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Study on the diffusion factor of Solar Water Heaters and Photovoltaic Systems
based on municipal statistics.
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Abstract

Solar energy such as solar heat and photovoltaic is one of the most important renewable energy resources

which contribute to establishing the sustainable society. This paper aims to find determining factors of adopting solar

energy devices such as Solar Water Heater (SWH) and Photovoltaic System (PV). In analyzing the factors, the

statistical data of diffusion rate of the devices in each city, ward, town and village were classified by dividing the

regional areas based on climate zones and fuel supply types. As a result, two key variables were found, namely

"average of highest temperature”" and "average of diffusion rate within 30km-distant locations", which enable to

estimate the diffusion rate of SWH efficiently. On the other hand, no significant determining factor was found for

estimating the diffusion rate of PV because the device has not yet been sufficiently installed locally at this early stage.
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Table 1 Sample size of climate zones and fuel supply types

LP gas City gas  Metropolis Total
Cold 23 (17) 14 (14) 0 (0) 37(31)
Medium 46 (37) 32(32) 0(0) 78 (69)
Warm 90 (81)  108(105) 17(17) 215(203)
Total 159(135)  154(151) 17(17) 330(303)

_52_

() : Available of energy bill data, written again

2013 4F



FIREEBIIR S A R B G & KRB EIER O XM R I e 7 — & 2 v 7238 e Z R 04

I Cold .l

0 Medium

I Warm

! //.—
/ g 7

Fig.1 Regional division of climate zones

B (P ges r -l
~ Citygas ¢» ’
" Metropolis Al

Fig.2 Regional division of fuel supply types

REEELEDILDOTHL. DHBEOSHTTIX, HEET—
K OF BT L7200 330 R T — X2 L DT & HaAR &
U, SCENE SBR T D oW DA 303 HS T — & & L7,
UK Gy & BRBHX 5y DTl X 53 & 508 LTz K A X o Fe
ELTD.

Q) BERDHFIE  KOBNHER AL &AL L D
BB 24TV, A HRRER] - SOR - BV OB
A OO S 2 HET 5. Felfm AR B O Hy i
I AAEH LT RGO, b AR DTRW—DDFZ
BT & 2 IR IR 0T & Sl L, REFRE L A EHIEI
&0 R R O 1 Rl S

F GG RN TIE, A= IEEAWABEE L
W Ry DFEREALIN B IS 5. M ATH L O FEARK K& B
THD Bass T/ DCIE, REAMEE R RME
EINDHE, TOWEEFEO—FELRIIRLEZWATLEL
TWb. £ TARMITIE, BRESRMN - AR ERR R
o — A VRN T LRI D & L, £, O
A IEPHRRMCE 2 DT s LT
EARE L, M R REEE & T RS R s D R
DIFAE L 1 2 JEEWE RIS KT (U T
{RIEMEE)) ZET — 2 D BIRGE LT, RIS, sz

Vol.39. No.2

_53_

L N/A ~
Bl o- 5% . S
B 5-10% 2 A el
Il 10 - 15% ™

15 - 20%

Bl 20-30%
N 30 - 40%
Il 40 - §2%

Fig.3 Diffusion rate of SWH

CINA
B O - 2% Y 3

2 -4%
4 - 6%
6 - 9%

Fig.4 Diffusion rate of PV

B30T 2R MR A S & U T ERle AT 2 S
L.

3. KRBT HRILX—FIRABI[T RERE

3.1 KIGREKBFEFEL RERE

TR IR B RR KSR =62 Fig.3 (TR d. Jul -
FRLE « DU AN oo i & 0 W MesRav i <, AR
AAYEA 2 0 3 R m <, AR RSRIRE O RS 4
DEBRTFHREINDS., ZLTC, B« KR - & HE - H6F
SEDFLTTERIEIT R b O e ROV < (F B R R
DR, Fio, BB TR O KR ORI L0
W RMENE L TRTES.

