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Abstract 

TKH WUXcNLQJ LQdXVWU\ LV aW WKH bHJLQQLQJ RI a UadLcaO cKaQJH dXH WR VHYHUaO PHJaWUHQdV ZKLcK 

ZLOO UHVKaSH WKH LQdXVWU\ VLJQLILcaQWO\. BaVHd RQ WKH WaUJHWV RI WKH PaULV COLPaWH AJUHHPHQW, 

WKH GHUPaQ JRYHUQPHQW adRSWHd LWV RZQ COLPaWH AcWLRQ POaQ 2050 ZKLcK LQcOXdHV VHcWRU-

VSHcLILc UHdXcWLRQ WaUJHWV WR UHacK a JUHHQKRXVH JaV QHXWUaO VRcLHW\ b\ WKH PLddOH RI WKH 21VW 

cHQWXU\. B\ 2030, WKH GHUPaQ COLPaWH AcWLRQ POaQ VSHcLILHV a UHdXcWLRQ WaUJHW RI 40% IURP 

WUaQVSRUWaWLRQ cRPSaUHd WR WKH UHIHUHQcH \HaU 1990. WKLOH HPLVVLRQV IURP RWKHU VHcWRUV VXcK 

aV HQHUJ\ RU LQdXVWU\ KaYH dHcUHaVHd VLJQLILcaQWO\ VLQcH WKHQ, HPLVVLRQV IURP WUaQVSRUWaWLRQ 

UHPaLQHd VWabOH. APRQJ WKH YaULRXV PRdHV RI WUaQVSRUWaWLRQ, SaVVHQJHU caUV aQd cRPPHUcLaO 

YHKLcOHV aUH b\ IaU WKH OaUJHVW HPLWWHUV RI JUHHQKRXVH JaV HPLVVLRQV. AV RI JaQXaU\ 2019, 99.7% 

RI KHaY\-dXW\ WUXcNV UHJLVWHUHd LQ GHUPaQ\ UXQ RQ dLHVHO ZKLOH WKH QXPbHU RI aOWHUQaWLYH IXHO-

SRZHUHd SaVVHQJHU caUV LQcUHaVHV VWHadLO\. ASaUW IURP ULVLQJ HPLVVLRQV, WKH LQdXVWU\ IacHV a 

VHYHUH VKRUWaJH RI TXaOLILHd WUXcN dULYHUV. AccRUdLQJ WR WKH GHUPaQ AVVRcLaWLRQ RI FUHLJKW 

FRUZaUdHUV aQd LRJLVWLcV CRPSaQLHV, WKH LQdXVWU\ ZaV IacLQJ a VKRUWaJH RI 45,000 dULYHUV LQ 

GHUPaQ\ LQ 2017 ZLWK LQcUHaVLQJ WHQdHQc\ dXH WR KLJKHU WUadH YROXPHV aQd H-cRPPHUcH. 

TKLV dLVVHUWaWLRQ aLPV WR dLVcXVV WKH WUaQVLWLRQ RI URad WUaQVSRUW LQ GHUPaQ\ WRZaUd 

LQQRYaWLYH KHaY\-dXW\ WUXcNV. TKH PaLQ bRd\ RI WKLV dLVVHUWaWLRQ cRQVLVWV RI WKUHH UHVHaUcK 

SaSHUV HacK RI WKHP IRcXVLQJ RQ aXWRQRPRXV aQd/RU aOWHUQaWLYH IXHO-SRZHUHd KHaY\-dXW\ 

WUXcNV. TKH ILUVW UHVHaUcK SaSHU SUHVHQWV WKH UHVXOWV RI a DHOSKL VWXd\ ZLWK H[SHUWV IURP 

LQdXVWU\ aQd acadHPLa RQ IacWRUV aIIHcWLQJ WKH SXUcKaVLQJ dHcLVLRQ aQd RSHUaWLRQ RI 

aOWHUQaWLYH IXHO-SRZHUHd KHaY\-dXW\ WUXcNV LQ GHUPaQ\. IQ WKH VHcRQd VWXd\, a cKRLcH-baVHd 

cRQMRLQW H[SHULPHQW ZLWK HPSOR\HHV IURP IUHLJKW cRPSaQLHV ZaV cRQdXcWHd WR WHVW KRZ 

cXVWRPHUV YaOXH WKH PaLQ aWWULbXWHV RI LQQRYaWLYH KHaY\-dXW\ WUXcNV. TKH GHQHUaOL]Hd BaVV 

dLIIXVLRQ PRdHO ZaV aSSOLHd LQ WKH WKLUd VWXd\ WR LQYHVWLJaWH WKH IXWXUH dLIIXVLRQ RI baWWHU\ 

HOHcWULc KHaY\-dXW\ WUXcNV cRQVLdHULQJ WRWaO-cRVW-RI-RZQHUVKLS UHdXcWLRQ HIIHcWV.  
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1. IntrodXction                             
´TKH aXWRPRWLYH LQdXVWU\ LV LQ WKH PLdVW RI a IXQdaPHQWaO cKaQJHµ dHcOaUHd HaUaOd KU�JHU, 

IRUPHU CEO RI BMW, aW WKH IQWHUQaWLRQaO MRWRU SKRZ LQ 2017 aQd UHIHUV WR VHYHUaO 

dLVUXSWLYH PHJaWUHQdV ZKLcK KLW WKH LQdXVWU\ aW WKH VaPH WLPH (BMW, 2017b). FRU LQVWaQcH, 

WKH ILUVW PaQdaWRU\ EXURSHaQ caUbRQ dLR[LdH (CO2) VWaQdaUdV IRU QHZ SaVVHQJHU caUV ZHUH 

LQWURdXcHd LQ 2009 ZKLcK VHW a IOHHW-ZLdH aYHUaJH HPLVVLRQ WaUJHW RI 130 JUaPV RI CO2 SHU 

NLORPHWHU IURP 2015 RQZaUdV. B\ 2021, caUPaNHUV QHHd WR UHacK a VWULcWHU WaUJHW RI 95 JUaPV 

RI CO2 SHU NLORPHWHU LQ RUdHU WR aYRLd SHQaOW\ Sa\PHQWV (EC, 2020a). MRUHRYHU, QHZ 

cRPSHWLWRUV VXcK aV THVOa HQWHUHd WKH PaUNHW ZKLcK QHHd WR bH WaNHQ VHULRXVO\, HVSHcLaOO\ b\ 

GHUPaQ SUHPLXP cRPSaQLHV. HRZHYHU, WKH APHULcaQ SURdXcHU RI HOHcWULc YHKLcOHV VXUSaVVHd 

PRVW RI WKH HVWabOLVKHd caU PaQXIacWXUHUV LQ WHUPV RI PaUNHW caSLWaOL]aWLRQ aQd LQcUHaVHd WKH 

QXPbHU RI QHZ UHJLVWUaWLRQV LQ GHUPaQ\ b\ 462% IURP 2018 WR 2019 (KBA, 2020b). ASaUW 

IURP VWULcW HQYLURQPHQWaO UHJXOaWLRQV ZKLcK IRUcH caU PaQXIacWXUHUV WR VKLIW WKHLU SURdXcWLRQ 

WRZaUdV HOHcWULILcaWLRQ, WKH LQdXVWU\ LV XQdHUJRLQJ a UadLcaO cKaQJH dXH WR RWKHU PHJaWUHQdV 

VXcK aV cRQQHcWHd YHKLcOHV aQd VHOI-dULYLQJ WHcKQRORJ\. AV caUV aUH bHcRPLQJ PRUH cRPSOH[ 

aQd LQWHOOLJHQW, ILQaQcLaOO\ VWURQJ WHcK JLaQWV dHcLdHd WR LQYHVW LQ WKH IXWXUH RI PRbLOLW\. FRU 

LQVWaQcH, GRRJOH VWaUWHd LWV RZQ VHOI-dULYLQJ caU SURMHcW LQ 2009 ZKLcK ZaV UHQaPHd Wa\PR 

aQd LV QRZ a ZKROO\ RZQHd VXbVLdLaU\ RI AOSKabHW, GRRJOH·V PRWKHU cRPSaQ\ (Wa\PR, 

2020a). HHQcH, WUadLWLRQaO caU PaQXIacWXUHUV QHHd WR LQYHVW KXJH aPRXQWV LQ ORZ-HPLVVLRQ 

YHKLcOHV, VKaUHd PRbLOLW\ aQd aXWRQRPRXV dULYLQJ LQ RUdHU WR UHacK dHILQHd HPLVVLRQ WaUJHWV, 

NHHS WHcKQRORJLcaO SacH ZLWK VWURQJ cRPSHWLWRUV aQd WR dHaO ZLWK UaLVLQJ aZaUHQHVV 

cRQcHUQLQJ HQYLURQPHQWaO SURWHcWLRQ LQ WRda\·V VRcLHW\. 

TKLV IXQdaPHQWaO cKaQJH dRHV QR ORQJHU aIIHcW caUPaNHUV RQO\ bXW QRZ aSSOLHV aOVR WR 

PaQXIacWXUHUV RI KHaY\-dXW\ YHKLcOHV (HDVV). CRPSaUHd WR SaVVHQJHU caUV, WKH WUXcNLQJ 

LQdXVWU\ LV QRW LQ WKH PLdVW RI a UadLcaO cKaQJH bXW aW WKH YHU\ bHJLQQLQJ. AccRUdLQJO\, WKHUH 

H[LVW VHYHUaO SaUaOOHOV bHWZHHQ WKH caU LQdXVWU\ LQ WKH 2010V aQd WKH cXUUHQW VLWXaWLRQ RI WUXcN 

PaQXIacWXUHUV. FRU LQVWaQcH, WHQ \HaUV aIWHU WKH ILUVW EXURSHaQ CO2 VWaQdaUdV IRU SaVVHQJHU 

caUV ZHUH dHILQHd, CO2 UHdXcWLRQ WaUJHWV IRU HDVV ZHUH VSHcLILHd IRU WKH ILUVW WLPH LQ 2019. 

FURP 2025 RQZaUdV, PaQXIacWXUHUV RI HDVV PXVW acKLHYH a UHdXcWLRQ RI 15% RI IOHHW-ZLdH 

aYHUaJH CO2 HPLVVLRQV cRPSaUHd WR WKH UHIHUHQcH SHULRd IURP JXO\ 2019 WR JXQH 2020 (EC, 

2019b). SLPLOaU WR aXWRPaNHUV, QHZ cRPSHWLWRUV VXcK aV NLNROa MRWRU HQWHU WKH EXURSHaQ 
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WUXcN PaUNHW ZLWK LQWHOOLJHQW aQd IXOO\ HOHcWULc YHKLcOHV. IQ FHbUXaU\ 2020, CNH IQdXVWULaO, WKH 

PRWKHU cRPSaQ\ RI WKH IWaOLaQ WUXcN PaQXIacWXUHU IVECO, aQQRXQcHd WKaW WKH\ KaYH 

LQYHVWHd 250 PLOOLRQ US-dROOaUV LQ WKH APHULcaQ WUXcN VWaUWXS. TKH ILUVW YHUVLRQ RI WKH NLNROa 

TRE, a PRdLILHd YHUVLRQ RI WKH cRQYHQWLRQaO IVECO S-Wa\, ZLOO bH a baWWHU\ HOHcWULc (BE) 

WUXcN aQd cRPSOLHV ZLWK aOO EXURSHaQ UHTXLUHPHQWV. TKH VHcRQd YHUVLRQ RI WKH NLNROa TRE 

ZLOO bH a K\dURJHQ-SRZHUHd IXHO cHOO HOHcWULc (FCE) WUXcN ZKLcK ZLOO bH LQWURdXcHd WR WKH 

PaUNHW LQ 2023. BRWK YHUVLRQV RI WKH NLNROa TRE ZLOO bH bXLOW aW WKH IVECO SOaQW LQ UOP, 

GHUPaQ\ (IVECO, 2020). IQ addLWLRQ, WKH VHOI-dULYLQJ VSHcLaOLVW Wa\PR, bXW aOVR RWKHU ILUPV, 

VWaUWHd WR WHVW aXWRQRPRXV WUXcNV b\ adaSWLQJ WKH H[LVWLQJ caU WHcKQRORJ\ WR KHaY\-dXW\ WUXcNV 

(HDTV) (Wa\PR, 2020b). 

COLPaWH cKaQJH LV cRPPRQO\ VHHQ aV RQH RI WKH bLJJHVW cKaOOHQJHV RI WKH 21VW cHQWXU\, KHQcH, 

cHUWaLQ PHJaWUHQdV VXcK aV HOHcWULc PRbLOLW\ aUH aOVR dULYHQ b\ HQYLURQPHQWaO cRQcHUQV. TKH 

WRUOd HHaOWK OUJaQL]aWLRQ (WHO) aUJXHV WKaW ´WKH WUaQVSRUW VHcWRU LV WKH IaVWHVW JURZLQJ 

cRQWULbXWRU WR cOLPaWH HPLVVLRQVµ (WHO, 2020) aQd WKH EXURSHaQ CRPPLVVLRQ (EC) VWaWHV 

RQ LWV ZHbVLWH WKaW ´WUaQVSRUW UHSUHVHQWV aOPRVW a TXaUWHU RI EXURSH·V JUHHQKRXVH JaV 

HPLVVLRQV aQd LV WKH PaLQ caXVH RI aLU SROOXWLRQ LQ cLWLHVµ (EC, 2020c). IQ 2016, URad WUaQVSRUW 

accRXQWHd IRU 21% RI WRWaO CO2 HPLVVLRQV LQ WKH EXURSHaQ UQLRQ (EU) aQd accRUdLQJ WR WKH 

EC, 6% RI WKH RYHUaOO EU CO2 HPLVVLRQV aUH SURdXcHd b\ HDVV (EC, 2019b, 2020b). IQ 

RUdHU WR ILJKW cOLPaWH cKaQJH aQd WR UHaOL]H a caUbRQ QHXWUaO VRcLHW\, 189 RI 197 cRXQWULHV 

LQcOXdLQJ GHUPaQ\ KaYH aOUHad\ UaWLILHd WKH PaULV COLPaWH AJUHHPHQW ZKLcK aLPV WR NHHS 

JORbaO WHPSHUaWXUH LQcUHaVH ZHOO bHORZ WZR dHJUHHV abRYH SUH-LQdXVWULaO OHYHOV (UNFCC, 

2020). GHUPaQ\ LV b\ IaU WKH OaUJHVW HPLWWHU RI JUHHQKRXVH JaV (GHG) HPLVVLRQV LQ WKH EU 

bXW LV cRPPLWWHd WR WKH PaULV COLPaWH aJUHHPHQW aQd SOaQV WR dUaVWLcaOO\ UHdXcH HPLVVLRQV 

acURVV aOO VHcWRUV. AV a UHTXLUHPHQW RI WKH aJUHHPHQW, WKH cRXQWU\ adRSWHd WKH GHUPaQ 

COLPaWH AcWLRQ POaQ 2050 ZKLcK VSHcLILHV HPLVVLRQ UHdXcWLRQ WaUJHWV IRU HacK VHcWRU (BMU, 

2020). B\ 2030, WKH GHUPaQ JRYHUQPHQW aLPV WR UHdXcH GHG HPLVVLRQV IURP WUaQVSRUWaWLRQ 

b\ aW OHaVW 40% cRPSaUHd WR WKH UHIHUHQcH \HaU 1990 bXW HPLVVLRQV dHcUHaVHd b\ 1% RQO\ IURP 

1990 WR 2018 (BMU, 2019a). BaVHd RQ VWaWLVWLcV IURP WKH GHUPaQ FHdHUaO MRWRU TUaQVSRUW 

AXWKRULW\ (KBA), UHJLVWUaWLRQ QXPbHUV RI aOWHUQaWLYH IXHO-SRZHUHd SaVVHQJHU caUV aUH cOHaUO\ 

LQcUHaVLQJ ZKHUHaV ORZ-HPLVVLRQ HDTV UHPaLQ a UaUH VSHcLHV RQ GHUPaQ URadV (KBA, 2019).  
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AQRWKHU PHJaWUHQd ZKLcK ZLOO dUaVWLcaOO\ UHVKaSH WKH caU aQd WUXcNLQJ LQdXVWU\ LV VHOI-dULYLQJ 

WHcKQRORJ\. WKLOH aXWRQRPRXV caUV KaYH WKH adYaQWaJH RI a PRUH SOHaVXUabOH H[SHULHQcH IRU 

WKHLU SaVVHQJHUV, WKH WHcKQRORJ\ RIIHUV VHYHUaO bXVLQHVV-UHOaWHd bHQHILWV IRU IUHLJKW cRPSaQLHV. 

FULWVcK\ aQd SSLQOHU (2019) dHVcULbH, aPRQJ RWKHUV, UHdXcHd cRVWV IRU dULYHUV, HQKaQcHd VaIHW\ 

RU RSWLPL]Hd IXHO HIILcLHQc\ aV LPSRUWaQW adYaQWaJHV RI aXWRQRPRXV WUXcNV. HRZHYHU, RQH RI 

WKH bLJJHVW cKaOOHQJHV LQ WKH ORJLVWLcV aQd WUaQVSRUWaWLRQ VHcWRU LV WKH VKRUWaJH RI WUXcN dULYHUV. 

MLWWaO eW al. (2018) UHIHU WR WKH LQcUHaVH RI H-cRPPHUcH aQd KLJKHU WUadH YROXPHV ZKaW OHadV 

LQ WXUQ WR a KLJKHU dHPaQd IRU dULYHUV. TKH aXWKRUV aUJXH WKaW WKLV LV a JORbaO SURbOHP, bXW 

VRPH cRXQWULHV SaUWLcXOaUO\ VXIIHU IURP a VHYHUH VKRUWaJH RI TXaOLILHd dULYHUV VXcK aV JaSaQ, 

WKH UQLWHd SWaWHV RU GHUPaQ\. HHQcH, WUXcN PaQXIacWXUHUV VWaUWHd WR LQYHVW KHaYLO\ LQ WKH 

VHULHV dHYHORSPHQW RI KLJKO\ aXWRPaWHd WUXcNV. FRU LQVWaQcH, DaLPOHU TUXcNV aQQRXQcHd aW 

WKH 2019 CRQVXPHU EOHcWURQLcV SKRZ LQ LaV VHJaV WKaW WKH\ aUH VSHQdLQJ KaOI a bLOOLRQ EXURV 

LQ VHOI-dULYLQJ WHcKQRORJ\ IRU WUXcNV (DaLPOHU, 2019a). 

PUHYLRXV UHVHaUcK ZLWK UHVSHcW WR aOWHUQaWLYH IXHOV aQd aXWRQRPRXV dULYLQJ PaLQO\ IRcXVHV RQ 

SaVVHQJHU caUV. EYHQ WKRXJK WKH WUXcNLQJ LQdXVWU\ QRZ IacHV VLPLOaU cKaOOHQJHV aV WKH caU 

LQdXVWU\ VRPH \HaUV aJR, WKH UHVXOWV aUH RIWHQ QRW aSSOLcabOH WR HDTV dXH WR WKH dLIIHUHQcHV 

LQ YHKLcOH ZHLJKW, HQJLQH SRZHU RU aQQXaO PLOHaJH dULYHQ. TKLV dLVVHUWaWLRQ IRcXVHV RQ WKH 

IXWXUH RI LQQRYaWLYH HDTV LQ GHUPaQ\ aV LPSRUWaQW bRXQdaU\ cRQdLWLRQV YaU\ aPRQJ 

cRXQWULHV ZLWK UHVSHcW WR UHOHYaQW cRVW SaUaPHWHUV, ILQaQcLaO RU QRQ-ILQaQcLaO VXbVLdLHV, 

UHJXOaWRU\ UHTXLUHPHQWV RU WKH QXPbHU RI aYaLOabOH IXHOLQJ/cKaUJLQJ VWaWLRQV IRU aOWHUQaWLYH 

IXHO-SRZHUHd WUXcNV. MRUHRYHU, GHUPaQ\ LV b\ IaU WKH OaUJHVW HPLWWHU RI HPLVVLRQV LQ WKH EU 

aQd aLPV IRU a caUbRQ-QHXWUaO VRcLHW\ b\ 2050 bXW ZKLOH HPLVVLRQV IURP RWKHU VHcWRUV 

dHcUHaVHd VLJQLILcaQWO\ VLQcH 1990, HPLVVLRQV IURP WUaQVSRUWaWLRQ UHPaLQHd aOPRVW aW WKH VaPH 

OHYHO. IQ addLWLRQ, WKH cRXQWU\ LV QRW RQO\ aQ LPSRUWaQW PaQXIacWXUHU RI caUV bXW aOVR a 

dRPLQaQW JORbaO SOa\HU LQ WKH cRPPHUcLaO YHKLcOHV VHcWRU. FRU LQVWaQcH, WKH GHUPaQ 

PaQXIacWXUHU DaLPOHU TUXcNV LV WKH OHadLQJ WUXcN cRPSaQ\ ZRUOdZLdH aQd VROd PRUH WKaQ 

488,000 YHKLcOHV LQ 2019 baVHd RQ WKH OaWHVW aQQXaO UHSRUW (DaLPOHU, 2020b). NRQHWKHOHVV, WR 

cRSH ZLWK WKH dHVcULbHd cKaOOHQJHV, a cORVH cROOabRUaWLRQ IURP VHYHUaO VWaNHKROdHUV ZLOO bH 

LQHYLWabOH WR UHaOL]H a VXccHVVIXO WUaQVLWLRQ WRZaUd a QHZ HUa RI LQQRYaWLYH HDTV LQ GHUPaQ\.  

TKH PaLQ bRd\ RI WKH dLVVHUWaWLRQ cRQVLVWV RI WKUHH UHVHaUcK SaSHUV HacK RI WKHP aQaO\]LQJ 

aXWRQRPRXV aQd/RU aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\. TKH IROORZLQJ cKaSWHU 
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SUHVHQWV WKH UHVXOWV RI a DHOSKL VWXd\ RQ IacWRUV aIIHcWLQJ WKH SXUcKaVLQJ dHcLVLRQ aQd 

RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV. TKH DHOSKL PHWKRd LV aQ aQRQ\PRXV, PXOWL-

VWaJH VXUYH\ WHcKQLTXH ZKLcK UHOLHV RQ WKH H[SHULHQcH, LQdXVWU\ SHUcHSWLRQ aQd NQRZOHdJH RI 

aQ H[SHUW JURXS, WKH DHOSKL SaQHO. TKH WKLUd cKaSWHU LQcOXdHV WKH UHVXOWV RI a cKRLcH-baVHd 

cRQMRLQW aQaO\VLV ZLWK HPSOR\HHV IURP IUHLJKW cRPSaQLHV LQ GHUPaQ\. CRQMRLQW aQaO\VLV LV a 

ZHOO-HVWabOLVKHd PXOWLYaULaWH VWaWLVWLcaO UHVHaUcK PHWKRd ZKLcK ZaV XWLOL]Hd WR aQaO\]H WKH 

LPSRUWaQcHV aQd SaUW-ZRUWK XWLOLWLHV RI WKH PaLQ aWWULbXWHV aQd OHYHOV RI aXWRQRPRXV aQd 

aOWHUQaWLYH IXHO-SRZHUHd HDTV. IQ addLWLRQ, IXWXUH VcHQaULRV ZHUH dHVLJQHd LQ cRRSHUaWLRQ 

ZLWK aQ H[SHUW JURXS WR VLPXOaWH IXWXUH cXVWRPHUV· SUHIHUHQcH VKaUHV IRU LQQRYaWLYH WUXcNV. 

TKH IRXUWK cKaSWHU aQaO\]HV WKH IXWXUH dLIIXVLRQ RI BE HDTV LQ GHUPaQ\ aV LW LV cXUUHQWO\ 

WKH RQO\ YLabOH WHcKQRORJ\ IRU ORcaOO\ HPLVVLRQ-IUHH URad IUHLJKW WUaQVSRUWaWLRQ. TKH 

GHQHUaOL]Hd BaVV dLIIXVLRQ PRdHO, a PRdLILHd YHUVLRQ RI WKH WUadLWLRQaO BaVV PRdHO, ZaV 

aSSOLHd WR IRUHcaVW WKH PaUNHW SHQHWUaWLRQ LQ GHUPaQ\ cRQVLdHULQJ WRWaO-cRVW-RI-RZQHUVKLS 

UHdXcWLRQ HIIHcWV aV aQ H[WHUQaO YaULabOH. DHVSLWH WKH SUacWLcaO UHOHYaQcH RI WKH WKUHH cKaSWHUV, 

JXLdLQJ WKHRULHV ZHUH LQcRUSRUaWHd aQd KHOSHd WR RUcKHVWUaWH WKH H[HcXWLRQ RI WKLV UHVHaUcK. 
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2. Factors affecting the pXrchasing decision and operation of alternatiYe 

fXel-poZered heaY\-dXt\ trXcks in German\ 
 

The folloZing chapWer iV baVed on AnderhofVWadW and Spinler (2019) ¶FacWorV affecWing Whe pXrchaVing 

deciVion and operaWion of alWernaWiYe fXel-poZered heaY\-dXW\ WrXckV in German\ ² A Delphi VWXd\· 1 

 

2.1. IntrodXction 
TKH K\RWR PURWRcRO LV cRQVLdHUHd a PLOHVWRQH LQ LQWHUQaWLRQaO cOLPaWH cKaQJH aV LW ZaV WKH 

ILUVW aJUHHPHQW WKaW LQcOXdHV bLQdLQJ WaUJHWV WR UHdXcH JUHHQKRXVH JaV (GHG) HPLVVLRQV. TKH 

SURWRcRO ZaV adRSWHd LQ DHcHPbHU 1997, HQWHUHd LQWR IRUcH LQ 2005 aQd KaV bHHQ UaWLILHd b\ 

191 cRXQWULHV LQcOXdLQJ GHUPaQ\ (BMU, 2019b). TKH WaUJHWV RI WKH aJUHHPHQW cRYHU WKH VL[ 

PaLQ GHGV: caUbRQ dLR[LdH, PHWKaQH, QLWURXV R[LdH, K\dURIOXRURcaUbRQV, SHUIOXRURcaUbRQV 

aQd VXOSKXU KH[aIOXRULdH (UNFCC, 2019a). CO2 LV WKH SULPaU\ GHG HPLWWHd WKURXJK KXPaQ 

acWLYLWLHV aV VWaWHd b\ WKH UQLWHd SWaWHV EQYLURQPHQWaO PURWHcWLRQ AJHQc\ (EPA). CO2 LV 

QaWXUaOO\ SUHVHQW LQ WKH aWPRVSKHUH aV SaUW RI WKH EaUWK·V caUbRQ c\cOH, bXW KXPaQ-UHOaWHd 

acWLRQV VXcK aV IXHO cRPbXVWLRQ IRU WUaQVSRUWaWLRQ aUH aOWHULQJ WKLV c\cOH. B\ HPLWWLQJ CO2 WR 

WKH aWPRVSKHUH, KXPaQ acWLYLWLHV KaYH VXbVWaQWLaOO\ cRQWULbXWHd WR cOLPaWH cKaQJH VLQcH WKH 

IQdXVWULaO RHYROXWLRQ LQ WKH 18WK cHQWXU\ (EPA, 2019). 

IQ 2017, JORbaO CO2 HPLVVLRQV KLW a QHZ UHcRUd KLJK ZLWK a WRWaO RI 36,153 PLOOLRQ WRQV aQd 

KaYH LQcUHaVHd b\ 63% VLQcH 1990. TKH UQLWHd SWaWHV aQd CKLQa aUH WKH WRS CO2 HPLWWHUV 

ZRUOdZLdH. SLQcH 1990, CO2 HPLVVLRQV LQ WKH UQLWHd SWaWHV KaYH LQcUHaVHd b\ 2.9% IURP 5,121 

PLOOLRQ WRQV WR 5,270 PLOOLRQ WRQV LQ 2017. MHaQZKLOH, CO2 HPLVVLRQV LQ CKLQa URVH b\ 306.6% 

IURP 2,420 PLOOLRQ WRQV WR 9,839 PLOOLRQ WRQV. HRZHYHU, ZKHQ cRPSaULQJ CO2 HPLVVLRQV SHU 

caSLWa LQ 2017, WKH UQLWHd SWaWHV ZaV UaQNHd 11WK ZLWK 16.0 WRQV aQd CKLQa 52Qd ZLWK 7.0 WRQV. 

MRVW CO2 HPLVVLRQV SHU caSLWa ZHUH HPLWWHd b\ QaWaU ZLWK 49.0 WRQV ZKLcK ZaV WHQ WLPHV 

KLJKHU WKaQ WKH JORbaO aYHUaJH RI 4.8 WRQV LQ 2017 (GORbaO CaUbRQ AWOaV, 2017; BMU, 2018). 

 
1 AQdHUKRIVWadW, B. aQd SSLQOHU, S. (2019) ¶FacWRUV aIIHcWLQJ WKH SXUcKaVLQJ dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH 
IXHO-SRZHUHd KHaY\-dXW\ WUXcNV LQ GHUPaQ\ ² A DHOSKL VWXd\·, TUaQVSRUWaWLRQ RHVHaUcK PaUW D: TUaQVSRUW aQd 
EQYLURQPHQW, 73, SS. 87²107. 
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WLWK a WRWaO RI 799 PLOOLRQ WRQV RI CO2 HPLVVLRQV LQ 2017, GHUPaQ\ ZaV WKH OaUJHVW HPLWWHU 

LQ WKH EXURSHaQ UQLRQ (EU), WKH 6WK OaUJHVW ZRUOdZLdH aQd cRQWULbXWHd aSSUR[LPaWHO\ 2.2% 

WR JORbaO CO2 HPLVVLRQV. HRZHYHU, CO2 HPLVVLRQV LQ GHUPaQ\ IHOO b\ 24% IURP 1,053 PLOOLRQ 

WRQV LQ 1990 WR 799 PLOOLRQ WRQV LQ 2017. LLNHZLVH, CO2 SHU caSLWa dHcUHaVHd IURP 13.0 WRQV 

LQ 1990 WR 9.7 WRQV LQ 2017 UaQNHd 33Ud ZRUOdZLdH (GORbaO CaUbRQ AWOaV, 2020). 

TR acKLHYH GHG QHXWUaOLW\ b\ WKH PLddOH RI WKH cHQWXU\, WKH GHUPaQ JRYHUQPHQW dHcLdHd 

RQ a VWULcW SaWKZa\ IRU HPLVVLRQV UHdXcWLRQ aQd adRSWHd WKH ´GHUPaQ COLPaWH AcWLRQ POaQ 

2050µ LQ 2016. IW VSHcLILHV HPLVVLRQ UHdXcWLRQ WaUJHWV IRU dLIIHUHQW VHcWRUV IRU WKH ILUVW WLPH 

aQd SURYLdHV JXLdaQcH IRU a VXccHVVIXO WUaQVLWLRQ WR a GHG QHXWUaO VRcLHW\ (BMU, 2018). 

AccRUdLQJ WR WKH GHUPaQ EQYLURQPHQWaO AJHQc\ (UBA), CO2 accRXQWHd IRU 88% RI WRWaO 

GHG HPLVVLRQV (909 PLOOLRQ WRQV) LQ GHUPaQ\ LQ 2016 (UBA, 2018). MRVW GHG ZaV HPLWWHd 

b\ WKH HQHUJ\ VHcWRU (343 PLOOLRQ WRQV), WKH LQdXVWU\ VHcWRU (188 PLOOLRQ WRQV) aQd WKH WUaQVSRUW 

VHcWRU (166 PLOOLRQ WRQV) (BMU, 2017b). TKH ILUVW PLOHVWRQH RI WKH cOLPaWH acWLRQ SOaQ LV WR 

UHdXcH HPLVVLRQV b\ 2030 UHOaWLYH WR 1990 OHYHOV IURP WKH HQHUJ\ VHcWRU b\ 61%, IURP WKH 

LQdXVWU\ VHcWRU b\ 49% aQd IURP WKH WUaQVSRUW VHcWRU b\ aW OHaVW 40%. WKLOH GHG HPLVVLRQV 

IURP HQHUJ\ cRXOd bH UHdXcHd IURP 1990 WR 2016 b\ 26% aQd HPLVVLRQV IURP LQdXVWU\ b\ 

34%, GHG HPLVVLRQV IURP WUaQVSRUW HYHQ LQcUHaVHd b\ aOPRVW 2% (UBA, 2015). 

IQ 2016, GHG HPLVVLRQV IURP WUaQVSRUW H[cHHdHd WKH OHYHO IURP 1990 IRU WKH ILUVW WLPH VLQcH 

2004 (VHH FLJ. 25 LQ WKH aSSHQdL[). NaWLRQaO aYLaWLRQ ZaV UHVSRQVLbOH IRU 1.4%, VKLSSLQJ IRU 

1.2% aQd UaLO WUaQVSRUW IRU 0.6%. TKXV, SaVVHQJHU caUV aQd cRPPHUcLaO YHKLcOHV accRXQWHd IRU 

aOPRVW 96% RI WRWaO HPLVVLRQV IURP WUaQVSRUW LQ GHUPaQ\ ZKLOH WKH OaWWHU cRQWULbXWHd 35.3% 

aQd WKH IRUPHU 60.6% (BMU, 2018). FRU LQVWaQcH, WRWaO IUHLJKW WUaQVSRUWaWLRQ LQ GHUPaQ\ 

URVH IURP 400 bLOOLRQ WRQ-NLORPHWHUV LQ 1991 WR 655 bLOOLRQ WRQ-NLORPHWHUV LQ 2016. MHaQZKLOH, 

WKH VKaUH RI URad IUHLJKW WUaQVSRUWaWLRQ UHOaWHd WR WKH WRWaO IUHLJKW YROXPH LQcUHaVHd IURP 

61.4% LQ 1991 WR 70.4% LQ 2016 (UBA, 2018). AOWKRXJK VSHcLILc HQHUJ\ cRQVXPSWLRQ SHU WRQ-

NLORPHWHU KaV IaOOHQ dXH WR WKH LPSURYHPHQW RI HQJLQH HIILcLHQc\, HPLVVLRQV IURP cRPPHUcLaO 

YHKLcOHV KaYH LQcUHaVHd b\ URXJKO\ 50% VLQcH 1990 aV LQcUHaVLQJ URad IUHLJKW WUaQVSRUWaWLRQ 

OHd aOVR WR aQ LQcUHaVLQJ QXPbHU RI cRPPHUcLaO YHKLcOHV (BMU, 2018). 

TKHUH H[LVW ILYH WUXcN cOaVVLILcaWLRQV baVHd XSRQ Sa\ORad caSacLW\, accRUdLQJ WR WKH GHUPaQ 

FHdHUaO MRWRU TUaQVSRUW AXWKRULW\ (KBA). WH IRcXV RQ WKH KHaYLHVW caWHJRULHV, KHaY\-dXW\ 
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ULJLd WUXcNV ZLWK a PLQLPXP Sa\ORad caSacLW\ RI 12 WRQV, aV ZHOO aV RQ KHaY\-dXW\ WUacWRU 

XQLWV. FLJ. 26 LQ WKH aSSHQdL[ LOOXVWUaWHV WKH dLIIHUHQcH bHWZHHQ ULJLd WUXcNV aQd WUacWRU XQLWV. 

BRWK W\SHV ZLOO bH VXPPaUL]Hd aV KHaY\-dXW\ WUXcNV (HDTV) LQ WKH UHPaLQdHU RI WKLV VWXd\. 

LaWHVW UHJLVWUaWLRQ QXPbHUV IRU SaVVHQJHU caUV aQd HDTV LQ GHUPaQ\ aUH VXPPaUL]Hd LQ 

TabOH 1. AOWKRXJK SaVVHQJHU caUV aUH dRPLQaWHd b\ SHWURO aQd dLHVHO, 787,293 (1.7%) RI 

UHJLVWHUHd YHKLcOHV aUH aOUHad\ SRZHUHd b\ aOWHUQaWLYH dULYHV. OQ WKH RWKHU KaQd, aOPRVW 100% 

RI UHJLVWHUHd HDTV UXQ RQ dLHVHO aQd RQO\ 159 (0.05%) RQ aOWHUQaWLYH dULYH WHcKQRORJLHV 

(KBA, 2018a). 
 

Table 1: RHJLVWHUHd SaVVHQJHU caUV aQd KHaY\-dXW\ WUXcNV LQ GHUPaQ\ aV RI JaQXaU\ 2018 (baVHd RQ KBA, 2018a) 

 

DriYetrain 

Passenger cars 

Units 

 

Percentage 

HeaY\-dXt\ trXcks 

Units 

 

Percentage 

PHWURO 30,451,268  65.52 % 145 0.044 % 

DLHVHO 15,225,296  32.76 % 328,661 99.728 % 

NaWXUaO GaV 496,742  1.07 % 136 0.041 % 

EOHcWULc 53,841 0.12 % 11 0.003 % 

H\bULd 236,710  0.51 % 12 0.004 % 

OWKHUV 10,717  0.02 % 594 0.180 % 

TRWaO 46,474,594  100 % 329,559 100 % 

 

IQ NRYHPbHU 2018, WKH PHPbHUV RI WKH EXURSHaQ PaUOLaPHQW adRSWHd VWULcW WaUJHWV WR cXW 

CO2 HPLVVLRQV IRU WUXcNV IRU WKH ILUVW WLPH LQ KLVWRU\ WR VSXU WKH adRSWLRQ UaWH RI LQQRYaWLYH 

aQd HQYLURQPHQWaO-IULHQdO\ WUXcNV. B\ 2030, WUXcN PaQXIacWXUHUV PXVW HQVXUH WKaW ORZ aQd 

]HUR-HPLVVLRQ WUXcNV UHSUHVHQW 20% RI VaOHV. IQ addLWLRQ, QHZ IOHHWV· CO2 HPLVVLRQV KaYH WR 

bH UHdXcHd b\ 35% (EXURSHaQ PaUOLaPHQW, 2018). 

AV a cRQVHTXHQcH, WUXcN PaQXIacWXUHUV aUH aOVR LQYHVWLJaWLQJ RWKHU HcR-LQQRYaWLRQV WR UHdXcH 

HPLVVLRQV aSaUW IURP aOWHUQaWLYH IXHOV VXcK aV ´SOaWRRQLQJµ ZKHUH aW OHaVW WZR WUXcNV, dLJLWaOO\ 

cRXSOHd, dULYH RQ a VLQJOH OaQH LQ cORVH SUR[LPLW\ ZKaW UHdXcHV aHURd\QaPLcV aQd WKHUHIRUH 

IXHO cRQVXPSWLRQ aQd HPLVVLRQV. DLJLWaO daWa WUaQVPLVVLRQ aQd LQWHOOLJHQW dULYLQJ VXSSRUW 

V\VWHPV VXcK aV aXWRPaWHd bUaNLQJ aUH HVVHQWLaO IRU VaIHW\ UHaVRQV dXH WR WKH VKRUW dLVWaQcHV 

bHWZHHQ WUXcNV (BR\VHQ, BULVNRUQ aQd ScKZHUdIHJHU, 2018). HRZHYHU, accRUdLQJ WR DaLPOHU 

TUXcNV, HYHQ XQdHU SHUIHcW SOaWRRQLQJ cRQdLWLRQV IXHO VaYLQJV aUH OHVV WKaQ H[SHcWHd aQd WKH 
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cRPSaQ\ LV, WKHUHIRUH, VWHSSLQJ aZa\ IURP WKLV WHcKQRORJ\ (DaLPOHU, 2019a). HHQcH, dXH WR 

OHJaO UHTXLUHPHQWV, WKH H[SHcWHd LQcUHaVH LQ IUHLJKW WUaQVSRUW YROXPH aQd a OacN RI aOWHUQaWLYHV, 

WKH adRSWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LV UHTXLUHd WR UHdXcH HPLVVLRQV SHU WUXcN WR 

cRQWULbXWH WR a VLJQLILcaQW dHcUHaVH RI HPLVVLRQV IURP WKH WUaQVSRUWaWLRQ VHcWRU LQ GHUPaQ\. 

OXU VWXd\ cRQWULbXWHV WR UHVHaUcK LQ WZR Za\V: FLUVW, ZH SUHVHQW WKH UHOaWLYH LPSRUWaQcH RI 

YaULRXV IacWRUV WKaW aIIHcW WKH SXUcKaVLQJ dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd 

HDTV LQ GHUPaQ\. SHcRQd, ZH IRcXV RQ dLIIHUHQW W\SHV RI aOWHUQaWLYH IXHOV aQd dULYHWUaLQV 

VXLWabOH IRU HDTV aQd SUHVHQW WKH PaLQ PRWLYaWRUV aQd baUULHUV ZKHQ VZLWcKLQJ IURP dLHVHO-

SRZHUHd HDTV WR VXcK HQYLURQPHQWaO-IULHQdO\ WHcKQRORJLHV. WH aOVR RXWOLQH SRVVLbOH Za\V 

KRZ WR RYHUcRPH WKH PaLQ baUULHUV RI HacK WHcKQRORJ\. TKH WZR UHVHaUcK TXHVWLRQV ZKLcK 

JXLdHd WKH H[HcXWLRQ RI WKLV VWXd\ aUH WKHUHIRUH: 

WhaW facWorV affecW Whe pXrchaVing deciVion and operaWion of alWernaWiYe fXel-poZered HDTV in German\ and 

Zhich are Whe moVW releYanW oneV? 

WhaW alWernaWiYe fXelV and driYeWrainV are VXiWable for VXbVWiWXWing dieVel-poZered HDTV, ZhaW are Whe main 

moWiYaWorV and barrierV Wo VZiWching from dieVel Wo WhoVe WechnologieV and ZhaW are poVVible Za\V Wo oYercome 

Whe main barrierV? 

WH HPSOR\Hd a DHOSKL VWXd\ ZLWK LQdXVWU\ SURIHVVLRQaOV, UHVHaUcKHUV aV ZHOO aV cRQVXOWaQWV WR 

dHbaWH bRWK UHVHaUcK TXHVWLRQV. AccRUdLQJ WR VRQ dHU GUacKW (2012, S. 1526), WKH DHOSKL 

PHWKRd LV a ´VXUYH\ WHcKQLTXH LQ RUdHU WR IacLOLWaWH aQ HIILcLHQW JURXS d\QaPLc SURcHVV. TKLV 

LV dRQH LQ WKH IRUP RI aQ aQRQ\PRXV, ZULWWHQ, PXOWL-VWaJH VXUYH\ SURcHVV, ZKHUH IHHdbacN RI 

JURXS RSLQLRQ LV SURYLdHd aIWHU HacK URXQdµ. TKH UHPaLQdHU RI WKLV VWXd\ LV VWUXcWXUHd aV 

IROORZV: WKH QH[W VHcWLRQ VXPPaUL]HV WKH IXQdaPHQWaO cKaUacWHULVWLcV RI WKH dLIIXVLRQ RI HcR-

LQQRYaWLRQV, IROORZHd b\ RXWOLQLQJ WKH PHWKRdRORJLcaO SURcHVV XWLOL]Hd IRU WKH cRQdXcWHd 

DHOSKL VWXd\. TKHUHaIWHU, ZH SUHVHQW aQd dLVcXVV WKH UHVXOWV RI RXU VWXd\ bHIRUH cRQcOXdLQJ LW. 

 

2.2 The adoption process of eco-innoYations 
IQ DHcHPbHU 2015, WKH cOLPaWH PaULV aJUHHPHQW ZaV QHJRWLaWHd aQd adRSWHd aW WKH 

LQWHUQaWLRQaO cOLPaWH VXPPLW aQd caOOV IRU cRPSUHKHQVLYH HcRQRPLc aQd VRcLHWaO cKaQJHV. TKH 

OHJaOO\ bLQdLQJ WaUJHW LV WR NHHS WKH LQcUHaVH LQ JORbaO aYHUaJH WHPSHUaWXUH ZHOO bHORZ WZR 
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dHJUHHV CHOVLXV abRYH SUH-LQdXVWULaO OHYHOV. AOO 196 PHPbHUV RI WKH UQLWHd NaWLRQV 

FUaPHZRUN CRQYHQWLRQ RQ COLPaWH CKaQJH aJUHHd RQ a QHHdHd ORQJ-WHUP aSSURacK WR WacNOH 

cOLPaWH cKaQJH HIIHcWLYHO\ (BMU, 2016). 

THcKQRORJLcaO cKaQJH LQcOXdLQJ HcR-LQQRYaWLRQ LV QHHdHd IRU a VXccHVVIXO WUaQVLWLRQ WR a GHG 

QHXWUaO VRcLHW\ acURVV aOO LQdXVWU\ VHcWRUV. THcKQRORJLcaO cKaQJH IROORZV WKH ScKXPSHWHULaQ 

WULORJ\: (1) LQYHQWLRQ: JHQHUaWLQJ QHZ LdHaV, (2) LQQRYaWLRQ: WKH dHYHORSPHQW RI WKRVH LdHaV 

aQd (3) dLIIXVLRQ: VSUHadLQJ QHZ WHcKQRORJLHV acURVV LWV SRWHQWLaO PaUNHW (SWRQHPaQ aQd 

DLHdHUHQ, 1994). AccRUdLQJ WR RHQQLQJV (2000), aQ LQYHQWLRQ WXUQV LQWR aQ LQQRYaWLRQ ZKHQ 

aQ LPSURYHd JRRd LV ILUVW LQWURdXcHd WR WKH PaUNHW. BaUHJKHK, RRZOH\ aQd SaPbURRN (2009) 

QRWH WKaW WKH WHUP LQQRYaWLRQ LV RI LQWHUHVW acURVV a ZLdH UaQJH RI dLIIHUHQW dLVcLSOLQHV, H.J. 

PaUNHWLQJ, KXPaQ UHVRXUcHV RU HQJLQHHULQJ, aQd aUJXH WKaW HacK dLVcLSOLQH LQWURdXcHd 

dHILQLWLRQV IRU LQQRYaWLRQ ZKLcK aOLJQ ZLWK WKH dLVcLSOLQH·V PaLQ SaUadLJP. FRU LQVWaQcH, 

WHcKQRORJLcaOO\ UHOaWHd dHILQLWLRQV IRcXV RQ SURdXcWV UHOaWHd WR QHZ WHcKQRORJLHV VXcK aV 

XWLOL]LQJ IXHO cHOOV (FCV) WR SRZHU HOHcWULc YHKLcOHV. RHQQLQJV (2000) SUHVHQWV WKH dHILQLWLRQ RI 

LQQRYaWLRQ aV dHVcULbHd LQ WKH OVOR MaQXaO RI WKH OUJaQL]aWLRQ IRU EcRQRPLc CR-RSHUaWLRQ 

aQd DHYHORSPHQW (OECD) WKaW LV dLYLdHd LQWR RUJaQL]aWLRQaO, SURcHVV aQd SURdXcW 

LQQRYaWLRQ. HRZHYHU, WKH aXWKRU aOVR cULWLcL]HV WKLV dHILQLWLRQ aV ´LW dRHV QRW H[SOLcLWO\ 

dLVWLQJXLVK bHWZHHQ HQYLURQPHQWaO aQd QRQ-HQYLURQPHQWaO LQQRYaWLRQVµ (RHQQLQJV, 2000, S. 

322). 

EcR-LQQRYaWLRQ LV a VXbVHW RI LQQRYaWLRQV aQd LV LQcUHaVLQJO\ XVHd WR UHSOacH H[LVWLQJ SURdXcWV 

LQ WKH HcRQRP\ (WaJQHU, 2008; VLJaQWV eW al., 2016). SRPH HcR-LQQRYaWLRQV aUH aOUHad\ aW a 

PaWXUH VWaJH, H.J. WKH SKRWRYROWaLc PaUNHW LQ GHUPaQ\ ZKLcK caQ cRPSHWH ZLWK WUadLWLRQaO 

HQHUJ\ VRXUcHV (KaUaNa\a, HLdaOJR aQd NXXU, 2014). TKH EXURSHaQ CRPPLVVLRQ (EC) 

dHVcULbHV HcR-LQQRYaWLRQ aV ´WKH NH\ WR EXURSH·V IXWXUH cRPSHWLWLYHQHVVµ WKaW KHOSV ´EXURSH 

RSWLPLVH LWV JURZWK SRWHQWLaO ZKLOH addUHVVLQJ RXU cRPPRQ cKaOOHQJHV VXcK aV cOLPaWH 

cKaQJHµ (EC, 2012). TKH ILHOd RI HcR-LQQRYaWLRQ KaV JaLQHd LQcUHaVLQJ aWWHQWLRQ LQ acadHPLc 

UHVHaUcK LQ UHcHQW \HaUV (HRMQLN aQd RX]]LHU, 2016). HRZHYHU, SUHYLRXV VWXdLHV dR QRW aJUHH 

RQ RQH cRPPRQ dHILQLWLRQ RI HcR-LQQRYaWLRQ. AccRUdLQJ WR KHPS aQd PHaUVRQ (2007, S. 7) 

HcR-LQQRYaWLRQ caQ bH dHILQHd aV WKH ´SURdXcWLRQ, aVVLPLOaWLRQ RU H[SORLWaWLRQ RI a SURdXcW, 

SURdXcWLRQ SURcHVV, VHUYLcH RU PaQaJHPHQW RU bXVLQHVV PHWKRd WKaW LV QRYHO WR WKH 

RUJaQL]aWLRQ (dHYHORSLQJ RU adRSWLQJ LW) aQd ZKLcK UHVXOWV, WKURXJKRXW LWV OLIH c\cOH, LQ a 
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UHdXcWLRQ RI HQYLURQPHQWaO ULVN, SROOXWLRQ aQd RWKHU QHJaWLYH LPSacWV RI UHVRXUcHV XVH 

(LQcOXdLQJ HQHUJ\ XVH) cRPSaUHd WR UHOHYaQW aOWHUQaWLYHVµ. HRUbacK, RaPPHU aQd RHQQLQJV, 

(2012, S. 119) QRWH WKaW SRVLWLYH HQYLURQPHQWaO HIIHcWV RI HcR-LQQRYaWLRQV ´caQ RccXU ZLWKLQ 

WKH UHVSHcWLYH cRPSaQLHV RU WKURXJK cXVWRPHU XVH RI SURdXcWV RU VHUYLcHVµ. TKH EcR-

IQQRYaWLRQ ObVHUYaWRU\ (EIO) ZKLcK aLPV WR dHYHORS aQ LQWHJUaWHd LQIRUPaWLRQ VRXUcH RQ 

HcR-LQQRYaWLRQV VWaWHV LQ LWV dHILQLWLRQ WKaW HcR-LQQRYaWLRQ ´LV WKH LQWURdXcWLRQ RI aQ\ QHZ RU 

VLJQLILcaQWO\ LPSURYHd SURdXcWµ (EIO, 2018). WKHWKHU WHcKQRORJ\ SXVK IacWRUV (H.J. QHZ 

HQYLURQPHQWaO-IULHQdO\ WHcKQRORJLHV) RU PaUNHW SXOO IacWRUV (H.J. LPaJH RU SUHIHUHQcHV IRU HcR-

HIILcLHQW SURdXcWV) aUH WKH PaLQ dULYHUV IRU LQQRYaWLRQ KaV bHHQ a PaLQ dLVcXVVLRQ LQ 

LQQRYaWLRQ HcRQRPLcV, bXW HPSLULcaO HYLdHQcH KaV SURYHQ WKaW bRWK SXVK aQd SXOO IacWRUV aUH 

LPSRUWaQW. HRZHYHU, aV WKRVH SXVK aQd SXOO IacWRUV VHHP WR bH QRW VWURQJ HQRXJK, UHJXOaWRU\ 

SXVK VXcK aV HQYLURQPHQWaO OaZV aUH QHHdHd IRU WKH VXccHVVIXO LQWURdXcWLRQ RI QHZ HcR-

LQQRYaWLRQV (RHQQLQJV eW al., 2006). E[aPSOHV IRU VXcK HQYLURQPHQWaO-IULHQdO\ LQQRYaWLRQV LQ 

SUacWLcH SUHVHQWHd b\ WKH EC aUH WKH XVH RI FCV aQd K\dURJHQ, RUJaQLc IaUPLQJ RU bLRJaV 

SURdXcWLRQ IURP KRXVHKROd UXbbLVK aQd IRRd ZaVWH (EC, 2019a). WKLOH WKH SXbOLc JHQHUaOO\ 

bHQHILWV IURP HcR-LQQRYaWLRQV, ILUPV WKaW UHdXcH WKHLU HQYLURQPHQWaO bXUdHQV bHaU KLJKHU 

cRVWV WKaQ WKHLU cRPSHWLWRUV WKaW dR QRW LQYHVW LQ HQYLURQPHQWaO-IULHQdO\ LQQRYaWLRQV 

(RHQQLQJV eW al., 2006). RHQQLQJV (2000) LdHQWLILHd WKH dRXbOH H[WHUQaOLW\ SURbOHP RI HcR-

LQQRYaWLRQV ZKLcK UHdXcHV WKH LQcHQWLYHV IRU cRPSaQLHV WR LQYHVW LQ HQYLURQPHQWaO-IULHQdO\ 

LQQRYaWLRQV ZKaW OHadV WR WKH LPSRUWaQcH RI HQYLURQPHQWaO SROLc\ LQVWUXPHQWV WKaW KHOS WR 

LQcUHaVH WKH SHQHWUaWLRQ UaWH RI VXcK LQQRYaWLRQV. AccRUdLQJ WR RHQQLQJV eW al. (2006), ILQaQcLaO 

VXSSRUW IURP LQQRYaWLRQ SROLc\ LV WKHUHIRUH QHcHVVaU\ ZKHQ LQYHQWLQJ a QHZ SURdXcW RU 

LQWURdXcLQJ LW WR WKH PaUNHW WR LQLWLaWH ILUVW SLORW WHVWV. EQYLURQPHQWaO SROLc\ LV aOVR QHHdHd 

dXULQJ WKH dLIIXVLRQ SKaVH RI aQ HcR-LQQRYaWLRQ IRU LQWHUQaOL]LQJ H[WHUQaO cRVWV b\ cRPSHWLWRUV 

WKaW RIIHU QRQ-HcRORJLcaO SURdXcWV. SXcK SHcXOLaULWLHV OHad WR a cRPSaUabO\ VORZ dLIIXVLRQ RI 

HcR-LQQRYaWLRQV (KLMHN, 2015). 

RHVHaUcK RQ WKH dLIIXVLRQ RI LQQRYaWLRQV aLPV WR LdHQWLI\ WKH IacWRUV WKaW LQIOXHQcH WKH 

adRSWLRQ RI QHZ WHcKQRORJLHV. OQH IUHTXHQWO\ cLWHd WKHRU\ UHOaWHd WR WKH dLIIXVLRQ RI 

LQQRYaWLRQV ZaV dHVcULbHd b\ RRJHUV (2003, S. 5) ZKR dHILQHV dLIIXVLRQ aV ´WKH SURcHVV b\ 

ZKLcK aQ LQQRYaWLRQ LV cRPPXQLcaWHd WKURXJK cHUWaLQ cKaQQHOV RYHU WLPH aPRQJ WKH 

PHPbHUV RI a VRcLaO V\VWHPµ. TKH dLIIXVLRQ RI LQQRYaWLRQV WKHRU\ caQ bH aSSOLHd WR YaULRXV 
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LQQRYaWLRQV, LQcOXdLQJ HcR-LQQRYaWLRQV (KLMHN, 2015). FRU LQVWaQcH, RRJHU·V WKHRU\ KaV bHHQ 

XVHd b\ PO|W], GQaQQ aQd WLHWVcKHO (2014) WR PRdHO WKH PaUNHW dLIIXVLRQ RI HOHcWULc YHKLcOHV 

LQ GHUPaQ\. AccRUdLQJ WR KaUaNa\a, HLdaOJR aQd NXXU (2014), RRJHU·V dHILQLWLRQ cRQWaLQV 

WKH IRXU PaLQ SLOOaUV RI LQQRYaWLRQ dLIIXVLRQ, QaPHO\ LQQRYaWLRQ, cRPPXQLcaWLRQ cKaQQHOV, 

WLPH aQd WKH VRcLaO V\VWHP. TKHUH aUH dLIIHUHQW PHaQV WR VKaUH LQIRUPaWLRQ bHWZHHQ 

LQdLYLdXaOV, KRZHYHU, LQWHUSHUVRQaO IacH-WR-IacH cRPPXQLcaWLRQ XVXaOO\ VHHPV WR bH PRUH 

HIILcLHQW WKaQ RWKHU cRPPXQLcaWLRQ cKaQQHOV VXcK aV WHOHYLVLRQ RU WKH LQWHUQHW ZKHQ 

cRQYLQcLQJ VRPHRQH WR adRSW aQ LQQRYaWLRQ. TLPH LV aOVR aQ LPSRUWaQW aVSHcW WR WHVW KRZ 

ORQJ LW WaNHV IRU aQ LQdLYLdXaO WR dHcLdH ZKHWKHU WR adRSW RU UHMHcW aQ LQQRYaWLRQ. FXUWKHUPRUH, 

WKH dLIIXVLRQ RI LQQRYaWLRQ ZLOO bH aIIHcWHd b\ WKH VRcLaO VWUXcWXUH RI a V\VWHP WKURXJK RSLQLRQ 

OHadHUV RU VRcLaO cRQVHTXHQcHV (KaUaNa\a, HLdaOJR aQd NXXU, 2014). AccRUdLQJ WR RRJHUV 

(2003), adRSWHUV RI LQQRYaWLRQV caQ bH dLYLdHd LQWR ILYH caWHJRULHV ZKLcK cRUUHVSRQd WR WKH 

dLIIHUHQW SKaVHV RI adRSWLRQ dXULQJ PaUNHW dHYHORSPHQW: (1) LQQRYaWRUV, (2) HaUO\ adRSWHUV, 

(3) HaUO\ PaMRULW\, (4) OaWH PaMRULW\, aQd (5) OaJJaUdV. TKH dLIIXVLRQ RI LQQRYaWLRQ SURcHVV 

XVXaOO\ JHQHUaWHV aQ S-VKaSHd cXUYH ZKLcK VWaUWV ZLWK a VORZ dLIIXVLRQ LQ WKH LQLWLaO VWaJH, 

IROORZHd b\ a UHcRYHU\ SHULRd aQd HQdV LQ a VaWXUaWLRQ SKaVH ZKHUH cRPSOHWH adRSWLRQ LV 

UHacKHd (KLMHN, 2015). 

 

2.3 Research methodolog\ 

2.3.1 Delphi method 

SSRQVRUHd b\ WKH UQLWHd SWaWHV ALU FRUcH, WKH DHOSKL PHWKRd ZaV ILUVW aSSOLHd b\ WKH U.S. 

RAND CRUSRUaWLRQ LQ WKH 1950V ZLWKLQ WKH VcRSH RI a PLOLWaU\ SURMHcW (DaONH\ aQd HHOPHU, 

1963). TKH WHcKQLTXH PRVWO\ dHaOV ZLWK cRPSOH[ SURbOHPV aQd KHOSV WR VWUXcWXUH WKH JURXS 

cRPPXQLcaWLRQ SURcHVV (LLQVWRQH aQd TXUURII, 1975). TKH RULJLQaO aLP RI WKH DHOSKL 

WHcKQLTXH ZaV ´WR RbWaLQ WKH PRVW UHOLabOH RSLQLRQ cRQVHQVXV RI a JURXS RI H[SHUWV b\ 

VXbMHcWLQJ WKHP WR a VHULHV RI TXHVWLRQQaLUHV LQ-dHSWK LQWHUVSHUVHd ZLWK cRQWUROOHd IHHdbacNµ 

(DaONH\ aQd HHOPHU, 1963, S. 458). 

TKHUH aUH IRXU PaLQ cKaUacWHULVWLcV RI WKH DHOSKL PHWKRdRORJ\ WKaW XVXaOO\ UHPaLQ WKH VaPH. 

Anon\miW\ RI WKH SaUWLcLSaWLQJ H[SHUWV ZLOO bH JXaUaQWHHd b\ WKH IacLOLWaWRU ZKR LV cRRUdLQaWLQJ 

WKH SURcHVV. DHOSKL VWXdLHV aUH H[HcXWHd LQ a VerieV of roXndV ZKHUH WKH IacLOLWaWRU VXPPaUL]HV 
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WKH IHHdbacN RI WKH SaUWLcLSaQWV aQd SURYLdHV LW aV addLWLRQaO LQIRUPaWLRQ IRU WKH IROORZLQJ 

URXQd. TKH WKLUd cKaUacWHULVWLc LV conWrolled feedback VLQcH WKH IacLOLWaWRU VWaWLVWLcaOO\ aQaO\]HV WKH 

LQSXW RI WKH H[SHUWV aIWHU HacK URXQd aQd dHcLdHV RQ WKH SURYLVLRQ RI WKH IHHdbacN. TKH 

VWaWiVWical groXp reVponVe LV XVXaOO\ VKRZQ b\ PHaVXUHV RI dLVSHUVLRQ RU cHQWUaO WHQdHQc\ VXcK aV 

WKH PHdLaQ aQd PHaQ RI WKH UHVSRQVHV (VRQ dHU GUacKW, 2012). 

