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Measuring the value of renewable power project on regional economy in Japan
Comparison among various renewables based on input-output analysis

Takeharu KIKUCHI
Development Bank of Japan Inc.

Since Japan introduced Feed In Tariff (FIT) in 2012, the use of renewable electricity has increased dramatically. Under
the FIT, electricity consumers have to pay the levy to support renewable energy, because of higher cost than that of
traditional electricity such as coal and other fossil fuels. In addition to the value of electricity, renewable energy brings
social benefits such as regional economic effect. From the consumer viewpoint, these values of renewable electricity
should be higher than the levy of FIT.

As local energy source, renewable energy provide substantial economic benefits to local communities. Construction
and operation of renewable power plant creates regional jobs, regional tax income, regional company profit and so on.
This paper deal with evaluation of these regional economic effect, both in the capital investment stage and operational
stage. Based on the previous studies methodology, revenue and expenditure forecasting model is developed for four
type of renewable electricity generation projects of solar, wind, small size hydro and biomass. Furthermore, the
regional value-added is calculated by modifying the previous studies method into more comprehensive approach, using
input-output analysis of related expenditures to local area. The result of analysis shows that the plant operational stage
provides larger economic impact than the capital investment stage. Also, there are the differences among four type of
renewables with regard to the regional economic effect.

In addition to reginal economic effect, renewable electricity has the value of CO; reduction and the value of electricity
itself. Since the total value of these three is higher than each of the renewable FIT price, it concludes that FIT price
level is reasonable. This would provide supportive evidence to maintain FIT system for promoting renewable energy

in Japan.

Keywords: Renewable electricity, Regional economic effect, Feed In Tariff, Input-output analysis
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AT {E D 30,294 30,294 30,294 30,294 30,294 0 0
I8 0 5,849 -325 1,110 2,436 44,158 44,244
SEAT 0 1,605 0 305 669 12,121 12,145
BBIRIEE 0 4,243 -325 805 1,768 32,037 32,099
[k 0 5,150 5,150 5,150 5,150 2,060 1,030
Fyyazo—(FaEn 0 36,143 29,969 31,404 32,730 33,962 44,158 44,244
BEEFEM 515,000 25,750 25,750 25,750 25,750 25,750 25,750 51,500
FAFEEA 0 0 0 0 0 0 0
BRES-REER 515,000 0 0 o] 0 0 25,750
HEEIRE 0 0 0 o] 0 25,750 25,750
EAETRFF 0 25,750 25,750 25,750 25,750 25,750 0 0
AR EET 515,000 29,388 24,819 25,949 26,912 27,805 29,977 31,069
RERE R 0 29,388 24,819 25,949 26,912 27,805 29,977 31,069
HES 128,750 0 0 0 0 ) 0 0
AR 386,250 0 0 0 0 0 0
BAEES 386,250 360,500 334,750 309,000 283,250 257,500 . 0 0
HELES 128,750 128,750 128,750 128,750 128,750 128,750 25,750 0
JadorFryada— -515,000 36,143 29,969 31,404 32,730 33,962 44,158 18,494
JAC I MRR 3.76%
BESES 0 3,638 2,707 2,906 4,068 6,123 92,630 72,199

T @ AR

(2) HEEHHERERROER

RRAGHEE K OV 38 (2B BB A HUIRIC & 72 & T RF I R R o h TR R E T2 E T 572
WIZ, HEFHHPEEEER ZER Lo, 7 WICGHEIZ I T DaklfeENA L O E = B SRS 2 e
IR OEFNE & OXIESITIER 3 0@ THDH, ZZIZHDHERMNMEEFE L LT RIS Z D
7o, BB D 2011 FFFEEFSEBAR (A RoH 37 HY) ZEARIZ, Frfed & 6 HP A A AZ, 42 43 Y
RO HPEERAR 2 ER LTz, I ERIT, BAREL, W7o FA MM E =R 2 315 L7,

(5 3] K& RIFERENREEXDE. EERKEEXRLT

5 RIRI R IR A% -
BRI BAM (F5M) ExXEMERXESE | (Fm) EXEBEEXESE
EDa— 202 | Z DD ER M FBEIRA 55,556
PCS 50 | Z DD BRI A& 2,600| EFEME
ZDHh(BOS) 48 | Z DD B B 2,400| B BhEE B fi - RIS 12
HEIE 153 |20t + KEE fREEH 1,000 &7 fRI&
3 57 |Z DD T KREE —REBREZOM 4000 ZDM DI EEFTH—ER
Z0Hh 5 | Z DD+ REH EEB 722 |
&it 515 EEEER 4,498| AR
EAEF 6,373 EERE
BT EE 30,294| EARFAES |
SEAB 1,007 EERE
LA %1z o 2661 EERE
XIREBAIRSER

HHAT - BREEE (2013), —ZERAHIZEAT (2015) % & & IZZEH1ER

(3) BIrEEEXOENEHREDEH

ARTIT THUEN ) ZF—RINEEFR L. £ ORERIRITIRET 272D, 4 47 FRERTRDMER L TV D
BroOMIpESHER A SR L, B R BEEEEORNBREEZMH Lz, flX, TZooBES ) ¥
13, —EOEREN G DWAEO N BAEHIT 0.682 Th D DITHE L, [FIFEOFEREN 72 R TIX 0.000 TH
5o ZZTIZHART AR IRNHARZ RO 72012, 47 HOEF RO Ho R EEARES VY
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ZIENBERONMEYHE AT L E L, FOFRENRE 4 THY  [FOMOEBI, T 0.174 TH 5,
(% 4] BIrEEEEXDRERNBHRE

Ak %] KA ES AT E S

BiRRE b BiRE Bl E EE Bt EBE

i
13

o |BBEEZOBO - o |[BBEEZOHO BHEE| ZOHO anBE Z0H0
2010 |20 (&85 Dlesme zomo|am 2 Dlisamig| 200 Dlisamm|z0to g
o ‘g - |3 | ‘g i B D -t |t D -t | B
prym Ry STE ool sl EZ TR S TE Y s sl bt st Amilg ™ |JFE ohiasg fL A TEER

BEREEREICL
2METFH

HET « A RPESSERE R 2 b & ICER TR

0.174 | 1.000 | 0.820 | 0.855 | 0.711 | 0.165 | 1.000 | 0.873 | 0.885 | 0.709 | 0.152 | 1.000 | 0.849 | 0.740 ( 0.116 | 1.000 | 0.839 | 0.725

(4) (a) RAWREERBEIZH T D AMNMELRERH

Tu—F v — FOHEMTRLEL SIZ, (2), (3) O¥EFEER- 9 2T, KBE. BA, Ak, KEA
A F~ ADK TR OFRNEEE 21T - T85O HIRNEE I KR A F i Uiz, KR EORERIZE S ©
WY THD,

KEGHFEE 2,000kW OFRFHHRE TIE, TP =2—/b, PCS, TOMI AT LDED [ZDMOEBES M) 2
23 (EM, RETHE, E20Mo TZotho B, ¥R 2 & 1,500 THOFREENRET D, <
IWENRNEREFEEZFE LT, R—RNICEET 2FTFEIEIEEIT T2 OfMoOESEER] 5,200 G, [Zofto
TREEER ) 218 1,500 T Toh D, ZIUTHATHIREE e U CARERREE S (8 1,400 T A5G5 7, EREFH
Bl x, BEOIITE 2ITE LREBEOLOTH Y, BEE (2013) 72 8L < OFATHIE TIE I AR
IRE L TWDD, ARETIEL VK VIAAT, MIMIEEZ R R & ER LTz, T DT ERERFEEITH
MR 2 3 UC, MU AHIMEEEE 2 £F 2,600 75 H 2457,

(5] RiRixERE HMEBAMINMBEEEE KBARE

= = 5 ik P RE 4 0 i fiE
4 REFEE &a RATEEME LEFRE ’ s
XENE (@B RHBHRE (EBEm) @B EEpllilE -
R 063 0.6687 042
B IKEE (DR 002 04724 001
EES 046 0.4475 021
AR 013 03647 005
it B 0.38 0.3390 0.13
VIR S ) 369 03134 1.16)
(e 659 0.2475 163
Bl ERE 802 0.2227 1.79
T5RFvY T L 10.10 03110 314
EE-TERS 12.96 0.4387 5.68
8% 3591 0.1874 673
SFExEE 12.29 0.2331 287
EacE 16.43 0.3763 6.18
A AR 200 03811 076
4 P 060 0.4066 024
SEHS P 0.30 03203 0.10
EFER 632 0.2806 1.77)
EXFAESME 224 0.3068 069
Z DD BT 300.00 0174 5220 5293 0.3080 16.30
ERHEM (DR 0.17 02974 005
1E 4R EIE AR 0.39 02672 0.10
240 01994 048
ZOMORET EHS 258 0.4255 1.10)
ZOHD LR 21500 1.000 21500 21500 0.4896 105.27)
1£3(0/ 39] 253 0.4455 1.13]
EH AR B 699 0.2251 157,
Kl 0.74 04797 035
BERMAE 122 07270 0.88)
[ES 2329 0.6846 15.94
&Rk R 678 0.6580 446
T E 323 0.8060 261
& - TE 17.15 05028 863
1EREE 10.10 05256 531
N 1.08 06835 074
EERES 5.12 0.7557 387,
=184 004 05923 002
Z0hOFEFEEY—ER 059 05858 034
EDERAERE 202 859 03722 320
ZOMORBEFT—ER 16.06 0.7386 11.86
SHHEEFI—ER (D, QB 1254 05088 6.38
HEAS—ER 034 05504 019
E=BHAR 041 0.0000 0.00
SETH 475 0.3989 1.90
A5t 51500 267.20 51408 22623

