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Role of Built-Environment to Achieve a Low-Carbon Society (LCS)

-Research output of ”Japan Low-Carbon Society Scenario Development” Research Project 1-

Junichi FUJINO', Maho MIYASHITA?

Abstract

This paper assesses the possibility of achieving a Low-Carbon Society (LCS) in Japan
by targeting at 70% CO, emission reduction by 2050 compared to the 1990 level.

To achieve a LCS, the following socio-economic prerequisites are considered: Vibrant
society maintaining a certain level of economic growth; Satisfying of the energy services
demand as envisioned in the expected socio-economic scenarios; Consideration of innovative
technologies, for example, electric vehicles and hydrogen vehicles; yet, this research does not
take into account uncertain technologies such as nuclear fusion; Since the objective is to
identify the carbon abatement potential of Japan, the policy options that aim at making the
technological changes possible are out of the scope of this research project.

Satisfying the prerequisites mentioned above, a 70% CO, emission reduction below the
1990 level can be achieved by reducing 40-45% the energy demand and by introducing
low-carbon energy supply. Leading future replacement building to high insulated dwellings,
which strike a balance between comfortable living space and energy saving, reduces 50% of

energy demand in residential sector.
In order to achieve the LCS goals while satisfying the required amount of energy services

at the same time, prompt actions should be taken at the earliest stage of the roadmap.
UOih) ESZERBEAFZEAT MIBKEREEMFZE R L X —  T305-8506 KR < IEH/NEF)I16-2
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Such actions involve structural changes in the industrial sector and investment in
infrastructure. Moreover, it is necessary to accelerate development, investment, and use of
energy-saving technologies and low-carbon energy technologies.

Japan would set an attractive example of a LCS to Asian countries as well as to the rest

of the world towards global participation on climate change mitigation strategies.

Keywords: Low carbon society, Built Environment, Household sector, Commercial sector,

Long-term scenario analysis
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Role of Built-Environment to Achieve a Low-Carbon Society (LCS)

-Research output of “Japan Low-Carbon Society Scenario Development” Research Project 2-

Maho MIYASHITA' , Junichi FUJINO?

Abstract

Focused on Japan, this research demonstrates that there is a technical potential to reduce
CO,, one of the major Greenhouse Effect Gas, by 70% of 1990, while satisfying service
demand forecasts by 2050.

Estimated reduction rates of energy demand related to architecture (relative to the level
in 2000) are as follows  (range reflects different scenarios to envision 2050 society) :

Household sector: reduced by 30 - 50% due to building over of existing houses for better
insulation and increasing use of energy-saving appliances.

Commercial sector: reduced by 40% due to building over and renovation of buildings for
better insulation and introduction of energy-saving office electrical devices and appliances.

The energy supply side will also be low-carbonized by combination of appropriate choice
of low-carbon energy  (partially including carbon sequestration and storage) and

improvement of energy efficiency.

Keywords: Low carbon society, Household sector, Commercial sector, Long-term scenario
analysis
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Energy Consumption in Japanese Houses on the Basis

of National Scale Investigation

Takashi INOUE !

Abstract

Annual energy consumption per household in Japan has been increasing almost every
year, reflecting continuing improvements in living conditions that are not offset by energy
savings measures.

In this study the recent energy consumption structures of housing were investigated based
on the data of thousand of households over two years obtained by national scale questionnaire.
The influences of various factors, such as district, housing type, number of household
members, number of appliances, and environmental consciousness/behavior for
energy-saving were studied. The results are as follows. : 1) An annual energy consumption of
the national average was about 38GJ/household. 2) In the northernmost area, Hokkaido, as
space heating use is comparable to that in EU countries, the total energy consumption is
comparatively large. The overall energy consumption in the detached house in the central and
southern districts of Japan is about half of that in the Hokkaido area. 3) The energy
consumption in the apartment house is about 60% as much as that in the detached house and
the regional difference of energy consumption in the apartment house is small compared with
that in the detached house. 4) The decrease of the household members leads to increase of

energy consumption per individual. 5) The energy usage is dispersed to a great extent, even
CRORU RN RS L LA AL RE T 278-8510  THEULEF 7T 1 LIFF2641
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among the similar district and family structure. 6) Water heating seems to be the most

promising area to address in order to reduce total energy consumption.

Keywords : houses, energy consumption, questionnaire, regional difference, uses,

water heating
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Actual Conditions of Housing Energy Calculated from Statistical Data

Akio TANAKA'

Abstract

Japan has no public energy data for residences. Therefore, the conditions of household
energy consumption have heretofore been assumed through analyses of results of the “Family
Income and Expenditure Survey” by the Ministry of Internal Affairs and Communications.
Now that problems related to global warming have become increasingly serious, the
promotion of energy conservation has become more important than ever among this country’s
energy policies. In this country, however, it is practically difficult to establish new housing
energy research by public statistical data because of restrictions on the available statistical
methods. Therefore, even if the “Family Income and Expenditure Survey” remains an
important data resource in the future, information obtained using the conventional analytical
method has already almost reached its limits. Consequently, this study presents the possibility
of obtaining more information from the “Family Income and Expenditure Survey” using
genetic algorithms as an analytical method of computational statistics. This analytical method
will provide useful information to ascertain household energy consumption of this country, in

which the aging population and declining birthrate will be accelerated.

Keywords: Family Income and Expenditure Survey, Residence, Energy consumption,

Genetic Algorithm, Inverse Estimation

F—U— N Ktk FE TRAFIHE, BEHT/TY XA, SHE

VESTRSAEN  BEARSY: KFBEARRIAIER Za k- BREEHMEY  T860-8555 REATIR
2-39-1

%\ N

-31 -



WRtT — 2 DO BTN - EEREIZOW T (HH)

1. IXC®IZ

RN FAT AN D72 DI AETE - (EEA~DOBE TR NVF— IR EERED 1 DO TH Y | fili/e =L
X —BOROWRTE & FATRAREN TN D, ZDOTDITITREE D EOHFHT — % 230K L, FEEERF T
DERNF—THEOERELZET 2 Z EBRRAIRTH L0, TAECTHEHFESH O LXF—HE &
DiEZ BHRY & LIz ARIRGEHRENFE L, R E LT I5GERRE]  SETEHR) ot
KHERHNON TWDORBFETH S, —KETIEZ RV —ERES 4 12 1 Bl “The
Residential Energy Consumption Survey (RECS) 7 CKE=X VX —IFHF) 2FEM+T 52 LT %
JER MO L X —FFE AR L, MR SN FRE 2T - AL TEY, HABETHL—Zb R
WA FIES O X —F — I RXR— RN LENDL L ZAHATH D,

— IR R T — 21, BUFCBERER 01T 5 TAMKEE &, KR¥EZEOMREESCRMOFAES
2R EPTH TREFGEEH 2T bndh, AN THEH & TARFEH ICREL TR b 2
LrTa,

FAEEEO R —FTAGNT o ZAkaHE, B TRE= X —iet (=¥ —JT)
ELTHREINTOVDN, FEARIFT=RF—45E, GO OFGEHT — 2 M olElR SN b7, %
DIEN O TREUAOFEAR G WA 5 DDBIVETD Z L IFEEL U,

B OB 2L F— OB TN FEIHNEN TV D4 B FEERF O 30 5 —iH#
FREHUR D72 DIZAE DR H > T LD RETHH, HHEOEFHEERESEOFEHI LV,
FENED TFKEHE] L BEEPZ VIR OB IR R H D,

Z 2T, ENDFEEBMICOWTIL, BETA e ERN KB A (Bl - HRE, 2004 5 H
R RV —RRFIIIERT, 1975~72 L) ZARH « F4T L T& 7, Lo LAMIIZERERAEDNAE D FE 32
LTH, AHFHOFIERRITELS 225 2 L1320, AR OMiERX, &SR0 Tide 2o
AL A FHENEOMRGNEIZ B D672, KPR FERERAE T L 0 & /IR kR A
10 X, HRE, FEETEZDHERHDH, IV I RT [ABFEN TRV “EAn” T
RFIUER B, ZOFEOT — ZIFIRFRREITIRF T E 220, T OZFIIREREIRGE & & HICH
RN TL 2D TH D,

[FRTRAE 13, B CIIFES MO 3N X —FE A HET o b EERKA THH L 525D
M, AT VX —FERHEL B E LIZTRETRVWE, REEE S HBECREMOAETH Y |
BMEERPEN THD I R END, ZOFREICOWVTHET EHIRENH D, Z OFFEIZEREEANT
Z N D7D OARIRANE - FEHRIZOWVTOFREZ IR 2 2 Lk, RIS N 5008 L
L7,

Z ORRIRERI RIS 2 2 DIXREETIEH 503, [FKEHRE] OOPTIC L > THhalx, 2%
HH (A O EECHE ) 7200 Tl =X —f G E CHEEL . g omEE =
DENRC, B - ZEREOWHERES) ., Mlme i THIEL T, RS TOH RN ERNL Lo
EOITHEE L CEImE WD & ZONBHOBEDHIFERRE (B - HitE, 1997 ; AH 5, 2001) <2,
TR EOFEHAENE, =L —mOFER 7T RS O R (LG L
T VERAEER ) ZEE L T, SEHARO= 3N X —FE A EMEE LU L CE 20T

-32 -



CGER-T079-2008 ; ZZjE - 75 E M DI BRAL 5 3

D, ZOWEBRIIZFERM O [HEH OIENEREIZB T, =RV XF—BORARET D K& 7eth
L R o T FITMIENR, ZHIVE T IFEHRE] 132 < OBFEEIC L > THHT SR Sz
HoTed, Balfc ORPEMFTFOTIEE RN 2825 2 & T, BITHEA TS ATHE
Lo TEZ (A H,2006) , AENEE DL ESHHERIZ OV TRHIHEN T 5,

2. BFZEDOEK

[GERAE ) 1L, WE E bR < E o7 THEEMEHE] OB LIZH DT, 1927 Hinb,
2 168 THTFT, 8,000 AT ZXfRITIGE D | ZOHMFRIRDS 1973 4 1 A6 0| 1999 4 7
A5 BEARIEF R AS, 2002 4F0 6 XS AT S b 0 BUEICW e b, 2O & i3 2518
(X, 1963 FEHBUEIIW D E TOWERIERSIT =2 B3 o C\WD Z Lichbd, [FiHHiEl ©
SIHIC L 5T, FREOT IRV —FHHEEHEE L7283 =0 (2000) | (FBRBEFHERFZCAT (1999) |
HH S (1998) 72 8L HBIVTEY . T ORRRAISGEIC X > THUER =L X —F5 O REN T 52>
I SAVHEBIF AL H 2N 72 ERE R E LT b, Lo LIEFEERM O =L F—
TEOHIMNFEIC SN LW, 2 EOZ b, FrZDT - @bt EN=x L F—FEICED L D
T h B2 B E VSTl LOREICELNEE > TE TR Y | ZUIHT HE XKD BT
Do L LINET MHEH OMITIC &> TZORWA~DREIE &7 2EGHFERITT E A S/ LT
7200,

AL Tt 7 — 2 I EW A st R RO TR L ERMNME CHOMNCTH b
2D, HREREBRZTF L TN ZL R oIE, FEHEROETIZELIEHRIZ, HFHROREIC X
DENTTHERE LTCLOGFELRV L H D, ZOFEICL > THHEE T2 Z & TERBO
S HRICHAT 2D Th S, HEMIIZZNS OEBEOMAGDOEIZL - T, HetH ol
ARG E UTHEK 2 EDARMEDO R BRI TH 5,