WH cRQdXcWHd a WUadLWLRQaO DHOSKL VWXd\ ZKHUH WKH IacLOLWaWRU dHVLJQV a VXUYH\ aQd UHcHLYHV 

LQdLYLdXaO H[SHUW LQSXW RYHU a PLQLPXP RI WZR URXQdV (RQH aVVHVVPHQW URXQd aQd RQH 

UHYLVLRQ URXQd) ZKaW aOORZV WKH H[SHUW SaQHO WR UHaVVHVV JLYHQ UHSOLHV RI WKH SUHYLRXV URXQd 

baVHd RQ WKH aJJUHJaWHd JURXS RSLQLRQ (GaU\ aQd YRQ dHU GUacKW, 2015). RHcHQW aWWHPSWV 

KaYH aOVR XVHd LQWHUQHW-baVHd UHaO-WLPH DHOSKL VWXdLHV ZKHUH VWaWLVWLcaO JURXS UHVSRQVH LV 

caOcXOaWHd LPPHdLaWHO\ aQd SUHVHQWHd bacN WR WKH H[SHUW SaQHO (GRUdRQ aQd PHaVH, 2006). 

GQaW]\ eW al. (2011) cRPSaUHd WKH UHVXOWV RI bRWK WUadLWLRQaO aQd LQWHUQHW-baVHd UHaO-WLPH 

DHOSKL VWXdLHV aQd cRXOd QRW ILQd VLJQLILcaQW dLIIHUHQcHV LQ WKH URbXVWQHVV RI HPSLULcaO UHVXOWV. 

CHUWaLQ aVSHcWV QHHd WR bH addUHVVHd caUHIXOO\ IRU aOO NLQd RI DHOSKL VWXdLHV. MXUUa\ (1979) 

LQYHVWLJaWHd VRPH LPSRUWaQW cULWLcLVPV WKaW KaYH bHHQ UaLVHd aJaLQVW WKH WHcKQLTXH LQ WKH 

OLWHUaWXUH VXcK aV WKH VHOHcWLRQ RI H[SHUWV aQd a cKaQJLQJ SaQHO PHPbHUVKLS. BHVLdHV, 

UHVSRQdHQWV aUH XVXaOO\ QRW HTXaOO\ H[SHUW LQ aOO aUHaV WRXcKHd XSRQ LQ a VXUYH\. MRUHRYHU, a 

OacN RI VWabLOLW\ LQ WKH DHOSKL SaQHO caQ bH aQRWKHU SURbOHP, IRU LQVWaQcH, WKURXJK WKH addLWLRQ 

RI QHZ H[SHUWV ZKR KaYH QRW SaUWLcLSaWHd LQ SUHYLRXVO\ cRQdXcWHd URXQdV (MXUUa\, 1979). TKH 

ULJRURXV VHOHcWLRQ RI H[SHUWV LV RI JUHaW LPSRUWaQcH ZKHQ LW cRPHV WR WKH ILQaO DHOSKL SaQHO 

cRPSRVLWLRQ WR HQVXUH WKaW cKRVHQ caQdLdaWHV KaYH dHHS NQRZOHdJH LQ WKH LQYHVWLJaWHd ILHOd 

aQd aUH WKHUHIRUH TXaOLILHd WR SaUWLcLSaWH LQ WKH VWXd\ (H.J. LaQdHWa, 2006; SSLcNHUPaQQ, 

ZLPPHUPaQQ aQd YRQ dHU GUacKW, 2014). WH KaYH VHOHcWHd WKH DHOSKL WHcKQLTXH aV WKH 

PHWKRd RI cKRLcH IRU VHYHUaO UHaVRQV. FLUVW, WKH DHOSKL PHWKRd UHOLHV RQ WKH ILQdLQJV RI aQ 

H[SHUW SaQHO ZKHUHaV RWKHU PHWKRdV WUXVW LQ VLQJOH RSLQLRQV ZKLcK caQ bH PLVLQIRUPHd aQd 

LQcRUUHcW. SHcRQd, UHILQLQJ LV SRVVLbOH LQ DHOSKL VWXdLHV aV LW aOORZV H[SHUWV WR VHH WKH UHSOLHV 

RI WKH RWKHU SaQHO PHPbHUV. TKLUd, VRPH VWXdLHV UHO\ RQ RSHQ URXQdWabOH dLVcXVVLRQV ZLWK 

H[SHUWV, bXW WKRVH dLVcXVVLRQV ZLOO bH XVXaOO\ KLJKO\ LQIOXHQcHd b\ dRPLQaQW SaUWLcLSaQWV ZKaW 

OHadV WR cRQIRUPLW\ UaWKHU WKaQ RbMHcWLYH UHVXOWV (OJdHQ eW al., 2005). FRXUWK, RWKHU 

cURZdVRXUcLQJ WHcKQLTXHV IRcXV RQ LQWHUYLHZLQJ a OaUJH VaPSOH VL]H LQcOXdLQJ Oa\SHUVRQV. TKH 

DHOSKL WHcKQLTXH, RQ WKH RWKHU KaQd, LV WaUJHWLQJ a OLPLWHd JURXS RI H[SHUWV IURP a VSHcLILc 
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ILHOd aQd KaV SURYHQ LWV YaOLdLW\ LQ PaQ\ dLIIHUHQW UHVHaUcK cRQWH[WV (F|UVWHU aQd YRQ dHU 

GUacKW, 2014). FRU LQVWaQcH, DHOSKL ´KaV UHSHaWHdO\ bHHQ XVHd WR LQYHVWLJaWH IacWRUV 

LQIOXHQcLQJ dHcLVLRQ-PaNLQJ RQ a VSHcLILc LVVXH, WRSLc RU SURbOHP aUHa LQ VXSSO\ cKaLQ 

PaQaJHPHQWµ (KHPbUR, NlVOXQd aQd OOKaJHU, 2017, S. 79) VXcK aV WKH VWXd\ b\ MaccaUWK\ 

aQd AWWKLUaZRQJ (2003) dHaOLQJ ZLWK IacWRUV WKaW aIIHcW ORcaWLRQ dHcLVLRQV LQ LQWHUQaWLRQaO 

RSHUaWLRQV. LaVWO\, dXH WR ILQaQcLaO aQd WLPH cRQVWUaLQWV, LW LV dLIILcXOW WR bULQJ LQ aOO H[SHUWV IRU 

a IacH-WR-IacH PHHWLQJ aV WKH\ Pa\ bH ORcaWHd LQ dLIIHUHQW JHRJUaSKLcaO UHJLRQV (RLcKaUdVRQ, 

LHHXZ aQd DXOOaHUW, 2016). BHVLdHV, WKH DHOSKL PHWKRd KaV bHHQ aSSOLHd LQ SUHYLRXV VWXdLHV 

WR aVVHVV WKH LPSOLcaWLRQV RI YaULRXV (HcR-) LQQRYaWLRQV VXcK aV VROaU SRZHU (HVXHK, 2015), 3D 

SULQWLQJ (JLaQJ, KOHHU aQd PLOOHU, 2017) RU bLJ daWa aSSOLcaWLRQV (RR�PaQQ eW al., 2018). 

FROORZLQJ WKH SURcHVV RI VRQ dHU GUacKW aQd DaUNRZ (2010), FLJ. 1 LOOXVWUaWHV WKH dLIIHUHQW 

SKaVHV RI WKH cRQdXcWHd DHOSKL VWXd\. FLUVW, ZH LdHQWLILHd IacWRUV aIIHcWLQJ WKH SXUcKaVLQJ 

dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\ aV ZHOO aV aOWHUQaWLYH 

IXHOV aQd dULYHWUaLQV VXLWabOH IRU HDTV. TKH VHcRQd SKaVH LQcOXdHd WKH dHVLJQ RI WKH ILUVW 

VXUYH\, SUHWHVWV aQd WKH caUHIXO VHOHcWLRQ RI SRWHQWLaO H[SHUWV. TKLUd, SaQHOLVWV ZHUH cRQWacWHd 

aQd cRPSOHWHd WKH VXUYH\ dXULQJ WKH ILUVW DHOSKL URXQd aQd IRXUWK, VWaWLVWLcaO JURXS UHVSRQVH 

RI WKH ILUVW URXQd ZaV aQaO\]Hd aV SaUW RI WKH LQWHULP aQaO\VLV. IQ addLWLRQ, ZH dHVLJQHd WKH 

VHcRQd VXUYH\ aQd SUHWHVWHd LW. FLIWK, H[SHUWV ZHUH aVNHd WR UHYLVH WKH UHVXOWV RI WKH ILUVW URXQd 

baVHd RQ SURYLdHd IHHdbacN LQ WKH VHcRQd VXUYH\. LaVWO\, VWaWLVWLcaO JURXS UHVSRQVH RI WKH 

VHcRQd URXQd ZaV aQaO\]Hd aQd WKH VWXd\ cRQcOXdHd. TKH dLIIHUHQW SKaVHV ZLOO bH IXUWKHU 

dHVcULbHd LQ WKH IROORZLQJ VHcWLRQV. 

 
FigXre 1: DHOSKL SURcHVV SKaVHV (baVHd RQ VRQ dHU GUacKW aQd DaUNRZ, 2010) 

 

2.3.2 Identification of factors and alternatiYe fXels 

WH XVHd a VLPLOaU DHOSKL aSSURacK aV MaccaUWK\ aQd AWWKLUaZRQJ (2003) ZKR LdHQWLILHd 

IacWRUV aIIHcWLQJ ORcaWLRQ dHcLVLRQV LQ LQWHUQaWLRQaO RSHUaWLRQV aV ZHOO aV RLcKaUdVRQ, LHHXZ 

aQd DXOOaHUW (2016) ZKR aVVHVVHd IacWRUV aIIHcWLQJ JORbaO LQYHQWRU\ SUHSRVLWLRQLQJ ORcaWLRQV 
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LQ KXPaQLWaULaQ RSHUaWLRQV. TR HVWabOLVK a cRPSUHKHQVLYH VHW RI aUJXPHQWV, ZH cROOHcWHd 

VHcRQdaU\ daWa IURP YaULRXV VcLHQWLILc VWXdLHV WR LdHQWLI\ IacWRUV WKaW aIIHcW WKH SXUcKaVLQJ 

dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\. FROORZLQJ WKH SURcHVV 

IRU IacWRU LdHQWLILcaWLRQ XWLOL]Hd LQ WKH DHOSKL VWXd\ b\ KZLaWNRZVNL aQd CKLQRZVN\ (2017), 

ZH XVHd dLIIHUHQW NH\ZRUdV IRU RXU VHaUcK VXcK aV ´HOHcWULc WUXcNVµ, ´ORZ-HPLVVLRQ YHKLcOHVµ 

RU ´aOWHUQaWLYH IXHOVµ WR ILQd aSSURSULaWH VWXdLHV. WH WULHd WR IRcXV RQ UHVHaUcK cRQcHUQLQJ 

WUXcNV RQO\ aQd SXUSRVHIXOO\ NHSW WKH VHaUcK QaUURZ JLYHQ WKH VSHcLILc UHVHaUcK ILHOd RQ 

aOWHUQaWLYH IXHO-SRZHUHd HDTV. TKH aVWHULVN, a VWaQdaUd BRROHaQ PHWKRd, ZaV aOVR XVHd WR 

VHaUcK IRU aOO ZRUdV cRQWaLQLQJ WKH URRW WHUP, IRU LQVWaQcH LQ WKH caVH RI ´adRSW*µ. PaSHUV 

ZHUH H[cOXdHd LI WKH\ dLd QRW LQcOXdH aQ\ IacWRUV WKaW KLQdHU RU VSXU WKH adRSWLRQ RI ORZ-

HPLVVLRQ YHKLcOHV. 

IQ JaQXaU\ 2018, LdHQWLILHd IacWRUV ZHUH cKHcNHd IRU cRPSOHWHQHVV b\ ILYH ORJLVWLcV aQd 

aOWHUQaWLYH IXHOV H[SHUWV IURP a GHUPaQ PXOWLQaWLRQaO caU PaQXIacWXUHU ZKR VHOHcWHd WKH PRVW 

SURPLVLQJ aOWHUQaWLYH IXHOV aQd dULYHWUaLQV IRU HDTV, WRR. NHLWKHU WKH caU PaQXIacWXUHU QRU 

aQ\ RI LWV VXbVLdLaULHV SURdXcH WUXcNV ZKaW SUHcOXdHV SRWHQWLaO bLaVHV LQ aQ\ dLUHcWLRQ aV WKHUH 

LV QR LQWHUHVW LQ SURPRWLQJ RU H[cOXdLQJ VSHcLILc WHcKQRORJLHV. AOO SaUWLcLSaQWV ZRUN RQ WKH 

PaQXIacWXUHU·V ´GUHHQ LRJLVWLcV SWUaWHJ\µ ZKLcK IRcXVHV RQ WKH VXccHVVIXO WUaQVLWLRQ WR a 

GHG QHXWUaO VXSSO\ cKaLQ. IQ cRRSHUaWLRQ ZLWK WUXcN PaQXIacWXUHUV, LQIUaVWUXcWXUH H[SHUWV 

aQd ORJLVWLcV VHUYLcH SURYLdHUV (LSPV), WKH caQdLdaWHV KaYH aOUHad\ VXccHVVIXOO\ LPSOHPHQWHd 

baWWHU\ HOHcWULc aV ZHOO aV QaWXUaO JaV HDTV LQ WKH cRPSaQ\·V VXSSO\ cKaLQ. IQ addLWLRQ, VHYHUaO 

SLORW WHVWV, aV ZHOO aV UHVHaUcK SURMHcWV cRQcHUQLQJ aOWHUQaWLYH IXHO-SRZHUHd HDTV ZHUH VHW XS 

WR IXUWKHU UHdXcH HPLVVLRQV. SXPPaUL]Hd, ZH HYaOXaWH WKH SaUWLcLSaQWV aV a NQRZOHdJHabOH aQd 

VRXQd JURXS RI H[SHUWV WKaW LV ZHOO cRQQHcWHd WR WUXcN PaQXIacWXUHUV, LSPV aQd RWKHU NH\ 

PaUNHW SOa\HUV. 

PUHYLRXVO\ LdHQWLILHd IacWRUV ZHUH WKHQ aOORcaWHd WR RQH RI ILYH PaMRU caWHJRULHV dHILQHd LQ 

cRRSHUaWLRQ ZLWK WKH VaPH JURXS. FROORZLQJ ONROL aQd PaZORZVNL (2004), a JURXSLQJ RI 

IacWRUV LQWR PaMRU caWHJRULHV ZLOO QRW bH IRU aQaO\VLV aQd ZaV dRQH IRU SUHVHQWaWLRQ SXUSRVHV 

RQO\. ASaUW IURP HYaOXaWLQJ LdHQWLILHd IacWRUV, a VHcRQd cRPSRQHQW RI WKH WZR IacH-WR-IacH 

ZRUNVKRSV KHOd LQ JaQXaU\ 2018 ZaV WKH VHOHcWLRQ RI SURPLVLQJ aOWHUQaWLYH IXHOV aQd 

dULYHWUaLQV WKaW aUH VXLWabOH IRU HDTV. SHOHcWHd WHcKQRORJLHV ZHUH cKRVHQ b\ WKH SaUWLcLSaQWV 

baVHd RQ WKUHH SLOOaUV: (1) WKH cXUUHQW RU IRUHVHHabOH PaUNHW aYaLOabLOLW\ RI WKH WHcKQRORJ\, (2) 
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WKH SRWHQWLaO WR UHdXcH HPLVVLRQV IURP WUaQVSRUW aQd (3) dR QRW LQcOXdH aQ\ W\SH RI dLHVHO 

(HQJLQH). AccRUdLQJO\, ́ bLRdLHVHOµ YaULaQWV VXcK aV K\dURWUHaWHd YHJHWabOH RLO (HVO) RU K\bULd 

HDTV ZKLcK cRPbLQH cRQYHQWLRQaO dLHVHO HQJLQHV ZLWK HOHcWULc SURSXOVLRQ V\VWHPV ZHUH 

H[cOXdHd. 

 

2.3.3 Selection of e[perts 

TKHUHaIWHU, ZH VWaUWHd LdHQWLI\LQJ SRWHQWLaO H[SHUWV IRU WKH ILQaO SaQHO. TKHUH H[LVWV QR VSHcLILc 

UXOH IRU WKH LdHaO QXPbHU RI DHOSKL H[SHUWV LQ acadHPLc OLWHUaWXUH (GLXQLSHUR, HRRNHU aQd 

DHQVORZ, 2012). HRZHYHU, ANNHUPaQV eW al. (2003) dHVcULbH WKaW aQ HVVHQWLaO cKaUacWHULVWLc RI 

DHOSKL VWXdLHV LV WKH SaUWLcLSaWLRQ RI aW OHaVW 20 H[SHUWV. OQ WKH RWKHU KaQd, OJdHQ eW al. (2005) 

aUJXH WKaW VWXdLHV VKRXOd W\SLcaOO\ XWLOL]H XS WR 30 H[SHUWV baVHd RQ WKH ILQdLQJ WKaW MXVW OLWWOH 

addLWLRQaO LQIRUPaWLRQ ZLOO bH JHQHUaWHd b\ a OaUJHU H[SHUW SaQHO. TKH aLP RI WKLV DHOSKL VWXd\ 

ZaV WR HOLcLW NQRZOHdJH IURP a KHWHURJHQHRXV JURXS RI H[SHUWV ZLWK a dHHS NQRZOHdJH abRXW 

aOWHUQaWLYH IXHO-SRZHUHd HDTV aQd a JRRd RYHUYLHZ RI WKH GHUPaQ WUXcN PaUNHW ZKaW OHadV 

WR a UaWKHU VPaOO JURXS RI SRWHQWLaO H[SHUWV. AV SUHYLRXVO\ H[SOaLQHd, WKH WKRURXJK VHOHcWLRQ 

RI H[SHUWV LV aQ HVVHQWLaO SaUW RI HacK DHOSKL VWXd\ WR HQVXUH daWa UHOLabLOLW\ (WHOW\, 1972; 

SSLcNHUPaQQ, ZLPPHUPaQQ aQd VRQ dHU GUacKW, 2014). TR aYRLd PLVOHadLQJ UHVXOWV RI a 

KRPRJHQRXV SaQHO, SUHYLRXV UHVHaUcK UHcRPPHQdV WR LQcOXdH a dLYHUVH VHW RI YLHZSRLQWV 

(SSLcNHUPaQQ, GULHQLW] aQd VRQ dHU GUacKW, 2014). F|UVWHU aQd VRQ dHU GUacKW (2014) 

aVVHVVHd WKH DHOSKL SaQHO cRPSRVLWLRQ IRU VWUaWHJLc IRUHVLJKW aQd cRPSaUHd DHOSKL SaQHOV 

baVHd RQ H[WHUQaO aQd cRPSaQ\-LQWHUQaO SaUWLcLSaQWV. TKH aXWKRUV aUJXH WKaW SUHYLRXV UHVHaUcK 

KaV VKRZQ WKaW a OacN RI dLYHUVLW\ aPRQJ DHOSKL UHVSRQdHQWV cRXOd OHad WR bLaVHd UHVXOWV aV 

UHVSRQdHQWV LQ KRPRJHQRXV DHOSKL SaQHOV aUH OLNHO\ WR KaYH VLPLOaU YLHZSRLQWV. F|UVWHU aQd 

VRQ dHU GUacKW (2014) IRcXV RQ dLYHUVLW\ WKaW aULVHV IURP VHOHcWLQJ UHVSRQdHQWV IURP dLIIHUHQW 

LQVWLWXWLRQV aQd cRQdXcW WZR LdHQWLcaO VXUYH\V ZLWK WZR DHOSKL SaQHOV: WKH ILUVW SaQHO 

cRPSULVHV RI PaQaJHUV IURP RQH OaUJH cRPSaQ\ ZKHUHaV WKH SaUWLcLSaQWV IURP WKH VHcRQd 

SaQHO caPH IURP WKH cRPSaQ\ HQYLURQPHQW LQcOXdLQJ acadHPLcV. TKH aXWKRUV cRQcOXdH WKaW 

LQWHUQaO DHOSKL SaQHOV VKRXOd bH XWLOL]Hd WR dLVcXVV cRPSaQ\-LQWHUQaO WRSLcV ZKHUHaV H[WHUQaO 

SaQHOV VKRXOd bH SUHIHUUHd ZKHQ QXPHURXV SHUVSHcWLYHV aUH dHVLUHd (F|UVWHU aQd YRQ dHU 

GUacKW, 2014). CRQVHTXHQWO\, ZH IROORZHd WKH aSSURacK RI aVVHPbOLQJ a KHWHURJHQRXV DHOSKL 

SaQHO aQd LdHQWLILHd WUXcN PaQXIacWXUHUV, LSPV, LQIUaVWUXcWXUH H[SHUWV, cRQVXOWaQWV aQd 
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UHVHaUcKHUV aV WKH ILYH PRVW LPSRUWaQW VWaNHKROdHU JURXSV. TR LQcUHaVH WKH UHOLabLOLW\ RI RXU 

UHVXOWV, SaUWLcXOaUO\ LQ aQ HPHUJLQJ aQd LQQRYaWLYH ILHOd VXcK aV aOWHUQaWLYH IXHO-SRZHUHd 

HDTV, LQdLYLdXaOV ZHUH WaUJHWHd baVHd RQ a VHW RI VWULcW aQd RbMHcWLYH PXOWL-SHUVSHcWLYH 

cULWHULa, SUHdHILQHd IRU HacK H[SHUW JURXS (NRZacN, EQdULNaW aQd GXHQWKHU, 2011; 

KZLaWNRZVNL aQd CKLQRZVN\, 2017). FLUVW, aOO SRWHQWLaO H[SHUWV QHHd a PLQLPXP LQdXVWU\ 

H[SHULHQcH RI ILYH \HaUV. SHcRQd, cRQWacWHd H[SHUWV IURP PaQXIacWXUHUV ZRUN LQ WKH ILHOd RI 

aOWHUQaWLYH dULYHWUaLQV aW WKH OaUJHVW EXURSHaQ WUXcN PaQXIacWXUHUV. TKLUd, ZH LQYLWHd H[SHUWV 

IURP LSPV WKaW KaYH RU Kad aOWHUQaWLYH IXHO-SRZHUHd YHKLcOHV LQ RSHUaWLRQ. IdHQWLILHd H[SHUWV 

ZHUH HLWKHU LQYROYHd LQ WKH SXUcKaVLQJ dHcLVLRQ RU VXSSRUW WKH adRSWLRQ RI addLWLRQaO ORZ-

HPLVVLRQ YHKLcOHV LQ WKH cRPSaQ\ WR UHdXcH IOHHW HPLVVLRQV. FRXUWK, ZH LQYLWHd LQIUaVWUXcWXUH 

H[SHUWV IURP EXURSHaQ RLO aQd JaV cRPSaQLHV WKaW HLWKHU ZRUN RQ aOWHUQaWLYH IXHOV RU 

SXbOLVKHd VWXdLHV RQ ORZ-HPLVVLRQ dULYHWUaLQV. FLIWK, UHVHaUcKHUV ZHUH cRQWacWHd LI WKH\ KaYH 

SXbOLVKHd aW OHaVW WZR VWXdLHV RQ aOWHUQaWLYH IXHOV VXLWabOH IRU HDTV. LaVWO\, cRQVXOWaQWV ZHUH 

WaUJHWHd dXH WR SUHYLRXV SURMHcWV RU SXbOLcaWLRQV IRcXVLQJ RQ aOWHUQaWLYH IXHO-SRZHUHd WUXcNV. 

IQ addLWLRQ, ZH IROORZHd BURZQ aQd HHOPHU (1964), BHVW (1974) aQd BLMO (1992) aQd LQcOXdHd 

WKH IROORZLQJ VHOI-aVVHVVPHQW TXHVWLRQ LQ WKH ILUVW URXQd WR IXUWKHU LQcUHaVH daWa UHOLabLOLW\: 

´HoZ ZoXld \oX rank \oXr leYel of e[perWiVe on alWernaWiYe fXel-poZered HDTV?µ. 

 

2.3.4 First Delphi roXnd 

RHOLabLOLW\ aQd cRQWHQW RI WKH VXUYH\ ZHUH aVVHVVHd bHIRUH WKH VXUYH\ ZaV VHQW WR WKH H[SHUWV 

(VRQ dHU GUacKW aQd DaUNRZ, 2010). A SLORW VWXd\ ZaV WKHUHIRUH cRQdXcWHd aIWHU cRPSOHWLRQ 

RI WKH VXUYH\ dHVLJQ WR HQVXUH cRPSOHWHQHVV aQd SOaXVLbLOLW\. IQ FHbUXaU\ 2018, ZH LQYLWHd WKH 

SUHYLRXVO\ LQWURdXcHd ZRUNVKRS SaUWLcLSaQWV WR SUH-WHVW WKH ILUVW VXUYH\ RI RXU VWXd\ aV WKH\ 

aUH ZHOO cRQQHcWHd WR aOO LdHQWLILHd VWaNHKROdHU JURXSV aQd aUH WKXV abOH WR aUWLcXOaWH dLYHUVH 

YLHZSRLQWV. RHcRPPHQdHd cKaQJHV ZHUH dLVcXVVHd aQd LQcRUSRUaWHd LQ WKH VXUYH\. TKH ILYH 

UHVSRQdHQWV RI WKH SLORW VWXd\ dLd QRW SaUWLcLSaWH LQ WKH ILQaO DHOSKL URXQdV. 

TKH 14-SaJH-ORQJ VXUYH\, aV ZHOO aV aQ LQIRUPaWLRQ VKHHW H[SOaLQLQJ WKH VcRSH RI UHVHaUcK aQd 

PHWKRdRORJ\ XVHd ZHUH VHQW WR WKH LdHQWLILHd H[SHUWV PLd-MaUcK 2018 YLa HPaLO. DHWaLOHd 

LQVWUXcWLRQV RQ KRZ WR cRPSOHWH WKH VXUYH\ ZHUH JLYHQ RQ WKH ILUVW SaJH RI WKH VXUYH\. 
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WH IROORZHd a VLPLOaU VWXd\ dHVLJQ aV MaccaUWK\ aQd AWWKLUaZRQJ (2003) aQd dLYLdHd WKH PaLQ 

bRd\ RI WKH VXUYH\ LQ PaUW A aQd PaUW B. TKH IRUPHU IRcXVHd RQ LdHQWLILHd IacWRUV aQd WKHLU 

UHOaWLYH LPSRUWaQcH ZKHQ SXUcKaVLQJ aQd RSHUaWLQJ aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ 

GHUPaQ\. PaUW B, RQ WKH RWKHU KaQd, IRcXVHd RQ PRWLYaWRUV aQd baUULHUV ZKHQ VZLWcKLQJ IURP 

dLHVHO-SRZHUHd HDTV WR aOWHUQaWLYH IXHOV bXW aOVR RQ SRVVLbOH Za\V KRZ WR RYHUcRPH WKH 

PaLQ baUULHUV RI HacK WHcKQRORJ\. 

IQ PaUW A, a VHYHQ-SRLQW LLNHUW VcaOH IURP (1) XQLPSRUWaQW WR (7) H[WUHPHO\ LPSRUWaQW ZaV 

XVHd WR PHaVXUH WKH LPSRUWaQcH RI HacK IacWRU. BHVLdHV, H[SHUWV Kad WKH RSSRUWXQLW\ WR OHaYH 

addLWLRQaO cRPPHQWV IRU IXUWKHU LQVLJKWV bHORZ HacK PaMRU caWHJRU\. PaUW B RI WKH VXUYH\ ZaV 

dLYLdHd LQWR IRXU VHcWLRQV. EacK VHcWLRQ cRYHUHd RQH RI WKH LdHQWLILHd aOWHUQaWLYH IXHOV VXLWabOH 

IRU HDTV. WH SURYLdHd a VKRUW dHILQLWLRQ RI HacK WHcKQRORJ\ WR aYRLd PLVXQdHUVWaQdLQJV 

IROORZHd b\ WKUHH RSHQ-HQdHd TXHVWLRQV WR JHQHUaWH a OLVW RI aUJXPHQWV aV dHVcULbHd b\ ONROL 

aQd PaZORZVNL (2004). MaccaUWK\ aQd AWWKLUaZRQJ (2003) aOVR aUJXH LQ WKHLU DHOSKL VWXd\ 

WKaW RSHQ-HQdHd TXHVWLRQV aOORZ WKH SaQHO PHPbHUV WR SURYLdH aQd H[SUHVV WKHLU RSLQLRQV 

LQdHSHQdHQWO\. TKH ILUVW aQd VHcRQd TXHVWLRQ RI HacK WHcKQRORJ\ VHcWLRQ dHaOW ZLWK PRWLYaWRUV 

aQd baUULHUV WR VZLWcKLQJ IURP dLHVHO-SRZHUHd HDTV WR LWV aOWHUQaWLYH IXHO-SRZHUHd 

cRXQWHUSaUW. TKH WKLUd TXHVWLRQ aVNHd WKH SaQHOLVWV WR SURYLdH SRVVLbOH Za\V KRZ WR RYHUcRPH 

WKH dHVcULbHd baUULHUV RI WKH WHcKQRORJ\. WH SURYLdHd WH[W bR[HV IRU IXUWKHU cRPPHQWV bHORZ 

HacK WHcKQRORJ\ VHcWLRQ. 

 

2.3.5 Interim anal\sis and second Delphi roXnd 

CRPSOHWHd VXUYH\V RI WKH ILUVW URXQd ZHUH UHcHLYHd bacN IURP WKH H[SHUWV aW WKH bHJLQQLQJ RI 

ASULO 2018. DXULQJ WKH LQWHULP aQaO\VLV, bRWK TXaQWLWaWLYH aQd TXaOLWaWLYH daWa ZHUH HYaOXaWHd. 

IQ WKH caVH RI PaUW A, ZH XVHd dHVcULSWLYH VWaWLVWLcV WR JHW a ILUVW HVWLPaWLRQ RI cRQVHQVXV aQd 

UHOaWLYH LPSRUWaQcH. FROORZLQJ WKH aSSURacK RI ONROL aQd PaZORZVNL (2004) IRU RSHQ-HQdHd 

TXHVWLRQV LQ DHOSKL VWXdLHV, ZH HYaOXaWHd aQd cOXVWHUHd UHcHLYHd cRPPHQWV RI WKH ILUVW VXUYH\ 

LQ PaUW B WR aYRLd LdHQWLcaO aVSHcWV LQ WKH VHcRQd DHOSKL URXQd. FRU LQVWaQcH, ZH aJJUHJaWHd 

cRPPHQWV cRQcHUQLQJ a KLJKHU SXUcKaVLQJ SULcH RI aOWHUQaWLYH IXHO-SRZHUHd HDTV cRPSaUHd 

WR dLHVHO-SRZHUHd YHKLcOHV aV ´KLJKHU SXUcKaVLQJ SULcHµ aQd SUHVHQWHd WKHP LQ WKH baUULHU 

VHcWLRQ RI WKH UHVSHcWLYH WHcKQRORJ\. B\ dRLQJ VR, ZH UHdXcHd 493 cROOHcWHd TXaOLWaWLYH 
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aUJXPHQWV IURP WKH ILUVW URXQd WR 119 LQ WKH VHcRQd VXUYH\. TKH cRQVROLdaWHd OLVWV RI 

PRWLYaWRUV, baUULHUV, aQd VROXWLRQV IRU HacK WHcKQRORJ\ ZHUH WKHQ IHd bacN LQ URXQd WZR RI 

WKH DHOSKL VWXd\. PaQHOLVWV cRXOd OHaYH cRPPHQWV LQ WKH VHcRQd VXUYH\ WR YHULI\ WKaW ZH KaYH 

cRUUHcWO\ LQWHUSUHWHd WKHLU UHVSRQVHV (ONROL aQd PaZORZVNL, 2004). 

TKH VHcRQd 33-SaJH-ORQJ VXUYH\ ZaV VHQW YLa HPaLO WR WKH H[SHUWV LQ PLd-ASULO 2018 LQ RUdHU 

WR UHaVVHVV UHVSRQVHV RI WKH ILUVW URXQd. WH IROORZHd ONROL aQd PaZORZVNL (2004) aQd 

SURYLdHd bRWK aQ H[acW cRS\ RI WKHLU ILUVW VXUYH\ aQd WKH VHcRQd VXUYH\ aWWacKHd WR WKH 

LQYLWaWLRQ HPaLO. HRZHYHU, ZH dLd QRW LQcOXdH WKH SHUVRQaO UHVSRQVHV RI WKH ILUVW URXQd ZLWKLQ 

WKH VHcRQd VXUYH\ aV RXU SUHWHVW H[SHUWV cRPPHQWHd WKaW LW LV PRUH OLNHO\ WR JLYH WKH VaPH 

UHSO\ LQVWHad RI VcUXWLQL]LQJ WKH RSLQLRQ RI WKH RWKHU SaUWLcLSaQWV. TKH ILUVW SaJH LQcOXdHd 

VSHcLILc LQVWUXcWLRQV ZLWK a VKRUW H[SOaQaWLRQ IRU WKH VHcRQd URXQd. IQ PaUW A, ZH IROORZHd 

WKH LdHQWLcaO VWUXcWXUH aV LQ WKH ILUVW URXQd bXW addHd baU cKaUWV WR YLVXaOL]H WKH VWaWLVWLcaO JURXS 

UHVSRQVH aQd dLVWULbXWLRQ RI UHSOLHV. WH aOVR cRORUHd WKH caOcXOaWHd PHdLaQ RI URXQd RQH 

UHVSRQVHV IRU HacK IacWRU (TaSLR, 2002). NR addLWLRQaO VWaWLVWLcV VXcK aV WKH LQWHUTXaUWLOH UaQJH 

(IQR) ZHUH IHd bacN WR WKH SaQHOLVWV aV SUHWHVWV KaYH LQdLcaWHd QR addLWLRQaO bHQHILWV. IQ PaUW 

B, WKH cRPSOHWH cRQVROLdaWHd OLVWV RI PRWLYaWRUV, baUULHUV, aQd VROXWLRQV IRU HacK WHcKQRORJ\ 

ZHUH SUHVHQWHd WR WKH SaUWLcLSaQWV. TKH H[SHUWV ZHUH WKHQ aVNHd WR VHOHcW WKH WKUHH PRVW 

LPSRUWaQW PRWLYaWRUV aQd baUULHUV RI HacK WHcKQRORJ\ aV ZHOO aV WKH WKUHH PRVW SURPLVLQJ 

Za\V RQ KRZ WR RYHUcRPH WKRVH baUULHUV. 

 

2.3.6 Final anal\sis and termination of Delphi stXd\ 

TKH cRPSOHWHd VXUYH\V RI WKH VHcRQd URXQd ZHUH UHcHLYHd bacN aW WKH bHJLQQLQJ RI Ma\ 2018. 

A cULWLcaO SRLQW RI HacK DHOSKL VWXd\ LV WKH dHILQLWLRQ RI a VWRSSLQJ cULWHULRQ aV DHOSKL 

IacLOLWaWRUV caQ WHUPLQaWH a VWXd\ dXH WR bXdJHW RU WLPH cRQVWUaLQWV (VRQ dHU GUacKW, 2012). 

IQ RUdHU WR SURYLdH a VWaWLVWLcaOO\ SURYHQ cULWHULRQ, PRVW UHVHaUcKHUV cKRRVH H[SHUW cRQVHQVXV 

aV WKH ILQaO aLP RI WKHLU VWXd\ aOWKRXJK a cHUWaLQ OHYHO RI aJUHHPHQW aORQH VHHPV LQVXIILcLHQW 

WR WHUPLQaWH a DHOSKL VWXd\ (VRQ dHU GUacKW, 2012). DaMaQL, SLQcRII aQd TaOOH\ (1979) aUJXH 

WKaW cRQVHQVXV PHaVXUHPHQW LV XVHOHVV LI VWabLOLW\ RI UHcHLYHd H[SHUW UHVSRQVHV ZaV QRW 

UHacKHd. TKXV, ZH WHVWHd IRU bRWK cRQVHQVXV aQd VWabLOLW\ RI UHSOLHV LQ PaUW A. SWabLOLW\ caQ bH 

cRQcOXdHd LI cRQVLVWHQc\ RI UHSOLHV ZaV UHacKHd bHWZHHQ VXccHVVLYH URXQdV (DaMaQL, SLQcRII 
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aQd TaOOH\, 1979). AV UHcRPPHQdHd b\ VRQ dHU GUacKW (2012), VWabLOLW\ RI WKH UHSOLHV ZaV 

WHVWHd b\ cKaQJHV LQ WKH cRHIILcLHQW RI YaULaWLRQ (CV). TKH CV LV WKH UaWLR RI WKH VWaQdaUd 

dHYLaWLRQ RI aQ H[SHUW RSLQLRQ RQ a VSHcLILc IacWRU WR WKH cRUUHVSRQdLQJ PHaQ. TR PHaVXUH 

VWabLOLW\, WKH abVROXWH CV cKaQJH IRU HacK IacWRU ZaV caOcXOaWHd b\ VXbWUacWLQJ WKH CV UHVXOWV 

RI URXQd RQH IURP URXQd WZR (KaOaLaQ aQd KaVLP, 2012). A Pa[LPXP WKUHVKROd YaOXH RI 0.1 

ZaV XVHd LQ SUHYLRXV DHOSKL UHVHaUcK aQd IRXQd WR bH a VXLWabOH YaOXH IRU UHacKHd VWabLOLW\ 

(KZLaWNRZVNL aQd CKLQRZVN\, 2017). DXH WR LWV URbXVWQHVV, WKH IQR ZaV cKRVHQ WR WHVW WKH 

OHYHO RI cRQVHQVXV bHWZHHQ WKH SaQHOLVWV (MXUSK\ eW al., 1998). TKH IQR ´LV WKH PHaVXUH RI 

dLVSHUVLRQ IRU WKH PHdLaQ aQd cRQVLVWV RI WKH PLddOH 50% RI WKH RbVHUYaWLRQVµ (VRQ dHU 

GUacKW, 2012, S. 1531). IW LV a ZLdHO\ accHSWHd PHWKRd aQd ZaV XVHd LQ SUHYLRXV DHOSKL VWXdLHV 

(H.J. VRQ dHU GUacKW aQd DaUNRZ, 2013; SSLcNHUPaQQ eW al., 2014). OQ a VHYHQ-SRLQW LLNHUW 

VcaOH, a Pa[LPXP IQR RI 1.0 LV UHcRPPHQdHd aV a VXLWabOH LQdLcaWRU IRU UHacKHd cRQVHQVXV 

(DH VHW eW al., 2005). 

FHHdbacN IURP H[SHUWV LQdLcaWHd WKaW LW ZRXOd bH dLIILcXOW WR acKLHYH a KLJK UHVSRQVH UaWH IRU 

VHYHUaO addLWLRQaO DHOSKL URXQdV dXH WR SHUVRQaO WLPH cRQVWUaLQWV. AV a UHVXOW RI WKH KLJK OHYHO 

RI VWabLOLW\ aQd cRQVHQVXV LQ PaUW A aQd WKH abLOLW\ WR dUaZ UHOHYaQW cRQcOXVLRQV IURP PaUW B, 

ZH dHcLdHd WR WHUPLQaWH WKH VWXd\ aIWHU WZR URXQdV WR aYRLd UHVHaUcK IaWLJXH ZLWKLQ WKH SaQHO. 

HRZHYHU, LQdLYLdXaO IHHdbacN, WKH KLJK SaUWLcLSaWLRQ UaWH aQd WKH QXPbHU RI ZULWWHQ 

cRPPHQWV caQ bH LQWHUSUHWHd aV aQ LQdLcaWRU IRU WKH KLJK OHYHO RI LQWHUHVW LQ WKH LQYHVWLJaWHd 

UHVHaUcK ILHOd. MHOaQdHU (2018) H[aPLQHd KRZ WKH DHOSKL WHcKQLTXH KaV bHHQ XVHd LQ 20 

WUaQVSRUW VWXdLHV aQd IRXQd RXW WKaW PRVW aXWKRUV aOVR WHUPLQaWHd WKHLU DHOSKL VWXd\ aIWHU 

WZR URXQdV. 

 

2.4 ResXlts and discXssion 

2.4.1 Delphi e[pert panel 

BaVHd RQ WKH VHW RI dHVcULbHd cULWHULa, ZH LdHQWLILHd 55 H[SHUWV aQd LQYLWHd WKHP WR SaUWLcLSaWH 

LQ RXU VWXd\ YLa HPaLO. 23 H[SHUWV SaUWLcLSaWHd LQ WKH VWXd\ ZKaW cRUUHVSRQdV WR a SaUWLcLSaWLRQ 

UaWH RI 41.8%. TKH ILQaO SaQHO cRQVLVWHd RI VL[ H[SHUWV IURP WKH OaUJHVW EXURSHaQ WUXcN 

PaQXIacWXUHUV, VHYHQ H[SHUWV IURP LSPV, RQH LQIUaVWUXcWXUH H[SHUW IURP a EXURSHaQ RLO aQd 

JaV cRPSaQ\, ILYH cRQVXOWaQWV aQd IRXU UHVHaUcKHUV. WH LQcOXdHd RQH H[SHUW SHU cRPSaQ\ RU 



- 

 
 

- 20 - 
 

LQVWLWXWLRQ WR HQVXUH a dLYHUVH VHW RI YLHZSRLQWV aQd WR SUHcOXdH bLaVHd UHVXOWV LQ aQ\ dLUHcWLRQ. 

AOO SaQHO PHPbHUV aUH PaOH, aQd WKH LQdXVWU\ H[SHULHQcH UaQJHV IURP VL[ WR 37 \HaUV ZLWK a 

PHdLaQ RI 20 \HaUV. A VXPPaU\ RI SaUWLcLSaWLQJ H[SHUWV LQcOXdLQJ SRVLWLRQ LV SUHVHQWHd LQ 

TabOH 2. 

Table 2: DHOSKL H[SHUW SaQHO 

E[pert GroXp 
 

Position IndXstr\ E[perience 
(\ears) 

TUXcN MaQXIacWXUHU HHad RI AOWHUQaWLYH FXHOV aQd DULYHWUaLQV 33 

TUXcN MaQXIacWXUHU HHad RI EQYLURQPHQW aQd IQQRYaWLRQ 22 

TUXcN MaQXIacWXUHU HHad RI FRUHVLJKW 37 

TUXcN MaQXIacWXUHU MaQaJHU SXVWaLQabOH TUaQVSRUW SROXWLRQV 10 

TUXcN MaQXIacWXUHU NaWXUaO PRZHU E[SHUW 13 

TUXcN MaQXIacWXUHU SHQLRU MaQaJHU - PURdXcW EQJLQHHULQJ AOWHUQaWLYH DULYHWUaLQV 20 

LSP CEO 35 

LSP CEO 18 

LSP CEO DHSXW\ 20 

LSP CRUSRUaWH DLUHcWRU 25 

LSP HHad RI BXVLQHVV DHYHORSPHQW 18 

LSP MaQaJHU GUHHQ LRJLVWLcV 20 

LSP MaQaJHU HHaOWK, SaIHW\ & EQYLURQPHQW 7 

IQIUaVWUXcWXUH SHQLRU MaQaJHU - GORbaO SROXWLRQV 35 

CRQVXOWLQJ AUHa DLUHcWRU IQdXVWULaO GRRdV aQd SHUYLcHV 20 

CRQVXOWLQJ HHad RI AXWRPRWLYH BXVLQHVV UQLW 8 

CRQVXOWLQJ DHSXW\ HHad RI RHQHZabOH EQHUJ\ aQd MRbLOLW\ 10 

CRQVXOWLQJ PaUWQHU - AXWRPRWLYH SWUaWHJ\ 15 

CRQVXOWLQJ SHQLRU CRQVXOWaQW 33 

RHVHaUcK PURIHVVRU - AOWHUQaWLYH FXHOV aQd DULYHWUaLQV 25 

RHVHaUcK PURIHVVRU - TUaQVSRUW aQd MRbLOLW\ 20 

RHVHaUcK PURMHcW MaQaJHU - TUaQVSRUW aQd MRbLOLW\ 6 

RHVHaUcK THaP LHad - CRPPHUcLaO TUaQVSRUW 27 

 

FROORZLQJ BURZQ aQd HHOPHU (1964), BHVW (1974) aQd BLMO (1992), ZH LQcOXdHd WKH IROORZLQJ 

VHOI-aVVHVVPHQW TXHVWLRQ LQ WKH ILUVW URXQd VXUYH\ WR HQVXUH daWa UHOLabLOLW\: ́ HoZ ZoXld \oX rank 

\oXr leYel of e[perWiVe on alWernaWiYe fXel-poZered HDTV?µ. OQ a ILYH-SRLQW LLNHUW VcaOH, HLJKW 

SaUWLcLSaQWV (34.8%) UaQNHd WKHLU H[SHUWLVH aV (5) H[WUHPHO\ KLJK, WHQ (43.5%) aV (4) KLJK aQd 
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ILYH (21.7%) aV (3) baVLc. AccRUdLQJO\, QRQH RI WKH SaQHOLVWV aQVZHUHd WKH VHOI-aVVHVVPHQW 

TXHVWLRQ bHORZ baVLc H[SHUWLVH. OQH H[SHUW dLd QRW SaUWLcLSaWH LQ WKH VHcRQd URXQd ZKLcK 

HTXaOV a dURSRXW UaWH RI 4.3%.  PUHYLRXV UHVHaUcK ZLWK a VaPSOH RI 24 DHOSKL VWXdLHV VKRZV 

aQ aYHUaJH dURSRXW UaWH RI 18% bHWZHHQ WKH ILUVW WZR URXQdV (NRZacN, EQdULNaW aQd 

GXHQWKHU, 2011) ZKaW VLJQaOV WKaW SaUWLcLSaWLQJ H[SHUWV ZHUH RYHUaOO VaWLVILHd ZLWK WKH VXUYH\ 

dHVLJQ aQd WKH cRQWHQW RI RXU VWXd\. 

 

2.4.2 Part A: Factors affecting the pXrchasing decision and operation 

SHcRQdaU\ daWa IURP dLIIHUHQW VcLHQWLILc SaSHUV ZaV cROOHcWHd WR LdHQWLI\ IacWRUV WKaW aIIHcW WKH 

SXUcKaVLQJ dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd YHKLcOHV. OXU VHaUcK UHVXOWHd 

LQ 66 EQJOLVK OaQJXaJH VcLHQWLILc SaSHUV ZKLcK ZHUH UHYLHZHd WR LdHQWLI\ IacWRUV WKaW dULYH WKH 

adRSWLRQ RU aYHUVLRQ RI aOWHUQaWLYH IXHO-SRZHUHd YHKLcOHV. AV UHVHaUcK RQ ORZ-HPLVVLRQ KHaY\-

dXW\ YHKLcOHV (HDVV) LV UaWKHU OLPLWHd, SUHYLRXVO\ SXbOLVKHd SaSHUV WHQd WR LQYHVWLJaWH 

SaVVHQJHU YHKLcOHV PaLQO\. SXPPaUL]Hd, ZH LdHQWLILHd 34 IacWRUV LQ WZHOYH acadHPLc SaSHUV, 

VHYHQ RI WKHP IRcXVLQJ RQ aOWHUQaWLYH IXHO-SRZHUHd SaVVHQJHU caUV aQd WKUHH RQ HDVV. TZR 

SaSHUV dR QRW VSHcLI\ ZKaW W\SH RI YHKLcOH WKH\ aUH LQYHVWLJaWLQJ. SRPH IacWRUV SUHVHQWHd ZHUH 

RQO\ IRXQd LQ VcLHQWLILc SaSHUV UHOaWHd WR SaVVHQJHU caUV bXW VHHP WR bH aSSOLcabOH aOVR IRU 

HDTV, IRU LQVWaQcH, ´UHOLabLOLW\µ (O]aNL aQd SHYaVW\aQRYa, 2011) RU ´UHIXHOLQJ WLPHµ 

(JXQTXHUa, MRUHQR aQd ÉOYaUH], 2016). IdHQWLILHd IacWRUV ZHUH aOORcaWHd WR RQH RI ILYH PaMRU 

caWHJRULHV dHILQHd LQ cRRSHUaWLRQ ZLWK WKH ZRUNVKRS SaUWLcLSaQWV: coVWV, Vocioeconomic facWorV, 

enYironmenWal facWorV, dail\ pracWicabiliW\ aQd poliWical facWorV. AV SUHYLRXVO\ dHVcULbHd, WKH JURXSLQJ 

RI IacWRUV LQWR PaMRU caWHJRULHV ZaV dRQH IRU SUHVHQWaWLRQ SXUSRVHV aQd ZLOO QRW bH aQaO\]Hd. 

TKH VHW RI LdHQWLILHd IacWRUV, PaMRU caWHJRULHV aQd cRUUHVSRQdLQJ UHIHUHQcHV aUH VXPPaUL]Hd 

LQ TabOH 12 LQ WKH aSSHQdL[. 

UVLQJ a VHYHQ-SRLQW LLNHUW VcaOH, SaUWLcLSaQWV ZHUH aVNHd WR UaWH WR ZKaW H[WHQW HacK IacWRU 

aIIHcWV WKH SXUcKaVLQJ dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\. 

TKH UHVXOWV RI bRWK DHOSKL URXQdV aUH VXPPaUL]Hd LQ TabOH 3, LQdLcaWLQJ WKH IQR IRU 

cRQVHQVXV PHaVXUHPHQW aQd CV cKaQJH IRU VWabLOLW\ PHaVXUHPHQW. WH XVH WKH PHaQ VcRUH WR 

aQaO\]H WKH UHOaWLYH LPSRUWaQcH RI HacK IacWRU aQd SURYLdH WKH PHdLaQ aV addLWLRQaO 

LQIRUPaWLRQ WR WKH UHadHU. 
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Table 3: FacWRUV aIIHcWLQJ WKH adRSWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\ 

 RoXnd 1 (n = 23) RoXnd 2 (n = 22)    

Factor IQR CV Median Mean IQR* CV Median Mean CV 

change** 

Con-

sensXs 

Sta- 

bilit\ 

1. CXrrent fXel costs 1.00 0.21 6.00 6.04 1.00 0.12 6.00 6.27 0.09 YHV YHV 

2. FXtXre trend in 
fXel costs 

1.50 0.28 7.00 5.87 1.00 0.19 7.00 6.27 0.10 YHV YHV 

3. SerYice and 
maintenance costs 

1.00 0.17 5.00 5.35 1.00 0.13 5.00 5.32 0.04 YHV YHV 

4. E[penses for 
repairs 

1.00 0.22 5.00 5.22 0.00 0.14 5.00 5.14 0.08 YHV YHV 

5. PXrchasing price 2.00 0.18 6.00 5.83 1.75 0.15 6.00 5.91 0.03 NR YHV 

6. Ta[es and 
insXrance 

1.50 0.37 4.00 4.30 1.75 0.28 4.00 4.09 0.09 NR YHV 

7. Depreciation/ 
Resale YalXe 

1.00 0.21 6.00 5.48 1.00 0.15 6.00 5.68 0.06 YHV YHV 

8. Being a 
trendsetter in 
enYironmental-
friendl\ 
technologies 

1.50 0.33 5.00 4.48 1.00 0.29 4.00 4.50 0.04 YHV YHV 

9. Being part of 
sociall\ responsible 
actiYities 
(marketing/ 
repXtation) 

1.50 0.32 5.00 4.57 1.00 0.24 5.00 4.73 0.09 YHV YHV 

10. General 
e[citement aboXt 
neZ technologies/ 
innoYations 

1.00 0.33 5.00 4.48 1.00 0.26 5.00 4.73 0.07 YHV YHV 

11. GreenhoXse gas 
emissions 

1.50 0.28 6.00 5.39 1.00 0.21 6.00 5.64 0.07 YHV YHV 

12. Noise emission 1.00 0.28 5.00 5.04 1.00 0.17 6.00 5.41 0.11 YHV NR 

13. Ecological 
impact of trXck 
manXfactXring and 
rec\cling 

2.50 0.44 3.00 3.87 2.00 0.38 3.00 3.82 0.06 NR YHV 

14. Well-to-Tank 
emissions 

3.50 0.46 5.00 4.30 2.75 0.40 4.00 4.14 0.06 NR YHV 

15. Tank-to-Wheel 
emissions 

2.00 0.34 6.00 5.17 0.75 0.20 6.00 5.59 0.14 YHV NR 

16. Well-to-Wheel 
emissions 

1.00 0.32 6.00 5.17 1.00 0.24 6.00 5.45 0.08 YHV YHV 

17. Reliabilit\ 0.00 0.06 7.00 6.83 0.00 0.03 7.00 6.95 0.03 YHV YHV 

18. RefXeling time 1.00 0.18 5.00 5.43 1.00 0.15 5.50 5.50 0.04 YHV YHV 

19. Ma[imXm 
Yehicle driYing 
range 

2.00 0.15 6.00 5.96 0.00 0.12 6.00 6.00 0.03 YHV YHV 

20. Safet\ featXres 1.50 0.19 5.00 5.35 1.00 0.18 6.00 5.50 0.02 YHV YHV 

21. Ma[imXm 
pa\load capacit\ 

2.00 0.18 6.00 6.00 1.75 0.14 6.00 6.14 0.05 NR YHV 

22. Brand/model of 
Yehicle 

1.00 0.30 4.00 4.35 1.00 0.22 4.00 4.36 0.08 YHV YHV 

23. SerYice qXalit\ of 
manXfactXrer 

1.50 0.13 6.00 6.04 0.75 0.10 6.00 6.14 0.02 YHV YHV 

24. 
FXeling/charging 
infrastrXctXre 

1.00 0.11 7.00 6.57 0.00 0.06 7.00 6.82 0.05 YHV YHV 

25. ManXfactXrers· 
Zarranties 

1.50 0.16 6.00 5.87 0.00 0.10 6.00 6.09 0.06 YHV YHV 

26. Vehicle design 2.00 0.40 3.00 3.04 1.50 0.39 3.00 3.32 0.01 NR YHV 

27. DriYer comfort 1.00 0.16 5.00 5.48 1.00 0.21 5.50 5.41 -0.05 YHV YHV 

28. Performance/ 
driYabilit\ 

0.50 0.13 6.00 5.87 0.00 0.10 6.00 6.00 0.03 YHV YHV 
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29. LeYel of e[tra 
eqXipment 

2.00 0.29 5.00 4.83 0.75 0.21 5.00 4.91 0.08 YHV YHV 

30. FXel 
specifications in 
tenders 

2.00 0.27 6.00 5.61 1.00 0.17 6.00 6.00 0.10 YHV YHV 

31. Possibilit\ to 
enter loZ-emission 
]ones 

1.00 0.15 6.00 6.17 1.00 0.14 7.00 6.36 0.01 YHV YHV 

32. Possibilit\ to 
enter loZ-noise 
]ones 

1.50 0.17 6.00 5.91 0.75 0.12 6.00 6.09 0.05 YHV YHV 

33. Financial 
incentiYes Zhen 
pXrchasing/ 
operating an 
alternatiYe fXel-
poZered trXck 

1.50 0.18 6.00 6.00 1.00 0.12 6.00 6.27 0.06 YHV YHV 

34. Independence of 
oil prodXcers 

2.00 0.50 3.00 3.39 2.00 0.47 3.00 3.27 0.03 NR YHV 

* CRQVHQVXV UHacKHd LI LQWHUTXaUWLOH UaQJH (IQR) RI Pa[LPXP 1.0 (DH VHW eW al., 2005) 
** SWabLOLW\ UHacKHd LI abVROXWH cRHIILcLHQW RI YaULaWLRQ (CV) dLIIHUHQcH bHWZHHQ URXQd 1 aQd URXQd 2 RI Pa[LPXP 0.1 
(KZLaWNRZVNL aQd CKLQRZVN\, 2017) 

 

2.4.2.1 Stabilit\ of resXlts and consensXs measXrement 

TabOH 3 VKRZV WKaW aOO bXW WZR IacWRUV (94.1%) PHW WKH SUHdHILQHd WKUHVKROd YaOXH RI 0.1 IRU 

VWabLOLW\ aIWHU WKH VHcRQd URXQd. SWabLOLW\ RI UHVSRQVHV ZaV SaUWLcXOaUO\ KLJK IRU WKH IROORZLQJ 

WKUHH IacWRUV: VafeW\ feaWXreV (0.02), Yehicle deVign (0.01) aQd WKH poVVibiliW\ Wo enWer loZ-emiVVion ]oneV 

(0.01). WH caOcXOaWHd a CV cKaQJH RI 0.11 IRU noiVe emiVVion aQd 0.14 IRU Tank-Wo-Wheel emiVVionV, 

WKXV, RQO\ 0.01 aQd 0.04 KLJKHU WKaQ WKH dHILQHd Pa[LPXP YaOXH. 

TKH dHYHORSPHQW RI cRQVHQVXV PHaVXUHPHQW baVHd RQ WKH IQR, SUHVHQWHd LQ TabOH 3, 

LQdLcaWHV WKaW 14 IacWRUV (41.2%) UHacKHd cRQVHQVXV aIWHU WKH ILUVW URXQd aV WKH IQR RI WKRVH 

IacWRUV ZaV bHORZ WKH UHcRPPHQdHd WKUHVKROd YaOXH RI 1.0 IRU WKH XWLOL]Hd VHYHQ-SRLQW LLNHUW 

VcaOH. RHVXOWV RI URXQd WZR VKRZ WKaW WKUHH RI WKRVH 14 IacWRUV WKaW Kad aOUHad\ UHacKHd 

cRQVHQVXV aIWHU WKH ILUVW DHOSKL URXQd, cRXOd IXUWKHU LPSURYH WKH UHacKHd OHYHO RI aJUHHPHQW. 

BHcaXVH RI WKLV, cRQWUROOHd IHHdbacN aQd VWaWLVWLcaO JURXS UHVSRQVH OLNHO\ OHd WR a cRQYHUJHQcH 

RI H[SHUWV· RSLQLRQV. IQ WRWaO, cRQVHQVXV ZaV aWWaLQHd IRU 27 IacWRUV (79.4%) aIWHU WKH VHcRQd 

URXQd.  A KLJK OHYHO RI cRQVHQVXV UHSUHVHQWHd b\ aQ IQR RI 0.0 cRXOd bH UHacKHd IRU e[penVeV 

for repairV, reliabiliW\, ma[imXm Yehicle driYing range, fXeling/charging infraVWrXcWXre, manXfacWXrerV· 

ZarranWieV aQd performance/driYabiliW\. OQ WKH RWKHU KaQd, WKH IROORZLQJ IacWRUV cRXOd QRW UHacK 

cRQVHQVXV: pXrchaVing price, Wa[eV and inVXrance, ecological impacW of WrXck manXfacWXring and rec\cling, 

Zell-Wo-Wank emiVVionV, ma[imXm pa\load capaciW\, Yehicle deVign aQd independence of oil prodXcerV. 
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2.4.2.2 RelatiYe importance 

WH IROORZ a VLPLOaU Za\ aV MaccaUWK\ aQd AWWKLUaZRQJ (2003) aV ZHOO aV RLcKaUdVRQ, LHHXZ 

aQd DXOOaHUW (2016) LQ WKH Za\ RI SUHVHQWLQJ WKH UHOaWLYH LPSRUWaQcH RI IacWRUV, aV WKH 

PHWKRdRORJ\ XVHd LQ bRWK DHOSKL VWXdLHV LV PRVW aOLJQHd ZLWK RXUV. 

AccRUdLQJ WR WKH UHSOLHV RI WKH H[SHUW SaQHO, reliabiliW\ (6.95), fXeling/charging infraVWrXcWXre (6.82), 

poVVibiliW\ Wo enWer loZ-emiVVion ]oneV (6.36), cXrrenW fXel coVWV (6.27) aQd fXWXre Wrend in fXel coVWV (6.27) 

aIIHcW WKH SXUcKaVLQJ dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\ 

WKH PRVW. TKH IacWRUV UaWHd ZLWK OHaVW LPSRUWaQcH aUH independence of oil prodXcerV (3.27), Yehicle 

deVign (3.32), ecological impacW of WrXck manXfacWXring and rec\cling (3.82), Wa[eV and inVXrance (4.09) aV 

ZHOO aV Zell-Wo-Wank emiVVionV (4.14). 

FLJ. 2 WR 6 bHORZ VXPPaUL]H WKH UHVXOWV IRU HacK PaMRU caWHJRU\ aQd SUHVHQW WKH UHOaWLYH 

LPSRUWaQcH SHU IacWRU LQ dHcUHaVLQJ RUdHU. 

CoVW FacWorV: FLJ. 2 VKRZV WKH UHOaWLYH LPSRUWaQcH RI IacWRUV UHOaWHd WR WKH PaMRU caWHJRU\ coVW. 