AT AR
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(b) BHREEERMEICH T DA INEEZEE L

(1) TIERR LB =R OET VNG HENZ T 5, Ol IS Sivd AMEE, @HIFRLSHIEA,
QHFEFIREIEDOBLS [ YHIFIZRIT DN T, BIZEREMESE ) DE@L 20 4ERICHT 0 BERH L, ZOFF
B LT, 2ub i, sl IMIEZRICZ S T b DO THH Z &b | HERSEZ RO THZeW,
Tebb, QM. QHIFRBUN & HFEINH HHIE~NETCIND Z ERIETH DL Z Lnn . KHISHEE
EEDEEMNGE Lz, OFSIERAHIFRIL, —MRICSHEOREITRET 26D TH LA, 2 2 TiIMlko
T O EDE—IRNOIEN - ﬂEI/\T%é Tl EEEE LTS, YEHIIRET Ab ol Lz,

—Ji. ZOMOIL N CREFEERE EOFMBAM L 5K HIZoW L, 7a—F v — MARIOT
JEIZ X W REH LTz, KBOEREOFHHEERIIFE 6 OV Tho, BRI, Blk 54 Bk Hi&kEs
240 J7H, PRBREE 100 T, —AEEEE - OM 400 I OWT, ERLEREBEE & RRROFH R 21T o 72, M4
E3BBIZOWTIRNAMRELFEL D L RNTFEINEILEE 572 TR &R0 W TR %2 e UT- A6
FEL 976 TTH, X SITHIA MBS 2 7 U7 /bR, Mk Al EE & LT 525 M &1,

(6] EZERME HBAMIMBEEREREE (KELREE)

= g P8 {3 A0 fifi E
RETEE RATRMMNE EEFRE =

KESE @BM) BRRakE (BB &EBA) AR fE s M-

000 06687 000|
K (DR 000 04724 000|

000 04475 000|
SREH 0.00 0.3647 000
A 001 03390 000|
SULT R 006 03134 002
ety 0.10 02475 002
BB RS 007 0.2227 001
EELSEZAEEN 017 03110 00|
Zx- AN 003 0.4387 001
%48 017 0.1874 003
EZ-53 004 02331 001
EazEdT 004 03763 0.02)
(A PR 010 03811 004
2 PRt 0.13 0.4066 0.05

006 03203 002
ETFER 0.15 0.2806 0.04)
X AESME 0.06 0.3068 002
Z DO BRI 002 03080 001
BRI (DR 002 02974 001
158 BIEHE 001 02672 000|
b2 050 0.1994 0.10|
ZOMDUETERE 007 04255 003
Z OO LR 0.00 0.4896 0.00)
2 5% (DRRC) 005 0.4455 002
B AR B 010 02251 002
K3E 001 04797 0.00|
Y LE 001 07270 001
[ZES 031 0.6846 021
ERES 1.00 0820 082 094 06580 062
TEIE 0.10 0.8060 0,08
T - B R 021 05028 0.10)
18RS 028 05256 0.15]
B 0.02 0.6835 001
ECgiEd 008 07557 00|
33 0.00 05923 0.00|
ZDDIFEFIEKY—ER 002 05858 001
BB EEH-HiEE 240 0.855 205 215 03722 0.80)
ZOMORERF Y —ER 400 0711 284 342 0.7386 253
S BEF Y —E (D, QBR<) 017 05088 009
SHEAY—ER 001 0.5504 001
EHAS 002 00000 000|
ST 007 0.3989 0.03
&t 740 572 9.76 5. z;‘
— = S

HAT © EH R

LLEDAT v 72 T, B HNCEE LTI BRI LR 2R T IR LTS, 7238, BHiRE
DFITEEBIH T S LB R 20 £ THRL 1 ERN7Z OMRTHR—FRL LIz, RO LBIIZRD
Motz | 7B TRIE L, KO FE i%ﬂ%fﬁf’ﬁ%%‘ﬂ? TR L CTH/AWh OHAITRILL TS,

TR, LT DT ED337noTc, B 1IS, FHETR L b, HEEE BT DRl g B
PR 22K % ElE D, 2D &I, ﬁi—%%ﬁ‘ BTN FAGEE S DRI E - THsGe s 2 1E b S &
DT EaERT D, £, BEIIMNLERMIIRE ST T O THIBIEM LS vREL 7205 Z L 27/ LTV
Zoo

(2. kWh 272 0 OHUGERFTEH IR R b REWVDIT, KEANA A~ ATh D, FrREE L LT
&%E@?E%l RIS 5 2 TR O MIEESCAM I TR SIEAT D05, TS HIPE RIS R SR %
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HLeHTMHHETH D,

SOIZEBINCETF=RELIETHE, LTFTOX 2 ERHALNI o7, BfEIC L D HUuliETS
PR B b RE VDI, VK TH D, STHOBKIES FIT A% 7 mY =7 MSRLTEY

PARBEE THHRMAEmN & &, ERTHEEENE  HoTBRENEW 2D TH D,

JERIFRIZOWTH L & kWh B2 0 TR R b RE, AL, ZIUIAMEEDFEEETH Y | 8%
BB BEIIIPDOLT —ETHDHTZD 600kW &V I /NS A XL CUEEDIZi~ 722 L2 HH
ELTEZLND, IWKITDRERADFEMSFEATHD & 700 THTHY . ZIUTERE A 37 N7 ik
FRIFIZG- 25 b D TIERV, — 7 TRE A A~ AFEITIT DML 7,000 T &> Tn5, A
A F 2 AFEEFTOEENIIANBN 1244 ~25 AL SILTWNDH T LMD, A /37 RHRREL,

HIGBUNE kWh Y720 THD E/AVK R R B REV, TIUE kW Y720 OFR(HHEEFED K E DI [H
TEEERNE 725 Z ENTNA T, FEDEDN 60% & BAFC, BEAIC—ERELE SN FERNE R
L2 ThH D,

EFEFNEIEL kWh 2720 THD L/AVK D3 R b RE W, (B LAERFETIL 1,700 T & ZAUTEREREDT
372 <, T LARIIFEEI 20,000kW & & 2 U THER4E 1 1 2,500 G & R&E A /37 & HUsERe g I 5
Z 5,

(ERER 4 3T & 2 B EE ML R IR 3 e b R E VW, B E LT, HARDBENL I L ERINT DR
{a—m o/ NELRRY | BRESOEESFICE Y REOKERIS G SEEDPRI N & ERAEOHM

BT 1 ~2 T & 2 < BREPEZE O KRB E N EBFEF Hib,

(R 7] HgFFEEENRTED

HhigifE F IE ML SR DA xI 2 (b EHBM)

AR EXEEERR -

B X |EA HABUR |RERE |MeE |Eeas ="
Ak (SEEE2000kW) 11 3 4 9 5 32
AF (2000kwx10%) 141 22 53 125 148 489
/KA (600kwW) 23 7 13 17 6 66
ABE/NAATRX  (5000kW. FFIBE#) 38 70 28 55 667 63 921
XE IR E RO INEELE L 20FE THRUIESZEE
g 2 FE L SR (kWhif- L) (B - [/kwh)

By TR el st

-1 ER MARUR |BERE |REE BrEE =
K  (GEEE2000kW) 4.3 1.0 1.4 3.4 2.0 12.1
AH  (2000kwx10E) 3.2 0.5 1.2 2.9 3.4 11.3
KA (600kwW) 7.3 2.2 4.1 5.5 1.8 21.0
ARENAFA<RX  (5000kW. RF|FHEF) 1.1 2.0 0.8 1.6 19.0 1.8 26.3
AT - SRRk

M BIEiEE RS E DR

ZAVE THUGRR TR LI R & - CE 723, A CIE TSI TEAMME L CO2 HIBERIFRIZ OV TE
BLE1T O, é bizZinb 3 SOffifiEAa&FH L, BEUlME & i 2 2 & THREbE D24 M2 7 T2,

BB, YROZL L LTENE LTOMERH S, FIT fETIE Ehatr’ForE )z H
b\H&é:}:fﬂﬂif%j}{ﬁ (CEDHER A M ZEEEd 5 2 t75>fé’<71?60)k3%‘7_\ hz NengEnTeese i) &
FEA TN D, 2 L CRET B B HUlE 7> & [RHEERTREE: F A 2506 L 72 0 IR & 72> T %, AR, &
HIZH7D D LISMIRAFR TE W, WICHEIZAbE TG 2RI R 6T, BOTLENFERENK
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TVECRMICMIENE E D, EEE, BAFHICBOCERE 2 %~ LAk 2388 LT\ D28, BUFIE FIT
HIE BRI 5720012, H (EETREE ) 2 EDAER L TS, ZHUTES DX Iz, OFTRIEER
XV EDHLINTWDLERE, @R % 283 A MO TG 2 Sk U 7R SR Bl O N e F-4)fE &
REL 2 DOBEFETHRIN TV D, RREOEIMMMESE LT, #E HRPEREERFES PPS) MiTE
REMAOENTERE TH 5 2016 FFEEEEE  (10.77 FI/AWH) 28 L7z,