3. DT FiE L £ OEITHRER

3.1 oW e

FaHBE DT — 2 2R 10 b IA L TIREMIT T 51213, B OERHE R B2 A BT TH
TS5 LRINHC, JeRAEGERIC X A WHEEDR A L 705, Z 2 CTIHERAIERS, a0, /37 2
— 2 OFERZELDIE (FRD, 2005) 2B <FT, MOFHZK VAT L & HIZ, BT /LT
AL (AT GAVE” ) W TR AR BR, 1994) LTW5, K1 IZZEOE¥(ET =
— %5, BTV T Y XA TIRYMIEN & LCER (1)) OfEMEZ T v F DIRESEDLN, 4
[E13 & SITHRIZM: S AMOERIERI O 1D D/ERMERE Lo TREL, ZRERT LI &
% 5 2 TR ZTERIICHER LTV 5, RICZ OEEREEO 2 TOMEKIZOWTHEAEZRD, Z O

-33-



WRtT — 2 DO BTN - EEREIZOW T (HH)

BEIEDSEROMARUITIE TR ZEIR L, TOMBH OIS, ERFORRER LR RS LT
AL L T <,

] RitH & RitiHE |
BH1 S5t X B2 £i %X
.
? B 1 x B 2
o0z &
=&4Xﬁif

BEBT7ZILTYX L

HOREHED
il HHE(RLHTE)
v
BEE S
X1 #EEEET v—

3.2 FRMTRER

FEENOZ RV —HEFBEZRET DRI, KJUEER, E2, #HESE. BET 2107
AT AZANIREZRERERNZ L > TIRES LD, LB ENLITHEIZEELG N, 1 D08
RIND DTS TIXZEDEBIT DN S 720, D F D IR R A2 A S DLk g To
FERNTSLEE & 72> T B, LUF TSk, HUg &R 00 = 1L X — {4 R AL O T THédo -
T ot A BYED R 721800 L Tt L7l %7~

3.2.1 KKl =R F—)EE

AT BEOA = AL 3 — VB AL O MR IHER RS R 2 3% 1 IR, T 24T o 72 1970 FELIED 10
iz BT, ARMEE A A BT RV X BTN IR K CThH D03, FRAFETHD & flutiik
L DEDEE DBINCH D, ZHUT 1970 4ED> 5 1980 4RI/ THEHEE O 3 ALL Ao = 3 L5 —
HEFHEALNEA LTS DI L, ZOMHIE Cld 2o B CMEmcH 5 7= Th 5,
F 7 AR E & ALHEE O JF AL A TR 2 M MERIZ S U | JEA T 3~5 AR 3 itk 2= R
WL EX D,

B 2 (2 2005 FEDAbHEE & . BIRO 1 A4 72 0 =L F—HE RN OREER IR 21”7, 1A
W72 ) OV —ERF A THD & Bttt & 2 AR ORI IS TIRIzE 8L TR0,
RS 3 NES 1 ANd72 0 JFHEALTRED 35, AL, B 6 ALLEICe 2 & 57
1 AN JFEALS EF UIX U O D2, ZIUMEEREARE S bz L FEND, £ 1 A

-34 -



70 FEALTIE,
9%, ABfE DY

SEETE AN XD L F DL TR EAEN

CGER-T079-2008 ; FE - HEFS BT OIRME L3t R

J=7E
o ?E

HE AR AG R AL BRI R E < 2 ALLEIT/2 % LIRS L IGHR RN

LCWbEEZLND, £, A
VLA SRR 200 U Tl L 0 20~30%FRE D7 < R E LTI « B R EN /a7

S TW5,
F 1 tHE BRI R X —HE AL

BANT : Mcal/F= - 4F

1970 | 2N 3A PN 5A 16ALE 19904 | 2A 3A PN 5N 6ALLE
deiEE [ 11,096: 16,922: 16,816: 22739i 21,759 dbiEE | 14,720; 14,814: 16,700i 16,224; 21,956
it 8,780: 10,698: 11,494: 11,616/ 14,754 = 10,140; 11,791i 12,2721 13,552 15842
E3ES 6,447: 7,224t 7,954: 9,031 9,960 R 8,349: 9,764 9,757{ 11,431: 13,887
R 7,095: 8,271 8,076: 10,436 11,703 B 7,097; 8,191f 10,288 10,760 12,626
bld 6,155: 7,637; 8356: 9,375/ 9,616 Pld 10,850; 12,899: 12,254 16,773 17,840
bliy 5393 64721 7,496: 8932! 8756 blin 3 7,408: 8400: 9559/ 10,777 12,064
HE 7,057 7,796, 8,398: 10,178: 9,887 fE 7,565: 9171 9,102/ 10,789: 11,889
[ 5232: 6,829 6,852} 7,247/ 7,696 mE 6,714; 7,772 8969 9.391: 11,089
ol 5500 6,230} 7,789 8960 9,217 L 6,415, 7,861 8,401 8,353 10,697
NP HBIL R E TR s iz pliski | 5,408 7,156 7,170} 7.817: 8,673
1980 [ 2A 3A 4N 5N 6ALE 2005 | 2A 3A aA 5A i6ALLE
deimE | 12,0328 14,498 15456 15,131] 17,546 deimiE | 145778 14,9270 14991 19319; 26,682
it 8,885 10,252; 10,912: 11,802/ 13,140 =i 13,4911 14,268 14,536 18,140; 24,026
5SS 6,692: 7,650 7,433 8844/ 10,147 ESES 9,012] 10,349} 11,035! 12,695{ 14,444
HiE 6,410i 6,778f 7,170 7912/ 10,216 HiE 9.236] 10522} 11,178! 12964 15,050
pld 7,908: 8554 9.434: 10,072/ 11,813 Fld =3 13,457 14,803; 15434 18,344; 22583
plix- 6,124: 6,990) 7.644: 7966 9582 plix - 9,004, 10,370: 11,066: 12714! 14851
thE 5959: 7,077 7,715¢ 8,165/ 10,530 FE 8,773, 9.822: 10,346i 12,204; 15,118
juc]Es| 5936 6,273] 7,130: 8,196 8,468 HE 8,871 9.966: 10,540: 12385/ 15244
Juin 5567: 6,667; 7,334 7,898/ 8,632 S 7,945 8,963. 9467: 11,109 13,181
bk o 4,806; 4,877, 5249 6,042] 7,299 Pk 6,190{ 7,101 7,565 8,884 10,588

IRIF—HEBRBEA Gea/ A&

5A

6ALLE
T

1A

8%

5, 6ALIE

K2 1 AM720 =3 AX—{HERFEEN (£ bEE, A : BE ; 2005 8575

-35-



WRtT — 2 DO BTN - EEREIZOW T (HH)

3.2.2 KB & = R F— ) EE

RN FIERER & . =L F—{HE I HALO MR Z 1980 4, 2000 FEA4FIIFK 2 1TR-T, 22
T b ALHEE O JEF O AR = L X —{HEFUEALIT T & A EDSE 10 Ml K Th 523,
Z OMIRFE T 2 i £ DHEEICH D, ZAUE, 1980 4 LAREALHEE & S O = 3oL X — 1 E R
HALY, HE VL T ol L, sl 2000 4 F THEMERNIZSH 5720 Th 5, FFIC
TR & RSOk ) HEHZ-DOW T 1990 12 4EREDY 11.3Geal/= - 4F & ALIEE T 10.4Geal/7 - 4
£V % 09Geal/JFAFERE L ZOEN S, FFEROIE, #b, AbkEo FEALZEEL Ll 2 R
TEOCRD, T2 THERINTALHEEDIFEALREZL/ NS WOl L, i, B4 T
TARAF—HEPEML, JREIZESE 2255 2 ERbnrd,

WA BB AR O BN 28 0 TR L7 fE R 2 X 3 1§, BRI B3k A, JRE
Prafeior L, THB S ROt Ay & 3 HREJE] ORISR EE AR B & AL A
THERELTND,

2 RN L = VX B R EEAL
QT : Mcal/F= - 4F

S EROHXIE N

dtiEE 14,556 21,516 9,791 13,620 17,698| | timiE 18,952 14,169 25,891 11,710 16,911

it 10,446 13,552 8,151 10,443 13,076 it 14,170 13,184 20,272 11,345 15,640
L 8,492 8,979 6,098 7,280 10,718 | PB9=® 11,413 8,729 13,826 8,582 11,239
BB 8,086 9,220 6,457 6,603 10,432 e 10,579 8,469 15,718 8,715 10,672
e 9,654 10,938 7,683 8,763 11,782 JLiE 15,164 11,332 21,655 11,053 14,178

iy 3 7911 9,095 5,680 6,831 9,680 plig- 3 11,285 8,868 14,072 8,610 10,799

hE 8,053 8,694 5,675 7,004 9679| | &= 11,116 7973 14,095 8,201 10,203
 mE 7,451 8,588 5,626 6,377 8,986| |..mE 10,439 7,173 12,707 7,520 10,473

JLIN 7,382 8,271 4,907 6,646 8,773 FL 9,275 7,289 12,029 7,248 9,584

bk 6,127 7,466 4,621 4,653 8,605 bk | 7,405 5918 9,376 5,121 6,788
m 30 _'1 o80% : 20054F 16 ‘

|

" 19904 20054
L 25 20054 1860 1 ¥

S —o—R#H+F 12 o
S, e otkAR l I

10 ]
ﬂ
B ; =
: | 8 g
PN

fﬂ 0 Q 6 f 19802F
|
2\;\— 4 19804F

2 5

7 ~ - 2
1}" dtiEE A =

0
0.0 10 20 3.0 40 50 6.0 %50 10 20 3.0 40 50 6.0
HHEEH(N)

B3 i EERIREA L KR (£ : d0EE. £ : BR ; 2005 £55))

-36 -



CGER-T079-2008 ; FE - HEFS BT OIRME L3t R

(AL E RigoO 1) o MH EduT, JEE T30 23 AL BIRITK 25 ATHHB, D=
FAF—HERHEAIL, 2 AR OEEFEAL LD /S < 25 FlIEE A BB 720,
EHEED [HEL & RSO O JFHEATIX 1980~2005 413 10,000Mcal/F - 4E L ZE L TEY |
# 1 OMHEBNOHEE SN D =31/ F—1HEFHEA LV $ 2,000~5,000Mcal/FF - 40720, ZHiZ
X UT3HADRRET D T - A5 - REEFR) AT, R BB HHEE S 2 TR &
Dt 3,000~8,000Mcal/ /7 - 4F-% < | AT EELIIMNT b FhfERR b =1L F—HEICRE B LTV
B EWFET — X DL EI T L > THER S D,

3.2.3 Bl H#HEE R LF—EEE

— IR AR B D T RV X —F OB KN TR I TV D2, BRI EOFLE = 3L
TEN 2 DD, TRDRNTDFEREIT OO, X412 2 A D 3L 5 — 1 E R LT
®$?\%%&%_@¢UL®%%%%&\%hu%@zﬂﬁ%®1*w¥~%ﬁi%ﬁﬁo

20054

15.69
T
Sl m R
#12 D E
o o#B
@ 10 [ BEE
ﬁ 8 0 4%B
Tel
g
* o2
H

0

b2 N

fth2 At
xF65F LI L
xF65F LI L

X 4 EEpFIFRE & 2 oM 2 At O X —IHERENT

PTG Tl il O = RV 3 —HE AL, 2 Ofhod 2 AR = 0L 8 —IHF AL
D HAEHRE TIX 10% L ERE < BRTH 6%LL ERE W FRCILRE CIIEEFREDOZENH LD,
AT M 2 AHEF LD K 20% KEV, 2O Z &b EkitAr 23 E O K 0 IRETREN
REWEHEE 41D,

