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Abeno Harukas has features of urban development to improve the wayside value through terminal development, expand

the business ground by the creation of a supertall compact city of Japan, play a low-carbon and regional contribution. To

increase the value of railway line area by the terminal development that becomes the basis for the convenience the

railway line area, it is possible to become the third pole Abeno is a birthplace of Osaka of history and culture with a new

personality, produced the diversity of the city center of Osaka, and improve the overall charm Osaka.
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Fig.2 Micro grid of Abeno Harukas
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Fig.3 Concept of energy system
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Fig.5 Breakdown of the monthly amount of electric power
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Fig.7 Breakdown of the monthly amount of gas
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Fig.8 Breakdown of the monthly amount of water
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Fig.9 Production amount of heat and System COP
(Peak day of cooling load)
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Wet refuse from the department store and the hotel restaurants are shredded in disposers and then carried via the

pipework to the methane fermentation tank on the fifth basement floor. Methane gas, generated through the methane

fermentation of solid content, is used as gas fuel that is consumed in the process of cogeneration, thereby allowing a

reduction in gas consumption.
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Fig. 1  The methane fermentation tank (B5F)
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Table.1 The value of the Ministry CO2 amount
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Table.2 The value of the cost performance
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Analysis on Detailed Energy Consumption Structure in the Large Composite Facility
Part4, Estimation of Energy Saving Effect of Dividing the Heat Source Plant into Upper Part
and Lower Part
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In this study, we evaluated the effect of energy saving by dividing the heat source plant into upper part and lower part. Further, by

changing the operation of heat source equipment and changing the temperature of the cooling water, the additional energy saving

potential is estimated. The results are as follows. : 1) The energy consumption of water circulation is reduced by 12% by dividing the

heat source plant into upper part and lower part. 2) Changing the operation of heat source equipment can cause 5.2% of improvement of

COP. 3) 1.9% of energy demand is saved by changing the temperature of the cooling water.
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Fig. 1 Diagram of heat source system



Table. 1 Equipment list of heat source system

Cooling |Heating
Locations Model capacity |capacity
[kW] [ [kW]
Gas absorption chiller (6) | 15,402 | 11,646
rooftop Screw chiller(1) 2,080 -
Boiler (5) - 4,650
Ice-making
Building Brine turbo | operation 3,860 )
A chiller (2) Coolin
underground o peratiogn 5,274 -
Inverter turbo chiller (2) | 7,032 -
Ice thermal storage tank (2)| 5,280* -
Total capacity 33,648 |16,296
Gas absorption chiller (6) | 9,660 [ 9,174
rooftop Screw chiller(2) 3,658 -
Boiler (3) - 2,790
Ice-makin
Building Brine turbo operationg 1934 )
B chiller (2) Coolin
underground operati ogn 2,637 -
Inverter turbo chiller (2) | 5,274 -
Ice thermal storage tank (2)] 3,868* -
Total capacity 23,163 11,964

*Maximum heat dissipation
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hilled and hot water demand[m?/h] Chilled and hot |[Water flow rate through plant
Cooling and heating demand[GJ/! water demand _loop.
o
Wet and dry bulb[°C] D Cooling and  |Heat generated from heat

heating demand [source

Apparatus control

[Operation gap 10%

Bypass flow 0%

ISystem Chapter 1 reference
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Fig. 2 Flow chart of simulation model
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Table. 2 Error between simulated and measured annual energy
consumption of equipment

(GJ) calculation measurement |error
Electric heat source 29,345 29582 1%
Gas (cooling) 34,575 35856 -4%
Gas (heating) 59,400 60534 -2%
Primary pump 6,688 6,679 0%
Secondary pump 12,304 11,927 3%
Cooling water pump 9,245 9323 1%
Cooling tower fan 2,571 2,781 -8%
Auxiliary equipment 1,217 1,173 4%
Total 155,344 157,855 -1.6%

M@ Gas(cooling) B Gas(heating) M Electric heat source @ Primary pump

M@ Secondary pupm @ Cooling water pump @ Cooling tower fan B Auxiliary equipment
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Fig. 3 Comparison of measurement and calculation (monthly)
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Fig. 4 Comparison of measurement and calculation
(Summer representative date)
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Table. 3 Comparison of annual energy consumption

Heat source
Base concentrated
(GJ)) case in lower part Increase rate
Cooling water pump 12,304 9,382 -24%
Secondary pump 9,245 15,627 69%
Total 28,913 32,373 12%
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Table.4 The result of sensitivity analysis on the cooling water
temperature(difference from base case)

Electric | Absorption | Cooling Total

chillers | chillers tower fan o
+3C +7% +2% -25% 2.4%
+2C +5% +1% -18% 1.7%
+1C +3% +1% -10% 1.0%
Base case 0% 0% 0% 0.0%
-1C -3% -1% +13% | -0.8%
2C -5% -2% +27% | -1.4%
-3C -71% -2% +41% | -1.9%
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Analysis on detailed energy consumption structure in the large composite facility
Energy consumption characteristics and structural analysis of commercial tenant unit
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In this study, the detailed energy consumption in the large composite facility is analyzed in order to clarify the energy consumption

structure of the tenant. The results are as follows.

: 1) Inall industries, the floor area is the most significant impact on energy consumption.

2) In retails lighting capacity affects the energy consumption, energy-saving effect of the introduction of high-efficiency lighting

equipment is expected. 3) In café and restaurant the operation of the air conditioning and ventilation applications can improve the energy-

saving effect. 4) We have created a benchmark index with less variable (floor area, operation hours).
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Table.1 Information of the building

Location Osaka City, Osaka Prefecture
Main use Office, Hotel, Serviced residences,

Convention, Commercial facility
Floor number 38 floors above ground/

3 floors under ground

Total floor area About 500,000m?
Tenant 249stores
Commercial facility Retail:9:00~21:00
Iggrgggrr;(’f Restaurant:11:00~28:00
*There is exceptions Restaurant (Sunday and national holiday
by stores. before weekdays) :11:00~23:00
Commercial facility Approx. 140,000m?
area
Period for April 1, 2014~March 31, 2015
Investigation
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Fig.1 Breakdown of Primary energy consumption in each usage
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Table.2 Correlation between each usage (Retail)

Lighting 0.02 0.12 0.12 0.15 0.78™
Equipment | 009 | 0.25™ 003 037
Fan 0.39™ 0.02 0.32"*
Heating 0.15* 051
Cooling | 051
Total
Level of significance (*:5% **:1% ***:0.1%)

Table.3 Correlation between each usage (Food Retail)

Lighting | 039 | 021|043 | 012 | 079 | o004 | 024
Eaub [ o048 [ 043 | o018 | o057 | o087 | oss

Fan | 092 | 016 | 026 | 043 | o067

Gas | 012 | 008 | o049 | 048

Kichen | 036 | 007 | 034

Heating 023 0.70

Cooling | 0.78"

total

Level of significance (*:5% **:1% ***:0.1%)

Table.4 Correlation between each usage (Cafe)

Lighting | 032 | 057" | 0.28 0.14 0.50* 0.56™ 0.49*

Equip

ment | 040 | 0.17 0.21 0.68™* 0.68™ | 0.68™

Fan | 031 003 0.81™ 0777 | 0.85™

Gas 049 0.29 0.24 040
Kitchen 0.21 0.38 042
Heating | 090™ | 0.94™
Cooling | 0.95™
total

Level of significance (*:5% **:1% ***:0.1%)




Table.5 Correlation between each usage (Restaurant)

Lighting | 0.15 0.19 | 040~ 002 0.31™ 0.38™ | 043™

Baub | o5g= | 010 | o008 | 033™ | o047~ | os5™

ment
Fan 0.31* 0.38** 0.33* 0.56™* 0.79™*

Gas 009 008 0.25* 057"

Kitchen | 045" 047 | 060™

Heating | 0.72** | 0.66™

Cooling | 0.81™

total

Level of significance (*:5% **:1% ***:0.1%)
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Table.6  Average of each explaining variable
Explaining Variable Retail f:tc:if Café R;s:?u
Effective number of samples | (139) ® | a4 (57)
Underground (14) 4) ) (5)
2':3 Floor area [m?] 208 | 100 | 159 139
shape | Entrance | TypeA ©)) Q) (1) (14)
stuation | TypeB | (35)| @ | ()| (8)
Applian Lighting capacity
ce [W/m?] 44 42 30 38
Operat | Veterconsumeon | g | 1g| 72| 2
ing -
Operation hours
tat
state [h/year] 4009 | 4277 | 4417 4795
TypeA is 0% to 30% opening. TypeB is 30% to 70% opening.
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Table. 7  Result of regression analysis (Retail)

Partial Standard
Explaining variable regression repaerzlsailon t ration
coefficient gress
coefficient
Floor area 30 0.93 23xkk
Lighting capacity 15 0.061 15
(Constant number) 13 022

Level of significance (*:5% **:1% ***:0.1%)

Table.8 Result of regression analysis (Food retail)

. Standard
Partial artial
Explaining variable regression rep ession t ration
coefficient gress
coefficient
Floor area 6.9 067 | 7.7%

Water consumption 110 032 | 32
Operation hours 0.75 024 | 25
(Constant number) -3300 -26

Level of significance (*:5% **:1% ***.0.1%)
Table.9 Result of regression analysis (Cafe)

Partial Standard
Explaining variable regression repagsailon t ration
coefficient gress
coefficient
Floor area 48 084 | 5.2%%k
Water consumption 39 027 | 1.7
(Constant number) 360 14

Level of significance (*:5% **:1% ***:0.1%)



Table. 10 Result of regression analysis (Restaurant)

. Standard
Partial ]
- . . partial .
Explaining variable regression . t ration
; regression
coefficient -
coefficient
Floor area 6.1 0.75 | 7.6%kx
Operation hours 0.34 029 | 2.7%kx
TypeA 260 015 | 14
(Constant number) -300 047
Level of significance (*:5% **:1% ***:0.1%)
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Fig.3 Comparison between the measured and estimated values
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Table. 11 Benchmark index

Industry group Multiple regression equation

Retail 2.9 x(Floor area [m?] ) +7.8x107%x (operation

[ GJ/year] hours [hours/year] ) 2.2 x 10?
Food retail 7.6 x( Floor area [m?] ) +1.2x (operation hours
[ GJ/year] [hours/year] ) -5.2x 10°

Café 4.6 x( Floor area [m?] ) +2.6x107"x (operation

[ GJ/year] hours [hours/year] ) 4.8 x 10
Restaurant 6.1 x( Floor area [m?] ) +2.8x107"x (operation
[ GJ/year] hours [hours/year] ) +85x10
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Fig.4 Comparison between the measured and benchmark values
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EAAERKZOIRIILT—HERERIMAE
Energy Consumption analysis survey of Kansai University

OFFIZE (BAEK%)
Chika SUGIMURA !

HIFOASE (BEKRE)

Hiroshi MIYAZAKI"

"'Kansai University

As a case study of using the building energy management system: BEMS, we carried out several analysis on the energy

consumption of Kansai University. The proportion of electric power was 76.3% while the proportion of city gas was

23.7%. As the relation between hourly total power consumption and hourly air temperature, we recognized weak response

pattern. There we recognized the difference between buisness hours and night hours. In order to investigate the air

tempreture response of energy consumptions of each major equipments, we used BEMS and collected hourly energy use of

each equipment.
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Verification of the use of the end electric power consumption in university facilities and comparison

itemized investigation data with BEMS
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*1 Ritsumeikan University

In this study, this verification was performed to investigate the use of the end energy consumption which is not

measured by BEMS data of laboratory in a Dept. architecture by electric power measuring instrument. In this building, the

electric power data is measured only every power switch board. It's analyzed about a possibility of the energy reduction in

each equipment from the measuring result.
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Table.1 Building outline

Measurement object outline of facilities
Target facilities Environment city system
The number of floors 3 floors
Use of facilities department| Dept. architecture
Completion 2014
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Table.2  The measurement object room outline

Measurement object room outline

Laboratory A|Laboratory B|Laboratory C| Seminar room

Measurement area Measurement Not measurement
Floor space 486nmi | 972nmi | 1458ni 202.5n1
The number of rooms 1 room | 8 rooms | 1 room 1 room
Air conditioning system central heat source FCU
FCU 1 machin | 2 machines | 4 machines 4 machines
Ceiling fan 1 machin 3 machines
Lighting(32W) 12 lamps | 18 lamps | 36 lamps 42 lamps
Measurement machine 224 machins %

setting number

14
——10 Laboratory ——BEMS data
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Figl Comparison of BEMS data and measured data

Table.3  Classification of the item
PC relation Display, Desktop, Laptop Computer, Wifi router, NAS
Lightning Laboratory lightning
printer relation Printer, Scanner, Plotter

Cookware Electric kettle, Electric pot, Coffee maker, Microwave, Refrigerator
Air conditioning| Ceiling fan, FCU, Desiccant air-conditioning quipment, Ventilator
FREE Floor consent, Heater , Cell phone charge etc.
FREE s Printer relation Cookware
[ Air-conditioning W Lightning mm PC relation
12 10 1: Spring Midterm H | Summer ; Midterm
-4 ; 1 1 1 ; I
10 ° Ivacatlogl N Ivacatwr_]I H
1 78 1 1 77 1 1 ‘°
1 7. 1 1 VA 1
8 e 1 6.6 169 e 1 7‘4
< ! 6.2' 60 %°! @ 1 62 631
36 : (R ; P &0
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4 | | i i i
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Fig2  Monthly estimate measured data
0%

Equipment Number
A Refrigerator 10
Electric kettle 8
4% Electric pot 4
Coffee maker 1
Microwave 8
= Coffee maker = Refrigerator Microwave

= Electric kettle = Electric pot
Fig.3  The electric power consumption percentage related to the

cookware
M Ceilingfan ®mFCU Desiccant air-conditioning
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Fig4  The electric power consumption percentage related to the air

conditioning
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Fig5  The time another estimate electric power consumption
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Table4  The variable used for an analysis

Item Unit
Objective variable Power consumption kWh
PC relation Number

~50h:1, 50~100h:2, 100~149h:3
150~199h:4, 200h~:5
A lot of forgetting to switch off: 1
little forgetting to switch off:2
Mon:1, Tue:2, Wed: 3, Thu:4.
Fri:5, Sat:6, Sun:7
Average room temperature] °c

Annual working hours

Predictor variable | Forgetting to switch off

week

The number of sample 343 (Nov. data)

Table.5 PC relevant apparatus number

Equipment| Desktop Display L aptop compute{ Desktop(Mac)
Number 119 142 12 11
= - = Desktop Display Laptop computer
---- Desktop(Mac) Annual working hours - — - Forgetting to switch off
Week e Laboratory Room temperature
—o—R2
40 0.8

contributing rate[ %]
N
IS
o
D
decision coefficient[R2]
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Fig.6  The contributing rate of each element and the decision
coefficient every time
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Development of Energy Demand Simulation Model of Kinki Region’s Commercial Sector

-Design of Building Equipment’s Specification in the Simulation Model Based on Factual Investigation-
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T H

This research aimed at developing a bottom-up archetype engineering model estimating energy demand of commercial

building stock at an urban scale using EnergyPlus as its model engine that simulates energy demand of building archetypes.