BRWK fXWXre Wrend in fXel coVWV (6.27) aQd cXrrenW fXel coVWV (6.27) aUH WKH PRVW LPSRUWaQW IacWRUV 

ZLWKLQ WKH caWHJRU\. PRSS eW al. (2009) aOVR dHVcULbH WKaW UHOaWLYH IXHO SULcHV aUH UHOHYaQW WR 

cXVWRPHUV aQd HYHQ PRUH IRU WKRVH ZKR aUH bX\LQJ ORZ-HPLVVLRQ YHKLcOHV. IQ cRQWUaVW WR RXU 

UHVXOWV, KQH], JHUHb aQd ObUHcKW (2014) UHSRUWHd WKaW WKH YHKLcOH SXUcKaVLQJ SULcH LV PRVW 

LPSRUWaQW IRU cRQVXPHUV ZKHQ SXUcKaVLQJ a QHZ caU. HRZHYHU, a SaUWLcLSaQW RI RXU VWXd\ 

H[SOaLQHd WKH UHOHYaQcH RI HDT IXHO cRVWV b\ LQdLcaWLQJ WKaW ́ IXHO cRVWV accRXQW IRU WKH OaUJHVW 

VKaUH RI aQQXaO WUXcN cRVWV aQd aUH WKHUHIRUH WKH PRVW UHOHYaQW cRVW IacWRUµ. TKH VaPH 

SaUWLcLSaQW addHd ´WKaW caSLWaO cRVWV (LQcOXdLQJ SXUcKaVLQJ SULcH aQd YHKLcOH UHVaOH YaOXH) 

IROORZ IXHO cRVWV. SHUYLcH, PaLQWHQaQcH aQd LQVXUaQcH cRVWV accRXQW IRU a UHOaWLYHO\ VPaOO VKaUH 

RI WKH WRWaO-cRVW-RI-RZQHUVKLS aQd aUH WKHUHIRUH OHVV LPSRUWaQWµ. AccRUdLQJ WR WKH KBA, WKH 

aYHUaJH aQQXaO PLOHaJH IRU SaVVHQJHU YHKLcOHV LQ 2017 ZaV aURXQd 14,000 NP bXW aOPRVW 

97,000 NP IRU HDT WUXcN WUacWRUV (KBA, 2018b). WH WKHUHIRUH aVVXPH WKaW WKH LPSRUWaQcH 

RI IXHO cRVWV LV UHOaWHd WR WKH aYHUaJH aQQXaO dULYLQJ UaQJH RI HDTV. OWKHU SaQHOLVWV LQdLcaWHd 

WKaW IacWRUV dLUHcWO\ LPSacWLQJ WKH WRWaO-cRVW-RI-RZQHUVKLS (TCO) RI a WUXcN aUH W\SLcaOO\ PRVW 

LPSRUWaQW WR cXVWRPHUV. TKH aWWUacWLYHQHVV RI aOWHUQaWLYH IXHOV LQ WKH U.S. WUXcNLQJ LQdXVWU\ 

ZaV aOUHad\ aQaO\]Hd LQ WKH 1990V b\ PaUNHU, FOHWcKaOO aQd PHWWLMRKQ (1997) ZKR cRQcOXdHd 

WKaW XWLOL]LQJ aOWHUQaWLYH IXHO-SRZHUHd WUXcNV QHHdV WR bH PRVW LPSRUWaQWO\ cRVW-HIILcLHQW. 
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SLHU]cKXOa (2014) aUJXHV WKaW ILUPV aUH PRUH OLNHO\ WR SXUcKaVH ORZ-HPLVVLRQ YHKLcOHV dHVSLWH 

KLJKHU SXUcKaVH cRVWV aV WKH\ aUH IRcXVLQJ RQ WKH RYHUaOO cRVWV ZKLcK caQ bH UHdXcHd WKURXJK 

dHcUHaVLQJ RSHUaWLQJ H[SHQVHV.  

 
FigXre 2: RHOaWLYH LPSRUWaQcH RI cRVW IacWRUV 

 

Socioeconomic FacWorV: TKH UHOaWLYH LPSRUWaQcH RI WKH WKUHH SUHVHQWHd VRcLRHcRQRPLc IacWRUV 

dLVSOa\Hd LQ FLJ. 3 ZHUH UaQNHd bHWZHHQ 4.50 aQd 4.73 aQd caQ bH WKHUHIRUH cRQVLdHUHd aV 

cRPSaUabO\ OHVV LPSRUWaQW cULWHULa. OQH DHOSKL H[SHUW QRWHd WKaW VXcK IacWRUV aUH QRW aV 

UHOHYaQW aV RWKHUV VLQcH ´ORJLVWLcV VHUYLcH SURYLdHUV dHILQH WKHPVHOYHV bHcaXVH RI SULcH aQd 

UHOLabLOLW\µ LQ WKH LQdXVWU\. OQH SaUWLcLSaQW aUJXHd WKaW a SRVLWLYH bUaQd LPaJH caQ RIWHQ bH 

cUHaWHd b\ RSHUaWLQJ MXVW a IHZ aOWHUQaWLYH IXHO-SRZHUHd WUXcNV, ´bXW RSHUaWLQJ a 100% ORZ-

HPLVVLRQ IOHHW LV a WRWaOO\ dLIIHUHQW WKLQJµ. TKLV VWaWHPHQW cRUUHVSRQdV WR WKH UHVXOWV RI 

SLHU]cKXOa (2014) ZKR IRXQd RXW WKaW VRPH ILUPV bRXJKW HOHcWULc YHKLcOHV IRU JUHHQZaVKLQJ 

WKH RUJaQL]aWLRQ·V LPaJH RQO\ aOWKRXJK ´LPSURYLQJ WKH RUJaQL]aWLRQ·V SXbOLc LPaJHµ 

(SLHU]cKXOa, 2014, S. 130) LV RQH RI WKH IacWRUV PRVW RIWHQ LdHQWLILHd ZK\ IOHHW PaQaJHUV dHcLdH 

WR bX\ HOHcWULc YHKLcOHV. NHYHUWKHOHVV, WKHUH aUH aOVR cRQVXPHUV ZKR SXUcKaVH ORZ-HPLVVLRQ 

YHKLcOHV WR UHdXcH WKHLU RZQ HcRORJLcaO IRRWSULQW ZKLcK LV WKHLU PaLQ SXUcKaVLQJ PRWLYaWRU 

(O]aNL aQd SHYaVW\aQRYa, 2011). 
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FigXre 3: RHOaWLYH LPSRUWaQcH RI VRcLRHcRQRPLc IacWRUV 

 

EnYironmenWal FacWorV: FLJ. 4 VXPPaUL]HV WKH UHOaWLYH LPSRUWaQcH RI HQYLURQPHQWaO IacWRUV ZKHQ 

SXUcKaVLQJ aQd RSHUaWLQJ aQ aOWHUQaWLYH IXHO-SRZHUHd HDT LQ GHUPaQ\. RHVXOWV VKRZ WKaW 

greenhoXVe gaV emiVVionV (5.64), Tank-Wo-Wheel emiVVionV (5.59) aV ZHOO aV Well-Wo-Wheel emiVVionV (5.45) 

ZHUH UaQNHd aV WKH PRVW LPSRUWaQW IacWRUV. OQH H[SHUW QRWHd WKaW Well-Wo-Wheel emiVVionV QHHd 

WR bH aQaO\]Hd WR HQVXUH ]HUR HPLVVLRQ WUXcNLQJ LQ WKH IXWXUH. Well-Wo-Wheel emiVVionV aUH dLYLdHd 

LQWR Well-Wo-Tank emiVVionV, ´accRXQWLQJ IRU WKH HQHUJ\ H[SHQdHd aQd aVVRcLaWHd HPLVVLRQV WR 

dHOLYHU WKH ILQLVKHd IXHO LQ WKH IXHO WaQNµ aQd Tank-Wo-Wheel emiVVionV ´WKaW LQcOXdH WKH ILQaO 

cRQYHUVLRQ RI WKH IXHO LQ WKH YHKLcOHµ (AOaPLa eW al., 2016, S. 446). HRZHYHU, AOaPLa eW al. (2016) 

aUJXH WKaW aQ LQWHUQaWLRQaO VWaQdaUd IRU aQaO\]LQJ Well-Wo-Wheel emiVVionV dRHV QRW H[LVW \HW. A 

DHOSKL SaUWLcLSaQW VWaWHd WKaW ´enYironmenWal facWorV VXcK aV noiVe emiVVionV QHHd WR bH caUHIXOO\ 

cRQVLdHUHd ZKHQ KaYLQJ dLUHcW LPSacW RQ WKH WUaQVSRUW LWVHOI, H.J. LQ caVH RI QLJKW-WLPH 

dHOLYHULHV RU WUaQVSRUWV ZLWKLQ ORZ-HPLVVLRQ ]RQHVµ. AQRWKHU H[SHUW QRWHd WKaW a VWaQdaUd IRU 

PHaVXULQJ VWUHHW-OHYHO QRLVH VXcK aV WKH DXWcK PIEK cHUWLILcaWLRQ dRHV QRW H[LVW \HW LQ 

GHUPaQ\. Well-Wo-Tank emiVVionV (4.30) aQd WKH ecological impacW of WrXck manXfacWXring and rec\cling 

(3.82) ZHUH HYaOXaWHd ZLWK WKH OHaVW LPSRUWaQcH LQ WKH HQYLURQPHQWaO caWHJRU\. TZR DHOSKL 

SaQHOLVWV PHQWLRQHd WKaW PaUJLQV LQ WKH URad IUHLJKW LQdXVWU\ aUH dHcUHaVLQJ aQd HQYLURQPHQWaO 

IacWRUV QHHd WR bH HcRQRPLcaOO\ IHaVLbOH, WRR. KQH], JHUHb aQd ObUHcKW (2014) VKRZ WKaW ORZHU 

UXQQLQJ cRVWV aUH RQH PaLQ PRWLYaWRU ZKHQ SXUcKaVLQJ a QHZ YHKLcOH ZKHUHaV UHdXcHd 

HPLVVLRQV aUH RIWHQ HYaOXaWHd aV a bRQXV, bXW QRW a WRS SULRULW\. 
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FigXre 4: RHOaWLYH LPSRUWaQcH RI HQYLURQPHQWaO IacWRUV 

 

Dail\ PracWicabiliW\: TKLUWHHQ IacWRUV ZHUH aOORcaWHd WR dail\ pracWicabiliW\ aQd aUH SUHVHQWHd LQ FLJ. 

5. AV SUHYLRXVO\ dHVcULbHd, reliabiliW\ (6.95) aQd WKH fXeling/charging infraVWrXcWXre (6.82) ZHUH 

HYaOXaWHd aV WKH IacWRUV ZLWK WKH KLJKHVW UHOaWLYH LPSRUWaQcH. TKH OaWWHU ZLOO bH H[WHQVLYHO\ 

dLVcXVVHd LQ PaUW B aV LW ZaV PHQWLRQHd aV RQH RI WKH PaLQ baUULHUV IRU WKH LdHQWLILHd 

WHcKQRORJLHV VXLWabOH WR VXbVWLWXWH dLHVHO-SRZHUHd HDTV. OQH H[SHUW H[SOaLQHd WKaW WKH 

reliabiliW\ RI WUXcNV LV HVVHQWLaO WR HQVXUH RQ-WLPH dHOLYHULHV aQd WR aYRLd cRVWO\ ILQHV dXH WR 

dHOa\V. TKH LPSRUWaQcH RI WKH YHKLcOH·V reliabiliW\ ZaV KLJKOLJKWHd b\ aQRWKHU H[SHUW ZKR 

VXPPaUL]Hd WKaW ´reliabiliW\ LV NH\ WR aYRLd WKaW cXVWRPHUV VZLWcK WR RQH RI RXU cRPSHWLWRUVµ. 

TKH ma[imXm pa\load capaciW\ LV VWURQJO\ dHSHQdHQW RQ a WUXcN·V PaLQ ILHOd RI aSSOLcaWLRQ aV MXVW 

VSHcLILc RSHUaWLRQV UHTXLUH WKH Pa[LPXP Sa\ORad caSacLW\ aV cRPPHQWHd b\ RQH SaUWLcLSaQW 

aQd aUH UaWKHU OLPLWHd LQ OHQJWK, KHLJKW RU ZLdWK. TKH Yehicle deVign (3.32) ZaV UaWHd aV RQH RI 

WKH OHaVW LPSRUWaQW cULWHULa ZKHQ SXUcKaVLQJ aQd RSHUaWLQJ aQ aOWHUQaWLYH IXHO-SRZHUHd HDT 

LQ GHUPaQ\. CRQWUaU\ WR cRPPHUcLaO YHKLcOHV, ´SW\OH/ASSHaUaQcH/CRORUµ ZaV HYaOXaWHd LQ 

WKH VWXd\ RI KQH], JHUHb aQd ObUHcKW (2014) aV RQH RI WKH PRVW LPSRUWaQW aVSHcWV RI SULYaWH 

cRQVXPHUV ZKHQ SXUcKaVLQJ a ORZ-HPLVVLRQ caU. OQH H[SHUW QRWHd WKaW ´IacWRUV VXcK aV Yehicle 

deVign RU a WUXcN·V brand aUH LPSRUWaQW WR cXVWRPHUV, WRR, bXW XOWLPaWHO\ VHcRQdaU\ cRPSaUHd 

WR RWKHU cULWHULaµ. HRZHYHU, aQRWKHU DHOSKL H[SHUW UHIHUUHd WR WKH cXUUHQW WUXcN dULYHU 

VKRUWaJH LQ EXURSH aQd aUJXHd WKaW LW LV cHUWaLQO\ ´LPSRUWaQW WR KaYH a JUHaW ZRUNLQJ 

HQYLURQPHQW IRU WKH dULYHUµ. 
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FigXre 5: RHOaWLYH LPSRUWaQcH RI IacWRUV UHOaWHd WR daLO\ SUacWLcabLOLW\ 

 

PoliWical FacWorV: FLJ. 6 RXWOLQHV WKH UHVXOWV RI WKH ILYH LdHQWLILHd poliWical facWorV. TKH PRVW 

LPSRUWaQW cULWHULRQ ZKHQ SXUcKaVLQJ aQd RSHUaWLQJ aQ aOWHUQaWLYH IXHO-SRZHUHd HDT LV Whe 

poVVibiliW\ Wo enWer loZ-emiVVion ]oneV (6.36). OQH SaQHO PHPbHU UHIHUUHd WR WKH dHcLVLRQ RI WKH 

GHUPaQ FHdHUaO AdPLQLVWUaWLYH CRXUW LQ LHLS]LJ aQd cRPPHQWHd WKaW IacWRUV VXcK aV WKH 

poVVibiliW\ Wo enWer loZ-emiVVion ]oneV JHW UHOHYaQW LI SROLWLcaO JXLdHOLQHV LQ GHUPaQ\ RU EXURSH aUH 

JHWWLQJ VWULcWHU. IQ FHbUXaU\ 2018, KHQcH, bHIRUH WKH ILUVW DHOSKL URXQd, WKH CRXUW LQ LHLS]LJ 

dHcLdHd WKaW dLHVHO YHKLcOHV caQ bH baQQHd IURP GHUPaQ cLW\ cHQWHUV WR UHdXcH KaUPIXO 

HPLVVLRQV (BXQdHVYHUZaOWXQJVJHULcKW, 2018). RHVXOWV b\ PaUNHU, FOHWcKaOO aQd PHWWLMRKQ (1997) 

VKRZ WKaW WUXcN RSHUaWRUV VZLWcK WR aOWHUQaWLYH IXHOV LQ caVH RI cRVW VaYLQJV RU LI cKaQJHV LQ 

OHJLVOaWLRQ IRUcH a cRQYHUVLRQ WR ORZ-HPLVVLRQ WUXcNV. TKLV WKRXJKW ZaV ZHOO VXPPaUL]Hd b\ 

aQRWKHU H[SHUW ZKR aUJXHd ´WKaW RQO\ ULJRURXV SROLWLcaO VWaQdaUdV ZLOO OHad WR a ZLdH adRSWLRQ 

RI aOWHUQaWLYH IXHO-SRZHUHd HDTVµ. HH addHd WKaW ´ILQaQcLaO LQcHQWLYHV ZLOO WKHQ KHOS WR VSXU 
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WKH SHQHWUaWLRQ UaWH RI ORZ-HPLVVLRQ HDTV LQ GHUPaQ\µ. GRYHUQPHQW LQcHQWLYHV aUH aOVR 

UHSRUWHd aV a SXUcKaVLQJ PRWLYaWRU RI ORZ-HPLVVLRQ SaVVHQJHU caUV (GaOOaJKHU aQd 

MXHKOHJJHU, 2011). TKH VXUYH\ UHVXOWV RI SLHU]cKXOa (2014) VKRZ WKaW PRVW ILUPV XWLOL]H 

JRYHUQPHQW JUaQWV WR cRPSHQVaWH IRU KLJK SXUcKaVLQJ SULcHV RI ORZ-HPLVVLRQ YHKLcOHV aQd 

XWLOL]H WKHP WR RYHUcRPH XQcHUWaLQWLHV RI QHZ WHcKQRORJLHV. 

 
FigXre 6: RHOaWLYH LPSRUWaQcH RI SROLWLcaO IacWRUV 

 

2.4.3 Part B: SZitching from diesel to alternatiYe fXels 

TKH IROORZLQJ VHcWLRQV SURYLdH aQ RYHUYLHZ RI WKH PaLQ PRWLYaWRUV, baUULHUV, aQd Za\V WR 

RYHUcRPH WKH PaLQ baUULHUV ZKHQ VZLWcKLQJ IURP dLHVHO-SRZHUHd HDTV WR baWWHU\ HOHcWULc 

(BE), IXHO cHOO HOHcWULc (FCE), cRPSUHVVHd QaWXUaO JaV (CNG) RU OLTXHILHd QaWXUaO JaV (LNG) 

HDTV LQ GHUPaQ\. 

DXULQJ WKH IacH-WR-IacH ZRUNVKRSV LQ JaQXaU\ 2018, WKH H[SHUWV VHOHcWHd HOHcWULc aV ZHOO aV 

QaWXUaO JaV dULYHV aV WKH PRVW SURPLVLQJ WHcKQRORJLHV WR UHdXcH HPLVVLRQV IURP HDTV LQ 

GHUPaQ\.  AccRUdLQJ WR WKH ZRUNVKRS SaUWLcLSaQWV, HOHcWULc YHKLcOHV caQ bH dLYLdHd LQWR BE 

YHKLcOHV ZKHUH a baWWHU\ SRZHUV WKH HOHcWULc PRWRU aQd K\dURJHQ FCE YHKLcOHV ZKHUH 

HOHcWULcLW\ LV JHQHUaWHd WKURXJK aQ HOHcWURcKHPLcaO SURcHVV WR SRZHU WKH HOHcWULc PRWRU 

(MaKPRXd eW al., 2016). OQ WKH RWKHU KaQd, QaWXUaO JaV caQ bH XVHd aV YHKLcOH IXHO LQ WKH IRUP 

RI CNG RU LNG. WKLOH CNG LV PadH b\ cRPSUHVVLQJ QaWXUaO JaV, LNG LV PadH b\ cRROLQJ 

QaWXUaO JaV dRZQ WR -162�C ZKHUH LW UHdXcHV LWV YROXPH aURXQd 600 WLPHV aQd bHcRPHV OLTXLd 

(PIRVHU, ScKaXHU aQd CRVWa, 2018). FROORZLQJ WKH EIO (2018), BE, FCE, CNG aQd LNG 
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HDTV caQ bH dHILQHd aV HcR-LQQRYaWLRQV aV WKH\ aUH VLJQLILcaQWO\ LPSURYHd SURdXcWV 

cRPSaUHd WR cRQYHQWLRQaO dLHVHO-SRZHUHd HDTV. 

BaVHd RQ WKH UHVXOWV RI WKH ILUVW URXQd, ZH SUHVHQWHd WKH cRQVROLdaWHd OLVWV RI 119 PRWLYaWRUV, 

baUULHUV aQd SRVVLbOH Za\V WR RYHUcRPH WKRVH baUULHUV IRU HacK RI WKH IRXU WHcKQRORJLHV. WH 

aVNHd WKH SaUWLcLSaQWV WR VHOHcW WKH WKUHH PRVW LPSRUWaQW cULWHULa ZKLcK ZLOO bH VXPPaUL]Hd LQ 

FLJ. 7 WR 10 aQd dLVcXVVHd LQ WKH IROORZLQJ VHcWLRQV LQcOXdLQJ H[SHUW cRPPHQWV IRU addLWLRQaO 

LQSXW. 

 

2.4.3.1 Batter\ electric heaY\-dXt\ trXcks 

CRPSaUHd WR BE SaVVHQJHU caUV, BE HDTV UHPaLQ H[RWLc. JXVW a IHZ PaQXIacWXUHUV H[LVW WKaW 

RIIHU BE HDTV IRU WKH EXURSHaQ RU GHUPaQ PaUNHW. WKLOH ZULWLQJ, ZH LdHQWLILHd PaLQO\ 

VPaOO PaQXIacWXUHUV VXcK aV FUaPR (FUaPR, 2018) aQd E-FRUcH (E-FRUcH, 2018) WKaW SXUcKaVH 

aYaLOabOH dLHVHO-SRZHUHd HDTV IURP OaUJH PaQXIacWXUHUV aQd HOHcWULI\ WKHP. AV RI FHbUXaU\ 

2019, OaUJH EXURSHaQ WUXcN PaQXIacWXUHUV VXcK aV DaLPOHU (DaLPOHU, 2018a), MAN (MAN, 

2019a)  aQd DAF (DAF, 2018) KaYH VWaUWHd SLORW WHVWV ZLWK IHZ VHOHcWHd cXVWRPHUV. 

MoWiYaWorV: TKH SRVVLbLOLW\ WR HQWHU ORZ-HPLVVLRQV ]RQHV ZaV cKRVHQ aV WKH PRVW UHOHYaQW 

PRWLYaWRU WR adRSW BE HDTV. OQH H[SHUW H[SOaLQHd WKaW OHJaO UHVWULcWLRQV VXcK aV dLHVHO baQV, 

aQd SXbOLc LQWHUHVW LQcUHaVH WKH JHQHUaO LQWHUHVW LQ BE YHKLcOHV. TKH VHcRQd PRWLYaWRU, TCO 

bHQHILWV, VHHPV WR bH cRQWUadLcWRU\, KRZHYHU, ILQdLQJV b\ ZKRX eW al. (2017) VKRZ WKaW WKHUH 

aUH VLWXaWLRQV ZKHUH BE WUXcNV caQ bH XVHd aV cRVW-HIILcLHQWO\ aV dLHVHO WUXcNV VLQcH WKH\ bHQHILW 

IURP ORZHU IXHO cRVWV. NHYHUWKHOHVV, SaUWLcLSaWLQJ H[SHUWV Kad cRQWUaU\ YLHZSRLQWV RQ WKaW 

LVVXH aV RQH UHVSRQdHQW QRWHd WKaW WKH SXUcKaVLQJ SULcH RI BE HDTV aQd WKH QHcHVVaU\ 

cKaUJLQJ VWaWLRQ bHORQJ aPRQJ WKH WRS baUULHUV ZLWKRXW SXbOLcO\ aYaLOabOH cKaUJLQJ SRLQWV. 

OWKHU H[SHUWV cRPPHQWHd WKaW UHdXcHd IXHO cRVWV OHad WR a SRVLWLYH bXVLQHVV caVH cRQVLdHULQJ 

OLIH c\cOH cRVWV. RHdXcHd QRLVH aQd TaQN-WR-WKHHO HPLVVLRQV aUH JHQHUaO cKaUacWHULVWLcV RI 

HOHcWULc YHKLcOHV aQd ZHUH VHOHcWHd aV RWKHU PaLQ PRWLYaWRUV cRPSaUHd WR dLHVHO HDTV. AQ 

H[SHUW KLJKOLJKWHd WKaW bRWK aVSHcWV VKRXOd QRW bH XQdHUHVWLPaWHd aV HVSHcLaOO\ BE HDTV ZLOO 

bH XVHd LQ XUbaQ ORJLVWLcV dXH WR WKH OLPLWHd dULYLQJ UaQJH. 
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BarrierV: DHVSLWH WKH SRVVLbLOLW\ RI a SRVLWLYH RYHUaOO TCO, H[SHUWV VHOHcWHd WKH KLJK SXUcKaVLQJ 

SULcH aV WKH WRS baUULHU ZKHQ VZLWcKLQJ IURP dLHVHO WR BE HDTV. DaYLV aQd FLJOLR]]L (2013) 

HYaOXaWHd WKH cRPSHWLWLYHQHVV RI HOHcWULc dHOLYHU\ WUXcNV aQd cRQcOXdHd WKaW VaYLQJV IURP 

RSHUaWLRQaO cRVWV PXVW bH KLJK HQRXJK WR RYHUcRPH WKH LQLWLaO SXUcKaVLQJ SULcH RI aQ HOHcWULc 

WUXcN. FXUWKHUPRUH, WKH aXWKRUV QRWH WKaW ´IXHO SULcH, SURMHcWLRQV abRXW baWWHU\ cRVWV aQd 

OLIHWLPHV, aQd YHKLcOH XWLOL]aWLRQ aUH WKH NH\ IacWRUV WKaW dHWHUPLQH WKH cRPSHWLWLYHQHVV RI 

HOHcWULc WUXcNVµ (DaYLV aQd FLJOLR]]L, 2013, S. 22). SHYHUaO UHVSRQdHQWV aUJXHd WKaW cXUUHQWO\ 

aYaLOabOH BE HDTV aUH WZR WR WKUHH WLPHV PRUH H[SHQVLYH WKaQ cRPPRQ dLHVHO HDTV ZKLcK 

aOVR UHVXOWV IURP WKH IacW WKaW VPaOO PaQXIacWXUHUV bX\ aYaLOabOH dLHVHO-SRZHUHd WUXcNV WKaW 

ZLOO bH HOHcWULILHd. CRQVHTXHQWO\, H[SHUWV QRWHd WKaW UHOLabLOLW\ aQd UHVLdXaO YaOXH RI WKRVH 

WUXcNV aUH cXUUHQWO\ XQNQRZQ. WH cRXOd IROORZ cRQWUaU\ RSLQLRQV cRQcHUQLQJ baWWHU\ cRVWV 

aPRQJ WKH SaQHOLVWV. WKLOH WZR H[SHUWV H[SOaLQHd WKaW KLJK SXUcKaVLQJ SULcHV UHVXOW IURP 

H[SHQVLYH baWWHU\ SacNV, WZR RWKHUV aUJXHd WKaW SULcHV aUH OLNHO\ WR dHcUHaVH ZLWKLQ WKH QH[W 

dHcadH. TKRVH SaQHOLVWV aOVR H[SOaLQHd WKaW baWWHU\ caSacLW\ ZLOO LQcUHaVH ZKaW OHadV WR a KLJKHU 

dULYLQJ UaQJH. NHYHUWKHOHVV, WKH SaQHO OLVWHd WKH cXUUHQWO\ ORZ dULYLQJ UaQJH aV aQRWKHU PaLQ 

baUULHU ZKHQ VZLWcKLQJ IURP dLHVHO- WR BE-SRZHUHd HDTV. DaLPOHU (2018) aV ZHOO aV MAN 

(2019) OLVW a Pa[LPXP dULYLQJ UaQJH RI XS WR 200 NP IRU WKHLU BE WUXcNV WKaW aUH cXUUHQWO\ 

bHLQJ WHVWHd. OQH H[SHUW aUJXHd WKaW PRVW WUXcNV dULYH OHVV WKaQ 150 NP SHU da\ aQd cRXOd bH 

SRZHUHd b\ baWWHULHV WR UHdXcH HPLVVLRQV. TKLUd, H[SHUWV HYaOXaWH WKH OacN RI cKaUJLQJ VWaWLRQV 

VXLWabOH IRU HDVV aV aQRWKHU PaLQ baUULHU. FRU LQVWaQcH, WKH baWWHU\ SacNV RI WKH ´DaLPOHU 

HAcWURVµ KaYH a caSacLW\ RI 240 NWK cRPSaUHd WR 17.6 NWK XVHd LQ WKH SPaUW EQ IRUWZR 

SaVVHQJHU YHKLcOH RU 37.9 NWK LQ WKH BMW L3 (DaLPOHU, 2018b; SPaUW, 2019; BMW, 2019). 

AccRUdLQJO\, BE HDTV QHHd a KLJKHU cKaUJH UaWH WKaQ HOHcWULc caUV WR UHcKaUJH baWWHULHV LQ a 

UHaVRQabOH WLPH. 

SolXWionV: DXH WR WKH H[SHQVLYH LQLWLaO SXUcKaVLQJ SULcH RI BE HDTV, SaQHOLVWV VXJJHVW VXbVLdLHV 

aQd RWKHU ILQaQcLaO LQcHQWLYHV WR UHdXcH WKH bXUdHQ ZKHQ VZLWcKLQJ IURP dLHVHO- WR BE-

SRZHUHd WUXcNV. IQ JXQH 2018, KHQcH, aIWHU WKH VHcRQd DHOSKL URXQd, WKH GHUPaQ JRYHUQPHQW 

aQQRXQcHd WR SURYLdH a VXbVLd\ RI 40,000 EXURV SHU HOHcWULc WUXcN ZKLcK aUH aOVR H[HPSWHd 

IURP GHUPaQ KLJKZa\ WROO VLQcH JaQXaU\ 2019 (BMVI, 2018, 2019c). OQH H[SHUW cRPPHQWHd 

WKaW BE HDTV aUH VWLOO LQ WKH HaUO\ VWaJHV aQd aUJXHd WKaW baWWHU\ WHcKQRORJ\ ZLOO IXUWKHU 

dHYHORS ZKaW cRPSHQVaWHV cXUUHQW dLVadYaQWaJHV UaWKHU VRRQ. NHYHUWKHOHVV, KH LQdLcaWHd WKaW 
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WKH OacN RI cKaUJLQJ SRLQWV LV cXUUHQWO\ a NQRcN-RXW cULWHULRQ IRU WKH cRPSUHKHQVLYH adRSWLRQ 

RI BE HDTV LQ GHUPaQ\, WRR. RHOaWHd WR SOaQQHd CO2 WaUJHWV IRU WUXcNV, WKH EXURSHaQ 

AXWRPRbLOH MaQXIacWXUHUV AVVRcLaWLRQ (ACEA) QRWHV WKaW KLJK-SRZHU cKaUJLQJ VWaWLRQV RI 

XS WR 350 NW aUH bHLQJ LPSOHPHQWHd acURVV WKH EU IRU SaVVHQJHU YHKLcOHV bXW aUH QRW XVabOH 

IRU WUXcNV. AccRUdLQJ WR WKH ACEA, a PLQLPXP RI 6,000 cKaUJLQJ VWaWLRQV ZLWK PRUH WKaQ 

500 NW LV QHcHVVaU\ acURVV WKH EU ZKLcK KaYH QRW HYHQ bHHQ dHYHORSHd \HW. AbRYH aOO, a 

VWaQdaUd SOXJ IRU BE HDTV LV VWLOO PLVVLQJ. TKH ACEA aUJXHV WKaW QR SXbOLcO\ aYaLOabOH 

cKaUJLQJ SRLQWV H[LVWHd IRU WUXcNV ZLWK PRUH WKaQ 150 NW acURVV EXURSH LQ 2018 (ACEA, 

2019). IQWURdXcLQJ ORZ-QRLVH aQd ORZ-HPLVVLRQ ]RQHV ZaV aQRWKHU VXJJHVWLRQ WR RYHUcRPH 

H[LVWLQJ baUULHUV ZKaW LV LQ OLQH ZLWK WKH dLIIXVLRQ RI HcR-LQQRYaWLRQ WKHRU\ aV UHJXOaWRU\ SXVK 

LV XVXaOO\ QHHdHd IRU a VXccHVVIXO SURdXcW LQWURdXcWLRQ (RHQQLQJV eW al., 2006). PaUWLcLSaWLQJ 

H[SHUWV MXVWLILHd WKLV UadLcaO VWHS b\ SXVKLQJ OaUJH EXURSHaQ WUXcN PaQXIacWXUHUV WRZaUdV 

HOHcWULILcaWLRQ RI HDTV aV ZHOO aV LQcUHaVLQJ VSHQdLQJ LQ baWWHU\ UHVHaUcK aQd dHYHORSPHQW 

ZKLcK OHadV WR dHcUHaVLQJ SULcHV aQd LQcUHaVLQJ baWWHU\ caSacLWLHV. 

 
FigXre 7: MRWLYaWRUV, baUULHUV, aQd VROXWLRQV WR VZLWcKLQJ WR BE HDTV 

 

2.4.3.2 FXel cell electric heaY\-dXt\ trXcks 

OWKHU WKaQ BE HDTV, WKHUH aUH QR cRPPHUcLaOO\ aYaLOabOH FCE HDTV aYaLOabOH LQ GHUPaQ\ 

RU EXURSH \HW. HRZHYHU, ILUVW SURWRW\SHV aUH cXUUHQWO\ bHLQJ WHVWHd. AW WKH WLPH RI ZULWLQJ, 
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WKH SZLVV cRPSaQ\ CRRS ZaV WHVWLQJ a 34 WRQ FCE WUXcN (H2EQHUJ\, 2017) aQd a cRQVRUWLXP 

ZLWK 15 SaUWQHUV aLPV WR bXLOd a 27 WRQ FCE WUXcN LQ EXURSH (WaWHUVWRINHW, 2018). IQ 

SHSWHPbHU 2018, WKH SRXWK KRUHaQ PaQXIacWXUHU H\XQdaL SUHVHQWHd aQ FCE HDT WKaW LV VHW 

WR bH OaXQcKHd LQ EXURSH LQ 2019 (H\XQdaL, 2018). DXH WR WKH LQWHUHVW IURP EXURSHaQ 

cXVWRPHUV, WKH APHULcaQ WUXcN cRPSaQ\ NLNROa MRWRU KaV cUHaWHd WKH K\dURJHQ FCE WUXcN 

NLNROa TUH IRU WKH EXURSHaQ PaUNHW. FLUVW WHVWV LQ EXURSH aUH SOaQQHd aURXQd 2020 LQ NRUZa\ 

(NLNROa MRWRU, 2018). 

MoWiYaWorV: SLPLOaU WR BE HDTV, TaQN-WR-WKHHO HPLVVLRQV, aQd WKH SRVVLbLOLW\ WR HQWHU ORZ-

HPLVVLRQ ]RQHV ZHUH HYaOXaWHd aV WKH PaLQ VWUHQJWKV RI FCE HDTV. IQ addLWLRQ, UHVSRQdHQWV 

VHOHcWHd WKH Pa[LPXP dULYLQJ UaQJH aV WKH WKLUd PaLQ PRWLYaWRU RI WKH WHcKQRORJ\. KaVW eW al. 

(2017) aQaO\]Hd FCE PHdLXP aQd KHaY\-dXW\ WUXcNV (MHDTV) aQd WKHLU UHVXOWV LQdLcaWH WKaW 

K\dURJHQ RQbRaUd VWRUaJH caQ VaWLVI\ WKH YHKLcOH UaQJH UHTXLUHPHQWV RI PRUH WKaQ 90% RI 

daLO\ URXWHV LQ WKH UQLWHd SWaWHV. TKH APHULcaQ PaQXIacWXUHU NLNROa MRWRU aQQRXQcHd LQ LWV 

SUHVV UHOHaVH a Pa[LPXP dULYLQJ UaQJH RI XS WR 1,200 NP IRU LWV FCE HDT ZKLcK ZLOO ILW 

ZLWKLQ aOO EXURSHaQ OHQJWK aQd VL]H UHVWULcWLRQV (NLNROa MRWRU, 2018). HRZHYHU, a SaUWLcLSaQW 

aUJXHd WKaW VWRULQJ K\dURJHQ LV cRPSOLcaWHd aQd, LQ cRQWUaVW WR RWKHU cRXQWULHV, cXUUHQW 

EXURSHaQ UHVWULcWLRQV LQ OHQJWK aQd VL]H dR QRW aOORZ XQOLPLWHd K\dURJHQ VWRUaJH RQbRaUd. 

TKXV, ORQJ-KaXO RSHUaWLRQV ZLOO bH dLIILcXOW ZLWKRXW adMXVWLQJ VXcK VWULcW EXURSHaQ UHVWULcWLRQV 

aV ZHOO aV IXUWKHU WHcKQRORJ\ UHVHaUcK aQd dHYHORSPHQW. AccRUdLQJ WR H\XQdaL, WKH Pa[LPXP 

dULYLQJ UaQJH RI WKH SOaQQHd FCE HDT ZLOO bH aURXQd 400 NP (H\XQdaL, 2019a). OQH H[SHUW 

VXPPaUL]Hd WKaW WKH WHcKQRORJ\ ´LV WKH bHVW VROXWLRQ IRU cXUUHQW cRQIOLcWV UHJaUdLQJ CO2 

UHdXcWLRQ aQd RWKHU KaUPIXO HPLVVLRQVµ. AQRWKHU UHVSRQdHQW cRPPHQWHd WKaW ´RQO\ FCE 

WUXcNV HQVXUH ]HUR HPLVVLRQ WUXcNLQJ ZLWK aQ accHSWabOH dULYLQJ UaQJH, VKRUW UHIXHOLQJ WLPH 

aQd a UHaVRQabOH Sa\ORad caSacLW\µ. 

BarrierV: TKH DHOSKL SaQHO VHOHcWHd WKH PLVVLQJ K\dURJHQ IXHOLQJ LQIUaVWUXcWXUH acURVV 

GHUPaQ\ aV aQ HVVHQWLaO baUULHU IRU ZLdH adRSWLRQ. CRPSaUabOH WR HOHcWULc cKaUJLQJ SRLQWV, 

PRVW RI WKH H[LVWLQJ 64 K\dURJHQ VWaWLRQV LQ GHUPaQ\ aV RI ASULO 2019 aUH QRW XVabOH IRU 

HDVV dXH WR VSacH UHVWULcWLRQV aQd dLIIHULQJ K\dURJHQ SUHVVXUH (H2 MRbLOLW\, 2019). OQH 

H[SHUW VWaWHd WKaW WKHUH ZaV QR VWaQdaUd dHILQHd \HW aQd H[SOaLQHd WKaW HDVV ZLOO PRVW OLNHO\ 

XVH 350 baU ZKHUHaV FCE SaVVHQJHU caUV aUH cXUUHQWO\ cRQVWUXcWHd IRU 700 baU RI XVH. TKLV 

aUJXPHQWaWLRQ cRUUHVSRQdV WR WKH VWXd\ RI KaVW eW al. (2017) ZKR cRQVLdHU 350 baU IRU PHdLXP 
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WUXcNV aQd KHaYLHU. BHVLdHV, cXUUHQW SURWRW\SHV UHTXLUH a SUHVVXUH RI 350 baU, IRU LQVWaQcH, WKH 

34 WRQ FCE SURWRW\SH WUXcN WHVWHd b\ CRRS LQ SZLW]HUOaQd aV ZHOO aV WKH SOaQQHd FCE HDT 

IURP H\XQdaL (H2EQHUJ\, 2017; H\XQdaL, 2019a). HRZHYHU, WKH ACEA aUJXHV WKaW ORQJ-KaXO 

WUXcNV UHTXLUH OLTXHILHd K\dURJHQ RU 700 baU SUHVVXUH, aV SOaQQHd b\ NLNROa MRWRU, WR UHaOL]H 

ORQJ dLVWaQcHV bXW WKRVH ILOOLQJ VWaWLRQV dR QRW H[LVW \HW (NLNROa MRWRU, 2018; ACEA, 2019). 

TKH cXUUHQW SURWRW\SH VWadLXP ZaV VHOHcWHd aV aQRWKHU PaLQ baUULHU RI WKH WHcKQRORJ\. TKLV 

LV VXSSRUWHd b\ a VWXd\ IURP RROaQd BHUJHU CRQVXOWLQJ WKaW LQYHVWLJaWHV bXVLQHVV caVHV IRU 

FCV aQd K\dURJHQ aSSOLcaWLRQV IURP AXJXVW 2017 aQd cOaVVLILHV WKH WHcKQRORJ\ UHadLQHVV OHYHO 

(TRL) RI FCE HDTV aV 6 (SURWRW\SH) RQ a VcaOH IURP 1 (LdHa) WR 9 (IXOO\ cRPPHUcLaO) (RROaQd 

BHUJHU GPbH, 2017). OQ WKH RWKHU KaQd, FCE SaVVHQJHU caUV aUH aOUHad\ aYaLOabOH LQ 

GHUPaQ\, IRU LQVWaQcH, WKH TR\RWa MLUaL aQd WKH H\XQdaL NEXO. HRZHYHU, FCV WR SRZHU 

aQ HOHcWULc PRWRU aUH VWLOO H[SHQVLYH ZKaW ZaV cKRVHQ aV aQRWKHU PaLQ baUULHU RI FCE HDTV. 

TR RXU NQRZOHdJH, WKHUH ZHUH QR RIILcLaO SULcHV IRU cRPPHUcLaOO\ aYaLOabOH FCE HDTV 

aQQRXQcHd \HW, bXW cXUUHQW SULcHV RI FCE SaVVHQJHU caUV VHUYH aV aQ LQdLcaWLRQ IRU WKH FC 

SULcH SUHPLXP. WKLOH ZULWLQJ, WKH RIILcLaO SULcH RI WKH H\XQdaL NEXO LV 69,000 EXURV LQ 

GHUPaQ\ ZKHUHaV SULcHV RI a dLHVHO-SRZHUHd H\XQdaL TXcVRQ VWaUW IURP 25,520 EXURV 

(H\XQdaL, 2019b). TKXV, RQH H[SHUW VXPPaUL]Hd WKaW FCE HDTV ZLOO QRW bH a YLabOH 

HcRQRPLc RSWLRQ XQWLO 2030 dXH WR WKH cXUUHQW SURWRW\SH OHYHO aQd cUXcLaO WHcKQRORJLcaO 

cKaOOHQJHV. AQRWKHU H[SHUW cULWLcL]Hd WKH cXUUHQW LQacWLYLW\ RI EXURSHaQ WUXcN PaQXIacWXUHUV 

UHJaUdLQJ FCE YHKLcOHV aQd cOaLPV IRU VWULcW OHJLVOaWLYH cKaQJHV. 

SolXWionV: MRVW H[SHUWV VHH a SULcH UHdXcWLRQ RI FCV aV aQ LPSRUWaQW VWHS WRZaUdV WKH IXWXUH 

adRSWLRQ RI FCE HDTV LQ GHUPaQ\. OQH H[SHUW aUJXHd WKaW a cOHaU LPSOHPHQWaWLRQ VWUaWHJ\ 

LV PLVVLQJ WKaW ZRXOd UHVXOW LQ ORZHU FC SULcHV aV ZHOO aV LQ UHdXcHd K\dURJHQ VWRUaJH cRVWV. 

TKH VaPH H[SHUW aOVR UHIHUV WR CKLQa ZKHUH WKH JRYHUQPHQW LQYHVWV KHaYLO\ LQ FCE YHKLcOHV. 

FRU LQVWaQcH, BaOOaUd PRZHU S\VWHPV, a CaQadLaQ dHYHORSHU aQd PaQXIacWXUHU RI FCV 

aQQRXQcHd WKaW WKH CKLQHVH cRPSaQ\ SKaQJKaL EdULYH ZLOO aVVHPbOH BaOOaUd FCV WR UHacK WKH 

aQQXaO SURdXcWLRQ WaUJHWV RI 3,000 FCE YHKLcOHV b\ 2020 aQd 30,000 b\ 2025 (BaOOaUd, 2017). 

MRUHRYHU, CKLQa aLPV WR KaYH RYHU 300 K\dURJHQ UHIXHOLQJ VWaWLRQV LQ RSHUaWLRQ b\ 2025 aQd 

PRUH WKaQ 1,000 VWaWLRQV b\ 2030 aV dHVcULbHd LQ WKH CKLQHVH ´H\dURJHQ FXHO CHOO VHKLcOH 

THcKQRORJ\ RRadPaSµ (SAE CKLQa, 2016). IQ OLQH ZLWK WKH dLIIXVLRQ RI HcR-LQQRYaWLRQ 

WKHRU\, WKH SaQHO VXJJHVWHd VXbVLdL]LQJ EXURSHaQ WUXcN PaQXIacWXUHUV WKaW LQYHVW LQ WKH 
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WHcKQRORJ\. WKLOH WUXcN cXVWRPHUV ZRXOd JHQHUaOO\ bHQHILW IURP FCE HDTV, PaQXIacWXUHUV 

bHaU KLJKHU cRVWV WKaQ WKHLU cRPSHWLWRUV WKaW LQYHVW LQ FCE WUXcNV aW a OaWHU VWaJH. TKH WKLUd 

VROXWLRQ VXJJHVWHd b\ WKH SaQHO LV WR LQWHQVLI\ UHVHaUcK aQd dHYHORSPHQW. TKH GHUPaQ 

JRYHUQPHQW OaXQcKHd WKH NaWLRQaO H\dURJHQ aQd FXHO CHOO THcKQRORJ\ IQQRYaWLRQ PURJUaP 

IRU UHVHaUcK aQd dHYHORSPHQW IXQdLQJ LQ WKH ILHOd RI K\dURJHQ aQd FCV (BMVI, 2019b). 

HRZHYHU, RQH H[SHUW aUJXHd WKaW VXbVLdLHV aV ZHOO aV UHVHaUcK aQd dHYHORSPHQW aUH LPSRUWaQW, 

bXW VHcRQdaU\ ZLWKRXW a cOHaU JRYHUQPHQWaO VWUaWHJ\. 

 
FigXre 8: MRWLYaWRUV, baUULHUV, aQd VROXWLRQV WR VZLWcKLQJ WR FCE HDTV 

 

2.4.3.3 Compressed natXral gas heaY\-dXt\ trXcks 

CRPSUHVVHd QaWXUaO JaV (CNG) LV a cRPSaUabO\ PaWXUH WHcKQRORJ\ ZKLcK LV aOVR XVHd LQ 

SaVVHQJHU caUV, IRU LQVWaQcH, WKH VRONVZaJHQ GROI TGI (VRONVZaJHQ, 2019). CNG HDTV aUH 

aYaLOabOH IURP dLIIHUHQW OaUJH EXURSHaQ WUXcN PaQXIacWXUHUV, H.J. IVECO (IVECO, 2018) aQd 

ScaQLa (ScaQLa, 2018). 

MoWiYaWorV: TKH DHOSKL SaQHO VHOHcWHd WKH aYaLOabLOLW\ RI CNG HDTV IURP OaUJH EXURSHaQ 

WUXcN PaQXIacWXUHUV aV WKH WRS PRWLYaWRU WR VZLWcK IURP dLHVHO WR WKLV WHcKQRORJ\. OQH H[SHUW 

cRPPHQWHd WKaW CNG caQ bH HYaOXaWHd aV a UHOLabOH WHcKQRORJ\ WKaW cRXOd bH XVHd 

LPPHdLaWHO\ LQ daLO\ ORJLVWLcV RSHUaWLRQV. AQRWKHU H[SHUW QRWHd WKaW CNG LV a YLabOH VROXWLRQ 

IRU UHJLRQaO RSHUaWLRQV RI XS WR 300 NP. AccRUdLQJ WR ScaQLa (2017), WKH Pa[LPXP UaQJH RI 
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CNG HDTV LV aSSUR[LPaWHO\ 500 NP. HRZHYHU, aQ H[SHUW aUJXHd WKaW CNG HDTV cRXOd bH 

VXbVWLWXWHd b\ BE WUXcNV VRRQ dXH WR TXLcN WHcKQRORJLcaO dHYHORSPHQWV. FXUWKHUPRUH, WKH 

SaQHO cKRVH WKH SRVVLbLOLW\ WR HQWHU ORZ-HPLVVLRQ ]RQHV aV aQRWKHU PaLQ adYaQWaJH RI WKH 

WHcKQRORJ\. TKH SRVLWLYH TCO ZaV VHOHcWHd aV WKH WKLUd PRWLYaWRU ZKHQ VZLWcKLQJ WR CNG-

SRZHUHd HDTV LQ GHUPaQ\. A VWXd\, cRPPLVVLRQHd b\ WKH GHUPaQ JRYHUQPHQW, cRPSaUHd 

dLHVHO aQd QaWXUaO JaV HDTV aQd UHVXOWV VKRZ WKaW WKH SUHPLXP cXVWRPHUV Sa\ IRU CNG 

HDTV LV SaLd bacN LQ OHVV WKaQ IRXU \HaUV. HRZHYHU, WKH aXWKRUV QRWH WKaW UHVXOWV aUH XVH-caVH 

dHSHQdHQW aQd LQdLcaWH WKaW TCO caOcXOaWLRQV caQ cKaQJH TXLcNO\ dXH WR YaULRXV IacWRUV WKaW 

QHHd WR bH cRQVLdHUHd caUHIXOO\ (LLVcKNH eW al., 2015). 

BarrierV: CRPSaUHd WR RWKHU WHcKQRORJLHV, H[SHUWV VHH cRPSaUabO\ OLWWOH HQYLURQPHQWaO bHQHILWV 

RI CNG HDTV. A SaUWLcLSaWLQJ cRQVXOWaQW VWaWHd WKaW CNG LV VWLOO a IRVVLO IXHO aQd ZLOO QRW 

KHOS WR UHacK WKH CO2 UHdXcWLRQ WaUJHWV. TKLV cRUUHVSRQdV WR WKH UHVXOWV SUHVHQWHd b\ SHQ, 

EUcaQ aQd TaWaUL (2017) ZKR cRPSaUHd dLHVHO aQd aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ WKH 

UQLWHd SWaWHV aQd cRQcOXdHd WKaW CNG WUXcNV dR QRW LPSURYH OLIH-c\cOH HQYLURQPHQWaO 

LPSacWV. TKH SaQHO HYaOXaWHd WKH cKHaS dLHVHO SULcH aV ZHOO aV WKH SRRU CNG IXHOLQJ 

LQIUaVWUXcWXUH IRU HDTV aV RWKHU PaLQ baUULHUV RI WKH WHcKQRORJ\. SHYHUaO SaQHOLVWV aUJXHd 

WKaW a VaWLVIacWRU\ CNG LQIUaVWUXcWXUH H[LVWV, bXW PRVW VWaWLRQV dR QRW RIIHU QHcHVVaU\ 

caSacLWLHV IRU HDTV. AccRUdLQJ WR WKH EXURSHaQ NaWXUaO & bLR GaV VHKLcOH AVVRcLaWLRQ 

(NGVA), 854 CNG VWaWLRQV H[LVW LQ GHUPaQ\ aV RI ASULO 2019, bXW PRVW RI WKHP aUH dHVLJQHd 

IRU SaVVHQJHU caU XVH RQO\ (NGVA, 2019). 

SolXWionV: APRQJ RWKHUV, H[SHUWV cOaLP VXbVLdLHV aQd RWKHU ILQaQcLaO LQcHQWLYHV WR RXWZHLJK 

H[LVWLQJ dLVadYaQWaJHV RI WKH WHcKQRORJ\. AccRUdLQJ WR LLVcKNH eW al. (2015), CNG HDTV aUH 

aURXQd 20,000 EXURV PRUH H[SHQVLYH WKaQ WKHLU dLHVHO-SRZHUHd cRXQWHUSaUWV. IQ JXQH 2018, 

WKH GHUPaQ JRYHUQPHQW aQQRXQcHd a SXUcKaVLQJ VXbVLd\ RI 8,000 EXURV SHU CNG WUXcN 

(BMVI, 2018). MRUHRYHU, VLQcH JaQXaU\ 2019, QaWXUaO JaV WUXcNV aUH H[HPSWHd IURP WKH 

GHUPaQ KLJKZa\ WROO IRU aQ LQLWLaO SHULRd RI WZR \HaUV (BMVI, 2019c). E[SHUWV aOVR VXJJHVW 

WKH LQWURdXcWLRQ RI OHJaO UHVWULcWLRQV WR PaNH CNG a PRUH aWWUacWLYH aOWHUQaWLYH IRU SRWHQWLaO 

XVHUV. IQ RUdHU WR UHacK dHILQHd VXVWaLQabLOLW\ WaUJHWV aQd WR LPSURYH HQYLURQPHQWaO bHQHILWV 

RI CNG, H[SHUWV aVVHVVHd WKH XVH RI bLRPHWKaQH aV aQ LPSRUWaQW Za\ WR HQKaQcH LWV HcRORJLcaO 

LPSacW. AccRUdLQJ WR GRXOdLQJ eW al. (2017), bLRJaV LV SURdXcHd WKURXJK aQ aQaHURbLc dLJHVWLRQ 

SURcHVV aQd KHOSV WR UHdXcH GHG HPLVVLRQV LQ WKH WUaQVSRUWaWLRQ VHcWRU. TKH aXWKRUV dHVcULbH 
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WKaW bLRPHWKaQH ´LV W\SLcaOO\ LQMHcWHd LQWR WKH QaWXUaO JaV QHWZRUN ZKHUH LW caQ bH XVHd aV a 

VXbVWLWXWH IRU QaWXUaO JaV LQ aQ\ bOHQd SURSRUWLRQ WR IRUP bLR-CNGµ (GRXOdLQJ eW al., 2017, 

S. 80). HRZHYHU, aQ H[SHUW QRWHd WKaW ´WKH aPRXQW RI bLRPHWKaQH SURdXcHd LV YHU\ OLPLWHd 

aQd HLWKHU HQRXJK WR SRZHU aOO cLW\ bXVHV LQ GHUPaQ\ RU a VLJQLILcaQW QXPbHU RI WUXcNV RU 

caUVµ. 

 
FigXre 9: MRWLYaWRUV, baUULHUV, aQd VROXWLRQV WR VZLWcKLQJ WR CNG HDTV 

 

2.4.3.4 LiqXefied natXral gas heaY\-dXt\ trXcks 

LLTXHILHd QaWXUaO JaV (LNG) LV PaLQO\ XVHd IRU KHaY\-dXW\ URad WUaQVSRUW RU VKLSSLQJ aQd LV 

aQRWKHU SRVVLbLOLW\ WR UHdXcH GHG HPLVVLRQV IURP HDTV. LNG WUXcNV aUH aYaLOabOH IURP 

YaULRXV EXURSHaQ WUXcN PaQXIacWXUHUV VXcK aV IVECO (IVECO, 2018), ScaQLa (ScaQLa, 2018), 

aQd VROYR (VROYR, 2018a). 

MoWiYaWorV: FLJ. 10 LOOXVWUaWHV WKaW WKH KLJK dULYLQJ UaQJH RI LNG HDTV ZaV cKRVHQ aV WKH PaLQ 

adYaQWaJH RI WKH WHcKQRORJ\ b\ WKH H[SHUW SaQHO. FRU LQVWaQcH, WKH IVECO SWUaOLV HTXLSSHd 

ZLWK WZR LNG WaQNV HQVXUHV a Pa[LPXP dULYLQJ UaQJH RI XS WR 1,600 NP (IVECO, 2019). 

OQH DHOSKL SaUWLcLSaQW cRPPHQWHd WKaW LNG LV cXUUHQWO\ WKH RQO\ YLabOH aOWHUQaWLYH IRU 

dLHVHO-SRZHUHd HDTV aQd ORQJ-KaXO WUaQVSRUWV. FXUWKHUPRUH, WKH SaQHO VHOHcWHd WKH 

cRPSHWLWLYH TCO aV aQRWKHU dULYHU ZKHQ VZLWcKLQJ IURP dLHVHO- WR LNG-SRZHUHd HDTV. 

AccRUdLQJ WR LLVcKNH eW al. (2015), LNG HDTV LQ GHUPaQ\ Sa\ bacN aIWHU WKUHH WR VL[ \HaUV 
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cRPSaUHd WR dLHVHO-SRZHUHd HDTV. HRZHYHU, VLPLOaU WR CNG, WKH aXWKRUV QRWH WKaW TCO 

caOcXOaWLRQV RI LNG HDTV caQ cKaQJH TXLcNO\ dXH WR YaU\LQJ cLUcXPVWaQcHV VXcK aV 

LQcUHaVLQJ Wa[HV RQ QaWXUaO JaV (LLVcKNH eW al., 2015). LaVWO\, SaUWLcLSaQWV KLJKOLJKWHd WKH 

SRVVLbLOLW\ WR HQWHU ORZ-HPLVVLRQ ]RQHV aV ZHOO aV WKH UHdXcHd aLU SROOXWLRQ RI LNG SRZHUHd 

HDTV aV LPSRUWaQW PRWLYaWRUV. RHVXOWV SUHVHQWHd b\ OVRULR-THMada, LOHUa-SaVWUHVa aQd 

ScaUSHOOLQL (2017) cRQILUP WKaW WKH XVH RI LNG dHcUHaVHV GHG HPLVVLRQV b\ XS WR 20% aQd 

HOLPLQaWHV aOPRVW 100% RI RccXUULQJ VXOIXU R[LdHV. OQH SaUWLcLSaQW VXPPaUL]Hd WKaW LNG ´LV 

aQ H[LVWLQJ aOWHUQaWLYH IRU KHaY\-dXW\ ORQJ-KaXO WUaQVSRUWV aQd LV aOUHad\ a IXOO\ accHSWHd 

WHcKQRORJ\ LQ RWKHU EXURSHaQ cRXQWULHV, bXW QRW \HW LQ GHUPaQ\µ. 

BarrierV: TKH PaLQ baUULHU RI WKH WHcKQRORJ\ LV WKH aOPRVW QRQ-H[LVWHQW LNG IXHOLQJ 

LQIUaVWUXcWXUH acURVV GHUPaQ\ ZKLcK ZaV aOVR cULWLcL]Hd b\ WKH ACEA (ACEA, 2019). AV RI 

ASULO 2019, 195 LNG IXHOLQJ VWaWLRQV H[LVW acURVV EXURSH. OQO\ WKUHH RI WKHP aUH ORcaWHd LQ 

GHUPaQ\ cRPSaUHd WR 27 VWaWLRQV LQ WKH NHWKHUOaQdV, 43 LQ SSaLQ aQd 46 LQ IWaO\ (NGVA, 

2019). AccRUdLQJ WR WKH ACEA, a PLQLPXP QXPbHU RI 1,000 LNG VWaWLRQV LV UHTXLUHd acURVV 

EXURSH (ACEA, 2019). TKH KLJK SXUcKaVLQJ SULcH LV aQRWKHU PaLQ baUULHU ZKHQ VZLWcKLQJ WR 

LNG HDTV. LLVcKNH eW al. (2015) dHVcULbH WKaW WKH SXUcKaVLQJ cRVWV RI aQ LNG HDT aUH 

35,000 EXURV WR 50,000 EXURV KLJKHU WKaQ WKRVH RI cRPSaUabOH dLHVHO-SRZHUHd HDTV. TKH 

WKLUd baUULHU LV WKH OacN RI bUaQd aQd PRdHO YaULHW\. OQH SaUWLcLSaQW LQdLcaWHd WKaW GHUPaQ 

WUXcN PaQXIacWXUHUV dR QRW RIIHU LNG-SRZHUHd YHKLcOHV LQ EXURSH. AQRWKHU H[SHUW VWaWHd 

WKaW PRUH WUXcN PaQXIacWXUHUV VKRXOd HQWHU WKH PaUNHW ZKaW cRXOd OHad WR a SULcH UHdXcWLRQ 

RI H[SHQVLYH LNG WaQNV aQd XOWLPaWHO\ aOVR WR aQ LQcUHaVLQJ QXPbHU RI LNG IXHOLQJ VWaWLRQV 

acURVV GHUPaQ\. HRZHYHU, aQRWKHU caQdLdaWH QRWHd WKaW EXURSHaQ WUXcN PaQXIacWXUHUV VHHP 

WR VKRZ aQ LQcUHaVLQJ LQWHUHVW LQ WKH WHcKQRORJ\ UHVXOWLQJ IURP WKH ZRUOdZLdH dHPaQd IRU 

LNG HDVV. 

SolXWionV: DXH WR WKH PLVVLQJ LQIUaVWUXcWXUH, PRVW H[SHUWV cRPPHQWHd WKaW a cRPSUHKHQVLYH 

LNG LQIUaVWUXcWXUH acURVV GHUPaQ\ QHHdV WR bH HVWabOLVKHd. TKH ´BOXH CRUULdRU PURMHcWµ 

ZaV VXSSRUWHd b\ WKH EC IURP 2013 WR 2017 WR IacLOLWaWH WKH adRSWLRQ RI LNG VWaWLRQV acURVV 

EXURSH bXW PRVW VWaWLRQV aUH cXUUHQWO\ ORcaWHd LQ ZHVWHUQ aQd VRXWKHUQ EXURSH. AQ H[SHUW 

H[SOaLQHd WKaW LNG WHUPLQaOV aUH XVHd IRU WKH dLVWULbXWLRQ RI LNG aQd aUH ORcaWHd LQ ZHVWHUQ 

aQd VRXWKHUQ EXURSHaQ cRXQWULHV bHcaXVH RI WKHLU KaUbRUV aQd ORQJ cRaVWOLQHV. AccRUdLQJ WR 

WKH GHUPaQ MLQLVWU\ IRU EcRQRPLc AIIaLUV aQd EQHUJ\ (BMWL), LNG VXSSO\ caQ bH 
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WKHRUHWLcaOO\ VHcXUHd WKURXJK RWKHU EXURSHaQ cRXQWULHV, bXW a GHUPaQ cRQVRUWLXP LV cXUUHQWO\ 

SOaQQLQJ WKH ILUVW LNG WHUPLQaO LQ BUXQVbXHWWHO (BMWL, 2019b). SXbVLdLHV aQd ILQaQcLaO 

bHQHILWV b\ WKH GHUPaQ JRYHUQPHQW ZHUH VHOHcWHd aV aQRWKHU Za\ WR RYHUcRPH WKH baUULHUV 

RI LNG HDT adRSWLRQ LQ GHUPaQ\. AV SUHYLRXVO\ dHVcULbHd, WKH SXUcKaVLQJ SULcH RI LNG 

HDTV LV 35,000 EXURV WR 50,000 EXURV KLJKHU cRPSaUHd WR dLHVHO-SRZHUHd HDTV (LLVcKNH 

eW al., 2015). TKXV, WKH MLQLVWU\ RI TUaQVSRUW IXQdV WKH SXUcKaVH SHU LNG WUXcN ZLWK aQ 

aPRXQW RI 12,000 EXURV. IQ addLWLRQ, LNG WUXcNV aUH H[HPSWHd IURP GHUPaQ KLJKZa\ WROOV 

IURP JaQXaU\ 2019 WR JaQXaU\ 2021 (BMVI, 2018, 2019c). TKH H[SHUWV UHcRPPHQdHd OHJaO 

UHVWULcWLRQV VXcK aV ORZ-HPLVVLRQV ]RQHV aV aQRWKHU SRVVLbLOLW\ WR VSXU WKH SHQHWUaWLRQ UaWH RI 

LNG HDTV LQ GHUPaQ\. 