33 BECRLVX—HEEOERGH

AREITIE, Z O &2 FVT, B2 10 4FER OB 5= 1L X — 4 S 28 8) O R 556 1)
T ZOHTTIR, R, REER, AT BEdEsR, Eﬁ®ﬁ&%%ﬁ&bf%
Z TV 5,

3.3.1 FitERAE

-37-



WRtT — 2 DO BTN - EEREIZOW T (HH)

X 5 (25O CHIZICHER L2 A b v 7 =7 a > OMIE (lEFE COP) & FEYEELER;
O HiIE A R E A e B & A T,

MDA &y 7 =7 3 OEHEIT, AR VX —RENEET (2004) OHEEHAIE TR
Wiz, ARy 77 aOERE COP X 10 £ T 1.6 I E L TRV, AEAEEIRIF O 7F HE
FOMEREIT, BRI X—t L Z— (2005) 12k > THUIESNTKRO - b 0T, BRI 1996
A 1,400kWh/7 - 5272 5 2005 4F-1% 1,052kWh/ 7 4 & 72 o T b, — HALHRE X G 7R KAED T2
BISRHIX DK 4 5 DEJHE L 725,

FIZHNREE H H7- 0 OBRE T RV X —{HE 2L 1996~2005 FD4[E 10 ik OBEFE = 1L
F—JFHAL L ERE H (A AT L —RFEFIEHT, 2007) OBMRNGROTZH DT, KGEMHED
P [ARS RSN @?%ﬁzw% DRRE AT DO LD TH D, kD LiE

BER 1C- Bz 2%, BEEFEBEAIL 2. TMcal ¥INT 2% Z £ 1272 5,
kWh/F= - £ Mcal/F - &
7,000 S gmEcop 7 9,000 -
6,000 o ;ﬁ’iﬂﬁ 6 80001 v = 27165 35.729 .
mjat \\\\ Ty 7000 R? = 09068 jt'ﬁL '%%
R 5000 5 ' °
;Fg( Y \\:\‘__1 N ﬁs,ooo S //‘./.
ST 4000 o 4 3 & 5000 ‘i
Esooo A _*_*******3"“5%4000
I’ el Ll || s REE s ?‘
B 2,000 L H HTE e 3,000
* A—tal 0| X 2,000
1,000 minininininininEk
: 1,000
;‘cpy
. SN N NS NS A, oo ‘
96 97 98 99 00 O1 02 03 04 05 0 500 1000 1500 2000 2500 3000
FE BEEER (°C-d)
(a) T7aVIEECOP LIEEHREEEHE (b) EEERLBEIRILF—HEEEDER

5 BRI D728 DE DIMBR S3HT#ER

3.3.2 FEHpHAEE

X 6 |\ZFIERH OB~ VX —HE &2 5 10 FFHOEB O ER it R a2 Rd, BEH T
X —OE®IT, JUEERE EFEEH) OFENPKE <, @5 10 FH CTRROLTIEAZ L L
72 2002 4RI, 2, 265X 10'keal BEFE= /L X — W RTAETEM L T\ 5, 2 OEIE 10 RO
W25 1L —13, 267 X 10'keal D 17%IAHYS T 5,

-38 -



CGER-T079-2008 ; ZZjE - 75 E M DI BRAL 5 3

% 10"kcal
3,000
COHEHER
CIF=EER FEERK 22605 [
. | COHEEHER 1
R 200 o gpER AW |
i CoOgssR
$ —o— B <
4 1,000 = B
i Fﬁ N
N _ _
H L = ‘__‘Y‘__ -\ -
o =/ = = = —
B |
-1,000 - QZ —
-2,000

96 97 98 99 00 01 02 03 04 05
FE

6 FEHFABREMTR X —HEBROREEIER

X 712, ZMEEIR Z PEBR L7=1 0 1996 4> 5 2005 04 BN A O B RE2 /T,
FEER & LTI, 10 RIS 72 5 O NNT 1,984 X 10" %keal DY, (R (FRECEAE
) T, FRAETEEROEN (727 LEASEERITER) T5x10%cal #TH D, — ke
OB T, 2,538 X 10" %keal ok, HH BEOBANC LV 481X 10" keal B L 72> TS, ZD
NEEARET B L AFT 1,031 X10"%keal OHIEE 725, Z OfEIL 1996 4 OBEFE T 1L —
BEO 8DITHYTHHETH D, o, BA - ML L Vo BEQJRICLHEE =L X —HE
EOEFZNIRIT 10 4F55 ORI RUGERN RITILECT 5 F 03 0D,

BifiF:10'%K cal

HHEHER
+ 1,984

A%t A1,031

X7 BEAT RV —HERCER L Z0OE (10 FEHRE)

-390 .-



WRtT — 2 DO BTN - EEREIZOW T (HH)

4. £&9

FREFBIT D )L —{HE R DO JFIRRA N 08 = A F— 6 WA EHEN D 201213, KB 5
RERRAS 72 & O RRIFEHIMATH 503, AWFEFOEE L FRICEE TH 5, WINoHEL, 4%
DoffRE R ED D 2 & & MRRAARSRORAL « ZUTTIEBRILARD HIL TV D,

AR L72RRIC, FIEA T3 F—FEHOEHIF & LT, KfHET —2 Ofifiezm LSE 5
ZEIFARETH Y . BIURROIIFERS, BUROIEEE 5% 5 & BITREOBORGHIIC D723 5 X 9 72
INTCAEZ CTH D, EELZTNIT R R0 DIE, HitT — % O CE N ERIT—RT —
OV T VERESC, R ROMENS L IKGFLTEY . FIFET 3T 2 8 - s
OETHERATILERDH D, DEVFERIIGONTLHOEFHEMICHAT 20 TIER, HROM
B, WRERAMICHE T EAEEND, ZHICk - T, BTSSR EMEORAC L 54
FEDIRAN, Vo T NDELRLT —Z ORFGDORERMEEZWMO T Z LN TED, ZDOOITITEED
FENTHE R 2 SLRIICLA G DR T, RAEFTMT 272D DO FERLETH D, T OKRSHTIZ L -
T, HEtT —2 o TH, HSEIEOZE(L, T - B bR = RNV F—FEIC LD X 5 728
B2 52 B OWTH THIREER T — 2 0G0 b &2 b,

SEl—plE U TR Lo R 6, KUEEENC K 50 HE =1L —HE EO IR, 10 457
DR RUCEN RGBT DI EORBERETH D Z N oTz, FHHHHE, 2 At 1 A
Bl VX —{HEEIL, BHTRERKTH Y | FHCEE I LD BIZ 10~20%RERE< D
AREMEDN G 5 2 L &R LTz, ARIZINO IR E AW T, Hatr — & ZRE1 - ZmEiIIHT
DI DFIERBEEATO TETH D,

BEITHR

KE = 2L —1EHUR © http://www.eia.doe.gov/emeu/recs/contents. html

AL (1994) ==2—n - 77 Vg - BBHT LY XA FEENE

ERNER, B 004) 2EHET 47— ML AEENT X —HEOFREICET 50158 it
ARFEDRE L MR OIX S ST 258 £ 1. HARREPRBRERam TR, 583,23-27.

FEERBIFIEAFZERT  (1999) FEA T AL X— U KT v 7, Ao Fr L F—k o ¥ —

A (2000)  REESERETIESR T OEEICB T 5 =RV —HE & CO, JEHEDHERIZET 5
I, A AREEL ARG Ram U2, 528, 75-82.

& 7, OREELT, HPIES, FEEECS (2005) Bl - AR AMIE Lo SREUMEORHAL BER
PRI, 39, 39-59.

AART XL F—RFETERT  (1975~) RAFHMT L —HEERERHE (1975~) .

HAT VX —RRFEFZERT  (2004) SRR 15 455 M BRIR IR L 5 3R H A0 B 78 S5 i AL e s 32

AART L —RFENIERT  (2007) =¥ — -« BEHFIER. A=rxrd¥—tr ¥ —.

~40 -



CGER-T079-2008 ; FE - HEFS BT OIRME L3t R

FIRT R —[T G T RLF—Htit

WBE TR FatHA.

HEHZEY, DiEFET 8 (1994) FEHI= L X —{HEBFHEAT OB H S HEEROMER. H ARG RS
FHRAR S, 462, 41-48.

B xLX—kr2— (2005) FERMKGHFETRTTA MRS REE.

HHIERE, R, BERDT (1998) BB IR T ZHER T O FEEH =k L X — B RN O 44T (Z
D) . TRF— - GFPFRE 17 [EFFT R RS U, 235-240.

HFPIERE, REEE], B SR, ILFd», GHREE  (2006) (EE= /L —H% LR -
St O FER T — BRI T 2 ) XA K DRMT — & O EHEE —. =3V F—E, 32,2,
60-76.

HHIEgE, EHFEE], b b, FETER, AR & (2001)  AEERERI AN L X —IH R EHEELS
B3 2058, AASREL A E iR S, 539, 67-74.

G« HAPRERE (BENZRHEN  REARTFRZ G A AR FER

_41 -



WRtT — 2 DO BTN - EEREIZOW T (HH)

-4 -



CGER-1079-2008 ; ZFJiE - TS ERFH D IRIEAL %t 5k

KEBFDOZRINF—V AT LEETFT IV A (KR EH1i2)

TH H2'-hn g2kl B!

Energy System Transition Scenario for Big Cities
(Case Study on Osaka City)

Yoshiyuki SHIMODA', Yohei YAMAGUCHI?,and Minoru MIZUNO'

Abstract

Long-term transition of urban energy system is discussed. Energy consumption in
non-residential sector and residential sector is predicted by bottom-up type end-use
simulation model. For the non-residential sector, the necessity of land-use control for global
warming mitigation is discussed. For the residential sector, energy saving effect of thermal

insulation of the house, energy efficient home appliances and life style change are simulated.

Keywords: End-use energy model, Land-use control, Thermal insulation of residential
building
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(FHEHZFH L LT)

AE RE!

Integrated Model of Energy Demand Estimated Model, Energy System

Evaluate Model and Energy Network Model
(Case Study of Utsunomiya-city)

Takeshi ISHIDA'

Abstract

Concerning CO; reduction effect from the commercial buildings, the method for
evaluating multiple effects of CO, reduction countermeasures was constructed. The model
made in this research combines building energy load model, air conditioning system
evaluation model and building stock quantity stochastic model. This model can calculate the
CO; emission of commercial building sector of various Japanese cities. As a case study city,
we chose Utsunomiya-city.

Using this model, we evaluate the difference of the reduction effect in two cases; first
case is the case in which CO; reduction countermeasures individually evaluated and piled up
each effects; second case is the case in which the mutual influence of the CO, reduction
countermeasures considered. From this calculation, the difference of both reduction effects
was 8500t-CO,/year , and this model is effective for the evaluation of the more accurate CO,

reduction effect.

keywords: CO, Emission, Commercial building, Heat Load Simulation, Air-conditioning
System, CO, Reduction Countermeasure
F—U— . TEERFELM, EERY, BRI =2 L—2 5 X TA,
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Effectiveness of Energy Consumption Information in Residential Buildings

Tsuyoshi UENO', Kiichiro TSUJI* and Yukio NAKANO'

Abstract

Reducing energy demand in residential sectors is an important problem worldwide. This
study focused on the awareness of residents to energy conservation and on the potential of
reducing energy demand through energy-saving activities. This paper contains two themes,
an on-line interactive “energy consumption information system” (ECOIS) and a tool that
helps each customer to select some energy-saving activities reasonably.