EnergyPlus requires detail description for HVAC systems so that EnergyPlus is capable of calculating high-temporal

resolution energy demand considering dynamic system characteristics. This paper reports designed system descriptions of

building archetypes for EnergyPlus simulation based on factual investigation.
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Stepl. Classification of the Building Stock
Classify the building stock according to determining factors of energy demand

!
Step 2. Development of Building Archetypes
Develop archetypes each representing a building stock category

!
Step 3. Estimation of Energy Use Intensity of Building Stock Categories
Perform energy demand simulations for the developed archetypes to calculate
the energy use intensity of corresponding building stock category

!
Step 4.Aggregation of Energy Consumption
Aggregate energy demand of each building stock category quantified by
multiplying energy use intensity and total volume of building stock

Fig.1 Procedure to develop Archetype Engineering Models
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Table.1 Classification of Category in Representative Archetypes

Table.3 HVAC System Classification

HVAC System

Unitary Multi Air Conditioning System (MUL)

Fan Coil Units System(FCU), Single Duct of Constant Air
Central Volume System(CAV), Single Duct of\Variable Air VVolume
System(VAV), Fan Coil Unit with Single Duct System

Table. 4 Heat Source Classification

Heat Source Systems
Unitary | Variable Refrigerant Flow Gas Heat Pump
Turbo Chiller+Gas Boiller Airr Source Heat Pump(AHP)
Central Absorption Chiller+Gas Boiller | Absorption Chiller and Heater
Absorption Chiller and Heater + Turbo Chiller
Thermal Storage System | Cogeneration System
Table.5 Detail description for HVAC Systems
MUL | FCU | CAV
Air Loop Fan (Air Flow Rate, P_ressure I_?lse, Efficiency)
Capacity of Coil
Ventilation . . .
System Fan (Air Flow Rate, Pressure Rise, Efficiency)
Water Loop < Pump (Air Flow _Rfate, Pump Head,
Efficiency)
Heat Source Heat Source Machine (Number of Units, Capacity,
System Nominal COP, Temperature + Part Load Ratio Function)
VeS| x | Cooling Tower(Capacity, Water Flow Rate)

Category Clasification

Office(general)[9], Office(Compound)[2],
Hotel[11], Hospital[9], Retail[14],

Use/ Scale Education[1], [6] ([ number of classification])

(Table. 2 shows architechture specification of

Office(general))

Insulation Insulation / Non insulation

Zoning 9 Patterns  (Fig. 2 shows abstract.)
3Classification

HVAC Systems Table. 3 shows abstract.)

Heat Source Systems 9 Classification (Table. 4 shows abstract.)
As the levels Higher, following measures are

Energy Saving adopted in order (Heat Exchanger, VAV(VWV),

Measures Outdoor Air Cooling, Large Temperature
Differential Supply System)

I Unconditioned Zone [ ] Conditioned Zone

1 Pattern 2 Patterns by 4 Patterns by 2 Patterns by
direction direction direction

Fig.2 Patterns of Zoning
Table.2 Architechture Specification of representative archetypes

of Office (general)

Sector | Range of Total Floor | Total Floor Standard Nunber

area Area Floor Area | of Floor
CL1 0~200 m? 132 m? 66 m? 2
CL2 200~500 m? 349 m? 116 m? 3
CL3 500~1,000 m? 726 m? 182 m? 4
CL4 1,000~2,000 m? 1,447 m? 289 m? 5
CL5 2,000~5,000 m? 3,258 m? 543 m? 6
CL6 5,000~10,000 m? 7,089 m? 1,013 m? 7
CL7 10,000~20,000 m? 13,873 m? 1,734 m? 8
CL8 20,000~50,000 m? 31,238 m? 2,840 m? 11
CL9 50,000 m*~ 190,202 m? 6,559 m? 29
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Fig.3 Aggregate Results of Number of Heat Source Machine



Table.6 Set of Number of Heat Source Machine by Scale

CL5 CL6 CL7 CL8 CL9
Number of Unit 1 3 3 5 4
Cool
Stdev. 0 2.6 14 2.0 17
Hot Number of Unit 2 3 3 6 5
Stdev. 1.0 2.7 15 22 33
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T2 7 — B _R— 2 TAHE LRV, F 2, 225370 - ik T
HEE O P S QO DR RIS IR SV T
SRR, BRI OWGRA RLZRET D. Fig.4 18
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‘ Indoor Load Calculation ‘

‘ Air Flow Rate ‘ Capacity of Coil & Cooling/Hot Water Flow Rate ‘
Pump Specification ‘
Fan -
Specification Number of Heat Source Machines ‘

‘ Capacity of Heat Source System ‘

‘ Capacity of Cooling Tower ‘

‘ Condenser Water Flow Rate ‘

Fig.4 Flow of Calculation of Heat Demand
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Table. 7 Equal to Straight Duct and Pipe Length by Systems

Straight Duct and PipeLength [m]

Duct Length:Lp cay (CAV) Lo_ca=2(Li+Ly)*(1+0.75)

Duct Length:Lp vent (Ventilation) LD_VENT:( Ly+Lo)*(1+0.75)

CW/HW Pipe Length:Lp rcy (FCU) Le reu=2(LatLo+Ls) *(1+0.75)

CW/HW Pipe Length:Lp cay (CAV) Lp ca=2L5*(1+0.75)

Condenser Water Pipe Length:Le cr Le cr=2(LatLe) *(1+0.75)

(L¢ : Floor Height)

>¢Set up “2” as Coefficient of Round Trip
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Fig.5 Decision Result of Fan by HVAC Systems
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Table.8 Items Charged of Each Pump Type

Circuit
Type Type Items
Primary Pump Closed Heat Source (Evaporator) , Supply Header
Secondary Pump Closed CW/HW Pipe, Coil, Return Header
Heat Source (Condenser) , Cooling Tower,
Condenser Pump Opened Condenser Water Pipe
Table.9  Rough Order of Pump Head of Equipment
Items Pump Head
Items Pump Head [mA
Turbo | Evaporator 3~8 Cooling Tower 2~8
Chiller | Condenser 5~8 Coil 2~5
Absorption| Evaporator 4~10 Header| 2~3
Chiller | Condenser 5~14 Valve 3~5
AHP 7.6
®Condenser Pump ©Secondary Pump ©BOIL
AHP +ABC,ABCH mTR
. 250
e (J
o
~ 200
= o cooj0o000®
3 150
ju
a Y Yy Y
g 100 N
>
o

50
1.E+00 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
Total Floor Area[m2]

Fig. 6 Decision Result of Pump Head
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Development of Energy Demand Simulation Model of Kinki Region’s Commercial Sector:

A Simulation of Air-conditioning Systems using EnergyPlus
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The authors developed an archetype engineering model for the office building stock located in Kinki region, Japan. In the

model, EnergyPlus is used as the simulation engine to determine energy demand of building archetypes. This paper describes

the developed archetypes for distributed and central air-conditioning systems. This paper also evaluates how system

alternatives influences energy consumption of office buildings.
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Table.1 3 Cases of Air Supply Type as Evaluation Targets

Case Model Heat Source Air Supply System
CAV Absorption Chiller-Heater AHU (CAV)
FCU Absorption Chiller-Heater Fan Coil Unit
MUL Variable Refrigerant Flow Multi Split
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Table.2 EnergyPlus Objects for Auto-Control

Category Objects Function
ZoneControl: Thermostat . .
Thermostat | ThermostatSetpoint: SenTsmg Ind(;lj)rAlr
DualSetpoint emperare
SetpointManager:

Setpoint SingleZone:Heating | Controlling Supply
Manager | SetpointManager: Air Temperature
SingleZone:Cooling

AvailabilityManager: .
Availability | HighTemperatureTumoff | . Controlling
RN Operation of Heat
Manager | AvailabilityManager: Source
LowTemperatureTurnOff

Table.3 Setpoint Temperature for Air Supply System

Zone Setpoint Temperature (‘C) EIZZEES ig
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. o Cooli 7
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Table.4 Pressure Rise of Pumps and Fans for Each Case (Pa)

CAV FCU MUL
Primary Pump 113000 113000 .
Secondary Pump 85000 127000 .
Fan 737 303 297

M Primary Pump m Secondary Pump ® Condenser Pump

Air Supply Fan M Ventilation Fan  m Cooling Electricity|

m Cooling Gas m Heating Electricity m Heating Gas

m Cooling Tower

m2|m2| 1,000m2 | 2,000m2 | 5,000m2 |10,000m2 |20,000m2

. MUL
S FCU
wn
CAV (0
o 9 N |
Q¢ § MUL
2
oS MUL

0 200 400 600 800 1000
Annual Primary Energy Consumption (MJ/m?)

Fig.8 Annual Primary Energy Consumption by Building Scale

4. BRI 1 AT

B DOIRENBIRDO RN (BRI ED L 5 7o
ZhH-x 5% Fig8lornd, MERoE, ZEHT AT A
T LRIV IHERE C b DHRSRERR D D DR
SRR B THERF LoD, AR LR RIS
HLOBNNZEE I L TV 5,

5. £&&

KDL I 2 b—a 02 L0 | 2 TR ORERR
DIFENT K D =/ —1HEE R D Z2FL O K 224 ©
&7, HREE T SRR R T 2O R B T
DRV —HEDPKRE S B b, PREYEFETIL,
INVROMBRIZ K > TENOBART, A /L TONBEE|Z
ZEERPEL D, ZOED, MoERRIcBiT 28icb v
AT DL DENRAR DI,

& E X #

1) EHEN S EEREREEEIIAR h ATy TR L —
TEHEET NV ORSS (£ 1) —EBRE BT 2250
AR BT 2 A & R HARDOIRE—, K 2
7 AR EEZE SRR i LT SGHSS 45 B TR R
R SR (2016)



A-41

VT ZEBE AR b A7y TR )L =R T L OB %

ZE AN D BN 2 B 8 L 7o e PR SR T B L O k)L — T BEHE R —
Development of Energy Demand Simulation Model of Kinki Region’s Commercial Sector
- Energy Demand Estimates of Kinki Area Office Building
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This paper shows that the energy demand estimates by EnergyPlus considering the diversity of the air conditioning system.

For this aim, according to database of business facility, we survey the adoption ratio of heat source system and air

conditioning system, and we divided HVAC system into some typical patterns. And we developed the archetypes models

each represents an air conditioning system category. Finally, we calculated the energy consumption of each HVAC system.

And we estimated the energy demand of the office buildings and reproduced the operation of the HVAC system.
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Table 1 Building Model

Building A Building B
Floor Area 3497 13873 [m?]
Level 3 8
Heat Source MutiUnit TurboChiller
IGHP /AbsorptionChiller
Heat Source Capacity 41200 [W] 1590000 [W]
Zoning North Core
Climent Osaka
Conditioning Ratio 70%
Ventilation 5[m¥m? - h]
Light 15[W/m’]
Electric Equipment 5.4[W/m?] ,Base 3[W/m?]
People 0.1[person/m?]
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Table 2 COP
COP
Cooling Heating
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This paper analyzed the influence of occupancy on the energy demand of office buildings. We use the 5th Keihanshin

Metropolitan Area Person Trip Survey to reproduce occupancy of office workers and resulting building operation in a

building performance simulation software, EnergyPlus. We assumed three building archetypes with different building size

that accommodate 1000 office workers randomly chosen from the trip survey sample. This analysis revealed that building

size increases buildings’ energy consumption as per capita operation space increases especially during night and holidays.
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The Outline of an Energy-saving Project and Evaluation of Energy Performance in the Small and

Medium-Sized Office Building with Environmentally-Friendly Technologies.
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*1The Kansai Electric Power Co.,Inc.
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The office building has been completed in August in 2014 as environmentally-friendly building which saves energy and

ensure pleasant working environment. This paper describes the outline of energy-saving project and the result of one year’s

performance.
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Institute of Laser Engineering ,Osaka University introduced the energy-saving system mainly based on repair of the air-

conditioning heat source in its ESCO project ,and succeeded in 45.8% reduction in energy consumption. This document

reports outline of the project and the commissioning result at the first year.
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About Facilities Planning of a New Center for Public Relation

(Part2) Verification of Effect on Energy Saving Air-Conditioning Control by Using Human Detection Sensors
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In exhibition buildings, it is important to save the energy by providing with the air conditioning operation to meet the

needs in all the cases that the occupants vary in a large range. In a new exhibition building are involved in, human

detection sensors were installed in an attempt to save energy. This paper shows the results of energy saving effect and

indoor thermal environment using sensors in exhibition area.