 
FigXre 10: MRWLYaWRUV, baUULHUV, aQd VROXWLRQV WR VZLWcKLQJ WR LNG HDTV 

 

2.5 ConclXsion 
PaUW A RI RXU VWXd\ aLPHd WR SUHVHQW a cRPSUHKHQVLYH OLVW aQd UaQNLQJ RI IacWRUV WKaW aIIHcW 

WKH SXUcKaVLQJ dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\. PaUW B 

aLPHd WR LdHQWLI\ VSHcLILc WHcKQRORJLHV WKaW KaYH WKH SRWHQWLaO WR UHdXcH HPLVVLRQV IURP dLHVHO-

SRZHUHd HDTV aV ZHOO aV WR SUHVHQW WKH PRVW LPSRUWaQW PRWLYaWRUV, baUULHUV, aQd SRVVLbOH 

Za\V WR RYHUcRPH baUULHUV ZKHQ VZLWcKLQJ IURP dLHVHO WR WKH LdHQWLILHd ORZ-HPLVVLRQ 

WHcKQRORJLHV. 
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B\ cRQdXcWLQJ a DHOSKL VWXd\ aPRQJ a JURXS RI H[SHUWV IURP dLIIHUHQW VHcWRUV, ZH IRXQd RXW 

WKaW a WUXcN·V UHOLabLOLW\, aQ aYaLOabOH IXHOLQJ/cKaUJLQJ LQIUaVWUXcWXUH, WKH SRVVLbLOLW\ WR HQWHU 

ORZ-HPLVVLRQ ]RQHV aV ZHOO aV cXUUHQW aQd IXWXUH IXHO cRVWV aUH NH\ IacWRUV ZKHQ SXUcKaVLQJ 

aQd RSHUaWLQJ aQ aOWHUQaWLYH IXHO-SRZHUHd HDT LQ GHUPaQ\. DHVSLWH WKH aYaLOabLOLW\ RI ORZ-

HPLVVLRQ WHcKQRORJLHV ZKLcK cRXOd VXbVWLWXWH dLHVHO HQJLQHV LPPHdLaWHO\, MXVW a IHZ aOWHUQaWLYH 

IXHO-SRZHUHd HDTV aUH cXUUHQWO\ UHJLVWHUHd LQ GHUPaQ\. TKH dLIIXVLRQ RI LQQRYaWLRQV IROORZV 

a SURcHVV RI XQcHUWaLQW\-UHdXcWLRQ ZKHUH SRWHQWLaO XVHUV VHHN LQIRUPaWLRQ WR UHdXcH WKH 

XQcHUWaLQW\ RI a QHZ SURdXcW (RRJHUV, 1983). SLPLOaU WR HaUO\ UHVHaUcK RQ ORZ-HPLVVLRQ 

SaVVHQJHU caUV (H.J. D\HUVRQ aQd PLONLQJWRQ, 2005), LQIRUPaWLRQ JaWKHULQJ abRXW WKH UHOLabLOLW\ 

RU RSHUaWLQJ cRVWV RI ORZ-HPLVVLRQ HDTV LV cRQVWUaLQHd ZKaW OHadV WR ORZ adRSWLRQ UaWHV 

aPRQJ SRWHQWLaO XVHUV. PLORW WHVWV aQd ILUVW ´KaQdV-RQµ H[SHULHQcH caQ bH SURPLVLQJ 

SRVVLbLOLWLHV WR UHdXcH VNHSWLcLVP abRXW LQQRYaWLRQV (ScKXOWH, HaUW aQd VaQ dHU VRUVW, 2004). 

AV IacH-WR-IacH cRPPXQLcaWLRQ VHHPV WR bH PRUH SURPLVLQJ WKaQ RWKHU cRPPXQLcaWLRQ 

cKaQQHOV, WKH dHPRQVWUaWLRQ RI LQQRYaWLYH WHcKQRORJLHV Pa\ WKHQ KHOS WR PRbLOL]H LQQRYaWRUV 

aQd HaUO\ adRSWHUV WR VZLWcK IURP dLHVHO WR HQYLURQPHQWaO-IULHQdO\ HDTV (KaUaNa\a, HLdaOJR 

aQd NXXU, 2014). FROORZLQJ RHQQLQJV eW al. (2006), HQYLURQPHQWaO SROLc\ LQVWUXPHQWV aQd 

ILQaQcLaO VXSSRUW IURP LQQRYaWLRQ SROLc\ cRXOd addLWLRQaOO\ UHdXcH H[LVWLQJ VNHSWLcLVP RI WUXcN 

PaQXIacWXUHUV WKaW aUH ZLOOLQJ WR LQYHVW, IRU LQVWaQcH, LQ FCE HDTV, bXW aOVR RI cXVWRPHUV 

WKaW ZRXOd OLNH WR VXbVWLWXWH WKHLU dLHVHO-SRZHUHd WUXcN IOHHW. WH aVVXPH WKaW VWULcW OHJaO 

UHTXLUHPHQWV ZRXOd OHad WR aQ LQcUHaVLQJ aZaUHQHVV RI SUHVHQWHd HQYLURQPHQWaO IacWRUV ZKLcK 

ZHUH HYaOXaWHd b\ WKH H[SHUWV PRUH aV a bRQXV RI aOWHUQaWLYH dULYHV aQd QRW aV a WRS SULRULW\. 

HRZHYHU, WKH H[SHUW JURXS aOVR VXJJHVWHd WKH LQWURdXcWLRQ RI OHJaO UHVWULcWLRQV WR IRUcH WUXcN 

PaQXIacWXUHUV WR LQYHVW LQ HQYLURQPHQWaO-IULHQdO\ WHcKQRORJLHV, bXW aOVR cXVWRPHUV WR VZLWcK 

WR aOWHUQaWLYH IXHO-SRZHUHd HDTV. MRUHRYHU, VXbVLdLHV aQd ILQaQcLaO LQcHQWLYHV ZHUH 

UHcRPPHQdHd b\ WKH H[SHUWV, WRR, aQd cRXOd KHOS WR RYHUcRPH WKH H[LVWLQJ baUULHUV RI WKH 

IRXU SUHVHQWHd WHcKQRORJLHV. TKH GHUPaQ JRYHUQPHQW aQQRXQcHd VXbVLdLHV ZKHQ SXUcKaVLQJ 

QaWXUaO JaV aQd HOHcWULc WUXcNV aV ZHOO aV WKH H[HPSWLRQ IURP GHUPaQ KLJKZa\ WROOV IRU ORZ-

HPLVVLRQ WUXcNV VLQcH JaQXaU\ 2019. HRZHYHU, dXH WR WKH ILQdLQJV RI WKLV VWXd\, ILQaQcLaO 

LQcHQWLYHV aUH cXUUHQWO\ OHVV HIIHcWLYH aV SRWHQWLaO cXVWRPHUV ZLOO QRW VZLWcK WR aOWHUQaWLYH IXHO-

SRZHUHd HDTV ZLWKRXW a cRPSUHKHQVLYH cKaUJLQJ aQd IXHOLQJ LQIUaVWUXcWXUH acURVV GHUPaQ\. 

OXU UHVXOWV VKRZ WKaW aQ H[LVWLQJ LQIUaVWUXcWXUH LV RQH RI WKH PRVW LPSRUWaQW IacWRUV aQd ZaV 
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VHOHcWHd aV a PaLQ baUULHU ZKHQ VZLWcKLQJ IURP dLHVHO WR WKH IRXU SUHVHQWHd ORZ-HPLVVLRQ 

WHcKQRORJLHV. CRQVHTXHQWO\, aV HQYLURQPHQWaO bHQHILWV ZLOO PaLQO\ RccXU WKURXJK cXVWRPHU 

XVH, ZH UHcRPPHQd WR VHWWLQJ XS a cRPSUHKHQVLYH cKaUJLQJ aQd IXHOLQJ LQIUaVWUXcWXUH VXLWabOH 

IRU HDTV ILUVW ZKaW ZLOO WKHQ KHOS WR VSXU WKH SHQHWUaWLRQ LQ cRPbLQaWLRQ ZLWK ILQaQcLaO 

LQcHQWLYHV. NHYHUWKHOHVV, WR dUaVWLcaOO\ UHdXcH HPLVVLRQV IURP HDTV, a cORVH cROOabRUaWLRQ 

bHWZHHQ WUXcN PaQXIacWXUHUV, cXVWRPHUV, LQIUaVWUXcWXUH H[SHUWV aQd JRYHUQPHQWaO LQVWLWXWLRQV 

LV HVVHQWLaO. 

OXU VWXd\ LV QRW ZLWKRXW OLPLWaWLRQV. AV UHVHaUcK RQ BE, FCE, CNG aQd LNG HDTV LV UaWKHU 

OLPLWHd, aQ LdHQWLILcaWLRQ RI PRWLYaWRUV, baUULHUV, aQd Za\V WR RYHUcRPH baUULHUV baVHd RQ aQ 

H[WHQVLYH dHVN UHVHaUcK ZaV QRW IHaVLbOH LQ WKH caVH RI PaUW B. AV a UHVXOW, ZH IROORZHd WKH 

WUadLWLRQaO DHOSKL aSSURacK IRU PaUW B aQd JHQHUaWHd a OLVW RI IacWRUV b\ aVNLQJ WKH H[SHUW 

JURXS LQ RSHQ-HQdHd TXHVWLRQ IRUPaW IRU UHOHYaQW aUJXPHQWV. DXH WR WLPH cRQVWUaLQWV, ZH 

cRXOd QRW cRQdXcW a WKLUd DHOSKL URXQd ZKLcK ZRXOd KaYH aOORZHd XV WR VWaWLVWLcaOO\ aQaO\]H 

cRQVHQVXV aQd VWabLOLW\ RI PaUW B UHVXOWV. BHVLdHV, SUHVHQWHd LQIRUPaWLRQ cRQcHUQLQJ FCE 

HDTV VXcK aV WKH Pa[LPXP dULYLQJ UaQJH LV PaLQO\ K\SRWKHWLcaO aV FCE HDTV aUH QRW 

cRPPHUcLaOO\ aYaLOabOH \HW, bXW ILUVW SURWRW\SHV aUH cXUUHQWO\ bHLQJ WHVWHd aQd FCE HDTV aUH 

WR bH UHOHaVHd VKRUWO\. TKH H[SHUWV HYaOXaWHd WKH FC WHcKQRORJ\ aV a SURPLVLQJ Za\ WR UHdXcH 

HPLVVLRQV IURP HDTV. TKH adRSWLRQ RI FCE HDTV WRJHWKHU ZLWK WKH RSWLPaO ORcaWLRQ RI 

K\dURJHQ IXHOLQJ VWaWLRQV aUH WKHUHIRUH LQWHUHVWLQJ dLUHcWLRQV IRU IXWXUH UHVHaUcK. IQ RXU VWXd\, 

ZH KaYH IRcXVHd RQ GHUPaQ\, bXW RXU UHVHaUcK UHYHaOV WKH SRVVLbOH H[WHQVLRQ WR RWKHU 

cRXQWULHV aV WKH cXUUHQW IXHOLQJ/cKaUJLQJ LQIUaVWUXcWXUH, LQcHQWLYH SURJUaPV aQd YHKLcOH 

UHJXOaWLRQV dLIIHU aPRQJ YaULRXV cRXQWULHV. FXUWKHUPRUH, SHQ, EUcaQ aQd TaWaUL (2017) 

dHPRQVWUaWH WKaW OLIH c\cOH HPLVVLRQV aQd cRVWV dLIIHU JUHaWO\ HYHQ ZLWKLQ WKH VaPH cRXQWU\ 

dXH WR WKH dLIIHUHQW Za\V RI HOHcWULcLW\ JHQHUaWLRQ. A dHWaLOHd aQaO\VLV cRQcHUQLQJ OLIH-c\cOH 

cRVWV aQd ZHOO-WR-ZKHHO HPLVVLRQV RI WKH IRXU SUHVHQWHd WHcKQRORJLHV cRXOd, WKHUHIRUH, bH 

RWKHU KLJKO\ LQWHUHVWLQJ UHVHaUcK RSSRUWXQLWLHV. 

TKH VHcRQd cKaSWHU VHW WKH VWaJH IRU WKH UHPaLQdHU RI WKLV dLVVHUWaWLRQ b\ cRQdXcWLQJ a DHOSKL 

VWXd\ ZLWK VHYHUaO H[SHUWV IURP acadHPLa aQd LQdXVWU\ LQ RUdHU WR aQaO\]H WKH UHVHaUcK WRSLc 

IURP a bURadHU SHUVSHcWLYH. TKH ILUVW UHVHaUcK TXHVWLRQ KHOSHd XV LdHQWLI\LQJ a cRPSUHKHQVLYH 

OLVW RI 34 IacWRUV aQd KRZ WKH\ aIIHcW WKH SXUcKaVLQJ dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH IXHO-

SRZHUHd HDTV LQ GHUPaQ\. TKH VHcRQd UHVHaUcK TXHVWLRQ RI WKLV cKaSWHU VXSSRUWHd WKH 
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LdHQWLILcaWLRQ RI SURPLVLQJ aOWHUQaWLYH IXHOV aQd SRZHUWUaLQV ZKLcK cRXOd VXbVWLWXWH cXUUHQW 

dLHVHO-SRZHUHd HDTV. TKH dHVcULbHd PRWLYaWRUV aQd baUULHUV RI HacK WHcKQRORJ\ SaYH WKH 

Za\ IRU WKH WKLUd cKaSWHU RI WKLV dLVVHUWaWLRQ SURMHcW aV ZH aUH LQWHUHVWHd LQ KRZ WKH dLIIHUHQW 

WHcKQRORJLHV ZLOO cKaQJH RYHU WLPH ZLWK UHVSHcW WR cRVWV, WHcKQLcaO VSHcLILcaWLRQV RU VHOI-dULYLQJ 

WHcKQRORJ\ aQd KRZ WUXcN cXVWRPHUV YaOXH VXcK aWWULbXWHV. TKXV, ZH aUH cRQdXcWLQJ a cKRLcH-

baVHd cRQMRLQW H[SHULPHQW ZLWK HPSOR\HHV IURP IUHLJKW cRPSaQLHV LQ WKH IROORZLQJ cKaSWHU 

WR bHWWHU XQdHUVWaQd KRZ WKH\ aVVHVV cHUWaLQ cKaUacWHULVWLcV RI LQQRYaWLYH HDTV aQd dHYHORS 

dLIIHUHQW IXWXUH VcHQaULRV WR WHVW WUXcN cXVWRPHUV· IXWXUH SUHIHUHQcH VKaUHV. 
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3. Preferences for aXtonomoXs and alternatiYe fXel-poZered heaY\-dXt\ 

trXcks in German\ 
 

The folloZing chapWer iV baVed on AnderhofVWadW and Spinler (2020b) ¶PreferenceV for aXWonomoXV and 

alWernaWiYe fXel-poZered heaY\-dXW\ WrXckV in German\· 2 

 

3.1 IntrodXction 
DLJLWL]aWLRQ aQd VXVWaLQabLOLW\ aUH WZR dLVUXSWLYH PHJaWUHQdV ZKLcK ZLOO WUaQVIRUP WKH 

WUaQVSRUWaWLRQ aQd ORJLVWLcV LQdXVWU\ RYHU WKH QH[W \HaUV. AccRUdLQJ WR WKH OaWHVW ´DHL 

LRJLVWLcV TUHQd RadaUµ, VHOI-dULYLQJ YHKLcOHV aQd JUHHQ HQHUJ\ ORJLVWLcV ZLOO UHVKaSH WKH 

LQdXVWU\ VLJQLILcaQWO\ (DHL, 2018). TKH PaULV AJUHHPHQW LV cRQVLdHUHd a PLOHVWRQH LQ JORbaO 

cOLPaWH SROLc\ aV LW LV WKH ILUVW LQWHUQaWLRQaO UHVSRQVH WR WKH WKUHaW RI cOLPaWH cKaQJH. TKH 

aJUHHPHQW HQWHUHd LQWR IRUcH LQ NRYHPbHU 2016 aQd aLPV WR NHHS WKH JORbaO WHPSHUaWXUH 

LQcUHaVH ZHOO bHORZ WZR dHJUHH CHOVLXV abRYH SUH-LQdXVWULaO OHYHOV (UNFCC, 2019b). TKH 

K\RWR PURWRcRO IURP 1997 VSHcLILHV WKH VL[ PRVW LPSRUWaQW JUHHQKRXVH JaVHV (GHG): caUbRQ 

dLR[LdH, PHWKaQH, QLWURXV R[LdH, K\dURIOXRURcaUbRQV, SHUIOXRURcaUbRQV aQd VXOSKXU 

KH[aIOXRULdH (UNFCC, 2019a). CaUbRQ dLR[LdH (CO2) LV WKH SULPaU\ GHG HPLWWHd WKURXJK 

KXPaQ acWLYLWLHV aQd LV QaWXUaOO\ SUHVHQW LQ WKH aWPRVSKHUH aV SaUW RI WKH EaUWK·V caUbRQ c\cOH, 

KRZHYHU, KXPaQ acWLYLWLHV VXcK aV bXUQLQJ IRVVLO IXHOV KaYH VXbVWaQWLaOO\ cRQWULbXWHd WR aOWHU 

WKLV c\cOH VLQcH WKH IQdXVWULaO RHYROXWLRQ (EPA, 2019). IQ 2017, JORbaO CO2 HPLVVLRQV KLW a 

QHZ UHcRUd KLJK aQd aPRXQWHd WR 36,153 PLOOLRQ WRQV. CKLQa (9839 PLOOLRQ WRQV) aQd WKH 

UQLWHd SWaWHV (5270 PLOOLRQ WRQV) aUH WKH WRS HPLWWHUV LQ WKH ZRUOd (GORbaO CaUbRQ AWOaV, 

2020). WLWK a WRWaO RI 905 PLOOLRQ WRQV, GHUPaQ\ ZaV b\ IaU WKH OaUJHVW cRQWULbXWRU RI GHG 

HPLVVLRQV acURVV WKH EXURSHaQ UQLRQ (EU) IROORZHd b\ WKH UQLWHd KLQJdRP (470 PLOOLRQ 

WRQV) aQd FUaQcH (466 PLOOLRQ WRQV) (EEA, 2018). TR acKLHYH GHG QHXWUaOLW\ b\ WKH PLddOH 

RI WKH cHQWXU\, WKH GHUPaQ JRYHUQPHQW adRSWHd WKH ´GHUPaQ COLPaWH AcWLRQ POaQ 2050µ 

ZKLcK VSHcLILHV HPLVVLRQ UHdXcWLRQ WaUJHWV IRU WKH dLIIHUHQW VHcWRUV. TKH HQHUJ\ VHcWRU (311 

PLOOLRQ WRQV), WKH LQdXVWU\ VHcWRU (196 PLOOLRQ WRQV) aQd WKH WUaQVSRUWaWLRQ VHcWRU (162 PLOOLRQ 

 
2 AQdHUKRIVWadW, B. aQd SSLQOHU, S. (2020b) ¶PUHIHUHQcHV IRU aXWRQRPRXV aQd aOWHUQaWLYH IXHO-SRZHUHd KHaY\-
dXW\ WUXcNV LQ GHUPaQ\·, TUaQVSRUWaWLRQ RHVHaUcK PaUW D: TUaQVSRUW aQd EQYLURQPHQW, 79, AUWLcOH 102232. 
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WRQV) ZHUH WKH WKUHH PRVW HPLWWLQJ VHcWRUV LQ 2018. FURP 1990 WR 2018, GHG HPLVVLRQV IURP 

WUaQVSRUWaWLRQ dHcUHaVHd b\ 0.9% RQO\ ZKHUHaV HPLVVLRQV IURP HQHUJ\ aQd LQdXVWU\ IHOO b\ 

33.4% aQd 30.7% UHVSHcWLYHO\. AURXQd 96% RI HPLVVLRQV IURP WUaQVSRUWaWLRQ UHVXOW IURP 

SaVVHQJHU caUV (60.6%) aQd cRPPHUcLaO YHKLcOHV (35.6%) (BMU, 2019a). DHVSLWH WHcKQRORJLcaO 

LPSURYHPHQWV ZKLcK UHdXcHd HQHUJ\ cRQVXPSWLRQ SHU WRQ-NLORPHWHU, RYHUaOO HPLVVLRQV IURP 

cRPPHUcLaO YHKLcOHV URVH b\ aSSUR[LPaWHO\ 50% VLQcH 1990 aV PRUH YHKLcOHV aUH QHcHVVaU\ dXH 

WR ULVLQJ URad IUHLJKW WUaQVSRUWaWLRQ LQ GHUPaQ\ (BMU, 2018). 

IQ WKLV VWXd\, ZH aUH IRcXVLQJ RQ KHaY\-dXW\ WUXcNV (HDTV). AccRUdLQJ WR WKH GHUPaQ FHdHUaO 

TUaQVSRUW AXWKRULW\ (KBA), WKH KHaYLHVW WUXcN W\SHV aUH ULJLd WUXcNV ZLWK a PLQLPXP Sa\ORad 

caSacLW\ RI 12 WRQV aV ZHOO aV HDT ORUULHV. WH VXPPaUL]H bRWK caWHJRULHV aV HDTV LQ WKLV 

VWXd\. BaVHd RQ WKH OaWHVW UHJLVWUaWLRQ QXPbHUV, RQO\ 0.07% (246) RI HDTV UHJLVWHUHd LQ 

GHUPaQ\ UXQ RQ aOWHUQaWLYH IXHOV ZKLOH WKH VKaUH RI aOWHUQaWLYH IXHO-SRZHUHd SaVVHQJHU caUV LV 

1.9% (900,954) aQd LQcUHaVHV VWHadLO\ (KBA, 2019). FRU LQVWaQcH, QHZ caUV UHJLVWHUHd LQ 

GHUPaQ\ ZKLcK UXQ RQ aOWHUQaWLYH dULYHV Kad a 54.3% JURZWK UaWH IURP 2017 WR 2018 (BMU, 

2019a). HHQcH, EU-ZLdH HPLVVLRQ OLPLWV IRU PaQXIacWXUHUV RI KHaY\-dXW\ YHKLcOHV (HDVV) 

ZLOO bH LQWURdXcHd IRU WKH ILUVW WLPH bHWZHHQ 2021 aQd 2030 ZKLcK KaYH WR bH UHacKHd WR aYRLd 

cRVWO\ ILQHV (BMU, 2019a). 

ASaUW IURP UHdXcLQJ HPLVVLRQV, aURXQd 1.35 PLOOLRQ SHRSOH dLH HacK \HaU LQ URad cUaVKHV 

ZRUOdZLdH PaLQO\ dXH WR KXPaQ HUURU VXcK aV VSHHdLQJ, dULYLQJ XQdHU WKH LQIOXHQcH RI dUXJV 

RU dLVWUacWHd dULYLQJ (WHO, 2018). AccRUdLQJ WR WKH GHUPaQ FHdHUaO SWaWLVWLcaO OIILcH 

(DHVWaWLV), 308,721 SHRSOH JRW LQMXUHd LQ 2018 aV a UHVXOW RI URad WUaIILc accLdHQWV LQ GHUPaQ\ 

aQd 3275 SHRSOH dLHd ZKaW dLVSOa\V aQ LQcUHaVH RI 3.0% cRPSaUHd WR 2017 (DHVWaWLV, 2019). 

DULYHUV RI ORUULHV RU ULJLd WUXcNV ZLWK a JURVV YHKLcOH ZHLJKW RI PRUH WKaQ 3.5 WRQV ZHUH 

LQYROYHd LQ 15,805 accLdHQWV LQ 2017 (DHVWaWLV, 2018). AQRWKHU cKaOOHQJH LQ PaQ\ cRXQWULHV 

LQcOXdLQJ GHUPaQ\ LV WKH PaVVLYH WUXcN dULYHU VKRUWaJH dXH WR WKH LQcUHaVH LQ H-cRPPHUcH 

aQd ULVLQJ WUadH YROXPHV (MLWWaO HW aO., 2018). AccRUdLQJ WR WKH GHUPaQ AVVRcLaWLRQ RI FUHLJKW 

FRUZaUdHUV aQd LRJLVWLcV CRPSaQLHV (DSLV), GHUPaQ\ ZaV IacLQJ a VKRUWaJH RI 45,000 

dULYHUV LQ 2017 (DSLV, 2017). IQdXVWU\ JURZWK aQd UHWLUHPHQW cRQWULbXWH WR WKH LQcUHaVLQJ 

JaS VLQcH 67,000 WUXcN dULYHUV UHWLUH HacK \HaU LQ GHUPaQ\ bXW RQO\ 27,000 dULYHUV UHcHLYH a 

WUXcN-dULYLQJ TXaOLILcaWLRQ (DSLV, 2018). 
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A VROXWLRQ WR ULVLQJ HPLVVLRQV, IaWaOLWLHV UHVXOWLQJ IURP URad cUaVKHV aQd WKH PaVVLYH WUXcN 

dULYHU VKRUWaJH aUH aXWRQRPRXV aQd aOWHUQaWLYH IXHO-SRZHUHd HDTV. HRZHYHU, VHOI-dULYLQJ 

YHKLcOHV aUH cXUUHQWO\ aQ H[RWLc RSWLRQ aQd VaOHV QXPbHUV RI ORZ-HPLVVLRQ HDTV UHPaLQ 

OLPLWHd. TKXV, JUHaWHU aWWHQWLRQ PXVW bH dHYRWHd WR WUXcN cXVWRPHUV aQd KRZ WKH\ YaOXH WKH 

aWWULbXWHV RI VXcK LQQRYaWLYH HDTV. TKH UHVHaUcK TXHVWLRQV ZKLcK JXLdHd WKH H[HcXWLRQ RI 

WKLV VWXd\ aUH WKHUHIRUH: 

HoZ do freighW companieV in German\ aVVeVV Whe main aWWribXWeV of aXWonomoXV and alWernaWiYe fXel-poZered 

heaY\-dXW\ WrXckV? 

WhaW Zill be cXVWomerV· fXWXre preference VhareV for aXWonomoXV and alWernaWiYe fXel-poZered heaY\-dXW\ WrXckV 

in German\? 

WH HPSOR\Hd a cKRLcH-baVHd cRQMRLQW (CBC) aQaO\VLV ZLWK HPSOR\HHV IURP IUHLJKW cRPSaQLHV 

baVHd LQ GHUPaQ\ WR aQVZHU RXU UHVHaUcK TXHVWLRQV. SLQcH WKH 1970V, cRQMRLQW aQaO\VLV LV a 

ZHOO-HVWabOLVKHd PXOWLYaULaWH VWaWLVWLcaO UHVHaUcK PHWKRd WR aQaO\]H cRQVXPHU SUHIHUHQcHV 

WRZaUd WKH dLIIHUHQW aWWULbXWHV RI a SURdXcW (RU VHUYLcH) (GUHHQ aQd SULQLYaVaQ, 1990). CBC 

H[SHULPHQWV aUH WKH PRVW IUHTXHQWO\ XVHd W\SH RI cRQMRLQW aQaO\VHV ZKLcK VLPXOaWH a UHaOLVWLc 

bX\LQJ VLWXaWLRQ b\ SUHVHQWLQJ a VHULHV RI YaU\LQJ SURdXcW cRQcHSWV baVHd RQ a SUHdHILQHd VHW 

RI aWWULbXWHV. TKH UHVSRQdHQWV aUH aVNHd WR cKRRVH WKH PRVW aWWUacWLYH SURdXcW (JHUYLV, EQQLV 

aQd DUaNH, 2012). 

TKH UHPaLQdHU RI WKH VWXd\ LV VWUXcWXUHd aV IROORZV: WKH QH[W VHcWLRQ VXPPaUL]HV WKH 

IXQdaPHQWaO cKaUacWHULVWLcV RI WKHRULHV abRXW WKH accHSWaQcH aQd XVH RI QHZ WHcKQRORJLHV VXcK 

aV aOWHUQaWLYH IXHOV aQd VHOI-dULYLQJ WHcKQRORJLHV, IROORZHd b\ RXWOLQLQJ WKH PHWKRdRORJLcaO 

SURcHVV aQd dHVLJQ RI WKH cRQdXcWHd CBC H[SHULPHQW. TKHUHaIWHU, ZH SUHVHQW aQd dLVcXVV WKH 

UHVXOWV bHIRUH cRQcOXdLQJ WKH VWXd\. 

 

3.2 Acceptance and Xse of neZ technologies 
A XVHIXO PaQaJHPHQW PRdHO caOOHd WKH UQLILHd TKHRU\ RI AccHSWaQcH aQd UVH RI THcKQRORJ\ 

(UTAUT) ZaV dHYHORSHd b\ VHQNaWHVK eW al. (2003) ZKLcK KHOSV dHcLVLRQ-PaNHUV WR 

XQdHUVWaQd WKH dULYHUV RI adRSWLRQ aQd WR HYaOXaWH WKH OLNHOLKRRd RI adRSWLQJ aQ LQQRYaWLRQ. 

TKH dHYHORSHd PRdHO LV baVHd RQ RWKHU ZHOO-NQRZQ WKHRULHV VXcK aV WKH THcKQRORJ\ 
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AccHSWaQcH MRdHO (TAM) b\ DaYLV (1989) RU WKH TKHRU\ RI POaQQHd BHKaYLRU (TPB) b\ AM]HQ 

(1991). AccRUdLQJ WR RaKPaQ eW al. (2017) UTAUT, TAM aQd TPB aUH WKH WKUHH PRVW 

IUHTXHQWO\ XVHd WKHRULHV WR VWXd\ WKH accHSWaQcH WRZaUdV QHZ WHcKQRORJLHV aQd VHUYHd aV 

JXLdLQJ WKHRULHV LQ SUHYLRXV UHVHaUcK VWXd\LQJ aOWHUQaWLYH IXHOV aQd VHOI-dULYLQJ WHcKQRORJ\. 

TPB LV a cRQcHSWXaO IUaPHZRUN ZKLcK LV ZLdHO\ XVHd LQ acadHPLa WR dLVcXVV cRPSOH[ KXPaQ 

VRcLaO bHKaYLRU. AM]HQ (1991) VWaWHV WKaW (L) aWWLWXdH WRZaUd a bHKaYLRU, (LL) VXbMHcWLYH QRUPV aV 

ZHOO aV (LLL) SHUcHLYHd bHKaYLRUaO cRQWURO caQ accXUaWHO\ SUHdLcW bHKaYLRUaO KXPaQ LQWHQWLRQV. 

TKH ILUVW SUHdLcWRU, aWWLWXdH WRZaUd a bHKaYLRU, dHVcULbHV WKH dHJUHH WR ZKLcK aQ LQdLYLdXaO 

HYaOXaWHV WKH bHKaYLRU LQ TXHVWLRQ aV bHQHILcLaO RU QRW VXcK aV bX\LQJ a ORZ-HPLVVLRQ YHKLcOH 

LQVWHad RI a cRQYHQWLRQaO RQH. SXbMHcWLYH QRUPV UHIHU WR WKH VRcLaO SUHVVXUH RI a SHUVRQ·V 

QHWZRUN WRZaUd WKH bHKaYLRU ZKLcK cRXOd bH SUHVVXUH IURP SROLc\, cXVWRPHUV RU VRcLHW\ WR 

adRSW HcR-LQQRYaWLRQV. TKH WKLUd dHWHUPLQaQW LV SHUcHLYHd bHKaYLRUaO cRQWURO aQd dLVSOa\V a 

SHUVRQ·V bHOLHI KRZ dLIILcXOW LW LV WR SHUIRUP WKH bHKaYLRU aQd aOVR cRQVLdHUV SaVW H[SHULHQcHV 

(AM]HQ, 1991). FRU LQVWaQcH, LW PLJKW bH dLIILcXOW WR SXUVXH a IOHHW PaQaJHU WR bX\ aQ HOHcWULc 

WUXcN LI KH IHOW dLVVaWLVIacWLRQ ZLWK aQ HOHcWULc SaVVHQJHU caU bHIRUH. TPB ZaV WKHUHIRUH 

VXccHVVIXOO\ XVHd LQ SUHYLRXV VWXdLHV IRcXVLQJ RQ HQYLURQPHQWaO UHVSRQVLbLOLW\ aQd WKH 

adRSWLRQ RI LQQRYaWLRQV. FRU LQVWaQcH, KaSOaQ eW al. (2016) SURSRVHd a IUaPHZRUN baVHd RQ 

WKH TPB ZKLcK SURYLdHV baUULHUV aQd dULYHUV WR WKH dLIIXVLRQ RI HOHcWULc YHKLcOHV LQ WKH 

cRPPHUcLaO VHcWRU. TKH UHVXOWV UHYHaO WKaW LW LV QHcHVVaU\ WR H[SORUH WKH OLQNaJH bHWZHHQ 

SRVVLbOH cRJQLWLYH aQd HPRWLRQaO baUULHUV aV ZHOO aV SROLcLHV, HPRWLRQaO aQd cRJQLWLYH dULYHUV, 

aORQJVLdH aQaO\]LQJ WKH LQIOXHQcH RI SROLcLHV aQd PaUNHW VKaUHV (KaSOaQ eW al., 2016). 

IQWHUHVWLQJO\, GNaUW]RQLNaV aQd GNULW]a (2019) cRQdXcWHd a UHYLHZ RI VWXdLHV RQ IXOO\ 

aXWRQRPRXV YHKLcOHV aQd aUJXH WKaW WKHRULHV VXcK aV TPB KaYH QRW bHHQ HVWLPaWHd \HW. TKH 

aXWKRUV LdHQWLILHd QLQH UHOHYaQW IacWRUV ZKLcK LQIOXHQcH bHKaYLRUaO LQWHQWLRQ WR XVH VHOI-dULYLQJ 

YHKLcOHV: (a) WKH OHYHO RI aZaUHQHVV, (b) cRQVXPHU LQQRYaWLYHQHVV, (c) VaIHW\, (d) WUXVW RI 

VWUaQJHUV, (H) HQYLURQPHQWaO cRQcHUQV, (I) UHOaWLYH adYaQWaJH, cRPSaWLbLOLW\, aQd cRPSOH[LW\, 

(J) dULYHU-UHOaWHd VHHNLQJ VcaOH, (K) VHOI-HIILcac\, aQd (L) VXbMHcWLYH QRUPV. TKH OaWWHU, VXbMHcWLYH 

QRUPV, LV aOVR VWURQJO\ UHOaWHd WR a VWXd\ cRQdXcWHd b\ TaOHbLaQ aQd MLVKUa (2018) ZKR SUHdLcW 

WKH adRSWLRQ RI cRQQHcWHd aXWRQRPRXV YHKLcOHV LQ WKHLU UHVHaUcK aQd QRWH WKaW LW LV dLIILcXOW 

WR UHO\ RQ SaVW H[SHULHQcHV LQ caVH RI UadLcaO LQQRYaWLRQV dXH WR a OacN RI LQIRUPaWLRQ. HHQcH, 

LQdLYLdXaOV KaYH WR UHO\ RQ WKHLU VRcLaO QHWZRUN bXW caQ bH aOVR VXbMHcW WR PaVV PHdLa 
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cRPPXQLcaWLRQ. TKH aXWKRUV VWaWH WKaW WKH aWWLWXdH WRZaUd cRQQHcWHd aXWRQRPRXV YHKLcOHV LV 

WKHUHIRUH d\QaPLc aQd YaULHV RYHU WLPH aV SRWHQWLaO adRSWHUV cRPPXQLcaWH ZLWK bRWK VaWLVILHd 

aQd dLVVaWLVILHd cXVWRPHUV. AQRWKHU VWXd\ cRQdXcWHd b\ BXcNOH\, Ka\H aQd PUadKaQ (2018) 

XWLOL]Hd TPB aQd TAM WR aQaO\]H dULYHUV· LQWHQWLRQ WR XVH aXWRPaWHd SaVVHQJHU caUV aQd 

IRXQd RXW WKaW WKH WKUHH SUHdLcWRUV RI TPB ZHUH VLJQLILcaQW ZKHQ adRSWLQJ aXWRPaWHd 

YHKLcOHV. TAM LV aQ LQIRUPaWLRQ WHcKQRORJ\ WKHRU\ dHYHORSHd b\ DaYLV (1989) aQd IRcXVHV 

RQ WZR VSHcLILc YaULabOHV WKaW aUH HVVHQWLaO IRU LQdLYLdXaOV WR UHMHcW RU accHSW QHZ WHcKQRORJLHV: 

SHUcHLYHd XVHIXOQHVV aQd SHUcHLYHd HaVH RI XVH. TKH OaWWHU YaULabOH LV dHILQHd aV ´WKH dHJUHH WR 

ZKLcK a SHUVRQ bHOLHYHV WKaW XVLQJ a SaUWLcXOaU V\VWHP ZRXOd bH IUHH RI HIIRUWµ (DaYLV, 1989, 

S. 320) ZKHUHaV WKH IRUPHU RQH LV cKaUacWHUL]Hd aV ´WKH dHJUHH WR ZKLcK a SHUVRQ bHOLHYHV WKaW 

XVLQJ a SaUWLcXOaU V\VWHP ZRXOd HQKaQcH KLV RU KHU MRbµ (DaYLV, 1989, S. 320). TAM KaV bHHQ 

aSSOLHd WR YaULRXV XVHUV aQd dLIIHUHQW W\SHV RI WHcKQRORJ\ (VHQNaWHVK eW al., 2003). FRU 

LQVWaQcH, WKH VWXd\ RI  KRXO aQd E\dJaKL (2018) LQYHVWLJaWHd WKH adRSWLRQ RI VHOI-dULYLQJ caUV 

aQd ZaV JXLdHd b\ TAM. TKH aXWKRUV VWaWH VLJQLILcaQW, SRVLWLYH UHOaWLRQVKLSV bHWZHHQ 

SHUcHLYHd HaVH RI XVH RI VHOI-dULYLQJ WHcKQRORJ\, SHUcHLYHd XVHIXOQHVV RI WKH WHcKQRORJ\ aQd 

LQWHQWLRQV WR adRSW VHOI-dULYLQJ caUV. MRUHRYHU, WKH aXWKRUV IRXQd VLJQLILcaQW, QHJaWLYH 

UHOaWLRQVKLSV bHWZHHQ WKH LQWHQWLRQ WR XVH a VHOI-dULYLQJ caU, WKH caQdLdaWH·V aJH aQd WKH \HaUV 

RI dULYLQJ H[SHULHQcH. TAM LV aOVR RQH RI HLJKW WKHRULHV WKaW VHUYH aV a baVLV IRU WKH cRKHUHQW 

UTAUT PRdHO, dHYHORSHd b\ VHQNaWHVK eW al. (2003). KaXU aQd RaPSHUVad (2018) VWaWH TAM 

aQd UTAUT aV LPSRUWaQW adRSWLRQ PRdHOV IRU QHZ WHcKQRORJLHV aV bRWK WKHRULHV LQcOXdH WKH 

IROORZLQJ UHOHYaQW YaULabOHV: UHOLabLOLW\, SHUIRUPaQcH, H[SHcWaQc\, WUXVW, VHcXULW\, aQd SULYac\. 

AccRUdLQJ WR WKH aXWKRUV, HVSHcLaOO\ WUXVW, VHcXULW\, aQd SULYac\ VHHP WR bH UHOHYaQW IacWRUV LQ 

WKH aXWRQRPRXV YHKLcOH OLWHUaWXUH, KRZHYHU, AQdHUKRIVWadW aQd SSLQOHU (2019) IRXQd RXW WKaW 

aOVR UHOLabLOLW\ LV aPRQJ WKH PRVW LPSRUWaQW IacWRUV ZKHQ RSHUaWLQJ aOWHUQaWLYH IXHO-SRZHUHd 

HDTV LQ GHUPaQ\. AccRUdLQJ WR VHQNaWHVK eW al. (2003), UTAUT RXWSHUIRUPHd aQ\ RI WKH 

SUHYLRXV WHcKQRORJ\ accHSWaQcH PRdHOV b\ accRXQWLQJ IRU 70% RI WKH YaULaQcH. TKH aXWKRUV 

aUJXH WKaW SHUIRUPaQcH H[SHcWaQc\, HIIRUW H[SHcWaQc\, VRcLaO LQIOXHQcH aQd IacLOLWaWLQJ 

cRQdLWLRQV aUH WKH IRXU PaLQ cRQVWUXcWV IRU XVHU bHKaYLRU aQd XVHU accHSWaQcH. MadLJaQ eW al. 

(2017) UHSRUW WKaW WKH PRdHO KaV WUadLWLRQaOO\ bHHQ XWLOL]Hd WR dLVcXVV LQWHQWLRQV WR XVH 

LQIRUPaWLRQ V\VWHPV, KRZHYHU, UHcHQW UHVHaUcK LQdLcaWHV WKaW UTAUT caQ bH aSSOLHd WR 

XQdHUVWaQd dULYHU accHSWaQcH WRZaUd QHZ YHKLcOH WHcKQRORJLHV, WRR. AQ adaSWHd YHUVLRQ RI 
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UTAUT ZaV LQWHJUaWHd b\ MadLJaQ eW al. (2017) WR VWXd\ IacWRUV ZKLcK LQIOXHQcH WKH aSSURYaO 

RI aXWRPaWHd URad WUaQVSRUW V\VWHPV. IW aSSHaUV WKaW WKH XVHUV· HQMR\PHQW, WKH V\VWHP·V 

SHUIRUPaQcH, QHcHVVaU\ UHVRXUcHV WR VXSSRUW LWV XVH aV ZHOO aV VRcLaO SRSXOaULW\ aUH UHOHYaQW 

IacWRUV WR XVH aXWRPaWHd URad WUaQVSRUW V\VWHPV. MRUHRYHU, SRYacRRO (2017) dHYHORSHd a 

IUaPHZRUN ZKLcK LQcOXdHV, aPRQJ RWKHUV, UTAUT WR VWXd\ WKH adRSWLRQ RI HOHcWULc YHKLcOHV. 

 

3.3 Research methodolog\ 

3.3.1 Choice-based conjoint anal\sis 

SLQcH WKH 1970V, cRQMRLQW aQaO\VLV LV a ZHOO-HVWabOLVKHd PXOWLYaULaWH VWaWLVWLcaO UHVHaUcK PHWKRd 

WR aQaO\]H cRQVXPHU SUHIHUHQcHV WRZaUd WKH dLIIHUHQW aWWULbXWHV RI a SURdXcW (RU VHUYLcH) 

(GUHHQ aQd SULQLYaVaQ, 1990). AOWKRXJK WKH PHWKRd LV QRZada\V RIWHQ XVHd b\ PaUNHWHUV, 

dLVcUHWH cKRLcH H[SHULPHQWV aQd cRQMRLQW aQaO\VLV aUH RULJLQaOO\ baVHd RQ WKH ZRUN RI LXcH 

aQd TXNH\ (1964), a VWaWLVWLcLaQ aQd a PaWKHPaWLcaO SV\cKRORJLVW. TKH ILUVW cRQVXPHU-RULHQWHd 

cRQMRLQW aUWLcOH ZaV SXbOLVKHd b\ GUHHQ aQd RaR (1971) (GUHHQ aQd SULQLYaVaQ, 1978). 

NRZada\V, WKH PRVW IUHTXHQWO\ XVHd W\SH RI cRQMRLQW aQaO\VLV LV WKH cKRLcH-baVHd cRQMRLQW 

(CBC) aQaO\VLV ZKLcK bHcaPH SRSXOaU LQ WKH 1990V (OUPH, 2009; JHUYLV, EQQLV aQd DUaNH, 

2012). CBC H[SHULPHQWV VLPXOaWH a UHaOLVWLc bX\LQJ VLWXaWLRQ b\ SUHVHQWLQJ a VHULHV RI YaU\LQJ 

SURdXcW cRQcHSWV WKaW aUH baVHd RQ a SUHdHILQHd VHW RI aWWULbXWHV. TKXV, SaUWLcLSaQWV aUH 

cRQIURQWHd ZLWK a WUadH-RII VLWXaWLRQ VLQcH WKH\ KaYH WR cKRRVH WKH PRVW aWWUacWLYH SURdXcW 

cRQcHSW (JHUYLV, EQQLV aQd DUaNH, 2012). CBC IUaPHZRUNV IROORZ WKH UaQdRP XWLOLW\ WKHRU\ 

aV cXVWRPHUV XVXaOO\ cKRRVH WKH SURdXcW WKaW Pa[LPL]HV WKHLU SHUVRQaO XWLOLW\ b\ HYaOXaWLQJ 

WKH dLIIHUHQW aWWULbXWHV RI a SURdXcW (LaQcaVWHU, 1966; McFaddHQ, 1986). WH cKRVH CBC 

aQaO\VLV aV WKH PHWKRd RI cKRLcH bHcaXVH LW LV cRQVLdHUHd WR bH a PRUH UHaOLVWLc aSSURacK VLQcH 

UHVSRQdHQWV cKRRVH RQH IXOO SURdXcW cRQcHSW ZKLcK cRQVLVWV RI aOO dHILQHd aWWULbXWHV ZKaW 

OHadV LQ UHWXUQ WR PRUH UHOLabOH UHVXOWV WKaQ UaQNLQJ RU UaWLQJ LQdLYLdXaO aWWULbXWHV (SKaPLU aQd 

SKaPLU, 1995). IQ addLWLRQ, bRWK H[LVWLQJ aQd K\SRWKHWLcaO SURdXcWV caQ bH WHVWHd LQ CBC 

H[SHULPHQWV PaNLQJ LW a VXLWabOH UHVHaUcK PHWKRd WR aQaO\]H aXWRQRPRXV aQd aOWHUQaWLYH IXHO-

SRZHUHd HDTV (ScKHUHU, EPbHUJHU-KOHLQ aQd MHQUad, 2018). IQ CBC H[SHULPHQWV, LW LV aOVR 

SRVVLbOH WR LQcOXdH a dXaO-UHVSRQVH RSWLRQ LQ ZKLcK UHVSRQdHQWV dHcLdH LQ aQ addLWLRQaO 

TXHVWLRQ ZKHWKHU WKH\ ZRXOd UHaOO\ bX\ WKH cKRVHQ SURdXcW RU QRW ZKaW OHadV WR a PRUH 
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UHaOLVWLc aSSURacK UaWKHU WKaQ VLPSO\ UHMHcWLQJ aOO SUHVHQWHd SURdXcW cRQcHSWV (HLOOH, WHbHU 

aQd BURVcK, 2019). FLQaOO\, HLHUaUcKLcaO Ba\HV (HB) HVWLPaWLRQ caQ bH aSSOLHd QRZada\V dXH 

WR IaVW cRPSXWHUV ZKLcK cOHaUO\ LPSURYHV WKH UHVXOWV RI WUadLWLRQaO HVWLPaWLRQ PHWKRdV VXcK 

aV ORJLW RU RUdLQaU\ OHaVW VTXaUH UHJUHVVLRQ (OUPH, 2000). CRPSaUHd WR RWKHU PRdHOV, HB 

HVWLPaWLRQ aOORZV UHVHaUcKHUV WR caOcXOaWH SaUW-ZRUWK XWLOLWLHV aW WKH LQdLYLdXaO OHYHO 

(ASRVWROaNLV eW al., 2018). NRQHWKHOHVV, VRPH aVSHcWV RI CBC H[SHULPHQWV QHHd WR bH 

addUHVVHd caUHIXOO\. FRU LQVWaQcH, RQH cKRLcH VHW XVXaOO\ LQcOXdHV WKUHH WR IRXU SURdXcW 

cRQcHSWV ZKLcK cRQVLVW RI WKH dLIIHUHQW aWWULbXWHV. HHQcH, a caUHIXOO\ dHVLJQHd H[SHULPHQW LV 

HVVHQWLaO WR aYRLd UHVHaUcK IaWLJXH aQd XOWLPaWHO\ UHVRUWLQJ WR SURbOHPaWLc VLPSOLILcaWLRQ 

VWUaWHJLHV aV UHVSRQdHQWV QHHd WR SURcHVV a ORW RI daWa bHIRUH aQVZHULQJ a VLQJOH cKRLcH VHW 

(OUPH, 2009; SaZWRRWK, 2017). MRUHRYHU, LW LV XVXaOO\ QRW SRVVLbOH WR cRYHU aOO IacWRUV ZKLcK 

aIIHcW WKH SURcHVV RI adRSWLQJ a SURdXcW LQ WKH UHaO ZRUOd (HLOOH, WHbHU aQd BURVcK, 2019). 

CRQcOXdLQJ LI SaUWLcXOaU cKaUacWHULVWLcV RI WKH SUHVHQWHd SURdXcW caWcK WKH aWWHQWLRQ RI VXUYH\ 

SaUWLcLSaQWV LV RIWHQ VHHQ aV aQRWKHU dLVadYaQWaJH RI cRQMRLQW aQaO\VLV aV UHVSRQdHQWV aUH 

XQabOH WR aUWLcXOaWH aWWLWXdHV WRZaUd QHZ caWHJRULHV (MH\HUdLQJ aQd MHU], 2018). DHILQLQJ WKH 

PRVW cULWLcaO SURdXcW aWWULbXWHV aQd OHYHOV a SULRUL LV WKHUHIRUH HVVHQWLaO bXW LV aQRWKHU NH\ 

cKaOOHQJH ZKHQ cRQdXcWLQJ UHOLabOH cRQMRLQW H[SHULPHQWV (LRKUNH, HROORZa\ aQd WRROOH\, 

2010). LaVWO\, SRRUO\ dHVLJQHd VWXdLHV caQ OHad WR WKH RYHU- RU XQdHUYaOXaWLRQ RI SURdXcW 

YaULabOHV ZKaW XQdHUOLQHV WKH LPSRUWaQcH RI caUHIXOO\ dHVLJQHd H[SHULPHQWV aQd SUHWHVWV 

(HacNbaUWK aQd MadOHQHU, 2013). 

CRQMRLQW aQaO\VLV KaV aOUHad\ bHHQ XVHd LQ SUHYLRXV VWXdLHV aQaO\]LQJ cRQVXPHU SUHIHUHQcHV 

WRZaUd aOWHUQaWLYH IXHO-SRZHUHd YHKLcOHV. FRU LQVWaQcH, LHbHaX eW al. (2012) aSSOLHd a CBC 

aQaO\VLV WR aVVHVV SOXJ-LQ K\bULd aQd baWWHU\ HOHcWULc SaVVHQJHU YHKLcOHV. A CBC PRdHO ZaV 

aOVR dHYHORSHd b\ EJJHUV aQd EJJHUV (2011) WR aQaO\]H aOO-HOHcWULc, UaQJH-H[WHQd HOHcWULc, aQd 

K\bULd caUV. ASaUW IURP ORZ-HPLVVLRQ SaVVHQJHU YHKLcOHV, WKH PHWKRd KaV bHHQ XVHd LQ VHYHUaO 

RWKHU VWXdLHV LQYHVWLJaWLQJ HcR-IULHQdO\ SURdXcWV, H.J. WR aVVHVV cRQVXPHU SUHIHUHQcHV IRU bLR-

baVHd SOaVWLc VSRUWV HTXLSPHQW (ScKHUHU, EPbHUJHU-KOHLQ aQd MHQUad, 2018) RU WR H[SORUH 

WKH UHOaWLYH LPSRUWaQcH RI HcR-OabHOV IRU ZaVKLQJ PacKLQHV (SaPPHU aQd W�VWHQKaJHQ, 2006). 

FLJ. 11 LOOXVWUaWHV WKH dLIIHUHQW SKaVHV RI RXU CBC H[SHULPHQW ZKLcK ZLOO bH IXUWKHU dHVcULbHd 

LQ WKH IROORZLQJ VHcWLRQV. 
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FigXre 11: CKRLcH-baVHd cRQMRLQW H[SHULPHQW SURcHVV SKaVHV 

 

3.3.2 Identification of attribXtes and leYels 

TKH caUHIXO VHOHcWLRQ RI UHOHYaQW aWWULbXWHV aQd OHYHOV LV HVVHQWLaO ZKHQ cRQdXcWLQJ a CBC 

H[SHULPHQW. IW LV UHcRPPHQdHd WR UHVWULcW WKH QXPbHU RI aWWULbXWHV aQd OHYHOV ZKLcK PaNHV LW 

HaVLHU IRU WKH SaUWLcLSaQWV WR HYaOXaWH WKH dLIIHUHQW SURdXcW cRQcHSWV (RRNNa aQd UXVLWaOR, 

2008). AQ HIIHcWLYH CBC dHVLJQ VKRXOd WKHUHIRUH QRW LQcOXdH PRUH WKaQ VL[ WR HLJKW aWWULbXWHV 

aV a KLJKHU QXPbHU Pa\ LUULWaWH WKH SaUWLcLSaQWV aQd cRXOd OHad WR VXSHUILcLaO UHSOLHV (GUHHQ 

aQd SULQLYaVaQ, 1990; HaLU eW al., 2014; SaZWRRWK, 2019b). TKH OHYHOV RI aQ aWWULbXWH aUH XVHd 

WR H[SUHVV WKH dLIIHUHQW cKaUacWHULVWLcV RI LW aQd accRUdLQJ WR OUPH (2002), IHZHU WKaQ ILYH 

OHYHOV SHU aWWULbXWH aUH VXJJHVWHd ZKLcK ZaV aOVR aSSOLHd b\ RWKHU aXWKRUV (H.J. SaPPHU aQd 

W�VWHQKaJHQ, 2006; LHbHaX, MacKaULV aQd VaQ MLHUOR, 2016; ScKHUHU, EPbHUJHU-KOHLQ aQd 

MHQUad, 2018). WH IROORZHd SUHYLRXV cRQMRLQW VWXdLHV aQd dHULYHd a OLVW RI PHaQLQJIXO 

aWWULbXWHV aQd OHYHOV baVHd RQ daWa IURP H[LVWLQJ aOWHUQaWLYH IXHO-SRZHUHd WUXcNV, dHVN 

UHVHaUcK, aQd VHPL-VWUXcWXUHd H[SHUW LQWHUYLHZV (H.J. SaPPHU aQd W�VWHQKaJHQ, 2006; 

KaXIPaQQ, K�Q]HO aQd LRRcN, 2013; ScKHUHU, EPbHUJHU-KOHLQ aQd MHQUad, 2018). MRUHRYHU, 

RXU SUH-VHOHcWLRQ ZaV ILQaOL]Hd LQ cRRSHUaWLRQ ZLWK aQ H[SHUW JURXS ZKR IXUWKHU VXSSRUWHd 

WKH dHYHORSPHQW RI IXWXUH VcHQaULRV aQd ZLOO bH LQWURdXcHd LQ WKH IROORZLQJ VHcWLRQ. TKH 

SaUWLcLSaQWV RI WKH ILQaO CBC VWXd\ ZHUH LQVWUXcWHd WR cKRRVH WKH SUHIHUUHd SURdXcW cRQcHSW 

aV WKH\ ZHUH LQ a UHaO SXUcKaVH dHcLVLRQ aQd WR QHJOHcW aOO RWKHU aVSHcWV WKaW Pa\ aIIHcW WKHLU 

cKRLcH VXcK aV WKH YHKLcOH dHVLJQ RU UHJXOaWRU\ baUULHUV. 

TKH ILUVW aWWULbXWH, driYing aXWomaWion, UHIHUV WR aXWRPaWHd dULYLQJ V\VWHPV ZKLcK SHUIRUP 

cHUWaLQ aVSHcWV RI WKH dULYLQJ WaVN. IQ LWV WHcKQLcaO VWaQdaUdV, WKH SRcLHW\ RI AXWRPRWLYH 
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EQJLQHHUV (SAE) dHILQHV VL[ OHYHOV RI dULYLQJ aXWRPaWLRQ UaQJLQJ IURP OHYHO 0 WR OHYHO 5 (SAE, 

2019). AV a UHVXOW RI WKH H[SHUW IHHdbacN aQd WR NHHS WKH QXPbHU RI aWWULbXWHV ORZ aV ZHOO aV 

HaVLO\ XQdHUVWaQdabOH, ZH LQcOXdHd WKUHH OHYHOV ZKLcK bHVW UHIOHcW WKH HYROXWLRQ RI VHOI-dULYLQJ 

WUXcNV. TKH ILUVW OHYHO UHIHUV WR WKH cXUUHQW VWaWXV LQ ZKLcK aOO aVSHcWV RI WKH dULYLQJ WaVN aUH 

SHUIRUPHd b\ a KXPaQ dULYHU ZKR caQ bH VXSSRUWHd b\ dULYLQJ IHaWXUHV VXcK aV adaSWLYH cUXLVH 

cRQWURO (SAE OHYHO 0-2). SHcRQd, aXWRPaWHd dULYLQJ V\VWHPV caQ dULYH WKH YHKLcOH XQdHU OLPLWHd 

cRQdLWLRQV, H.J. RYHU ORQJ dLVWaQcHV RQ KLJKZa\V (SAE OHYHO 3-4). FLQaOO\, QR KXPaQ dULYHU LV 

QHHdHd aV WKH V\VWHP LV abOH WR SHUIRUP aOO dULYLQJ WaVNV XQdHU aOO cRQdLWLRQV aQd VWUHHW W\SHV 

(SAE OHYHO 5). TKH VHcRQd aWWULbXWH, ma[imXm driYing range, LV cRQVLdHUHd aQ LPSRUWaQW IacWRU 

LQ SUHYLRXV UHVHaUcK ZKHQ LW cRPHV WR aOWHUQaWLYH IXHO-SRZHUHd YHKLcOHV (H.J. EJJHUV aQd 

EJJHUV, 2011; HacNbaUWK aQd MadOHQHU, 2013; LHbHaX, MacKaULV aQd VaQ MLHUOR, 2016). 

LHadLQJ GHUPaQ WUXcN PaQXIacWXUHUV VXcK aV DaLPOHU (2018) aQd MAN (2019) VWaWH a dULYLQJ 

UaQJH RI XS WR 200 NP IRU WKHLU baWWHU\ HOHcWULc (BE) WUXcNV. HDTV SRZHUHd b\ cRPSUHVVHd 

QaWXUaO JaV (CNG) caQ dULYH XS WR 500 NP aQd YHKLcOHV UXQQLQJ RQ OLTXHILHd QaWXUaO JaV (LNG) 

XS WR 1600 NP (ScaQLa, 2017; IVECO, 2019). FXHO cHOO HOHcWULc (FCE) HDTV aUH cXUUHQWO\ 

XQdHU dHYHORSPHQW bXW PaQXIacWXUHUV SURPLVH a Pa[LPXP dULYLQJ UaQJH bHWZHHQ 400 NP 

aQd 1200 NP IRU WUXcNV ZKLcK ILW ZLWKLQ EXURSHaQ UHVWULcWLRQV (NLNROa MRWRU, 2018; H\XQdaL, 

2019a). TKH WKLUd aWWULbXWH, refXeling/recharging Wime, dHVcULbHV WKH WLPH WR UHIXHO RU UHcKaUJH aQ 

HPSW\ WaQN RU baWWHU\. WKLOH WKH UHIXHOLQJ WLPH RI QaWXUaO JaV HDTV LV cRPSaUabOH WR dLHVHO-

SRZHUHd HDTV, WKH UHcKaUJLQJ WLPH RI BE WUXcNV KHaYLO\ dHSHQdV RQ WKH WUXcN·V baWWHU\ 

caSacLW\, WKH aYaLOabOH cKaUJLQJ VWaWLRQ aQd WKH Pa[LPXP cKaUJH UaWH. TKH aWWULbXWH OHYHOV aUH 

WKHUHIRUH UaQJLQJ IURP 10 PLQXWHV WR 4 KRXUV aQd 30 PLQXWHV. TKH IRXUWK aWWULbXWH, lifeWime 

operaWing coVWV, dLVSOa\V aOO RSHUaWLRQaO cRVWV RI WUXcNLQJ (H.J. IXHO cRVWV, Wa[HV, UHSaLU aQd 

PaLQWHQaQcH, HWc.) UHOaWLYH WR cXUUHQWO\ aYaLOabOH VWaWH-RI-WKH-aUW dLHVHO-SRZHUHd HDTV. TKH 

IRXU aWWULbXWH OHYHOV ZHUH dHILQHd aV SHUcHQWaJHV UaQJLQJ IURP -40% WR +20% aV LW LV dLIILcXOW 

WR JHQHUaOL]H WKH RSHUaWLRQaO cRVWV LQ EXURV, IRU LQVWaQcH, dXH WR KLJKZa\ WROOV SaLd SHU 

NLORPHWHU dULYHQ. TKH pXrchaVe price UHOaWLYH WR a cXUUHQWO\ XVHd VWaWH-RI-WKH-aUW dLHVHO-SRZHUHd 

HDT ZaV VSHcLILHd aV WKH ILIWK aWWULbXWH. TKH SURYLdHd aWWULbXWH OHYHOV ZHUH aOVR OLVWHd aV 

SHUcHQWaJHV UaQJLQJ IURP -20% WR +40% aV SXUcKaVH SULcHV LQ EXURV YaU\ JUHaWO\, IRU LQVWaQcH, 

dXH WR WKH YHKLcOH·V bUaQd RU WKH OHYHO RI H[WUa HTXLSPHQW. WH aUH aZaUH WKaW WKH SUHVHQWHd 

UaQJH RI -20% WR +40% LV cXUUHQWO\ XQUHaOLVWLc IRU PRVW aOWHUQaWLYH IXHO-SRZHUHd aQd 
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aXWRQRPRXV HDTV, KRZHYHU, ZH IROORZHd HacNbaUWK aQd MadOHQHU (2013) aQd WU\ WR aYRLd 

a dRPLQaQcH RI SXUcKaVH SULcH RYHU RWKHU SURdXcW aWWULbXWHV. HRZHYHU, ILQaQcLaO VXbVLdLHV IRU 

HOHcWULc aQd QaWXUaO JaV HDTV aUH aYaLOabOH LQ GHUPaQ\ aQd WKH H[SHUWV aVVXPH WKaW SXUcKaVH 

SULcHV aUH OLNHO\ WR dHcUHaVH RYHU WKH QH[W \HaUV (BMVI, 2018). TKH OaVW aWWULbXWH, Wank-Wo-Zheel 

(TWW) emiVVionV, dHVcULbHV RQ-URad HPLVVLRQV UHOaWLYH WR cXUUHQWO\ XVHd VWaWH-RI-WKH-aUW dLHVHO-

SRZHUHd HDTV ZLWK aWWULbXWH OHYHOV UaQJLQJ IURP -25% IRU HDTV UXQQLQJ RQ IRVVLO IXHOV XS 

WR -100% IRU IXOO\ HOHcWULc YHKLcOHV. TKH aWWULbXWHV, dHILQLWLRQV aQd OHYHOV aUH VXPPaUL]Hd LQ 

TabOH 4. 
 