ECOIS 1, an energy consumption information system for motivating energy-saving activities
is constructed, and it was installed in 9 residential houses. By utilizing data of measured
power consumption, ambient and room temperature before and after installation of the system
and the responses of the residents to the system, the effectiveness of the system was
evaluated. And the authors constructed ECOIS II, an improved energy consumption
information system. And the effectiveness of the system was investigated by installing it in 10
residential buildings. The experiment showed that energy-saving consciousness was raised
and energy consumption was in fact reduced by the energy-saving activities of the household
members.

Next, the authors constructed a tool that helps each customer to select some energy-saving
activities reasonably. When people try to conserve energy or are encouraged to conserve
energy, they cannot ignore the benefits they reap through energy-saving activities as well as
the effects of energy-saving. We have categorized many energy-saving activities, along with
their merits and demerits and proposed a method with an AHP, which is a decision making
process. We have also calculated the energy-saving potential that can be achieved when

people carry out energy-saving activities based on the monitored data and literature.

VAN B AR GERT S A T AT ZE A T201-8511 HIEHEIAVT A = db2-11-1
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District Energy Use

-New developments in technologies for District Heating and Cooling -

Satoru SADOHARA'!

Abstract

In addition to the individual building level, countermeasures to global warming at the
urban district-scale are also very important. Conventional District Heating and Cooling
( DHC ) systems are a primary option for district-scale energy conservation
countermeasures, but the number of new DHC projects in Japan is decreasing due to falling
numbers of large-scale urban development projects in Japanese cities.

This paper examines a new idea of step-by-step construction of heating and cooling
pipelines in high-density built-up areas with buildings featuring a range of facilities and
system specifications. Connecting equipment of different ages makes it possible to raise
efficiency by supplying demand from buildings with more efficient equipment to buildings
with less efficient equipment during intermediate heating and cooling seasons. A case study
shows that connecting three buildings of different ages reduces heating and cooling primary
energy by about 11% to 15%. Moreover, this system offers several advantages compared
with conventional DHC systems, such as lower initial costs, the flexibility to introduce the
latest technologies, system redundancy, etc.

Constructing main pipelines to transport heat from incineration plants and power plants
URIRENI R ROE B R B E MAFZEE T 240-8501 ARIETIR 1 A AR T79-7
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to clusters of pipeline networks in built-up areas makes it possible to reduce heating and
cooling energy by about half in supplied areas, and could constitute an effective scenario to

stabilize atmospheric CO, concentrations.

Keywords : District Heating and Cooling, Built-up Area, Mutual Heating and Cooling
Supply between Buildings, Energy Conservation, Main Pipeline to Transport
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CO, Emission Reduction Scenario in Building Sector
in Japan

Yutaka TONOOKA', Oki FUKASAWA?, Takahiro NAKAGUCHT’, Tsuyoshi BABA®,
Takeshi FUJINO®, Takeshi ISHIDA®, Keiichiro KANEMOTO'

Abstract

To realize the Kyoto target, CO, emission reduction of the commercial and public building sector as

well as household is one of the main policy target in Japan. This Paper consists of 4 chapters.

Chapter 1. CO, Emission Inventory of Commercial and Public Sector Building by Building Type and
Region in Japan
Chapter 2. CO, Emission Reduction Scenario in Commercial and Public Building Sector in Japan
Chapter 3. CO, Emission Reduction Scenario in Domestic Sector in Japan

Chapter 4. Comparison of Emission Reduction Scenario in Building Sector in Japan

In terms of CO, emission inventory of domestic building by housing type and region in Japan,

Similar study as Chapter one was done, however not taken into this paper, because it was already
published ™.

Chapter one presents, energy consumption and CO, emissions from the non domestic commercial and
public building sector in Japan in the fiscal year 2000. The non domestic building sector is analyzed in
detail by building type, energy type, thermal end use type and prefecture. Energy consumption in 2000 was
44% larger than that of 1990, but CO, emissions were 30% larger because of an increasing share of gas in

energy use and a decreasing CO, emission factor of electricity. This chapter shows second times revised
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estimation methodology and result with detailed regional distribution to municipals.

In Chapter two, future energy consumption and CO, emissions from non domestic commercial and
public building sector in Japan is projected to 2030 by fuel and energy type, final energy demand type,
building type, by prefecture as well. In this Chapter we analyzed future scenarios of energy saving and CO,
emission reduction on several technologies or options applicable to commercial and public buildings. By
this result we can examine the potential of CO, emission reduction in this sector.

In Chapter three same future scenario is analyzed in terms of domestic building sector in Japan.

In Chapter four. We compared CO, emission reduction scenarios in building sector in Japan and UK
as well. There are drastic reduction scenarios which suggest the possibility of 80 percent reduction of CO,

emission in 2050.

*a: Tonooka,Y., et al. (2005) A Detailed Energy Demand Estimation and CO, Emission Inventory of
Residential House by Prefecture and Housing Type in Japan, J. of Arch. Plann. Environ. Eng.,
AlJ,Vol592, p89-96 (in Japanese)

Keywords: Climate-change, CO,, GHGs (Green house Gases), Emission,Energy
-Consumption, Energy-Conservation, Building-Sector, Non-Domestic-Building
-Sector, Commercial Building, Domestic sector, Residential-Building, Housing,
Household
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1.8 T RXETHIBIHES!

4 21 13 2003 4FEE O HIERBREEHEME Ry (b DERIGARER) Tt KHTATRI 0 U 28 Bl 518 37 48 D KLl
& UTHER L 7o B RO T IXATA B CO, JEHIE T, EEBHKZ B mfREE & L CRBNED BT
DCHTAS B MR A 2 HEGH L2 b O Th 5 (FrE B IR A N R BT BB IR S R S ORI 2T,
2004) . BEMHLERNCHERE STV D P EBRESFHX T Z2omd, BB, Hssss il |
BAHER TRl E s EE e R A R s D
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(EAT : Ft-CO,)

M2 FRETAHBIEERELE CO, BB (2000 45)
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IZDWTHERF L7z, & OISR & R IFIR 2 M2 LT, 18 B RERR 7 BN o i
DFEE R LTz, COp HEHHNBO RN R A4 IEFEICEHI T 2121E, 20X 9 REEe Ko7 —#
\Z— R LT, ORI OB IRIC L 2B =32 F =R L CO, HEHAIREN R 2 FE5EEE L
TEBRERRD~ 7 n BT XX —hR L PEHEHIEEI R A FTM TE 5, AR TIIKITRT
CO, HEHIHENR > 7V 531 D Skl & 72 5 RGO BT — X fRHr Tk R Lz,

AFEPESL M B TR - P OiE - B Wl - Y K
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2 BARDEBTMIZEIT S CO,BEHEBIRT TV 4

2.1 (L ®IZ

BARIZBT 2 EEH =3 X —1HE LIEEDHRT AOPHICONT, @R, BUH®R, =%
VX —FREE, MU (R) BIOERMEEHEG L, BEGEESERC W CHAE 2 I 2 Bk
HE 2 LR TCEEAIAEAT L 7= (I 5, 2004a, 20058, 2007a) , = DZIRICHIT — & FEATIL 620 5
ZEBICIEMICFHET 2720 0K#E L L TEMENTZHOTHY . Z O8N T — & % ki
2030 - TORRIHR LT VAP 24T 272,

22 HHY

9 £ T [ELEBFEIXEEREETH 0 | 2008 F-7> 5 O HHRHE & — K F IR O B
2O 2T, EHEREBURICBIT EEFRE L LTRESEY EFbns L5t/ >T& 7z, 2007
6 HIZ KA Y TiThh s G8 elEEMEHE CHRIH SN DITT TH L2, Zhizkenid 3 A
IR Y 7 AT G8 BRERESS b S NRELABBORIC DWW i S BREABIERE
&k}, 2007 45 4 A 28 H)  FLFHR O THFE S 72 IPCC 5 4 ki EH O BOR R E#H M E (IPCC,
2007a, b, ¢) IZBWTIHIEHERETIE 50% EZ A0 80% b OIR=EZE A APEHHIEZ L& 21
HACRICEB T B HERGIR EH- 2 22 ® IR 5 Z E NN TH 5 LiEM S, mEmEED
EFMBUARMW E DREREZEICEELEVRNLE, P RRE (GRMAEZEL S, 2R
BN EAS L LTND,

L2> L HAREWNOPEHBIRIZEA TR 592005 42 A, UNFCCC RAGEE ZD 5% % #% CIA
4 H 28 AATIT gk S v7c B ARBUN O AR E & B AR ZAGTHE T 2010 4F BAREIZ VT H A5
X% OPEH BN EYEEL 15%8 & PHENL TV, Z0%BRAE T RV X —Hat (RIFFEEY,
2007) MCLET SIEEYEFEME b RHE b K& < b o 72O THEAERTOE K & Bfr& Bl o B i
RERBREZDBNDND 5 O TEEZ BT 572, ET1% O FEUELE 1990 44 2572 OMEFT CO,
HEHI BT 164TgCO, TH D . 2000 4EFEIE 206TgCO,, FEHEEAFELL 25% DTN Th -~ 7273, 2006
.8 H 30 HICHEH &7z UNFCCC HAIHEFIZIU T 2004 L - 352 OME D CO, HEH
BT HEMELE 1990 £ 1L 38% HHI R LTIV, 2000 FEEIHFITH L TH 10% DK Th-7-, £
DIEFEF ST 2005 4EFE GHER) 13 CO, HEH B 234TgCO,, UEEAELL 2% DH O™ Th - 7=,
ZOEE DM g o oo 2L — W B 1L 3.0T) T 1990 41 48% I Th 5,

L L ZAUTEMOER L BT —# 20 b OICREN & 0 IE LWEREEZ RELZ BN H 5,
Z D COr HEH BHEFH D IR /2 > TV D =RV F — « RT U AKOEL T OMEF D= 3L F—
FIHEFHZ 2000 4L, 2.7ET 1272 > TWVD A, ZEBEELIZNT 2 kPRI L 7o AM 5 O HEFT T 2000
FEOT XX —{HEEIL 148E] TH V| [ZEELOM]) MDD 5% Th D, £ O (KiE - BE
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TR E 2 ETe s, EERIIIT/NTEHE L ERE OB RE) H5 DHA e B EWITIT
RE SR> TWD, MZEBED DT 3L X —HEREOMONL 1990 4 1.04E] D 44%H4, CO,
HEHIEEIE 128TgCO, T 1990 4EE 99TgCO, D 30%H > Tdb - 7=, LU F ISR T HREEB LS TO CO,
PEHHIBR RITEFEEL T ICEHATE 200 TH Y . TOMEBME L EA S #EEHIE
RGO [3BZ OMEM] 2RICE OHBEEZ TR T 5 & ERICERR . H 0152 0Hl
WD,