Table 2 12, & &FFEOKIHIFLRFFHEE AT, K[EXS
T, B REEFIMEN 3 K MICRR D DI L, R
FEITFMHO B METH 5. BT, FHE, 12
YefRa L b 3 ENTRR STV D. KRXS EREHR Sy D
BHIX 3 E T, ZEmHUTIREHX Sy O I X 5 Pl
YR, R R R A P CRR L 72 A8 iRE (CV) @
FERNS N &G, KJGERMEOETERPHHTE S
FIREMEEW T LB RIB L TN D,

N I



B - Hp - B

3.2 KIGAKEFEEEERERE

T XHTABIR B o8 EIE  3 4 Figd (¥, KBRS
BT R IGENR KA A BB TR D3, MU 7B 1
KIGEEKZE L OBEOMDRH D, —J7, @l RS Bl
LTHEIELTWAZ L, HIBERRANE Y A AT T b AKF
P REFRRE DS R L 2o TND Z &N D,
Table 3 12, RAyBIFElHGHREERT. KERIICL B W
T ERSFIEIIENT S DY, T OETIEFIT/ NS, BRE
K CiE, KRERETRZT LT, KJUERDY &K S
DB IRE T, RERDOENEDOEERDIL T
5. KEEOEHEO SRS &2 1.72%1%, KGEERKEED
AR L 10.85%IZ VNS < EEFZE S /N E V. F
72, BT L BEG/NES N0, KEEIEED W MK %
PAREISRD D Z LI LRI H 5.

4. BERERSHHHER

4.1 KI5BGEKER

(1) D KEBRURKERE R EIZXI LT, 8 2D
W% & OFAIBI T 2 Fii L7=. Table 4 1%, AL X
ORI CHS.

ST, BRI LY bRE, FRcRkmRIE RO
BT 720 T D RUERSTiE, ZnHo SRR
SOOI BNEDOFB & 72> TR Y, i, EREHITR S
IR DBRFHRT A7k LTV RBHX 2y TiE, LP R,
A A &b BEE RIS OB TH D4, KEE
NEHF FAE L 7R D MBMRE e o 1o, RUER S &I
BHER 2 OBEEIR S RE T, Rid Lo &E & RE O & Ky
LIRERDM R & 7o 7.

X[ b U7z 356, S0 Hh & K0T RS A g &
ISR OB B2 > TR Y, i - JEREE Lp
HA < FRHH AL, RS S IFIEE TS 0 FEE O 5
SWEDNRHHIETTHD. 72771, Table 1 ITRLIEL D
(ZFE I 37 MR, RERTJERD 17 B & B s b e
LI T OREERLETH S, Fighsld, &Rzl oK
BRI A SR M R & e RIR T & OBARXTH Y, e

Table 2  Statistic results of SWH diffusion rate
by climate zones and fuel supply types
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Table 3  Statistic results of PV diffusion rate
by climate zones and fuel supply types

Division Average dStapd.ard Minimum Maximum CV Division Average Stal.ld?rd Minimum Maximum CV
eviation deviation

All point 10.85% 10.03%  0.36% 49.89% 0.92 All point 1.72% 1.14% 0% 6.91% 0.67
F_.c; Cold 1.22% 0.71%  0.36%  4.19% 0.58 ﬂ..; Cold 0.39%  0.35% 0% 1.40% 0.89
€ Medium 7.66% 9.01%  0.81% 47.93% 1.18 € Medium 1.46% 1.12%  0.15% 5.00% 0.77
O [Warm 13.66%  9.88% 1.46% 49.89% 0.72 O [Warm 2.04% 1.05%  0.15% 6.91% 0.51
__[LPgas 13.05% 11.92%  0.36% 49.89% 0.91 __|LP gas 1.78% 1.35% 0% 6.91% 0.76
é City gas 9.38% 7.49%  0.45% 40.92% 0.80 E City gas 1.71% 0.94%  0.08% 4.62% 0.55
Metropolis 347% 1.39% 1.46%  7.56% 0.40 IMetropolis 1.25% 0.41%  0.64% 1.95% 0.33
= Cold/ LP gas 1.31% 0.79%  0.36%  4.19% 0.60 = Cold/ LP gas 0.36% 0.38% 0% 1.40% 1.06
£ Cold/ City gas 1.08% 0.56%  0.45%  2.39% 0.52 £ Cold/ City gas 0.45% 0.30%  0.08% 1.05% 0.66
5 Medium/ LP gas | 9.29% 10.76% 1.11% 47.93% 1.16 > Medium/ LP gas | 1.63% 1.24%  0.15% 5.00% 0.76
g Medium/City gas| 5.33% 4.92%  0.81% 20.39% 0.92 é Medium/City gas| 1.20% 0.87%  0.33% 4.10% 0.72
6 \Warm/ LP gas 17.98% 11.23%  3.10% 49.89% 0.62 6 \Warm/ LP gas 2.22% 1.30%  0.15% 6.91% 0.58
(Warm/ City gas | 11.66%  7.34% 1.96% 40.92% 0.63 \Warm/ City gas 2.02% 0.81%  0.35% 4.62% 0.40
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Table 4 Correlation coefficients of SWH diffusion rate by climate zones and fuel supply types