[FC&IZ

WA, BREEANHEIUZ AT, A= L —Hir A8 A
L. 7 WA NS BB MEEDEE 2 TE T D, A
ZECIE, H LUMEHRI SIS & U Coank U7 BRBEACEEL
iz B Y AT B RItiRRI 38 N CL B DO PERE 2 RRIE L
ﬁm%@@%&é&lé_&%awtbfwéo%ﬁ”

\ BRI T 1% 2 /A B OERERI BT 5 =L+

—ﬁ%%m_owfﬁﬁ%%%ﬁ%bto

AL AR OEENRE VR TIZBW T,
Pt BT —MCEE L, BRAICEA S
TEREERRNZEIIHIE 2 k5 & L, ENIRBEREE R,
BTN —NROBREZAT - TAERIC OV THE T 5,

1. SERIEHE

1.1 EYE

Y E A Table.1 (27~ 9, KIRIFNICSZHIT 2 FE4K
DAZ— IR B ATRE /R — VA i 2 72 5

PR C DA C. 4 BRI RS ECh 0 B iR S
A TR ) 708 d 5, ABRIOFERXIGIGHTX, 11
FEERENZEREIET Y 7 O 4 BEERT ) 7 Th D,

1. 2 VRTLEE

4 BEERT Y 7T ORI =0 R E ST
BY kP —ORFMEEN S U CIRMEE 2 H)E L FCU,
HNVKOILERZEGR O G (R - - 59) 24T T D
(Figl,2,Table.2), Nkt V—HdiEX% Fig.3 12, N
Yo —DRGES E Table.3 (T~ d, BT U T A& 4
= AR LECE ST N o — 1l 2l 1o
NTEY, =V 7 FCU2 & & IVTAERZE i D VAV

M1 AHREINTND, IR 2 A
REINTEY, WEHD2 Y —rTa7a 7 I L
TEY, MBOERT Y TIZOWTHET U 7 OV
PRZEFRE TS LTV D, BIFE, FCOU R UYMKULERZER
BED R AN 5 SRR E & 72> TN D,
FERFHIZDWTIE, 4 BERR= Y 7 OTEREE HlE O
A HECIGUIAATV, TEEEF I & V 23§72 L oY
ALl U CRBREE N FZEECTh D Z &, FOU KUYV
LPRZEERE 7 7 B )OI, SAVCEABEHIN, E
BHIFIC L AB = ROV THEE A T T,

. EBEE
M 1%, 2015 4E 8 A 24 H~20154E8 H 28 HIZ, EWN
MTRLTIE N 7Eﬂ—7ﬁﬂ§\FﬂJ@)nﬂ&H#L:Obvfl 5rTH]
MaCIT- 7, JREIE, FRC FCU MR OO FERIZIsUW T
FCU %98 « o « 5328 %, 30 MMIIE L7 fEO M
%&D PWV BHFOBEE & LTz, BIESI% Table.d
Z, HIETER &R A Table5 (2, MAE M ONEIE
75: Fig.3 1o~ d, =EPNRIREE, FMULERZEFRORA <IR
FE. KRS, KU, TRMERE LV B S s
1T —2 LIE LTz,

3. AERRRUEBE
3.1 ERNEBEMRIE

FL+1100, FL+1700 O=MNIRELEE % Fig.d5 (-7,
HIEHIRH, BNORERET 2T°CEE Th -T2, EN
B (B 13, #24°C~26CoEEE LTRY, =V
T 1~4 TRERFEIHR DN T, Fio, il L &



SANIPZEGH

AFETRTUP
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Verification of the Ventilation System using Facade Panel and the Radiant Cooling
System using the Geothermal Heat Directly
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Shunsuke NAKAJIMA*!  Tomoyuki CHIKAMOTO*?  Myonghyang LEE*?
Mari WAKABAYASHI*?  Joji ENOMOTO** Koyo MIYAKE*?

*! Osaka Gas Co, Ltd. ** Ritsumeikan University ** Yasui Architects & Engineers, Inc

The showroom was built in Osaka, has many kinds of the facilities for environment-friendliness. This building introduced
the ventilation system using facade panel (Wall-duct) and the radiant cooling system in consideration of the direct use of
the geothermal heat. In this study, the effects of the energy-saving performance of the systems are clarified by
measurement and CFD analysis.
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Energy-saving effect of the thermal grid system that has been introduced into the existing facilities
- Analysis of the air-conditioning heat source system operation characteristics using actual operating data-
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Masaki TANAKA*!  Masaki NAKAO*!
Minako NABESHIMA*!  Yoichi KOBAYASHI|*2
*1 Osaka City University ~ *? Yasui Architects & Engineers,Inc.

In this study, the COP regression model from the partial load characteristic is proposed on the basis of the operating data of the
heat source equipment networked by the system of heat interchange among buildings. The energy saving effect of the heat
interchange is estimated by using the COP model.As a result, the maximum increase in the amount of the day was the the 3348
kgCO2 and decrease the amount of 29648 kgCO2.CO2 emissions in August was 22.3% reduction compared to the CO2
emissions of the case it is assumed that was separate operation in the existing heat source equipment.
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Figure 1 thermal grid system image
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Figure 2 Related R301 partial load and COP

Tablel  Summary of measurement

Measurement period

2015.07.14-10.13

Measurement interval

Minute by minute

Measurement item

Heat source equipment condition

Outlet and inlet water temperature of heat
source equipment

Water flow of heat source equipment

Cooling water temperture

Airr in a room temperature and humidity

Gas consumption

Consumed power of pump

Table2 heat source equipment of the facility

freezing rated gas
equipment capacity flow consumption
RT L/min Nm3/h
R-101 | Gasabsorption chiller 600 6,050 164
R-201 | Gas absorption chiller 800 8,060 218
R-301 | Gas absorption chiller 600 6,048 164
R-501 | Gas absorption chiller 550 5,544 152
R-602 | Gas absorption chiller 1,000 10,080 273
R-603 | Gas absorption chiller 300 3,024 82
R-605 | Gas absorption chiller 1,249 12,600 341
R-606 newly—_built turbo 500 5,023 284kw
refrigerator
Q=TXxXmxc A1
Q=TxmyXc A 2
Pl=Q/Qy 2 3
COP; =Q/(GxH) A 4
COP; = Q/(E x 3600/1000) x5
Q : Manufacturing heat quantity (MJ/h)
T : Child water difference in temperature (K)
m : Flow volume (m3/h)
my : Rated flow volume (m3/h)
c : Specific heat (4.186MJ/m3K)
Qn : Rated Manufacturing heat quantity (MJ/h)
COP; : Gas absorption chiller COP (-)
COP; : Turbo refrigerator COP (-)
G : Gas consumption (Nm3/h)
H : Higher calorific power (45MJ/Nm3)
E : Consumed power (KW)
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Table 3 heat source equipment model

R-101 COP = 1.03 x (1 — e~*/0-420)
R-201 COP = 1.31 x (1 — e~*/0-120)
R-301 COP = 0.94 x (1 — e~*/0238)
R-501 COP = 0.77 x (1 — e~*/0130)
R-602 COP = 0.49 x (1 — e~*/0200)
R-603 COP = 1.47 x (1 — e~*/0435)
R-605 COP = 0.84 x (1 — e™*/0199)
1.2
1
08
2 0.6
8 04
0.2
0
I T e B S = B e B V< B o)
@ Q@ Q@ Q@ 9Q S S o
© 9 2 w5 g a9 0
o o o o o <« -
R301 PI(-)

—@=-measured figure =~ —&— model output

Figure3  R301 measured figure and model output
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Figure 4 thermal grid system introduced into the existing facilities
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G gas quantity (Nm3/h),E: electric(al) energy (kwWh),P: percentage
index:G: gas absorption,E: electrical heat source,R: running,N: rated
M: manufacture,U: consumption, T: turbo refrigerator

TS: turbo refrigerator and peripheral equipment,C: chilled water pump
CD: cooling water pump,CT: cooling tower 6:6 building
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Figure 5 CO2 amount of emission in August
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Development of Evaluation Criteria for Insulation Repair
Inheriting Traditional Dwelling Culture
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Kazuyuki HARADA™ Tomoyuki CHIKAMOTO™

*1  Ritsumeikan University

Mitsuo TAKADA™
*2  Kyoto University
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Recent years, the energy conservation standard was revised, so heat insulation repair is called for in the existing

residence. In this study, we construct the heat loss reduction calculation system based on the temperature that we really

measured. So, we measure the temperature and amount of ventilation on 3 Kyo-machiyas including the house which

was repaired partially.
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Study on the potential assessment of energy conservation by using result data in existing

underground shopping mall
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An opportunity of collecting result data is increasing with development and widespread of smart meter. Amount of

collected result data is huge, so examining effective analysis method is needed to plan effective energy conservation. In

this study, we calculate air-conditioning load by using result data. We examine the reduction of air-conditioning load in

underground shopping malls by changing the ventilation and leakage load. And we examine the reduction of energy

consumption when lighting is upgraded to LEDs and the amounts of air by the air conditioning systems and the exhaust

fan are controlled according to the air-conditioning load.
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Verification and Evaluation of Indoor Environment and Energy Performance in Urban Hospital
Part 5: Verification of Outdoor Air Processing System Performance
and Evaluation of Cooling Water Temperature Relaxation
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This study aims at the energy conservation of K hospital in Osaka, which is planned to reduce environmental load and
enrich the quality of cure environment. This paper shows the results of verification of the kitchen ventilating system and
outdoor air processing system in the ward, and also reports results of evaluation of cooling water temperature relaxation for
heat source.
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Table.2 List of heat source equipment

No. Cooling Heating | Unit
AHP-601 Thermal storage 420 kW 308 kW Iset
Non-storage 447 kW 309 kW
AHP-602 |Thermal storage 837 kW 656 kW Iset
Non-storage 893 kW 659 kW
SR-B101 520 kW - 1
WHP-B101 39 kW 45 kW 1
HEX-B101 408 kW 338 kW 1
HEX-B102 816 kW 675 kW 1
HEX-B103 1,300 kW | 1,300 kW 2
CH-T 1,100m’ 1
AHP: Air source heat pump chiller
SR: Water source screw chiller
WHP: Ground source heat pump chiller
HEX: Heat exchanger
CH-T: Chilled and hot water tank
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Verification and of Indoor Environment and Energy Performancein Urban Hospital
Part 6. Method of Energy Management and Evaluation of Water and Energy Consumption
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This study aims at the energy conservation of K hospital in Osaka, which is planned to reduce environmental 1oad and
enrich the quality of cure environment. This paper shows the measures to conserve energy implemented in K hospital, and
the result of water and energy consumption of operation in 2015, using the actual operation data. Its energy was reduced

by 35% from the conventional hospital benchmark.

IZC&HIZ Table.1 Summary of building
K i, THIERBREEAO "G 2R L. Tl Location Osaka City
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Study on Energy Conservation of Inter — Building Heat Cascade Use System
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Inter-Building Heat Cascade Use System allow buildings to reduce primary energy consumption by changing the flow

pattern depending on the Air-conditioning load. In this paper, we focused on its energy conservation, we build

Inter-Building Heat Cascade Use System simulation model including control system. We do a case study using the

simulation to explain its energy saving effect, and it is shown that this system can reduce energy about 21.7% in middle

seasons and 34.2% in summer. Also, we showed that various conditions have an effect on this system energy conservation.
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Figure 1 Inter — Building Heat Cascade Use System
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Figure 11 Air Conditioning Load (Middle Season)
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Figure 12 Air Conditioning Load (Summer)

Table 1 Case Study
Seasons case Condition min reference max
Middle 3,1,5 Available
. x10 x12 X14
Summer | 4,2, 6 | Capacity Rate
Middle 7,1,9 Chiller A:Turbo A:Gas A:Turbo
Summer | 8,2, 10 | Characteristic | W:Gas W:Turbo | W:Turbo
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=
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Figure 7 Primary Energy Consumption
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Figure 8 Confirmation of Supply Air Temperature
Table 2 Preset Temperature

AC No. Seasons Preset Temperature
Middle 15°C
AAC206 AAC207 o
Summer 13°C
AAC225 Middle 13°C
WAC205 WAC206 | Summer 115°C
R; = (Py — P;)/Py X 100 Equation 1

Py : Primary Energy Consumption (N pattern) [kJ]

P; : Primary Energy Consumption (A or B pattern) [kJ]
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Figure 9 Decision of Flow (case 1)
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Figure 10 Energy-Saving Effects (case 1)
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Figure 11 Chiller Characteristic
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Figure 12 Decision of Flow (case3)
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Plan and Performance Evaluation on Refurbishment of heat source system
in Medium-sized office building

O/bk 1hld (P TEIE)
Yusuke KOBAYASHI**

*! Takenaka Corporation

This Med-sized office building has been completed in September in 1991.The heat source system was refurbished
aiming at improvement of the energy saving performance and an operation. This paper describes the

contents and the result of the performance.
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Figure.1 Diagram of heat source (Office)
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Figure.2 Energy Consumption and Demand for electricity

e KA EANO. 1 e K FREANO.2 mmm F5— NO.1 mmmm F5— NO.2 ——EHEE
1600

E 1400
=
< 1200 -
3
0 1000
£
'S 800 -
o
6 600
z
e 400 -
3
g 200 -
0|
2 3 © © N < 2
o0 0 9 00 0 9 0
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Construction of hybrid heat source water network system with hot spring heat
(Part2) Survey of hot spring, hot water demand and drainage temperature in accommodation facilities
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In order to use the hot spring heat, we have considered the hybrid heat source water network system at the community of the

hot spring town. Survey of heat utilization in accommodation facilities in winter was conducted, in Partl. This study analyzes
annual variability of the hot spring water demand, hot water demand and drainage temperature and compares between different
scale accommodation facilities. As a result, this study shows a correlation between hot water demand and the number of guests.
The small accommodation without hot springhead has used additional energy for keeping temperature of hot spring water in

the tank during winter.
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Figure 1 Heat source water network system
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Table 1 Hotel Aand B Information

Hotel A Hotel B
Number of
79 rooms 15 rooms
Guest Room
Hotel A has 6 Hot Water in Bathtub is
Hot Spring | Springheads. composed of purchase
and Hot Water in Bathtub is | Hot Spring and private
Drainage exchanged every day. Hot Spring.