(% 8] [EEAIAEE AN
(TAR2694A1AURICETAREEOREE R RHA. SERMERTREAY)

£5 126/4 26/5 26/6 26/7 26/8 26/9 26/10  [26/11  [26/12  [27/1 21/2 21/3 EETY
ERICKYEDDIER 10.11 1052| 1053  1053|  1053|  1053|  1053| 1058 1058/  1058| 1058/ 1058 1052
PR SRR ) E T {E 1.68 1.54] 1.59 1.52 144 1.35 1.26 1.22 1.2 1.25 1.38 1.54 1.41
£R [27/4 21/5 27/6 21/7 21/8 21/9 27/10  [27/11  [27/12  [28/1 28/2 28/3 EETY
ERICKYEDDER 1057|  1057| 1072|1072 1072 1072  1072| 1072|  1072|  10.72| 1072|1072 10.70
PR B BB D 0 B S {E 14 0.9 027 -037] -079] -121 -127|  -119]  -122] -136] -154] -176] 068
%R [28/4 28/5 28/6 28/7 28/8 28/9 28/10  [28/11  [28/12  [29/1 29/2 29/3 EETY
ERICKYEDHDER 10.74 10.74 10.78 10.78 10.78 10.78 10.78 10.78 10.78 10.78 10.78 10.78| 10.77
PR SRR B T D 0 B S E -207|  -241 -2.81 -307) -332( -345] -346| -342| -334] -326] -307] -281] -304

HIFT - IR B RS EERE R — A 2—  http://www.teitanso.or.jp/fit_avoidable cost

WRIZ CO2 B R AR 5 . R ARET 5 R 2B O 1 o1k, #ERIEEEE & T 5005588 5
NoHEMHTHD, CO2 HIBENREDEREHANC L DML, TRFEMHE (carbon pricing) | & FHIAL TV D23,
—fXANZLL T 3 DOE M FERH D, O BALO CO2 ZHEHT 5 Z LIk V| BRERIE-OR g E 7o St
DI HHEEE M (social costofcarbon) ZH T 25 H D, @1 HALD CO2 ZHITET 5D DIZH)> 5 FRFEINE H

(marginal abatement cost) ZH.HT 2% 6D, @CO2 P EZ AT 572 OICEA STV A HEHETIC K
5 CO2 HEHMEMAE -, IRBALXIRBIEZ ST 2L D TH D, ZIHITONT, £< OFATHFFEOHLSEIC
HH S TWDHIENR S 25, REMASI IR T 2RO Wil Lo RET L, BIF[RE LY, 1
RATARLIEN B D DONFERETHD (£ 9),

(% 9] mERfMEDEHES

| E{kf (ffits Bifi: US$/t-CO2) g

SREBUAF I3 X 1 S BAR OO & PB4 OB =55
. _ o gz |$11(20104EBF &, EI515E5%) ~ $95(20504F B i . F5152.5%) |#LTT(2016)
ooAhe Bl SRR B S| 5% B B orBIS B AVE LB 3. e £ 5

IPCCEE4RIRE B LR DA6DHEEHED F1(%$66 F3T(2016)

NUBEICE T2 EAONRERZRDI-ODIHRILT—iE
TRCO24E Hi Bl B 425E A 2030 £ B 15 : $187 (AL IR B HAIME
FILTEH)

[&:$260 (RITEET L THEH)

FT(2015)

@Cc02(1+) DR FHIFE A

AUBTEITE+5HBADKIRERETT B AR B R ER

20304E % = : $378 (RITEET L TEH) #T(2016)
$IUT (AT aRER) ~$131 (R —TURER) The World Bank(2016)
$15 R AR EHRE])
Qi HETI5 . RBRL R KR - N P
B2 (20144 ) SRBR b 33 KB £ D 4t B 75%13,692F R E(2017)

(TRULF—KIKEEFEECEEN—RL TF51R($24,801M)

AT - HIRGEHEE i a b & IZEH R

ARTIE, B AARTHIE & UGl SO0 IR Bl & O OB WS 720, HARTHR
WNTIERIR 1% & > TR STV D B BEHERS HIE 25 Lz, 20164F4 A, 8 H, 12 HOHE
It 3 WO R FHSHAIZ L AEEERE Y LYy FOREEEIE 1,500 1,/CO2-t LEIXWHERTHY . 2k
PR LTz, B (2015 4F) DOEXROPEHFRS 0.587kg-CO2/kWh® THAFL L €, AFElcki) 5 CO2 HlERhHI%
0.9 M/kWh &7 %,
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Z 9 LTHZADMIERIC & 72 & TS LRI Z T, LED 2 SOMEEZBE L. BEHINIEHL 2
IToT=DNE 10 ThD, 723, BHEUME L ORAERSIZT D120, FRFEERTHID . kWh &7 0 Hif
THRR LT, KEEDGIZOWTIE, PRk 29 4FEEO BTk 21 a2 RHRE 55 &, MEOEF2S 2.8 F EE-
7o JAINE 1.9 F, /KT 3.7 F, REASA A~ A3 6.0 M, Z2H0 B Bl % = < MifiE)s e 2 5
Bripotz,

4 FEEHOH TR I, BIMHELSM, CO2 HINBENR K OHEREF TR LR & S (RSN YT
o4 TIRE G 2D 2 L EEETIUL, Eﬁﬁ%%iﬂémﬁﬂ BOBND, ZOZEMND, BEOERU
FERIEN ARG IZEN STV 2T, o L AHSHMIEEBLO7-OIZIT S TH D LiHETE 5, %%HT®
BtAR4: kWh 2472 0 BIZEINT2 2 &E N IAE N TV D8, %n&ﬁw?élamﬁm% Sy etolidEes)
H7ZfER L Tp otz 10,

(& 10] & T RMlfE & BERfHS & DELER

(B4 . F/kWh)
B ER{ifg (A) BIRMEE=E =50

WEEEEE] BAHME [CoMIEME| (BCDI—A

LR (B) (©) (D)
ABE (FEETFE2000kW) 294 FE 21 12.1 10.8 0.9 2.8
B (2000kwx10£L) 294 21 11.3 10.8 0.9 1.9
/INKF (600kW) 29 21.0 10.8 0.9 3.7
RBE/NAF<TRX  (5000kW. RFIFBE#) 32 26.3 10.8 0.9 6.0

T« AR

IV iEim e SHRORE

ARG T4 FEOF 2 HENG 72 6T HIRE~ODREERF LU TOZ L 2L LT F 1S,
AR FEPE LN RC IV T, BRI E B L 0 S FEEEE B O TN RENWZ AR L, AL, BT
FFEFEANT, FEEE S D EMICE > THUlIE 215 b5, —F. BEIMPLERICRE SN TIT
DT, ERPHERF S, HIGFIOZ OO, R AEF L, HUlGEMA L TR L 70D Z L Z2RI2 L
TW5,

%ﬁi%@%ﬁ%%ﬁéﬁ%%&%k6#@!%%5%:Aﬁﬁé*k’;D KT R ORH
DAL Tz, KGR EIL, —REHIRNZ L < HIBdEH LD WK D ICGELND Z ENH DD,
RfHEeE. A, MBI, EEERNE, (SRS T A LIRS ) iR ZTE L LT\ D, BJIEE
m:mm%W@io;kﬁﬁ&%@fhniﬁiﬁﬂ#k%<ﬂﬁﬁﬁ;5z5%@ﬁﬁ%m:k\%%ﬁ

EH LN DEREEE ST L D BEEEA~OR KRN RKENZ LRET bn D, VK FEEIX. TF
%ﬁﬁ%<\iﬁi%%éﬁ%mt@%ﬁ&%&%ﬁw@%ﬁk%m:&sz HABUA~DFHE-H K&

KENA I~ AFFEIL, RO 2L BOMREERCAMINTHETIISHA Y Z L S OIZITERAZE
HRE WD, AFHOFT RO 5 Bl b iR AR E 0,

#3012, BTARODF ﬁﬁm_me HUBGERRFEEME LI IR & CO2 BIBENAR & 5 BRI R 2 iE sk L,
%@amﬁ%&w&ﬁé Lok, BBl ZE ERIAMESH D Z LB 0hot, 2O EiE, BEOHE
Wﬁ%@*ﬁ@ﬁéﬁ%rbfkw HTﬂV%izélE@@%%%éifﬁmﬁmw%%&bto

AR EMEE LT, Bk A< ETRRR T o f= i iE b O & B b FIEIZ DV TE
TR RB ISR RERTHZENTE D, BIh, T8y (2015) XY RGP 2 i T a2
D, EEEERATEHT 5 2 & TEIME - HEIATREE A R, THill) OEFRE EET & F—RAN) L
ez L7z, 290 Lo hikmmboRBIzE Y, B3 SOfima7- 2 &k, AEMA ORREThHY, =t
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T VAL DSNWE A B OBAFRET RNV —BEROFFHI L > THHERR LD TH L L E X5, R, H
SRR L h e & FE > CO2 HIAmAL & A5F L CHRMlifE S U, BHUlikS & bl U7 g, sz
FIE LR OR & 2 FBINRHIT 5 Z &2 22 B3 > TR Y | SEATHIRICITED > 728 LWERTH
%,