Table 4: AWWULbXWHV, dHILQLWLRQV, aQd OHYHOV XVHd LQ WKH H[SHULPHQW 

AttribXte Definition LeYels 
DULYLQJ aXWRPaWLRQ 
 
 
 
 

AXWRPaWHd dULYLQJ V\VWHPV SHUIRUP aOO aVSHcWV RI WKH dULYLQJ 
WaVN L) XQdHU aOO cRQdLWLRQV (SAE OHYHO 5), LL) XQdHU OLPLWHd 
cRQdLWLRQV RQO\ (SAE OHYHO 3-4) RU LLL) aUH QRW aYaLOabOH aQd a 
KXPaQ dULYHU SHUIRUPV aOO aVSHcWV RI WKH dULYLQJ WaVN (SAE 
OHYHO 0-2). 

LHYHO 5 
LHYHO 3-4 
LHYHO 0-2 
 
 

 
Ma[LPXP dULYLQJ UaQJH 
 
 
 

 
Ma[LPXP dULYLQJ UaQJH LQ NLORPHWHUV ZLWK a IXOO WaQN RU IXOO 
baWWHU\. 

 
1600 NP 
800 NP 
400 NP 
200 NP 
 

RHIXHOLQJ/UHcKaUJLQJ 
WLPH 

TLPH WR UHIXHO WKH WaQN RU WR UHcKaUJH WKH baWWHU\. 
 
 
 
 

10 PLQ 
30 PLQ 
1 K 30 PLQ 
4 K 30 PLQ 

LLIHWLPH RSHUaWLQJ cRVWV LLIHWLPH RSHUaWLQJ cRVWV (IXHO, dULYHU, WROOV, Wa[HV, LQVXUaQcH, 
UHSaLU aQd PaLQWHQaQcH HWc.) UHOaWLYH WR a VWaWH-RI-WKH-aUW dLHVHO-
SRZHUHd HDT. 

-40 % 
-20 % 
0 % 
+20 % 
 

PXUcKaVH SULcH PXUcKaVH SULcH UHOaWLYH WR a VWaWH-RI-WKH-aUW dLHVHO-SRZHUHd 
HDT. 

-20 % 
0 % 
+20 % 
+40 % 
 

TaQN-WR-ZKHHO (TWW) 
HPLVVLRQV 

TaQN-WR-ZKHHO JUHHQKRXVH JaV HPLVVLRQV, aLU SROOXWaQWV aQd 
QRLVH HPLVVLRQ UHOaWLYH WR a VWaWH-RI-WKH-aUW dLHVHO-SRZHUHd 
HDT. 

-100 % 
-50 % 
-25 % 
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3.3.3 DeYelopment of fXtXre scenarios 

BaVHd RQ WKH UHVXOWV RI WKH CBC VXUYH\, ZH aLP WR dLVSOa\ WKH IXWXUH VKaUHV RI SUHIHUHQcH RI 

WUXcN cXVWRPHUV IRU QHZO\ UHJLVWHUHd aXWRQRPRXV aQd aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ 

GHUPaQ\. FRU WKH dHYHORSPHQW RI VcHQaULRV, ZH cRQdXcWHd VHPL-VWUXcWXUHd H[SHUW LQWHUYLHZV 

WR dLVSOa\ WKH IXWXUH RI HDTV LQ GHUPaQ\ ZLWK UHIHUHQcH WR WKH VL[ LdHQWLILHd aWWULbXWHV. FLYH 

H[SHUWV IURP a GHUPaQ PXOWLQaWLRQaO aXWRPRbLOH PaQXIacWXUHU VXSSRUWHd WKH VcHQaULR 

dHYHORSPHQW SURcHVV. TKUHH H[SHUWV ZRUN RQ WKH cRPSaQ\·V ´GUHHQ LRJLVWLcV SWUaWHJ\µ 

aLPLQJ IRU a GHG QHXWUaO VXSSO\ cKaLQ aQd KaYH aOUHad\ VXccHVVIXOO\ LPSOHPHQWHd baWWHU\ 

HOHcWULc (BE) aQd QaWXUaO JaV HDTV LQ WKH cRPSaQ\·V WUaQVSRUWaWLRQ SURcHVVHV. FXUWKHUPRUH, 

WKH\ aUH LQYROYHd LQ dLIIHUHQW UHVHaUcK SURMHcWV IRcXVLQJ RQ VXVWaLQabOH VXSSO\ cKaLQV LQcOXdLQJ 

aOWHUQaWLYH IXHOV. IQ addLWLRQ, ZH LQWHUYLHZHd aQ aXWRQRPRXV dULYLQJ HQJLQHHU aV ZHOO aV aQ 

H[SHUW IURP WKH ORJLVWLcV LQQRYaWLRQ dHSaUWPHQW ZKR LV UHVSRQVLbOH IRU LPSOHPHQWLQJ 

VXVWaLQabOH aQd aXWRQRPRXV WUaQVSRUW V\VWHPV LQcOXdLQJ HDVV. IQ cRRSHUaWLRQ ZLWK WKH 

H[SHUWV, ZH VSHcLILHd IRXU SURPLVLQJ aOWHUQaWLYH dULYHWUaLQV ZKLcK cRXOd VXbVWLWXWH cXUUHQWO\ 

XVHd dLHVHO-SRZHUHd HDTV aQd dHYHORSHd a UHaOLVWLc baVHOLQH VcHQaULR, aQ RSWLPLVWLc VcHQaULR 

aQd a SHVVLPLVWLc VcHQaULR IURP 2020 WR 2035. 

 

3.3.4 SXrYe\ design and pretest 

TKH cRQdXcWHd CBC RQOLQH H[SHULPHQW ZaV dHVLJQHd ZLWK SaZWRRWK3 LLJKWKRXVH SWXdLR 9.6.1 

ZKLcK LV a VWaQdaUd VRIWZaUH LQ acadHPLa IRU cUHaWLQJ aQd aQaO\]LQJ cRQMRLQW H[SHULPHQWV. IW 

LV a ZLdHO\ XVHd VRIWZaUH ZKLcK KaV bHHQ XVHd LQ VHYHUaO SUHYLRXV cRQMRLQW VWXdLHV (H.J. LHbHaX 

eW al., 2012; LRRcN, 2012; KaXIPaQQ, K�Q]HO aQd LRRcN, 2013; ASRVWROaNLV eW al., 2018; ScKHUHU, 

EPbHUJHU-KOHLQ aQd MHQUad, 2018; SW|cNLJW, ScKLHbHQHU aQd BUaQd, 2018). 

TKH ZHOcRPH SaJH RI RXU VXUYH\ bULHIO\ H[SOaLQHd WKH VcRSH RI UHVHaUcK aQd PHWKRdRORJ\ 

XVHd. TKHUHaIWHU, ZH VXUYH\Hd WKH SaUWLcLSaQWV RQ WKHLU IUHLJKW cRPSaQ\ WR ILQd RXW PRUH 

abRXW WKH QXPbHU RI HPSOR\HHV RU WUXcNV LQ RSHUaWLRQ. WH SURYLdHd a OLVW RI dHILQLWLRQV IRU 

 
3 Additional information can be foXnd Xnder https://ZZZ.saZtoothsoftZare.com/ 
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HacK aWWULbXWH RQ WKH IROORZLQJ SaJH RI WKH RQOLQH VXUYH\ WR HQVXUH a cRPPRQ XQdHUVWaQdLQJ 

aPRQJ WKH SaUWLcLSaQWV (VHH TabOH 4). 

SHOHcWLQJ aQ aSSURSULaWH QXPbHU RI cKRLcH WaVNV LQ CBC H[SHULPHQWV LV a UHOHYaQW dHcLVLRQ 

ZKLcK ZaV VWXdLHd b\ JRKQVRQ aQd OUPH (1996). TKH aXWKRUV UH-aQaO\]Hd 21 CBC daWa VHWV 

aQd VKRZHd WKaW UHVSRQdHQWV cRXOd aQVZHU XS WR 20 cKRLcH WaVNV ZLWKRXW dHJUadaWLRQ LQ daWa 

TXaOLW\. NRZada\V, abRXW WHQ WaVNV aUH UHcRPPHQdHd aV UHcHQW UHVHaUcK LQdLcaWHV WKaW PRUH 

TXHVWLRQV SHU SaUWLcLSaQW XVXaOO\ dR QRW UHYHaO addLWLRQaO LQIRUPaWLRQ aQd WKaW HVSHcLaOO\ 

RQOLQH SaUWLcLSaQWV aUH OHVV SaWLHQW ZLWK ORQJ-OaVWLQJ H[SHULPHQWV (SaZWRRWK, 2019b). TKXV, ZH 

SUHVHQWHd WHQ UaQdRP cKRLcH WaVNV aQd WZR IL[Hd WaVNV WR HacK UHVSRQdHQW ZKLcK caQ bH 

cRQVLdHUHd aV a UHaVRQabOH QXPbHU WR aYRLd UHVHaUcK IaWLJXH RU UHVRUWLQJ WR VLPSOLILcaWLRQ 

VWUaWHJLHV. TZR IL[Hd KROdRXW WaVNV ZHUH XVHd WR PHaVXUH WKH UHOLabLOLW\ RI RXU PRdHO aQd 

LQcOXdHd SUHYLRXVO\ VHOHcWHd aWWULbXWH OHYHOV (ASRVWROaNLV eW al., 2018). OQH cKRLcH WaVN 

dLVSOa\Hd WKUHH SURdXcW cRQcHSWV ZKLcK ZHUH SUHVHQWHd LQ IXOO SURILOH dHVLJQV, L.H. HacK SURdXcW 

aOWHUQaWLYH cRQVLVWHd RI aOO LdHQWLILHd aWWULbXWHV. AccRUdLQJ WR HaLU eW al. (2014), aQ aSSURSULaWH 

cRQMRLQW VWXd\ QHHdV WR HQVXUH bRWK a baOaQcHd dHVLJQ aQd RUWKRJRQaOLW\. WH IROORZHd 

ASRVWROaNLV eW al. (2018) aQd JHQHUaWHd a baOaQcHd dHVLJQ RI SUHVHQWHd cKRLcH WaVNV b\ aSSO\LQJ 

WKH baOaQcHd RYHUOaS IXQcWLRQ SURYLdHd b\ SaZWRRWK VRIWZaUH. TKH baOaQcHd RYHUOaS dHVLJQ 

aOORZV a PRdHVW aPRXQW RI OHYHO RYHUOaS WR JHQHUaWH cKRLcH WaVNV LQ ZKLcK, IRU LQVWaQcH, WZR 

SURdXcW cRQcHSWV VKRZ WKH VaPH aWWULbXWH OHYHO. SRPH dHJUHH RI RYHUOaS LV HYHQ UHcRPPHQdHd 

WR bHWWHU PHaVXUH LQWHUacWLRQV bHWZHHQ aWWULbXWHV aQd WR JHW dHHSHU LQIRUPaWLRQ abRXW WKH 

UHVSRQdHQWV· SUHIHUHQcHV (SaZWRRWK, 2019a). FXUWKHUPRUH, ZH IROORZHd HLOOH, WHbHU aQd 

BURVcK (2019) aV ZHOO aV ScKHUHU, EPbHUJHU-KOHLQ aQd MHQUad (2018) aQd LQcOXdHd a dXaO-

UHVSRQVH RSWLRQ WR HacK cKRLcH WaVN LQ ZKLcK UHVSRQdHQWV dHcLdH LQ aQ addLWLRQaO TXHVWLRQ 

ZKHWKHU WKH\ ZRXOd UHaOO\ bX\ WKH cKRVHQ HDT RU a cRQYHQWLRQaO dLHVHO-SRZHUHd YHKLcOH. 

FLQaOO\, a SUH-VWXd\ ZLWK QLQH caQdLdaWHV ZaV cRQdXcWHd WR WHVW WKH dHVLJQ RI RXU H[SHULPHQW. 

AIWHU cRPSOHWLRQ, WKH SUHWHVW caQdLdaWH·V IHHdbacN LQdLcaWHd WKaW WH[W-RQO\ PaNHV LW dLIILcXOW 

WR SURcHVV aOO daWa. HHQcH, ZH IROORZHd SW|cNLJW, ScKLHbHQHU aQd BUaQd (2018) aQd SURYLdHd 

WH[W VXSSRUWHd b\ JUaSKLcV LQ WKH ILQaO H[SHULPHQW WR SUHVHQW WKH dLIIHUHQW aWWULbXWH OHYHOV LQ a 

YLVXaO Za\ ZKLcK PaNHV LW HaVLHU IRU WKH SaUWLcLSaQWV WR cRPSaUH WKH SUHVHQWHd SURdXcW 

aOWHUQaWLYHV. A VaPSOH cKRLcH WaVN RI WKH ILQaO CBC H[SHULPHQW LV SUHVHQWHd LQ FLJ. 12. 
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FigXre 12: SaPSOH cKRLcH WaVN 

 

3.3.5 Sample 

EQd RI Ma\ 2019, ZH VHQW a SHUVRQaO LQYLWaWLRQ HPaLO ZLWK WKH OLQN WR RXU RQOLQH H[SHULPHQW 

WR 326 HPSOR\HHV IURP IUHLJKW cRPSaQLHV baVHd LQ GHUPaQ\. IQ addLWLRQ, WKH OLQN ZaV VKaUHd 

LQ WZR ORJLVWLcV RQOLQH IRUXPV aQd b\ WZR DSLV VWaWH PHPbHUV (BHUOLQ/BUaQdHQbXUJ aQd 

HHVVH/RKLQHOaQd-PaOaWLQaWH) aV SaUW RI WKHLU PRQWKO\ QHZVOHWWHU. AccRUdLQJ WR HaLU eW al. 

(2014), a PLQLPXP RI 50 UHVSRQdHQWV LV UHcRPPHQdHd ZKLOH KaXIPaQQ, K�Q]HO aQd LRRcN 

(2013) UHIHU LQ WKHLU VWXd\ WR a PLQLPXP QXPbHU RI 30 SaUWLcLSaQWV IRU cRQMRLQW aQaO\VLV. FRU 

LQVWaQcH, LRRcN (2012) cRQdXcWHd a CBC H[SHULPHQW ZLWK 38 UHVSRQdHQWV aQd LHbHaX, 

MacKaULV aQd VaQ MLHUOR (2016) ZLWK 45 SaUWLcLSaQWV WR LQYHVWLJaWH WKH cKRLcH RI OLJKW 

cRPPHUcLaO baWWHU\ HOHcWULc YHKLcOHV LQ cLW\ ORJLVWLcV. MLd-JXO\ 2019, RXU RQOLQH H[SHULPHQW ZaV 
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RSHQHd 185 WLPHV, KRZHYHU, WKH ILQaO VaPSOH ZaV UHdXcHd WR 69 aV UHVSRQVHV ZHUH H[cOXdHd 

IURP RXU aQaO\VLV LI WKH VXUYH\ ZaV QRW cRPSOHWHd RU LI IUHLJKW cRPSaQLHV dR QRW RSHUaWH aQ\ 

RZQ WUXcNV. TabOH 5 JLYHV aQ RYHUYLHZ RI WKH ILQaO VaPSOH. AccRUdLQJ WR WKH dHILQLWLRQ RI WKH 

EXURSHaQ CRPPLVVLRQ (EC), RXU VaPSOH SULPaULO\ cRPSRVHV RI UHVSRQdHQWV HPSOR\Hd aW 

PHdLXP ILUPV ZLWK 50-249 HPSOR\HHV (37.7%) aQd OaUJH ILUPV ZLWK PRUH WKaQ 250 HPSOR\HHV 

(57.9%) (EC, 2019c). MRVW IUHLJKW cRPSaQLHV (59.4%) RSHUaWH PRUH WKaQ 100 WUXcNV ZKLcK 

aUH PaLQO\ XVHd IRU ORQJ-KaXO RSHUaWLRQV (60.9%). 58.0% RI RXU UHVSRQdHQWV Kad SUHYLRXV 

H[SHULHQcH ZLWK aOWHUQaWLYH IXHO-SRZHUHd HDTV bXW RQO\ 5.8% ZLWK aXWRQRPRXV WUXcNV. 

Table 5: SaPSOH 

 FreqXenc\ (%) Respondents 
NXmber of emplo\ees 
1-49 
50-249 
250-999 
1,000-9,999 
>10,000 

 
4.4 % 
37.7 % 
21.7 % 
26.1 % 
10.1 % 

 
3 
26 
15 
18 
7 

 

HDTs in operation 
1-9 
10-49 
50-99 
100-499 
>500 
 

 

 
2.9 % 
23.2 % 
14.5 % 
34.8 % 
24.6 % 

 

 
2 
16 
10 
24 
17 

HDTs main field of operation 
SKRUW-KaXO WUaQVSRUWaWLRQ (<100 NP) 
LRQJ-KaXO WUaQVSRUWaWLRQ (>100 NP) 
ETXaO 
 
 
 

PreYioXs e[perience Zith 
alternatiYe fXel-poZered HDTs 
YHV 
NR 
 

PreYioXs e[perience Zith 
aXtonomoXs HDTs 

 
33.3 % 
60.9 % 
5.8 % 
 

 
 
58.0 % 
42.0 % 

 
23 
42 
4 
 

 
 
40 
29 

YHV 
NR 

5.8 % 
94.2 % 

4 
65 

 

3.4 ResXlts 

3.4.1 Data anal\sis 

TKH aYHUaJH WLPH QHHdHd WR cRPSOHWH RXU VXUYH\ ZaV 9.76 PLQXWHV. OI aOO UHVSRQdHQWV, 2.9% 

cKRVH WKH cRQYHQWLRQaO dLHVHO WUXcN LQ WKH SURYLdHd dXaO-UHVSRQVH RSWLRQ IRU aOO WZHOYH cKRLcH 
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WaVNV, L.H. QRQH RI WKH SUHVHQWHd LQQRYaWLYH HDTV ZRXOd bH SUHIHUUHd WR a cRQYHQWLRQaO dLHVHO-

SRZHUHd HDT. TR WHVW WKH UHOLabLOLW\ RI RXU PRdHO, ZH IROORZHd ASRVWROaNLV eW al. (2018) aQd 

dHVLJQHd WZR LdHQWLcaO KROdRXW WaVNV ZLWK PaQXaOO\ VHOHcWHd aWWULbXWH OHYHOV ZKLcK ZHUH 

H[cOXdHd IURP WKH HVWLPaWLRQ RI XWLOLWLHV. BRWK KROdRXW WaVNV cRQVLVW RI RQH UaWKHU SUHIHUabOH 

aQd WZR OHVV SUHIHUabOH SURdXcW cRQcHSWV aQd ZHUH XVHd WR WHVW LI SaUWLcLSaQWV VHOHcW SURdXcW 

cRQcHSWV UaQdRPO\. MRUHRYHU, WKH ULJKW SRVLWLRQ RI KROdRXW WaVNV LV cUXcLaO aV SUHYLRXV 

UHVHaUcK VKRZV WKaW WKH ILUVW WaVNV RI CBC H[SHULPHQWV VKRZ WKH bLJJHVW QRLVH (OUPH, 2014). 

WH WKHUHIRUH SOacHd RXU KROdRXW WaVNV aW WKH ILIWK aQd WZHOIWK SRVLWLRQ RI RXU VXUYH\. FLQaOO\, 

ZH caOcXOaWHd WKH WHVW-UHWHVW UaWH ZKLcK LQdLcaWHV KRZ RIWHQ WKH UHVSRQdHQWV aQVZHUHd bRWK 

KROdRXW WaVNV LdHQWLcaOO\ (ASRVWROaNLV eW al., 2018). TKH caOcXOaWHd WHVW-UHWHVW UaWH LV 91.3%, 

LPSO\LQJ a KLJK LQWHUQaO cRQVLVWHQc\. IQ addLWLRQ, ZH IROORZHd SUHYLRXV cRQMRLQW VWXdLHV aQd 

cRPSXWHd WKH JRRdQHVV RI ILW RI RXU HLHUaUcKLcaO Ba\HV (HB) PRdHO dLVSOa\Hd b\ WKH URRW 

OLNHOLKRRd YaOXH (RLH) (H.J. ASRVWROaNLV eW al., 2018; ScKHUHU, EPbHUJHU-KOHLQ aQd MHQUad, 

2018; HLOOH, WHbHU aQd BURVcK, 2019). TKH RLH YaOXH LV ́ WKH JHRPHWULc PHaQ RI WKH SUHdLcWHd 

SURbabLOLWLHV aQd LV caOcXOaWHd b\ WaNLQJ WKH QWK URRW RI WKH OLNHOLKRRd ZKHUH Q LV WKH WRWaO 

QXPbHU RI cKRLcHV PadH b\ aOO UHVSRQdHQWV LQ aOO WaVNVµ (TabL aQd WXHVWHQKaJHQ, 2017, S. 

767). RHVSRQdHQWV ZKR aUH VHOHcWLQJ SURdXcW cRQcHSWV UaWKHU UaQdRPO\ VKRZ a ORZ RLH VcRUH 

ZKLOH WKH bHVW SRVVLbOH WKHRUHWLcaO VcRUH LV 1.0 ZKLcK cRUUHOaWHV WR a SHUIHcW HVWLPaWLRQ PRdHO. 

TKH H[SHcWHd aQd WKHUHIRUH ZRUVW RLH VcRUH LV 1/N ZKHUH N LV WKH QXPbHU RI SURdXcW 

cRQcHSWV VKRZQ LQ RQH cKRLcH WaVN (TabL aQd WXHVWHQKaJHQ, 2017). OXU HB caOcXOaWLRQV 

\LHOdHd aQ aYHUaJH RLH YaOXH RI 0.637 ZKaW LV cOHaUO\ a OaUJHU ILW WKaQ 0.333 ZKaW dLVSOa\V a 

cKaQcH PRdHO ZLWK WKUHH SURdXcW aOWHUQaWLYHV. 

MHWKRdV IRU aQaO\]LQJ CBC daWa ZHUH aOUHad\ aYaLOabOH LQ WKH 70V aQd 80V, KRZHYHU, WKHUH 

ZHUH QR RSSRUWXQLWLHV WR caOcXOaWH SaUW-ZRUWK XWLOLWLHV RQ aQ LQdLYLdXaO OHYHO XQWLO WKH 90V. SLQcH 

WKHQ, HB PRdHOV aUH WKH SUHIHUUHd PHWKRd RI cKRLcH WR caOcXOaWH LQdLYLdXaO SaUW-ZRUWK XWLOLWLHV 

(SaZWRRWK, 2009). PaUW-ZRUWK XWLOLWLHV dLVSOa\ KRZ VWURQJ HacK aWWULbXWH OHYHO LQIOXHQcHV WKH 

cKRLcH RI a UHVSRQdHQW aQd caQ bH XVHd WR SUHdLcW KRZ cRQVXPHUV ZLOO cKRRVH aPRQJ dLIIHUHQW 

SURdXcW cRQcHSWV (GUHHQ, KULHJHU aQd WLQd, 2001). CRPSaUHd WR RWKHU PHWKRdV, HB PRdHOV 

SURYLdH LQdLYLdXaO SaUW-ZRUWK HVWLPaWHV JLYHQ RQO\ VRPH cKRLcHV SHU UHVSRQdHQW ´b\ 

´bRUURZLQJµ LQIRUPaWLRQ IURP SRSXOaWLRQ LQIRUPaWLRQ (PHaQV aQd cRYaULaQcHV) dHVcULbLQJ 

WKH SUHIHUHQcHV RI RWKHU UHVSRQdHQWV LQ WKH VaPH daWaVHWµ (SaZWRRWK, 2009, S. 1). 
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3.4.2 Importances and part-Zorth Xtilities 

BaVHd RQ WKH caOcXOaWHd HB PRdHO, WKH UHOaWLYH aYHUaJH LPSRUWaQcH RI WKH VL[ LdHQWLILHd 

aWWULbXWHV LV VKRZQ LQ FLJ. 13. TKH LPSRUWaQcHV RI WKH aWWULbXWHV VXP XS WR 100% aQd ZHUH 

cRPSXWHd b\ dLYLdLQJ WKH UaQJH RI WKH ORZHVW aQd KLJKHVW XWLOLW\ VcRUH RI aQ aWWULbXWH b\ WKH 

VXP RI UaQJHV acURVV aOO aWWULbXWHV (TabL aQd WXHVWHQKaJHQ, 2017). FLJ. 14, RQ WKH RWKHU KaQd, 

SUHVHQWV WKH aYHUaJH SaUW-ZRUWK XWLOLWLHV ZKLcK dLVSOa\ WKH UHOaWLYH LQIOXHQcH RI HacK aWWULbXWH 

OHYHO RQ UHVSRQdHQWV· cKRLcHV. NHJaWLYH XWLOLW\ YaOXHV VXcK aV -1.12 IRU dULYLQJ aXWRPaWLRQ OHYHO 

0-2 aUH QRW QHcHVVaULO\ XQaWWUacWLYH aV SUHVHQWHd XWLOLWLHV IRU HacK aWWULbXWH aUH VcaOHd WR VXP 

WR ]HUR (OUPH, 2010). 

TKH UHVXOWV RI RXU H[SHULPHQW LQdLcaWH WKaW WKH Pa[LPXP dULYLQJ UaQJH LV WKH PRVW LPSRUWaQW 

aWWULbXWH. TKH UHOHYaQcH RI aQ aWWUacWLYH dULYLQJ UaQJH ZaV aOVR dLVcXVVHd LQ SUHYLRXV UHVHaUcK 

RQ aOWHUQaWLYH IXHO YHKLcOHV (H.J. HLdUXH eW al., 2011; LHbHaX eW al., 2012; ZLHJOHU, 2012; 

HacNbaUWK aQd MadOHQHU, 2013; LHbHaX, MacKaULV aQd VaQ MLHUOR, 2016). FRU LQVWaQcH, 

PIRVHU, ScKaXHU aQd CRVWa (2018) LQYHVWLJaWHd WKH accHSWaQcH RI LNG IRU HDVV aQd VWaWH 

WKaW aOWHUQaWLYH WHcKQRORJLHV VXcK aV BE dULYHWUaLQV KaYH VXbVWaQWLaO dUaZbacNV aV WKH\ aUH 

cKaUacWHUL]Hd b\ a OLPLWHd dULYLQJ UaQJH. HRHQ aQd KRHWVH (2014) cRQdXcWHd a cKRLcH 

H[SHULPHQW WR ILQd RXW PRUH abRXW aOWHUQaWLYH IXHO YHKLcOH SUHIHUHQcHV IRU SULYaWH RZQHUV LQ 

WKH NHWKHUOaQdV aQd dHVcULbH WKaW QHJaWLYH SUHIHUHQcHV IRU HOHcWULc YHKLcOHV aUH OaUJH, HVSHcLaOO\ 

dXH WR ORQJ UHcKaUJLQJ WLPHV aQd VKRUW dULYLQJ UaQJHV. IQ addLWLRQ, WKH aXWKRUV UHSRUW WKaW 

SUHIHUHQcHV IRU HOHcWULc caUV dHcUHaVH dUaVWLcaOO\ ZKHQ aQQXaO PLOHaJH ULVHV. SWaWLVWLcV IURP WKH 

GHUPaQ FHdHUaO TUaQVSRUW AXWKRULW\ (KBA) UHYHaO WKaW WUXcN ORUULHV dURYH RQ aYHUaJH 96,915 

NP LQ 2017 cRPSaUHd WR 13,922 NP LQ caVH RI SaVVHQJHU caUV (KBA, 2018b). BaVHd RQ 250 

ZRUNda\V SHU \HaU, WKH aYHUaJH daLO\ PLOHaJH RI a WUXcN ORUU\ LV WKHUHIRUH 388 NP ZKaW LV aOPRVW 

VHYHQ WLPHV aV PXcK aV WKH PLOHaJH RI SaVVHQJHU caUV. AQdHUKRIVWadW aQd SSLQOHU (2019) 

aQaO\]Hd IacWRUV ZKLcK dULYH WKH adRSWLRQ RI ORZ-HPLVVLRQ HDTV LQ GHUPaQ\ aQd VKRZ WKaW 

WKH dULYLQJ UaQJH LV cRQVLdHUHd a PaLQ PRWLYaWRU ZKHQ VZLWcKLQJ IURP dLHVHO WR FCE RU LNG 

HDTV, bXW a WRS baUULHU LQ caVH RI BE HDTV. TKH SUHVHQWHd aYHUaJH SaUW-ZRUWK XWLOLWLHV LQ 

FLJ. 14 VKRZ WKaW 1600 NP (1.92) aQd 800 NP (1.53) aUH VWURQJO\ SUHIHUUHd WR 400 NP (-0.36) 

aQd HVSHcLaOO\ WR 200 NP (-3.09). TKXV, ZH aVVXPH WKaW WKH SUHIHUHQcH IRU ORQJ dLVWaQcHV LV 

cORVHO\ OLQNHd WR WKH SUHVHQWHd aQQXaO PLOHaJH dULYHQ b\ HDTV. MRUHRYHU, WKH SaUWLcLSaQWV RI 

RXU VXUYH\ LQdLcaWHd WKaW WKHLU HDTV aUH PaLQO\ XVHd IRU ORQJ-KaXO RSHUaWLRQV. TKH 
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UHIXHOLQJ/UHcKaUJLQJ WLPH LV WKH VHcRQd PRVW LPSRUWaQW aWWULbXWH ZKLcK ZaV aOVR cRQVLdHUHd 

aV a PaLQ IacWRU LQ RWKHU VWXdLHV (H.J. HLdUXH eW al., 2011; LHbHaX eW al., 2012; HacNbaUWK aQd 

MadOHQHU, 2013). A cRQMRLQW aQaO\VLV cRQdXcWHd b\ LHbHaX, MacKaULV aQd VaQ MLHUOR (2016) 

H[SORUHd WKH cKRLcH RI baWWHU\ HOHcWULc YHKLcOHV LQ XUbaQ ORJLVWLcV. TKH aXWKRUV IRXQd RXW WKaW 

a UHcKaUJLQJ WLPH RI 30 PLQ aW WKH dHSRW RI a IUHLJKW cRPSaQ\ LV cRPSaUabOH WR a cRQYHQWLRQaO 

5 PLQ UHIXHOLQJ WLPH VLQcH cLW\ ORJLVWLcV cRPSaQLHV cRXOd cKaUJH WKHLU YHKLcOHV aW WKH dHSRW 

ZKLOH ORadLQJ RU XQORadLQJ LW. HRZHYHU, aV HDTV aUH XVXaOO\ XVHd IRU ORQJ-KaXO WUaQVSRUWaWLRQ, 

UHIXHOLQJ RU UHcKaUJLQJ aW WKH dHSRW LV QRW aOZa\V SRVVLbOH. TKH caOcXOaWHd aYHUaJH SaUW-ZRUWK 

XWLOLWLHV VKRZ WKaW VKRUW UHIXHOLQJ/UHcKaUJLQJ WLPHV RI 10 PLQ (1.66) RU 30 PLQ (1.06) aUH 

IaYRUHd RYHU 1 K 30 PLQ (0.12) aQd 4 K 30 PLQ (-2.84) b\ RXU UHVSRQdHQWV. WKLOH QaWXUaO JaV 

aQd K\dURJHQ YHKLcOHV bHQHILW IURP VKRUW UHIXHOLQJ WLPHV cRPSaUabOH WR dLHVHO-SRZHUHd 

HDTV, UHcKaUJLQJ WLPHV RI BE HDTV dHSHQd RQ WKH YHKLcOH·V baWWHU\ caSacLW\ aQd WKH 

Pa[LPXP cKaUJH UaWH aW WKH cKaUJLQJ VWaWLRQ. FRU LQVWaQcH, WKH BE DaLPOHU HAcWURV WUXcN KaV 

a baWWHU\ caSacLW\ RI 240 NWK cRPSaUHd WR 22 NWK LQ WKH VWaQdaUd YHUVLRQ RI WKH RHQaXOW 

ZOE SaVVHQJHU caU (DaLPOHU, 2019b; RHQaXOW, 2019). IQ RUdHU WR IXOILOO IXWXUH CO2 WaUJHWV IRU 

WUXcNV, WKH EXURSHaQ AXWRPRbLOH MaQXIacWXUHUV AVVRcLaWLRQ (ACEA) aUJXHV WKaW aW OHaVW 

6000 KLJK-SRZHU cKaUJLQJ VWaWLRQV ZLWK a cKaUJH UaWH RI PRUH WKaQ 500 NW aUH QHHdHd acURVV 

WKH EU WR HQVXUH IaVW-cKaUJLQJ SRVVLbLOLWLHV IRU HDVV (ACEA, 2019). TKH OLIHWLPH RSHUaWLQJ 

cRVWV RI aQ HDT ZHUH UaQNHd aV WKH WKLUd PRVW LPSRUWaQW aWWULbXWH IROORZHd b\ WKH SXUcKaVH 

SULcH RI WKH YHKLcOH. OXU UHVXOWV aUH WKHUHIRUH LQ OLQH ZLWK ILQdLQJV IURP SLHU]cKXOa (2014) ZKR 

VWXdLHd IacWRUV ZKLcK LQIOXHQcH IOHHW PaQaJHUV WR adRSW HOHcWULc YHKLcOHV. TKH aXWKRU aUJXHV 

WKaW ILUPV, cRPSaUHd WR SULYaWH cXVWRPHUV, aUH PRUH OLNHO\ WR SXUcKaVH SULcLHU YHKLcOHV ZKLcK 

bHQHILW IURP ORZHU RSHUaWLQJ cRVWV LQ WKH ORQJ UXQ. IW LV aOVR LPSRUWaQW WR QRWH WKaW WKH dHcLVLRQ 

RI IOHHW PaQaJHUV LV PRUH cRPSOH[ cRPSaUHd WR SULYaWH KRXVHKROdV aV LW LQYROYHV PXcK OaUJHU 

LQYHVWPHQWV, YaULRXV YHKLcOHV aQd dLIIHUHQW dULYLQJ SaWWHUQV (KaSOaQ eW al., 2016). 

AQdHUKRIVWadW aQd SSLQOHU (2019) aOVR VKRZHd WKaW cXUUHQW aQd IXWXUH IXHO cRVWV aUH PRUH 

LPSRUWaQW WKaQ WKH SXUcKaVH SULcH RI ORZ-HPLVVLRQ HDTV aV IXHO cRVWV accRXQW IRU WKH OaUJHVW 

VKaUH RI aQQXaO WUXcN H[SHQVHV. IQ accRUdaQcH ZLWK HcRQRPLc WKHRU\, ORZHU RSHUaWLQJ cRVWV 

aQd ORZHU SXUcKaVH SULcHV LQcUHaVH WKH aWWUacWLYHQHVV RI a YHKLcOH. HHQcH, OLIHWLPH RSHUaWLQJ 

cRVWV RI -40% (1.59) RU -20% (0.93) aV ZHOO aV SXUcKaVH SULcHV RI -20% (1.27) RU 0% (1.05) 

UHOaWLYH WR VWaWH-RI-WKH-aUW dLHVHO HDTV aUH cOHaUO\ SUHIHUUHd. AccRUdLQJ WR RXU SaUWLcLSaQWV, 
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dULYLQJ aXWRPaWLRQ LV WKH ILIWK PRVW LPSRUWaQW aWWULbXWH IROORZHd b\ WaQN-WR-ZKHHO HPLVVLRQV 

ZKLcK ZaV UaWHd aV WKH OHaVW LPSRUWaQW aWWULbXWH. DULYLQJ aXWRPaWLRQ OHYHO 5 (0.56) aQd OHYHO 

3-4 (0.56) aUH SUHIHUUHd WR OHYHO 0-2 (-1.12), KRZHYHU, UHVXOWV VKRZ WKaW aYHUaJH XWLOLWLHV RI OHYHO 

5 aQd OHYHO 3-4 aUH LdHQWLcaO. HHQcH, RXU SaUWLcLSaQWV YaOXH WKH bHQHILWV RI VHOI-dULYLQJ 

WHcKQRORJ\ bXW aUH LQdLIIHUHQW bHWZHHQ cRQdLWLRQaO aQd IXOO aXWRPaWLRQ. SLPSVRQ eW al. (2019) 

aQaO\]Hd WKH IXWXUH adRSWLRQ UaWH RI aXWRQRPRXV WUXcNV aQd dHPRQVWUaWH VHYHUaO bHQHILWV RI 

VHOI-dULYLQJ WHcKQRORJ\, H.J. WKH UHdXcWLRQ RI accLdHQWV, VaIHU ZRUNLQJ cRQdLWLRQV, ULVLQJ 

UHOLabLOLW\ aV ZHOO aV dHcUHaVLQJ cRVWV. AQRWKHU VWXd\ cRQdXcWHd b\ MLOaNLV, VaQ AUHP aQd VaQ 

WHH (2017) LQYHVWLJaWHd SROLc\ aQd VRcLHW\ UHOaWHd LPSOLcaWLRQV RI aXWRPaWHd YHKLcOHV VXcK aV 

WUaYHO cRVW, YHKLcOH RZQHUVKLS, HPLVVLRQV RU WUaIILc VaIHW\. TKH aXWKRUV cRQcOXdH WKaW WKH XVH 

RI aXWRPaWHd YHKLcOHV caQ OHad WR bHWWHU IXHO HcRQRP\ aQd dHcUHaVLQJ HPLVVLRQV. MRUHRYHU, 

aXWRPaWHd dULYLQJ OHYHO 3 RU KLJKHU aV ZHOO aV dULYHU aVVLVWaQcH V\VWHPV aUH H[SHcWHd WR HQKaQcH 

WUaIILc VaIHW\ bXW cRXOd bH XOWLPaWHO\ OLPLWHd dXH WR WKH cRH[LVWHQcH RI PaQXaOO\ dULYLQJ 

KXPaQV. DHVSLWH QXPHURXV adYaQWaJHV RI VHOI-dULYLQJ YHKLcOHV, SUHYLRXV VWXdLHV VKRZ WKaW 

SHRSOH aUH aOVR cRQcHUQHd abRXW VRIWZaUH KacNLQJ RU OHJaO LVVXHV ZKHQ XVLQJ VHOI-dULYLQJ 

YHKLcOHV (H.J. K\ULaNLdLV, HaSSHH aQd DH WLQWHU, 2015; K|QLJ aQd NHXPa\U, 2017; 

GNaUW]RQLNaV aQd GNULW]a, 2019). AOWHUQaWLYH IXHO-SRZHUHd HDTV ZKLcK UHdXcH TWW 

HPLVVLRQV b\ 100% (0.49) aUH IaYRUHd RYHU dULYHWUaLQV ZKLcK UHdXcH HPLVVLRQV b\ 50% (0.11) 

RU 25% (-0.61). IQWHUHVWLQJO\, SUHYLRXV VWXdLHV dR aOVR cRQILUP WKaW RWKHU IacWRUV VXcK aV cRVWV 

aUH XVXaOO\ HYaOXaWHd aV PRUH LPSRUWaQW WKaQ HQYLURQPHQWaO aVSHcWV. FRU LQVWaQcH, KQH], JHUHb 

aQd ObUHcKW (2014) VWXdLHd IacWRUV WKaW LQIOXHQcH WKH SXUcKaVLQJ dHcLVLRQ RI aOWHUQaWLYH IXHO-

SRZHUHd YHKLcOHV aQd IRXQd RXW WKaW ORZHU HPLVVLRQV aUH RIWHQ VHHQ aV a bRQXV bXW QRW a WRS 

cRQcHUQ. MRUHRYHU, SUHYLRXV UHVHaUcK HPSKaVL]HV RQ WKH LPSRUWaQcH RI ZHOO-WR-ZKHHO (WWW) 

HPLVVLRQV WKaW cRPbLQH bRWK ZHOO-WR-WaQN (WWT) aQd WaQN-WR-ZKHHO (TWW) HPLVVLRQV (H.J. 

ZLHJOHU, 2012; AQdHUKRIVWadW aQd SSLQOHU, 2019). HRZHYHU, AOaPLa eW al. (2016) QRWH WKaW QR 

WWW HPLVVLRQV VWaQdaUd ZaV dHILQHd \HW. 
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FigXre 13: RHOaWLYH aYHUaJH LPSRUWaQcH RI WKH SUHVHQWHd aWWULbXWHV 

 
FigXre 14: AYHUaJH SaUW-ZRUWK XWLOLWLHV RI WKH dLIIHUHQW aWWULbXWH OHYHOV 
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3.4.3 Shares of preference 

BaVHd RQ RXU VXUYH\ UHVXOWV, ZH IROORZHd LRRcN (2012) aQd XVHd WKH LQWHJUaWHd SaZWRRWK 

PaUNHW VLPXOaWRU WR caOcXOaWH WKH IXWXUH VKaUHV RI SUHIHUHQcH IRU aXWRQRPRXV aQd aOWHUQaWLYH 

IXHO-SRZHUHd HDTV LQ GHUPaQ\. 

FLUVW, IRXU dULYHWUaLQV ZHUH HYaOXaWHd LQ cRRSHUaWLRQ ZLWK WKH H[SHUW JURXS aV IRUHVHHabOH aQd 

SURPLVLQJ aOWHUQaWLYHV WR VXbVWLWXWH dLHVHO-SRZHUHd HDTV: baWWHU\ HOHcWULc (BE), cRPSUHVVHd 

QaWXUaO JaV (CNG), OLTXHILHd QaWXUaO JaV (LNG), aQd IXHO cHOO HOHcWULc (FCE). DXH WR WKH 

SRVVLbLOLW\ RI LQWURdXcLQJ dLHVHO baQV LQ GHUPaQ cLWLHV aV dHcLdHd b\ WKH GHUPaQ FHdHUaO 

AdPLQLVWUaWLYH CRXUW LQ LHLS]LJ (BXQdHVYHUZaOWXQJVJHULcKW, 2018), aQ\ dLHVHO HQJLQH YaULaQWV 

ZHUH LJQRUHd, H.J. K\dURWUHaWHd YHJHWabOH RLO RU K\bULd VROXWLRQV IRU HDTV ZKLcK cRPbLQH 

bRWK dLHVHO WHcKQRORJ\ aQd HOHcWULc SURSXOVLRQ. SHcRQd, ZH VSHcLILHd WKUHH WLPHIUaPHV IRU WKH 

dHYHORSPHQW RI IXWXUH VcHQaULRV aV a UHVXOW RI WKH cRQdXcWHd H[SHUW LQWHUYLHZV: 2020-2025, 

2025-2030, aQd 2030-2035. TKH SUHVHQWHd WLPHIUaPHV ZHUH HYaOXaWHd aV UHaOLVWLc c\cOHV IRU WKH 

LPSURYHPHQW RI WHcKQRORJLHV aQd dULYHWUaLQV. TKH SURMHcWLRQV RI WKH UHaOLVWLc baVHOLQH VcHQaULR 

ZLOO bH dHVcULbHd LQ WKH IROORZLQJ VHcWLRQ. 

TKH LQWHUYLHZHd H[SHUWV aVVXPH WKaW cXUUHQW dULYHU aVVLVWaQcH V\VWHPV OHYHO 0-2 ZLOO bH WKH 

VWaQdaUd XQWLO 2025 IROORZHd b\ WKH LPSOHPHQWaWLRQ RI aXWRPaWHd dULYLQJ V\VWHPV OHYHO 3-4 

bHWZHHQ 2025 aQd 2030. MRUHRYHU, WKH\ UHIHU WR WKH aYaLOabLOLW\ RI WUXcN SOaWRRQLQJ ZKLcK LV 

WKH YLUWXaO cRQQHcWLRQ RI RQH OHad WUXcN aQd RQH RU PRUH WUaLOLQJ WUXcNV WKaW dULYH cORVHO\ 

bHKLQd RQH aQRWKHU (BKRRSaOaP, AJaW] aQd ZXLdZLMN, 2018). TKH ACEA (2017) dLVWLQJXLVKHV 

bHWZHHQ PRQR-bUaQd aQd PXOWL-bUaQd SOaWRRQLQJ. TKH OaWWHU aOORZV WKH YLUWXaO cRQQHcWLRQ RI 

WUXcNV IURP dLIIHUHQW PaQXIacWXUHUV ZKLcK LV QRW aYaLOabOH \HW bXW VKRXOd bH SRVVLbOH b\ 2023 

(ACEA, 2017). OXU H[SHUWV dR QRW H[SHcW IXOO aXWRQRP\ OHYHO 5 WR bH aYaLOabOH bHIRUH 2035 

IRU HDTV aQd VWaWH WKaW OHYHO 3-4 ZLOO bH WKH VWaQdaUd WHcKQRORJ\ IRU a PLQLPXP RI 10 \HaUV. 

TKHUH LV QR cRPPRQ SaWK abRXW WKH LQWURdXcWLRQ RI WKH dLIIHUHQW aXWRPaWHd dULYLQJ OHYHOV 

IURP LQdXVWU\ RU acadHPLa ZKLcK LV aOVR cRQILUPHd b\ SLPSVRQ eW al. (2019). TKH aXWKRUV 

dHVcULbH WKaW LW LV QRW SRVVLbOH WR IRUHcaVW KRZ TXLcNO\ cRQQHcWHd aXWRQRPRXV dULYLQJ 

WHcKQRORJLHV IRU WUXcNV ZLOO HYROYH. HRZHYHU, ILUVW SURWRW\SHV aUH cXUUHQWO\ bHLQJ WHVWHd, IRU 

LQVWaQcH, WKH GHUPaQ ORJLVWLcV ILUP DB ScKHQNHU VWaUWHd WR WHVW WKH aXWRQRPRXV WUXcN ELQULdH 

T-SRd RQ SXbOLc URadV LQ SZHdHQ LQ Ma\ 2019 (ELQULdH, 2019). AQRWKHU aXWRQRPRXV YHKLcOH 

IRU WKH WUaQVSRUWaWLRQ RI KHaY\ JRRdV ZaV SUHVHQWHd b\ VROYR TUXcNV LQ GRWKHQbXUJ, SZHdHQ 
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(VROYR, 2019). TKH Pa[LPXP dULYLQJ UaQJH RI WKH IRXU LdHQWLILHd WHcKQRORJLHV UaQJHV 

cXUUHQWO\ IURP 200 NP IRU BE HDTV XS WR 1600 NP IRU LNG HDTV. AccRUdLQJ WR RXU 

H[SHUWV, WKH dULYLQJ UaQJH RI CNG aQd LNG HDTV ZLOO UHPaLQ WKH VaPH dXH WR WKH PaWXUH 

OHYHO RI WKH WHcKQRORJ\. MRUHRYHU, UHVHaUcK aQd dHYHORSPHQW VSHQdLQJ RI WUXcN 

PaQXIacWXUHUV ZLOO IRcXV RQ ]HUR HPLVVLRQ WHcKQRORJLHV, WKXV, H[SHUWV aVVXPH WKaW baWWHU\ 

caSacLWLHV ZLOO LQcUHaVH ZKaW OHadV WR aQ aYHUaJH dULYLQJ UaQJH RI 400 NP IRU IXWXUH JHQHUaWLRQV 

RI BE HDTV. AQ HYHQ KLJKHU dULYLQJ UaQJH PLJKW bH SRVVLbOH bXW WKH H[SHUWV SRLQW RXW WKaW 

BE HDTV ZLOO bH PaLQO\ XVHd LQ XUbaQ ORJLVWLcV. TKH H[SHUWV IRUHcaVW WKH PaUNHW LQWURdXcWLRQ 

RI FCE HDTV bHWZHHQ 2025 aQd 2030 LQ GHUPaQ\. BaVHd RQ WKH OaWHVW SUHVV UHOHaVHV IURP 

H\XQdaL RU NLNROa MRWRU, aQ aYHUaJH dULYLQJ UaQJH RI 800 NP VHHPV WR bH UHaOLVWLc IRU WKH 

VHULHV SURdXcWLRQ RI FCE HDTV (NLNROa MRWRU, 2018; H\XQdaL, 2019a). HLJKHU dULYLQJ UaQJHV 

aUH WKHRUHWLcaOO\ SRVVLbOH ZKHQ XVLQJ RWKHU WHcKQRORJLHV IRU K\dURJHQ VWRUaJH ZKLcK bHQHILW 

IURP KLJKHU HQHUJ\ dHQVLW\, KRZHYHU, a K\dURJHQ VWRUaJH VWaQdaUd IRU HDTV ZaV QRW dHILQHd 

\HW. FRU LQVWaQcH, NLNROa MRWRU IRcXVHV RQ 700 baU ZKHUHaV H\XQdaL·V FCE HDT LV 

cRQVWUXcWHd IRU 350 baU RI XVH (NLNROa MRWRU, 2018; H\XQdaL, 2019a). WKLOH CNG, LNG aQd 

FCE HDTV caQ bH UHIXHOHd TXLcNO\, RXU H[SHUWV HVWLPaWH WKaW UHcKaUJLQJ WLPHV IRU BE HDTV 

ZLOO bH UHdXcHd dUaVWLcaOO\ IURP aQ aYHUaJH RI 4 K 30 PLQ LQ 2020-2025 WR RQO\ 30 PLQ LQ 2030-

2035 dXH WR LQcUHaVLQJ HIILcLHQc\ aQd WKH aYaLOabLOLW\ RI KLJK-SRZHU cKaUJLQJ SRLQWV RI PRUH 

WKaQ 500 NW IRU HDVV. AccRUdLQJ WR RXU H[SHUWV, WKH dULYHU aQd a WUXcN·V IXHO cRVWV accRXQW 

IRU WKH OaUJHVW VKaUH RI RSHUaWLQJ cRVWV ZKLcK LV aOVR dHVcULbHd LQ a VWXd\ b\ McKLQVH\ & 

CRPSaQ\ (2016). HHQcH, a WUXcN·V WRWaO-cRVW-RI-RZQHUVKLS (TCO) dHcUHaVHV VLJQLILcaQWO\ 

ZKHQ XVLQJ HDTV HTXLSSHd ZLWK aXWRPaWHd dULYLQJ WHcKQRORJ\. TKH VWXd\ UHYHaOHd WKaW WKH 

TCO IRU PHdLXP- aQd KHaY\-dXW\ WUXcNV caQ bH UHdXcHd b\ 9% ZKHQ XVLQJ aXWRPaWHd dULYLQJ 

OHYHO 4 aQd b\ 35% LQ caVH RI IXOO aXWRQRP\ OHYHO 5 (McKLQVH\ & CRPSaQ\, 2016). TKH 

SRVVLbLOLW\ WR ORZHU RSHUaWLQJ cRVWV ZKHQ XVLQJ VHOI-dULYLQJ WHcKQRORJ\ KaV bHHQ UHSRUWHd b\ 

VHYHUaO VWXdLHV, H.J. dXH WR UHdXcHd IXHO cRQVXPSWLRQ (MLOaNLV, VaQ AUHP aQd VaQ WHH, 2017).  

FULWVcK\ aQd SSLQOHU (2019) aUJXH WKaW WKH dHOLYHU\ RI SURdXcWV ZLWK VHOI-dULYLQJ WUXcNV ZLOO bH 

cKHaSHU ZKLcK OHadV WR WKH addLWLRQaO bHQHILW RI LQcUHaVLQJ cXVWRPHU VaWLVIacWLRQ. HRZHYHU, 

RSHUaWLQJ cRVWV RI aOWHUQaWLYH IXHO-SRZHUHd HDTV caQ bH QHJaWLYHO\ aIIHcWHd b\ H[SHQVLYH IXHO 

cRVWV IRU LQQRYaWLYH dULYHWUaLQV VXcK aV K\dURJHQ RU ULVLQJ HOHcWULcLW\ cRVWV. NHYHUWKHOHVV, WKH 

LQWHUYLHZHd H[SHUWV aJUHHd WKaW K\dURJHQ cRVWV ZLOO bH PRUH H[SHQVLYH WKaQ dLHVHO bXW aUH 
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OLNHO\ WR dHcUHaVH dXH WR ULVLQJ dHPaQd IURP 2030 RQZaUdV. IQ addLWLRQ, H[SHUWV aVVXPH WKaW 

JRYHUQPHQW LQcHQWLYHV ZLOO IXUWKHU KHOS WR UHdXcH RSHUaWLQJ cRVWV RI ORZ-HPLVVLRQ YHKLcOHV 

ZKLcK ZLOO bH KLJKHU IRU HOHcWULc YHKLcOHV, KHQcH BE aQd FCE HDTV, cRPSaUHd WR CNG aQd 

LNG. TKXV, QaWXUaO JaV WUXcNV aUH XQOLNHO\ WR bHQHILW IURP ORZHU RSHUaWLQJ cRVWV IURP 2025 

RQZaUdV dHVSLWH WKH aYaLOabLOLW\ RI OHYHO 3-4 aXWRPaWHd dULYLQJ WHcKQRORJ\. SLQcH JaQXaU\ 2019, 

QaWXUaO JaV aQd HOHcWULc WUXcNV aUH H[HPSWHd IURP GHUPaQ KLJKZa\ WROOV bXW WKH H[SHUWV H[SHcW 

WKaW WKH UHdXcWLRQ RI WROOV ZLOO bH aYaLOabOH IRU HOHcWULc HDTV LQ WKH IXWXUH RQO\ ZKaW LQcUHaVHV 

RSHUaWLQJ cRVWV RI CNG aQd LNG YHKLcOHV (BMVI, 2019c). PXUcKaVH SULcHV RI WKH LdHQWLILHd 

HDTV ZLOO bH LQLWLaOO\ KLJKHU cRPSaUHd WR cRQYHQWLRQaO dLHVHO-SRZHUHd HDTV, PRVWO\ dXH WR 

WKHLU aOWHUQaWLYH dULYHWUaLQ WHcKQRORJLHV bXW aOVR bHcaXVH RI aXWRPaWHd dULYLQJ V\VWHPV bXW RXU 

H[SHUWV aVVXPH WKaW baWWHU\ aQd IXHO cHOO SULcHV ZLOO dHcUHaVH VLJQLILcaQWO\ RYHU WLPH. MRUHRYHU, 

cRVWV IRU VHOI-dULYLQJ KaUdZaUH aQd VRIWZaUH ZLOO cRPH dRZQ dUaVWLcaOO\ ZKaW LV LQ OLQH ZLWK 

SURMHcWLRQV RI RWKHU H[SHUWV. FRU LQVWaQcH, KHYLQ COaUN, CEO RI ASWLY POc, HVWLPaWHV WKaW 

VRIWZaUH aQd KaUdZaUH HTXLSPHQW IRU VHOI-dULYLQJ YHKLcOHV cRVW QRZada\V bHWZHHQ 70,000 aQd 

150,000 US-DROOaUV bXW ZLOO dHcUHaVH WR 5000 US-DROOaUV b\ 2025 (RHXWHUV, 2017). A WUXcN·V 

SXUcKaVH SULcH ZLOO WKHUHIRUH bH aIIHcWHd VOLJKWO\ ZKHQ VHULHV SURdXcWLRQ RI aXWRQRPRXV 

dULYLQJ WHcKQRORJ\ ZLOO bH aYaLOabOH ZKLcK LV aOVR VXSSRUWHd b\ FaJQaQW aQd KRcNHOPaQ (2015) 

ZKR HVWLPaWH a dLIIHUHQcH RI 3000 US-DROOaUV bHWZHHQ cRQYHQWLRQaO aQd aXWRQRPRXV YHKLcOHV 

LQ WKH caVH RI PaVV SURdXcWLRQ. LaVWO\, TWW HPLVVLRQV ZKLcK dHVcULbH WKH ILQaO IXHO cRQYHUVLRQ 

LQ a WUXcN ZLOO QRW cKaQJH RYHU WKH QH[W \HaUV. E[SHUWV aVVXPH WKaW WKH IRcXV ZLOO bH RQ WWT 

HPLVVLRQV WKaW LQcOXdH ´WKH HQHUJ\ H[SHQdHd aQd aVVRcLaWHd HPLVVLRQV WR dHOLYHU WKH ILQLVKHd 

IXHO LQ WKH IXHO WaQNµ (AOaPLa eW al., 2016, S. 446). TabOH 6 VXPPaUL]HV WKH SURMHcWLRQV aQd 

VKaUHV RI SUHIHUHQcH IRU WKH UHaOLVWLc baVHOLQH VcHQaULR. TKH SURMHcWLRQV aQd UHVXOWV RI WKH 

RSWLPLVWLc aQd SHVVLPLVWLc VcHQaULR aUH VXPPaUL]Hd LQ WKH aSSHQdL[ (TabOH 13 aQd TabOH 14). 
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Table 6: RHaOLVWLc VcHQaULR 1) 2020-2025, 2) 2025-2030, 3) 2030-2035 

Technolog\ AXtomated 
driYing 

DriYing 
range 

RefXeling 
time 

Operating 
costs 

PXrchase 
price 

TtW 
emissions 

Shares of 
preference 

BE1) LHYHO 0-2 200 NP 4 K 30 PLQ 0 % 40 % -100 % 3.3 % 
CNG1) LHYHO 0-2 400 NP 10 PLQ 0 % 20 % -25 % 3.9 % 
LNG1) LHYHO 0-2 1600 NP 10 PLQ 0 % 20 % -25 % 46.8 % 
None1)       46.0 % 
BE2) LHYHO 3-4 400 NP 1 K 30 PLQ -20 % 20 % -100 % 19.8 % 
CNG2) LHYHO 3-4 400 NP 10 PLQ 0 % 20 % -25 % 2.2 % 
LNG2) LHYHO 3-4 1600 NP 10 PLQ 0 % 20 % -25 % 44.6 % 
FCE2) LHYHO 3-4 800 NP 10 PLQ 20 % 40 % -100 % 9.8 % 
None2)       23.6 % 
BE3) LHYHO 3-4 400 NP 30 PLQ -20 % 0 % -100 % 22.6 % 
CNG3) LHYHO 3-4 400 NP 10 PLQ 0 % 0 % -25 % 1.6 % 
LNG3) LHYHO 3-4 1600 NP 10 PLQ 0 % 0 % -25 % 33.5 % 
FCE3) LHYHO 3-4 800 NP 10 PLQ -20 % 20 % -100 % 35.6 % 
None3)       6.7 % 

 

TKH OaVW cROXPQ VKRZV WKaW WUXcN cXVWRPHUV ZLOO SUHIHU LNG HDTV dXULQJ WKH ILUVW WLPHIUaPH 

IURP 2020 WR 2025 dHVSLWH a KLJKHU SXUcKaVH SULcH. LNG HDTV bHQHILW HVSHcLaOO\ IURP a KLJK 

dULYLQJ UaQJH aQd VKRUW UHIXHOLQJ WLPHV ZKLcK aUH WKH WZR aWWULbXWHV ZLWK WKH KLJKHVW UHOaWLYH 

LPSRUWaQcHV aV SUHVHQWHd LQ FLJ. 13. MRUHRYHU, RSHUaWLQJ cRVWV aUH VLPLOaU WR dLHVHO-SRZHUHd 

HDTV aQd TWW HPLVVLRQV caQ bH UHdXcHd. BE HDTV, RQ WKH RWKHU KaQd, ZLOO bH WKH OHaVW 

aWWUacWLYH aOWHUQaWLYH WR WUXcN cXVWRPHUV LQ WKH bHJLQQLQJ bHcaXVH RI WKH VKRUW dULYLQJ UaQJH, 

ORQJ UHcKaUJLQJ WLPHV aQd aQ H[SHQVLYH SXUcKaVH SULcH. TKH VHcRQd WLPHIUaPH IURP 2025 WR 

2030 UHYHaOV WKaW WUXcN cXVWRPHUV VWLOO IaYRU LNG aPRQJ WKH dLIIHUHQW WHcKQRORJLHV, KRZHYHU, 

BE HDTV aUH bHcRPLQJ a PRUH aWWUacWLYH aOWHUQaWLYH dXH WR dHcUHaVLQJ cRVWV aQd 

WHcKQRORJLcaO dHYHORSPHQW VXcK aV LQcUHaVLQJ HIILcLHQc\ aQd dHcUHaVLQJ UHcKaUJLQJ WLPHV. IW LV 

ZRUWK QRWLQJ WKaW cXVWRPHUV ZLOO SUHIHU FCE HDTV RYHU CNG HDTV dHVSLWH bRWK KLJKHU 

SXUcKaVH SULcHV aQd KLJKHU RSHUaWLQJ cRVWV. TKH WKLUd WLPHIUaPH, 2030 WR 2035, LQdLcaWHV WKaW 

HOHcWULc dULYHWUaLQV (BE aQd FCE) aQd LNG ZLOO bH WKH PRVW SUHIHUUHd RSWLRQV b\ WUXcN 

cXVWRPHUV. FCE dULYHWUaLQV ZLOO bH WKH PRVW aWWUacWLYH VROXWLRQ IROORZHd b\ LNG aQd BE 

HDTV. IQWHUHVWLQJO\, WKH QRQH-RSWLRQ ZKLcK dLVSOa\V a cRQYHQWLRQaO dLHVHO-SRZHUHd HDT LV 

VWLOO PRUH aWWUacWLYH WKaQ a CNG-SRZHUHd YHKLcOH. 
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3.5 ConclXsion 
OXU VWXd\ aLPHd WR UHYHaO KRZ IUHLJKW cRPSaQLHV aVVHVV WKH aWWULbXWHV RI aXWRQRPRXV aQd 

aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\. FXUWKHUPRUH, ZH LdHQWLILHd IRXU SURPLVLQJ 

aOWHUQaWLYH dULYHWUaLQV aQd dHYHORSHd IXWXUH VcHQaULRV LQ cRRSHUaWLRQ ZLWK aQ H[SHUW JURXS WR 

VLPXOaWH cXVWRPHUV· SUHIHUHQcH VKaUHV IRU LQQRYaWLYH HDTV. 