B9 ETHRL EYOPEHITIRAHEER SNRWIMZT T, & OICRYOHIRMECR
HCHDHN, BIHRED S 5 VIIEBEFASUE I B\ TRIGZREIRD 72 X 5 BUR & fkki 3247 L 72
WIR Y BRI 22l A2+ 2k EE TERBT L2 LI TE R, 2O X RMOF T, HARR
LA MERER B 2 B SRR L3 RGN R B A TEPRIRIC OV TRE 2 ER TR, Fak
DO L DORREPEEE ST T 50t R A HEtET DRI STV D L IFF W, 2
FEHIIARICB T 2 EEH AN X1 LIRBRET A OPHICONTER X —FRFEART
2030 FE TO CO PEHANRS T U AT OWTHEEK L TE 72 Ui 5, 2007a, b, ¢) . HABUFOR
DI E E HARERGE I LE L 2/ U CEREL NGO KfEx > b U — 27132006 49 A, KA
FIIZDUN T 2020 4212 1990 bk 30% B A SEBL T & 5 v U A48T & BURIRR 21T - 7o (K=
v NT—27.2006) , FHES (B, S 1ZTOTF ) FHREIED N, XL -G
DOFETITEOBERER O 5,2006) ([2MZ T, ZORKERZEE 2 2030 FI2 OV THLE OHI
WA E 21T 72 (BME 5, 2007b) , 2030 4EI2-OUVTIE 2005 4F 3 A ICERFIESEA )8 2030 4E 0D = %
VX AR (RRIFPEEE, 2005) 2 E L TV DN, TUTEE#HEZDOIER Fo#FHTH Y |
ZHUL EOHIEAZ B L2 b O TIER, 2SR L2 ZISRT 2T U A HERH IR 70 38 % R
DBFENZ LY KIELHIO FTREEZ R T 2 b DO TH D, B, FEEIZOWNTHRERO T E1T
o7 B S,2007a) 23, ZHUZOWTHIREICRT,

23 COHEHEOD~ 7 migskcHzt (2030 48)

2.3.1 fEFHEHIEHF DEFE

2000 “FFED CO, PR A BLLUE & LT, 2030 4 E TO CO HEHE A XK > T U Al L v %t
KROFW L BT CO PRI A BN D £ £ & IRPEHBEREAEZ D 2 7 — AT O THERH L 72, B
ETFNEE K 22 12T, KRE TR E LU CHad @y & BEFEMI oy THERH L7, X221
AT LT, BRI CO HEHE (mxL¥—HEE) I3 LT, ThEZhOB AR, &
MR & OEXIRD CO AR (B ¥ —F) Z2nT5Z L2k 0, COHEE (=3
X—HlEE) NEEIND,
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2000 £ )L X —y & - [FErTrT——
C O HEt B

HeFHE

|

2030 4 S Y R
TARX A
C O HEH &
2030 4 2030 4
TRV TR
C O P E GFmk) CO HEH&E (B
2030 4 2030 4
C O HlljEiE (HRR) C O, Hlljg & ‘(EE%‘:E)
2030 4E
C O, Kl

22 3k CO,HEHE L BB SRR OFEFIE

2.3.2 SRR EHE DA

FRIEIENT 3 BT CIEHEFBE MR EIZ 72 5 23 HRD A Z TN A DR ~DOERHHIZ A D & SHUE 3
WEESENEREE LD 2030 4 THFHMT 2 &35 21 < < KO HRR AR E 1@y cid e
VN, 2 CHREBREIT X 0 IR DN BT D A RV A A TE T RIECE VY 1965 D 2004
FEOEYHEIRER (2FEE) oR#EmT—22r71ve LTl TR LE
DIVTZFRTFER N 2 2 8 12, AT LV THIE 472 2030 45 F TORMEFE & % 2000 448 N3 %
7 9 R,

#8 EBAKEREOR by 7 BOXEHERINR

(%)
FE 85-894E[90-944E[95-994 [00-044E[05-094 [ 10-144E [ 15-194E [ 20-24 £ [ 25-304F
EIEFR-EIL 47 4.8 26 1.1 0.47 0.20 0.09 0.04 0.02
FI3—k 3.0 49 2.1 19 1.62 1.40 1.22 1.06 0.92
A—IN\—(BadH 30 3.3 3.0 15 0.81 0.42 0.22 0.12 0.06
A—/\—(BmiL) 3.0 3.3 3.0 15 0.81 0.42 0.22 0.12 0.06
avE= 3.0 3.3 3.0 15 0.81 0.42 0.22 0.12 0.06
—fB/NTE 3.0 3.3 3.0 15 0.81 0.42 0.22 0.12 0.06
EN5E 3.0 3.3 3.0 15 0.81 0.42 0.22 0.12 0.06
HEBIE 4.1 2.7 1.7 1.3 0.95 0.71 0.52 0.39 0.29
R 1.8 1.1 0.9 0.8 0.73 0.65 0.58 0.52 0.47
T IL - KREE 3.3 3.3 1.3 0.2 0.03 0.01 0.00 0.00 0.00
P 3.1 3.0 3.3 3.1 2.82 260 2.39 2.20 2.02
B35 - R EE 15 0.9 40 3.3 1.2 0.43 0.15 0.05 0.02 0.01
FDith 3.4 24 3.3 22 1.52 1.04 0.71 0.48 0.33
&t 3.3 3.3 2.4 13 0.70 0.38 0.21 0.11 0.06

(&Hh) T — REREHERE] ( (M) BRIV —EFMIETT) L0 He
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9 CFEREHEEHERHE R & X 2000 FHEHN=R

T o PR E #& (106m2) BUE (%)

2000| 2010 | 2020| 2030| 2010| 2020| 2030
EHBMEL 441.7| 477.4| 4842| 4855| 81| 96 9.9
EE(EEE) 104 | 124 141| 156| 188 | 353 | 49.3
BHER—IR—BRKEAY) 534 | 600| 620| 626| 124 161 | 172
BER—N—BREL) 86.8 | 97.6 (1008 |101.7| 124 | 16.1 17.2
#EEEvESD) 56 | 63| 65| 66| 124] 161 | 17.2
EEICT Tt )) 178 | 200 | 207| 208 124 161 | 172
EETCGED) 238.8 | 2685 277.3| 279.8| 124 | 16.1 | 17.2
B E 405| 452| 48.1| 498 11.7| 188 | 229
=h sk B 29 4 R 2205| 238.0| 253.1| 265.8| 80| 148 | 206
b= 101.4| 102.7| 102.7| 1027 13| 13 1.3
E& 76.8 | 102.6| 131.3| 161.7| 33.7| 71.0 | 1106
XAt - pa s 293 | 318| 321| 321| 84| 95 9.7
Z0i 60.6 | 73.0| 79.6| 82.9| 204 | 313 | 3658
& = 1383.6 | 1535.5 [1612.5 [1667.6 | 11.0 | 165 | 205

2.3.3 1ZF CO, HFHIFH

Fio. FEHENO CO PRI, Pk 17 4F 3 HRAER - 2L X —FESTERBRICE
% 12030 FOTF N X —THERE)] 22 FBITKEEHEE (PVC) PREIEASNTSGHZMA
(EINARE U RS 2018 CO, BRI R A sk DTz, BB L DRIR, B L, BEmICERE IS PVC
IXEBMOXIR E LT ET 5720, BHELS O TH-OEE R EICRE S 2 PVCIZL 5 CO,
PE AR 7200 2 B GA AU 7244188 ) COp HEIRE 2 AFRl L CTHIV 2, R 10 ISR ER ML Z 7~ 7,
¥ ZORITITFEV TR, 2005 4L D -2 ) CO, Pl HFREIT 7R 2205 T 0.423kgCOL/kWh,
117.5kgCO/GI & 72> THE Y | LT /IFEEFTOBREIE 1L D725 2000 L LV 3720 KREV,

#10 JEREH CO, HEHRE DR E

TR LI7LUR S| —2R

2000 | 2010 | 2020 | 2030 | 2010 | 2020 |2030*a| 2030%b
HEEHE (EKWh) 9396 | 10287 | 10787 | 11287| 9705| 8473| 9847 | 9447
Ak 1732 | 2090 | 1974 | 1858 1300| 150 0 0
LNG 2479 | 2625 | 3010 | 3394| 3729 4004| 4384 | 4384
aimE 1004 | 658 604 | 549 354| 150 0 0
R F 5 3219 | 3753 | 4035 | 4317 3075| 1311| 1311 | 1311
KA (—#%) 779 | 927 927 | 927| 927 927| 927 | 927
K H 48 K) 125 | 135 123 | 110| 135 123| 123 | 123
Hh 33 32 32 32 32| 141 141 | 141
INRIEKD 347| 347 | 347
FIrLEX—%F 23 67 84 100 | 154 | 1320 | 2615 |2214
NORENE (FKEW) 40.0% | 40.0% | 40.0% | 40.0% | 41%| 50%| 50% | 50%
NNOREHE(FEW) 35.6% | 35.6% |35.6% | 35.6% [ 37% | 45% | 45% | 45%
B it CO, B H % # (keCO,/kWh) | 0.336 | 0.321 | 0.311 | 0.301| 0.299| 0.193| 0.163 | 0.170
FEIHCO,HEH R # (kgCO,/kWh)| 0.378 | 0.360 | 0.349 | 0.338 0.332| 0.217|0.183 | 0.191
FEIHCO,HEH R 3 (keCO,/GY) | 1049 | 100.1 | 96.8 | 93.9| 92.1| 60.2| 50.8 | 52.9

*al EBHYIE AN SN D PVC 28T, *b:FILR<L.
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2.3.4 FrEEF CO; HIRHIH & HIEDHETT

CO, H

i\ . BEMS %
NERIRLE R XTI

VBRSO 38 AR 2 1T G|
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72 EOEMEREREERE A, VWV (AIEZEREREHL)
(2 LD HIEEE e & BRBIxER (BSERIA
SRS
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X D RRIC

Sy TRRET Lz, #r
ABERR O *E
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. KIREEARE ML,
VAR T e R Y)
FNREEARTR BT RNX =R A FIANTE, ATV, b7

HlfE > AT A OPERE

=
N A

Eratixfizhasm b, BEIE O FEhRE B BRI & R GTIEEH 0O = 2h 3 m I sREEA

N i =

KEGEFIH ., CGS E A
72 Iz oW TITETR

INA A~ ZAEF|H .

BEk & b)) 15%DIEMNEAT L & LT,

R11 HFERRR

BEEM O E|
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EYAS A& Bl i 2 3% 7E BAR
EE ERE. SRR, EAREIR EED20% HED
FHERTELER SCOPREM. VWV, 100%
RKEEZEWREHL
: 20%HIE B DEE &R D25%H|RE
CHIE YR T LAMEER L IEER R E I
BEMS (BB &+ & il f#) BEAEI%ELE
A EMEWMER A N—E— - F—4— BEEHH [HEOD
W, BRARK. &K
BN D 5%EIE 100%
HEE#HODERAL - EEHENIREIR "
(EERDENEALL2%) "
H2 B EE L - BBAE 5 D30%HIE FEEHF0%
HEZR 50%
AAJ7ETL R HEEBAI0%
: BEAE 1 D30%EIE
TEaLI5F (BEMS) : FBEAE 71 0 30%BELA PR (B%&. ZRD
TUEIY RS
- &
ey CREEBRBICH L TR LEIZKDEHEE 10%H| |FHE
s IRTIL. [Bmlitnawua_u,m4§5iljiﬁb 100%
Hi& - EMERE HIREREND2%ELE o
1B  BEMSKMEEIJL (1 AmLLE) IZEA, EAR 100%
E'é 2% (ﬂnam)
- ESELEIEEHE  : 1000kWH = Y83t AlE
- BEERSE - BIR#EE HD37% 8
cNAFTRBFA 2T RILE—D1.6%HE INA 7 A30PJ
BB s BE |- BEL+ 0D20%EH (BH. BRAED) BT
s LPGIFAHRIZKRE 100%
EDEAE-ABE BHAEHDI0WNAEREL [RERS%
AT RE25%
BERbHY & hH ENELE - ABE BAZTHD20%LNAEARA [FHE
A—nR—al AR ELT., BAEI%., AT HFE25% 100%
vE= EERBREOBR (JVE =) 30% BAE15%
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2.3.5 BEFFBHD CO; HIWHIHF & HIEDHETT