SHOMFEREE LCX, UTOLONRHET O D, 78R CIEAEN R 4 FBHEOF= R OERLE R
L7223, FIT EORE X5 TlE, HIBFEEL T > TORVY, Ao F~ AT, RAAARE AL A~ AL
(2 6 FEEEDO BRI AN D 0 L/ INVK T TIE AR U RIS 3 TR BBl 23 E D ST 5,
AIRIE AR S TORWFZ R KT OWNT S _ERORERNERRICWN 2.2 D ERRGET 2 BN D 5, £i2,
BRI TE AR 2 3 D BROE T /WINEGEHEIERIZ 35U T, FIT ik 2 55T 2 iiEiits SR e E 8
SR ER— 2T LTz, L L, EEOMR 7 a7 O, FORML, Mk, FHEETIROZFEAZ
F1 RS RERNCE > THYIENHTL 26D TH L Z L, TRLEBOIET —Z 12 X HIGEE
NEHBEBITHETH D,

[EFR]

1. FEMESEEELR B YRR 27 RS L OFREIRIC BT 28 A p32 E5 I,

2.CO2 & e 6 FEHHDIRE NI A OHNEA BWRT 5, AREIZIBWTLLUTE L.
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Research on the responsibility of companies and investors for creating a sustainable society:
Disclosure of Corporate Value Creation and Research of Investor Evaluation Methods

Koji HASEGAWA
Graduate School of Safety Science, Kansai University

In the CSR report, there is a big gap between the viewpoint of corporate non-financial activities and the investor's
perspective to evaluate corporate value. As a source of corporate value, the value relevance of financial information
has declined, and the importance of intangible assets and non-financial information including ESG information is
increasing. Information needed by long-term investors is a value creation story on how companies create value in the
medium to long-term and how the elements of ESG contribute to the improvement of corporate value. This study
proposes how companies present a story of corporate value creation to investors. Corporate value is created by
enterprise ESG elements connected with value drivers. Companies show corporate value creation story to investors,

and investors will raise corporate value evaluation by understanding the corporate value creation story.

Keywords: ESG, ESG Investment, Integrated Report, Corporate Value Evaluation, Corporate Value Creation Story
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Geographically weighted regression model of land price using entrepreneurial,
environmental, economic and social factors in Japan

Hiroki NAKAMURA

Faculty of Commerce, Chuo University

Assessing the values of local areas and cities from entrepreneurial, environmental, economic and social dimensions
of sustainability has become a key focus area for their future development. These values can be assessed using the land
price function. This research analyzes the land price function using a geographically weighted regression model of
land price with various explanatory variables related to entrepreneurial, environmental, economic and social factors.
In order to consider these factors, specific data scores were taken into account and the result of correlation analysis of
the data shows that six variables, entrepreneurship, nature conservation, resources recycling, social vitality, local
government’s financial viability and environmental quality, are essential for future analysis. Further, these six variables
were used to conduct preliminary regression analyses in four models. The results indicate that entrepreneurship, social
vitality and environmental quality have a positive impact on the land prices of local areas and cities, while nature
conservation, resources recycling and local government’s financial viability have a negative impact. In addition, the
result of the geographically weighted regression analysis that analyzes spatial or regional relationships and identifies
the geographical heterogeneities shows that areas of large cities in Japan have benefitted more from entrepreneurship
and social vitality than areas of small or mid-sized cities. In general, while large cities may be better equipped to
promote environmental policies, small or mid-sized cities could promote entrepreneurship and social vitality policies

using the environmental advantage for their development.

Keywords: entrepreneurship; environment; economy; society; land price function
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There is an ongoing debate on whether better environmental performance affects corporate
performance. Also, there are different views of the role of multinational enterprises as to whether
wealth maximization should be the sole goal of enterprises. Following this, the current study
empirically tested the relationship between environmental performance and corporate financial
performance of 42 companies listed on Fortune Global 500 in 2016. The study used extensive data on
financial variables and environmental variables covering a five-year period, 2010 to 2015. For
financial key performance indicators (KPIs), firm’s size (revenue) and firm’s efficiency (total asset
turnover) were assigned as dependent variables, then four KPIs on environmental productivity—
Greenhouse gas (CO.), water, energy, and waste—were developed as predictors of the dependent
variables. The correlation exploration and regression models were developed to analyze the
relationship between financial KPIs and environmental KPIs. This study found out a significant but
slightly positive or no relationship between environmental performance and financial performance.
Because the results showed that Fortune Global 500 companies’ environmental key performance
indicators have less influence on financial performance in terms of their revenue and efficiency. This
result is probably due to other factors, e.g., process improvements -innovation and reputation indices,
which may have more impact on financial performance. However, it can be understood that at least
there is no negative relationship between environmental performance and financial performance. Since
there are many academics and practitioners who identify certain benefits to firms by adopting best
practices in responsible environmental conducts, it is important for firms to disclose information about
environmental management and performance to the public so that they can meet the needs of those
people.
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1. INTRODUCTION

William Ruckelshaus, CEO of Browning Ferris, once stated “Sustainability is as foreign a concept to
managers in capitalist societies as profits are to managers in the former Soviet Union”. There has been
a great deal of pressure to identify the relationship between corporate environmental performance and
firm performance. The main interest of the relationship conception is to determine whether better
environmental management performance (EMP) can improve firm performance in finance and
reputation. The importance of the conception is currently reasonable due to climate change and its
effect on social, environmental, and economic perspectives. Large corporations, such as extraordinary
revenue makers in the Fortune Global 500, also known as “Global 500 companies,” have a dominant
impact on the global economy. Because Global 500 companies are internationally competitive,
globally reputed, and hold a large scale in the world business operation. However, these companies
have a complex and imperceptible impact on the environment while performing their operations
worldwide because multinational companies’ environmental conduct is very controversial
(Christmann, 2004). The corporate world is facing traditional economic development issues of
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financial obligation and industrial stagnation, as well as new challenges such as environmental
degradation, socially responsible investment, and the dynamics of innovation. The external experts
and corporate decision makers are looking for new solutions to both traditional and new challenges in
corporate entity because environmental degradation like climate change is integrated in a circular
manner with economic performance. However, one of the main challenges for a company is to keep a
high financial performance while keeping the environmental conduct from business operations low.
But this challenge cannot not be projected due to the existence of traditional issues like rivals and other
challenges (additional cost involvement in innovation). Hence, it is widely accepted that enterprises
play a major role in global environmental degradation. However, due to the complexity of the
environmental degradation, it is difficult to identify the causes of deterioration.

The dynamism in international business has led to the evolution of multinational enterprises (MNES).
In general, a multinational corporation is a company involved in manufacturing and selling goods or
services in more than one country. The MNE’s structure normally consists of a parent company located
in its home region and subsidiaries located in foreign regions. MNEs are one of the key drivers of
globalization, as they foster greater integration of economies and markets worldwide through
international trade, foreign direct investment (FDI), and technology enhancement. Globalization is a
poorly understood phenomenon (Rugman and Verbeke, 2004). Sklair (1999) elaborated that four
criteria are commonly represented by the term globalization: FDI, benchmarking, global corporate
citizenship, and global vision. The first two criteria are considered to be economic globalization (FDI
and benchmarking) and the other two criteria (global corporate citizenship, and global vision) about
the business sector they occupied are measured by the actual behavior of the corporations.

Fortune Global 500 can be recognized as evaluation standard of largest revenue makers in large
enterprises. Since 1954, Fortune magazine has published an annual list of the world’s largest
companies based on their extraordinary revenues, and this list is known as the “Fortune Global 500”
(Long, 2016; Sklair, 1999). On a revenue basis, 28% of world’s GDP is represented by the Global 500,
which is comparable to the U.S. and Japanese economies combined (Moorhead and Nixon, 2014,
2016). Further, Long (2016) stated that the Fortune Global 500 has become an important indicator of
a company’s strength and global competitiveness, reflecting its business performance and enterprise
development. Indeed, the largest 500 MNEs account for over 90% of the world’s FDI and conduct
about half of all transnational trade (Rugman, 2000). Lubin et al. (2017) mentioned that since the main
criterion for inclusion of a company in the Global 500 is capitalization, the least to the most carbon-
intensive businesses and industries are represented. Further, Lubin et al. (2016) found that operations
from these 500 largest companies produce over 10% of the total GHG emissions each year directly
(Scope 1) and indirectly through energy procured for their operations (Scope 2). Based on a sector-
specific analysis of climate change, the CDP Global 500 Climate Change Report (2013) cited
following three main findings that apply across the Global 500 sample:

- The 50 largest CO. emitters have increased their emissions since 2009:
= The 50 largest emitters in 2013 have increased emissions (tCOze) by 1.65% since 20009.
- Current reporting of indirect Scope 3 emissions does not reveal the full impact of companies’
value chains:
=  Most companies (97%) disclose Scope 1 and 2 emissions from their operations, but
companies’ value chain activities are yet to be quantified (about 47% need verification
regarding Scope 3 emissions).
- Financial incentives are driving emission reductions:
= Rewards for employees are powerful tools to drive climate action.