Information | Drainage is discharged

into the river.

Drainage is discharged

into the river.

Hot Water supply
Hot water supply: + Individual Hot Water
« Centralized Hot Water supply system
supply system Hot Water supply
Facilities
Hot Water supply equipment:
Information )
equipment: + Vacuum Water Heater
+ Steel Sheet + Simple Boiler
Vacuum (3) + Canned no pressure
water type heater (2)
Qu=aPL Eqg.l
Qui=C Gy (66— 6) Eq.2
Q2= C Gy (On—Onr) Eq.3
Q3= Qn— Qi — Qrz Eq4
Qps=C G (65— 6y) Eq.5
Qra=C G5 (04— 0q) Eq.6
= Heat consumption  —— Number of guests
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Figure 2 Relation of heat consumption and number of guests(hotel A)
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Figure 4 Relation of heat consumption(shower) and Outside temperature
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Figure 5 Relation of drainage TEMP. and outside temperature

Table 2 Estimated expression

Gua=0.125 N, + 383 R=027 Eq7
Giyra =-0.0247 Ny +22.4 R=094 Eq8
Oun=-0.485 0, +852 R=081 Eq9
O4a=0.0533 6, +35.9 R=0.33 Eq.10
Qupa=-4116,+1173 R=096 Eg.ll
Qu1g =- 7.000, + 279 R=0.87 Eq.12
Qup1p = - 110 6, + 3194 R=056 Eq.13
Qip2s =-37.80,+ 1116 R’=059 Eql14
Qpp =-29.8 6, +5303 R=048 Eq.15

Qu * Qe :Hot water demand - Heat consumption (MJ/day)
Qn2 :Lost quantity of heat(facilities system) (MJ/day)
Qhs :Lost quantity of heat(tank) (MJ/day)

a-C :Efficiency - Specific heat (MJ/kg degC)
N ‘Number of guests (people)
L-P :Primary energy consumption - Calorific value

Gy * Gy :Amount of clean water + Amount of hot water (L)

G; :amount of source (L)
6, :Outside temperature (degC)

O+ Oy :Hot water TEMP. - Water TEMP. (degC)

Os :Springhead TEMP. (degC)

Ocs :Reference springhead TEMP (degC)
Oq :Drainage TEMP. (degC)

Ocq :Reference drainage TEMP. (degC)

Qr :Potential for hot spring heat (MJ/day)
Qrs :Potential for springhead heat (MJ/day)
Qrd : Potential for drainage heat (MJ/day)
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Construction of Hybrid Heat Source Water Network System with Hot Spring Heat - (Part3) Estimates of Energy
Consumption Reduction Effect by the System Introduced in the Hot Spring Area-
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A simulation of the hot water supply system used heat source water network system was carried out in our previous research, Part 1. This
system has been compared with only the existing local boiler system. In this study, the heat source plant system is also added to compare the
energy consumption between these systems. As a result, under the conditions of the source temperature about 50°C, primary energy
consumption of the proposed system is less 16.8GJ/day than the existing local boiler system, and is less 8.9GJ/day than the heat source plant

system with networked six hotels.
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BOMPAETET 5, REOMAA T Table 2 127K
J 43— L L, Hotel A [ZEBIC ] LR EF=
B 79%) A AHE LT Y, Hotel B (3 Hotel A 0 50%JHAE,
Hotel C | 70%44%, Hotel D i3 30006HAE DR TS & % E
, Falrie BT T O PRI ESCHEG T B b BRI
I CCRRIET D, Table 3 | ZHMMBEERIUES A2 BE L
RDT=v I ab—arBEMT 55— A &Rd, 2R
KAy NI =7 VAT KEE AT HIRIRE OB
(2B B3, FABHI/KER HP #5551 B4V, TR
FB (LA T, HEX) - BEGH HEX 3% 1 £, EARUK
RTDBHP - HEX HHORF 2 B AM8E & T5, 7272
L, BAEEHBLIS CCRRNERET D, —F, BYiT
TV RVAT AT, 77 MRV AT AIBINT S
IRIRE O EAZEZ 5 £ 212, IEEES) 100kw D
HP 28 AikiE T %, £7- HEX & HP & RIGRET %,
2. VIalL—Ya vOHEREEGESYE
KRTIE, &y V= AT KDL DOYERET ) 7
valb—varY—/L [Dymola) %AV CTET VO
FEITD s VAT LEREET DY — v ECET
MEERTEBY, F—F V=254 75V ThbH
Modelica Buildings Library] NO#asE7 /L 2 EHT 5,
2.1 KERE— bR THRBHDRTE
HP [ZIMEAEE T « FATEARE « FIKIREE « BFUK A DR
ZANGEE L, 1BKfE - COP « HEE S « UK
MREA 175, HEAREIX65°C, KIREEIISEHT
— X & WD, IEEES 1T Hotel A:100KW, Hotel B:50kW,
Hotel C:70kW, Hotel D:300kW & 3% 7E9 5.
2.2 BXMBOEKE
HEX [ ZERGEAA DR & e « IRIRGEASA DR &
e - BVSHE A TERREE I E LCAIL, £DOANTEA
35 HEX OBGHSHENFHE SND, ik DOEG g
DFLIE(Table 1) CHA SR %E S LT AT HE FIH
EERET D,
Table 1 Setting of HEX Capability

Hotel Hotel Hotel Hotel
A B C D
Surface Area of
. 26m? | 13m? | 182m? | 78n7
Drainage | Heat Exchange
HEX Heat transfer
1 kW/mK
coefficient
Surface Area of
Hot 10m? | 5m? 7Tm? | 30m?
. Heat Exchange
Spring
Heat transfer
HEX o 1 kW/m2K
coefficient

Table 2 Setting of the Hotels
Hotel A | Hotel B | Hotel C | Hotel D
Quantity of Hot Water 85 43 6.0 26
Demand Glday | GJlday | Glday | GJiday

Table 3 Cases for Carrying out the Simulation

Case Composition(Hotel D, @, @ --@) Pipe Length
3 Hotels A, D, D 300m
4 Hotels B, D, D, D 600m
5 Hotels B, A, D, D, D 600m
6 Hotels B, B, C, A A A 800m
7 Hotels B, B, C, A A A A 1,100m
+ Caluculating Formula of HP
QCon_flow=Q_const Eq.l
w_m_flow=QCon_flow/ (C * (T_set— Tw)) Eq.2
-QEva_flow = QCon_flow - P Eq.3
P =QCon_flow- P Eq.4
COP = a*f_set*6h+b*0_set +c*6h +d Eq.5
0_const :Thern-wfill w.m_flow :Flow Rate of Hot
Capability(W) Water(kg/s)
C :Specific Heat(J/kg"C) P :Consumed Power(W)
:Temperature of :Cooling
Ow QEva_flow .
Clean Water('C) Capacity(W)
0 st :Temperature of :Coefficient of
B Hot Water("C) Performance( - )
abcd :Coefficient of :Temperature of Heat
Regression Source Water("C)
+ Caluculating Formula of HEX
Q_flow n=G1*C*T_al n—T_bl n) Eq.6
Q flow n=G2*C*(T_a2 n—T b2 n) Eq.7

eps_n=abs (Q_flow n/((T_al_n—T_a2 n))*GMIN) Eq.8
eps=eps_n(0<eps_n<1) Eq.9
Q1_flow = eps QMax_flow Eq.10
QMax flow=CG(T_al n — T a2 n) Eq.11
Q2_flow= —Q1_flow Eq.12
:Quantity of :Flow Rate of Hot
Q_flow_n
Exchanege Heat(W) Fluid (kg/s)
:Entrance Temperature of
C :Specific Heat(J/kgK Taln
Hot fluid(K)
:Exit Temperature of
T bln G2 :Flow Rate of (kg/s)
Hot Fluid(K)
:Entrance Temperature :Exit Temperature of
T a2n T b2n
of Cryogenic Fluid(K) Cryogenic Fluid(K)
eps :Efficiency( - ) eps_n :Efficiency( - )
:Minimum Flow :Quantity of
GMIN QL flow
Rate(kg/s) Exchanege Heat (W)
:Max Quantity of :Quantity of
QMax_flow Q2_flow
Exchanege Heat(W) Exchanege Heat W)




2.3 EEDFHRE

oy b U — 7 Bl (WA L) & #iFR i O R o OB
EHAEBEL, BUEPK & BB & o cEbx
BEZD, RS E L CHEERE 15.03C(EEINES %)
5.z 4, EIIES - 300mm, EIRSNE : 344mm, i
JEAME - 1.6m, FLEEVRESR : 0.43W/MK, HHEEVAESR |
1.8W/MK L35, £7-3R 7T > b3 AT LORVE X
SN TOLIRET, W OEFHDIRE 2 /W5 &
L, WEWERERIT 0.04AW/MK L35,

2.4 ROTDHRE

UKy T —27 2 AT LD HP OEJFARL 7,
HEX OENFUKAR 7 OVEEE I OFYEEIT S, AJIHEE
WERTRVE R CH D, BURT T > AT Ad HP DFEL
WK 7 DIHEES I DFHHEELT I,

2.5 ZOETEEHE

BNEUKICBI L C, WIMNEEEIX 20°C L L, BNFUKIEEN
32°CLL T DA HEX TEAIHAZAT HFE & T 5, R
ROPEFERIE RIS Table 4, BP5#AE D7 &IT Table 5 (IZENZE
s, v bU—7EE 2R T 2 BT AR
BARIRIREO-REEQ— - « - SIRREQDIRIHTE,
IRIRAALE | 2B L CIRRIEO~RE DL E LT D,
FHEIERE 5 ATV, FHEBIAESNG 4 B2 B
L L5 HEOMRARET S, $72, AET 53807
— X 3ERFE LT —Z =5,

3. VATLYIAL—I 3 DR

IRIRTE 6 BORE R AR R RORE L L TR,

3.1 ENEUKIRRE CRRTE 6 /%)

FARSRIE D HP 23FIH 3 2 EFU/KIRE (Figure 3)i%, #9
26~36°C THERS L, 1RO HP H35F 42 BFU/KIEE
MMEL, HEREOD HP 253 2 BEUKIREE DS ik
B0, ARV THR SR L& LV, BEAEEE
LTWA72D, MR OEENC > TER/KIREE DA
952 L1 <, R - PRGTREOEBEN KL 0 IR
B 52 & ERS T,

3.2 RREMEUNEIS CRRTE IH~ERE 18

TERENEIEIS (Figure 4)1F, FRRGEOWR « HEEEN
A BN - BESS & B12 30°C £ TENEIN L= 35 A DR
BEYOWN, ERICBEIN CE-RERTHDTH D, &
r—2DIRFEOTIE, BURITFREOND 9 BlOEE % 1]
N LENVEUKICE 2 T2, EiRAEAE FIRIChIE 45
TR T MEIRE S O _FFRICAE T 5 Z L1272y, KR
TRIBCAE DENFUK DIREE DS B\ N2 O BT R 2kt B [BIUY
BEOERIINY , BUEIG5~6 5L 72D, FI-BYR
Ky MU =7 VAT BMIBINT DIRREED M 2 DI,
EWEE TROENRKE 10D 2 LDHERTE T2,

3.3 E— hRYTHRiEHD COP GRRTE 6 1)

HP ¢ COP(Figure 5)i3mi\ ENE/KZFIFCx 25 0E
DOHPIEECOPAEN T E DR TE 12, ARIDRE T,

+ Caluculating Formula of Pipe

Qflow=GdT Eq.13
dT = HearPort.T—solid. T Eq.14
l Ains Ap
=21 Eqg.15
nSeg o d/2+ diys lo D, 4
g d—/Z g D;
G :Heat Condctance (W/K) Q_flow :Heat Quantity(W)
‘Temperature of Wall :Ambient
solid.T HeatPort.T
Temperature (*C)

o :Coefficient of Thermal Conductivity
nSeg  :Division Number (-) s
of Heat Insulation Material (W/mK)

:Coefficient of Thermal :Extermal Diameter
e
Conductivity of Pipe(W/mK) of Pipe(m)
:Diameter of Heat Insulation
Di :Inner Diameter of Pipe(m)

Material (m)

+ Caluculating Formula of Pump

Nomax = —11.037 (1081010810 (4n in))’

Eq.16
+18.506(10810(qn in) ) + 73.512 a
_ qn,in 2 qn?in
Hmn - dl(—) + dZ — |+ d3 Hnmax Eq-l7
qnmax qnmax
_ qn?in 2 qn,in
Npn = {e1( )"+ e + e Mpmax Eq.18
6Ir;max Qnmax
_ qn,in 2 Qn,in
Pn_ fl(—) +f2 P +f3 P‘r]max qug
6Inmax qnmax
Flow Rate (1) :Flow Rate of Best
in :Flow Rate (m*/s max
i e Efficiency Point(m?/s)
. :Lifting Height of Best
neax - Max efficiency (%) Hypma . .
Efficiency Point(m)
:Efficiency of :Lifting Height of
1TPn Hmn
Pump(%) Pump(m)
p :Shaft Power of Best :Shaft  Power of
" Efficiency Point(kwW) Pump(kw)
def :Coefficient of Regression
Table 4 Setting of Each Cases
Total of Quantity Circulation Flow Number of
Case of Hot Water Rate of Heat Source | HPand HEX
Demand Water in Plant
3Hotels 60 GJ/day 25L/s 7
4Hotels 81 GJ/day 32L/s 10
5Hotels 90 GJ/day 35 L 1
6Hotels 40 GJ/day 17L/s 5
THotels 49 GJ/day 20L/s 6
Table 5 Setting of Vblume of Storage Tank
Hotel A | Hotel B | Hotel C | Hotel D
\Volume of Storage
7md 6md 6md 20m?3
Tank
Initial Quantity of Water | 5md 3mé 4md 10md
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Figure 5 COP of the Heat Pump Water Heater
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Study on Thermal Energy Storage System utlllzmg Aquer
Electric Power Consumption and Electric Power Peak Load Reduction by Daily Thermal Storage
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Reducing the electric power demand gap between the day and night by leveling the electric power load contributes to

improving utilization rate of electric power facilities. Therefore we focused on the possibility of utilizing Aquifer for daily

thermal storage use. The purpose of this study is to estimate electric power consumption and electric power load reduction

by daily thermal storage in cooling period (June~Septmber). Through simulation studies, the peak electric power load

reduces up to 25.6%, but total electric power consumption rise up 23.7%.0n another front, total electric power cost

reduces 10.7%.