PR OXRD 5 b 12 (TR T b O 2 E Rl L7, EWeERS R,

BB, WakE ). R . FEREOE =R rX—) |
fre DB
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#1100%
CBMELSE - ABE HABENDIO%NHS
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(BMmBYAR— s HRE LT, BAES0%. &I HFE25% 15~205F 1B L=
No.ave _ ¥100%
=) B R O B 30% BAE 5%
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~1999n1 © &4k 1 2.8%HI Lhort. BARE
~4999mm : 21K D 4.3%HI 0% LEE
5000m Ll £ 4K D 5.3%8E1E
Z Dt CNAFTRBFA EIRILF—D1.6%HI|/N1 7+ < X30P]
2.3.6 CO; HIBEIRDEE
2030 FEIZF31F D CO, HEHEIRZh A DWW CaE G F & B E I R BIER R 2 A Uz, IR fET

2000 EHE 20.5% DN TH > 7208, TRAF—HEE QKR) ITEATRLFT—NENERE LT
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THTZINVX—FI35%., Tho7= (K23) ,

R EBNC R COy HEHHIE 2 X 24 12773, 2030 FFDOAXIHR ., Blin CO, YEHFREARE D
CO, PEH BT 158TgCO, TH B8, XM IE 67 TgCO, (T2 0 . 2000 FHLM A 5 ORSHIEE T 61
TgCO, 47% DHIF & 72> 7= (X1 24) . 2000 F-ELPL & 2030 -4 5RAZ 2DV TEY) HR BN i+
% EEEAT, FMETIE 6 BIRTE O ARE TH 2 R, EiA. FITIE 4 FIROFIEIC & £
FoTEHY ., EEMHEH CIIREEIMEHET 5 7 OlIEH RS & O BB L v R % &
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2030 DMK - Bl CO, PEHFREAREMIZ 3T 2 *F R % OHEH IR T 88TgCO,, HEH HIK
I 5T% Lo 1o BMMBINCT LD & FHT, PAETIT L BIT 64% DHIEER & 72> 72703 8K
BT 53%, EiA, EETIZ40%EICE EEol, 65, BREEENKE WEM TIRETRERIT
D ThoTz, THUEK 24 HIZZ= X —FEHIN R T X 2 ICEROE CO,fuiz X 2 HEHEIREIC
(RIFT DDA KENTZDEINRIFEEMENEES & R O = 3L F—FH N K& WA R Tl
KIEZZHIEA LIZ< W ETPRISNTZDD TH D, ARRE T 2030 FIZHBWW T, BEEEMICB WY
THIEIFE 100% %0 EH-CEYUAENTTOND LB 22120, BEEM TOHBENKE L 2o
TWb, £z, PVC OHIBENRILES) O CO, PEHHREIC KM S & 55l Fik & RiE S EY D
HI L LRl 2 FiE S MR B 2 b D, MPEHEITZENEORFEE 7200 2 53 5 5
AT RT OHREEH RN ES> TR A 2O THEEZET H, 2 CIEHEEEB L /VICEA SN
PVC ITHER DO~ E LTWDHA, T8, (EEHICEA SN PVC XE DK CO(bicE |
L7,

DK COL b, Bl T, @Y DB — KX —OHIRE 58K E WD, T 5 IRV T,
BEfFEcklE, EREE (BEMS) DJEL 725 T 5,

2.4 2030 FF ) AERHEFOE LD

KAEZEEN S 1% 2 E BRI 5 B AICB W T CO P BT TR S MMDIRERT 2 %5
et & Z ORI R Z Ml T RETH DI EIEE I ETHRVA, 22 TIEHAD CO, HEH
BIZOWTIHRET 21T o 7o, RAGRE EH O FH I HRBMILH OFNZE > TWTZ D BEEERA~O Xt
IRBANFEAMIE ., 8 FTREZR BT 3 - Th +40 70 KA A2 B3, BAfre i IR AT RB 2T
<. BEOHEAMEER OFAMICEH A ZE XE PR E D, 2050 a2 G Licfky U A
IIMIZESIBREM 2P L7 r Y =7 b F— ADRIRFBALEFFEDO —H & L CEBETMIC
SONTH T U FFRNToR TS (A7rdxs hF—L4,2007) 3. EBICAR? EFERSH
TR WEIF GO IAE & 72 D S DB K W2 OXERICE R 2 B o8 & T
LUy, 2030 £F &V ) HEEFRIT B D FREE O T & Bt O HEFH rTRE A th iy Bk L D 221k
OFENTTRINTELZ LD, ZOX I ROITITBNTS o & SRR 58T 3 FTRE 72 3t L4
WTHDH, ZD LD 7E )L EBHID 2030 411 &2 By H gl - = L X —FIERNAT - 72,
Bt L UTHWEBINT — 2 20 b HUBHIHEG S FIRE CTH 203, Z O Cld H ARRIRO Pk &HI
WA~OXPR R %~ 7 2 \ZFHT 5 Z S ERD & 5 72 D HUER O AT I IXE R A B0 R oT,

AR TITFE L B L WO WS SRETMNC 24 7= » TR O ik & SR, EERRERBNICIES
R 2 RE L. T O TOYEHHITREMZTEE L T\ 5, 3% 58, s & 5
FUTH T R FER DWW E & Z OHEHAITEGI RS K E v, T2 BIREFE Y OB GLHEH A
KREWEIELTWD, ZOMEITITEAF BV OSBRSS ORI O W TERRT
— X DI LTINS ETH L0, ARIO TV AT BN TUEZE OB EICLEDO RN H 5
FEONIEEEZIT-TBY, FOWREITSEDOREDO—>Th 5,

F A FEX R OFMIZ I W TRIRHZEA U 72355 IS HIBENR 2 AN E R & TR WA
BRI REAT D, ZHICOWTIEHBIERE L O TNDEM, AFETIEZDZ LT OV T LN
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LHEVMN B NEHZ T Loz, THTEEBRNIIFEEMTOHDL L O TIEHARL,
L 72 5T 21T O I L 2B Th D,

L L7 A BAAFEDO KR 2 R FEHE T AUEN 72 0 ZREIBN AlfETH D 2 & 2 EBMITRT
ZEMTERLEEZDHTHAH, 20 L EOHIM N HIVUIBEAF OBEMIZ L ZEFR OBREEH . H
DV ARRZ GLRE TEOMSITAE D DT, T2 THORHRZ2FZ Lo 7e v 228k
HIg 2 BB T X 5, BTN IR, BUATENT CRIBE/R R KIROPEHHIBOR N R S b 2 &
MNEMHETH D, BELCA (T4 7HA I AT EARALR) OBE)SEWAEEN, BRIy
BARTHNR S I L CHMlHE, Zhnb0FEEMIIeTCEEMTRITNER 6T, 20
VT BT e B O PR EIES S 3RO HAL D R EMIRE MRS 5, A LCA FHmIEAE,
BRRICHE SN TR Y | %, WE, EZE0REFHES TE 2 IXWnd, 2 2 TidEH
KD CO, FEHEHIBIZITICE & 2o 7o, FH—I2AT 9 RNE X T U A O b & Hugdl o F#l T
HDHMN, 5% ORERE LT CFCs, HCFCs, HFCs D #yii: & WrEA S vt o PEH 2 & d o3l & LCA
WA ~DOREENE 2 5D, RIBEWHBX T IR L@ FREE X 0 37 X5y
BT 252 & HARETH D,

)

*1 : GUARREE B ARG 14p, 24, KEMOBLE LTOBEEEL LT, ¥52 OMEM CIXEEE
1990 4F CO, HEH 7N 144TgCO,. 2002 4FE FEAEN 197TgCO, (FEHEFE+36.7%) THY . % 2010
HEE TORIKIZ LV 31TgCO, Bl L T 165TgCO, (FEUEE+15.0%) &35 2,

*2 0 A =R X —HEHE T RV —RIERE A 2 W THERH L T 5 72 D IRFESE D3 EHS T & Hols
RIYESE (HMOSA TR ELDESEPE LRV OEBEBETERY) 2HRIT5Z N TEP,
EBEM Tl TEBZ oM LIESEMICR>TEBY . 204 COHHEDL K&V, FaridE
HEIFE & O CERM X BN S MM 2 HEG T D L 9 1S/ o 7z GRAE— kD T35) MPEEIE &
FIHER R ICITMEE R DN HRH 0 . b L1272 > T D A N IREHE CH 5 - oA Ic B4
% FROMEE + SRR T 52 ENTET, ARMBEEICOVWTHHABHNMTHE IND LT HHEHT
2o TS, EFORMRTIIMP R EBRETIISAAREMES Z & IXENTH  2EHGTHKEE
FH ETHIFEDOWEITE T VDN, 2004 FEFEIC 23158TT DB N BT OB THEHONATEY .
B, B H AR EDEED 0.8%BARITIZ > TWND, Z2BBREHNIT 37% 4% 5D T35, K

LB ITICOWTHER L 72 Fox @ 2000 FEEECIE 16.8% Th o7, TR/ X —fRFEHIFEAT O
EDMC HEFHTIE 2000 £ D7 R1E 2.0%. A (LPG %) 1% 29.8% T - 7223, 2005 4£E Tl (LPG
B) 13X 243%ICIET LTV, IFTOTFILF— -« RT U 2K (2007.525) IZLDEFEEOTRAX
—HEE L COHFHEIFLLTO®Y
1990 4EJE 352 o, &5t (=3 /VX—FIH) 2022421TJ, 5% 3 HALF 44812 X 10°3C =164311GgCO,
2000 4EE 252 Ofth, &5 (= RV X —FI ) 2701284TJ (33.57 %) R FEALF 56153 X 10°3C =205894
GgCO, (25.31%4)
2004 FFEEBTOM, AF (=X —FIH) 2906234T] (43.70% 1) R FEHALFE 62449 X
1073C=228981GgCO, (39.36%14)
2005 R EHE Of, G (= RVF—FIH) 2991880T) (47.94%1H) RFEHALFK 2 L

*3 1 [ESZERBIFIEAT « IWEEAT AL R R U AT 4 A (2006.8.30) AADIEEES AP BT —
2 (1990~2004 ) & L HEME - R - BVl t4 - SEHIRIC L 2%EE (Z2ofl) #H O COo,HEH
B3 1990 A 164,291.90, 2000 £ 205,592.37 (1990 4 LL 25%H) | 2004 4F 2 226,554.86Gg CO,

(1990 4EJEEL 38% 18, 2000 4L 10%3#) TH 5,

-115-



OAERAERMO CO HEHEIE TV A (G 5)

*4 o BRBERHOE R EEEL, 2006.10.17, 2005 4EFE DR EN A AP EHEEEIC OV T, EBT OMEM
2005 4 EEHRAE 234TgCO,. 1999 L 42.2% 88, WAEEAEIT*3 LA U, 7eds, =¥ —iifi CO,
At 1,206 Tg CO,. 4 GHGs1,364TgCO0,eq