However, other findings from the CDP report show that Global 500 companies identify a range of
risks and opportunities regarding climate change but are more likely to quantify risks than
opportunities.

Most large business entities acknowledge their corporate citizenship responsibility in different
disclosure forms like annual reports, corporate sustainability reports, and other corporate literature or
public relations activities. In the 1990s, some major global corporations (3M, DuPont, Shell, and
General Motors) began publishing separate reports, the most common of which is the environmental
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report, for public evaluation. The most recent trend is toward integrated reports in printed or Web-
based format. Sklair (1999) elaborated that transnational corporations (TNCs) have worked with other
principles (local and international bureaucrats) to put corporate responsibility in a desired position as
they wish, preferably on a volunteer basis. One reason for this is that TNCs are business entities that
operate more for their own prosperity than for the foreign country in which they are located (Jobson,
2006). However, the recent trend of sustainability reporting is moving toward a mandatory form,
particularly in the European Union (EU) (Lewis, 2016).
Almost every country is made up of a unique cultural background which related to different degrees
of country’s sustainability development plans, commercial relationship, and environmental
management obligations. E.g. Earnhart and Lizal (2007) argued that transition economies (Czech
Republic) struggled to control their air pollutant emission and re-organize their financial matters but
U.S. firms spent more than $100 billion to comply with environmental laws (Konar and Cohen, 2001).
Nonetheless, thinking about transnational corporations and mature economies, it is vital to mandate
the environmental obligations of MNEs throughout the world in a meaningful manner.
To achieve sustainable development for MNEs will require changes in business processes, type and
guantity of raw materials, waste treatment, products and services, and especially greenhouse gas
(GHG) emission control (Krajnc and Glavi¢, 2003; Veleva et al., 2001). Firms must attend to a
necessary set of conditions if they wish to position themselves as sustainable businesses (Krajnc and
Glavig, 2003):

- reducing the use of materials and energy in products and their production,

- minimization or avoidance of waste,

- reuse and recycling of products,

- minimization of transportation needs,

- cleaner production technologies and procedures throughout the product life cycle, and

- research and development in environmentally sound technologies.
There are only a few studies using Global 500 companies to analyze corporate environmental
responsibility. The reason for this may be that most studies of corporate sustainability or corporate
social responsibility (CSR) use MNEs either as a group or individually from specific regions, the USA,
Japan, the EU, and China, not specifically from the Fortune Global 500. The most studies involved
the private sector’s CSR frameworks, such as assessing conditions and trends in CSR, anticipating
future conditions for environmental management, and corporate sustainability development. For
example, the Hart and Ahuja (1996) sample was drawn from Standard and Poor’s 500 list of
corporations; McWilliams (2000) analyzed the correlation of CSR and financial performance using
investors’ information, which is not related to the Global 500; and Orlitzky et al. (2003) conducted a
meta-analysis of 52 studies on a wide variety of industries.
The significant research studies can find related to Fortune Global 500 companies but studies’
variation is high. One example is Qian and Schaltegger (2013), who selected Fortune Global 500
companies in the Carbon Disclosure Project (CDP) for their study. The main objective of the study, in
the time period between 2008 and 2011, was to investigate the two competing perspectives on carbon
disclosure and performance for Global 500 companies. The results showed that carbon emission and
disclosure data support each other. The companies with higher carbon intensity have achieved better
carbon disclosure scores in subsequent years, and companies with better performance in carbon
intensity are continuously improving their performance. The next example of a study on Global 500
companies is from Kolk (2003), whose research analyzed the form of non-financial reporting trend,
using a data panel of Fortune Global 250 in 1998 and 2001. The results showed that the trend in
sustainability reporting had a significant development in half of MNESs, with some sector and country
variations. The development of reporting is significant because one-third of the reports are externally
verified, especially in Europe and Japan. Kolk (2008) again came up with an examination of Global
250 companies incorporate with corporate governance aspects. The analyses found that board
supervision and structuring sustainability responsibilities were getting more attention than in previous
years by many multinationals. In addition, MNEs have gradually emerged as major players in disaster
response, gaining the attention of the corporate philanthropic movement. Muller and Whiteman (2009)
found that according to the literature on corporate philanthropy and CSR, MNEs from different parts
of the world have different commitment levels in terms of disaster response levels for various regions
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and varies from response level too. The study revealed that there is an inter-regional difference in the
overall likelihood of donations. The firms pay more attention to disasters closer to home or in locations
where their operations have a local presence.

Ekatah et al. (2011) revealed that socially responsible corporate performance can be associated with
profitability, therefore, they suggested that CSR is significantly and positively related to better
financial performance (profitability). The study (Ekatah et al., 2011) used one of the well-known
Fortune Global 500 companies, one of the biggest in the oil sector and one of the top companies in the
world: Royal Dutch Shell PLC. This study based its data analysis on several performance indicators
reported in the company’s sustainability reports over a five-year period, 2001 to 2005. Luo et al. (2012)
investigated how Global 500 companies react to the climate change challenge with regard to their
carbon disclosure strategies. The study found that economic pressure is significantly associated with
the firms’ decision; companies facing direct economic consequences are more likely to disclose their
information on GHG. Luo et al. further explained that firms are aware of their social responsibility
and are willing to disclose carbon information even in the absence of either a corresponding
requirement or reporting standards.

1. Studies Linking Environmental Performance and Financial Performance

Empirically, academic literature regarding the corporate business and its environmental conduct have
investigated whether the environmental performance has a positive or negative impact on firms’
financial performance. So far, the literature shows an indefinite answer regarding the particular linkage.
Porter and van der Linde (1995) believed in conventional manner that there was a trade-off between a
firm’s environmental initiatives and its economic performance. Hart and Ahuja (1996) explored
whether a reduction in the emission of selected pollutants improves profitability (return on sales, ROS;
return on assets, ROA,; return on equity, ROE). Further, Christmann (2000) explored from previous
studies from the environmental management literature that companies that follow “best practices”
have gained competitive advantage through their environmental strategies, such as 3M (Shrivastava,
1995b) or Dow (Smart, 1992). However, current case studies failed to reveal what “best practices”
have been used by these companies to gain these results. Darnall et al. (2007) analyzed approximately
4,200 manufacturing facilities in Canada, France, Germany, Hungary, Japan, Norway, and the USA
in 2003 regarding the relationship between environmental and financial performance. They found that
several environmental performance measures, such as a decrease in wastewater effluent, air pollution,
and greenhouse gas as a global pollutant, have a significant positive link to financial performance
(sales volume). In other words, such environmental performance measurements in the study indicated
an enhancement in firm profitability and sales volume. Iwata and Okada (2011) analyzed Japanese
manufacturing firms from 2004 to 2008 and found that the reduction of GHG enhanced the
profitability of firms. Nishitani (2011) analyzed 871 Japanese manufacturing firms from 1996 to 2007
and found that environmental management system (EMS) implementation can add to a firm’s value
through improvements in productivity. Then Nishitani et al. (2011) analyzed 426 Japanese
manufacturing firms from 2002 to 2008 and found that a reduction of pollution emissions enhanced a
firm’s value added by increasing demand and improving productivity.

Nishitani et al. (2014) analyzed 423 Japanese manufacturing firms in 2007—2008 and found that firms’
GHG emissions management enhanced their economic performance. Some existing empirical studies
on the linkage of environmental and economic performance also indicate the presence of negative
relationship (Aggarwal, 2013). Hassel et al. (2005) examined the relationship between environmental
and financial performance for Swedish firms listed on the Stockholm Stock Exchange over a period
of nine quarters from June 30, 1998, to September 30, 2000, but they found negative relationship
between environmental ratings and the market value of equity. Hassel et al. argued that the reason for
the negative association between environmental and economic performance was the huge cost
involved in environmental responsibilities, since additional costs reduce a firm’s profitability
(Aggarwal, 2013). Brammer et al. (2006) also detected a negative correlation between environmental
and financial performance. Some have argued that stressing environmental practices may bring a few
financial benefits for the firm (Jaffe et al., 1995; Walley and Whitehead, 1994). Another aspect of
empirical results related to linkage of environmental and economic performance of firms, is mixed
results (Cormier and Magnan, 2007; Moneva and Cuellar, 2009; Jacobs et al., 2010). Watson et al.
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(2004) conducted a study to verify the financial performance level of firms with an EMS versus non-
adopters of an EMS. They found that EMS adopters did not show superior financial performance, and
the expected competitive advantage from EMS strategies was not fully exploited. On the other hand,
they found that the perceived cost of EMS implementation does not negatively affect financial
performance. Therefore, the persistence of environmental performance versus financial performance
for an organization is controversial.

This empirical study of multinational companies was conducted to enhance the research on the
relationship between firms’ environmental and economic performance. The objective of this research
is to explore the linkage of financial performance and environmental productivity. Further, the study
intends to discover whether there is any impact of environmental performance on firms’ economic
performance, because multinational companies such as Fortune Global 500 companies are concerning
their extraordinary growth while seeking to make companies more environmental responsible while
keeping their extraordinary economic growth. Next, this paper is organized as follows, the
methodology section (Research Method) explained by variables and research models, which is related
to research questions. Then the study outlined the results and discussion from analyzing the dataset.
The final section provides a conclusion based on our findings.