1L HRER - B
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Figure 1 Aquifer Thermal Energy Storage System (ATES)
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Table 1 Calculation Condition of Air-conditioning

LERADORHRFIEIR T 5, A LD R RIOFHE S5

Running schedule

7~22h (air conditioning)
23~7h (thermal storage)

%—f@y)f: %) 0)% Ta.ble l Q:H—“ﬁ—a FreeZ|ng CapaCIty [kVV] 550
SRR DR RS % Table 2 (23, ZEMANTALH Chilled water flow rate[L/min] 600
(BB BRINTE A A BN K L AR D B Cooling water flow rate [L/min] 702

EMZ5IEECTH D, HKMEIT—EL L, BkKiEIX

Aprorch temperature [degC] 5

Wet-bulb temperature [degC]

2015.June~September

20D HOWBEAM IR & 78 DR IR ED R RIZR S at Osaka
FAHITEEE L. 7R ORISR B D T Evaporator entering temp [degC] 5
MaximumCcooling Load [kW] 534

BAWET S LT, ARPKE VRIS EY 2F)
FC& 3 X512 LTWD, #kBOwEET ok M9 % %

Table 2 Calculation Condition of Thermal Storage

- . - o = ) - 23~7h: injection
BELTHEY AKERONEAR ORI, R Running schedule 7~22h : pumping
BT D HMEEE 2 BB I TRE LT, i3 287V AT 22~23h :stop

- VR . = Ground temperature [degC] 18
= £ B 2=
AORAAL Table 1 & [RIRRTEAS, BIICERI T Injection flow rate [L/min] 600
N2 DRI AT A A O ZnEifii T 5 Pumping flow rate [L/min] 0~600

o BB T 7R LE o ) o Sand Heat conductivity [W/mK] 403"
4 BNRRERUE—Y 7y bR gravel Heat capacity [kJ/kgK] 3.18"

FHEAESRO—{F & L Figure 6128 A 15 HIZBIT 5, Cray | Heat conductivity [W/mK] 1.29

- NN . Aquifer thickness [m] 18.2
it TN eI S N 3 N
KBS AT LOENLOR VIR, ik AD impermeable layer thickness [] T
IRE, BKIRE OHES 2 7~7, Figure6 X0 Af3HAE approx dispersivity [m] 0.0001

- % 5)

FHUEH (~228) (SRR TE A () porosty L] 0325
75§T7Z‘7k L7=# Kk (/)%I/ \7%%7'?) L @%ﬂ&*ﬁ@ii >TC, T | === Return Eva.in Pumping
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Figure 6 Temperature Response on August 15th
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Effect of Connecting Hole through Tank Partition on Storage Performance
in Parallel Type Temperature-stratified Water Thermal Storage Tank

OfL  EH CRIKRS) MR Foff CRBRKR)
AR EUR CRERMSZRS) i @R (RIRORS)
AR FHil CRIRKT) BEH B (KBRS
AHHOR (ZEKF)
Misato KAWAE"  Kazunobu SAGARA™
Tomohiro KOBAYASHI?  Toshio YAMANAKA"™  Hisashi KOTANI"
Yoshihisa MOMOI™ Takeshi IWATA"

"' Osaka University

> Osaka City University

® Mie University

Water Thermal Energy Storage (TES) system is used to cut down heating and cooling cost in the daytime. In the parallel type
temperature-stratified water TES tank,connecting hole through tank partition is the inlet and outlet for non-diffuser tank. When
the large connecting hole is installed, the strength of partition as underground beam is low, although the difference of water flow
rate between the water tanks is low. It is difficult to keep balance of two factors.This study aimes to consider about the proper
position and size of conecting hole to improve the storage performance.

1. [ZC®IC

RPN AT L, KEOZAM72E 1 %2R H L
TAT X —52E 2, BEOBEEANROEIZH]H
T LR AT LATHY, EHY—r 7~ FMERIZA
HhTH D,

AMFZETIL, IO S8 X TV IR
JERUKEBREZ BN T, MIHADTEDDT 4 7 a—P—
ERIPVELHRETHZ LT, FEIX FEYIET S
ZEEHEL TS, KRTIE, WMHADTZOOT 4
T a— WP FEOf L FRE W FE @ D TR N o T
VN DA IERE R B O BMERE AT 7 15 O BRI 72 iR
FHaATolm, F1o. BEREICRD - EEVERE A CFD fEHT
WCEDRREL, FERER LT,

2. 2 fEAFELEDIGEDERMREDERIRET
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7 2P =5 I5COERKDHANR D O . FEFHOT 4
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Inflow of higher temperature water to Tank B
A through upper connecting hole

T =
Uc

Height
1

A Temperature distribution

R FEROOEE 2> 5% (Fig. 1),
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Pressure distribution
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through lower connecting hole

Fig. 1 Outline of prallel type temperature-stratified
water thermal storage tank
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Fig. 2 Temperature and pressure distribution in each tank
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3. EBEOMKOBEDNEILIC & 2ERMEEE~DEE

3.1 COFD fZ#TitE

(1) CFD it et G2 2= ]

CFD f# 7t F #£ % Table 1 (Z 7~ 97, fif #F 22 [ 1%,
ImxImxIm D7 4 7 = — W —Z FFOMl L Ff- 7p il &
10cm DJE X OFFREE I U CHifE S8, Ef L MRz
FNT 4 7 2 —P—%F- W E~O A, REO7ZD
DOFEE O ZF T -6 D & Lz, FHEANERRBOZOT 4
7 a—P—OHUL TR Z 4 558 LT 22 & fpfrzef & L.
F 4 7 a—P—E, HHbD 7=, 20emx80cm O FE T
B (BRIE KGR Sem) 7> HERIEL_E IR & 740 T A
550" & L7z (Fig 3),

HEOD OV A X, ERTA—F L L, TNEHitE
Z AL S VT AT o 72,

3)

Connecting hole Anal}/51 s domain

OO

1,000

Connecting hole [mm]

Fig. 3 Analysis domain

Table 1 CFD analysis condition

CFD code STREAM V13(RC1)
Turbulence model Laminar
Finite difference scheme QUICK

Volume expansion coefficient Function of water temperature
Initial water temperature 7°C

Inflow water temperature 15°C
Number of meshes Approximately 800,000~1,350,000
Time step 0.5s
Inlet Defined flow rate
Boundary Outlet . ‘ Defined flow .rate
condition Tank wall |Adiabatic, Wall:Generalized log-law
Water surface Adiabatic,free slip
Symmetry Adiabatic,free slip

Table 2 CFD analysis case

C Shape of Water exchange | Theoretical
ase name . )
connecting hole time Ru value
1 0.4h 0.0897
2 Square 0.5h 0.0574
3 (10cm>10cm) 0.6h 0.0399
caseA | 4 e 0.7h 0.0293
5 0.8h 0.0224
6 — 0.9h 0.0177
7 0=0.75 1.0h 0.0143
1 0.4h 0.0865
2 Circle 0.5h 0.0553
3| (diameter 11cm) 0.6h 0.0384
caseB | 4 ° ©° 0.7h 0.0282
5 0.8h 0.0216
6 S 0.9h 0.0171
7 0=0.70 1.0h 0.0138
1 0.4h 0.0897
2 Slit 0.5h 0.0500
3| (width 2cm) 0.6h 0.0347
caseC | 4 0.7h 0.0255
5 0.8h 0.0195
6 0.9h 0.0154
7 0=0.73 1.0h 0.0125
1 0.4h 0.0781
2 Rectangle 0.5h 0.0500
3| (Scmx40cm) 0.6h 0.0347
caseD | 4 — 0.7h 0.0255
5 0.8h 0.0195
6 — 0.9h 0.0154
7 0=0.75 1.0h 0.0125

(Cross-section plan)

CaseA-7 Water exchange time 1.0h

CaseA-1 Water exchange time 0.4h
11

0.9 - TankB(non-diffuser)

0.8 1
07 1 TankA(diffuser)
0.6 7
0.5 7

0.4 =

dimensionless height[-]

0 02 04 06 08 1 0 0.2 0.4 0.6 0.8 1

dimensionless temperature[-] dimensionless temperature[-]

Fig. 4 Temperature distibution(CaseA)
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Theoretical Ru value

Fig. 5 Comparison between theoretical R;; value and CFD Ry, value
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Table 4 CFD analysis case

. . " . Number of Water exchange| Theoretical
7 - 5 - AR
& CFD A RIC L > TR Ry, é;’ e L7c b D& Case name connecting holes time Ru value
9, BRI 2 A5 & CFD fEHTIZ K » TR MEIX 1 | 1 connecting hole 0.5h 0.0499
FRARIEOR) 12 ~ 13 OIE&IRS = & i8bhot, B b 2| 1demxldem 0.6h 0.0348
T A L/ B ORENIIE S OLBRRR Y FERD  case i O 822 83?3?
HDOThH D EMUE LT=DIZk L, CFD b T H AL i z 5on 5056
Table 3 CFD analysis case 6 O 1.0h 0.0127
C Location of Case  |Water exchange| Theoretical 112 C(MOIGS 0.5h 0.0486
ase name connecting holes number time Ru value 2 10cmx10cm 0.6h 0.0340
caseA Ocm 1 0.5h 0.0486 caseB 3 [N 0.7h 0.0251
caseB lem 2 0.6h 0.0340 4 0.8h 0.0193
caseC S5cm X 3 0.7h 0.0251 5 0.9h 0.0153
caseD 10cm 4 0.8h 0.0193 6 0 0 1.0h 0.0125
caseE 20cm 5 0.9h 0.0153 1 | 3 connecting holes 0.5h 0.0535
(under the water surface) 6 1.0h 0.0125 2 8cmx8cm 0.6h 0.0374
3 B on 0.7h 0.0278
0.04 T
mocm caseC 1= 0.8h 0.0214
:;cm 5 0.9h 0.0171
cm
003 T loem 6 noo 1.0h 0.0139
20cm (Cross-section plan)
0.02 0.03
i§ 0.025 + g
f 0.1 0.02 A
= »:‘-.2,:":: Q
o ..,l:l,. = 0015
0 t ’,,5' e ¢ t | z
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d =) & W1 hole(14x14cm)
3 0.005 ’.,00 - @2 holes(10x10cm)
-0.01 + AA : l. #3 holes(8%x8cm)
0 —
0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 0.055 0.06
-0.005 = Theoretical RH value

0.02 = Theoretical Ru value

Fig. 6 Comparison between theoretical R;; value and CFD Ry, value
(Effect of location of connecting holes)

Fig. 7 Comparison between theoretical R;; value and CFD R, value
(Effect of number of connecting holes)
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4. CFD it DZEBRIZ & HFEEHREL
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dimensionless height[-]
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Table 5 CFD analysis condition

CFD code STREAM V13(RC1)
Turbulence model Laminar

Volume expansion coefficient Function of water temperature

Size of connecting hole | Circle (¢50mm) | Circle(@300mm)
Initial water temperature 7.1°C 6.4°C
Inflow water temperature Defined function of time

Number of meshes 1,037,400 1,085,175

Time step 0.3s 0.5s
Inlet Defined flow rate(user’s function)
Boundary Outlet Defined flow rate(user’s function)
condition Tank wall [Adiabatic,Wall:Generalized log-law
Water surface Adiabatic,free slip

Circle(@50mm) Circle(p300mm)

| /
A= o

aE;:i

dimensionless height[-]

0.4 4
03
02 4

Circle(@300mm)

-0.1 0.1 0.3 0.5 0.7 0.9
dimensionless temperature[-]
= CFD value(TankA with diffuser)
----- Experimental value(TankA with diffuser)
—— CFD value(TankB with no diffuser)
---- Experimental value(TankB with no diffuser)

Fig. 9 Comparison between experimental result and CFD analytic result
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Survey on Lifestyle and Physical Activity of the Elderly in Okinawa
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Mai MIYAZATO*! Hiroko KUBO*! Norio ISODA*!
Michiyo AZUMA*?>  Naomi SASSA*

*1 Nara Women’s University *? Kio University ** Mukogawa Women’s University

The subtropical climate is considered to be one of main causes of heat disorders. However, the traditional housing and
the lifestyle in Okinawa are well adapted to the subtropical environment. The purpose of this study is to clarify the
problems in their living environment and lifestyle by measuring their residential thermal conditions and daily activities.
The results were as follows; The elderly in Okinawa live in a hot environment throughout the day, and they tend to live in

well-ventilated houses with open windows. They also spent less time on outdoor activities during the daytime in

midsummer.