A E

Table 5 Regression coefficients of SWH diffusion rate(1)

Table 6 Regression results by exponential function

Hours of sunshine (HS) Climatic normal temperature Energy bill (EB)
Division Year Jul.~Sept.  Dec.~Mar. Average Highest Lowest Amount Rate
(Summer) (Winter) | temperature temperature temperature
All point 0356  0.400” 0.209" 0.501" 0.568" 0.436" -0.357"  -0.191"
2| Cold 0.204 0.078 0.139 -0.342° 0.066 -0.4327 -0.167 -0.029
E | Medium 0.260° 0.054 0.275" 0.383" 0.580" 0.162 -0.204 -0.023
O | Warm 0.196"  0.322" 0.022 0.323" 0.520" 0.157" -0.281" 0.119
_ | LPgas 0465  0.481 0.308" 0.620 0.677 0.562" -0.508" 03227
é City gas 0.400”  0.4317 0.232" 0.577" 0.623" 0.519" -0.3717  -0.232"
Metropolis 0.153 0.019 0.219 -0.223 -0.159 -0.225 0.030 -0.298
— | Cold/LP gas 0.183 0.217 0.046 -0.248 0.139 -0.357 0373 -0.336
Z | Cold/ City gas 0.450 -0.166 0.452 -0.476 0.067 _ -0.548° 0.040 0.155
< | Medium/LP gas | 0.210 0.126 0.179 0.508 0.603 0.368 -0.372 0.023
é Medium / City gas | 0.680™  0.182 0.659" 0.243 0.639" -0.086 0.065 -0.268
&= | Warm/LP gas 0.338" 0.361:: 0.189 0.453:: 0.655 0.265; -0.447: -0.011
Warm / City gas 0.181 0.324 -0.009 0.416 0.529 0.288 -0.385 0.069
** 1% Significance, *. 5% Significance, Underline. Top of division, Bold. Top of index

Division|  Variable  Coefficient S -yalue vip |Adlsed and fuel S“pplg tyged
P Division Variable Coefficient tandar t-value R?
LP gas| (Constant) -1.665 8.483 -0.196 0.498 TIor
Highest temp.  1.978" 0.243  8.129 1.261 LPgas| (Constant) 0.045  0.011  4.025 | 0.739
EBamount  -0.001"" 0.000 -3.6931.261 Highest temp. 0291 0.014  21.072
City | (Constant) -11.129 = 6.952 -1.601 0.422"  City gas| (Constant) 0.036:: 0.010  3.613 | 0.704"
gas |Highest temp. 1.256* 0.196 6.397 1.475 Highest temp. 0.282 0.015  19.031
HS summer 0.019** 0.009 2.173 1.349 Units of variables . °C
EB amount___-0.001" 0.000 -2.660 1.134 s+ 19 Significance
Units of variables. ‘C, yen, hour
VIF . Variance information factor
** 1% Significance, *. 5% Significance 35 - y =0.045 exp(0.291 x)
oy —LPgas
[Explanatory] RZ:Determination coefficient E' 30 s LP gas 95%CI
Division variable 01 03 05 07 09 -:-E 25 i I LP gas 0595CT
Al Point (Hi temp. ) | S50 | = —City gas
% Medium (Hi temp. ) _ g """ City gas 95%(C1
E : sl w15 T City gas 95%CI
T Warm (Hi temp. ) - u 1% Significance = g o
|
= LP gas (Hitemp. )| £ 10 -
T Gity gas (Hitemp. ) IR 0 5 N i T
- i i [ : eac T 'Ly =0.036 exp( 0.282 x
§ :eedc:ijummfi_i:yggaass[.:-:;eyr:;; __ g B I I I I I I I I
E Warm/LP gas(Hi temp. ) _ 13 14-15 16 17 18 19 20 21 22
S Warm/City gas(Hi temp. ) [N Hi: Highest x: Highest temperature [C]

Fig.6 Regression results by exponential function
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Fig.7 SWH diffusion model of average highest temperature
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% 5 ; P Table 7 Regression coefficients of SWH diffusion rate (2)
m — "-_.’_'.‘-‘ L - - =
w O d = Gl
L6 = N = -
§ E 5 R, Division|  Variable  Coefficient St:?r((iird t-value VIF Ad)1;12sted
c ;4 F
9g 4 j"“' "'2:5'393 e LPgas | (Constant) -1.145 6.092 -0.188 0.791
£E 5 |4 77 wtandard deviation Avg.30km  0.863" 0.070 12.393 1.929
S Highest temp.  0.532% 0.225  2.368 1.762
NP FRERERSSSRIRE8REES EBamount  -0.000  0.000 -1.328 1.318
PARRIABRBoELbbb00050 City | (Constant) — -4.793 2742 -1.748 0.681"
AR gas | Avg.30km  0.655" 0.059 11.059 1.714
N SSoRRIRB8anEa2a0as88s Highest temp.  -0.393" 0.166  2.359 1.714