2. Research Questions

The abundance of previous empirical studies shows that a rigorous effort has been made to address
the relationship between corporate environmental performance and economic performance. Further,
existing literature also explained that companies are increasingly interested in adopting environmental
management systems and CSR approach to make companies environmentally responsible,
simultaneously, intention of following these structures also to be more competitive in the industry
(Watson et al., 2004).

These unconventional consequences are inconsistent to understanding relationship between firms’
environmental performance and economic performance, therefore, this indicates need of further
research to elaborate the both performance linkage. In spite of this, continued research is necessary to
determine whether there is a significant relationship between corporate environmental performance
(CEP) and corporate financial performance (CFP).

As a result, previous empirical research evidence gives the right to set off to response to explore the
research objectives. From these potentials, the study examined whether a company’s environmental
performance is related to its economic performance. Specifically, the following two research questions
(RQs), RQ I 'and RQ 11, have been formulated to determine whether there is a significant correlation
between environmental productivity and economic strength based on a firm’s size (revenue) and
efficiency (total asset turnover) and to examine the influence of a firm’s environmental productivity
on its economic (financial) performance based on 42 Fortune Global 500 companies listed in 2016.

o RQ I: Is there any relationship between environmental productivity and firm’s size?

e RQ Il: Is there any relationship between environmental productivity and the firm’s efficiency?

Il RESEARCH METHOD

This section provides insights into the research method, data, and models used in the present study.
This study explored whether corporate financial performance is linked to corporate environmental
productivity. It is important to note that the study is based on 42 multinational corporations listed on
the 2016 Fortune Global 500. The study based on environmental and financial disclosure information
of each company’s websites, from 2010 to 2015. This study bases its research measurement on key
performance indicators (KPIs) of environmental and financial aspects. The data verification was
performed using reports in English only; reports in other languages were omitted. Further, information
availability was highly observed for this study to fulfill the required variables because some disclosed
information is contracted, e.g., the breakdown of total energy input: purchased electricity, oil,
renewable energy, and gasoline is not verified by some companies.

1. Variable Definitions: Data on Environmental and Economic Performance

The analysis measurements are based on six major indicators related to environmental and financial
variables. Tables 1 and 2 illustrate the variables and measurements (KPIs) used in the study.
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TABLE 1: DESCRIPTION OF VARIABLES USED IN THE ANALYSIS
Dependent Variables Independent Variables
Revenue & Total Assets | GHG (CO2) Emission, Water Consumption, Electricity consumption,
& Waste generation

(1) Independent Variables: Data on Environmental Performance

The four independent variables selected for this study were identified from previous literature
(Newman and Breeden, 1992; Smart, 1992; Hart, 1995; Shrivastava, 1995a, 1995b; Stead and Stead,
1995; Christmann, 2000; Fuji et al., 2013; Iwata and Okada, 2011; Hatakeda et al., 2012; Nishitani
and Kokubu, 2012; Nishitani et al., 2014; Wang and Gao, 2014). Aggarwal (2013) reviewed 18 studies
based on the environmental and financial performance relationship, out of which 16 studies treat
environmental performance as an independent variable. Of these 16 studies, a majority (eight) showed
a positive relationship, three showed a negative relationship, and five provided mixed or no significant
results. Therefore, in this study, environmental performance indicators have been treated as
independent variables (see Table 1). From these independent variables, four environmental KPIs were
developed according to the Global 100 Index (see Table 2).

(2) Dependent Variables: Data on Financial Performance

For this research, two dependent variables were taken into the account to estimate the firms’ size and
efficiency: revenue and total assets (see Tables 1 and 2). These are important financial performance
indicators because the annual Fortune Global 500 compilation is based on the total revenues of the
largest global corporations (Long, 2016). The firms’ revenue has been taken as a variable by many
academic studies (Ameer and Othman, 2012; Chen et al., 2005; Fuji et al., 2013; Gomez-Bezares et
al., 2016; Lopez et al., 2007; Prober, 2015; Santos and Brito, 2012; Stead and Stead, 1995). Chen et
al. (2005) took firms’ revenue growth as one of the dependent variables out of four financial
performance variables in their study. Lépez et al. (2007) took firms’ revenue as one of the independent
variables to examine whether business performance is affected by the adoption of practices included
under the term corporate social responsibility (CSR) (Ameer and Othman, 2012). According to
Brouwers et al. (2014), Anger and Oberndorfer (2008) looked at firms’ revenue to examine the impact
of carbon performance. Therefore, in this study, firms’ revenue has been taken as a dependent variable
to measure the firms’ economic position (firm size). The total assets can be seen as a key variable to
measure a firm’s size according to previous empirical studies (Amato and Burson, 2007; Earnhart and
Lizal, 2010; Dang and Li, 2015; Kaen and Baumann, 2003; Niresh and Thirunavukkarasu, 2014).

(3) Key Performance Indicators (KPIs) for Correlation and Regression Analysis

Measurements of the analysis are based on six major KPIs. These KPIs are categorized from
independent and dependent variables (environmental KPIs are from independent variables, and
financial KPIs are from dependent variables). The KPIs that are tested for linkage between financial
performance and environmental productivity are presented below, in Table 2. The Global 100 Index
is a ranking of the world's most sustainable corporations based on the Global 100 sustainability metric
(Herriott, 2016). The metric uses 12 KPIs to compile and publish the corporations with a market
capitalization of at least US$2 billion. Out of 12 KPIs, four are clearly for environmental productivity.
Therefore, those particular KPIs were obtained from the Global 100 sustainability metric as
environmental productivity measurements. The two financial KPIs represent the logarithm of revenue
and total asset turnover (Finch, 2008; Fairfield and Yohn, 2001; Huang et al., 2008; Padachi, 2006).

TABLE 2: DESCRIPTION OF KPIs USED IN THE ANALYSIS

KPI Description

Dependent

Logarithm of Revenue Logarithm of Revenue to measure firm size

Total Asset Turnover The activity ratio measures the efficiency with which assets are

(TAT) converted to sales or cash; TAT = revenue / total assets.
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Independent

GHG (COy) Productivity

Water Productivity

Revenue / direct and indirect emissions of greenhouse gas (CO>)
Revenue / total water consumption (M3)

Energy (MWH)
Productivity
Waste Productivity

Revenue / total electricity use (MWH)

Revenue / total waste generated (metric tons)

2. The Research Models

The quantitative analysis is performed via multiple regression analysis using the IBM SPSS Statistics
application (version 23). The multiple regression predicts a single dependent variable from multiple
independent variables (Montabon et al., 2007). The following regression models were developed based
on the variables used in the study.

- Yr=RO+ Ry X1+ Ry Xo+ R3 Xz+ Ry Xa+ e
Y1ar=RO + By X1+ By Xo+ B3 X3+ R4 Xa+ €

where

O 0O O O O O O O

Yr = Logarithm of Revenue,
Yrat = Total Asset Turnover,
R0 = Constant,

X1 =GHG (COy) Productivity,
X2 = Water Productivity,

Xz = Energy (MWH) Productivity,
X4 = Waste Productivity, and
e = Error Term.

111 ANALYSIS AND DISCUSSION
In this section, the tables and graphs are presented using the analysis data to discover the findings for
the research questions. Table 3 reports the companies in the 2016 Fortune Global 500 list for the study.

TABLE 3: COMPANIES REPRESENTED IN THE STUDY

Model 1
Model 2

Company Sector Industry Country
1  ACS Group Iég%gfj;?gn& Engineering, Construction Spain
2 Aeon Retailing General Merchandisers Japan
3 Apple Technology Computers, Office Equipment USA
4 BHP Billiton PLC Energy Mining, Crude-Qil Production Australia
5 BOSCH Motor Vehicle and Parts ~ Motor Vehicle and Parts Germany
6 BP Energy Petroleum Refining Britain
7  Caterpillar Industrials Construction and Farm Machinery USA
8  Chevron Energy Petroleum Refining USA
9 CISCO Technology Netv_vork and Other Communications USA
Equipment
10 Daimler Benz Motor Vehicles and Parts ~ Motor Vehicle and Parts Germany
11 Du Point Chemicals Chemicals USA
12 ExxonMobil Energy Petroleum Refining USA
13 Ford Motor Vehicle and Parts ~ Motor Vehicle and Parts USA
14 Fujitsu Technology Information Technology Services Japan
15 Gazprom Energy Energy Russia
16 Glencore Energy Mining, Crude-Oil Production Switzerland
17 GM Motor Vehicle and Parts ~ Motor Vehicle and Parts USA
18 Hindustan Petroleum  Energy Petroleum Refining India
19 Hitachi Technology Electronics, Electrical Equip. Japan
20 Honda Motor Vehicle and Parts ~ Motor Vehicle and Parts Japan
21 Huawei Technology Netv_vork and Other Communications China
Equipment
22 IBM Technology Information Technology Services USA
23 Indian Oil Energy Petroleum Refining India
24 JFE Group Materials Metals Japan
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25 Lenovo Technology Computers, Office Equipment China
. . . South
26 LG Display Technology Electronics, Electrical Equip. Korea
27 Marathon Energy Petroleum Refining USA
28 Marubeni Wholesalers Trading Japan
29 Mltsgblsm Chemical Chemicals Chemicals Japan
Holdings
30 Mitsubishi Electric Technology Electronics, Electrical Equip. Japan
31 M'tSUb'.Sh' Heavy Industrials Industrial Machinery Japan
Industries
32 Nokia Technology IEletv_vork and Other Communications Finland
quipment
33 Panasonic Technology Electronics, Electrical Equip. Japan
34 P&G Household Products Household and Personal Products USA
35 Reliance Industries Energy Petroleum Refining India
36 Rosneft Energy Petroleum Refining Russia
. . . South
37 Samsung Electronics Technology Electronics, Electrical Equip. Korea
38 Royal Dutch Shell Energy Petroleum Refining Netherlands
39 Siemens AG Industrials Industrial Machinery Germany
40 Toyota Motor Motor Vehicle and Parts ~ Motor Vehicle and Parts Japan
41 Un't?d Parcel Transportation Mail, Package, and Freight Delivery USA
Service Inc.
42 Volkswagen Motor Vehicle and Parts ~ Motor Vehicle and Parts Germany

