
This is a repository copy of From “transitions in cities“ to “transitions of cities“: The 
diffusion and adoption of solar hot water systems in urban China.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/124867/

Version: Accepted Version

Article:

Huang, P., Castán Broto, V. and Liu, Y. (2017) From “transitions in cities“ to “transitions of 
cities“: The diffusion and adoption of solar hot water systems in urban China. Energy 
Research and Social Science. ISSN 2214-6296 

https://doi.org/10.1016/j.erss.2017.10.028

Article available under the terms of the CC-BY-NC-ND licence 
(https://creativecommons.org/licenses/by-nc-nd/4.0/).

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

This article is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs 
(CC BY-NC-ND) licence. This licence only allows you to download this work and share it with others as long 
as you credit the authors, but you can’t change the article in any way or use it commercially. More 
information and the full terms of the licence here: https://creativecommons.org/licenses/ 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/


 1 
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AHゲデヴ;Iデぎ UヴH;ﾐ Iｴｷﾐ; ヮヴﾗ┗ｷSWゲ ; ┌ﾐｷケ┌W ゲWデデｷﾐｪ デﾗ W┝;ﾏｷﾐW デｴW ┌ヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲく ‘ｷ┣ｴ;ﾗが デｴW CｴｷﾐWゲW 
けゲﾗﾉ;ヴ Iｷデ┞げ ｷゲ ﾆﾐﾗ┘ﾐ aﾗヴ デｴW ヴ;ヮｷS ゲヮヴW;S ;ﾐS ヮﾗヮ┌ﾉ;ヴｷ┣;デｷﾗﾐ ﾗa ゲﾗﾉ;ヴ ｴﾗデ ┘;デWヴ ゲ┞ゲデWﾏゲ ゲｷﾐIW デｴW ヱΓΓヰゲく Iﾐ デｴｷゲ 
ヮ;ヮWヴ ┘W ゲWWﾆ デﾗ ┌ﾐSWヴゲデ;ﾐS ｴﾗ┘ デｴW ゲヮWIｷaｷI ┌ヴH;ﾐ IﾗﾐSｷデｷﾗﾐゲ ｷﾐ ‘ｷ┣ｴ;ﾗ ｴ;┗W a;┗ﾗヴWS デｴW ;Sﾗヮデｷﾗﾐ ﾗa ゲﾗﾉ;ヴ 
ｴﾗデ ┘;デWヴ ゲ┞ゲデWﾏゲ デﾗ デｴW W┝デWﾐデ デｴ;デ ┘W I;ﾐ ゲヮW;ﾆ ﾗa ;ﾐ ┌ヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐ デﾗ┘;ヴSゲ ゲﾗﾉ;ヴ WﾐWヴｪ┞く Tﾗ Sﾗ 
ゲﾗが デｴｷゲ ヮ;ヮWヴ ｷﾐデヴﾗS┌IWゲ ; ﾐﾗ┗Wﾉ aヴ;ﾏW┘ﾗヴﾆ - デｴW DｷﾏWﾐゲｷﾗﾐゲ ﾗa UヴH;ﾐ EﾐWヴｪ┞ Tヴ;ﾐゲｷデｷﾗﾐゲ ふDUETぶ aヴ;ﾏW┘ﾗヴﾆ - 
H┌ｷﾉSｷﾐｪ ┌ヮﾗﾐ デｴWﾗヴWデｷI;ﾉ デｴｷﾐﾆｷﾐｪ ﾗa Hﾗデｴ デヴ;ﾐゲｷデｷﾗﾐゲ ゲデ┌SｷWゲ ;ﾐS ┌ヴH;ﾐ ゲデ┌SｷWゲく TｴW ‘ｷ┣ｴ;ﾗ I;ゲW ｷﾉﾉ┌ゲデヴ;デWゲ デｴW 
SｷﾏWﾐゲｷﾗﾐゲ ﾗa デｴW DUET aヴ;ﾏW┘ﾗヴﾆが ;ﾐ;ﾉ┞┣ｷﾐｪ ゲヮWIｷ;ﾉﾉ┞ デｴW S┞ﾐ;ﾏｷI ｷﾐデWヴ;Iデｷﾗﾐゲ HWデ┘WWﾐ ┌ヴH;ﾐ SW┗WﾉﾗヮﾏWﾐデ 
ヮヴﾗIWゲゲWゲ ;ﾐS WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲく TｴW I;ゲW ﾗa ‘ｷ┣ｴ;ﾗ ゲｴﾗ┘ゲ デｴ;デ デヴ;ﾐゲｷデｷﾗﾐ ヮﾗゲゲｷHｷﾉｷデｷWゲ ;ヴW Iﾗﾐデｷﾐ┌ﾗ┌ゲﾉ┞ ゲｴ;ヮWS 
H┞ デｴW ﾗﾐｪﾗｷﾐｪ IﾗﾐaﾉｷIデゲ ;ﾐS ;ﾉｷｪﾐﾏWﾐデゲ HWデ┘WWﾐ ｷﾐS┌ゲデヴ┞ ｷﾐデWヴWゲデゲ ;ﾐS デWヴヴｷデﾗヴｷ;ﾉ ヮヴｷﾗヴｷデｷWゲく  