B\ cRQdXcWLQJ a CBC H[SHULPHQW ZLWK HPSOR\HHV IURP GHUPaQ IUHLJKW cRPSaQLHV, ZH IRXQd 

WKaW WKH Pa[LPXP dULYLQJ UaQJH LV WKH PRVW LPSRUWaQW aWWULbXWH IROORZHd b\ WKH 

UHIXHOLQJ/UHcKaUJLQJ WLPH. TWW HPLVVLRQV, RQ WKH RWKHU KaQd, ZaV HYaOXaWHd aV WKH OHaVW 

LPSRUWaQW aWWULbXWH ZKaW LV LQ OLQH ZLWK SUHYLRXV VWXdLHV ZKLcK cULWLcL]H WKaW HQYLURQPHQWaO 

bHQHILWV RI ORZ-HPLVVLRQ YHKLcOHV aUH QRW a WRS cRQcHUQ. DULYLQJ aXWRPaWLRQ ZaV aVVHVVHd aV 

OHVV LPSRUWaQW WKaQ WKH SXUcKaVH SULcH RU RSHUaWLQJ cRVWV b\ WKH VXUYH\ SaUWLcLSaQWV, KRZHYHU, 

WKH\ cOHaUO\ SUHIHUUHd cRQdLWLRQaO aQd IXOO aXWRPaWLRQ WR PaQXaO cRQWURO. 

AQ LPSRUWaQW cRQcOXVLRQ ZKLcK caQ bH dUaZQ IURP WKH UHVXOWV RI RXU PaUNHW VLPXOaWLRQ LV WKH 

IacW WKaW IUHLJKW cRPSaQLHV aUH JHQHUaOO\ RSHQ WR XWLOL]LQJ aXWRQRPRXV aQd ORZ-HPLVVLRQ 

HDTV. WH WKHUHIRUH aVVXPH WKaW WKH ORZ adRSWLRQ UaWH RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ 

GHUPaQ\ LV QRW baVHd RQ VNHSWLcLVP abRXW aOWHUQaWLYH dULYHV bXW PXcK PRUH RQ XQcHUWaLQWLHV 

aQd H[WHUQaO YaULabOHV. FRU LQVWaQcH, a cOHaU VWUaWHJ\ WR ORZ-HPLVVLRQ WUXcNLQJ IURP WKH 

JRYHUQPHQW LV UHTXLUHd WR LQcUHaVH SOaQQLQJ VHcXULW\ IRU aOO VWaNHKROdHUV LQYROYHd. TKLV cRXOd 

OHad LQ UHWXUQ WR UHVHaUcK aQd dHYHORSPHQW H[SHQdLWXUH RQ ]HUR HPLVVLRQ WHcKQRORJLHV IURP 

WUXcN PaQXIacWXUHUV, LQYHVWPHQWV LQ a ZLdHVSUHad UHcKaUJLQJ/UHIXHOLQJ LQIUaVWUXcWXUH, aQd WKH 

SXUcKaVH RI ORZ-HPLVVLRQ cRPPHUcLaO YHKLcOHV IURP IUHLJKW cRPSaQLHV. FROORZLQJ UHVHaUcK 

RQ WKH adRSWLRQ RI HcR-LQQRYaWLRQV (H.J. RHQQLQJV eW al., 2006), ZH UHcRPPHQd WKH 

LQWURdXcWLRQ RI HQYLURQPHQWaO SROLc\ LQVWUXPHQWV, ILQaQcLaO VXbVLdLHV aQd VWULcW OHJaO 

UHTXLUHPHQWV WR LQcUHaVH WKH aZaUHQHVV RI HQYLURQPHQWaO bHQHILWV RI aOWHUQaWLYH dULYHV. 

AQdHUKRIVWadW aQd SSLQOHU (2019) dHVcULbH WKH LQWURdXcWLRQ RI ORZ-HPLVVLRQ ]RQHV aV a 

SRVVLbLOLW\ WR VSXU WKH SHQHWUaWLRQ UaWH RI ORZ-HPLVVLRQ HDTV LQ GHUPaQ\. KaSOaQ eW al. (2016) 

UHcRPPHQd SLORW WHVWV aQd caPSaLJQV WR SHUVXadH IOHHW PaQaJHUV WR adRSW HQYLURQPHQWaOO\ 

IULHQdO\ YHKLcOHV ZKLcK LV LQ OLQH ZLWK ScKXOWH, HaUW aQd VaQ dHU VRUVW (2004) ZKR VXJJHVW 

´KaQdV-RQµ H[SHULHQcH WR UHdXcH VNHSWLcLVP WRZaUd LQQRYaWLYH SURdXcWV. TKH UHVXOWV RI RXU 

PaUNHW VLPXOaWLRQ LQdLcaWH WKaW LNG HDTV aUH aQ aWWUacWLYH aQd PaUNHW-UHad\ VXbVWLWXWH IRU 
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dLHVHO-SRZHUHd WUXcNV, KRZHYHU, WKHUH H[LVW RQO\ WHQ LNG UHIXHOLQJ VWaWLRQV acURVV GHUPaQ\ 

aV RI DHcHPbHU 2019 cRPSaUHd WR 58 LQ IWaO\ aQd 48 LQ SSaLQ (NGVA, 2019). HHQcH, ZH 

VXJJHVW WR ILQaQcLaOO\ VXSSRUW WKH cRQVWUXcWLRQ RI QHZ LNG UHIXHOLQJ VWaWLRQV aV ZHOO aV IaVW 

aSSURYaO SURcHVVHV WR VHWXS a cRPSUHKHQVLYH QHWZRUN acURVV WKH cRXQWU\. MRUHRYHU, 

GRXOdLQJ eW al. (2017) dHVcULbH WKH SRVVLbLOLW\ RI XVLQJ bLRJaV LQ WKH WUaQVSRUWaWLRQ VHcWRU WR 

IXUWKHU UHdXcH WKH HcRORJLcaO LPSacW RI QaWXUaO JaV YHKLcOHV. IQ WKH PHdLXP- aQd ORQJ-UXQ, BE 

aQd FCE WUXcNV VHHP WR bH UHOHYaQW WHcKQRORJLHV bXW WKH ACEA VWaWHV WKaW SXbOLc cKaUJLQJ 

SRLQWV IRU BE HDTV dR QRW HYHQ H[LVW aQd aYaLOabOH K\dURJHQ UHIXHOLQJ VWaWLRQV IRU SaVVHQJHU 

caUV caQQRW bH XVHd b\ WUXcNV dXH WR KLJKHU K\dURJHQ dHPaQd aQd PLVVLQJ VWaQdaUdV (ACEA, 

2019). HHQcH, ILQaQcLaO LQcHQWLYHV IRU IUHLJKW cRPSaQLHV LQ GHUPaQ\ VXcK aV WKH WROO UHdXcWLRQ 

IRU QaWXUaO JaV aQd HOHcWULc WUXcNV ZLOO QRW VROYH WKH cXUUHQW ´cKLcNHQ-aQd-HJJµ VLWXaWLRQ dXH 

WR WKH PLVVLQJ LQIUaVWUXcWXUH. WH WKHUHIRUH UHcRPPHQd a cRRUdLQaWHd Za\ IRU WKH PaUNHW 

dHYHORSPHQW RI UHIXHOLQJ/UHcKaUJLQJ VWaWLRQV IRU aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\ 

aOLJQHd ZLWK EXURSHaQ SURMHcWV. CRPSaUHd WR ORZ-HPLVVLRQ YHKLcOHV, WKHUH aUH QR VHOI-dULYLQJ 

HDTV cRPPHUcLaOO\ aYaLOabOH \HW. HRZHYHU, aXWRQRPRXV YHKLcOHV ZLOO bH UHaOLW\ VRRQ aQd 

SURbabO\ HaUOLHU WKaQ PRVW SHRSOH ZRXOd aVVXPH (TaOHbLaQ aQd MLVKUa, 2018). FLUVW SURWRW\SHV 

aUH cXUUHQWO\ bHLQJ WHVWHd aQd H[LVWLQJ aVVLVWaQW V\VWHPV VXcK aV acWLYH OaQH NHHSLQJ RU bUaNH 

aVVLVWV SaYH WKH Za\ IRU YHKLcOH aXWRPaWLRQ OHYHO 3 aQd KLJKHU. CRQVHTXHQWO\, LW VHHPV ZLVH WR 

LQLWLaWH UHTXLUHd acWLRQV UaWKHU VRRQ WR HQVXUH a VPRRWK LQWURdXcWLRQ RI WKLV dLVUXSWLYH 

WHcKQRORJ\. FULWVcK\ aQd SSLQOHU (2019) aVVHVV WKH LPSacW RI aXWRQRPRXV WUXcNV RQ bXVLQHVV 

PRdHOV aQd QRWH WKaW QHJOHcWLQJ WR LQYHVW LQ aXWRQRPRXV WUXcNV PLJKW OHad WR VHULRXV 

cRQVHTXHQcHV LQ WKH ORQJ UXQ IRU aOO VWaNHKROdHUV LQYROYHd. HRZHYHU, WKHUH aUH VWLOO VHYHUaO 

baUULHUV WR WKH ZLdHVSUHad dLIIXVLRQ RI VHOI-dULYLQJ YHKLcOHV ZKLcK QHHd WR bH VROYHd WR 

OHYHUaJH WKH adYaQWaJHV RI WKH WHcKQRORJ\, aPRQJ RWKHUV, a cRQVLVWHQW cHUWLILcaWLRQ IUaPHZRUN, 

LQVXUaQcH/OLabLOLW\ LVVXHV, HOHcWURQLc VHcXULW\, aQd SULYac\ cRQcHUQV (FaJQaQW aQd KRcNHOPaQ, 

2015; GNaUW]RQLNaV aQd GNULW]a, 2019). IQ VXPPaU\, a cORVH cROOabRUaWLRQ bHWZHHQ WUXcN 

PaQXIacWXUHUV, cXVWRPHUV, LQIUaVWUXcWXUH cRPSaQLHV aQd SROLc\PaNHUV, aOLJQHd ZLWK EXURSHaQ 

VWUaWHJLHV, LV HVVHQWLaO WR VSXU WKH SHQHWUaWLRQ RI bRWK aXWRQRPRXV aQd aOWHUQaWLYH IXHO-

SRZHUHd HDTV. 

DHVSLWH WKH SUacWLcaO UHOHYaQcH RI RXU H[SHULPHQW, WKH SUHVHQWHd accHSWaQcH aQd XVH RI 

WHcKQRORJLHV PRdHOV VHUYHd aV KHOSIXO WKHRULHV ZKLcK JXLdHd WKH H[HcXWLRQ RI RXU CBC 
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H[SHULPHQW. FRU LQVWaQcH, ZH cRQcOXdH WKaW IUHLJKW cRPSaQLHV HYaOXaWH aXWRQRPRXV aQd 

aOWHUQaWLYH IXHO-SRZHUHd HDTV aV bHQHILcLaO ZKLcK IRcXVHV RQ WKH ILUVW SUHdLcWRU RI TPB, WKH 

aWWLWXdH WRZaUd a bHKaYLRU. TKH VHcRQd SUHdLcWRU, VXbMHcWLYH QRUPV, LV aQRWKHU LPSRUWaQW 

aVSHcW RI RXU VWXd\ dXH WR LPPLQHQW EU-ZLdH HPLVVLRQ OLPLWV IRU HDTV RU WKH SRVVLbLOLW\ RI 

LPSOHPHQWLQJ dLHVHO baQV LQ GHUPaQ cLW\ cHQWHUV. TKH IacW WKaW 58.0% RI RXU SaUWLcLSaQWV Kad 

SUHYLRXV H[SHULHQcH ZLWK aOWHUQaWLYH IXHO-SRZHUHd HDTV LV UHOHYaQW IRU WKH WKLUd TPB 

dHWHUPLQaQW, SHUcHLYHd bHKaYLRUaO cRQWURO, aV LW cRQVLdHUV SaVW H[SHULHQcHV. TAM LQcOXdHV WZR 

VSHcLILc YaULabOHV WKaW aUH UHOHYaQW IRU XVHUV WR adRSW RU UHMHcW aQ LQQRYaWLRQ. TKH SHUcHLYHd 

HaVH RI XVH dLVSOa\V LI XWLOL]LQJ a QHZ WHcKQRORJ\ ZRXOd bH IUHH RI HIIRUW. PUHVHQWHd aWWULbXWHV 

VXcK aV WKH Pa[LPXP dULYLQJ UaQJH RU WKH UHIXHOLQJ/UHcKaUJLQJ WLPHV RI aOWHUQaWLYH IXHOV aUH 

PRVW LPSRUWaQW WR RXU UHVSRQdHQWV, KHQcH, WUXcN PaQXIacWXUHUV QHHd WR IRcXV RQ daLO\ 

SUacWLcabLOLW\ ZLWK UHVSHcW WR dLHVHO HQJLQHV aV WKH bHQcKPaUN WHcKQRORJ\. TKH VHcRQd YaULabOH 

RI TAM, SHUcHLYHd XVHIXOQHVV IRcXVHV RQ KRZ aQ LQQRYaWLRQ LPSURYHV a MRb ZKLcK LV UHOaWHd 

WR VHOI-dULYLQJ WHcKQRORJ\ RI HDTV. CRQdLWLRQaO aQd IXOO dULYLQJ aXWRPaWLRQ caQ HQKaQcH aQd 

PRdLI\ WKH MRb RI WUXcN dULYHUV bXW aOVR KHOS WR VROYH WKH cXUUHQW VKRUWaJH RI TXaOLILHd dULYHUV.  

OXU VWXd\ LV QRW ZLWKRXW OLPLWaWLRQV. FLUVW, WKH aYaLOabLOLW\ RI UHIXHOLQJ VWaWLRQV/UHcKaUJLQJ 

SRLQWV ZaV QRW LQcOXdHd aV aQ aWWULbXWH WR RXU CBC H[SHULPHQW aV ZH cRQcHQWUaWHd RQ WUXcN 

VSHcLILcaWLRQV RQO\ aQd VHH a cRPSUHKHQVLYH UHIXHOLQJ/UHcKaUJLQJ LQIUaVWUXcWXUH aV a 

SUHUHTXLVLWH IRU XWLOL]LQJ ORZ-HPLVVLRQ YHKLcOHV. SHcRQd, ZH aUH aZaUH WKaW WKH dHILQHd 

SXUcKaVH SULcH OHYHOV RI -20% WR +40% UHOaWLYH WR dLHVHO HDTV aUH cXUUHQWO\ XQUHaOLVWLc IRU 

aXWRQRPRXV aQd aOWHUQaWLYH IXHO-SRZHUHd HDTV, HVSHcLaOO\ LQ caVH RI BE aQd FCE HDTV. 

HRZHYHU, ZH aLPHd WR IRcXV RQ WKH VHULHV SURdXcWLRQ RI ORZ-HPLVVLRQ HDTV aQd WULHd WR 

aYRLd a dRPLQaQcH RI SXUcKaVH SULcH RYHU RWKHU SURdXcW aWWULbXWHV. TKXV, SUHVHQWLQJ cXUUHQW 

SXUcKaVH SULcHV cRXOd KaYH cKaQJHd WKH LPSRUWaQcHV RI RXU aWWULbXWHV. FXUWKHUPRUH, WKH 

cRPSaUabO\ VPaOO VaPSOH VL]H RI 69 LV aQRWKHU OLPLWaWLRQ RI RXU VWXd\ aV WKH QXPbHU RI 

SaUWLcLSaQWV dLd QRW aOORZ a dHWaLOHd aQaO\VLV aQd VHJPHQWaWLRQ RI cXVWRPHUV. HHQcH, ZH 

UHcRPPHQd WR cRQdXcWLQJ a CBC aQaO\VLV ZLWK a OaUJHU VaPSOH VL]H IROORZHd b\ WKH 

VHJPHQWaWLRQ RI WUXcN cXVWRPHUV LQ IXWXUH UHVHaUcK WR WHVW LI IUHLJKW cRPSaQLHV ZKLcK IRcXV 

RQ LQWHUQaWLRQaO ORQJ-KaXO RSHUaWLRQV KaYH RWKHU SUHIHUHQcHV WKaQ cRPSaQLHV IRcXVLQJ RQ 

XUbaQ dHOLYHU\. IQ addLWLRQ, RXU VWXd\ RIIHUV RWKHU LQWHUHVWLQJ RSSRUWXQLWLHV IRU IXWXUH UHVHaUcK 
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VXcK aV WKH H[WHQVLRQ aQd cRPSaULVRQ WR dLIIHUHQW HcRQRPLc/JHRJUaSKLcaO aUHaV VLQcH YHKLcOH 

UHJXOaWLRQV RU LQcHQWLYH SURJUaPV dLIIHU aPRQJ YaULRXV cRXQWULHV aQd UHJLRQV. 

IQ cRPSaULVRQ WR WKH VHcRQd cKaSWHU ZKLcK H[SORUHd WKH UHVHaUcK aUHa IURP a bURadHU 

SHUVSHcWLYH, ZH ZHUH IRcXVLQJ RQ IUHLJKW cRPSaQLHV LQ WKH WKLUd cKaSWHU RI WKLV dLVVHUWaWLRQ WR 

bHWWHU XQdHUVWaQd KRZ WUXcN cXVWRPHUV YaOXH WKH PaLQ aWWULbXWHV RI LQQRYaWLYH HDTV. 

FXUWKHUPRUH, ZH dHYHORSHd dLIIHUHQW VcHQaULRV XQWLO 2035 LQ cRRSHUaWLRQ ZLWK aQ H[SHUW JURXS 

WR VLPXOaWH IXWXUH cXVWRPHUV· SUHIHUHQcH VKaUHV IRU LQQRYaWLYH HDTV. OXU UHVXOWV VKRZ WKaW 

IXOO\ HOHcWULc dULYHWUaLQV, L.H. BE aQd FCE HDTV, aUH bHcRPLQJ LQcUHaVLQJO\ SRSXOaU ZKHUHaV 

SUHIHUHQcH VKaUHV RI QaWXUaO JaV aQd cRQYHQWLRQaO WUXcNV aUH cRQWLQXRXVO\ dHcUHaVLQJ. DXH WR 

WKH IacW WKaW FCE HDTV aUH QRW cRPPHUcLaOO\ aYaLOabOH \HW, ZH aUH IRcXVLQJ RQ BE HDTV LQ 

WKH IRXUWK cKaSWHU RI WKLV dLVVHUWaWLRQ WR IRUHcaVW WKH dLIIXVLRQ RI BE HDTV LQ GHUPaQ\ 

cRQVLdHULQJ WRWaO-cRVW-RI-RZQHUVKLS UHdXcWLRQ HIIHcWV. 
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4. Forecasting the market penetration of batter\ electric heaY\-dXt\ 

trXcks in German\ considering total-cost-of-oZnership redXction effects 
 

The folloZing chapWer iV baVed on AnderhofVWadW and Spinler (2020a) ¶ForecaVWing Whe markeW peneWraWion of 

baWWer\ elecWric heaY\-dXW\ WrXckV in German\ conVidering WoWal-coVW-of-oZnerVhip redXcWion effecWV· 4 

 

4.1 IntrodXction 
GHUPaQ\ LV WKH VL[WK OaUJHVW HPLWWHU RI caUbRQ dLR[LdH (CO2) ZRUOdZLdH aQd ZaV UHVSRQVLbOH 

IRU 2% RI JORbaO CO2 HPLVVLRQV LQ 2018 ZKLcK KLW a QHZ UHcRUd KLJK RI 36,573 PLOOLRQ WRQV 

(GORbaO CaUbRQ AWOaV, 2020). AccRUdLQJ WR WKH UQLWHd SWaWHV EQYLURQPHQWaO PURWHcWLRQ 

AJHQc\ (EPA), CO2 LV WKH SULPaU\ KXPaQ-dULYHQ JUHHQKRXVH JaV (GHG) aQd LV PaLQO\ 

SURdXcHd b\ WKH cRPbXVWLRQ RI IRVVLO IXHOV IRU HQHUJ\ aQd WUaQVSRUWaWLRQ (EPA, 2019). TKH 

WRS CO2 SURdXcLQJ cRXQWULHV aUH CKLQa (10,065 PLOOLRQ WRQV) aQd WKH UQLWHd SWaWHV (5416 

PLOOLRQ WRQV), KRZHYHU, ZKHQ aVVHVVLQJ CO2 HPLVVLRQV SHU caSLWa, QaWaU LV UaQNHd 1VW (38 WRQV), 

WKH UQLWHd SWaWHV 12WK (17 WRQV), GHUPaQ\ 31VW (9.1 WRQV), aQd CKLQa 49WK  (7 WRQV) (GORbaO 

CaUbRQ AWOaV, 2020). IQ NRYHPbHU 2016, WKH PaULV COLPaWH AJUHHPHQW HQWHUHd LQWR IRUcH 

ZKLcK LV cRQVLdHUHd a PLOHVWRQH LQ cOLPaWH SROLc\ aV LW LV WKH ILUVW LQWHUQaWLRQaO UHVSRQVH WR WKH 

WKUHaW RI JORbaO WHPSHUaWXUH LQcUHaVH (UNFCC, 2019). BaVHd RQ WKH WaUJHWV RI WKH PaULV 

AJUHHPHQW, WKH GHUPaQ JRYHUQPHQW adRSWHd WKH GHUPaQ COLPaWH AcWLRQ POaQ 2050 ZKLcK 

LQcOXdHV VHcWRU-VSHcLILc UHdXcWLRQ WaUJHWV WR UHacK a GHG QHXWUaO VRcLHW\ b\ WKH PLddOH RI WKH 

21VW cHQWXU\. TKH ILUVW RYHUaOO PLOHVWRQHV LV WR UHdXcH WRWaO GHG HPLVVLRQV LQ GHUPaQ\ b\ 

2030 b\ aW OHaVW 55% cRPSaUHd WR WKH UHIHUHQcH \HaU 1990. TKH OaWHVW UHSRUW IURP WKH GHUPaQ 

FHdHUaO MLQLVWU\ IRU WKH EQYLURQPHQW, NaWXUH CRQVHUYaWLRQ aQd NXcOHaU SaIHW\ (BMU) VWaWHV 

WKaW WRWaO GHG HPLVVLRQV LQ GHUPaQ\ dHcUHaVHd b\ aURXQd 31% IURP 1251 PLOOLRQ WRQV LQ 

1990 WR 866 PLOOLRQ WRQV LQ 2018. TKH 2020 WaUJHW LV WR HPLW OHVV WKaQ 751 PLOOLRQ WRQV RI GHG 

HPLVVLRQV aQd OHVV WKaQ 563 PLOOLRQ WRQV b\ 2030. TKH HQHUJ\ VHcWRU LV WKH OaUJHVW SURdXcHU RI 

GHG LQ GHUPaQ\ aQd ZaV UHVSRQVLbOH IRU 311 PLOOLRQ WRQV LQ 2018, IROORZHd b\ WKH LQdXVWU\ 

 
4 AQdHUKRIVWadW, B. aQd SSLQOHU, S. (2020a) ¶FRUHcaVWLQJ WKH PaUNHW SHQHWUaWLRQ RI baWWHU\ HOHcWULc KHaY\-dXW\ 

WUXcNV LQ GHUPaQ\ cRQVLdHULQJ WRWaO-cRVW-RI-RZQHUVKLS UHdXcWLRQ HIIHcWV·, UQSXbOLVKHd WRUNLQJ PaSHU. 



- 

 
 

- 71 - 
 

VHcWRU ZKLcK accRXQWHd IRU 196 PLOOLRQ WRQV aQd WKH WUaQVSRUWaWLRQ VHcWRU ZKLcK HPLWWHd 162 

PLOOLRQ WRQV. WKLOH HPLVVLRQV IURP WKH HQHUJ\ VHcWRU IHOO b\ 33.4% aQd HPLVVLRQV IURP WKH 

LQdXVWU\ VHcWRU b\ 30.7% cRPSaUHd WR 1990, HPLVVLRQV IURP WUaQVSRUWaWLRQ dHcUHaVHd b\ 0.9% 

RQO\. B\ 2030, WKH GHUPaQ COLPaWH AcWLRQ POaQ VSHcLILHV a UHdXcWLRQ WaUJHW RI 40% IURP 

WUaQVSRUWaWLRQ cRPSaUHd WR 1990. PaVVHQJHU caUV (60.6%) aQd cRPPHUcLaO YHKLcOHV (35.6%) 

aUH b\ IaU WKH OaUJHVW HPLWWHUV RI GHG HPLVVLRQV IURP WUaQVSRUWaWLRQ LQ GHUPaQ\. AccRUdLQJ 

WR WKH BMU, WKH PaLQ UHaVRQV IRU HPLVVLRQV IURP WUaQVSRUWaWLRQ aUH KLJKHU YHKLcOH aQd WRQ 

NLORPHWHUV WUaYHOOHd, WKH XVH RI IRVVLO IXHOV aQd KLJK aYHUaJH CO2 HPLVVLRQV SHU YHKLcOH (BMU, 

2019). TKLV LV IXUWKHU VXSSRUWHd b\ VWaWLVWLcV IURP WKH EXURSHaQ EQYLURQPHQW AJHQc\ (EEA) 

VKRZLQJ WKaW aYHUaJH HPLVVLRQV IURP QHZ SaVVHQJHU caUV LQ EXURSH LQcUHaVHd IURP 118.1 

JUaPV CO2 SHU NLORPHWHU LQ 2016 WR 120.4 JUaPV LQ 2018 (EEA, 2019). IQ GHUPaQ\, QHZ caUV 

UHJLVWHUHd HTXLSSHd ZLWK aOWHUQaWLYH dULYHV Kad a JURZWK UaWH RI 54.3% IURP 2017 WR 2018 

(BMU, 2019). AccRUdLQJ WR WKH GHUPaQ FHdHUaO TUaQVSRUW AXWKRULW\ (KBA), 47 PLOOLRQ caUV 

aUH cXUUHQWO\ UHJLVWHUHd LQ GHUPaQ\ RI ZKLcK aURXQd 900,000 (1.9%) aUH SRZHUHd b\ 

aOWHUQaWLYH IXHOV (LPG, CNG, K\bULd, HOHcWULc). OQ WKH RWKHU KaQd, RQO\ 246 (0.07%) RI 

341,154 UHJLVWHUHd KHaY\-dXW\ WUXcNV (HDTV) UXQ RQ aOWHUQaWLYH dULYH WHcKQRORJLHV aV RI 

JaQXaU\ 2019 (KBA, 2019). AccRUdLQJ WR WKH VWaWLVWLcV IURP WKH KBA, 99.7% RI UHJLVWHUHd 

HDTV UXQ RQ dLHVHO aOWKRXJK WKH GHUPaQ FHdHUaO AdPLQLVWUaWLYH CRXUW LQ LHLS]LJ dHcLdHd LQ 

FHbUXaU\ 2018 WKaW dLHVHO baQV aUH SRVVLbOH WR UHdXcH KaUPIXO HPLVVLRQV LQ GHUPaQ cLWLHV 

(BXQdHVYHUZaOWXQJVJHULcKW, 2018; KBA, 2019). IQ addLWLRQ, WKH EXURSHaQ CRPPLVVLRQ (EC) 

adRSWHd WKH ILUVW-HYHU CO2 HPLVVLRQ VWaQdaUdV IRU KHaY\-dXW\ YHKLcOHV (HDVV) LQ WKH 

EXURSHaQ UQLRQ LQ AXJXVW 2019 aQd SOaQV WR UHdXcH aURXQd 54 PLOOLRQ WRQV RI CO2 IURP 

2020 WR 2030. B\ 2025, HDV PaQXIacWXUHUV ZLOO KaYH WR acKLHYH a 15% UHdXcWLRQ RI IOHHW-

ZLdH aYHUaJH CO2 HPLVVLRQV cRPSaUHd WR WKH dHILQHd UHIHUHQcH SHULRd IURP JXO\ 2019 WR JXQH 

2020. A UHdXcWLRQ WaUJHW RI 30% LV cXUUHQWO\ VHW IURP 2030 RQZaUdV bXW ZLOO bH UHaVVHVVHd 

dXULQJ WKH UHJXOaWLRQ UHYLHZ LQ 2022 (EC, 2019). 

DLIIHUHQW WHcKQRORJLHV aQd aOWHUQaWLYH IXHOV H[LVW WR UHdXcH HPLVVLRQV IURP HDTV bXW baWWHU\ 

HOHcWULc (BE) WUXcNV aUH cXUUHQWO\ WKH RQO\ YLabOH RSWLRQ IRU ORcaOO\ HPLVVLRQ-IUHH URad IUHLJKW 

WUaQVSRUWaWLRQ. WKLOH BE OLJKW-dXW\ WUXcNV aQd cRPPHUcLaO YaQV aUH bHcRPLQJ LQcUHaVLQJO\ 

SRSXOaU LQ GHUPaQ\, BE HDTV UHPaLQ H[RWLc. AV RI JaQXaU\ 2019, RQO\ 21 IXOO\ HOHcWULc HDTV 

ZHUH UHJLVWHUHd LQ GHUPaQ\ cRPSaUHd WR 16,420 IXOO\ HOHcWULc OLJKW-dXW\ WUXcNV aQd cRPPHUcLaO 
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YaQV ZLWK a Pa[LPXP Sa\ORad caSacLW\ RI 999 NJ. RHcHQWO\, OaUJH EXURSHaQ WUXcN 

PaQXIacWXUHUV VXcK aV VROYR, DAF, MAN aQd DaLPOHU LQWURdXcHd WKHLU ILUVW BE HDTV. TKH 

SZHdLVK WUXcN PaQXIacWXUHU VROYR VWaWHV RQ LWV ZHbVLWH WKaW ´HOHcWURPRbLOLW\ LV SOa\LQJ a NH\ 

UROH LQ RXU PRYH WRZaUdV VXVWaLQabOH WUaQVSRUWaWLRQ. EOHcWULc WUXcNV aUH QRZ bHcRPLQJ a 

UHaOLW\ aQd a YLabOH cRPPHUcLaO VROXWLRQ IRU cLWLHV aQd bXVLQHVVHVµ (VROYR, 2019). MAN aQd 

DaLPOHU, WKH WZR OaUJHVW GHUPaQ WUXcN PaQXIacWXUHUV, aUH aOVR RSWLQJ IRU aQ HOHcWULc IXWXUH. 

MAN H[SOaLQV RQ LWV ZHbVLWH WKaW ´a YLVLRQ bHcRPHV UHaOLW\: WKH XUbaQ dLVWULbXWLRQ WUaQVSRUW 

RI WRPRUURZ LV YLUWXaOO\ VLOHQW aQd HPLVVLRQ-IUHH. WLWK WKH QHZ HOHcWULc WUXcN ZH aUH UHad\ WR 

VHW RII LQWR a VXVWaLQabOH IXWXUHµ (MAN, 2019) aQd DaLPOHU dHVcULbHV LWVHOI aV WKH WHcKQRORJLcaO 

OHadHU ZKLcK ´LQWHQdV WR VKaSH WKH ORJLVWLcV aQd SaVVHQJHU WUaQVSRUW RI WRPRUURZ - ZLWK 

HOHcWULc VROXWLRQV WKaW dHOLYHU WKH Pa[LPXP bHQHILW IRU cXVWRPHUV aQd WKH HQYLURQPHQWµ 

(DaLPOHU, 2019). 

TKXV, BE HDTV aUH cXUUHQWO\ WKH PRVW HIIHcWLYH VROXWLRQ IRU WUXcN PaQXIacWXUHUV WR acKLHYH 

EXURSHaQ CO2 WaUJHWV aQd aUH aQ LPPHdLaWH RSSRUWXQLW\ IRU IUHLJKW cRPSaQLHV WR aYRLd 

LPPLQHQW dLHVHO baQV LQ GHUPaQ\ cLW\ cHQWHUV. NHYHUWKHOHVV, RQO\ 21 BE HDTV aUH cXUUHQWO\ 

UHJLVWHUHd LQ GHUPaQ\ RSHUaWHd b\ a IHZ LQQRYaWLYH ILUPV. DXH WR aQ LQcUHaVLQJ QXPbHU RI 

aYaLOabOH BE WUXcN PRdHOV, dHcUHaVLQJ cRVWV, aQ LQcUHaVLQJ OHYHO RI HQYLURQPHQWaO aZaUHQHVV 

LQ WKH VRcLHW\, aQd VWULcW OHJaO UHTXLUHPHQWV, WKH QXPbHU RI BE HDTV LQ GHUPaQ\ LV JRLQJ WR 

ULVH RYHU WKH QH[W dHcadHV, HVSHcLaOO\ LQ caVH RI cLW\ dLVWULbXWLRQ aQd VKRUW-KaXO WUaQVSRUWaWLRQ. 

BaVHd RQ WKH adRSWLRQ UaWH RI BE HDTV, ZH ZLOO LdHQWLI\ VSHcLILc SROLc\ LQcHQWLYHV ZKLcK caQ 

KHOS WR VSXU WKH SHQHWUaWLRQ RI BE HDTV LQ GHUPaQ\ LQ RUdHU WR accHOHUaWH WKH PaUNHW 

dLIIXVLRQ. HRZHYHU, cHUWaLQ aVSHcWV VXcK aV ORQJ UHcKaUJLQJ WLPHV, a UHVWULcWHd dULYLQJ UaQJH 

aQd WKH WRWaO-cRVW-RI-RZQHUVKLS (TCO) QHHd WR bH cRQVLdHUHd caUHIXOO\. TKH PaLQ SXUSRVH RI 

WKLV VWXd\ LV WKHUHIRUH WR IRUHcaVW WKH dLIIXVLRQ RI BE HDTV LQ GHUPaQ\, dHVcULbHd b\ WKH 

IROORZLQJ UHVHaUcK TXHVWLRQ: 

WhaW Zill be Whe markeW diffXVion of baWWer\ elecWric heaY\-dXW\ WrXckV in German\ conVidering WoWal-coVW-of-

oZnerVhip redXcWion effecWV? 

TR RXU NQRZOHdJH, WKLV LV WKH ILUVW aWWHPSW ZKLcK cRPbLQHV WKH GHQHUaOL]Hd BaVV dLIIXVLRQ 

PRdHO (GBM) aQd a WKRURXJK TCO aQaO\VLV RI BE aQd dLHVHO-SRZHUHd HDTV, JXLdHd b\ 

RRJHUV·V WKHRU\ RI LQQRYaWLRQV aQd WKH dLIIHUHQW adRSWHU caWHJRULHV. HHQcH, WKH ILQaO aLP RI 
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WKLV VWXd\ LV WR IRUHcaVW WKH dLIIXVLRQ RI BE HDTV LQ GHUPaQ\ cRQVLdHULQJ TCO UHdXcWLRQ 

HIIHcWV. TKH GBM LV a PRdLILHd YHUVLRQ RI WKH WUadLWLRQaO BaVV dLIIXVLRQ PRdHO (BM) aV LW 

LQcOXdHV aOVR H[WHUQaO YaULabOHV ZKLcK aIIHcW WKH PaUNHW SHQHWUaWLRQ RI a QHZ SURdXcW, H.J. 

dHcUHaVLQJ cRVWV RU PaUNHWLQJ HIIHcWV. TKH QH[W VHcWLRQ JLYHV aQ RYHUYLHZ RI BE HDTV LQ 

GHUPaQ\ LQcOXdLQJ WHcKQLcaO VSHcLILcaWLRQV, IROORZHd b\ WKH dLIIXVLRQ RI LQQRYaWLRQV WKHRU\. 

TKH PHWKRdRORJLcaO SURcHVV ZLOO bH H[SOaLQHd LQ WKH WKLUd VHcWLRQ. TKHUHaIWHU, ZH SUHVHQW aQd 

dLVcXVV WKH UHVXOWV RI RXU VWXd\ bHIRUH cRQcOXdLQJ LW. 

 

4.1.1 Market oYerYieZ: batter\ electric heaY\-dXt\ trXcks  

AOO NLQd RI baWWHU\ HOHcWULc YHKLcOHV XVH RQbRaUd baWWHU\ SacNV WR VWRUH HOHcWULc HQHUJ\ ZKLcK 

caQ bH UHcKaUJHd aW SULYaWH RU SXbOLc cKaUJLQJ SRLQWV (KOXVcKNH eW al., 2019). CRPSaUHd WR 

baWWHU\ HOHcWULc (BE) SaVVHQJHU caUV (H.J. THVOa MRdHO 3, BMW L3, RHQaXOW ZRH) aQd BE OLJKW-

dXW\ cRPPHUcLaO YHKLcOHV (H.J. SWUHHWVcRRWHU WRUN, VW H-CUaIWHU, MHUcHdHV HVLWR), BE HDTV 

aUH UaUHO\ VHHQ RQ GHUPaQ URadV dHVSLWH WKH IacW WKaW YaULRXV WUXcN PaQXIacWXUHUV UHcHQWO\ 

LQWURdXcHd LQQRYaWLYH aQd HQYLURQPHQWaO-IULHQdO\ YHKLcOHV. SRPH BE HDTV aUH aOUHad\ LQ 

RSHUaWLRQ, IRU LQVWaQcH, WKH GHUPaQ aXWRPRbLOH PaQXIacWXUHU PRUVcKH XWLOL]HV WKH MAN 

HTGM IRU LWV ORJLVWLcV SURcHVVHV LQ SWXWWJaUW ZKLcK VaYHV XS WR 30 WRQV CO2 SHU \HaU (PRUVcKH, 

2018). IQ 2017, WKH BMW GURXS H[SaQdHd LWV HOHcWULc WUXcN IOHHW LQ MXQLcK aQd RSHUaWHV WKUHH 

40 WRQ BE HDTV ZKLcK UHdXcH CO2 HPLVVLRQV b\ 82 WRQV aQQXaOO\ (MaUJaULWLV eW al., 2016; 

BMW, 2017a). AQRWKHU 40 WRQ BE WUXcN ZLWK a UHIULJHUaWLRQ XQLW LV XVHd b\ WKH VXSHUPaUNHW 

cKaLQ ALDI LQ WKH GHUPaQ RXKU aUHa VLQcH 2018 (ALDI, 2018). TabOH 7 JLYHV aQ RYHUYLHZ RI 

VRPH BE PRdHOV IURP WKH OaUJHVW EXURSHaQ WUXcN PaQXIacWXUHUV aQd WKHLU WHcKQLcaO 

VSHcLILcaWLRQV. ASaUW IURP WKH ZHOO-NQRZQ EXURSHaQ PaQXIacWXUHUV SUHVHQWHd LQ TabOH 7, 

WKHUH aUH aOVR VPaOO PaQXIacWXUHUV VXcK aV E-FRUcH IURP SZLW]HUOaQd RU FUaPR HTUXcNV IURP 

GHUPaQ\ ZKLcK bX\ dLHVHO-SRZHUHd HDTV aQd cRQYHUW WKHP WR BE YHKLcOHV (AQdHUKRIVWadW 

aQd SSLQOHU, 2019). 

 

 

 



- 

 
 

- 74 - 
 

Table 7: BaWWHU\ HOHcWULc KHaY\-dXW\ WUXcNV 

ManXfactXrer  Model Batter\ capacit\ DriYing range GVW* SoXrce 

DAF/VDL CF EOHcWULc  170 NWK 100 NP 37 WRQV (DAF, 2019) 

MAN HTGM 185 NWK 200 NP 26 WRQV (MAN, 2019b) 

MHUcHdHV HAcWURV 240 NWK 200 NP 25 WRQV (DaLPOHU, 2018c) 

VROYR FE EOHcWULc 300 NWK 200 NP 27 WRQV (VROYR, 2018b) 
*GVW = GURVV VHKLcOH WHLJKW 

 

4.2 The diffXsion of innoYations and adopter categories  

TKH WUaQVLWLRQ WR a GHG QHXWUaO WUaQVSRUWaWLRQ VHcWRU UHTXLUHV WKH dLIIXVLRQ RI ORcaOO\ 

HPLVVLRQ-IUHH YHKLcOHV LQcOXdLQJ BE WUXcNV IRU VKXWWOH WUaQVSRUWaWLRQ aQd cLW\ dLVWULbXWLRQ. IQ 

WKLV VWXd\, ZH aUH aSSO\LQJ WKH GBM WR IRUHcaVW WKH dLIIXVLRQ RI BE HDTV LQ GHUPaQ\ ZKLcK, 

XQOLNH RWKHU IRUHcaVWLQJ PHWKRdV, IROORZV RRJHUV· dLIIXVLRQ RI LQQRYaWLRQV WKHRU\ (PaUNHU, 

1994). MRUHRYHU, WKH WKHRU\ KaV bHHQ SUHYLRXVO\ aSSOLHd WR VWXd\ WKH dLIIXVLRQ RI aOWHUQaWLYH 

IXHO-SRZHUHd YHKLcOHV aQd WKHUHIRUH VHUYHV aV WKH JXLdLQJ WKHRU\ RI RXU VWXd\. FRU LQVWaQcH, a 

UHcHQW VWXd\ b\ LHH, HaUdPaQ aQd TaO (2019) IROORZV RRJHUV· dLIIXVLRQ RI LQQRYaWLRQV WKHRU\ 

WR aQaO\]H ZKaW JURXSV adRSW SOXJ-LQ HOHcWULc YHKLcOHV LQ CaOLIRUQLa aQd aSSO\ WKH BM WR 

IRUHcaVW WKH PaUNHW dLIIXVLRQ RI WKH YHKLcOHV. 

RHJaUdOHVV RI ZKHWKHU WKH WKHRU\ ZLOO bH aSSOLHd aW WKH LQdLYLdXaO RU ILUP OHYHO, WKH adRSWLRQ 

SURcHVV RI LQQRYaWLRQV LV XVXaOO\ dLIILcXOW, HYHQ ZKHQ a QHZ LdHa SURYLdHV RbYLRXV bHQHILWV WR 

LWV cXVWRPHUV aQd VRcLHW\. KaUaNa\a, HLdaOJR aQd NXXU (2014) dHVcULbH WKH VSHcLaO caVH RI HcR-

LQQRYaWLRQV VXcK aV UHQHZabOH HQHUJ\ WHcKQRORJLHV RU LQQRYaWLYH SROOXWLRQ SUHYHQWLRQ 

VcKHPHV aQd QRWH WKaW HPSLULcaO HYLdHQcH KaV SURYHQ WKaW HVSHcLaOO\ HQYLURQPHQWaO 

LQQRYaWLRQV UHTXLUH a ORQJ WLPH bHIRUH UHacKLQJ a UHOHYaQW QXPbHU RI adRSWHUV LQ WKH V\VWHP.  

MRUHRYHU, LW RIWHQ WaNHV VHYHUaO \HaUV IURP WKH PRPHQW a QHZ SURdXcW bHcRPHV aYaLOabOH XQWLO 

LWV ZLdHVSUHad dLIIXVLRQ (RRJHUV, 1983). TKH ScKXPSHWHULaQ WULORJ\ dHVcULbHV WKH IROORZLQJ 

WKUHH SKaVHV RI SURdXcW cUHaWLRQ aQd WHcKQRORJLcaO cKaQJH: (L) LQYHQWLRQ: JHQHUaWLQJ a QHZ 

LdHa, (LL) LQQRYaWLRQ: dHYHORSLQJ WKH JHQHUaWHd LdHa, aQd (LLL) dLIIXVLRQ: VSUHadLQJ WKH 

LQQRYaWLRQ acURVV SRWHQWLaO PaUNHWV (SWRQHPaQ aQd DLHdHUHQ, 1994). RRJHUV (1983, S. 5) 

dHILQHV dLIIXVLRQ aV ´WKH SURcHVV b\ ZKLcK aQ LQQRYaWLRQ LV cRPPXQLcaWHd WKURXJK cHUWaLQ 

cKaQQHOV RYHU WLPH aPRQJ WKH PHPbHUV RI a VRcLaO V\VWHPµ. HLV dHILQLWLRQ LQcOXdHV WKH IRXU 
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PaLQ aVSHcWV ZKLcK aUH LdHQWLILabOH LQ aOO dLIIXVLRQ SURcHVVHV: ´LQQRYaWLRQµ, ´cRPPXQLcaWLRQ 

cKaQQHOVµ, ́ RYHU WLPHµ, aQd ́ aPRQJ WKH PHPbHUV RI a VRcLaO V\VWHPµ. TKH SURcHVV RI SURdXcW 

adRSWLRQ RYHU WLPH aOORZV WR caWHJRUL]H WKH dLIIHUHQW W\SHV RI adRSWHUV RI aQ LQQRYaWLRQ. TKH 

QXPbHU RI adRSWLRQV caQ bH XWLOL]Hd WR SORW HLWKHU WKH bHOO-VKaSHd IUHTXHQc\ cXUYH RU WKH 

cXPXOaWLYH S-VKaSHd cXUYH (VHH FLJ. 27 LQ WKH aSSHQdL[). TKH S-VKaSHd dLIIXVLRQ cXUYH VWaUWV 

WR UaSLdO\ LQcUHaVH aIWHU 10-25% RI V\VWHP PHPbHUV adRSWHd WKH QHZ SURdXcW, KHQcH, WKLV 

SKaVH LV aOVR NQRZQ aV WKH ´KHaUW RI WKH dLIIXVLRQ SURcHVVµ aV LW LV cUXcLaO IRU WKH IXWXUH 

dLIIXVLRQ SURcHVV (RRJHUV, 1983, S. 245). 

AQ LPSRUWaQW SaUW RI WKH dLIIXVLRQ RI LQQRYaWLRQV WKHRU\ LV WKH caWHJRUL]aWLRQ RI adRSWHUV WKaW 

aUH PaLQO\ LQIOXHQcHd b\ WKHLU LQdLYLdXaO LQQRYaWLYHQHVV, dHILQHd aV ´WKH dHJUHH WR ZKLcK aQ 

LQdLYLdXaO RU RWKHU XQLW RI adRSWLRQ LV UHOaWLYHO\ HaUOLHU LQ adRSWLQJ QHZ LdHaV WKaQ RWKHU 

PHPbHUV RI a VRcLaO V\VWHPµ (RRJHUV, 1983, S. 245). TKH WHUP ´LQQRYaWLYHQHVVµ XVHd LQ 

RRJHUV· dLIIXVLRQ RI LQQRYaWLRQV WKHRU\ LV cORVHO\ OLQNHd WR WKH BM ZKLcK XVHV WKH LPLWaWLRQ 

aQd LQQRYaWLRQ cRHIILcLHQWV aV WZR PaLQ SaUaPHWHUV WR IRUHcaVW QHZ SURdXcW dLIIXVLRQ. TKH 

caWHJRUL]aWLRQ RI adRSWHUV XVXaOO\ IROORZV QRUPaOLW\ aQd WKH PHaQ aV ZHOO aV WKH VWaQdaUd 

dHYLaWLRQ caQ bH aSSOLHd WR dLYLdH WKH QRUPaO dLVWULbXWLRQ LQWR ILYH adRSWHU caWHJRULHV: (1) 

innoYaWorV, (2) earl\ adopWerV, (3) earl\ majoriW\, (4) laWe majoriW\, aQd (5) laggardV. TKH ILUVW caWHJRU\ LQ 

WKH bHOO-VKaSHd IUHTXHQc\ cXUYH, innoYaWorV, UHSUHVHQWV WKH ILUVW 2.5% RI QHZ SURdXcW adRSWHUV. 

TKLV JURXS LPPHdLaWHO\ ZaQWV WR WU\ LQQRYaWLYH LdHaV aQd LV abOH WR XQdHUVWaQd QHZ cRPSOH[ 

WHcKQRORJLHV, KRZHYHU, WKH\ aUH aOVR ZLOOLQJ WR accHSW a KLJK dHJUHH RI XQcHUWaLQW\ aV 

LQQRYaWLRQV RIWHQ SURYH WR bH OHVV bHQHILcLaO aV SUHYLRXVO\ H[SHcWHd. HHQcH, LQQRYaWRUV QHHd 

WKH ILQaQcLaO SRZHU WR cRSH ZLWK XQVXccHVVIXO SURdXcWV bXW WKH\ SOa\ a NH\ SaUW LQ WKH dLIIXVLRQ 

SURcHVV VLQcH WKH\ acW aV a JaWHNHHSHU WR WKH UHVW RI WKH VRcLaO V\VWHP. FRU LQVWaQcH, KaSOaQ eW 

al. (2016) UHIHU WR WKH H[aPSOH RI DHL, WKH OaUJHVW ORJLVWLcV cRPSaQ\ LQ WKH ZRUOd, aQd 

SWUHHWVcRRWHU, aQ LQQRYaWLYH VPaOO PaQXIacWXUHU RI aIIRUdabOH HOHcWULc dHOLYHU\ YHKLcOHV. DXH 

WR a OacN RI aOWHUQaWLYHV IURP HVWabOLVKHd WUXcN PaQXIacWXUHUV, DHL acTXLUHd WKH XQLYHUVLW\ 

VSLQ-RII SWUHHWVcRRWHU LQ 2014 WR UHdXcH URad WUaIILc HPLVVLRQV RI LWV IOHHW (DHL, 2014). BMW 

caQ bH QaPHd aV aQRWKHU LQQRYaWRU cRQVLdHULQJ WKH XVH RI BE WUXcNV LQ GHUPaQ\. AV 

SUHYLRXVO\ dHVcULbHd, WKH GHUPaQ aXWRPRbLOH aQd PRWRUc\cOH PaQXIacWXUHU VWaUWHd WKH 

RSHUaWLRQ RI aQ HOHcWULc 40-WRQ HDT LQ MXQLcK LQ 2015 aQd H[SaQdHd LWV IOHHW b\ WZR 

addLWLRQaO BE HDTV IRU LWV MXQLcK SOaQW LQ 2017 (MaUJaULWLV eW al., 2016; BMW, 2017a). BRWK 
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cRPSaQLHV UHIOHcW WKH PaLQ cKaUacWHULVWLcV RI LQQRYaWRUV VXcK aV WKH abLOLW\ WR XQdHUVWaQd QHZ 

WHcKQRORJLHV aV ZHOO aV WKH ILQaQcLaO SRZHU WR cRSH ZLWK SRVVLbOH ILQaQcLaO ORVVHV. BHVLdHV, 

TULJXHUR, MRUHQR-MRQdpMaU aQd DaYLa (2016) QRWH WKaW WHcKQRORJLcaO OHadHU ILUPV aUH XVXaOO\ 

aKHad WR WKHLU cRPSHWLWRUV LQ WHUPV RI SURILW, SURdXcWLYLW\ RU PaUNHW YaOXH. Earl\ adopWerV aUH 

WKH QH[W 13.5% RI adRSWHUV RI a QHZ SURdXcW. TKH\ KaYH aQ LPSRUWaQW RSLQLRQ OHadHUVKLS UROH 

aV RWKHU SRWHQWLaO adRSWHUV VHHN IRU WKHLU IHHdbacN abRXW WKH LQQRYaWLRQ bHIRUH SXUcKaVLQJ LW 

WKHPVHOYHV. TKXV, HaUO\ adRSWHUV WU\ WR UHdXcH XQcHUWaLQWLHV WRZaUd a QHZ SURdXcW b\ 

SUHVHQWLQJ a VXbMHcWLYH aVVHVVPHQW RI LW. FRU LQVWaQcH, WKH APHULcaQ ORJLVWLcV cRPSaQ\ UPS, a 

WRS cRPSHWLWRU RI DHL, aQQRXQcHd LQ JaQXaU\ 2020 WKaW WKH\ KaYH LQYHVWHd LQ WKH LRQdRQ 

baVHd VWaUW-XS AUULYaO ZKLcK SURdXcHV HOHcWULc YHKLcOHV. IQ addLWLRQ, UPS RUdHUV 10,000 HOHcWULc 

YHKLcOHV ZLWK SULRULW\ accHVV IURP WKH cRPSaQ\ WR accHOHUaWH LWV IOHHW HOHcWULILcaWLRQ VWUaWHJ\ 

(UPS, 2020). TKH QH[W 35% aUH dHILQHd aV WKH earl\ majoriW\ aQd XWLOL]H QHZ SURdXcWV bHIRUH WKH 

aYHUaJH XVHU. DXH WR a UHOaWLYHO\ ORQJ dHcLVLRQ SHULRd ZKHWKHU WR adRSW aQ LQQRYaWLRQ RU QRW, 

WKH\ dR QRW KROd a OHadHUVKLS SRVLWLRQ bXW acW aV aQ LPSRUWaQW OLQN bHWZHHQ WKH HaUO\ aQd OaWH 

adRSWLQJ caWHJRULHV. TKH laWe majoriW\ XVHV LQQRYaWLRQV aIWHU WKH aYHUaJH adRSWHUV aQd UHSUHVHQW 

WKH IROORZLQJ 35% RI WKH bHOO-VKaSHd IUHTXHQc\ cXUYH. TKH\ aUH XVXaOO\ VNHSWLcaO WRZaUd QHZ 

WHcKQRORJLHV aQd adRSW WKHP bHcaXVH RI HcRQRPLc UHaVRQV aQd ULVLQJ SUHVVXUH IURP WKHLU 

QHWZRUN. SXbMHcWLYH QRUPV LV RQH RI WKUHH SUHdLcWRUV LQ WKH WKHRU\ RI SOaQQHd bHKaYLRU b\ 

AM]HQ (1991). AQdHUKRIVWadW aQd SSLQOHU (2020) VWaWH WKaW VXbMHcWLYH QRUPV cRXOd bH SUHVVXUH 

IURP WKH JRYHUQPHQW, VRcLHW\ RU cXVWRPHUV WR VZLWcK WR HQYLURQPHQWaO-IULHQdO\ LQQRYaWLRQV 

VXcK aV aOWHUQaWLYH dULYHWUaLQV. DXH WR WKH UHOaWLYHO\ ORZ ILQaQcLaO SRZHU RI WKH OaWH PaMRULW\, 

WKH\ adRSW aQ LQQRYaWLRQ aV VRRQ aV LWV XQcHUWaLQWLHV KaYH bHHQ UHPRYHd. TKH OaVW caWHJRU\ LV 

UHSUHVHQWHd b\ laggardV ZKR aUH WKH OaVW 16% RI adRSWHUV. LaJJaUdV IRcXV RQ WKH SaVW aQd aUH 

HPbHddHd LQ a VLPLOaU WKLQNLQJ QHWZRUN, KHQcH, dHcLVLRQV aUH XVXaOO\ baVHd RQ ZKaW KaV bHHQ 

XVHd b\ SUHYLRXV JHQHUaWLRQV. TKXV, LW Pa\ KaSSHQ WKaW aQRWKHU LQQRYaWLRQ, H.J. VHOI-dULYLQJ 

WHcKQRORJ\ IRU WUXcNV, LV aOUHad\ RQ WKH PaUNHW ZKHQ OaJJaUdV adRSW a QHZ SURdXcW (RRJHUV, 

1983). 
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4.3 Research methodolog\ 

4.3.1 Generali]ed Bass diffXsion model 

TKH SaUVLPRQLRXV BaVV dLIIXVLRQ PRdHO (BM) ZaV dHYHORSHd b\ BaVV (1969) aQd LV RQH RI WKH 

PRVW SRSXOaU aQd ZLdHO\ aSSOLHd PRdHOV WR IRUHcaVW WKH dLIIXVLRQ cXUYH RI QHZ SURdXcWV aQd 

WHcKQRORJLHV. TKH WUadLWLRQaO BM IRcXVHV RQ dXUabOH SURdXcWV aQd cRQWaLQV WKUHH NH\ 

YaULabOHV: LQQRYaWRUV p, LPLWaWRUV q, aQd WKH QXPbHU RI SRWHQWLaO adRSWHUV m (BaVV, 1969; 

BRVZLMN aQd FUaQVHV, 2005). TKH PaLQ aVVXPSWLRQ RI WKH PRdHO LV WKaW WKH adRSWLRQ RI a QHZ 

SURdXcW aW WLPH T LV baVHd RQ WKH SXUcKaVH SURbabLOLW\ b\ LQQRYaWRUV aQd LPLWaWRUV (BaVV, 

1969). TKH ILUVW YaULabOH, LQQRYaWRUV p, LV RIWHQ UHIHUUHd WR aV ́ H[WHUQaO LQIOXHQcHµ aQd dHVcULbHV 

PHPbHUV LQ a V\VWHP WKaW dHcLdH LQdHSHQdHQWO\ IURP RWKHUV ZKHWKHU WR adRSW a QHZ 

WHcKQRORJ\ RU QRW, VLPLOaU WR WKH dHILQLWLRQ RI LQQRYaWRUV b\ RRJHUV (1983). OQ WKH RWKHU KaQd, 

LPLWaWRUV q aUH IUHTXHQWO\ dHVcULbHd aV ´LQWHUQaO LQIOXHQcHµ WKaW aUH aIIHcWHd b\ WKH dHcLVLRQV 

RI RWKHUV LQ WKH V\VWHP aQd OHaUQ IURP WKRVH ZKR KaYH aOUHad\ adRSWHd WKH QHZ SURdXcW 

dHILQHd aV HaUO\ aQd OaWH PaMRULW\ b\ RRJHUV (1983) (BaVV, 1969; BaVV, KULVKQaQ aQd JaLQ, 1994). 

TKXV, WKH SXUcKaVH SURbabLOLW\ b\ LQQRYaWRUV LV SULPaULO\ aIIHcWHd b\ PaVV PHdLa aQd 

adYHUWLVHPHQW ZKHUHaV WKH SXUcKaVH SURbabLOLW\ b\ LPLWaWRUV LV LQIOXHQcHd b\ ZRUd-RI-PRXWK 

cRPPXQLcaWLRQ aQd SUHVVXUH IURP SUHYLRXV adRSWHUV aQd VaOHV UHSUHVHQWHd b\ F(T) (MaKaMaQ, 

MXOOHU aQd BaVV, 1990). BaVHd RQ WKH dHVcULbHd YaULabOHV, BaVV (1969) aUULYHd aW WKH IROORZLQJ 

PaWKHPaWLcaO H[SUHVVLRQ WR IRUHcaVW VaOHV aW WLPH T dHILQHd aV f(T): 

[1]   𝑓ሺ𝑇ሻ ൌ 𝑝 ∗ 𝑚 ൅ ሺ𝑞 െ 𝑝ሻ ∗ 𝐹ሺ𝑇ሻ െ  ௤
௠

∗  𝐹ሺ𝑇ሻଶ 

IQ WKH IROORZLQJ \HaUV WKH WUadLWLRQaO BM ZaV cULWLcL]Hd aV LQcRPSOHWH b\ UHVHaUcKHUV aQd 

HcRQRPLVWV aV LW dRHV QRW LQcOXdH cRQWaJLRQ HIIHcWV aQd HcRQRPLc YaULabOHV. HHQcH, BaVV, 

KULVKQaQ aQd JaLQ (1994) H[WHQdHd WKH WUadLWLRQaO BM aQd SURSRVHd a PRdLILHd YHUVLRQ RI LW, 

WKH JHQHUaOL]Hd BaVV dLIIXVLRQ PRdHO (GBM). TKH aXWKRUV aUJXH WKaW cHUWaLQ dHcLVLRQ YaULabOHV 

VXcK aV SULcH RU adYHUWLVLQJ caQ aIIHcW WKH adRSWLRQ cXUYH RI WHcKQRORJLcaO LQQRYaWLRQV aQd 

LQcOXdHd WKH PaSSLQJ IXQcWLRQ [(T) ZKLcK LQcRUSRUaWHV WKH HIIHcW RI SUH-dHILQHd dHcLVLRQ 

YaULabOHV (BaVV, KULVKQaQ aQd JaLQ, 1994): 

[2]   𝑓ሺ𝑇ሻ ൌ ൬𝑝 ൅ ௤
௠

൅ 𝐹ሺ𝑇ሻ൰ ∗ ൫𝑚 െ 𝐹ሺ𝑇ሻ൯ ∗ 𝑥ሺ𝑇ሻ 
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IQ WKLV VWXd\, ZH aUH aSSO\LQJ WKH GBM WR IRUHcaVW WKH PaUNHW SHQHWUaWLRQ RI BE HDTV LQ 

GHUPaQ\. FROORZLQJ SUHYLRXV VWXdLHV RQ aOWHUQaWLYH IXHO-SRZHUHd cRPPHUcLaO YHKLcOHV (H.J. 