Distance of point-to-point [km]
Fig.8 SWH diffusion rate difference and distance

S07R2 Linear = 0.722+ *
401 *

307
207
107

[%]

SWH diffusion rate

0 10 20 30 40 50
Average diffusion rate
between Okm and 30km [%]

Fig.9 Scatter diagram of SWH diffusion rate and average
diffusion rate between Okm and 30km

Units of variables. %, ‘C, yen
Avg.30km . Average diffusion rate between Okm and 30km

VIF . Variance information factor
** 1% Significance, *. 5% Significance
*
=
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Fig.10  Scatter diagram of average highest temperature and PV

diffusion rate

Table 8 Correlation coefficients of PV diffusion rate by climate zones and fuel supply types

Hours of sunshine (HS) Climatic normal temperature Energy bill (EB)
Division Jul.~Sept. Dec.~Mar. Average Highest Lowest

e (SummeI:)r) (Winter) tempera%ure tempgerature temperature Aol -
All point 0.468° 0320 0370 0.508" 0.570" 0.446" -0.3037 -0.302"

2 [Cold 054997  -0.132 0.485" -0.103 -0.042 -0.078 -0.288 -0.160

& |Medium 0.480"  -0.040 0.537" 0.310™ 0.515" 0.091 -0.105 -0.132

O |Warm 02877 0227 0.161" 0.253" 0.416" 0.108 -0.240"  -0.007
_. |LPgas 05107 0351 0.4127 0.528" 0.582" 0474 -0.389° -0.329"
é City gas 0.503"  0.318" 0.410” 0.599" 0.659" 0.532" -0.294"  -0.387"

Metropolis 0.288 0.307 -0.006 -0.024 -0.179 0.000 0.109 -0.199

— |Cold/LP gas 0.5827  -0.087 0.494" -0.151 -0.069 -0.121 -0.260 -0.054

2 |Cold/ City gas 0437 -0.266 0.446 -0.177. -0.134 -0.127 -0.204 -0.110
5 |Medium / LP gas 04477 -0.051 0470 0.351 0.444” 0.220 -0.247 -0.034.

g Medium / City gas 0.728 0.146 0.736 0.346 0.700 0.029 0.052 -0.415

&= | Warm /LP gas 0.380: 0.292" 0.256" 0.310:: MZ 0.155 -0.362:: -0.067

Warm / City gas 0.256 0.141 0.173 0.295 0.418 0.167 -0.271 -0.090

** 1% Significance, *. 5% Significance, Underline. Top of division, Bold. Top of index
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Table 9 Regression coefficients of PV diffusion rate (1)

Division| Variable Coefficient Standard t-value VIF Ad_]llS2ted
error R
LP | (Constant) -3.239° 1.339 -2.418 03927
gas [Highesttemp.  0.140" 0.033 4.193 1.654
HSyear  0.002” 0.001 3.379 1.700
EBamount -0.000  0.000 -1.033 1.376
City |(Constant) -3.627" 0.541 -6.701 04717
gas [Highesttemp.  0.178" 0.023  7.765 1.380
HS year 0.001°  0.000 3.302 1.380
Units of variables . “C, hour, yen
VIF . Variance information factor
** 1% Significance, *. 5% Significance

Table 10 Regression coefficients of PV diffusion rate (2)

Division| Variable Coefficient Standard t-value VIF Ad_]uszted
error R

LP | (Constant) -1.402  0.804 -1.742 0.557"

gas | Avg. 30km 07517 0.105 7.153 1.944
Highesttemp.  0.001  0.040 0.017 2.184
HSyear  0.001° 0.001 2.076 1.724

City | (Constant) -1.502" 0.408 -3.681 0.544"

gas | Avg. 30km 0343 0.071 4.842 1.775
Highesttemp.  0.141™" 0.026  5.445 1.775

Units of variables. %, ‘C, hour

Avg. 30km . Average diffusion rate between Okm and 30km
VIF . Variance information factor

** 1% Significance, *. 5% Significance
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Fig.13  Scatter diagram of PV diffusion rate and average
diffusion rate between Okm and 30km
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