1. IZL®DIT Table 1 Outline of the field survey(August)
HE BT 0D B B C b 2 it )5 13, BAHE D fE R

7j§%l, \fﬁfﬁz: HY 1) . %?&fﬁfﬁ?(@@%%&%%%z: Period | a day from 21 August to 6 October 2015

2 elderly males live in Zamami-Is. aged 84.5+6.4

T BRERE L ET VT ORSBDLETHDH—T7, SUBJECtS |3 iderly females live in ZamamiIs. aged 79,6268

_ N N " Place In their house (living roomand bed room)

7 4 L & /l) v 72 & %L% < ]J@r}‘_ﬁ; é “bf“C N % é )d’% %‘f i Beside pillow air-temperature/relative humidity <every 10 minutes>

?‘T,O T W ZD & % Z*_ E_) h ZD % - «C K?)ﬁﬁ’( ﬂi {EFY%% . Measuremer Environment Living room air-temperature/relative humidity <every 10 minutes>
. . . - Physiological < . S

%E F.Eﬁ E%%_,C g %§+(ﬂu & Fﬂq :éf E& D &: J: D {E’l?ﬂfﬁiﬁz k responses Body Movement every 2 minutes

HHEAIRITEI O KEEZRET 5 Z & T, BAHPIESE T Table 2 Outline of the field survey(October)

HOLEHREDDEFT WV HICBIT ARESCT 2T Period | a day from 6 October to 15 October 2015

4 elderly males live in Zamami-Is.  aged 82.3+9.3=1 subject: Questionnaire only.

6 Z <E fZ E E]/j k ﬁ— }:) o i 7LZ\ Z é/bi < l:%—?&f?@ﬁ@ L Subjects 21 elderly females live in Zamami-Is. aged 81.0+5.5=12 subjects: Questionnaire only.
7,,, ﬁﬁ%ﬁ)gﬁﬁﬁ‘*% & tt%ﬁ . *ﬁg—f%?? 5 - k < iﬁﬂzim Place In their house ( living roomand bed room)
- > i Uils] A — N B

Beside pillow air-temperature/relative humidity <every 2 minutes>

NHEBNIC & 5 EEaE 0220 L A EEMEEDO TR :;::;ZC: Living room air-temperature/relative humidity <every 2 minutes>
72D, Zh E;ﬁ% @Cﬁ/;jj fcﬁ{‘{ F U @fﬁfﬁ%ﬁ'ﬁ L {E ES responses Body Movement <every 2 minutes>
v \jj«?ai{ﬁx 2 A )L %*ﬁgﬁ L f‘:o Measurement Psr)ggg:lsgelscal OSA sleeping questionnaire virsion of MA

Questionnaire of Living environment and Lifestyle in Summer
Record of a day behavior

2 ji{f Other Layout of dwelling house
. { PMV
2.1 8 HFEHFHE Table 3 Schedule of the field survey(October)
%}%Eli 8 H 75) E) 10 H G:Z))ﬂ\j-v( 2 E{?O f:o Table 1 NoonDay Light Morning Iil:{;i Night |Morning| II)\I?u: Night Mumiln):y‘:\loon
12 8 A OERMAEME 27T, HEITER - BEE ey
FEROW ALy D & 2y HAERR S D EIRATIC TIT F e - - -
- 7L:o iﬁ%bi}ﬁ@ Flﬁlﬂ %*\j—@:%{}z.@— }:) %iﬁ%%‘rﬁi 2 % . r%—u&l':% PMV, layout of dwelling house - only when wecould-get t|-1eir consent
LM 3 4 Ch b, 8 A FaND 10 AFAICINTTE Table.4 Subjects characteristic
N . N = = N . age height weight BMI
HREA D ARG &L 2 B iR EhE-CIRE R O FHA]L B & (years old) (cm) (ko) (kg/ni)
OH HHET 5 2 & OB R & FE LTI/ VR e G I N N
N - ~ N S L Elderly male [max 90 172 70 24.2
MR 2R E L IR E LB ORI 21T > 72, (=4)  [min 70 163 62 210
SD 9.3 47 46 1.7
average 81.0 148.8 49.8 225
Elderly max 91 159 62.7 289
female (n=21)|min 67 141 39 17.8
SD 55 5.3 8.7 3.9
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2.2 10 A FEHIFA
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HEHBDOFIEZ Table. 3 1T 7, IBEEREE & LT
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(2 OSA-MA oA TEATEN FRaR AR DFE AR E 24T,
TEEELNIRAREEDOR, RESHFET. HELX
M L72BR1C PV EHZ X 2 H7E & ERY DRtk z1T -
77

3.1 whBRE A

WeBRFME T & Table. 4 (TR, #25RE O XL
B 82.34+9.3 k. Mt 8L 055 T, BHE
i OFEIG DS 9 By & IEF ISRl T d o To, ERE O
FERERITEA a7 U — i (72%) THE 35 £ E
(64%) DIEENR L -T2,

3.2 BERMOXUE

Fig. 1 ICATRE ORI GMCTh 5 il - EBERMEE &
BR, HROREZRE L1277 72 rd, BETH
% 8 H OYEZIRIC K E I 2213 70 As | il B Hiusk ©
B D B RMITERM 28 U CRIEAE < L EHEE SR
4~5m/s EARE « HRIZHANLLE N, LTI
FNTHEOREREZ NG, 72, HHIZBIT 5
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Fig. 1 Comparison of Climate( Kerama Islalnd, Nara, Tokyo )
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Modeling of Home Appliance Operation Accompanied with Occupants Behavior
in Bottom-up Energy Demand Model
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The paper evaluates 5 different forms of models to stochastically decide home appliance operation accompanied by

time-series occupant behavior data in residential buildings. The model variation is given by factors considered, namely,

operation probability, operation duration probability, and probability of time before operation. The result showed that the

model using probability of time before operation and operation duration probability performed performs most accurately.
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Estimation of Time-series Electricity Demand based on Bottom-up Modelling Approach
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Yohei YAMAGUCHI

Shinpei FUKAZAWA  Yoshiyuki SHIMODA

Osaka University, CREST, Japan Science and Technology Agency (JST)

This paper compared 15 family composition from singles to 5 members’ family in terms of active hours while occupants

are awaken and present in home and electricity demand by using a stochastic energy demand model. This result revealed

that family composition alters active hours, electricity demand and these time series characteristics significantly. Especially,

the scale of peak in morning and afternoon, timing of peak, duration of peak are characterized by family composition.
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Fig. 1 Active hour per day on weekdays
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Continuity of Electricity Saving Behavior After the Electricity Saving Campaign
for Residential Customers in Kansai Area

Ok B CRBeR=) 2 g CRBeR=)  lhin & CRBKR=)

sl Nz (MEEE))  fel AT (BERED)

Tomoki INOUE*!  Ayako TANIGUCHI-MATSUOKA*!  Yohei YAMAGUCHI*!  Yoshiyuki SHIMODA*
Kimihiko YOSHITAKE*?  Kanako HANAOKA*2

TH EHZ (RRKRE)

*1 Osaka University *? Kansai Electric Power Co., Inc.

This paper is to quantify the effect of electricity saving campaign by analyzing the smart meter data set of residential
customers in Kansai area. We evaluate the electricity saving effect by using the indicators that represent the length of air
conditioning period, the electricity use for air conditioning, and the electricity use for non-air conditioning, respectively.

The results of the analysis of temperature sensitivity of the electricity consumption show that the participants saved
electricity use for cooling and heating. We also clarified that the participants continue the electricity saving behavior

continues after the campaign, especially during cooling period.

[ZL®I

A JIRERTOE IR, 2012 A HICIT2ERIC
EITACOEAINMER ST, FrCBIlEENMHE= U 7
TIRRA DRI PARS =03, PESEEY, 267580,
FIEFOENEN CEREFEM RN FE i SN2 & T
FHEEEICE O TITHAT, FEBMICBN T, 2
DF-H 14K 5 15K £ CTOR KB NHE S 2010 4FEET
WOHIIR SN D72 E, RERFIEHRN ALY,

[El U 7BV TiE, 2012 46 H~8 HIZFKERIT D
g v =S, EEHEICT 5%
HEBOAFZVEEFS & el L, Z ORI T
PASLSZ T D E WO IRV FAATH Y, £ 19 17 6
FAHNSI L7, FTHL AL D E, B 8 A
R BSOS IHEE ISR LT 5%/ &0
T EHmEIN TV D,

ZD X, FEEHPNZET HEERT Vv x U
FERIELN TS, LinL, 5% SIChRM72HiE
M & it 57-0120%, FRRo X 9 REiEx v -
Y DFERIT L > TH DI ZIRCE DN & E I
B9 ENEETH D, £7-, EEMRIEREZIZB
THHEGEANCIRZE L T2DI21T, HiEx v t—uf&
THOBFEOFRHHECONTHIE L TR MLERDH D
EEZD,

Z ZCAMZE TN, HiEF v o OEf B L
ZDORIHEIZA~— b A =4 —CHHl S EINEET —
B uid D2 LI L -, BEDRBIOZONE,
BB DR EAA LT Z 2R ET5, A

W CIXET, BHHEBEORERYIT —2 1D, BREE
e LT L T A HIB ORI T 5, RIS, BBGE
RN, BARELSNOEINEE, BAHEICLDHEIE
BTN EEHIHRIE 232, HiE RO E &AL E1T .,
I HIT, FHIFEEEORFEZELE o 5 2 & T, HiER
B OV T b iE#mT 5.

1. BHEET -2 OHE

AT, BAEE IS 7TIZB W TA~— [ A
— X =Tl SNT=EINEET — 2 D56, A—NLEk
TRV OT — X OZ A L CTHW S, Table. (24
U7 o PV R P ERN R 3, A El,
EH v L= AIBIN Lo TR (No-ESC) &2
L= (ESC) THY, TNENOH 7 VHTE
LB ET — 2 2 WO EIT o, SHHIRIX
201146 A 1 H~20144-3 A 3L HCHV, WL
X1 CTH B,

Table.1 Number of samples in each group

Analysis group| Fiscal year Number of samples

No-ESC2011 |FY2011 1237 (Nov. - Mar. 1,230)
No-ESC2012 |FY2012 1,237
No-ESC2013 |FY2013 1,222
ESC2011 FY2011 161
ESC2012 FY2012 161
ESC2013 FY2013 156
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Table.2 Indicators used for the analysis

Indicator Definition

Moving ave. temp. distinguishing A.C.

Boundary temp. period from non-A.C. period[°C]

M ean of electricity demand in annual
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Fig.2 Result of distinguishing between air conditioning period and non-air conditioning period
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FEAEOEYEE tBREDERICET WA
Study on the Relationship between the Housing Arrangement of Detached House and
Ventilation Ratio

Ofr & # & (MFKRF) Pro#k 38 K (MERE)
Yuki TAKEMOTO*!  Hideki TAKEBAYASHI*!