Fig 1 and 2 show the countries and sectors represented in the sample during the study period. Figure
1 illustrates the countries of the Fortune Global 500 listed companies in the study; 13 countries are
included in the study. Figure 1 shows developed economies represents more Global 500 companies in
the list, that is Japan and USA. According to a sustainability reporting trend in 1998 and 2001, a very
high level of reporting trend can be found in Japan, Europe, and the USA from Fortune Global 250
(Kolk, 2003). In 2005, the United States had 176 companies on the Global 500 list. That number
dropped to 128 in 2015, a decline of 27.27%. In 2005, Japan had 81 companies on the list, but that
number fell to 54 in 2015 (Long, 2016). This is evidence of a dramatic change in MNE propaganda in
world trading. Further, Long (2016) found that countries from developed economies are losing their
grip on the Global 500 list, e.g., Britain, France, and Germany decreased by 20%, 20.51%, and 24.32%,
respectively, from 2005 to 2015. In contrast, Chinese enterprises are being added to the list.

USA
Spain
Russia

Japan

Germany
China

Australia

o

2

4 6 8

10 12 14

FIG. 1: Sample of countries in 2010-2015

® Number of Companies

Fig 2 shows the sector representation and number of companies included in each sector according to
the Global 500 list. Three sectors are dominant in the sample study: Technology, Motor Vehicle and
Parts, and Energy. Most American companies’ industrial distribution came from a variety of sectors,
e.g., banking and finance, oil refining, pharmaceuticals, and electronics and computers. However,
among Global 500 companies, Japanese industries are unlike U.S. industries because Japan
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concentrates only on certain sectors (Long, 2016). The highest-ranking Japanese enterprise was from
the Motor Vehicle and Parts sector. On the other hand, U.S. companies also represent a particular
sector on the list, but Japanese domination is much higher than that of the USA. The other sectors that
Japanese enterprises represent on the 2016 Global 500 list are telecommunications, banking, trading,
electronics, and electric equipment. Like Japanese enterprises, German, British, and South Korean
enterprises also dominate certain sectors on the list, e.g., from the sample list, German enterprises
belong to the industrial and motor vehicle sector, and South Korean ones are listed only in electronics.
Long (2016) also noted that, in terms of total profits in 2015, the highest ranking German company on
the list was a vehicle company. This study found that all three Indian companies on the 2016 list are
from the energy sectors and that India was the only South Asian country represented.

® Number of companies for each sector

Technology
Transportaion
Wholesalers

Retailing

Motor Vehicle and Parts
Materials

Industrials

Household Products
Energy

Chemicals

Engineering & Construction

Sectors

o

2 4 6 8 10 12 14
FIG. 2: Number of Companies for Each Sector

Table 4 shows the results of descriptive statistics concerning the independent and dependent variables
used in the study during the study period. As shown in Table 4, financial performance variables (DV)
averaged 8.5 (revenue) and 0.95 (total asset turnover). Environmental productivity variables averaged
5,940 for GHG productivity, 425,816 for energy productivity, 5,427 for water productivity, and
246,988 for waste productivity. The maximum and minimum scores also show significant differences
among dependent variables.

TABLE 4: DESCRIPTIVE STATISTICS FOR FIRMS IN 2010-2015

N  Min. Max. Mean Std. Dev.
Revenue 252 7.17 11.31 8.5 1.04
Total Asset Turnover 252 .00 3.53 .95 .50
GHG Productivity 251 .01 211241.62 5940.74 25477.63
Energy Productivity 226 51 49546836.43 425816.24 3789488.52
Water Productivity 240 .01 103071.21 5427.79 17096.25

Waste Productivity 244 .08 14352419.96 246988.83 1348417.74

Table 5 presents the correlation results between the investigated dependent and independent KPls.

109



TABLE 5: CORRELATION MATRIX
GHG Energ Wate

Variable—KPI TAT (COyp y r Waste Revenue
TAT Pearson 1
Correlation
p-value
GHG Pearson 233" 1
(CO2) Correlation *
p-value .000
Energy Pearson .037  .070 1
Correlation
p-value 577 297
Water Pearson 106 566" .001 1
Correlation
p-value 101 .000 .983
Waste Pearson .014 .096 .008 482" 1
Correlation *
p-value 822 136 .907 .000
Revenue  Pearson 126 .459™ 1677 .387°  .236™ 1
Correlation *
p-value .046  .000 .012 .000 .00
0

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

In Table 5, the correlation results for the financial KPIs show positive correlations between
independent KPIs. The correlation between GHG (CO.) productivity and revenue is higher (r =
0.459, p = 0.00) than that between other environmental KPIs; however, the correlation between
revenue and energy is the lowest (r = 0.167, P = 0.012). The second dependent KPI, total asset
turnover, shows positive but insignificant correlations with environmental productivity KPlIs, except
with GHG (CO,) productivity but minor correlation (r = 0.233, P = 0.00). Even though, firms’
revenue shows a significant correlation with every KPI of environmental productivity, yet
correlations are low (r = 0.46, 0.17, 0.39, and 0.24, respectively). Tables 6 and 7 summarize the
regression analysis outcome from dependent and independent KPIs. Table 7 shows the summaries
for Models 1 and 2 and illustrates the overall fit of the models.

TABLE 6: SUMMARY OF MODELS

MODEL 1 SUMMARY

Change Statistics

Std. R Durbi
Adjuste  Error of Square F Sig. F n—
dR the Chang Chang df Chang Watso
Model R R? Square  Estimate e e 1 df2 e n
1 5122 .26 .25 .94 .26 1842 4 207 .000 .36
a. Predictors: (Constant), Waste Productivity, Energy Productivity, GHG (COy Productivity, Water
Productivity

b. Dependent Variable: Revenue
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MODEL 2 SUMMARY

Std. Change Statistics .
Error of R F Sig. F Durbin
Adjusted the  Square df ' N
Zlod R R? R Square Estimat Chang Chang 1 df2 Ch:ng Wi;'[SO
e e
2 3648 13 12 .389 13 789 4 207 .00 .72
a. Predictors: (Constant), Waste Productivity, Energy Productivity, Carbon Productivity, Water
Productivity

b. Dependent Variable: Total Asset Turnover

In Table 6 (the model summary), the values of R?are significant predictors. The table shows that the
R? value for Model 1 is 0.26, which means that all of the predictors accounted for 26% of the variations
in the revenue. For Model 2, the R? value shows that all of the predictors account for only 13% of the
variations in the total asset turnover. Therefore, the remaining 0.74 (74%) and 0.87 (87%) of revenue
and total asset turnover relate to the variables not indicated in the models. Hence, other factors are
probably better predictors of the relationship between environmental performance and financial
performance. For example, environmental awards (Hamilton, 1995), reputation indices (Galant and
Cadez, 2017), R&D strength (McWilliams and Siegel, 2000), and process improvements -innovation
(Porter and van der Linde, 1995) can be other better predictors of the relationship between
environmental performance and financial performance. The statistics values on the last column;
Durbin-Watson, informs assumption of independent errors is not defensible; model 1 (0.36) and model
2 (0.72). The outcome in Table 7 is concerned with the parameters of Models 1 and 2. In both models,
the predictors have positive b-values, indicating positive relationships between predictors and
dependent variables, except for Water productivity in Model 2, which has a negative relationship with
total asset turnover ratio.

Table 7 shows another indication of the extent to which b-values would vary across the samples.
Therefore, the predictor makes a significant contribution to the model if the t-test associated with a b-
value’s p-value is less than 0.05 for each model. According to the t-values for Model 1 and the p-value,
the column shows that out of four predictors, three make a significant contribution. Water productivity
does not make a contribution to Model 1. Unlike Model 1, in Model 2, only one predictor, GHG (COy)
productivity, can contribute; further, in both models, GHG (CO.) productivity has as much impact as
or more impact than other predictors’ contributions. The following discussion elaborates on the
findings for the research questions developed for study:

RQ I: Is there any relationship between environmental productivity and firm’s size?