SHLW], BHXWWHQP�OOHU aQd THU]LdLV, 2015; BXbHcN, TRPaVcKHN aQd FaKO, 2016; AQdHUKRIVWadW 

aQd SSLQOHU, 2019), ZH cRQVLdHU WKH YHKLcOH·V TCO aV WKH PRVW LPSRUWaQW H[WHUQaO YaULabOH IRU 

WUXcN cXVWRPHUV ZKHUHaV SULYaWH cXVWRPHUV aUH XVXaOO\ PRUH cRQcHUQHd abRXW WKH LQLWLaO 

LQYHVWPHQW, WKH SXUcKaVH SULcH RI WKH caU (SLHU]cKXOa eW al., 2014). FRU LQVWaQcH, PaUN, KLP aQd 

LHH (2011) XWLOL]Hd a SXUcKaVH SULcH UHdXcWLRQ RI 3% bHWZHHQ K\dURJHQ IXHO cHOO (FC) caUV aQd 

cRQYHQWLRQaO caUV aV aQ H[WHUQaO YaULabOH WR IRUHcaVW WKH QXPbHU RI K\dURJHQ FC caUV LQ KRUHa. 

TKH HIIHcWLYHQHVV RI WKH H[WHUQaO dHcLVLRQ YaULabOH ZLOO bH dHVcULbHd b\ 𝛽ଵ (BHQYHQXWWL, RLbHLUR 

aQd UULRQa, 2017). TKXV, ZH IROORZ a VLPLOaU SURcHVV aV PaUN, KLP aQd LHH (2011) bXW IRcXV 

RQ WKH TCO dLIIHUHQcH bHWZHHQ dLHVHO-SRZHUHd HDTV aQd BE HDTV LQVWHad RI WKH SXUcKaVH 

SULcH RI WKH YHKLcOHV RQO\. WH dHILQH WKH IROORZLQJ PaSSLQJ IXQcWLRQ ZKLcK ZLOO WKHQ bH 

LPSOHPHQWHd LQ WKH LQWURdXcHd GBM HTXaWLRQ: 

[3]   𝑥ሺ𝑇ሻ ൌ 1 ൅ 𝛽ଵ
்஼ைሺ்ሻି்஼ைሺ்ିଵሻ

்஼ைሺ்ିଵሻ  

ZKHUH 

[4]   𝑇𝐶𝑂ሺ𝑇ሻ ൌ ்஼ை ಳಶ ಹವ೅
்஼ை ವ೔೐ೞ೐೗ ಹವ೅

 

TKH GBM ZaV cKRVHQ aV WKH PHWKRd RI cKRLcH dXH WR WKH IROORZLQJ UHaVRQV. FLUVW, bRWK GBM 

aQd BM caQ bH XVHd WR IRUHcaVW WKH dLIIXVLRQ SURcHVV RI LQQRYaWLRQV IURP dLIIHUHQW LQdXVWULHV, 

H.J. cRQVXPHU dXUabOH JRRdV, PHdLcaO HTXLSPHQW, aJULcXOWXUH, aQd WHOHcRPPXQLcaWLRQV 

(PaUNHU, 1994). MRUHRYHU, WKH GBM ZLOO bH UHdXcHd WR WKH WUadLWLRQaO BM LI dHcLVLRQ YaULabOHV 

aUH cRQVWaQW IRU aOO T ZKaW OHadV WR a cHUWaLQ OHYHO RI cRQVLVWHQc\. TKH cORVHd-IRUP RI WKH GBM 

aOVR KHOSV WR bHWWHU XQdHUVWaQd WKH bHKaYLRU RI LW LQ WKH WLPH dRPaLQ (BaVV, KULVKQaQ aQd JaLQ, 

1994).  IQ addLWLRQ, WKH GBM KaV bHHQ IUHTXHQWO\ aSSOLHd LQ UHcHQW \HaUV WR IRUHcaVW WKH 

dLIIXVLRQ SURcHVV RI aOWHUQaWLYH IXHO-SRZHUHd YHKLcOHV. FRU LQVWaQcH, PaUN, KLP aQd LHH (2011) 

dHYHORSHd a IRUHcaVWLQJ PRdHO IRU FC caUV LQ KRUHa cRQVLdHULQJ aQ LQcUHaVLQJ QXPbHU RI 

K\dURJHQ VWaWLRQV aQd dHcUHaVLQJ SXUcKaVLQJ SULcHV. LL, Ma aQd LL (2017) aSSOLHd WKH GBM 

IRcXVLQJ RQ HOHcWULc YHKLcOHV LQcOXdLQJ cKaUJLQJ VWaWLRQV LQ CKLQa. BHQYHQXWWL, RLbHLUR aQd 

UULRQa (2017) XVHd WKH GBM WR IRUHcaVW WKH ORQJ-WHUP dLIIXVLRQ RI aOWHUQaWLYH IXHO-SRZHUHd 

SaVVHQJHU caUV LQ BUa]LO. AQRWKHU UHOHYaQW VWXd\ ZaV cRQdXcWHd b\ MaVVLaQL aQd GRKV (2015) 
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ZKR LQYHVWLJaWHd WKH cKRLcH RI adHTXaWH BaVV cRHIILcLHQWV IRU QHZ aXWRPRWLYH WHcKQRORJLHV 

ZLWK a IRcXV RQ HOHcWULc YHKLcOHV. HRZHYHU, cHUWaLQ aVSHcWV QHHd WR bH addUHVVHd caUHIXOO\ ZKHQ 

aSSO\LQJ WKH PRdHO. FRU LQVWaQcH, ZH KaYH OLPLWHd LQVLJKWV LQWR WKH cKRLcH bHKaYLRU RI 

LPLWaWRUV aQd LQQRYaWRUV ZKHQ aSSO\LQJ WKH PRdHO (MaVVLaQL aQd GRKV, 2015). MRUHRYHU, LHH 

eW al. (2006) cULWLcL]H WKaW WKH PRdHO KaV cHUWaLQ OLPLWaWLRQV ZKHQ IRUHcaVWLQJ WKH adRSWLRQ RI 

QHZ SURdXcWV ZKLcK aUH QRW \HW aYaLOabOH RQ WKH PaUNHW. HHQcH, UHVHaUcKHUV IacH WKH dLIILcXOW\ 

RI ILQdLQJ aSSURSULaWH SURdXcWV ZLWK VLPLOaU cKaUacWHULVWLcV ZKLcK aUH aOUHad\ aYaLOabOH IRU a 

cHUWaLQ SHULRd RI WLPH. FXUWKHUPRUH, WKH SaUaPHWHUV RI WKH PRdHO UHO\ RQ KLVWRULcaO dHPaQd 

aQd WKH cKRLcH RI aSSURSULaWH daWa UHTXLUHV a caUHIXO aQd cULWLcaO VHOHcWLRQ ZKLcK ZLOO bH IXUWKHU 

dHPRQVWUaWHd LQ WKH IROORZLQJ VHcWLRQ. 

 

4.3.2 Estimation of model parameters 

TKH caUHIXO VHOHcWLRQ RI UHOLabOH PRdHO SaUaPHWHUV LV aQ HVVHQWLaO WaVN ZKHQ aSSO\LQJ WKH GBM. 

IQ RUdHU WR IRUHcaVW WKH dLIIXVLRQ cXUYH RI BE HDTV LQ GHUPaQ\ cRQVLdHULQJ dHcUHaVLQJ 

cRVWV, ZH QHHd WR dHILQH WKH IROORZLQJ SaUaPHWHUV: (1) WKH PaUNHW SRWHQWLaO m, (2) WKH 

LQQRYaWLRQ IacWRU p, (3) WKH LPLWaWLRQ IacWRU q, aQd (4) WKH aQQXaO H[SHcWHd TCO dHcUHaVH RI 

BE HDTV cRPSaUHd WR dLHVHO-SRZHUHd YHKLcOHV LQ GHUPaQ\ TCO(T) LQcOXdLQJ 𝛽ଵ. 

 

4.3.2.1 Market potential 

TKH PaUNHW SRWHQWLaO m LV RIWHQ dHILQHd HTXaO WR WKH QXPbHU RI KRXVHKROdV RU cRPSaQLHV LQ 

WKH cRXQWU\ RU UHJLRQ aQaO\]Hd aQd PXOWLSOLHd b\ cHUWaLQ YaOXHV WR SUHVHQW dLIIHUHQW JURZWK 

VcHQaULRV (MaVVLaQL aQd GRKV, 2015). OWKHU WKaQ SUHYLRXV UHVHaUcK IRUHcaVWLQJ WKH dLIIXVLRQ 

RI aOWHUQaWLYH IXHO-SRZHUHd YHKLcOHV (H.J. PaUN, KLP aQd LHH, 2011), ZH dR QRW aVVXPH WKaW 

WKH WUXcN PaUNHW ZLOO bH cRPSOHWHO\ UHSOacHd b\ RQH W\SH RI dULYHWUaLQ WHcKQRORJ\. AccRUdLQJ 

WR AQdHUKRIVWadW aQd SSLQOHU (2019), WKHUH aUH WKUHH SURPLVLQJ dULYHWUaLQV ZKLcK KaYH WKH 

SRWHQWLaO WR UHdXcH HPLVVLRQV IURP dLHVHO-SRZHUHd HDTV: baWWHU\ HOHcWULc, cRPSUHVVHd RU 

OLTXHILHd QaWXUaO JaV aV ZHOO aV K\dURJHQ IXHO cHOO HOHcWULc WUXcNV. HRZHYHU, WKH aXWKRUV cULWLcL]H 

WKH cXUUHQW SURWRW\SH VWadLXP RI FCE WUXcNV aQd QRWH WKaW QaWXUaO JaV Pa\ bH a PaWXUH 

WHcKQRORJ\ bXW ´LV VWLOO a IRVVLO IXHO ZKLcK ZLOO QRW KHOS WR UHacK WKH VHW CO2 UHdXcWLRQ WaUJHWVµ 

(AQdHUKRIVWadW aQd SSLQOHU, 2019, S. 101). SHQ, EUcaQ aQd TaWaUL (2017) cRPSaUHd dLIIHUHQW 
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HDT dULYHWUaLQV aQd cRQcOXdHd WKaW CNG-SRZHUHd WUXcNV caQ HPLW HYHQ PRUH HPLVVLRQV 

WKaQ cRQYHQWLRQaO RQHV. TKLV LV HVSHcLaOO\ LPSRUWaQW aV WKH GHUPaQ FHdHUaO AdPLQLVWUaWLYH 

CRXUW LQ LHLS]LJ dHcLdHd LQ 2018 WKaW GHUPaQ cLWLHV aUH aOORZHd WR baQ SROOXWLQJ YHKLcOHV WR 

UHdXcH KaUPIXO HPLVVLRQV (BXQdHVYHUZaOWXQJVJHULcKW, 2018). TKXV, BE HDTV aUH cXUUHQWO\ 

WKH RQO\ YLabOH RSWLRQ IRU ORcaOO\ HPLVVLRQ-IUHH WUaQVSRUWaWLRQ bXW KaYH WKH dRZQVLdH RI KLJKHU 

cRVWV, a OLPLWHd dULYLQJ UaQJH aQd ORQJ UHcKaUJLQJ WLPHV. AccRUdLQJO\, LW VHHPV XQUHaOLVWLc WR 

aVVXPH WKaW aOO UHJLVWHUHd HDTV cRXOd bH UHSOacHd b\ BE HDTV LQ GHUPaQ\, LQ SaUWLcXOaU IRU 

ORQJ-KaXO RSHUaWLRQV. AV RI JaQXaU\ 2019, 341,154 HDTV ZHUH UHJLVWHUHd LQ GHUPaQ\ aQd 

IRUHcaVWV cRPPLVVLRQHd b\ WKH GHUPaQ FHdHUaO MLQLVWU\ RI TUaQVSRUW aQd DLJLWaO 

IQIUaVWUXcWXUH (BMVI) UHYHaO WKaW URad WUaQVSRUWaWLRQ ZLOO LQcUHaVH b\ 0.8% aQQXaOO\ XQWLO 2030 

ZKaW OHadV WR 372,405 HDTV UHJLVWHUHd b\ 2030 (BMVI, 2014; KBA, 2019). TR RXU NQRZOHdJH, 

WKHUH LV QR SXbOLc LQIRUPaWLRQ abRXW WKH aYHUaJH PLOHaJH dULYHQ SHU HDT LQ GHUPaQ\ aQd ZH 

aUH WKHUHIRUH UHO\LQJ RQ LQIRUPaWLRQ SURYLdHd b\ WKH SURdXcW PaQaJHPHQW dHSaUWPHQW RI a 

OHadLQJ EXURSHaQ WUXcN PaQXIacWXUHU ZKLcK dHPRQVWUaWH WKaW 45% RI HDTV LQ GHUPaQ\ UXQ 

OHVV WKaQ 265 NP daLO\. MRUHRYHU, AQd\ IOOJHQ, CEO RI FUaPR HTUXcNV, cRPPHQWHd LQ aQ 

LQWHUYLHZ WKaW KaOI RI aOO WUXcNV dULYH OHVV WKaQ 150 NP SHU da\, KRZHYHU, KH dRHV QRW UHIHU WR 

a VSHcLILc ZHLJKW caWHJRU\ (EXURWUaQVSRUW, 2018). AccRUdLQJO\, ZH aVVXPH a URXQdHd PaUNHW 

SRWHQWLaO m RI 168,000 BE HDTV LQ WKLV VWXd\. 

 

4.3.2.2 InnoYation factor and imitation factor 

TKH QH[W SaUaPHWHUV ZKLcK QHHd WR bH dHILQHd aUH WKH LQQRYaWLRQ IacWRU p aQd LPLWaWLRQ IacWRU 

q, KRZHYHU, WKHUH aUH dLIIHUHQW PHWKRdV IRU HVWLPaWLQJ bRWK IacWRUV. SRPH aXWKRUV XVH p aQd 

q cRHIILcLHQWV aV cLWHd LQ SUHYLRXV VWXdLHV ZKHUHaV RWKHUV caOcXOaWH YaOXHV RI RQH PaUNHW WR 

aSSO\ WKHP IRU aQRWKHU ZKLcK caQ bH UHOaWHd WR WHcKQRORJLHV RU dLIIHUHQW JHRJUaSKLcaO UHJLRQV. 

FRU LQVWaQcH, PaUN, KLP aQd LHH (2011) HVWLPaWH p aQd q WR IRUHcaVW K\dURJHQ FC YHKLcOHV LQ 

KRUHa baVHd RQ KLVWRULcaO VaOHV RI K\bULd HOHcWULc YHKLcOHV LQ JaSaQ. DXH WR a OacN RI HOHcWULc 

YHKLcOH VaOHV daWa LQ DHQPaUN, JHQVHQ eW al. (2017) XWLOL]H NRUZHJLaQ UHJLVWUaWLRQ QXPbHUV IRU 

WKHLU dLIIXVLRQ PRdHO. HRZHYHU, WUaQVIHUULQJ SaUaPHWHUV baVHd RQ RWKHU WHcKQRORJLHV RU 

JHRJUaSKLcaO UHJLRQV caQ bH LQcRUUHcW dXH WR KLJKHU RU ORZHU SURdXcW dHPaQd LQ RQH cRXQWU\ 

cRPSaUHd ZLWK aQRWKHU XQOHVV PaUNHW dLIIHUHQcHV UHVXOW IURP a dLIIHUHQW SURdXcW VXSSO\ RQO\. 

IW LV WKHUHIRUH UHcRPPHQdHd WR XVH daWa IURP WKH VaPH cRXQWU\ aQd aQ HTXLYaOHQW WHcKQRORJ\ 
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aV WKH RQHV UHVHaUcKHUV ZaQW WR aQaO\]H (MaVVLaQL aQd GRKV, 2015). FRU LQVWaQcH, LaPbHUVRQ 

(2008) ZaV LQ a SULYLOHJHd VLWXaWLRQ WR XVH KLVWRULcaO PRQWKO\ UHJLVWUaWLRQ daWa RI K\bULd HOHcWULc 

YHKLcOHV LQ WKH UQLWHd SWaWHV IURP 2001 WR 2007 WR IRUHcaVW WKHLU dLIIXVLRQ LQ WKH UQLWHd SWaWHV. 

LLOLHQ, RaQJaVZaP\ aQd VaQ dHQ BXOWH (2000) UHcRPPHQd a PLQLPXP RI IRXU KLVWRULcaO 

SHULRdV WR RbWaLQ UHOLabOH p aQd q YaOXHV. AV VXcK UHOLabOH KLVWRULcaO VaOHV QXPbHUV RI BE HDTV 

LQ GHUPaQ\ dR QRW H[LVW, ZH aUH XVLQJ aYaLOabOH LQIRUPaWLRQ RQ baWWHU\ HOHcWULc SaVVHQJHU caUV 

(BEVV) LQ GHUPaQ\ WR UHO\ RQ daWa IURP WKH VaPH WHcKQRORJ\ aQd WKH LdHQWLcaO PaUNHW. 

MRUHRYHU, bRWK BEVV aQd BE HDTV bHQHILW IURP VLPLOaU adYaQWaJHV RYHU cRQYHQWLRQaO 

YHKLcOHV LQ GHUPaQ\. FRU LQVWaQcH, WKHUH LV a SXUcKaVH JUaQW RI 4,000 EXURV aV ZHOO aV aQ 

H[HPSWLRQ IURP PRWRU YHKLcOH Wa[ IRU BEVV aQd, RQ WKH RWKHU KaQd, a SXUcKaVH JUaQW RI 

40,000 EXURV aQd aQ H[HPSWLRQ IURP GHUPaQ URad WROOV IRU BE HDTV (BMVI, 2018; BMWL, 

2020). WH aUH WKHUHIRUH IROORZLQJ UHcRPPHQdaWLRQ (LL) RI LLOLHQ, RaQJaVZaP\ aQd VaQ dHQ 

BXOWH (2000) ZKR VWaWH WKaW WKH BM caQ bH aSSOLHd bHVW XQdHU WZR cRQdLWLRQV WR dHILQH PLVVLQJ 

BaVV cRHIILcLHQWV: (L) a QHZ SURdXcW LV aYaLOabOH RQ WKH PaUNHW aQd KLVWRULcaO VaOHV daWa caQ bH 

XVHd RU (LL) WKH SURdXcW aQaO\]Hd ZaV QRW \HW cRPSUHKHQVLYHO\ LQWURdXcHd WR WKH PaUNHW bXW 

VaOHV daWa RI a VLPLOaU SURdXcW/WHcKQRORJ\ H[LVW. TKXV, LQ RUdHU WR caOcXOaWH p aQd q YaOXHV, ZH 

aUH XVLQJ PRQWKO\ UHJLVWUaWLRQ QXPbHUV RI BEVV LQ GHUPaQ\ IURP 2010 WR 2019 SURYLdHd b\ 

WKH KBA, WKH GHUPaQ FHdHUaO TUaQVSRUW AXWKRULW\. FLJ. 15 VKRZV WKH KLVWRULcaO QHZ PRQWKO\ 

BEV UHJLVWUaWLRQV LQ GHUPaQ\ ZKLcK KaYH LQcUHaVHd IURP 17 QHZ UHJLVWUaWLRQV LQ JaQXaU\ 

2010 WR 5880 LQ SHSWHPbHU 2019 (KBA, 2020a). SR IaU, WKH KLJKHVW QXPbHU RI QHZ PRQWKO\ 

UHJLVWUaWLRQV ZaV LQ MaUcK 2019 ZLWK a WRWaO RI 6616 BEVV. 
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FigXre 15: HLVWRULcaO PRQWKO\ BEV UHJLVWUaWLRQV LQ GHUPaQ\ IURP 2010 WR 2019 (LQ WKRXVaQdV) 

 

WH aSSOLHd WKH QRQOLQHaU OHaVW VTXaUHV aSSURacK WR HVWLPaWH YaOLd BaVV SaUaPHWHUV baVHd RQ 

WKH SUHVHQWHd KLVWRULcaO UHJLVWUaWLRQ QXPbHUV. AccRUdLQJ WR MaKaMaQ aQd SKaUPa (1986), WKH 

NLS PHWKRd LV cRQVLdHUHd WR SURYLdH bHWWHU SUHdLcWLRQV WKaQ WKH Pa[LPXP OLNHOLKRRd 

HVWLPaWLRQ ZKLcK LV aOVR LQ OLQH ZLWK ILQdLQJV IURP MaVVLaQL aQd GRKV (2015) ZKR dHVcULbH 

WKaW NLS LV WKH SUHIHUUHd PHWKRd RI cKRLcH LQ WKH dLIIXVLRQ OLWHUaWXUH. TKH UHVXOWV RI RXU p aQd 

q aQaO\VLV dHSHQd RQ WKH dHILQHd PaUNHW SRWHQWLaO m. WH aVVXPH WKH XOWLPaWH PaUNHW SRWHQWLaO 

RI BEVV WR bH 47 PLOOLRQ caUV ZKLcK HTXaOV a 100% PaUNHW VKaUH LQ GHUPaQ\. FRU LQVWaQcH, 

MLcKaHO JRVW, CKLHI SWUaWHJ\ OIILcHU RI WKH ZRUOd·V OaUJHVW aXWRPRbLOH PaQXIacWXUHU 

VRONVZaJHQ VaLd WKaW WKH cRPSaQ\ ZLOO OaXQcK WKH OaVW JHQHUaWLRQ RI caUV HTXLSSHd ZLWK 

WUadLWLRQaO cRPbXVWLRQ HQJLQHV LQ 2026 dXH WR WKHLU VWUaWHJ\ VKLIW WRZaUd BEVV (RHXWHUV, 

2018). NHYHUWKHOHVV, ZH aOVR SUHVHQW WKH caOcXOaWHd p aQd q YaOXHV IRU dLIIHUHQW PaUNHW 

SRWHQWLaOV (5 PLOOLRQ WR 47 PLOOLRQ YHKLcOHV) LQ TabOH 8. FLJ. 16, RQ WKH RWKHU KaQd, VKRZV WKH 

cXPXOaWHd KLVWRULcaO PRQWKO\ BEV UHJLVWUaWLRQV (bOXH OLQH) cRPSaUHd WR RXU HVWLPaWHd 

PRQWKO\ BEV UHJLVWUaWLRQV (UHd dRWWHd OLQH) LQ GHUPaQ\ baVHd RQ WKH caOcXOaWHd p YaOXH RI 

0.000008, a q YaOXH RI 0.43, aQd aQ XOWLPaWH PaUNHW SRWHQWLaO m RI 47 PLOOLRQ YHKLcOHV. TKH 

cXPXOaWHd dLIIXVLRQ RI bRWK OLQHV LV aOPRVW LdHQWLcaO aV LOOXVWUaWHd LQ FLJ. 16. 
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Table 8: EVWLPaWHd S aQd T YaOXHV IRU dLIIHUHQW PaUNHW SRWHQWLaOV 

 47 mio 35 mio 25 mio 15 mio 10 mio 5 mio 

Bass p YalXe 0.000008 0.000011 0.000015 0.000025 0.000036 0.000069 

Bass q YalXe 0.43 0.43 0.43 0.43 0.43 0.44 

 

 
FigXre 16: HLVWRULcaO aQd HVWLPaWHd QXPbHU RI cXPXOaWHd BEV UHJLVWUaWLRQV LQ GHUPaQ\ (LQ WKRXVaQdV) 

 

FLJ. 28 LQ WKH aSSHQdL[ VKRZV WKH HVWLPaWHd IXWXUH dLIIXVLRQ cXUYH RI BEVV LQ GHUPaQ\ IURP 

2020 WR 2050 baVHd RQ WKH ILQaO SaUaPHWHUV. AccRUdLQJ WR RXU caOcXOaWLRQV, WKH cXPXOaWLYH 

QXPbHU RI BEV UHJLVWUaWLRQV ZLOO LQcUHaVH WR 1.3 PLOOLRQ b\ 2025 aQd WR 7 PLOOLRQ b\ 2030 LQ 

GHUPaQ\. OXU SUHdLcWLRQV aUH WKHUHIRUH LQ OLQH ZLWK WKH GHUPaQ FHdHUaO MLQLVWU\ RI 

TUaQVSRUW aQd DLJLWaO IQIUaVWUXcWXUH (BMVI) aLPLQJ IRU 300,000 cKaUJLQJ SRLQWV aQd 10 

PLOOLRQ HOHcWULc caUV (LQcOXdLQJ K\bULdV) RQ WKH URadV b\ 2030 (BMVI, 2019a). 

 

4.3.2.3 TCO anal\sis of diesel and batter\ electric heaY\-dXt\ trXcks 

CRPSaUHd WR BE SaVVHQJHU caUV, UHVHaUcK RQ BE cRPPHUcLaO YHKLcOHV LV VWLOO \RXQJ, LQ 
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TCO aQaO\VLV. OXU ILQdLQJV ZHUH WKHQ YaOLdaWHd b\ WZR H[SHUWV IURP a GHUPaQ aXWRPRbLOH 

PaQXIacWXUHU ZKR aUH UHVSRQVLbOH IRU WKH cRPSaQ\·V ´GUHHQ LRJLVWLcV SWUaWHJ\µ aQd KaYH 

aOUHad\ VXccHVVIXOO\ LQWHJUaWHd VHYHUaO BE HDTV LQWR WKH cRPSaQ\·V VXSSO\ cKaLQ. TR dHILQH 

TCO(T) ZKLcK LV SaUW RI WKH PaSSLQJ IXQcWLRQ, ZH cRPSaUH WKH cRVWV RI BE aQd dLHVHO HDTV 

aQd HYaOXaWH KRZ cRVWV RI bRWK WHcKQRORJLHV ZLOO cKaQJH RYHU WLPH. WH IROORZ BHQYHQXWWL, 

RLbHLUR aQd UULRQa (2017) aQd XWLOL]H a 𝛽ଵ RI -1.1521 baVHd RQ PaUN, KLP aQd LHH (2011) 

ZKLcK LV a QHJaWLYH YaOXH aV dHcUHaVLQJ cRVWV KaYH a SRVLWLYH HIIHcW RQ WKH dLIIXVLRQ RI HOHcWULc 

YHKLcOHV. CRPSaUHd WR SULYaWHO\ RZQHd SaVVHQJHU caUV, RXU cRVW aQaO\VLV IROORZV WKH UHaVRQLQJ 

RI LHbHaX eW al. (2015) ZKR aUJXH WKaW UaWLRQaO IOHHW PaQaJHUV QHHd WR cRQVLdHU aOO cRVWV RI a 

YHKLcOH aQd QRW RQO\ WKH SXUcKaVH SULcH. TKLV LV aOVR VXSSRUWHd b\ ILQdLQJV UHSRUWHd b\ 

AQdHUKRIVWadW aQd SSLQOHU (2019) ZKR VWXdLHd IacWRUV aIIHcWLQJ WKH SXUcKaVLQJ dHcLVLRQ aQd 

RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\ aQd VWaWH WKaW WKH TCO LV W\SLcaOO\ 

WKH PRVW LPSRUWaQW aVSHcW WR WUXcN cXVWRPHUV. BaVHd RQ VHPL-VWUXcWXUHd LQWHUYLHZV ZLWK WKH 

LQWURdXcHd H[SHUW JURXS aQd SUHYLRXV VWXdLHV RQ BE YHKLcOHV (H.J. LHbHaX eW al., 2015; TaQcR, 

CaW aQd GaUaW, 2019; VaQ VHO]HQ eW al., 2019), ZH LQcOXdH WKH IROORZLQJ SaUaPHWHUV WR RXU TCO 

aQaO\VLV: (1) SXUcKaVH SULcH, (2) IXHO/HOHcWULcLW\ cRVWV (LQcOXdLQJ AdBOXH IRU dLHVHO HDTV), (3) 

VHUYLcH aQd PaLQWHQaQcH cRVWV, (4) URad WROOV, aQd (5) UHVaOH YaOXH. WH IROORZ K�KQHO, HacNHU 

aQd G|U] (2018) aQd LJQRUH cRVWV WKaW KaYH QR LPSacW RQ WKH dULYHWUaLQ aQd aUH WKHUHIRUH 

LdHQWLcaO VXcK aV LQVXUaQcH cRVWV RU WUXcN dULYHU ZaJHV. AQRWKHU cRVW cRPSRQHQW RI baWWHU\ 

HOHcWULc YHKLcOHV LV WKH UHTXLUHd cKaUJLQJ LQIUaVWUXcWXUH. TKH EXURSHaQ AXWRPRbLOH 

MaQXIacWXUHUV AVVRcLaWLRQ (ACEA) cOaLPV IRU 26,000 KLJK-SRZHU SXbOLc cKaUJLQJ SRLQWV IRU 

BE WUXcNV b\ 2025/2030 acURVV WKH EU (ACEA, 2019) bXW SUHYLRXV UHVHaUcK aVVXPHV SULYaWH 

cKaUJLQJ aW WKH dHSRW LQ caVH RI BE cRPPHUcLaO YHKLcOHV ZKLcK ZaV aOVR QaPHd aV WKH SUHIHUUHd 

aOWHUQaWLYH b\ RXU H[SHUW JURXS dHVSLWH addLWLRQaO cRVWV IRU VHWWLQJ XS SULYaWH cKaUJLQJ SRLQWV. 

FRU LQVWaQcH, RZQHUV caQ bHQHILW IURP ORZHU LQdXVWULaO HOHcWULcLW\ SULcHV aW WKHLU RZQ dHSRW 

cRPSaUHd WR SXbOLc cKaUJLQJ SRLQWV. MRUHRYHU, WKH PaLQ ILHOd RI aSSOLcaWLRQ IRU BE HDTV 

ZLOO bH VKRUW-KaXO WUXcNLQJ, VKXWWOH WUaQVSRUWaWLRQ aQd/RU cLW\ dLVWULbXWLRQ, KHQcH, YHKLcOHV caQ 

bH SHUIHcWO\ cKaUJHd dXULQJ IUHLJKW ORadLQJ aQd XQORadLQJ ZKLcK UHTXLUHV QR dHWRXUV RU 

addLWLRQaO bUHaNV. FXUWKHUPRUH, IUHLJKW cRPSaQLHV aQd WKHLU cXVWRPHUV SUHIHU RYHUQLJKW 

cKaUJLQJ aW WKH dHSRW WR aYRLd WKHIW RI WKH WUXcN RU WKH IUHLJKW ORadHd. HRZHYHU, SXbOLc 

cKaUJLQJ IRU VHYHUaO BE HDTV ZRXOd UHTXLUH KXJH SUHPLVHV cORVH WR cLW\ bRXQdaULHV ZKLcK 
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aUH HLWKHU QRW aYaLOabOH RU YHU\ H[SHQVLYH. LaVWO\, WKH WLPH WR UHcKaUJH WKH baWWHU\ RI a WUXcN 

caQ WaNH VHYHUaO KRXUV dXH WR PLVVLQJ KLJK-SRZHU cKaUJLQJ SRLQWV RI PRUH WKaQ 500 NW aQd 

baWWHU\ caSacLWLHV RI PRUH WKaQ 200 NWK, H.J. WKH MHUcHdHV HAcWURV WUXcN KaV a baWWHU\ 

caSacLW\ RI 240 NWK cRPSaUHd WR 37.9 NWK LQ WKH aOO-HOHcWULc BMW L3 (DaLPOHU, 2018c; BMW, 

2020). TKXV, ZH aVVXPH LQdXVWULaO HOHcWULcLW\ SULcHV baVHd RQ SULYaWH cKaUJLQJ aW WKH dHSRW IRU 

RXU cRVW aQaO\VLV bXW IROORZ LHbHaX eW al. (2015) aQd H[cOXdH LQYHVWPHQWV LQ VHWWLQJ XS a SULYaWH 

cKaUJLQJ LQIUaVWUXcWXUH aV WKRVH cRVWV VWURQJO\ dHSHQd RQ WKH QXPbHU RI HOHcWULc YHKLcOHV, WKH 

SUHIHUUHd Pa[LPXP cKaUJH UaWH, SRWHQWLaO UHcRQVWUXcWLRQ ZRUNV RQ WKH SURSHUW\ aQd WKH 

cXUUHQW HQHUJ\ VXSSO\. 

WH aSSO\ WKH WUadLWLRQaO SUHVHQW dLVcRXQWHd YaOXH IRUPXOa WR bHWWHU cRPSaUH aOO cRVWV RI dLHVHO 

aQd BE HDTV ZLWK i dHVcULbLQJ WKH dLVcRXQW UaWH ZKLcK LV VHW aW 2% IROORZLQJ a UHcHQW VWXd\ 

b\ L|bbHUdLQJ aQd MadOHQHU (2019). IQ RUdHU WR caOcXOaWH WKH TCO IRU bRWK dULYHWUaLQV, ZH 

LQcOXdH WKH SXUcKaVH SULcH PP, WKH cRVW RI RSHUaWLRQ CO LQ \HaU W aV ZHOO aV WKH WUXcN·V UHVaOH 

YaOXH RV. IQ OLQH ZLWK TaQcR, CaW aQd GaUaW (2019) ZKR cRQdXcWHd a bUHaN-HYHQ aQaO\VLV IRU 

HOHcWULc WUXcNV, ZH dR QRW aSSO\ WKH dLVcRXQWHd YaOXH IRUPXOa IRU WKH SXUcKaVH SULcH aV ZH 

cRQVLdHU LW a RQH-WLPH LQYHVWPHQW aW WKH bHJLQQLQJ. BaVHd RQ K�KQHO, HacNHU aQd G|U] (2018), 

WKH H[SHcWHd OLIH c\cOH RI bRWK WUXcNV LV ILYH \HaUV bHIRUH VHOOLQJ WKH YHKLcOH. 

[5]   𝑇𝐶𝑂 ൌ 𝑃𝑃଴ ൅ ∑ ஼ை೟
ሺଵା௜ሻ೟ െ ோ௏೙

ሺଵା௜ሻ೙
௡
௧ୀଵ  

PXrchase price: WKH SXUcKaVH SULcH RI a dLHVHO-SRZHUHd HDT WUacWRU LQ GHUPaQ\ (H.J. MAN 

TGX RU MHUcHdHV AcWURV) LV aURXQd 110,000 EXURV (H[cOXdLQJ VAT) baVHd RQ WKH OaWHVW HDV 

caWaORJ ZKLcK cRQWaLQV SULcHV aQd WHcKQLcaO VSHcLILcaWLRQV RI PRUH WKaQ 3000 WUXcNV aQd bXVHV 

cROOHcWHd b\ WKH DEKRA, WKH GHUPaQ MRWRU VHKLcOH IQVSHcWLRQ AVVRcLaWLRQ (ETM, 2017). 

A SULcH RI 110,000 EXURV IRU a VWaWH-RI-WKH-aUW dLHVHO-SRZHUHd WUXcN ZaV aOVR XVHd b\ EaUO eW 

al. (2018). OQ WKH RWKHU KaQd, RIILcLaO SULcHV IRU BE HDTV LQ GHUPaQ\ ZHUH QRW SXbOLcO\ 

aYaLOabOH aW WKH WLPH RI ZULWLQJ, KRZHYHU, FUaPR HTUXcNV CEO AQd\ IOOJHQ VWaWHd LQ aQ 

LQWHUYLHZ WKaW WKH SXUcKaVH SULcH RI BE WUXcNV LV WZR WR WKUHH WLPHV KLJKHU cRPSaUHd WR LWV 

dLHVHO-SRZHUHd cRXQWHUSaUW (EXURWUaQVSRUW, 2018). IQ addLWLRQ, WKH GHUPaQ IUHLJKW cRPSaQLHV 

RKHQXV aQd CRQWaUJR WHVWHd WKUHH dLIIHUHQW BE HDTV (DAF CF EOHcWULc, FUaPR aQd E-

FRUcH) aQd accRUdLQJ WR SaVcKa HaHKQNH, CEO RI RKHQXV TUXcNLQJ, WKH YHKLcOHV cRVW WKUHH 

WLPHV PRUH WKaQ cRQYHQWLRQaO WUXcNV ZKLcK ZaV aOVR cRQILUPHd b\ RXU H[SHUWV (DVZ, 2019). 
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AccRUdLQJO\, ZH XVH a SXUcKaVH SULcH RI 330,000 EXURV IRU a BE HDT. WH IROORZ TaQcR, CaW 

aQd GaUaW (2019) aQd H[SHcW SXUcKaVH SULcHV RI dLHVHO WUXcNV WR LQcUHaVH b\ 3% aQQXaOO\ IURP 

2020 RQZaUdV aQd SULcHV RI BE WUXcNV WR dHcUHaVH b\ 3% dXH WR PaVV SURdXcWLRQ aQd a dURS 

LQ baWWHU\ SULcHV.  

Cost of operation: WKH cRVW RI RSHUaWLRQ VWURQJO\ dHSHQdV RQ WKH aQQXaO PLOHaJH RI WKH 

YHKLcOH. DXH WR WKH OLPLWHd dULYLQJ UaQJH RI BE HDTV bXW WKH RSSRUWXQLW\ RI UHcKaUJLQJ 

dXULQJ ORadLQJ aQd XQORadLQJ, ZH aUH caOcXOaWLQJ ZLWK aQ aYHUaJH daLO\ dULYLQJ UaQJH RI 265 

NP aQd 250 bXVLQHVV da\V SHU \HaU. AQdHUKRIVWadW aQd SSLQOHU (2019) VWaWH WKaW IXHO aQd 

HOHcWULcLW\ cRVWV accRXQW IRU WKH OaUJHVW VKaUH RI a WUXcN·V TCO. AccRUdLQJ WR WKH ADAC, WKH 

OaUJHVW aXWRPRbLOH cOXb LQ EXURSH, WKH aYHUaJH SULcH SHU OLWUH dLHVHO ZaV 1.07 EXURV (H[cOXdLQJ 

VAT) LQ DHcHPbHU 2019 LQ GHUPaQ\ (ADAC, 2019). IQ LWV 2030 WUaIILc IRUHcaVW, WKH GHUPaQ 

MLQLVWU\ RI TUaQVSRUW H[SHcWV IXHO SULcHV WR LQcUHaVH WR 2.10 EXURV b\ 2030 WR WacNOH JORbaO 

ZaUPLQJ ZKLcK HTXaOV a SULcH RI 1.77 EXURV H[cOXdLQJ VAT aQd aQ aQQXaO aYHUaJH LQcUHaVH 

RI 0.07 EXURV SHU OLWUH IURP 2020 WR 2030 (RHXWHUV, 2019). BaVHd RQ WKH OaWHVW HDV caWaORJ, 

WKH aYHUaJH dLHVHO cRQVXPSWLRQ LV 33.8 OLWUHV SHU 100 NP LQ caVH RI a VWaWH-RI-WKH-aUW dLHVHO-

SRZHUHd HDT (ETM, 2017). A UHSRUW IRU WKH IQWHUQaWLRQaO CRXQcLO RQ COHaQ TUaQVSRUWaWLRQ 

(ICCT) VWaWHV WKaW WKH aYHUaJH cRQVXPSWLRQ RI EXURSHaQ HDTV caQ bH UHdXcHd b\ PRUH WKaQ 

30% WR 23.9 OLWUHV SHU 100 NP b\ 2030 dXH WR cHUWaLQ HIILcLHQc\ PHaVXUHV (RLcaUdR, 2017). 

DLHVHO-SRZHUHd WUXcNV aUH aOVR HTXLSSHd ZLWK aQ addLWLRQaO AdBOXH WaQN WR UHdXcH QLWURXV 

R[LdH HPLVVLRQV. AccRUdLQJ WR K�KQHO, HacNHU aQd G|U] (2018), AdBOXH cRVWV IRU HDTV ZLOO 

ULVH IURP 0.006 EXURV SHU NP WR 0.008 EXURV SHU NP.  EOHcWULcLW\ cRVWV IRU BE HDTV aUH 

PRUH XQcHUWaLQ, ZH aUH WKHUHIRUH IROORZLQJ FXQNH, PO|W] aQd WLHWVcKHO (2019) aQd XWLOL]H WKH 

cXUUHQW LQdXVWULaO HOHcWULcLW\ SULcH RI 0.18 EXURV SHU NWK IRU SULYaWH cKaUJLQJ RI cRPPHUcLaO 

HOHcWULc YHKLcOHV aW WKH dHSRW (BDEW, 2019). RHQHZabOH HQHUJ\ SOa\V a JURZLQJ UROH LQ 

GHUPaQ\ aV WKH cRXQWU\ aLPV WR LQcUHaVH WKH VKaUH RI UHQHZabOH HQHUJLHV IURP 38% LQ 2018 

WR 40-45% b\ 2025 aQd WR 65% b\ 2030 (BMWL, 2019a). A VWXd\ cRPPLVVLRQHd b\ WKH 

GHUPaQ MLQLVWU\ IRU EcRQRPLc AIIaLUV (BMWL) HVWLPaWHV WKaW HQHUJ\ cRVWV ZLOO LQcUHaVH b\ 

25% IURP 2020 WR 2025 aQd WR dHcUHaVH aIWHUZaUd b\ 1% aQQXaOO\ XQWLO 2030 dXH WR a ORZHU 

VXUcKaUJH IRU GHUPaQ\·V UHQHZabOH HQHUJ\ SURJUaP (EEG) (PURJQRV, 2014). A dHcUHaVLQJ 

EEG VXUcKaUJH dXULQJ WKH 2020V aQd ORZHU HOHcWULcLW\ SULcHV ZHUH aOVR IRUHcaVWHd b\ BXbHcN, 

TRPaVcKHN aQd FaKO (2016) aV ZHOO aV McKLQVH\ (2017). FROORZLQJ K�KQHO, HacNHU aQd G|U] 
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(2018), WKH aYHUaJH cRQVXPSWLRQ RI BE HDTV ZLOO bH 1.6 NWK SHU NLORPHWHU LQ 2020 ZKLcK 

ZLOO bH UHdXcHd WR 1.25 NWK SHU NLORPHWHU b\ 2030. AQRWKHU cRVW dULYHU LV URad WROO IRU HDVV 

ZKLcK KaV bHHQ cKaUJHd VLQcH JaQXaU\ 2005 LQ GHUPaQ\. HDTV ZLWK a VWaWH-RI-WKH-aUW dLHVHO 

HQJLQH (EXUR VI caWHJRU\) aUH cXUUHQWO\ cKaUJHd 0.187 EXURV SHU NP RQ KLJKZa\V aQd IUHHZa\V 

(TROO CROOHcW, 2019). BaVHd RQ KLVWRULcaO WROO cKaUJHV IURP 2005 WR 2020, ZH aUH caOcXOaWLQJ 

ZLWK aQ aYHUaJH SULcH LQcUHaVH RI 5% aQQXaOO\ XQWLO 2030. AV BE HDTV ZLOO bH PaLQO\ XVHd 

IRU VKXWWOH WUaQVSRUWaWLRQ aQd cLW\ dLVWULbXWLRQ, ZH aVVXPH LQ RXU aQaO\VLV WKaW bRWK 

WHcKQRORJLHV dULYH 40% RQ WROO URadV aQd 60% RQ WROO-IUHH URadV. PUHYLRXV UHVHaUcK LQdLcaWHV 

WKaW BEVV bHQHILW IURP ORZHU VHUYLcH aQd PaLQWHQaQcH cRVWV ZKLcK aSSOLHV WR BE HDTV, WRR. 

AccRUdLQJ WR K�KQHO, HacNHU aQd G|U] (2018), WKHUH ZLOO bH QR cRQVLdHUabOH LQcUHaVH RI 

VHUYLcH aQd PaLQWHQaQcH cRVWV IRU bRWK YHKLcOH W\SHV XQWLO 2030. TKH aXWKRUV caOcXOaWH ZLWK 

aYHUaJH VHUYLcH aQd PaLQWHQaQcH cRVWV RI 0.14 EXURV SHU NP LQ caVH RI dLHVHO-SRZHUHd HDTV 

aQd 0.11 EXURV SHU NP IRU BE HDTV. 

Resale YalXe: DaYLV aQd FLJOLR]]L (2013) aV ZHOO aV TaQcR, CaW aQd GaUaW (2019) XWLOL]H a UHVaOH 

YaOXH RI 20% IRU dLHVHO aQd BE WUXcNV baVHd RQ a WHQ \HaUV OLIH c\cOH. DXH WR WKH dHILQHd OLIH 

c\cOH RI ILYH \HaUV LQ RXU VWXd\ aV VXJJHVWHd b\ K�KQHO, HacNHU aQd G|U] (2018), ZH aUH 

H[SHcWLQJ a UHVaOH YaOXH RI 40%. WH KaYH YaOLdaWHd WKH SURSRVHd UHVaOH YaOXH RI 40% b\ 

cRPSaULQJ cXUUHQW SULcHV RQ WKH GHUPaQ RQOLQH PaUNHWSOacH ´ZZZ.PRbLOH.dHµ IRU YHKLcOH 

SXUcKaVHUV aQd VHOOHUV. TKH PHdLaQ UHVaOH YaOXH IRU dLHVHO-SRZHUHd WUXcN ORUULHV (MAN TGX 

RU MHUcHdHV AcWURV, ILUVW UHJLVWUaWLRQ: 2014-2016, PLOHaJH: 200,000-300,000 NP) ZaV aURXQd 

42,000 EXURV (H[cOXdLQJ VAT) baVHd RQ 316 YHKLcOHV IRU VaOH LQ JaQXaU\ 2020. 

TabOH 9 aQd TabOH 10 VXPPaUL]H LQ aQ H[HPSOaU\ Za\ WKH UHVXOWV RI RXU TCO aQaO\VLV IRU BE 

aQd dLHVHO HDTV RSHUaWHd IRU ILYH \HaUV IURP 2020 WR 2024. OXU caOcXOaWLRQV VKRZ WKaW cRVWV 

SHU NP IRU BE HDTV aUH 1.12 EXUR cRPSaUHd WR 0.81 EXUR IRU dLHVHO-SRZHUHd HDTV. BaVHd 

RQ WKH dHVcULbHd cRVW IRUHcaVW, ZH H[SHcW WKH TCO JaS RI BE HDTV UHOaWLYH WR dLHVHO HDTV 

WR dHcUHaVH RQ aYHUaJH b\ 3.4% aQQXaOO\. IQ RUdHU WR cRPSHQVaWH SRWHQWLaO VKRUWcRPLQJV RI 

BE HDTV VXcK aV a VKRUWHU dULYLQJ UaQJH RU ORQJ UHcKaUJLQJ WLPHV, ZH aVVXPH WKaW BE HDTV 

ZLOO KaYH a cHUWaLQ TCO adYaQWaJH RYHU dLHVHO-SRZHUHd HDTV LQ WKH IXWXUH ZKLcK ZLOO QRW 

H[cHHd 20% LQ WKH ORQJ UXQ. BaVHd RQ RXU aQaO\VLV, TCO SaULW\ ZLOO bH UHacKHd b\ 2027 aQd 

WKH 20% TCO bHQHILW b\ 2034. HHQcH, ZH aVVXPH WKH TCO JaS bHWZHHQ BE aQd dLHVHO HDTV 
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WR bH VWabOH aV VRRQ aV WKH TCO RI BE HDTV ZLOO bH 20% cKHaSHU aV WKH TCO RI dLHVHO-

SRZHUHd WUXcNV. 

Table 9: TCO RI baWWHU\ HOHcWULc HDT (2020-2024) 

MLOHaJH SHU bXVLQHVV da\ 
BXVLQHVV da\V S.a. 
Factor/Year 

265 NP 
250 da\V 
2020 

 
 
2021 

 
 
2022 

 
 
2023 

 
 
2024 

PXUcKaVH SULcH (EXUR) 330,000     
EOHcWULcLW\ SULcH (EXUR/NWK) 0.18 0.19 0.20 0.21 0.22 
CRQVXPSWLRQ (NWK/NP) 1.60 1.60 1.60 1.60 1.60 
RRad WROO (EXUR/NP) 
SHUYLcH & MaLQWHQaQcH 
(EXUR/NP) 

0.187 
0.11 

0.20 
0.11 

0.21 
0.11 

0.22 
0.11 

0.23 
0.11 

RHVaOH YaOXH (EXUR)     132,000 
TCO (EXro) 
Cost per km (EXro) 

370,284 
1.12 

    

 

Table 10: TCO RI dLHVHO-SRZHUHd HDT (2020-2024) 

MLOHaJH SHU bXVLQHVV da\ 
BXVLQHVV da\V S.a. 
Factor/Year 

265 NP 
250 da\V 
2020 

 
 
2021 

 
 
2022 

 
 
2023 

 
 
2024 

PXUcKaVH SULcH (EXUR) 110,000     
AdBOXH (EXUR/NP) 0.006 0.006 0.007 0.007 0.007 
DLHVHO SULcH (EXUR/OLWUH) 1.07 1.14 1.21 1.28 1.35 
CRQVXPSWLRQ (OLWUH/100 NP) 33.8 33.8 33.8 33.8 33.8 
RRad WROO (EXUR/NP) 
SHUYLcH & MaLQWHQaQcH 
(EXUR/NP) 

0.187 
0.14 

0.20 
0.14 

0.21 
0.14 

0.22 
0.14 

0.23 
0.14 

RHVaOH YaOXH (EXUR)     44,000 
TCO (EXro) 269,104     
Cost per km (EXro) 0.81     

 

IW LV LPSRUWaQW WR QRWH WKaW WKH GHUPaQ MLQLVWU\ RI TUaQVSRUW aQd DLJLWaO IQIUaVWUXcWXUH 

(BMVI) aQQRXQcHd WR SURYLdH a SXUcKaVH VXbVLd\ RI 40,000 EXURV IRU HOHcWULc (BE aQd FCE) 

HDTV LQ JXQH 2018 WR QaUURZ WKH JaS bHWZHHQ WUadLWLRQaO aQd LQQRYaWLYH dULYHWUaLQV (BMVI, 

2018). TKH IXQdLQJ JXLdHOLQH cXUUHQWO\ UXQV WKURXJKRXW 2020 bXW WKHUH ZaV QR LQIRUPaWLRQ 

abRXW H[WHQdLQJ WKH VXbVLd\ VcKHPH aW WKH WLPH RI ZULWLQJ, KRZHYHU, HOHcWULc WUXcNV aUH aOVR 

H[HPSWHd IURP GHUPaQ URad WROOV VLQcH JaQXaU\ 2019 IRU aQ XQOLPLWHd SHULRd. DXH WR 

XQcHUWaLQWLHV cRQcHUQLQJ IXWXUH cRVWV aQd SRWHQWLaO LQcHQWLYHV, ZH dHcLdHd QRW WR LQcOXdH 

WHPSRUaU\ VXbVLdLHV LQ RXU TCO caOcXOaWLRQV aQd IROORZ PaUN, KLP aQd LHH (2011) aQd 
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BHQYHQXWWL, RLbHLUR aQd UULRQa (2017) ZKR dLVSOa\ SRWHQWLaO cKaQJHV LQ a VHQVLWLYLW\ aQaO\VLV 

ZKLcK ZLOO bH IXUWKHU dHVcULbHd LQ VHcWLRQ 4.1. 

 

4.4 ResXlts and discXssion 
IQ RUdHU WR IRUHcaVW WKH PaUNHW SHQHWUaWLRQ RI BE HDTV LQ GHUPaQ\, ZH QHHd WR LPSOHPHQW 

WKH HVWLPaWHd SaUaPHWHUV LQ WKH GBM HTXaWLRQ. TKH ILQaO PRdHO SaUaPHWHUV dHULYHd IURP WKH 

WKLUd VHcWLRQ RI WKLV VWXd\ aUH VXPPaUL]Hd LQ TabOH 11. 
 

Table 11: EVWLPaWHd GBM SaUaPHWHUV 

Parameters m p q TCO(T) 𝜷૚ 

Estimated YalXes 167,582 0.000008 0.43 -3.4% -1.1521 

 

BaVHd RQ WKH UHVXOWV RI RXU caOcXOaWLRQV, ZH IRUHcaVW WKH cXPXOaWLYH QXPbHU RI BE HDTV 

UHJLVWHUHd LQ GHUPaQ\ IURP 2020 WR 2060 aV LOOXVWUaWHd LQ FLJ. 17. AccRUdLQJ WR WKH OaWHVW 

UHJLVWUaWLRQ QXPbHUV IURP WKH KBA, ZH KaYH VWaUWHd ZLWK aQ LQLWLaO QXPbHU RI 21 BE HDTV 

LQ GHUPaQ\ baVHd RQ RIILcLaO daWa IURP 2019 (KBA, 2019). TKH S-VKaSHd dLIIXVLRQ cXUYH LQ 

FLJ. 17 VKRZV WKaW PaUNHW VaWXUaWLRQ ZLOO bH UHacKHd aURXQd WHQ \HaUV OaWHU cRPSaUHd WR BEVV 

(VHH FLJ. 28 LQ WKH aSSHQdL[). OXU UHVXOWV UHYHaO WKaW WKHUH ZLOO bH RQO\ 150 cXPXOaWHd 

UHJLVWUaWLRQV RI BE HDTV b\ 2025 aQd 961 b\ 2030 ZKLcK HTXaOV 0.1% aQd 0.4% RI WKH 

XOWLPaWH PaUNHW SRWHQWLaO RI 168,00 HDTV. A PRUH RSWLPLVWLc HVWLPaWH ZaV SUHVHQWHd b\ WKH 

UQLWHd SWaWHV EQYLURQPHQWaO PURWHcWLRQ AJHQc\, aVVXPLQJ WKaW 3% RI HDTV ZLOO bH IXOO\ 

HOHcWULc b\ 2025 (FaLUOH\, 2015). IQ RUdHU IRU aQ LQQRYaWLRQ WR bH VXccHVVIXO, LW QHHdV WR UHacK 

a cULWLcaO PaVV IRU a VHOI-VXVWaLQLQJ dLIIXVLRQ (LLP, CKRL aQd PaUN, 2003). AccRUdLQJ WR RRJHUV 

(1983), WKH cULWLcaO PaVV LV dHILQHd aV a PLQLPXP RI 10% RI WKH RYHUaOO H[SHcWHd PaUNHW 

VaWXUaWLRQ ZKLcK HTXaOV 16,800 UHJLVWUaWLRQV RI BE HDTV LQ GHUPaQ\. TKXV, WKH S-VKaSHd 

dLIIXVLRQ cXUYH LQ FLJ. 17 VKRZV WKaW WKH cULWLcaO PaVV ZLOO bH UHacKHd b\ 2038. WKHQ dLYLdLQJ 

WKH adRSWLRQ RI BE HDTV LQWR WKH ILYH dLIIHUHQW adRSWHU caWHJRULHV aV dHILQHd LQ RRJHUV· 

dLIIXVLRQ RI LQQRYaWLRQV WKHRU\, ZH cRQcOXdH WKaW LW WaNHV XQWLO 2034 WR UHacK WKH ILUVW 2.5% RI 

WKH RYHUaOO PaUNHW ² WKH VR-caOOHd LQQRYaWRUV. TKH QH[W 13.5%, NQRZQ aV WKH HaUO\ adRSWHUV, 

RSW IRU BE HDTV bHWZHHQ 2035 aQd 2040 IROORZHd b\ WKH QH[W 34%, WKH HaUO\ PaMRULW\, IURP 
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2041 WR 2044. TKH IROORZLQJ 34%, dHVcULbHd aV WKH OaWH PaMRULW\, ZLOO adRSW BE HDTV IURP 

2045 WR 2048, KHQcH, OaJJaUdV ZKLcK accRXQW IRU WKH OaVW 16% RI adRSWHUV ZLOO cKRRVH BE 

HDTV IURP 2049 RQZaUdV. TKH cXPXOaWLYH S-VKaSHd cXUYH aQd WKH bHOO-VKaSHd IUHTXHQc\ aUH 

dHSLcWHd LQ FLJ. 17 aQd FLJ. 18. 

 

CRPSaUHd WR BEVV WKHUH H[LVWV RQO\ a OLPLWHd QXPbHU RI VWXdLHV IRcXVLQJ RQ aOWHUQaWLYH IXHO-

SRZHUHd HDVV ZKLcK cRXOd KHOS WR H[SOaLQ WKH cRPSaUabO\ VORZ dLIIXVLRQ UaWH RI aQaO\]Hd 

BE HDTV. FRU LQVWaQcH, KOXVcKNH eW al. (2019) cRQdXcWHd a YaOXabOH OLWHUaWXUH UHYLHZ RQ WKH 

dLIIXVLRQ RI aOWHUQaWLYH IXHOV aQd SRZHUWUaLQV LQ HDVV aQd QRWH WKaW PaQ\ aXWKRUV HYHQ 

dHcLdHd WR H[cOXdH BE dULYHWUaLQV IURP WKHLU aQaO\VHV dXH WR WKH UHVWULcWHd dULYLQJ UaQJH. 

NRQHWKHOHVV, RWKHU aXWKRUV (H.J. dabXNRJOX eW al., 2018; AQdHUKRIVWadW aQd SSLQOHU, 2019) 

HYaOXaWH BE WUXcNV aV aQ aWWUacWLYH aOWHUQaWLYH IRU XUbaQ aQd VKRUW-KaXO WUaQVSRUWaWLRQ. MAN, 

RQH RI WKH OaUJHVW EXURSHaQ WUXcN PaQXIacWXUHUV, SUHVHQWHd LWV QHZ WUXcN JHQHUaWLRQ LQ 

FHbUXaU\ 2020 aQd WKH cRPSaQ\·V CEO, JRacKLP DUHHV, QRWHd WKaW BE WUXcNV ZLOO bH WKH 

SUHIHUUHd cKRLcH IRU VKRUW-KaXO aQd dLVWULbXWLRQ WUaQVSRUWaWLRQ b\ WKH PLddOH RI WKH 2020V 

(HaQdHOVbOaWW, 2020). AQdHUKRIVWadW aQd SSLQOHU (2020) cRQdXcWHd a cKRLcH-baVHd cRQMRLQW 

H[SHULPHQW ZLWK HPSOR\HHV IURP IUHLJKW cRPSaQLHV LQ GHUPaQ\ WR SUHVHQW WKH IXWXUH 

SUHIHUHQcH VKaUHV IRU aXWRQRPRXV aQd aOWHUQaWLYH IXHO-SRZHUHd HDTV. AccRUdLQJ WR WKHLU 

UHVXOWV, RQO\ 3% RI SaUWLcLSaQWV ZRXOd cKRRVH a BE HDT RYHU RWKHU dULYHWUaLQ WHcKQRORJLHV 

XQWLO 2025 bXW SUHIHUHQcHV IRU BE HDTV ZLOO LQcUHaVH WR 22% bHWZHHQ 2030 WR 2035 dXH WR 
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dHcUHaVLQJ cRVWV aQd LQcUHaVLQJ HIILcLHQc\. HRZHYHU, LW LV ZRUWK QRWLQJ WKaW WKH aXWKRUV cKRVH 

a SXUcKaVH SULcH ZKLcK LV RQO\ 40% KLJKHU cRPSaUHd WR dLHVHO-SRZHUHd HDTV WR aYRLd a 

dRPLQaQcH RI SULcH RYHU RWKHU WUXcN cKaUacWHULVWLcV. TKXV, cXUUHQW SUHIHUHQcH VKaUHV aUH 

aVVXPLQJO\ VPaOOHU ZKaW LV a SRVVLbOH UHaVRQ IRU WKH VORZ UaPS-XS SKaVH bHIRUH UHacKLQJ WKH 

HaUO\ adRSWHUV aQd WKH cULWLcaO PaVV. MRUHRYHU, WKH aXWKRUV LdHQWLILHd WKH Pa[LPXP dULYLQJ 

UaQJH aV ZHOO aV WKH UHIXHOLQJ/UHcKaUJLQJ WLPH aV WKH PRVW LPSRUWaQW aWWULbXWHV RI aOWHUQaWLYH 

IXHO-SRZHUHd HDTV ZKLcK aUH WKH PaMRU VKRUWcRPLQJV RI aOPRVW aOO BE YHKLcOH caWHJRULHV. 