*5 1 2000 AR HRBIGH BT =L ¥ —H 2 & (2 k) 1.48E], CO, ki 128Tg CO, TH Y | [H
UFETHERF L7z 1990 L, —RVF—iEEE (2K) 1.04EJ (248232Tcal) ., CO,HEH & 99Tg
CO, Th o7z, 1990 FFEEEIZ KT 2 2000 FEEE O ONT = R /L F —iH# & (21K) 42%. CO, P&
30%HTH D, 723 99Tg CO, 1LE /1 CO, PEHFR% A 0.490kg CO/KWh IZEGT L= DfE, 0.551 kg
CO,/KWh % FIW TN ST RTEI L 2R BHE R /151 108.359 Tg CO,(1995.12.15 FH5) . Z D% 103.927Tg
COT—JELFT ZN TS (1999.3, H ARG 2 HIERER BE 75 B S EBRBTE LN B S BRBEAHR WG #,
19p, # 2-2-1) ,

AREPEE SME B RS - TRERE - Y KBS W
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3 HARDOFEEMIZEKIT 5 CO,HEHHEIR T TV

3.1 IICBHIT

A % U ZBUFIX COP12/COPMOP2 F = E'# D ELHT (2006 4F 10 A 30 H) (2, Stern Review
Report Z %7, [PCC A & TR R 22 KB A B 2R & b SR Ol 21T - 72, Z OBUR
B BRNEA T IR 2 P HEIR 2 Bl AR L7 E RIEL B L < 72 5, 720D R E® EE
bR PEHARZ B LTI LW ZDOTRO X X & L TEIEMRILAZ R LIz 72D TH S 9,

—FTA XY ZAEMFIXENBOR b HEME L TRV, B CO2 FAJRIA 1T O EEC (Energy
Efficiency Commitment) (ZEI/E, 452 #] (2005-2008) EEC2 W HEATT TH 528, IKFTEEFEED
W8 3 B (40 % 3R CEEWEVE 2 B ) SR LB & CTHEET 5 5 O T, 1994 EICE DR E
Td % EESoP D3BRLAS NI YUPNTLRTH ) RERE TR A L BGHBOBERIZRE L T
WD, ELERME2D B 3 WD EEC3 FHEIX S O ITFEMRN 72 AR Z 17 10 4R > K| 4.4MtCO,/
FEOH RN HIFF ST (DEFRA.UK, 2006a) ., Z OBERFEIL EU 7% E TR S UEERL
DER N EU FETIThb T b, Bl 21X 7 7 > ABHIZFERIO ESC (B = FaEE) il & BRA,
2006 F-02 5 3FEM TEH =R B EZ =3 L X — e FETEIED, ERTE 2T L MWh 4
720 10 2 — o OFe 2 I % (NEDO, 2006) .

S HITA F U ABUFIE 2006 4 11 H 6 BIZ, RITE AT HHIE & LT EPC (Energy Perform ance
Commitment) 4% Hi U7 B4 SR WLAEEE 2 1% il B 0 BRI 24T > TV Do ZAUERIN 24k
DEGIHIEE EU-ETS IZB01 LIS < WIS DO FZFE IR 2 I L ENPEHHEIRGIHIE TH Y |
EU-ETS & EEC OHRICAIE T 2 HBDOFEZICEL L THIELHE L E =R LFX—IZLY
CO, HEHHIBEN R A 0D o TeHil R TH 5, BiEMM & U CTRENSERBHMETTERAE L 2009 4 4 H 7>
HAKE AT HE L 72> T 5 (DEFRA.UK, 2006b)

ST, BARTIZERAM, FRE, 25 & HIT 1990 FELIEOPEH B RMEAm AU E & i
B A ARG C b A RBOR RS L SN TH DA, I E TORER TIEE IR
DHBPILHO L D R BIZRZ D2DRITHN TR, ZO XS 7RRPUCH > TREFR Y hT—7
1% 2006 4= 9 AT, BAHFIZ-OUVT 2020 4R 1990 4EH 30%H I & KHTE 527 U A0 &
BORIREZITo 72 (KR > hU—2,2006) , EZFFIZZOHNT —F S5, 2005) 242k L
U AFHEIR D o TN, OB E B E 2 2030 £I2 WM B OFIEEIFR 21T 72 U 5,
2007a) . 2030 £FIZ-DUVNTIE 2005 48 3 HITKRIFEEREE DS 2030 FO TRV F—FiaEE (B
KX —TT,2005) R L TVWDIRFHTA DT FT U FIZ BRTEERLVEHIREE L 25T 5,
Z 2T A DR LT 2T ) AR 72 e R OB K0 RIEZR IO aTeeME (DORA) %
BT 2b0TH D,

3.2 BUR LB
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2000 4FE DZZFEHE CO, i BT T & DOFRE T IR BCA T RIHERT Tl 159TgCO, Th 72 (Sh
5, 2005) , UNFCCC [E BII3 5 E Tl 2000 | 157TgCCO, & - 7273 2004 £ 121X 168TgCO, (6.4%
B ATV D, ZHE UNFCCC D 1990 4l 127Tg (25t L 32% DN TH - 7= (FSL
BT FET GIO, 2006)

BRI ENTHRBOTF LT — « RTUARIZE D E 2005 FEOFREEM T 3L ¥ — {4 E1X
2.18EJ TH Y. 2000 4 2.11E] 725 3.2%HONTW 528, 1990 4 1.66ET 2> 5 1% 32% DTN T
oz, 2000 FEFEIT 1990 L% L 28% DN TH » 72 (EIFH T R /LF—]T, 2007) .

33 VTV ARE

3.3.1 ARBERE

BLPUFERIE 2000 4R & L, 2010, 2020, 2030 40> T2 =0 L —FREAR . BAHI&ERI, 4,
EAETH, MR BELE) B, SENRES TN T 72, AR, Rz >»WTizA R
MRERFZERT O 2025 4F T (E Lk REEA O RIBEFZERT, 2007) % FEARIZ 2030 4 THER L 72,
TAFEER X E BT A OB MR 2 7 KRG Lo, 13 ISR EIN & 75 97 BB 728
I A OB b, HEHF BB OIRT & ICHS O8N & | w0 $IM1E w23 2030
EFE TGS 5, £o78, EABNTEAFEEIHESEMT 523, TO—ITHEGHETHY |
minE OEREEEFEELHENT S L PRI D,

TR O HFE R & LT 2000 FHBLOFEE - £E5 - HA7 7 H5H0 - BUHERA - IR 0
Y = XL X —HEELHE L, ik vt ABOHE, EERMOZE, HEMROE
W B S B HERE AN TE B,

= 13 HEFEEG] - HEEOFR 100 T HtH

tHEsHERy 2000 2010 2020 2030
BOmS s 3.03 4.71 6.35 6.98
Bih—fg 9.88 10.46 10.31 10.31
Kigs 3.66 5.42 6.31 5.53
ES = h 5.17 5.00 4.19 4.05
RiIBEF 14.92 14.17 12.78 11.10
—AHLEF 3.58 4.40 4.75 4.63
Zith 6.54 5.98 5.57 5.26
2l 26.06 26.11 24.84 23.12
£a 20.72 24.03 25.43 24.74
&it 46.78 50.14 50.27 47.86

-118 -



CGER-1079-2008 ; ZFJiE - TS ERFH D IRIEAL %t 5k

3.3.2 MEFLARBREGH

TRV F— i AR OB B O R B A A 2010 4F £ TrIMERIERE (L 5O HA R LIRF O
TENZHE, Z Dtk DO K IS IC 22 O EE LT, A—VEEEDOE K, H LR
DER (ZHUCXED=FF—RE) | CO, B — MRV TG, BERIALIE S 2 D% K 248
LT, BIARZHC W CIXBERAIOEAT, LED BB~ AEUT 2 b O e 2 480E L=, B
RO DN TET VO RAEULZZE L=,

3.3.3 Bz EDm L

BB L D by 7T 0TI E TOAADORBELEBXRITEOF T - & HEEF
RPEHEIECH R DB HGR SN TV DHIEORETH A S, by 7T o —HHE (LUFH = 5L HEfE)
XZDFERICHTE SN DR OIEThH > THRAEINEH I TV D (R by 7)) OFEH)
FTTIER, L LBUR T éi%%ﬁf%i@é%%@@ nASPHFE, RFES LTI D | 2010 4

TIEAB B E 720 2020 4FTIEXARIGE S5 Hriddh i&h&ﬂmﬁbofwékﬁmé
No, TOLXIRBENLR 14 ITHIRTHETZRLF— 4%ﬁLht(%®m®ﬁ*%
falitkan, FIEEICOWVWTHRE LLENRTITEK LR .

14 BHRERNVX—FLRE

FRE 2010 2020 2030

RERE (BT REHE)

ABEERAITZIY 63.0% 63.0% 77.1% 80.0%
HZR2a 0 3.8% 3.8% 5.0% 10.0%
AEE 30.0% 30.0% 82.2% 87.4%
TLE 16.6% 16.6% 19.1% 25.0%
ETH 58.7% 58.7% 64.6% 80.0%
/\yay 0.0% 26.3% 45.6% 59.9%
ESREE 10.0% 10.0% 11.0% 15.0%
LEDFEBR 65.0% 80.0% 95.0%
EERA EH AT 60.0% 75.0% 90.0%
H KT E 16.6% 16.6% 18.3% 25.0%
#8228 (CO2HPETZ A 25.0% 30.0% 40.0%
#4528 (CO2HPRR &) 35.0% 40.0% 45.0%
8 Zaa B EAMEULEY) 15.0% 15.0% 15.0%

I TRERE T RIAF RN STV D OIREMEAHEOMRE (COP) M LETH 5D,
FEHTT a2, WhwbEMENRMAE— FR7 (HP) I 0 HERENE ELTEZn, &5
(2 COP 23 WL 23 BHFE STV 5, MR S AR CTd 0 KA E(LLL RICPEREm RS2 | /it
DI T Wi O 7 1 AKIZ KXV IREDEB K E WEOHEA NS bEBIIMHITE S L9
ICk 9 ootz AEAD CO ML — MR FIEEHES ZOEITH Y . A% O EMS B

EPER ﬂ:%% ANTEE X R E2RE Ulc, EloA BRI SN 58 & L TmEfE & COHP #a#s
BEIT 31T 2 B2l A FA AUTE, 2020, 2030 4 CWEE DS & HICKIEIZE =R ATHE & RIAA T
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2 DIXEZEWEORH Z TR L TWD (Ui 5, 2003) , F72 COHP #a¥a XIRK /1 % 1 H
LIt L TR TEOOBMEEN H 505, Tz T EE 0B8Rk Z22<E 5, Ll
i 2 ELZE A AU HTS A C U BRI & OVEREZE ARG D 2 LN TE D, TV IR
HETIXDRHFEFTE DA, KREULIZ X D% %Z 5 2 TRIERE = R R mbﬁ#okoﬂ/:/
DEZRMEEFRRIZTV b o E RERETRNF—Z FIALZ L HAMETH 5, FBIIX LED
O R R E VD, BERA AT ~O R L 30T B IROE = b b RiAD 2

3.3.4 TR F—EH

CTOOWMRNEESND, FTA—AELLTHD, TRNEMICE =L — CO, HEHHEIT
[ZD7NDH O L OREEIZ/ARNV, EH A A, LPG BB ~OEEMRNE Z 5, £258506, Bk
HCTEIHEDIL TV DTN DES), TA~ORETH D, 5l TITHEEE O A — VBN
MELL, BFFEEOA—VELALELED LN TEY , oMU »»HEET H L 2020
FATIE 21 % O R A — VBRI 5 & PRI (]fER Y T —2,2006) .