The relationship between the opening area, the main wind direction and ventilation ratio is analyzed based on the real
housing plan. The ventilation ratio was increased when the opening area facing the prevailing wind direction was large
except for the south side opening area. The relationship between the housing arrangement, adjacent building interval and
the average ventilation ratio is analyzed intended for modeled residential district and real residential district. The
difference of ventilation ratio between windward and leeward side houses which is occurred in the case of aligned

arrangement, is reduced when the adjacent building interval increases or it becomes a staggered arrangement.
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FAMRIBA O EfEIL, 77 v 3 & 7T 2 22 ZBRUWVCIERITR Table.2 CFD calculation condition
&< T RN ERERTOT 7 ThE . [ S sl e
B AR - V8 - B - ) SRR (RUAE - W - -~ "~ Power low
S . N) @Fﬁ,{fﬁ%“ 4 C/—T-\--@— /ﬁﬁgﬁ(ﬂ\:%‘ﬁ”ﬁﬂ D@fﬁ%‘i&i (reference height 17.2m, wind speed 3.8m/s)
Outlet Natural inflow and outflow

R <, AU 30 - FERIBR O kR S v R - Boundary | Lateral

A - TR R ORI, SRR RIS et | Uemer__ e
%, FAIBE O EAER & BRI IIAER A BT, 1R Wall Generalized log low
BTN, Opening Pressure drop model : aperture ratio 70%
Flat terrain categories I (power low index a=0.20)
PLEX Y, ERUEMAIOBE O mfE T 5 &, #HKln Convergence criterion 10
BB 223, K ABOmEEA T om0 cE, B Wind drection N.E. 5 W, NE NW. SE, SW
IR R e > TR0, BOmEESEML TH ol '
PRI L L7220, g
36
3. BRI & U £ R EHOBIR HE :ZZ?: o
3.1 HEOHE : > st ide
Ak B Vi34 7 f\C RIS OBA 1 4 3% 1= B ° ‘m e ﬂ . orehside
PRI, DR A B S & X 0 0 . 1; Y ——
EWCR LY R ELL OBR A R OT-. FT-, [FEHEHE Plan number
WNOBHET 5 4 SORMETET VA XGUT, ENEE Fig.3 Opening area of each plan
F7V—=TU—ERHHL, BHORLEFHECEfER L O 120
BifRA k7= 2. ABITETIE, EHIFHENZ IS 2 @E~ 100
OEEZRE L, BAREiRs L OMEEERE G&Y & T % ==~ 0.52| R*=0.04
KU (CTEH L ORARAT . g Tﬁh .
2 BAECHSEEEET VAT, (TS L% g6 . T |
T%EJZ’T%) iﬁ‘\@ff%{‘?ﬂ/@*ﬁig & ﬂ‘{i&% 5, i% 31 '-% 40 ‘o O South side: Wind direction S
RYLFEK D2 R THFEYFFE 12 7T o O~HEDIEENT ._E 20 o ° North_sidle: Wind direction N
HSEYE Uiz, —Rie PR A RE L, (28 g A e bt
L5 B2 5% 1 70y 7 & L, FHIN ORI 6m & 0 10 20 30 20
L7, WP EELER AR s, Mo EEhE Opening area ratio(%)
e b oMM ARG E 5. (EEMAMET LOHE Fig.4 Relationship between opening area ratio facing to main wind
DOHlEX 6, BlE NZ—r &R A4ITRT. =EL, E direction and ventilation ratio
e T L OSHESRR, HH{ETET T /L OBM-HEIES e
FHHIE 7 L OREE 7 — A L > CHELT 5. L &
FEAL BRI & 2n, Bm, Sm & ZE(LSH, HEATRLEDL) DU PO T U [P U=t A
AT (L) (BB S A A 2 b S E T Bk 65 mero#:J 650mm | 65mm  8800mm  630mm
FIbR & 25 L S DB AR SIS O M S [ sooomm [ | L10100mrm
TG RRRICE (LSS, METECEICER T 5356813, 4 Front elevation Side elevation
GIPSE IRy N (Sl (a) Elevations
RO FIZ T IR, FHEAHER 2 LR o2
HOTHY, FHRFESOM O EE b RIED L
H R L7, (EE ORISR B DA 1N, N, S, g
SW, W 5 A, SFRED ONRVEAITE, N, NE, g
NW, W, S, SE, SW, W 8JEM CHHEITo7=. FHAHfH =
SRPNER O A AT SRR & L, 45 B e T N
JASSEHIEE RTINS CTO~ODF 52D 25T, i 133752675 13375 ()|
S2FEHRLER 7700
HEERO 2 2 —KOF AKX 8 1R T. FELERD (b) Plan (left) and Perspective (right)

W OGE OB 2 EERME T VT, FEERK E Fig.5 Overview of the simple model



A-60

THEEAKE 20, BIONFEERICHEHL TWOAEE
SR HAOEZICBONTRN L AL TWD. FEAJE
B2 45 FE  (JELa) SW,  JEA) NW) oO35A, TR A i
FETRHIZEDITA LTS, B - mdbo BRI E
KT % L, FEERICBOEIR S RGBSR E < 7po
TW5. FETELEICT 5 &, FEYIEEOBRCA LT
JRDIEIZAR G B @A CEEMLE T D720, & o
FEETHE HOEEFRRRICENTA L TWA. FEdbE
EHEROGE S, R EENER OGS & RIEROM R ) i
mIhb.

3.3 MEERRES & UFETERE & R EIZOBE®R

SEHUE AT ORI A (X 9 | 2R3, BPE R EhE
HOYE, A, 370bb, EilEEOOL®, il
FDO & OOHSEHEAS IR Z V. FElfEE (DO~
®) oL, HFEE (©~W) X ARk
T, EATERE ST D 2 & TRl & AU E O #R
B OB L, 2ERICKEL 7ed. mMALEEER
OEED, Al F72bh, BEEEOOLE, FilE
DO & OOBKIEHES IR Z V. TEfilEE (O~
®) LHMFEE (O~W) OWREHUIIZE A LT
A%

BRI, ST HRES R PSR B A [ 10 12~
WP R EE RS OEEMME TV O8E, B OB
ZINF DL, FEMIZADEIER SRR <
72BN, HREEIRE <MLV, 72720, O
FEMOBKIEERO T NS 725 . ETECEIZT 5 &
FEHIBLE DIFEITAE U W7 R A & B o#sak
DFENNSL 72D, Fiz, RIEHEHRERRD bm O%A,
A& AL DOEER T U Qe K& A n o 2130 %
FHELS 220, RERMEL 725, MALTEEEROEEMNM
BT NOYE, AR Z AT 5 &, Ao
IR E BN L220, mbofEEMoREE 02
Wha< 725,

Table.3 CFD calculation condition

parameters the average of 12 plans |the simple model
total floor space (m?) 118.7 135.5
width (m) 1.1 1.7
depth (m) 8.8 8.8
height (m) 82 8.2
opening area of south side (m%) 715 75
opening area of east side (m?) 11 1.2
opening area of west side (m?) 1.2 1.2
opening area of north side (m?) 13 1.2
total opening area (m?) 11.1 11.1
Analysis target area ‘- H-HEE N 6m
EEENN BEENE EEEmg [ ® =% W
V 6m = =
EEEEE ©O0000 EEEER = -
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Figure.6 Dimensions of the residential district model (case A-5) (left)
and the number of each house
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Figure.7 Calculation (left) and Details (right) domain
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Figure.8 Example of calculation results of wind speed

Table.4 The arrangement pattern of the adjacent houses

East-west main road

North—south main road

aligned arrangement adjacement building interval aligned arrangement adjacement building interval
East-West South—North East-West South—North
case A-1 2m 2m case B-1 2m 2m
case A-2 2m 5m case B-2 2m 5m
case A-3 2m 8m case B-3 2m 8m
case A-4 5m 2m case B-4 5m 2m
case A-5 5m 5m case B-5 5m 5m
case A-6 5m 8m case B-6 5m 8m
case A-7 8m 2m case B-7 8m 2m
case A-8 8m 5m case B-8 8m 5m
case A-9 8m 8m case B-9 8m 8m
staggered arrangement adjacement building interval staggered arrangement adjacement building interval
East-West South—North East-West South—North
case A—10| South side houses shifted to 3.5m east 5m 5m case B-10 West side houses shifted to 6.05m north 2m 2m
case A-11 South side houses shifted to 5.5m east 2m 2m case B-11 West side houses shifted to 6.05m north 5m 2m
case A—-12| South side houses shifted to 5.5m east 2m 5m case B-12 West side houses shifted to 7.55m north 2m 5m
case A—13| South side houses shifted to 7.0m east 5m 5m case B-13 West side houses shifted to 7.55m north 5m 5m
case A-14 North side houses shifted to 3.5m east 5m 5m case B-14 East side houses shifted to 6.05m north 2m 2m
case A-15| North side houses shifted to 5.5m east 2m 2m case B-15 East side houses shifted to 6.05m north 5m 2m
case A-16| North side houses shifted to 5.5m east 2m 5m case B-16 East side houses shifted to 7.55m north 2m 5m
case A-17| North side houses shifted to 7.0m east 5m 5m case B-17 East side houses shifted to 7.55m north 5m 5m
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Impact of emission increase from thermal power generation on air quality
after the Great East Japan Earthquake
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*1 Osaka University

The amount of thermal power generation has increased significantly in Japan since the Great East Japan Earthquake,

resulting in increase in emissions of air pollutants. This research evaluated the impact of the emission increase on air

quality in Kinki region. Three cases of CMAQ simulations were conducted with emission data considering thermal power

generation for the year 2010 and 2012, and without power plant emissions, using the meteorological field fixed to 2010.

The emission increase caused higher air pollutant concentrations around power plants, and the contribution of power plant

emissions was up to 15 % of NO, concentration in 2012.
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1. FEEH

1.1 AR THW=ETIL

KEBRERAETIC L > TR SN RREET )V
Community Multiscale Air Quality system (CMAQ) % >
T, RRIGIEIREDHAEEIT>72, CMAQ D AT
—2 & LT, REHE, KERGWEE 2 —I2& > T
BRI S 7-& 57 /L Weather Research Forecasting model

(WRF) IZX D ER LTz, HEEET —213, imEicEs
(F % 2010 AKX UM 2012 AEFE D KT )58 FE 2 B8 LT HEH
&, KSPEEHM LRI LT PR R D 3 r— A ER L
2o CMAQ DT VT IBE FREIZIE, SR T

/1 Model for Ozone and Related Chemical Tracers version 4
(MOZART-4) OFHHEAERAMH L7,
1.2 FHEHME - StEEE
SRR 2010463 H 22 H~20114E3 H 31 H & L,
2010 43 H 22 H~3 A 31 HD 10 HEEBhESR & L,
2010 =4 H 1 H~20114F 3 A 31 H Z5Hix g & L
Tmo AVEFEREBIIHR T V7 OIRE A x5 L 4% 64 km
Kk (D), 16 km A& 1Ak (D2) 6 L ONI#E %
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Fig. 1 Location of thermal power plants in D3
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1.3 WRF/CMAQ E+E 514

WRF 13RI « SERERENED 3RIEA Y A —/LE
FLTHY, AFRTIIN—a 351 2 LT,
CMAQ IZAA 7—HD 3 W KZEET /L TH Y, AN
FETIINN— 3 502 2 L7z, AWPECHEM L

WRF &) CMAQ D% E % Table.1 12~

Table.1 WRF/CMAQ configurations

Parameter Setting
WRF
Version ARW35.1
Initial and boundary NCEP FNL, MSM-GPV, RTG-SST-HR
Land use USGS 24-category data

Horizontal grid number
Vertical grid number

98x88 (D1), 108x120 (D2), 92x92(D3)
0 (surface-100 hPa layer)

Explicit moisture WSM-6
Cumulus Kain-Fritsch
PBL YSU scheme
Surface layer Noah land-surface model
Radiation RRTM and Dudhia
Parameter Setting
CMAQ
Version 5.0.2

Horizontal grid number

Initial and boundary
Baseline emission

Horizontal/vertical
advection
Horizontal/vertical
diffusion
Photolysis calculation
Gas phase chemistry
Aerosol

76x76 (D1), 92x104 (D2), 76x76(D3)
Made from MOZART-4

INTEX-B, JATOP(vehiecle), OPRF(ship),

EAGrid2010-JAPAN
WRF-based scheme

Multiscale/ACM2

CCTM in-line calculation
CB05
AERO 6

1.4 KAXEHFBHE

Fig.1 (27 L 72 D3N KT IFEFEATIZ DU T, NOx, SO,
PMio, PMps, NHs DPEHEAHER L7, BAEEHORE
T2 50 NOx, SO, DHEH EIE, BAVETE ) 2014 HFED

REIZ L OPEHE 2% Y &2, PMw, PMzs, NHs i
EAGrid2010-JAPANY® 2010 HEDOHEHEA S LI, B
BHEB EOHRAE T H 2 LIk - T 2010 KD
2012 FEFEDOHEH EA RO T=, 2010 FEEND 2012 FEED
PREMEINLEERIE, 0 419 £%, LNGL56 £i%, fif% 1.15
FCThsd, —MFEEEOFKENOYEHEIL, BIEE D
[FREL DS BT A S B IR O L 0 Rz, Fiz,
PEHERIZIIH Z & 24 R ORFHAEEY & 5% 7,
DORFFZE PR EORAE Ch 5 & A7 L, 2012 4
JE DI R Ve BB I CRAE 2R, 2010 FE KDY
2012 AEFEDFEFEHTT L D NOx, SO, DHEHE % Fig.2
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DT TITAKIPEEHROPEHENR L,
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Fig.2 NOx and SOz emission from thermal plant in 2010 and 2012

2. FEER

2.1 FE{EESEBEDLLLER

WRF & CMAQ |2 & 25 HRE A BHANE & el L7z, £
TIVOFBPEOFHIIZIL, #aHEE S L CTHBIRE (R),
Mean Absolute Error (MAE), Mean Bias Error (MBE),
Index of Agreement  (IA) % iV /=, KGO R348
B & BAF72—E& R LTz, 2010 454 H 1 H~2011
#£3 A 31 HIZEIT 5 KK CMAQ FHEAE & BLANE O RE
R % Fig.3 L OWE HEEE 5% Table2 (253, NO,,
SOz, PMosid HEEIE, OsidHEK 1 REE V- TRE
BT, TRCOWE TR —BAE R L TEBYIRET
HNZH#EY CTHD VR D,

Table.2 Statistical evaluation of air quality simulation

Statistic Statistic

NO, num 358(0; num 360
Obs_ave [ppb] 22.0 Obs_ave [ppb] 49.8
Sim_ave [ppb] 21.8 Sim_ave [ppb] 49.2

R 0.85 R 0.84
MBE [ppb] -0.2 MBE [ppb] -0.7
MAE [ppb] 4.0 MAE [ppb] 7.8
1A 0.91 1A 0.90
SO, num 363|PM,5 num 358

Obs_ave [ppb] 4.8
Sim_ave [ppb] 3.0

Obs_ave [ugm®]  19.2
Sim_ave [ugm3] 14.3

R 0.65 R 0.88
MBE 1.7 M BE [ug/m3] -4.9
MAE 2.0 MAE [ug/m3] 5.7
1A 0.69 1A 0.89
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Fig.3 Time series of NOz, SOz, PMzs, Osconcentration
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Evaluation of aerosol direct effect using an online coupled meteorology-air quality model

in East Asia
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Numerical simulations were performed in order to evaluate the impact of the direct effect of aerosol particles on

meteorology and air quality over East Asia. The online coupled Weather Research and Forecasting-Community Multiscale

Air Quality (WRF-CMAQ) modeling system was applied from January to March 2014 for cases with/without feedback:

two-way/one-way simulations. Ground-level shortwave radiation and PM2s concentration in the two-way simulation were

respectively smaller and higher than those in the one-way simulation over the Asian Continent. These differences indicate

that the aerosol direct effect substantially influence the atmospheric stability, and therefore the dispersion efficiency of air

pollutants.
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Fig.1 Modeling domain and locations of analysis sites.
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2.2 ETILOBRE

ABFFE TR L7eR%: - (bt A 74 TV
(WRF-CMAQ) D% % Table.l |[Z7%9". CMAQ DA
B BT — % 1X NOx, SO;, CO, NHs, ##%8
HHEBEY (VOC: Wlatile Organic Compounds), 71
KWL (PM: Particulate Matter) (2%} L CEFEOHEH A
A2 M B RO EHEE T LV ORRRER S
s LIZXVER L.

