 'l PC powor 1 PC8 7 superconductivity 'I PCS powor
DC (Diroct currant) L
Coolant
(Liguiks hellum ete, )~ Dischargo
Cryostat I —_—
0 e
d. b\ A ]
{ .'
Suporconducling coll  High magnetic ik PCS: power conddioning system

(AC/IDC convorer)

Superconducting magnetic energy storage
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"1 Established technologies
Wh/L L .
5mm pristatic colls < 1300 mAh
0 T T T T T T T T » Lighter
0 100 200 300 400 500 800 700 800

Energy density of battery -



Power Density (W/kg)

107
108

10°
104
10°
10?
10

Supercapasitors
Batteries Fuel
= Cells
0.01 0.1 1 10 100 1000
Energy Density (Wh/kg)

Power density and Energy density

i6



NNSIAAUNAIY

Energy storage
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Renewable energy generation

generation

Small hydroelectric
—_,_,..——"-—///
generation
— nto
E.g. Transform into Wﬂ&
liquefied ammonia and o

use as fuel or fertilizer

Hydrogen energy storage systems

18
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ELECTRICITY NATURAL GAS
NETWORK _a NETWORK
Wind 5 - for heat
- for transport
_ CHP,
Solar Turbines
_renewables POWER GENERATION
————— e
POWER STORAGE
“

Methanation

Renewable Power Methane,
integrated in a biogas plant

Synthetic natural gas energy storage systems 39
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Energy storage
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16w+

100 MW+

10 MW+

Power output

100 kW +

10 kW +

1kW+

107 hours 10’ hours
(3.6 sec) (41 days)

SMES
Large

Pumped Hydro
storage (PHS)

i A
L\l 1 L) L

3 A i
Ll Al T

1kWh  10kWh 100kWh 1MWh 10MWh 100MWh 1GWh 10GWh 100GMWh
Energy stored

——

wW3suigu Energy storage technology "



SMART Energy : Distribution
A79814 District Cooling System

gruBugn Taiien 60,000 Auadudy 5895U81A5 2,000,000 ATTINUAT

SHINJUKU DISTRICTHEATING 9 g Lo
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SMART Energy

Charging Station

N I ® ey Charging Station ]

herer o

Charging Stations

: Three charging outlets, PV Roof and three parking lots

rravamiusyunresnudies s (Smart Citles- Clean Energy)



SMART Energy

| Example:
Shuttle Hybrid Bus supported by 24
companies in Marunouchi, Tokyo

Free shuttie hybrid bus system is operated by
financial support of 24 companies in Marunouchi.
It run around neighbor business districts within
35-40 minute, at 12-15 minute intervals.

This bus is installed hybrid battery system and
driving power from battery charged by electric

Qﬁ&eﬁ%ﬁd battery
system is suitable for
frequent stop and go in

city center,
Route map

AR~ RN &

(02 (0, 09)

RALAL L AL

Reference :Marunouchi limousine group

Example:

Hop-on Hop-off Loop Bus System
in Kyoto “K’LOOP”

The route is designed for convenient access to
World Heritage sites, important sightseeing spots,
museums and the city center. This circular bus

will take you to the doorstep of Kyoto's best

sights. Most of the bus stops are withina 5

minute walk from famous temples, shrine or other
attractions. | p Y- @

Fare:
Adult 2500 yen %
Child 1500 yen. =
One day unlimited
entry/exit pass. T

Timetable: riod. s .
One bus per hour

088 s =




SMART Energy

Example:
Next-Generation bus

In Japan, fuel cell bus (FCV), one of Next-
generation bus, is urged to develop rapidly.
Hydrogen infrastructure is promoted to develop
and construct toward Tokyo Olympic 2020.

Strategic targets 2020:
-Hydrogen Station: 35 stations
-Fuel cell bus: 6,000 buses

Fuel Cell Bus Source: Tokyo pref

Example:
Shuttle Bus with Symbolic
Decoration

In fashionable shopping district, the
free shuttle bus with symbolic
decoration drives passengers smartly
between two shopping spots.

Free Shuttle Bus

Reference : http:/fvivew tamagawa-sc.com
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Example: Example:
Ishigaki island, Okinawa All electric vehicles
In Zermatt, Switzerland

Whole island is like a resort itself.

This city is prohibited gasoline cars.

-All buses and taxies are electric vehicles
-All vehicle are not allowed modern style
-Streets are limited to 20km/h

They got ‘Clean air,’ ‘Beautiful nature,’
and '‘Peaceful and silent.’

What
required

Public spa Resort
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Example: | Example:

Mobility information and service Ultra small EV /ITOYOTA i-ROAD
center in Stuttgart, Germany = t
-lwin-sea

Mobility center is located in front of the station. -three-wheeled electric vehicle

The Municipality of Stuttgart will support
companies with the development of mobility
management activities. The measure will
promote the concept of 'Sharing’, including a

variety of vehicles. r
 Z

"
.

Located in front of the station

Guiding free of barrier

Source: TOYOTA



SMART Energy

Example:
EV - Kashiwanoha Smart City, Japan
EV used for community life

Normal Time

_. EV 300 ygnﬂ5min
a)  E-Moterbike 100 yeni15min

Kashiwanoha
campus card

Qa
Q
TR o8 E assist-bike 50 yen/15min

24 Hours Seivice 100 yen/15min

Emergency power BOX

EV used as infrastructure

Emergency time (Blackout)

Used as movable storage battery

during the blackout
Lol

Disaster prevention signage

1Q
88
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Smart grid system
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- 3¥UU Distribution management



STUULASDUNYDARTY
Smart grid system
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Example of Kashiwanoha

AEMS
(Aren Emuq Management. Systam .
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Example of Kashiwanoha

Kashiwa-no-ha Smart City realized peak cut and peak shift by adopted various distributed
energy resource and optimized management under AEMS

Smooth out the electricity load in building level 5,000

® Minimize the electricity capacity in building level with optimal 5,000 Electricity discharge
plan and control of storage battery

-

4,00

3,000

Power interchangé plan between buildings s

-
>

1,000
Smooth out the electricity load in District level
® Minimize the electricity capacity in District level with optimal plan

and control of storage battery
® Minimize the peak load by electricity interchange between buildings

N amanan W seere e an
L e - erea

Plan of electricity charge

:

Electricity

interchange

Jeiiiiibasis

SEEELE
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Smart grid system
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Silver Spang Networics
 _DD135002900050C 8

DL LT CY T
FLC D QWS- s MTRANICN?

eo OF2 &
1-210+ |* ™ o 19 834 650

Tusa CL200 240V 3W  FM2S
‘27(231011 B0HZ TAXD !('11’70 K"D

Il!|| II II M0 0 0 Illﬂ I

CIXG239834660

000 000 000

Smart meter



STUULASDUNYDARSY c/\dy
Smart grid system

Micro grid
Tassnglnivuiaidn Usznauluaie szuunaalviuuunszanesa
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syuunanlWWLuunszae@a (Distributed generation)
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Smart grid system

STUUNNLAUNAI9TU

sEUUNMNUNAIIY d1m5U Micro erid dauanniifinalulAy 10 MWh
1 WUARD3 LSSl NAIULUUZUNRUTUIALAN STUUAUNAIULUY
9INATATWINLEN Wy
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Smart grid system
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Micro grid

57
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