NHYHUWKHOHVV, BE dULYHWUaLQV aUH XUJHQWO\ QHHdHd WR UHdXcH RYHUaOO HPLVVLRQV aQd WKXV cHUWaLQ 

SROLc\ PHaVXUHV cRXOd KHOS WR dULYH WKH adRSWLRQ RI BE cRPPHUcLaO YHKLcOHV LQ XUbaQ URad 

IUHLJKW WUaQVSRUWaWLRQ. OYHUaOO, KOXVcKNH eW al. (2019, S. 1019) VXPPaUL]H LQ WKHLU VWXd\ WKaW 

"ZLWKRXW addLWLRQaO (SROLc\) PHaVXUHV, WKH XQdHUO\LQJ PaUNHW VKaUH RI AFPV5 LQ WKH HDV VWRcN 

ZLOO bH OHVV WKaQ 40% aQd WKH CO2 HPLVVLRQ WaUJHWV ZLOO QRW bH PHWµ. TaHIL eW al. (2016) SUHVHQW 

LQWHUHVWLQJ UHVXOWV RI a PXOWL-cULWHULa aQaO\VLV RI SRVVLbOH SROLc\ LQLWLaWLYHV LQ GHUPaQ\, H.J. WR 

ILQaQcLaOO\ VXSSRUW ILUPV ZKLcK VHWXS cKaUJLQJ SRLQWV aW WKHLU RZQ SUHPLVHV. MRUHRYHU, WKH 

aXWKRUV VXJJHVW WR dHPaQd WKH XVH RI HPLVVLRQ-IUHH YHKLcOHV LQ SXbOLc WHQdHUV aV ZHOO aV WKH 

LQWURdXcWLRQ RI cLW\ WROOV LQ RUdHU WR VSXU WKH adRSWLRQ UaWH RI BE cRPPHUcLaO YHKLcOHV LQ XUbaQ 

URad IUHLJKW. MRUHRYHU, aV a UHVXOW RI WKHLU OLWHUaWXUH UHYLHZ, KOXVcKNH eW al. (2019) QaPH R&D 

IXQdLQJ RU UHOa[Hd ZHLJKW UHJXOaWLRQV IRU aOWHUQaWLYH IXHO-SRZHUHd HDVV aV RWKHU PRWLYaWRUV 

IRU cXVWRPHUV aQd PaQXIacWXUHUV. TKHLU ILQdLQJV aUH WKHUHIRUH LQ OLQH ZLWK UHVXOWV SUHVHQWHd 

b\ AQdHUKRIVWadW aQd SSLQOHU (2019) ZKR aQaO\]Hd IacWRUV aIIHcWLQJ WKH RSHUaWLRQ aQd 

SXUcKaVLQJ dHcLVLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\. AccRUdLQJ WR WKH aXWKRUV, 

WKH PaLQ baUULHUV IRU a ZLdHVSUHad dLIIXVLRQ RI BE HDTV aUH WKH KLJK SXUcKaVLQJ SULcH, WKH 

OacN RI cKaUJLQJ SRLQWV IRU BE HDTV aV ZHOO aV WKH UHVWULcWHd dULYLQJ UaQJH. IQ addLWLRQ, a 

WUXcN·V UHOLabLOLW\ LV HVVHQWLaO IRU SRWHQWLaO cXVWRPHUV WR aYRLd H[SHQVLYH ILQHV dXH WR dHOa\V. 

AccRUdLQJO\, MXOKROOaQd eW al. (2018) OLVW aPRQJ RWKHUV WKH dXUabLOLW\ RI baWWHULHV aV ZHOO aV WKH 

Pa[LPXP QXPbHU RI cKaUJLQJ OLIHc\cOHV aV cXUUHQW XQcHUWaLQWLHV. OYHUKHad caWHQaU\ OLQHV IRU 

BE WUXcNV aUH bHLQJ WHVWHd LQ GHUPaQ\ VLQcH 2019 aQd aUH RIWHQ dLVcXVVHd aV aQRWKHU 

aOWHUQaWLYH WR LQcUHaVH WKH aWWUacWLYHQHVV RI HOHcWULc WUXcNV dXH WR WKH SRVVLbLOLW\ RI UHcKaUJLQJ 

ZKLOH dULYLQJ (H.J. dabXNRJOX eW al., 2018; MXOKROOaQd eW al., 2018). MRUHRYHU, accRUdLQJ WR 

RRJHU·V dLIIXVLRQ RI LQQRYaWLRQV WKHRU\, LQQRYaWRUV aQd HaUO\ adRSWHUV QHHd WKH ILQaQcLaO 

 
5 AOWHUQaWLYH IXHOV aQd SRZHUWUaLQV (AFP) 
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UHVRXUcHV WR SXUcKaVH BE YHKLcOHV WR VHW XS WKH LQIUaVWUXcWXUH aQd WR cRSH ZLWK SRWHQWLaO ORVVHV 

aV SURIRXQd LQIRUPaWLRQ cRQcHUQLQJ UHOLabLOLW\ aQd dXUabLOLW\ aUH QRW aYaLOabOH \HW. HHQcH, WKH 

ILUVW WZR adRSWHU caWHJRULHV, LQQRYaWRUV aQd HaUO\ adRSWHUV, ZLOO bH PRVW OLNHO\ OaUJH ILUPV 

ZKLcK caQ WKHQ SURYLdH WKHLU H[SHULHQcHV aQd IHHdbacN WR WKH IROORZLQJ adRSWHU caWHJRULHV, 

WKH HaUO\ aQd OaWH PaMRULW\. 

 

4.4.1 SensitiYit\ anal\ses 

FRUHcaVWLQJ WKH dLIIXVLRQ RI LQQRYaWLYH SURdXcWV aSSO\LQJ WKH BM LV HYHQ PRUH XQcHUWaLQ 

ZKHQ LW LV QRW SRVVLbOH WR UHO\ RQ KLVWRULcaO daWa IURP WKH LdHQWLcaO SURdXcW. AV RXU SaUaPHWHUV, 

aQd WKHUHIRUH aOVR WKH ILQaO PRdHO, aUH baVHd RQ WKH UHJLVWUaWLRQ QXPbHUV RI BEVV LQ 

GHUPaQ\, ZH IROORZ PaUN, KLP aQd LHH (2011) aV ZHOO aV BHQYHQXWWL, RLbHLUR aQd UULRQa 

(2017) aQd SURYLdH addLWLRQaO LQIRUPaWLRQ LQ WKH IROORZLQJ VHcWLRQV b\ cRQdXcWLQJ VHQVLWLYLW\ 

aQaO\VHV RI WKH LQQRYaWLRQ IacWRU p, WKH LPLWaWLRQ IacWRU q, aQd WKH H[WHUQaO YaULabOH, WKH TCO 

dHcUHaVLQJ UaWH. TKH QHcHVVLW\ RI SHUIRUPLQJ a VHQVLWLYLW\ aQaO\VLV RI UHVXOWV ZaV aOVR 

KLJKOLJKWHd b\ KOXVcKNH eW al. (2019) aV a cRQcOXVLRQ IURP WKHLU OLWHUaWXUH UHYLHZ RQ WKH 

dLIIXVLRQ RI aOWHUQaWLYH IXHOV aQd SRZHUWUaLQV LQ HDVV. 

 

4.4.1.1 SensitiYit\ anal\sis of innoYation and imitation factor  

AV UHOLabOH KLVWRULcaO daWa IURP BE HDTV LQ GHUPaQ\ dR QRW H[LVW, ZH IROORZHd MaVVLaQL aQd 

GRKV (2015) aQd HVWLPaWHd WKH SaUaPHWHUV IRU WKH LQQRYaWLRQ IacWRU p aQd WKH LPLWaWLRQ IacWRU 

q baVHd RQ a VLPLOaU SURdXcW aQd WKH LdHQWLcaO PaUNHW: KLVWRULcaO VaOHV QXPbHUV RI BEVV LQ 

GHUPaQ\. FLUVW, ZH YaU\ WKH LQQRYaWLRQ IacWRU IURP 0.000008 WR 0.0003 WR WHVW WKH LPSacW RQ 

WKH dLIIXVLRQ cXUYH.  FLJ. 19 VKRZV WKaW WKH RULJLQaOO\ caOcXOaWHd p YaOXH RI 0.000008 (UHd-

dRWWHd OLQH) UHacKHV WKH cULWLcaO PaVV RI 10% LQ 2038 cRPSaUHd WR 2035 LQ caVH RI 0.0001 aQd 

2033 ZKHQ aSSO\LQJ a YaOXH RI 0.0003. AccRUdLQJO\, WKH ILUVW 2.5% RI adRSWHUV, WKH VR-caOOHd 

LQQRYaWRUV, ZLOO bH UHacKHd LQ 2034 LQ caVH RI a 0.000008 p YaOXH cRPSaUHd WR 2029 ZKHQ 

aSSO\LQJ a p YaOXH RI 0.0003. HHQcH, ZH cRQcOXdH WKaW cKaQJLQJ WKH p YaOXH KaV a dLUHcW LPSacW 

RQ ZKHQ WKH cULWLcaO PaVV aQd WKH ILUVW adRSWHU caWHJRULHV ZLOO bH UHacKHd. TKH LQIOXHQcH RI p 

LV WKHUHIRUH PRVW RbYLRXV ZKHQ cRPSaULQJ WKH UaPS-XS SKaVH IURP 2020 WR 2035 aV SUHVHQWHd 

LQ FLJ. 20. IQ 2025, WKH UaQJH RI cXPXOaWHd BE HDT UHJLVWUaWLRQV UaQJHV IURP 150 (0.000008) 
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WR 756 (0.0003) aQd IURP 961 (0.000008) WR 5317 (0.0003) b\ 2030 dHSHQdLQJ RQ WKH aSSOLHd 

p HVWLPaWH. OQ WKH RWKHU KaQd, WKH LPSacW RI WKH LQQRYaWLRQ IacWRU LV OHVV dXULQJ WKH VaWXUaWLRQ 

SKaVH ZKLcK LV aOVR LQ OLQH ZLWK ILQdLQJV IURP PaUN, KLP aQd LHH (2011, S. 3311) ZKR dHVcULbH 

WKaW ´aIWHU WKH cULWLcaO PaVV LV aWWaLQHd, WKH LPSRUWaQcH RI WKH LQQRYaWRU RQ PaUNHW SHQHWUaWLRQ 

LV UHdXcHdµ. 

 
SHcRQd, WKH VHQVLWLYLW\ aQaO\VHV RQ WKH cXPXOaWHd S-VKaSHd cXUYH baVHd RQ cKaQJHV RI WKH 

LPLWaWLRQ IacWRU q UHYHaO WKaW WKH cULWLcaO PaVV RI 10% ZLOO bH UHacKHd bHWZHHQ 2036 (q YaOXH 

RI 0.39) aQd 2039 (q YaOXH RI 0.49) UHVSHcWLYHO\. TKH UHd-dRWWHd OLQH VKRZV WKH SUHYLRXVO\ 

caOcXOaWHd q YaOXH RI 0.43. TKH ILUVW 2.5% RI adRSWHUV, WKH LQQRYaWRUV, ZLOO bH UHacKHd bHWZHHQ 

2032 aQd 2035.  HHQcH, cKaQJHV RI WKH q YaOXH PaLQO\ aIIHcW WKH VORSH RI WKH dLIIXVLRQ cXUYH 

aV ZHOO aV WKH WLPH QHHdHd WR UHacK PaUNHW VaWXUaWLRQ aV dLVSOa\Hd LQ FLJ. 21 aQd FLJ. 22. FRU 

LQVWaQcH, LQ caVH RI 0.39 q YaOXH, OaJJaUdV UHSUHVHQWLQJ WKH OaVW 16% RI adRSWHUV, VWaUW 

SXUcKaVLQJ WKH LQQRYaWLRQ b\ 2049 aQd b\ 2044 LQ caVH RI a 0.49 q HVWLPaWH. 
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FigXre 20: SHQVLWLYLW\ aQaO\VLV RI LQQRYaWLRQ IacWRU dXULQJ 
UaPS-XS SKaVH (LQ WKRXVaQdV) 

FigXre 19: SHQVLWLYLW\ aQaO\VLV RI LQQRYaWLRQ IacWRU 
(LQ WKRXVaQdV) 
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4.4.1.2 SensitiYit\ anal\sis of TCO redXction rate 

ASaUW IURP WKH LQWHUQaO YaULabOHV p aQd q, RXU ILQaO GBM ZaV aOVR LQIOXHQcHd b\ aQ H[WHUQaO 

YaULabOH. AccRUdLQJ WR SUHYLRXV VWXdLHV, ZH cKRVH WKH TCO aV aQ LPSRUWaQW IacWRU aIIHcWLQJ 

WKH dLIIXVLRQ RI BE HDTV LQ GHUPaQ\. BaVHd RQ RXU caOcXOaWLRQV LQ VHcWLRQ 3.2.3, ZH aVVXPH 

WKaW WKH TCO UHdXcWLRQ UaWH RI BE HDTV ZLOO bH 3.4% (UHd dRWWHd OLQH) aQQXaOO\ cRPSaUHd 

WR dLHVHO-SRZHUHd HDTV. HHQcH, XQdHU WKLV aVVXPSWLRQ TCO SaULW\ ZLOO bH UHacKHd b\ 2027 

aQd WKH SUHYLRXVO\ dHILQHd Pa[LPXP TCO bHQHILW RI 20% bHWZHHQ BE aQd dLHVHO HDTV b\ 

2034, L.H. cRVWV aUH QRW dHcUHaVLQJ IURP 2034 RQZaUdV aQd WKH 20% cRVW JaS UHPaLQV VWabOH. 

IQ RUdHU WR dLVSOa\ SRWHQWLaO cKaQJHV VXcK aV WKH LQcOXVLRQ RU H[cOXVLRQ RI cHUWaLQ ILQaQcLaO 

VXbVLdLHV, ZH YaU\ WKH UHdXcWLRQ UaWH IURP 0.1% WR 7.5% aQQXaOO\. FRU LQVWaQcH, LQ caVH RI aQ 

aQQXaO 7.5% TCO UHdXcWLRQ UaWH, WKH SUH-dHILQHd 20% TCO bHQHILW UHOaWLYH WR dLHVHO-SRZHUHd 

HDTV ZLOO bH UHacKHd b\ 2027. OQ WKH RWKHU KaQd, a dHcUHaVH RI 1% OHadV WR TCO SaULW\ b\ 

2045 aQd WKH dHILQHd Pa[LPXP TCO JaS RI 20% b\ 2067. DHVSLWH WKH LPSRUWaQcH RI WKH 

TCO, HVSHcLaOO\ LQ caVH RI cRPPHUcLaO YHKLcOHV, FLJ. 23 dLVSOa\V WKaW WKHUH LV RQO\ a VOLJKW 

dLIIHUHQcH LQ WKH S-VKaSHd dLIIXVLRQ cXUYH ZKHQ YaU\LQJ WKH TCO UHdXcWLRQ UaWH. AV VWaWHd 

SUHYLRXVO\, ZH IROORZHd BHQYHQXWWL, RLbHLUR aQd UULRQa (2017) aQd XWLOL]Hd a 𝛽ଵ RI -1.1521 

baVHd RQ PaUN, KLP aQd LHH (2011). HRZHYHU, ZKHQ cKRRVLQJ a KLJKHU YaOXH IRU 𝛽ଵ, WKH TCO 

UHdXcWLRQ UaWH ZRXOd KaYH a KLJKHU LPSacW RQ WKH adRSWLRQ UaWH RI BE HDT. FLJ. 24 VKRZV 

WKH LPSacW RQ WKH UaPS-XS SKaVH IURP 2020 WR 2035. WH cRQcOXdH WKaW HVSHcLaOO\ a UHdXcWLRQ 
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FigXre 21: SHQVLWLYLW\ aQaO\VLV RI LPLWaWLRQ IacWRU 
(LQ WKRXVaQdV) 

FigXre 22: SHQVLWLYLW\ aQaO\VLV RI LPLWaWLRQ IacWRU dXULQJ 
VaWXUaWLRQ SKaVH (LQ WKRXVaQdV) 
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UaWH RI 3.4%, 5% aQd 7.5% UHVXOWV LQ YHU\ VLPLOaU adRSWLRQ UaWHV aV WKRVH WKUHH YaOXHV UHacK 

cRVW SaULW\ aQd WKH dHILQHd 20% TCO JaS UHOaWLYHO\ VRRQ. NHYHUWKHOHVV, FLJ. 24 dLVSOa\V WKaW 

WKHUH ZLOO bH aURXQd 5,000 cXPXOaWHd BE HDT UHJLVWUaWLRQV b\ 2035 LQ caVH RI a 0.1% 

UHdXcWLRQ UaWH aQd PRUH WKaQ 6,000 YHKLcOHV ZKHQ aVVXPLQJ a 7.5% TCO UHdXcWLRQ SHU 

aQQXP. TKXV, LQ accRUdaQcH ZLWK HcRQRPLc WKHRU\, a KLJKHU TCO dHcUHaVLQJ UaWH OHadV aOVR 

WR KLJKHU adRSWLRQ UaWHV. 

 

4.5 ConclXsion 
TKLV VWXd\ aLPHd WR IRUHcaVW WKH IXWXUH dLIIXVLRQ RI BE HDTV LQ GHUPaQ\ cRQVLdHULQJ TCO 

UHdXcWLRQ HIIHcWV b\ aSSO\LQJ WKH GBM ZKLcK LV a PRdLILHd YHUVLRQ RI WKH ZLdHO\ XVHd BM. 

CRPSaUHd WR WKH WUadLWLRQaO BM, WKH GBM LQcOXdHV H[WHUQaO YaULabOHV ZKLcK aIIHcW WKH 

dLIIXVLRQ RI LQQRYaWLYH SURdXcWV. FLUVW, ZH dHILQHd WKH PaUNHW SRWHQWLaO m IRU BE HDTV LQ 

GHUPaQ\ baVHd RQ WKH aYHUaJH PLOHaJH dULYHQ SHU HDT LQ GHUPaQ\. SHcRQd, ZH HVWLPaWHd 

WKH LQQRYaWLRQ IacWRU p aQd WKH LPLWaWLRQ IacWRU q b\ XWLOL]LQJ KLVWRULcaO PRQWKO\ daWa RI BEV 

UHJLVWUaWLRQV LQ GHUPaQ\ IURP 2010 WR 2019. TKLUd, ZH IROORZHd SUHYLRXV VWXdLHV RQ 

aOWHUQaWLYH IXHO-SRZHUHd cRPPHUcLaO YHKLcOHV aQd caOcXOaWHd WKH IXWXUH TCO RI BE aQd dLHVHO-

SRZHUHd HDTV. TKH aYHUaJH TCO UHdXcWLRQ UaWH RI 3.4% aQQXaOO\ bHWZHHQ bRWK WHcKQRORJLHV 

ZaV LQcOXdHd aV WKH H[WHUQaO YaULabOH VLQcH WKH TCO LV cRQVLdHUHd a YLWaO IacWRU IRU IOHHW 

PaQaJHUV ZKHQ SXUcKaVLQJ cRPPHUcLaO YHKLcOHV (SLHU]cKXOa, 2014). IQ addLWLRQ, ZH cRQdXcWHd 
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FigXre 23: SHQVLWLYLW\ aQaO\VLV RI TCO UHdXcWLRQ UaWH (LQ 
WKRXVaQdV) 

FigXre 24: SHQVLWLYLW\ aQaO\VLV RI TCO UHdXcWLRQ UaWH 
dXULQJ UaPS-XS SKaVH (LQ WKRXVaQdV) 
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VHQVLWLYLW\ aQaO\VHV IRU WKH LQQRYaWLRQ IacWRU, WKH LPLWaWLRQ IacWRU aQd WKH TCO UHdXcWLRQ UaWH 

WR dLVSOa\ WKH HIIHcWV RI SRWHQWLaO cKaQJHV RQ WKH dLIIXVLRQ UaWH. OXU ILQdLQJV aUH WKHUHIRUH RI 

JUHaW LPSRUWaQcH IRU SROLc\PaNHUV, WUXcN PaQXIacWXUHUV bXW aOVR IRU WKH VWUaWHJ\ IRUPXOaWLRQ 

RI WUXcN cXVWRPHUV WKaW aLP IRU a VXVWaLQabOH VXSSO\ cKaLQ. 

B\ LPSOHPHQWLQJ WKH HVWLPaWHd SaUaPHWHUV LQWR WKH GBM, ZH cRXOd VKRZ WKaW LW WaNHV XQWLO 

2038 WR UHacK WKH cULWLcaO PaVV RI 10% RI WKH RYHUaOO SRWHQWLaO PaUNHW ZKLcK LV HVVHQWLaO LQ 

RUdHU WR UHaOL]H a VHOI-VXVWaLQLQJ dLIIXVLRQ SURcHVV RI aQ LQQRYaWLRQ. DHVSLWH WKH SUacWLcaO 

LPSRUWaQcH RI RXU PRdHO, WKH dLIIXVLRQ RI LQQRYaWLRQV WKHRU\ b\ RRJHUV (1983) LQcOXdLQJ WKH 

dLIIHUHQW adRSWHU caWHJRULHV SOa\Hd a NH\ UROH LQ JXLdLQJ WKH H[HcXWLRQ RI RXU VWXd\. EYHQ 

WKRXJK BE HDTV IURP WUXcN PaQXIacWXUHUV aUH aYaLOabOH RQ WKH PaUNHW, RQO\ 21 BE HDTV 

ZHUH UHJLVWHUHd LQ GHUPaQ\ aV RI JaQXaU\ 2019. AccRUdLQJO\, RXU UHVXOWV UHYHaO a ORQJ UaPS-

XS SKaVH aQd LQQRYaWRUV, UHSUHVHQWLQJ WKH ILUVW 2.5% RI SRWHQWLaO adRSWHUV, ZLOO bH UHacKHd b\ 

2034 RQO\. TKH SUHVHQWHd S-VKaSHd dLIIXVLRQ cXUYH LQ FLJ. 17 VKRZV WKaW WKH SHULRd IURP 2040 

WR 2050 ZLOO bH WKH SKaVH ZLWK WKH KLJKHVW QXPbHU RI adRSWLRQV dXH WR WKH HaUO\ aQd OaWH 

PaMRULW\ IROORZHd b\ WKH VaWXUaWLRQ SKaVH ZKHUH aOVR OaJJaUdV, WKH OaVW 16% RI SRWHQWLaO 

adRSWHUV, RSW IRU BE HDTV. TKH SHUIRUPHd VHQVLWLYLW\ aQaO\VLV ZaV XVHd WR VKRZ WKH LPSacW 

RI WKH dLIIHUHQW SaUaPHWHUV RQ WKH dLIIXVLRQ SURcHVV. WH cRQcOXdH WKaW WKH LQQRYaWLRQ IacWRU 

PRVWO\ aIIHcWV WKH UaPS-XS SKaVH ZKHUHaV WKH LPLWaWLRQ IacWRU KaV aQ LPSacW RQ WKH VORSH RI 

WKH dLIIXVLRQ cXUYH aQd WKH WLPH QHHdHd WR UHacK PaUNHW VaWXUaWLRQ. OQ WKH RWKHU KaQd, RXU 

UHVXOWV LOOXVWUaWH WKaW a YaU\LQJ TCO UHdXcWLRQ UaWH IURP 0.1% WR 7.5% KaV a cRPSaUabO\ ORZ 

HIIHcW RQ WKH dLIIXVLRQ UaWH RI BE HDTV. TKLV LV dXH WR WKH dHILQHd Pa[LPXP TCO dLIIHUHQcH 

RI 20% bHWZHHQ dLHVHO aQd BE HDTV aQd, RQ WKH RWKHU KaQd, bHcaXVH RI WKH cKRVHQ 𝛽ଵ baVHd 

RQ PaUN, KLP aQd LHH (2011) ZKLcK aIIHcWV WKH LPSacW RQ WKH adRSWLRQ UaWH aV ZHOO. AOO LQ aOO, 

RXU dLIIXVLRQ IRUHcaVWLQJ PRdHO VKRZV WKaW IUHLJKW cRPSaQLHV ZLOO QRW VZLWcK IURP dLHVHO-

SRZHUHd WR BE HDTV RYHU QLJKW aQd LW LV WKHUHIRUH HVVHQWLaO WR XQdHUOLQH UHOHYaQW 

UHcRPPHQdaWLRQV ZKLcK caQ KHOS WR VSXU WKH QXPbHU RI BE HDTV LQ GHUPaQ\. RRJHUV 

(1983) dHVcULbHV WKaW H[LVWLQJ XQcHUWaLQWLHV QHHd WR bH UHdXcHd WR LQcUHaVH WKH QXPbHU RI 

LQQRYaWLRQV LQ WKH V\VWHP, KRZHYHU, VLPLOaU WR WKH LQWURdXcWLRQ RI BEVV, RQO\ OLWWOH 

LQIRUPaWLRQ cRQcHUQLQJ cRVWV, UHOLabLOLW\ RU baWWHU\ OLIHWLPH RI BE HDTV LV aYaLOabOH. HHQcH, 

ScKXOWH, HaUW aQd VaQ dHU VRUVW (2004) UHcRPPHQd WHVW dULYHV aQd KaQdV-RQ H[SHULHQcH WR 

UHdXcH VNHSWLcLVP WRZaUd QHZ WHcKQRORJLHV ZKLcK ZLOO WKHQ KHOS WR cRQYLQcH HVSHcLaOO\ 
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LQQRYaWRUV aQd HaUO\ adRSWHUV WR VZLWcKLQJ IURP dLHVHO WR BE HDTV. AccRUdLQJ WR RHQQLQJV 

eW al. (2006), HQYLURQPHQWaO SROLc\ LQVWUXPHQWV aV ZHOO aV ILQaQcLaO VXbVLdLHV IURP LQQRYaWLRQ 

SROLc\ cRXOd addLWLRQaOO\ KHOS WR LQcUHaVH WKH adRSWLRQ RI HcR-LQQRYaWLRQV VXcK aV HOHcWULc 

YHKLcOHV. TKXV, ZH UHcRPPHQd WR H[WHQdLQJ cXUUHQW VXbVLdLHV VXcK aV WKH SXUcKaVH VXbVLd\ RI 

40,000 EXURV IRU aOO-HOHcWULc HDTV aQd WKH H[HPSWLRQ IURP URad WROOV. AQRWKHU SRVVLbOH 

LQcHQWLYH cRXOd bH WR RYHUWXUQ WKH cXUUHQW KROLda\ aQd SXQda\ baQ IRU aOO WUXcNV ZKHQ 

RSHUaWLQJ a IXOO\ HOHcWULc YHKLcOH. MRUHRYHU, OHJaO UHVWULcWLRQV VXcK aV dLHVHO-baQV LQ cLW\ cHQWHUV 

caQ addLWLRQaOO\ PRWLYaWH IUHLJKW cRPSaQLHV WR VXbVWLWXWH cRQYHQWLRQaO HDTV b\ BE YHKLcOHV, 

HVSHcLaOO\ LQ caVH RI cLW\ dLVWULbXWLRQ aV ZHOO aV VKXWWOH- aQd VKRUW-KaXO WUaQVSRUWaWLRQ 

(AQdHUKRIVWadW aQd SSLQOHU, 2019). CRPSaQLHV RSHUaWLQJ BE cRPPHUcLaO YHKLcOHV XVXaOO\ 

SHUIRUP SULYaWH cKaUJLQJ, KRZHYHU, SXbOLc cKaUJLQJ SRLQWV aUH HYaOXaWHd aV a VXSSRUWLYH 

aVSHcW. TKH ACEA (2019) cULWLcL]HV LQ WKHLU UHSRUW abRXW aOWHUQaWLYH IXHO-SRZHUHd WUXcNV WKaW 

SXbOLc KLJK SRZHU-cKaUJLQJ SRLQWV IRU BE WUXcNV RI PRUH WKaQ 500 NW ZRXOd bH QHcHVVaU\ WR 

UHacK WKH VHW HPLVVLRQ UHdXcWLRQ WaUJHWV bXW WKHUH ZaV QRW HYHQ a EXURSHaQ VWaQdaUd IRU SOXJV 

dHILQHd \HW. NHYHUWKHOHVV, DaLPOHU (2020) VWaUWHd LWV ´HTUXcN CKaUJLQJ IQLWLaWLYHµ LQ 

cRRSHUaWLRQ ZLWK RWKHU cRPSaQLHV WR VXSSRUW WKHLU cXVWRPHUV dXULQJ WKH WUaQVIRUPaWLRQ 

WRZaUd HOHcWULc URad WUaQVSRUWaWLRQ aQd WR VHW XS WKH QHcHVVaU\ cKaUJLQJ LQIUaVWUXcWXUH, bRWK 

SXbOLcO\ aYaLOabOH aQd aW WKH dHSRW RI WUXcN cXVWRPHUV. AV WKLV LV VXbMHcW WR cRVWO\ LQYHVWPHQWV, 

ZH UHcRPPHQd ILQaQcLaO VXbVLdLHV IRU cRPSaQLHV ZKHQ LQVWaOOLQJ SULYaWH cKaUJLQJ VWaWLRQV IRU 

BE cRPPHUcLaO YHKLcOHV. MRUHRYHU, ZH IROORZ QXaN, NHVWHURYa aQd YaQ RRRLMHQ (2016) aQd 

UHcRPPHQd LQYHVWPHQWV LQ WKH WUaLQLQJ RI WUXcN dULYHUV WR LPSURYH HcR-IULHQdO\ dULYLQJ aQd 

WKH abLOLW\ WR SURPRWH WKH bHQHILWV RI BE HDTV WR WKHLU cXVWRPHUV. TKLV LV LQ OLQH ZLWK ILQdLQJV 

IURP BaVWHU eW al. (2014) ZKR dHVcULbH WKaW a cRPSaQ\·V JUHHQ LPaJH VKRXOd bH SHUcHLYHd aV a 

IXWXUH LQYHVWPHQW ZKLcK LV QRW LPPHdLaWHO\ SURILWabOH bXW KHOSV WR VWUHQJWKHQ H[LVWLQJ 

cXVWRPHU UHOaWLRQVKLSV aQd WR aWWUacW QHZ bXVLQHVVHV. 

OXU PRdHO SURYLdHV LQWHUHVWLQJ UHVXOWV RQ WKH aQWLcLSaWHd dLIIXVLRQ RI BE HDTV LQ GHUPaQ\ 

cRQVLdHULQJ TCO UHdXcWLRQ HIIHcWV, KRZHYHU, cHUWaLQ OLPLWaWLRQV RI WKH VWXd\ QHHd WR bH 

addUHVVHd. FLUVW, ZH XVHd KLVWRULcaO daWa RI BEVV LQ GHUPaQ\ WR caOcXOaWH WKH LQQRYaWLRQ aQd 

LPLWaWLRQ IacWRU bXW WKH adRSWLRQ SURcHVV RI BE cRPPHUcLaO YHKLcOHV cRXOd IROORZ a dLIIHUHQW 

SaWK. WH WKHUHIRUH UHcRPPHQd WR cRQVLdHU UHJLVWUaWLRQ QXPbHUV RI BE OLJKW-dXW\ WUXcNV LQ 

IXWXUH UHVHaUcK ZKLcK Pa\ bHcRPH aYaLOabOH UaWKHU VRRQ. SHcRQd, WKH HVWLPaWHd PaUNHW 
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SRWHQWLaO cRXOd bH aIIHcWHd b\ WKH LQWURdXcWLRQ RI FCE HDTV VLQcH WKH WHcKQRORJ\ bHQHILWV 

IURP ORcaOO\ HPLVVLRQ-IUHH WUaQVSRUWaWLRQ, VKRUW UHIXHOLQJ WLPHV aQd a KLJKHU dULYLQJ UaQJH. 

HRZHYHU, UHOLabOH daWa abRXW WHcKQLcaO VSHcLILcaWLRQV aQd cRVWV aUH QRW aYaLOabOH \HW. TKLUd, WKH 

H[SHcWHd SXUcKaVH SULcH RI BE HDTV LQ WKH cRQdXcWHd TCO aQaO\VLV LV WKUHH WLPHV KLJKHU 

WKaQ WKaW RI dLHVHO-SRZHUHd HDTV bXW WKH ILQaO SXUcKaVH SULcH RI BE HDTV KHaYLO\ dHSHQdV 

RQ WKH QHHdHd baWWHU\ VL]H baVHd RQ WKH WUaQVSRUWaWLRQ SURcHVV. FXWXUH TCO aQaO\VHV ZRXOd 

WKHUHIRUH bHQHILW IURP RbVHUYLQJ YaULRXV baWWHU\ SacNV IRU dLIIHUHQW WUaQVSRUWaWLRQ VcHQaULRV. 

LaVWO\, ZH IROORZHd SUHYLRXV VWXdLHV aQd aVVXPH SULYaWH cKaUJLQJ aW WKH dHSRW LQ RXU TCO 

caOcXOaWLRQ aQd WKHUHIRUH dHcLdHd WR H[cOXdH WKRVH cRVWV IURP RXU aQaO\VLV. SLPLOaU WR dLIIHUHQW 

baWWHU\ caSacLWLHV, LQIUaVWUXcWXUH cRVWV cRXOd bH LQcRUSRUaWHd LQ IXWXUH TCO caOcXOaWLRQV aV 

VRRQ aV UHOLabOH LQIRUPaWLRQ bHcRPHV aYaLOabOH. OWKHU dLUHcWLRQV IRU IXWXUH UHVHaUcK aUH WKH 

H[WHQVLRQ WR dLIIHUHQW cRXQWULHV dXH WR YaU\LQJ bRXQdaU\ cRQdLWLRQV cRQcHUQLQJ HOHcWULc 

YHKLcOHV, H.J. OHJaO UHVWULcWLRQV RU ILQaQcLaO VXbVLdLHV. MRUHRYHU, ZH UHcRPPHQd WR aQaO\]H WKH 

LPSacW RI BE HDTV RQ WKH GHUPaQ HOHcWULcLW\ JHQHUaWLRQ aV SUHYLRXV VWXdLHV aJUHH WKaW WKH 

WUaQVSRUWaWLRQ VHcWRU ZLOO bHcRPH a NH\ SaUWLcLSaQW, HVSHcLaOO\ ZLWK UHVSHcW WR UHQHZabOH HQHUJ\ 

(KOXVcKNH eW al., 2019). 
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5. SXmmar\ and conclXsion 
TKHUH LV a bXPS\ URad aKHad IRU WKH WUXcNLQJ LQdXVWU\ dXH WR VWULcW HQYLURQPHQWaO WaUJHWV, QHZ 

cRPSHWLWLRQ aQd VHYHUaO PHJaWUHQdV ZKLcK ZLOO WUaQVIRUP WKH LQdXVWU\ dUaVWLcaOO\. GHUPaQ\ LV 

QRW RQO\ RQH RI WKH OaUJHVW HPLWWHUV RI JUHHQKRXVH JaV HPLVVLRQV ZRUOdZLdH, bXW aOVR a OHadLQJ 

PaQXIacWXUHU RI HDTV. TKLV dLVVHUWaWLRQ aLPV WR cRQWULbXWH WR WKH XQdHUVWaQdLQJ RI a 

VXccHVVIXO WUaQVLWLRQ WRZaUd aXWRQRPRXV aQd aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\ aQd 

LV RI JUHaW LPSRUWaQcH WR bRWK SUacWLWLRQHUV aQd acadHPLcV. TKH SUHYLRXV cKaSWHUV VKRZHd 

WKaW WKHUH ZLOO QRW bH one W\SH RI aOWHUQaWLYH IXHO RU dULYHWUaLQ ZKLcK ZLOO UHSOacH dLHVHO-SRZHUHd 

HDTV LQ WKH VKRUW-WHUP. FRU LQVWaQcH, BE YHKLcOHV aUH a PaUNHW-UHad\ WHcKQRORJ\ aQd ZHOO 

VXLWHd IRU ORcaOO\ HPLVVLRQ-IUHH cLW\ dLVWULbXWLRQ aQd VKRUW-KaXO VKXWWOH WUaQVSRUWaWLRQ ZKHUHaV 

OLTXHILHd QaWXUaO JaV LV a PaUNHW-UHad\ VXbVWLWXWH IRU ORQJ-KaXO RSHUaWLRQV ZKLcK caQ KHOS WR 

UHdXcH aLU SROOXWLRQ. HRZHYHU, HQYLURQPHQWaO bHQHILWV RI QaWXUaO JaV WUXcNV aUH OLPLWHd aQd 

ZLOO QRW KHOS WR UHacK a caUbRQ-QHXWUaO VRcLHW\, KHQcH, WKH ORQJ-WHUP IXWXUH RI WUXcNLQJ PXVW 

bH IXOO\ HOHcWULc WR UHdXcH KaUPIXO HPLVVLRQV IURP URad IUHLJKW WUaQVSRUWaWLRQ. FXHO cHOO HOHcWULc 

WUXcNV ZLOO WKHUHIRUH SOa\ a NH\ UROH aV WKH\ cRPbLQH WKH PaLQ bHQHILWV RI BE aQd QaWXUaO JaV 

dULYHWUaLQV: (L) ORcaOO\ HPLVVLRQ-IUHH WUaQVSRUWaWLRQ, (LL) a UHaVRQabOH dULYLQJ UaQJH, aQd (LLL) 

VKRUW UHIXHOLQJ WLPHV. HRZHYHU, IXHO cHOO HOHcWULc WUXcNV aUH QRW \HW cRPPHUcLaOO\ aYaLOabOH bXW 

aUH cXUUHQWO\ bHLQJ dHYHORSHd b\ VHYHUaO PaQXIacWXUHUV VXcK aV H\XQdaL RU IVECO/NLNROa. 

FXUWKHUPRUH, LW LV LPSRUWaQW WR QRWH WKaW ZHOO-WR-ZKHHO aQaO\VHV PXVW bH WKH VWaQdaUd SURcHVV 

IRU a cRPSUHKHQVLYH aVVHVVPHQW RI HPLVVLRQV IURP URad WUaQVSRUWaWLRQ. HHQcH, HOHcWULcLW\ 

JHQHUaWLRQ IURP UHQHZabOH VRXUcHV ZLOO bH NH\ LQ RUdHU WR UHaOL]H HPLVVLRQ-IUHH WUaQVSRUWaWLRQ. 

AccRUdLQJO\, WKH WUaQVSRUWaWLRQ VHcWRU ZLOO bHcRPH a PaLQ UHcLSLHQW RI GHUPaQ HOHcWULcLW\ 

JHQHUaWLRQ dXH WR WKH SURdXcWLRQ RI K\dURJHQ aQd UHcKaUJLQJ RI BE YHKLcOHV. ASaUW IURP 

HQYLURQPHQWaOO\ IULHQdO\ SRZHUWUaLQV, VHOI-dULYLQJ WHcKQRORJ\ ZLOO SOa\ a NH\ UROH LQ WKH IXWXUH 

RI WUXcNLQJ dXH WR a VHYHUH VKRUWaJH RI TXaOLILHd dULYHUV. AccRUdLQJ WR UHcHQW UHVHaUcK IURP 

WKH IQWHUQaWLRQaO RRad TUaQVSRUW UQLRQ (IRU), WKH EXURSHaQ ORJLVWLcV VHcWRU LV IacLQJ aQ 

LQcUHaVHd VKRUWaJH RI TXaOLILHd dULYHUV LQ 2020, ULVLQJ IURP 23% LQ 2019 WR 36% LQ 2020 (IRU, 

2020).  

TKH VHcRQd cKaSWHU OaLd WKH IRXQdaWLRQ RI WKLV dLVVHUWaWLRQ b\ cRQdXcWLQJ a DHOSKL VWXd\ RQ 

IacWRUV aIIHcWLQJ WKH SXUcKaVLQJ dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ 

GHUPaQ\. TKH ILQaO DHOSKL SaQHO cRQVLVWHd RI a KHWHURJHQRXV H[SHUW JURXS ZLWK SaUWLcLSaQWV 
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IURP WUXcN PaQXIacWXUHUV, ORJLVWLcV VHUYLcH SURYLdHUV, LQIUaVWUXcWXUH cRPSaQLHV, cRQVXOWLQJ 

ILUPV, aQd UHVHaUcK LQVWLWXWLRQV. TKH H[HcXWLRQ RI WKH DHOSKL VWXd\ ZaV JXLdHd b\ WKHRULHV RQ 

WKH adRSWLRQ SURcHVV RI HcR-LQQRYaWLRQV. TKH PaLQ bRd\ RI WKH cKaSWHU ZaV dLYLdHd LQWR PaUW 

A aQd PaUW B. PaUW A IRcXVHd RQ 34 UHOHYaQW IacWRUV cROOHcWHd IURP YaULRXV VcLHQWLILc VWXdLHV 

ZKLcK ZHUH WHVWHd ZLWK UHVSHcW WR VWabLOLW\ aQd cRQVHQVXV RI WKH H[SHUWV· UHSOLHV aV ZHOO aV WKHLU 

UHOaWLYH LPSRUWaQcH. TKH UHVXOWV UHYHaOHd WKaW a WUXcN·V UHOLabLOLW\, WKH aYaLOabLOLW\ RI 

IXHOLQJ/cKaUJLQJ VWaWLRQV, aQd WKH SRVVLbLOLW\ WR HQWHU ORZ-HPLVVLRQ ]RQHV aUH WKH WKUHH PRVW 

LPSRUWaQW aVSHcWV ZKHQ SXUcKaVLQJ aQd RSHUaWLQJ aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ 

GHUPaQ\. BaVHd RQ a SUH-dHILQHd WKUHVKROd IRU WKH LQWHUTXaUWLOH UaQJH RI 1.0 aQd WKH cKaQJH 

LQ WKH cRHIILcLHQW RI YaULaWLRQ RI 0.1, WKH WKUHH IacWRUV UHacKHd VWabLOLW\ aQd cRQVHQVXV aPRQJ 

WKH DHOSKL H[SHUWV. PaUW B, RQ WKH RWKHU KaQd, dLVcXVVHd PRWLYaWRUV, baUULHUV, aQd SRVVLbLOLWLHV 

WR RYHUcRPH WKH PaLQ baUULHUV ZKHQ VZLWcKLQJ IURP cRQYHQWLRQaO dLHVHO-SRZHUHd dULYHWUaLQV 

WR SURPLVLQJ VXbVWLWXWHV ZKLcK ZHUH dHILQHd LQ cRRSHUaWLRQ ZLWK aQ H[SHUW JURXS: baWWHU\ 

HOHcWULc, K\dURJHQ IXHO cHOO, cRPSUHVVHd QaWXUaO JaV, aQd OLTXHILHd QaWXUaO JaV. APRQJ RWKHUV, 

H[SHUWV cULWLcL]Hd WKH QXPbHU RI aYaLOabOH UHIXHOLQJ/UHcKaUJLQJ VWaWLRQV acURVV GHUPaQ\ IRU 

WKH dLIIHUHQW WHcKQRORJLHV ZKLcK ZaV aOVR aVVHVVHd aV RQH RI WKH PRVW cULWLcaO IacWRUV LQ PaUW 

A. TKH SaQHO UHcRPPHQdHd HQYLURQPHQWaO UHVWULcWLRQV VXcK aV ORZ-HPLVVLRQ ]RQHV aV a 

SURPLVLQJ SRVVLbLOLW\ WR VSXU WKH QXPbHU RI ORZ-HPLVVLRQ YHKLcOHV LQ GHUPaQ\. 

IQ cKaSWHU WKUHH, WKH IRcXV ZaV VKLIWHd WR cXVWRPHUV RI HDTV, L.H. IUHLJKW cRPSaQLHV. TKH 

UHVXOWV RI aQ RQOLQH cKRLcH-baVHd cRQMRLQW H[SHULPHQW ZHUH SUHVHQWHd ZKLcK ZaV dHVLJQHd 

ZLWK SaZWRRWK VRIWZaUH, a VWaQdaUd WRRO LQ acadHPLa IRU dHVLJQLQJ aQd HYaOXaWLQJ cRQMRLQW 

VWXdLHV. TKHRULHV RQ WKH accHSWaQcH aQd XVH RI QHZ WHcKQRORJLHV VHUYHd aV KHOSIXO JXLdaQcH 

IRU WKH H[HcXWLRQ RI WKH cRQMRLQW H[SHULPHQW. A OLVW RI UHOHYaQW aWWULbXWHV aQd OHYHOV RI 

LQQRYaWLYH HDTV ZaV dHULYHd baVHd RQ WKH WHcKQLcaO VSHcLILcaWLRQV RI H[LVWLQJ aOWHUQaWLYH IXHO-

SRZHUHd HDTV, H[SHUW LQWHUYLHZV, aQd H[WHQVLYH dHVN UHVHaUcK. IQ RUdHU WR dHVLJQ aQ HIIHcWLYH 

cKRLcH WaVN, WKH IROORZLQJ VL[ aWWULbXWHV ZHUH dHILQHd aQd SUHVHQWHd WR WKH SaUWLcLSaQWV RI WKH 

H[SHULPHQW: WKH OHYHO RI dULYLQJ aXWRPaWLRQ, WKH Pa[LPXP dULYLQJ UaQJH ZLWK a IXOO 

WaQN/baWWHU\, WKH UHIXHOLQJ/UHcKaUJLQJ WLPH, WKH OLIHWLPH RSHUaWLQJ cRVWV, WKH SXUcKaVH SULcH, 

aQd WaQN-WR-ZKHHO HPLVVLRQV. TKH UHOaWLYH aYHUaJH LPSRUWaQcHV RI WKH cRQdXcWHd H[SHULPHQW 

VKRZHd WKaW RSHUaWLRQaO aWWULbXWHV VXcK aV a KLJK dULYLQJ UaQJH aQd a VKRUW UHIXHOLQJ WLPH aUH 

PRVW LPSRUWaQW WR WUXcN cXVWRPHUV IROORZHd b\ cRVW IacWRUV. FXUWKHUPRUH, UHVXOWV UHYHaO WKaW 
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IUHLJKW cRPSaQLHV YaOXH WKH bHQHILWV RI VHOI-dULYLQJ WHcKQRORJ\ aV ZHOO bXW ZHUH LQdLIIHUHQW 

bHWZHHQ SaUWLaO aQd IXOO aXWRPaWLRQ. TaQN-WR-ZKHHO HPLVVLRQV ZHUH UaQNHd aV WKH OHaVW UHOHYaQW 

aWWULbXWH. FXUWKHUPRUH, baWWHU\ HOHcWULc, K\dURJHQ IXHO cHOO, cRPSUHVVHd QaWXUaO JaV, aQd 

OLTXHILHd QaWXUaO JaV ZHUH cKRVHQ aV UHOHYaQW dULYHWUaLQV LQ WKH IXWXUH aQd dLIIHUHQW VcHQaULRV 

ZHUH dHILQHd XQWLO 2035 WR VHH KRZ SUHIHUHQcH VKaUHV RI cXVWRPHUV ZLOO cKaQJH RYHU WLPH. TKH 

UHVXOWV VKRZ WKaW cXVWRPHUV SUHIHU OLTXHILHd QaWXUaO JaV aQd cRQYHQWLRQaO dLHVHO-SRZHUHd 

WUXcNV LQ WKH ILUVW WLPHIUaPH IURP 2020 WR 2025 bXW SUHIHUHQcH VKaUHV RI IXOO\ HOHcWULc WUXcNV, 

L.H. HTXLSSHd ZLWK BE aQd FCE dULYHWUaLQ, LQcUHaVH RYHU WLPH aQd ZLOO bH WKH SUHIHUUHd 

VROXWLRQV IURP 2030 WR 2035. 

IQ WKH IRXUWK cKaSWHU, ZH6 bXLOW RQ WKH ILQdLQJV RI WKH SUHYLRXV cKaSWHU ZKLcK VKRZHd WKH 

LQcUHaVLQJ aWWUacWLYHQHVV RI IXOO\ HOHcWULc dULYHWUaLQV aQd aSSOLHd WKH GHQHUaOL]Hd BaVV 

DLIIXVLRQ PRdHO WR IRUHcaVW WKH PaUNHW SHQHWUaWLRQ RI BE HDTV LQ GHUPaQ\. AV WKH BaVV 

PRdHO bXLOdV RQ RRJHUV· dLIIXVLRQ RI LQQRYaWLRQV WKHRU\, LW ZaV cKRVHQ aV WKH JXLdLQJ WKHRU\ 

RI WKH UHVHaUcK SURcHVV. FLUVW, WKH PaUNHW SRWHQWLaO RI BE HDTV ZaV HVWLPaWHd baVHd RQ WKH 

aYHUaJH PLOHaJH dULYHQ SHU da\ LQ GHUPaQ\. SHcRQd, ZH XWLOL]Hd KLVWRULcaO PRQWKO\ UHJLVWUaWLRQ 

QXPbHUV RI BEVV IURP 2010 WR 2019 WR HVWLPaWH WKH LQQRYaWLRQ aQd LPLWaWLRQ IacWRU. TKLUd, 

ZH JaWKHUHd LQIRUPaWLRQ cRQcHUQLQJ WKH PaLQ cRVW SaUaPHWHUV RI dLHVHO aQd BE HDTV WR 

caOcXOaWH WKH WRWaO-cRVW-RI-RZQHUVKLS UHdXcWLRQ HIIHcWV LQ GHUPaQ\ ZKLcK ZH KaYH 

LQcRUSRUaWHd aV aQ H[WHUQaO YaULabOH LQWR RXU PRdHO. DXH WR KLJK LQLWLaO RQH-WLPH LQYHVWPHQWV, 

BE HDTV aUH cXUUHQWO\ PRUH H[SHQVLYH WKaQ WKHLU dLHVHO-SRZHUHd cRXQWHUSaUWV bXW RXU 

aQaO\VLV VKRZHd WKaW WKH WRWaO-cRVW-RI-RZQHUVKLS ZLOO dHcUHaVH b\ aURXQd 3.4% aQQXaOO\ 

OHadLQJ WR cRVW SaULW\ bHWZHHQ dLHVHO aQd BE SRZHUWUaLQV b\ 2027. NHYHUWKHOHVV, baVHd RQ WKH 

HVWLPaWHd BaVV SaUaPHWHUV, WKH cULWLcaO PaVV RI 10% RI WKH RYHUaOO PaUNHW SRWHQWLaO ZLOO bH 

acKLHYHd b\ 2038 RQO\ bXW LV HVVHQWLaO WR UHaOL]H a VHOI-VXVWaLQLQJ dLIIXVLRQ SURcHVV. LaVWO\, 

VHQVLWLYLW\ aQaO\VHV RI WKH HVWLPaWHd SaUaPHWHUV ZHUH cRQdXcWHd. 

IQ cRQcOXVLRQ, WKH WUXcNLQJ LQdXVWU\ LV aW WKH bHJLQQLQJ RI a QHZ HUa ZKLcK LV accRPSaQLHd b\ 

XQcHUWaLQWLHV aQd VNHSWLcLVP. SXSSRUW IURP HQYLURQPHQWaO aQd LQQRYaWLRQ SROLc\ LV QHcHVVaU\ 

WR accHOHUaWH UHVHaUcK aQd dHYHORSPHQW LQ ORZ-HPLVVLRQ dULYHWUaLQV aQd WKH VHWXS RI 

cKaUJLQJ/IXHOLQJ VWaWLRQV acURVV WKH cRXQWU\ bXW aOVR WR PRWLYaWH WUXcN cXVWRPHUV WR VZLWcKLQJ 

 
6 TKH WHUP ÅZH´ UHIHUV WR WKH aXWKRUV RI WKH UHVSHcWLYH VWXdLHV aV dHQRWHd aW WKH bHJLQQLQJ RI HacK cKaSWHU. 
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IURP cRQYHQWLRQaO WR LQQRYaWLYH HDTV. TKXV, a cORVH cROOabRUaWLRQ bHWZHHQ WUXcN 

PaQXIacWXUHUV, cXVWRPHUV, SROLc\PaNHUV, aQd LQIUaVWUXcWXUH cRPSaQLHV, aOLJQHd ZLWK 

EXURSHaQ VWUaWHJLHV, LV UHTXLUHd WR WUaQVIRUP WKH LQdXVWU\ aQd WR UHaOL]H a VXccHVVIXO PaUNHW 

SHQHWUaWLRQ RI aXWRQRPRXV aQd aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\.  
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FigXre 25: GUHHQKRXVH JaV HPLVVLRQV IURP WUaQVSRUW LQ GHUPaQ\ LQ PLOOLRQ WRQV IURP 1990-2016 (baVHd RQ BMU, 2017a) 

 (baVHd RQ BMU, 2017a) 
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FigXre 26: RLJLd WUXcN aQd WUXcN WUacWRU XQLW 
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Table 12: FacWRUV aIIHcWLQJ WKH SXUcKaVLQJ dHcLVLRQ aQd RSHUaWLRQ RI aOWHUQaWLYH IXHO-SRZHUHd HDTV LQ GHUPaQ\ 

Factors Categor\ SoXrces 
1. CXUUHQW IXHO cRVWV CRVWV (O]aNL aQd SHYaVW\aQRYa, 2011) 

2. FXWXUH WUHQd LQ IXHO cRVWV CRVWV (DaYLV aQd FLJOLR]]L, 2013) 

3. SHUYLcH aQd PaLQWHQaQcH cRVWV CRVWV (DaYLV aQd FLJOLR]]L, 2013) 

4. E[SHQVHV IRU UHSaLUV CRVWV (HaJPaQ eW al., 2016)  

5. PXUcKaVLQJ SULcH CRVWV (DaYLV aQd FLJOLR]]L, 2013) 

6. Ta[HV aQd LQVXUaQcH CRVWV (O]aNL aQd SHYaVW\aQRYa, 2011) 

7. DHSUHcLaWLRQ/RHVaOH YaOXH CRVWV (DaYLV aQd FLJOLR]]L, 2013) 

8. BHLQJ a WUHQdVHWWHU LQ HQYLURQPHQWaO-
IULHQdO\ WHcKQRORJLHV 

SRcLRHcRQRPLc IacWRUV (O]aNL aQd SHYaVW\aQRYa, 2011) 

9. BHLQJ SaUW RI VRcLaOO\ UHVSRQVLbOH 
acWLYLWLHV (PaUNHWLQJ/UHSXWaWLRQ) 

SRcLRHcRQRPLc IacWRUV (O]aNL aQd SHYaVW\aQRYa, 2011) 

10. GHQHUaO H[cLWHPHQW abRXW QHZ 
WHcKQRORJLHV/LQQRYaWLRQV 

SRcLRHcRQRPLc IacWRUV (O]aNL aQd SHYaVW\aQRYa, 2011) 

11. GUHHQKRXVH JaV HPLVVLRQ EQYLURQPHQWaO IacWRUV (KQH], JHUHb aQd ObUHcKW, 2014) 

12. NRLVH HPLVVLRQ EQYLURQPHQWaO IacWRUV (KQH], JHUHb aQd ObUHcKW, 2014) 

13. EcRORJLcaO LPSacW RI WUXcN 
PaQXIacWXULQJ aQd UHc\cOLQJ 

EQYLURQPHQWaO IacWRUV (OQaW eW al., 2016) 

14. WHOO-WR-TaQN HPLVVLRQV EQYLURQPHQWaO IacWRUV (AOaPLa eW al., 2016) 

15. TaQN-WR-WKHHO HPLVVLRQV EQYLURQPHQWaO IacWRUV (AOaPLa eW al., 2016) 

16. WHOO-WR-WKHHO HPLVVLRQV EQYLURQPHQWaO IacWRUV (AOaPLa eW al., 2016) 

17. RHOLabLOLW\ DaLO\ SUacWLcabLOLW\ (O]aNL aQd SHYaVW\aQRYa, 2011) 

18. RHIXHOLQJ WLPH DaLO\ SUacWLcabLOLW\ (JXQTXHUa, MRUHQR aQd ÉOYaUH], 

2016) 

19. Ma[LPXP YHKLcOH dULYLQJ UaQJH DaLO\ SUacWLcabLOLW\ (DaYLV aQd FLJOLR]]L, 2013) 

20. SaIHW\ IHaWXUHV DaLO\ SUacWLcabLOLW\ (KQH], JHUHb aQd ObUHcKW, 2014) 

21. Ma[LPXP Sa\ORad caSacLW\ DaLO\ SUacWLcabLOLW\ (DaYLV aQd FLJOLR]]L, 2013) 

22. BUaQd/PRdHO RI YHKLcOH DaLO\ SUacWLcabLOLW\ (KQH], JHUHb aQd ObUHcKW, 2014) 

23. SHUYLcH TXaOLW\ RI PaQXIacWXUHU DaLO\ SUacWLcabLOLW\ (KLaQL, 2017) 

24. FXHOLQJ/cKaUJLQJ LQIUaVWUXcWXUH DaLO\ SUacWLcabLOLW\ (SLHU]cKXOa eW al., 2014) 

25. MaQXIacWXUHUV· ZaUUaQWLHV DaLO\ SUacWLcabLOLW\ (KQH], JHUHb aQd ObUHcKW, 2014) 

26. VHKLcOH dHVLJQ DaLO\ SUacWLcabLOLW\ (O]aNL aQd SHYaVW\aQRYa, 2011) 

27. DULYHU cRPIRUW DaLO\ SUacWLcabLOLW\ (O]aNL aQd SHYaVW\aQRYa, 2011) 

28. PHUIRUPaQcH/dULYHabLOLW\ DaLO\ SUacWLcabLOLW\ (O]aNL aQd SHYaVW\aQRYa, 2011) 

29. LHYHO RI H[WUa HTXLSPHQW DaLO\ SUacWLcabLOLW\ (T]HQJ, LLQ aQd OSULcRYLc, 2005) 

30. FXHO VSHcLILcaWLRQV LQ WHQdHUV PROLWLcaO IacWRUV (TaHIL eW al., 2016) 

31. PRVVLbLOLW\ WR HQWHU ORZ-HPLVVLRQ ]RQHV PROLWLcaO IacWRUV (TaHIL eW al., 2016) 
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32. PRVVLbLOLW\ WR HQWHU ORZ-QRLVH ]RQHV PROLWLcaO IacWRUV (TaHIL eW al., 2016) 

33. FLQaQcLaO LQcHQWLYHV ZKHQ 
SXUcKaVLQJ/RSHUaWLQJ aQ aOWHUQaWLYH IXHO-
SRZHUHd WUXcN 

PROLWLcaO IacWRUV (TaHIL eW al., 2016) 

34. IQdHSHQdHQcH RI RLO SURdXcHUV PROLWLcaO IacWRUV (YHK, 2007) 
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Table 13: OSWLPLVWLc VcHQaULR 1) 2020-2025, 2) 2025-2030, 3) 2030-2035 

Technolog\ AXtomated 
driYing 

DriYing 
range 

RefXeling 
time 

Operating 
costs 

PXrchase 
price 

TtW 
emissions 

Shares of 
preference 

BE1) LHYHO 0-2 200 NP 4 K 30 PLQ -20 % 40 % -100 % 4.1 % 
CNG1) LHYHO 0-2 400 NP 10 PLQ 0 % 0 % -25 % 4.2 % 
LNG1) LHYHO 0-2 1600 NP 10 PLQ 0 % 0 % -25 % 70.0 % 
None1)       21.6 % 
BE2) LHYHO 3-4 400 NP 1 K 30 PLQ -40 % 0 % -100 % 16.8 % 
CNG2) LHYHO 3-4 400 NP 10 PLQ -20 % 0 % -25 % 2.7 % 
LNG2) LHYHO 3-4 1600 NP 10 PLQ -20 % 0 % -25 % 55.5 % 
FCE2) LHYHO 3-4 800 NP 10 PLQ -20 % 40 % -100 % 19.4 % 
None2)       5.6 % 
BE3) LHYHO 5 800 NP 30 PLQ -40 % -20 % -100 % 32.3 % 
CNG3) LHYHO 5 400 NP 10 PLQ -40 % 0 % -25 % 2.2 % 
LNG3) LHYHO 5 1600 NP 10 PLQ -40 % 0 % -25 % 17.6 % 
FCE3) LHYHO 5 1600 NP 10 PLQ -40 % 0 % -100 % 43.0 % 
None3)       5.1 % 

 

Table 14: PHVVLPLVWLc VcHQaULR 1) 2020-2025, 2) 2025-2030, 3) 2030-2035 

Technolog\ AXtomated 
driYing 

DriYing 
range 

RefXeling 
time 

Operating 
costs 

PXrchase 
price 

TtW 
emissions 

Shares of 
preference 

BE1) LHYHO 0-2 200 NP 4 K 30 PLQ 20 % 40 % -100 % 2.4% 
CNG1) LHYHO 0-2 400 NP 10 PLQ 20 % 20 % -25 % 2.8% 
LNG1) LHYHO 0-2 1600 NP 10 PLQ 20 % 20 % -25 % 24.0% 
None1)       70.9% 
BE2) LHYHO 0-2 400 NP 1 K 30 PLQ 0 % 20 % -100 % 21.8% 
CNG2) LHYHO 0-2 400 NP 10 PLQ 20 % 20 % -25 % 1.1% 
LNG2) LHYHO 0-2 1600 NP 10 PLQ 20 % 20 % -25 % 14.5% 
FCE2) LHYHO 0-2 400 NP 10 PLQ 20 % 40 % -100 % 3.2% 
None2)       59.4% 
BE3) LHYHO 3-4 400 NP 1 K 30 PLQ -20 % 40 % -100 % 8.1% 
CNG3) LHYHO 3-4 400 NP 10 PLQ 0 % 40 % -25 % 1.4% 
LNG3) LHYHO 3-4 1600 NP 10 PLQ 0 % 40 % -25 % 20.4% 
FCE3) LHYHO 3-4 800 NP 10 PLQ 0 % 40 % -100 % 41.8% 
None3)       28.3% 
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Appendi[ to Chapter 4 

 

 
FigXre 27: CXPXOaWLYH S-VKaSHd cXUYH aQd bHOO-VKaSHd IUHTXHQc\ cXUYH IURP RRJHUV (1983, S. 243) 

 

 
FigXre 28: FRUHcaVW cXPXOaWLYH QXPbHU RI BEVV LQ GHUPaQ\ IURP 2020 WR 2050 (LQ PLOOLRQV) 
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