This study examined the effect of firm size on the environmental productivity of firms on 2016 Global
500 list. As evident in Table 5, the correlation between financial KPIs and environmental KPIs showed
overall positive results. The revenue and each independent KPI showed the existence of a significant
positive but not strong relationship. According to Table 5, there is about a r = 0.046 correlation
between GHG (CO») Productivity and revenue. The correlations between revenue and the other three
environmental aspects are r = 0.167 for Energy Productivity, r = 0.387 for Water Productivity, and r
= 0.236 for Waste Productivity. Therefore, the results illustrate that revenue has a positive but weak
relationship to the selected environmental performance indicators for 2010-2015.

However, according to the R? value of Model 1 in Table 6, 74% of the variation in the revenue is
related to variables not indicated in the models. Hence, these factors are probably better predictors of
the relationship between environmental productivity and firm size. The results from Table 7 also show
that there is no strong influential level to control the revenue according to b-values. According to the
correlation matrix, there is an impact of environmental productivity on firms’ size but relationship is
weak, further, the regression analysis also shows a weak relationship. Overall, environmental
productivity has nearly no impact on firm size.
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TABLE 7: COEFFICIENTS FOR MODELS 1 AND 2

Standardiz
ed
Unstandardized Coefficien 95.0% Confidence
Coefficients ts Interval for B
Lower Upper
Model 1 B  Std. Error Beta t p-value  Bound Bound
(Constant) 8.398 .07 122.46 .00 8.26 8.53
GHG (COy) 1.5E- .00 .38 5.17 .00 .00 .00
Productivity 05
3.8E- .00 14 2.29 .02 .00 .00
Energy 08
Productivity
Water Productivity ~ 4.6E- .00 .08 .90 37 .00 .00
06
Waste Productivity — 1.2E- .00 16 2.30 .02 .00 .00
07
a. Dependent Variable: Revenue
Values in B, e.g., the b-value for GHG is 1.5E-05 = 0.000015.
Standardize
Unstandardized d 95.0% Confidence
Coefficients Coefficients Interval for B
Std. p- Lower  Upper
Model 2 B Error Beta t value Bound  Bound
(Constant) .88 .03 30.9 .00 .83 94
7
GHG (COy) 6.4E-06 .00 42 525 .00 .00 .00
Productivity
Energy 3.6E-09 .00 .03 .53 .60 .00 .00
Productivity
Water -3.7E-06 .00 -.16 - .08 .00 .00
Productivity 1.76
Waste 2.2E-08 .00 08 101 31 .00 .00
Productivity

a. Dependent Variable: Total Asset Turnover
Values in B, e.g., the b-value for GHG is 6.4E-06 = 0.0000064.

RQ Il: Is there any relationship between environmental productivity and the firm’s efficiency? The
other KPI for firm’s efficiency (total asset turnover) indicated that only GHG (CO,) productivity has
a significant correlation (r = 0.233). Other variables, such as energy productivity, water productivity,
and waste productivity, do not show a significant relationship with firm’s efficiency performance.
Further, according to the R? value of Model 2 in Table 6, 87% of the variation in total asset turnover
was related to variables not indicated in the models. Hence, these factors are probably better predictors
of the relationship between environmental productivity and firm efficiency. According to correlation
matrix outcome, there is only one environmental productivity showed relationship with on firms’
efficiency but weak (r = 0.233). And regression analysis also shows weak relationship with related
variables. The results from Table 7 also show that there is no control over total asset turnover by
related variables according to b-values. Overall, environmental productivity has nearly no impact or
relationship with firm’s efficiency too.

Overall, however, the GHG (CO3) Productivity indicator showed a positive (the strongest) relationship
with both financial indicators compared to other indicators in the study. This is a positive impact in
terms of disclosing the corporate greenhouse gas footprint. This results can specify that those who
disclosed their GHG (COy) show a positive relationship between GHG productivity and financial
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performance. Therefore, the relationship between financial KPIs and environmental KPIs indicated
either a slightly positive relationship or no relationship to disclosure information from Fortune Global
500 companies. However, in this study, there is no negative relationship between environmental
performance and financial performance.

IV CONCLUSION

The purpose of the study is to explore the link between the financial performance and environmental
performance of multinational companies. This study contributes to the existing literature and further
explores whether corporate financial performance is linked to corporate environmental productivity
and corporate sustainability. The study used extensive data covering a five-year period from 2010 to
2015. The dataset included firms on the 2016 Fortune Global 500 list. Two research questions were
developed to analyze the dataset for further findings. The findings for the research questions showed
mixed indications for the existence of the relationship between financial performance and
environmental productivity. Further elaboration on the findings is given below:

RQ I: Is there any relationship between environmental productivity and firm’s size?

The first indicator for financial performance is firm size (revenue). The results found that overall
environmental productivity has nearly no relationship with firm size, while GHG, energy and waste
productivity showed a significant and slightly positive relationship with firm size.

RQ I1: Is there any relationship between environmental productivity and the firm’s efficiency?
The second indicator of financial performance is firm efficiency (total asset turnover). The results
found that overall environmental productivity has nearly no relationship with firm efficiency, while
GHG productivity showed a significant and slightly positive relationship with firm efficiency.
Consistent with current results, Qian and Schaltegger (2013) and Ekatah et al. (2011) also explored
that GHG (CO.) productivity showed either a highly or slightly significant association with both
financial key performance indicators. Shrivastava and Hart (1992) argued that pollution is a symbol
of inefficiency in operation, and waste is a loss for the company. Balabanis et al. (1998) and Belkaoui
(1976) found that after investigating the information content of pollution control disclosures, there
was positive relationship between economic performance and social performance (Balabanis et al.
1998). Consistent with Balabanis et al. (1998), some studies emphasized that putting effort into
environmental practices may lead to limited financial benefits (Jaffe et al., 1995; Walley and
Whitehead, 1994). Concurrently, Hart concluded from his study (1996), once company take effort to
implement preventing emissions then operating performance indicates to increase in significant
manner in the following years. Consistent with Hart (1996), Konar and Cohen (2001) and Stanwick
and Stanwick (1998) found that a significant correlation existed between low emission levels and
profitability. However, according to neoclassical agency theory, the anticipated costs of a firm’s
environmental responsibility are likely to outweigh the resulting profits (Brouwers et al., 2014). The
current study’s results showed that Fortune Global 500 companies’ environmental key performance
indicators have less influence on their financial growth and efficiency. Because of R and R? values in
the coefficient table, the regression analysis showed that variations in the financial performance
indicators might be caused by other reasons (e.g., process improvements -innovation, R&D strength,
reputation indices and environmental awards).

Consistent with the findings for RQ 11, Ullmann (1985) suggested that there is no reason to anticipate
the existence of any relationship between the social and financial performance of a company, because
other variables cause differences between the two. Further, McWilliams and Siegel (2000) suggested
that a relationship between financial performance and corporate social performance would disappear
with the introduction of more accurate variables, such as R&D strength.

Takeda and Tomozawa (2008) argues that even though some economists state that firms can benefit
from better environmental practices, but it entails additional costs, e.g. through recruiting skilled
employees to innovate environmental friendly products that may charges higher prices for customers,
this may lead to lose customer base while affecting the bottom line of the company. But academics
and practitioners also identified certain benefits to a business from responsible environmental conduct.
But most of these benefits are linked to improve profitability, nevertheless, irresponsible
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environmental conduct may also constrain revenue enhancement to a significant extent. Hence, based
on previous studies, the relationship between environmental aspects and corporate economic
performance, such as productivity, seems inconsistent. Still, there is an extensive debate concerning
the legitimacy and value of being a sustainable business (Tsoutsoura, 2004). However, it can be
understood that at least there is no negative relationship between environmental performance and
financial performance. Since there are many academics and practitioners who identify certain benefits
to firms by adopting best practices in responsible environmental conducts, it is important for firms to
disclose information about environmental management and performance to the public so that they can
meet the needs of those people.
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An analysis of climate change risk disclosure in “business and other risks” section of annual
securities report: applying risk classification of TCFD’s final recommendation report

Toshikazu HAYASHI
Nissay Asset Management Corporation

This paper investigates climate change risk disclosure in “business and other risks” section of the annual securities
report amongst TOPIX 500 index constituents at the timing of the publication of Task Force on Climate-related Financial
Disclosures’ final recommendation report on July 2017, which proposes the improvement of climate change risk
disclosure in the mainstream annual financial filings by financial sectors as well as non-financial industries. The key
findings of this paper are as follows. Firstly, 88 companies, 17.6% of TOPIX 500 index constituents — especially
companies belong to industries which are directly and significantly related to GHG emissions such as air transportation,
electric power and gas, oil and coal production, warehousing and harbor transportation - mention climate change risks in
the section of the annual securities report for fiscal year 2015. Secondly, the proportion of companies which disclose
climate change risks in the section becomes more than doubled from fiscal year 2005 to 2015. This paper also finds that
companies in GHG emissions intensive industries were likely to start mentioning climate change risks relatively earlier
than the other industries. Amid 6 risk categories defined by TCFD’s final report, policy and legal risks are the most
popularly mentioned, while other risks such as technology risk, or market risk are relatively less mentioned.
Furthermore, no financial company except for only a single insurance company mentions climate change risk, while
TCFD’s final report particularly encourages financial companies to disclose climate change risk.
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