Table.1 WRF-CMAQ configurations.

Parameter Setting

WRF
Initial and boundary ~ NCEP FNL, MSM-GPV, RTG-SST-HR

Land use USGS 24-category data
Explicit moisture Morrison 2-moment scheme
Cumulus Kain-Fritsch scheme

Surface Pleim-Xiu Land-Surface M odel
PBL and surface layer ACM2 scheme / Pleim-Xiu scheme

Radiation RRTM G shortwave and longwave schemes
FDDA 3.0x10™* s (Temperature, Mixing ratio, Wind)
CMAQ

Initial and boundary ~ Made from MOZART-4
Horizontal advection Yamartino scheme
Vertical advection WRF-based scheme
Horizontal diffusion Multiscale

Vertical diffusion ACM?2

Photolysis calculation CCTM in-line calculation
Gas phase chemistry CBO05

Aerosol AERO6

3. FEHER

3.1 ERAHE & DR

AMFFETHER LA > T4 BT VOREE A2 HT %
7o, WE4HE A B KR, WD) & RBkIc
B CEHAE & BUIE DO L 21T o 72, R I35 HE
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ZoR iz, ZOFRKE LT, PEOBHIET —213/
> I (knot :1 knot = 0.514 m/s) TH- % 51U TE 0 /o fREEN
H<leoTWDH T &, AW CTERIE LT 45 km ¥ Dt
FCIEERO THORIRZ 0 TE T b T P
(2 & DO Z B CE TN Z &35 b 5.
PM_s i FE O R F1 T one-way,  two-way i/ S5 —
Y TIAB08 L ETH VIREDOLHE), v — I (rfEDHBL
PEIZBAFCh -T2, FHESHIRICEWCTHRECIRIED /A
T A, KK CIXDOTIIBONAL T A L o=, B
DT D MAE OEITHEIZBWTRI3~6E & K
TEIG AR LT, ZHUTRRC B — 7 REOIREE % KIEIZ
ARG L T AR CHEECTH Y, miRERO I
BARTRWEDEEEZ BND. F72, FETIE
one-way DFFFEFERD, KBTI two-way DFHRERA
XV EOKERE R LT,

Table.2 Statistical evaluation of meteorology and PM,s
simulations (>%Y: two-way/N: one-way simulation).

Mean(Obs) feedback Mean(Model) MBE R  MAE RMSE IA

Temperature () X (0 0 (0)  (C)
Beijing 23 Y 05 18 098 18 22 097
N 16 -0.7 098 10 14 099
Osaka 72 Y 3.9 -33 098 33 34 080
N 41 -31 098 31 32 082
Mixing ratio  (g/kg) (gkg)  (gko) (g/kg) (g/ka)
Beijing 22 Y 2.1 01 091 04 06 095
N 2.1 -01 090 04 0.6 094
Osaka 4.0 Y 39 -01 098 0.2 03 0.99
N 3.9 -01 098 0.2 03 099
Wind speed (mfs) (mfs) (mfs) (m/s)  (mis)
Beijing 2.0 Y 2.3 03 056 08 10 067
N 24 05 057 08 10 0.66
Osaka 2.3 Y 33 10 076 10 12 063
N 34 10 076 11 12 062
PMas  (ugim®) (ugim®)  (ugim®) (ng/m®) (ug/m’)

Beijing 1107 Y 163.9 532 087 595 822 085
N 139.8 291 087 428 543 0091
Osaka 204 Y 20.1 -03 090 46 63 094
N 20.0 -04 089 47 65 094

3.2 EEMROFE
(1) RIRBEIRARD PMas R i
Fig.2 ([ZHEFR L OV EARIZIS T D3B8 -2D PM,s
AR, RERIT, 429 M 28 HiS T two-way 7%
one-way KV b REREZ/RLIZ. £72, one-way TDEF
FUREAL CLURAYEI Y PMos JREE AR L7 HILAS T two-way
EDENPRKREL 2D E VI ER LT
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Fig.4 Spatial distributions of contribution rate
of aerosol direct effect.
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Fig.5 Scatter plots of contribution of aerosol direct effect

to PM3s concentration and (a) shortwave radiation at surface,
and (b) PBL height.
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Fig.8 Spatial distributions of (a) PM.s concentration and
(b) difference of PM_5 concentration on 26-Feburualy 2014.
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Source apportionment of summertime high ozene concentration in Osaka by using tagged tracer
method
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“1 Osaka University

Source apportionment of summertime high ozone concentration in Osaka was conducted using the Community Multiscale
Air Quality model (CMAQ) with zero-out emission and tagged tracer methods.  Results of source analyses by the two
approaches were compared with each other in order to show similar and different points between them. Source
contributions to daily maximum ozone concentrations estimated by the two approaches similarly varied day-by-day under
variation in meteorological conditions.  Zero-out and tagged tracer methods showed large differences for contributions of

nitrogen oxides that react non-linearly with ozone.
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1. FEEH

1.1 BEETIVEE

KBRIF DA AZKS T 23 AVRFT GHHTI A U724l
ETCOWTHEAT 5, KGE7 /L WRF (Weather
Research and Forecast) P-Claf, +HuRIM, Z@RHT
lEZ AL, iR - B - IR - )70 EOKGEEE Rt
B45, RKEET /L CMAQ Community Multiscale Air
Quality system) Bl NOx, VOC 72 EOHEHIET — % L&
L FIRRTIRE 2 FHE 5, FHEBIHIE 2009~ .
013 FE0FNENOTH1H~8 H31 AL L. 5HEMH 134E 1358 1368 1rE

WA Figl (OORT. FHEREIY, W7 UTENRETD Fig.2 Spatial distribution of NOy emission in D3
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1. 2 RERHFSEBITAZE

AREFZECIE, KRIFIZIRBW T, Z3VENORIEREE D
T AR T o F G, X7 E R L——EADY
Yu7y MEIZ TR, WFEIC X DR
EATol, #UE ML—Y—ETIE, ARBEICH
THEOFHZEIZE ST, FE5E LEOHATHE T
L0, Bar v METHE, EA—R L HEEZES
Hi=BuT U NMr—REDORELEEZTFEG L L TERLE.
Br7T v MEIC K DRI 5T OFH RS % Table.
LITRL, Bu 7 v MEZBT & HF 505 X% Table.
2 \Z7~9. BVOC _other, AVOC_other, NO,_other %, D3
WO KIS DHBE S D552 LT\ 5.

Table.1 Emission conditions of zero-out run cases

PEHI RS
Base R
BO/AO/NO [Base] —[D3 ? BVOC/AVOC/INO, DHEHE]
BO/AO/NO_Osaka | [Base]—[AXlxo> BVOC/AVOC/NO, HEH ]

Table.2 Calculation formula for estimating contribution by

2. AEHER

2. 1 BUAEE DL
2010 FF-DEFRRKRIIZIS T DA REE K U NO, LD
CMAQ (T & 2 MR & BB D RERENZE N OS5y
fi% Fig.3 &K OVFigd 12, 2010 4ED A L HEEE & NO, i
FED 1 FFRME & B iR 1 RFRME O SANREE & e tiEh 2
# Table. 31~ 9. FHlifEE S LT, #HRGRE (R, F
YA 7 ARE7E (Mean Bias Error, BSF: MBE) . 4
*tiA7 (Mean Absolute Error, IE#FF MAE) . — 3RS
IR (Root Mean Square Error, B&FR RMSE) 1 KX OV
TI—EMA 7 7 A (Index of Agreement, TEFF IA)
e, RENCEHRAE & BUAEIX RAF 72 —B " L
TV 5. 100pph Z#E % 5 e A Sl S 7z B
H CMAQ IZ K AFHFIL D FLHIGLTRY, ErT v
MEB IO 7f+& b L— k&2 ety VRED
FATER T 2T DT> TRURHETH DI LW
25,

Table.3 Average of observed and caluculated value and
statistics 1 hour value and daily maximum ozone concentration

Jero-out method 1 BRI BEX 1 BRIE
BVOC all [03 (Base)] — [03 (BO)] EHAIEFY 25. 1 17 59. 3 27. 6
EHEEEY 33.5 16.1 | 56.7 26. 9
BVOC Osaka | [03 (Base)] — [O3 (BO_Osaka)] BT
R 0. 84 0.57 | 0.83 0. 67
BVOC_other [BVOC all] — [BVOC_Osaka]
MBE[ppb] 8.4 0.8 | 2.6 -0. 63
AVOC all [03 (Base)] — [03 (A0)] MAE[ppb] 119 5 59 113 = 8
AVOC_Osaka [O3 (Base)] — [O3 (AO0_Osaka)] 1A 0. 88 0. 74 0. 89 0.8
AVOC_other [AVOC _all] — [AVOC_Osaka]
NOx _all [03 (Base)] — [O3 (NO)]
NOx_Osaka [O3 (Base)] — [O3 (NO_Osaka)]
NOx_other [NOx_all] — [NOx _Osaka]
—EEE —®HE
140 -
= 120
@ 100
g
s 80 - | .
£ | | | (
: SO L ARD | U
40 W { l
= [ |
8207 uu.' hhi
§ . 'm i | l
° 2010/7/1 2010/7/13 2010/7/26 2010/8/7 2010/8/20

Fig.3 Time series of O; concentration
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Table.4 Average of observed and caluculated value and
statistics 1 hour value and daily maximum ozone concentration

1 BB HERX 1 FEE
0; NO, o} NO,
HANBETY 25.1 17 5.3 | 27.6
FTREIETY 335 | 16.1 | 56.7 | 26.9

R 0.8 | 0.57 | 0.83 | 0.67
MBE[ppb] 8.4 | 0.8 | 26 | -0.63
MAE[ppb] 1.9 | 559 | 11.3 | 5.88
IA 0.88 | 0.74 | 0.89 | 0.8

2.2 VOC BRUNO,BFHENKIRFDA YV VEEIZEZ 5
B

Fig5 |2, 2010 4FDEREAMRICIHIT D & 7ff& FL—
Pkl BuT v MECK DAY VREDO BiCK 1 R
EIZx9% BVOC, AVOC, NO, DFAIRE GHER ik 5
oy MTFEIC K D RAERE 51X, [Ffko B~ Zfh%
LCWAZ Enbnsd., ZiuL, KURSOEEE, ks
W T REGER OB, ik « SOSSIED BN
LZENFERTHDLEEZEZOND. £l2, BaT v MNE
T, KIFD NOx HEH BRI X 237 5- 0% < NAaDEE
IRLTWD Z EDbnd. AL RTERBEMR E LT,
TR 3. 1) ORI EY, NOxHEHIETEE Tt
VRN TS Z ERET O D.

Fig2 |29 X 912, KEFFIHRAHZ NOx BEHHEN SV
W, Base 77— AIZHAT, NO_Osaka 77— A ClIRB
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BENEL 725, T2 b RO NOx F51E L 72 50k
WFAET D, —FHT, # 7f& b L—h—EO%5A1,

ZIENDOHIBEE DR D OF - OF R &L
PERHE L [FIRFCATYY, (D) FIZ K o THY U
DB, A AEBRTO ST ARG 5-OHEMETZ .

ZD=8, Figh IR T X 918, HWIZHGNIEDEE 725
TWA.
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Fig.5 Contribution of precursor estimation sources to daily
maximum 1-hour ozone concentration by zero-out and
tagged tracer methods at Kokusetsu Osaka in 2010

(a): tagged tracer method

(b): zero-out method.
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Fig.6 Proportion of precursor contribution to daily maximum
1-hour ozone concentration on high concentration (> 100ppb)
days by zero-out and tagged tracer methods at Kokusetsu
Osaka in 2010 (a): tagged tracer method (b): zero-out method.
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Fig.7 Comparison of contributions of precursor emissions to
daily maximum ozone concentrations by zero-out and tagged
tracer methods for the entire simulation period on entire
simulation period and high concentration (> 100ppb) days.

(red points : entire simulation period ,

blue points : high concentration days.)
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Impact of climate change on variation of rice yield in Hyogo prefecture
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Kazuki YANAGISAWA*!  Ryo KONISHI*!  Hikari SHIMADERA*!  Akira KONDO*!

*1 Osaka University

This study estimated the impact of climate change on rice yield in Hyogo prefecture that has one of the largest rice yields
in west part of Japan. A multiple regression equation (explained variable: rice yield, explanatory variables: climate factors)
was built by using agricultural and meteorological statistics. Climate factors were calculated by the Weather Research and
Forecasting model (WRF) with the Community Climate System Model 4 (CCSM4) for the current (1981-2000) and future
(2081-2100) periods. Estimated rice yields by the multiple regression equation with the current and future climate indicated

that fluctuation range of rice yields become larger in future.
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