3.3.5 [FEEWEEE AL

KA = R FEYED(EE TR S AVFARFHCEARE O WEVEREN S 2 B BRE S hAE & {1
THERED A N VSR BT 25 EET D, S HITHIEWED L WHTR R IEEHEZ 2010 420> 538
AT 5 EHE UHE L BRINC Z A BN D A Ny 7 PEEE R A R LIE A — V¥ —&
R, FEEMEEE LR OHIRED b RN @S EMEEEE ~ORERI A TRl Lz, BB
DUNTIE H SRS & 2 A HITE 2 AR E 2020 4 C 2000 F1E 10% DE =R LF—% FIAALTE (K
ey kU —2,2006) .

3.3.6 HEMS A

HEMS (F— AT R XF—< R AL N AT L) | ThDLZ R —EHERICLAE T
FILF =R ONTIIE R B2 I RANIZEHR T LIS WA, 2020 42121 30%. 2030 4RI
I 50% DOHEEIZ HEMS 28 A S, ZHUC L VAT 10% DB =RV X—NER SN H O L]
E LT,

3.3.7 HAT R/ F—FIH

KIGIEFE PVC & KIGEME KSR, BHEIC S KGEVEE S VY —TF — v A7 A ZHHITIEIANA A
VXWM@F% ®%ﬂ%ﬁmbkﬁﬂiIWCiﬁﬁ%@%ﬁm®ﬁ¥k%$F%%kﬁ@$
SR OFESAL DR 2> B A% ARSI KI5 L ARE Lz, B 157W/m® OPEfEE L, #E SR
%%ﬁk?é#%ﬁ@iﬁ@%?%@JWCiW@$ﬁ%%i@%@ﬁﬁ$kk%ﬁ®mﬁ %
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& DOMPEIZ X 2 BRI TR ER . R bR OBURFEE £ TiEVW-o < & 4RE LT 2020
FERE LTI L CHURIE A D3R 2030 45 TlE 10% 4 = 1L X —7 7o bl b iR o )
hER DA L RiAAT,

KEFER KSR — P8 C & RIS E A OERMEE 3m™ KIGEGR S & B - 1515 M H OEE
g 6m> DY T — AT ANFEBE KT D EHE L, TONMO T 3 F—JROREHYE & &2 4l
Jk L7z, PVC IZHEARTEARIE N E B TWD 2 COHP #dias & AT L TR & LT 25 )E
LEH/DL LD EEZTZNEE RITBMEICEAT S EEE L,

NA G~ ZREOBNIFREAN L » b A M—TREZME L2 E XA IR 55 O

TRBNE A 2R E LEAIZ EEANET LD & LI®,

3.3.8 B DE CO,1E

— FLREEZ L % 5 COy R O KR EIRUIIE A TE ) O BIFAERIC X 0 KR R BRI 2 R 8z
AR CTE D, ZDO3F U AFEETIZ PVC OEAN & LNG @B EICHIFRF L7-ET) CO, HEH
FREOKRIBIRI A RiAALTEY . ERPEHEREA~ORD T/ > T D, FEHEIO CO,
PEHHREITE R = 0V F — T D 2030 FEFEG R (BFRT 2/LF—)T,2005) ZtllfFEMOE T
I —THIR SN BE RIS CTAM, AROHEEEZHIKL, I 5ICR551T LNG HE
A HIE LTI U ORI BRI R A ERL LT (AMi] &, 2007a) , 2030 420D PVC FEMRE AREE
77 CO, FEHIFR T 0.183kgCO/KWh, 50.8kgCO,/G] T 5, Z UL 2000 FEEHILD Y70 TH D,

3.4 RRBHROHER

B4 25 12 2030 4 E TOTR/LF = CO, HEH BEHEFHRE M 2 th OHEFH & Lol L TRT,
2020 /2030 12 VL MEX R IRE 2.4E)/2.3E) & 72 2 3K FERRIZ L D 1.5EV/1.1B] £ TH =R /L¥—)
72 I35, CO HEH H 1T 2020 4F/2030 412 6 5 F 190TgCO,/191TgCO, . k5 IKf 76 TgCO2/48TgCO,
L5, COHEHHBEINEERIE 2020 4 52%., 2030 4 70% & 72 -7,

2020 4EH> 5 2030 I A AR T DD EBOMONBIMZ SN TWAB AN 1 N%7-0 Tt
W5 & AT R T HMONESIE L A FEARIC L0 KRigZ2 g fTeETd 5 (X 26) .

F D CO, BEHHBENRIL b > 7T U —@ah ks, COHP #as. PVC HARLET
b5 (K27) . xFHKH% 2030 FHLEMRBCA TR 1 A% COy HEH &4 2000 FH & ik L CX]
28 1R, WA, 4 ) CHEML, MR HUGEDNNE £ 5 72> & BIFF L7228 2000 4 & D i Tl
HEVIZERBERIIA LN oo, SHIT 1T AY CO, BEHHEIEE L7 5 BIRIROHIER R0 %
Z 2000 FFEEBLIL & bR e LARRE 2030 45 Tl & 5% 2030 FFEHEH & & o itz K 0”4 (X129)
X 29 Tl BIEIBENGR 2 HIBARBNC Fls L7223, Zm i ClIEr 2 OB RS K& Vs
WRAEOBEST () TS EERE ORI/ & < #ilsizE 2 Wmed TRE WV, FhRlisk
DX R TIEHIEZE T H F 0 22 < . CO, B — MR TG T HERIR OB A K E VAN LI IR
A, IR & [FRR R CREMHNE EREWEIRNH D L O 2 RIE 60 TlidZe v, BFFEMN
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25
oENECOo21L

O KR
ONRAATRAN—=T

N

BHEMS
oM R e

O 3 S
ObyFSUF—RE
DEMERE
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o) RfEA Y NU—2 2020, 30%HIE T Y A (RfER Y b U —2,2006)
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4.3 LLEHT

- 127 -



OAERAERMO CO HEHEIE TV A (G 5)

HI S T U A3 BB S O TIER W, BRI 20T S S B ATREME 2 Md LoD, £
FNBDe 0 Big o - HEE, JHHEEZH TV D, 1ERE OER. REDEV, BLEAHIKI DR
VIALFEEE & B FTREME (Potential) DEMRE VDB, REREBEAEZ 26T, K31 I1TFK
FEFBFI D LRI T 223, BB TIE 1 A CO R EA B AD 2 5% & 5 UK OHEHIAY 2050 4F
@ 20% House Scenario (Johnston, D. et al., 2005) TiL, (FFED 2050 FTFHIfE L D /NE vy, 1996
FHIPLCIIEBIC R X RIEFE = R VX —1HE M, Z O 2050 F TR TITHARDERE T R /LX— X
D/NEV, [A L UK DT Y 4T 40%House Tl D% I CHP (2—Y =L —v3Y) T
BV PEHIKHEDS 20%House D 2 £5d 5 DITERED D RENWNS ThH 2D, UK TIERHHEEEH
EAEFERT DOIRSTH Y, UK BUFIFIE @ 20%H 1k B 2 4817 T\ 523, 2050 % TOE
R EEE S LT60%HITE 5L LTRY ., ZDOFEHMERN T T U 42 40%HouseProject T
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Measures for Welfare Sections in Terms of Heat Load Simulation

Yasuo UTSUMI', Yasumi FUJIINUMA?, Kazuyuki KAMIMURA® ,
Takashi INOUE?, and Yutaka TONOOKA?

Abstract

While the reduction of energy consumption in the welfare section in Japan is focused,
many measures for the energy conservation have been applied to buildings and the numerous
simulations have been performed at the planning stage and/or measurement in the buildings.
However the individual technology is not always implemented and operated adequately and,
in effect, the commissioning, Cx, that approves the actual performance based on the target
has sometimes executed nowadays. At first this paper describes the role of thermal simulation
from the view points of HVAC design and Cx activity concerning to energy consumption,
with viewing the global situation in IEA, EU, etc. The usage of simulation tools in the
specific workings and building types and required performance, precision, speed,
presentation performance, etc. are mentioned. Next the framework of the technologies and
equipments in terms of spatial scale and time scale, and the role and usage of heat load
simulation are discussed. As the building energy performance is evaluated by Cx, the tools
are explained in Cx process. Also it introduces the design example utilizing the heat load
calculation that applies all possible thermal simulation tools with coupling heat nodes model
simulation and CFD (computational fluid dynamics) tool in order to predict the CO,

generation, energy consumption and indoor comfort using the advanced building designing

U I B TO81-1239 “Erdik U4 B i 28 o M 7285 1 1 L1 48
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methods, indoor thermal environmental technologies, etc. Moreover the project driven by
NIES, National Institute of Environmental Studies, that deals with the designing and
maintaining phases is described. This is the state of the art of the automated HVAC control
system that uses predicted control using real time simulation tool and mathematical planning

method to provide optimal HVAC operation.

Keywords: CO; reduction, welfare section, heat load simulation, Cx
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Possibility of Energy Reduction by
BEMS (Building Energy Management System) Introduction

Kazuyuki KAMIMURA', Shuuzou KISHIMA', Utarou TAIRA', Yasumi FUIINUMA”
Yukiko YOSHIDA?,and Yasuo UTSUMI?

Abstract

Introduction of BEMS is performed as an energy reduction measure for the buildings of
the welfare section. The BEMS introduction subsidy policy managed by NEDO (New Energy
and Industrial Technology Development Organization) has been started in 2002 as a
promotion measure of BEMS introduction, and the BEMS introduction to existing buildings,
new buildings and extension buildings increased. This policy has put emphasis on the energy
management in the operation phase of buildings, and the supervisor control and operation
management which cut energy waste. Along with this policy, BEMS, measurement and
metering device are the subsidy target, and less than 1/3 of design, equipment and
construction expense with 100 million yen ceiling.

On the other hand, in accordance with the social needs, such as CO, emissions reduction,
researches to realize the buildings of large energy conservation are studied. For example, the

energy conservation control and the commissioning technologies which made
DR R T 144-0056 BURUA K X P /< 54-28-1
PENZBRBERFIEAT T 305-8506 AR < 1FHI/NEFI] 16-2
VEIR TSR T981-1239  EIRIAA B S BT H L 48
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full use of various simulation tools. The trials which apply these results of research in real
buildings also started. Here, the view for realizing such social needs on BEMS and the
example of the system of the research project of National Institute for Environmental Studies

are described.

Keywords : CO; reduction , welfare section , BEMS , control
F—=U—F:CO,HI¥, BELZFT, BEMS, #H#H
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Evaluation of the Existing Building Installed Energy Management System
(BEMS) Technology

Yukiko YOSHIDA',Takashi INOUEZ,Kazuyuki KAMIMURA®, Yasuo UTSUMI",
Yutaka TONOOKA?®, and Yasumi FUJIINUMA'

Abstract

Architectural methods that take into account global environmental conservation generally
concentrate on mitigating the heat load of buildings. Here, we evaluate the reduction of
carbon dioxide (CO,) emissions that can be achieved by improving heating, ventilating, and
air conditioning (HVAC) technologies. The Climate Change Research Hall (CCRH)
of the National Institute for Environmental Studies (NIES) is used as a case study. We
assessed the HVAC technologies used in this building by quantifying the mitigation of the
environmental burden achieved by using such technologies and management options as
related to technology, institutions and culture. We installed BEMS to collect real time data,
and examined data accuracy. We found out that additional data were necessary to evaluate
air-conditioning and that energy was lost in several ways from the building. We designed a
low-energy saving mode for air-conditioning, which controlled temperature well. Later we
confirmed the validity of settings and built an information system for users to minimize
energy consumption. Saving energy reduces CO; emissions in the commercial sector, but
emission factors depend on company that supplies energy, country and region. Therefore, we

need to evaluate methods developed in Japan for their use in carbon management across Asia.
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