KW┞┘ﾗヴSゲぎ ┌ヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲき ゲﾗIｷﾗ-デWIｴﾐｷI;ﾉ W┝ヮWヴｷﾏWﾐデ;デｷﾗﾐき ┌ヴH;ﾐ ヮﾗﾉｷデｷI;ﾉ ヮヴﾗIWゲゲき ゲﾗIｷﾗ-ゲヮ;デｷ;ﾉ 
ヴWIﾗﾐaｷｪ┌ヴ;デｷﾗﾐゲ 

 

ヱく IﾐデヴﾗS┌Iデｷﾗﾐ 

The expansion of solar hot water systems in urban China has been spectacular. It has the world's 

largest installed capacity of solar water heaters (SWHs). The annual consumption of SWHs in China 

has increased from 80 million m
2
 in 2005 to 440 million m

2
 in 2015 (Huang and Liu, 2017). In the city 

of Rizhao, particularly, the spread and popularization of solar hot water systems can be dated back 

デﾗ デｴW ヱΓΓヰゲく AﾉヴW;S┞ ｷﾐ ヲヰヰΑ ;ﾉﾉ ﾗa デｴW ヶヵヰがヰヰヰ ヴWゲｷSWﾐデゲ ﾉｷ┗ｷﾐｪ ｷﾐ デｴW Iｷデ┞げゲ Sﾗ┘ﾐデﾗ┘ﾐ ┌ゲWS “WH1
. 

Up to October 2013, the SWH popularization rate in urban areas of Rizhao had reached 90%
2
. Rizhao 

has gained international recognition because of its achievements in the use of SWHs (Schroeder and 

Chapman, 2014). In June 2007, Rizhao was ;┘;ヴSWS デｴW さWﾗヴﾉS CﾉW;ﾐ EﾐWヴｪ┞ A┘;ヴSゲざ H┞ UﾐｷデWS 
Nations (UN), for its outstanding achievements in the application of solar energy. Iﾐ J;ﾐ┌;ヴ┞ ヲヰヱΑ 
Cｴｷﾐ; ┌ﾐ┗WｷﾉWS ｷデゲ ヱンデｴ Fｷ┗W-YW;ヴ-Pﾉ;ﾐ ﾗﾐ ‘WﾐW┘;HﾉW EﾐWヴｪ┞ DW┗WﾉﾗヮﾏWﾐデ3が ┘ｴｷIｴ Wゲデ;HﾉｷゲｴWS デｴW 
aﾗI┌ゲ ﾗﾐ ヴWﾐW┘;HﾉWゲ ;ﾐS ;ﾐ ;ﾏHｷデｷﾗ┌ゲ デ;ヴｪWデ ﾗa ヲヰХ aﾗヴ ヴWﾐW┘;HﾉW WﾐWヴｪ┞げゲ ゲｴ;ヴW ﾗa ﾐ;デｷﾗﾐ;ﾉ WﾐWヴｪ┞ 
Iﾗﾐゲ┌ﾏヮデｷﾗﾐ H┞ ヲヰンヰく Aゲ デｴW I;ゲW ﾗa ‘ｷ┣ｴ;ﾗ ゲｴﾗ┘ゲが デｴW CｴｷﾐWゲW WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐ ｷゲ ;ﾉゲﾗ ;ﾐ ┌ヴH;ﾐ 
デヴ;ﾐゲｷデｷﾗﾐく Tｴ┌ゲが ┌ヴH;ﾐ Cｴｷﾐ; ヮヴﾗ┗ｷSWゲ ; ┌ﾐｷケ┌W ゲWデデｷﾐｪ デﾗ ゲデ┌S┞ デｴW ｷﾐデWヴ;Iデｷﾗﾐ HWデ┘WWﾐ 
┌ヴH;ﾐｷ┣;デｷﾗﾐ ;ﾐS WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲく  

Iﾐ ┌ヴH;ﾐ ;ヴW;ゲが WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲ ｷﾐ┗ﾗﾉ┗W ヴWIﾗﾐaｷｪ┌ヴ;デｷﾗﾐゲ ﾗa ゲ┞ゲデWﾏゲ ﾗa ゲWヴ┗ｷIW ヮヴﾗ┗ｷゲｷﾗﾐ ;ﾐS デｴW 
H┌ｷﾉデ Wﾐ┗ｷヴﾗﾐﾏWﾐデ (Monstadt, 2009; Rutherford and Coutard, 2014)く “┌Iｴ ヴWIﾗﾐaｷｪ┌ヴ;デｷﾗﾐゲ aﾗﾉﾉﾗ┘ 
IﾗﾏヮﾉW┝ ヮヴﾗIWゲゲWゲ ﾗa ゲﾗIｷ;ﾉ ;ﾐS ｷﾐゲデｷデ┌デｷﾗﾐ;ﾉ Iｴ;ﾐｪWく TｴWヴW ｷゲ ｷﾐIヴW;ゲｷﾐｪ W┗ｷSWﾐIW ﾗa デｴW ヮﾗゲゲｷHｷﾉｷデｷWゲ 
デﾗ ｷﾐデWヴ┗WﾐW ｷﾐ IｷデｷWゲ デﾗ aﾗゲデWヴ ; ﾉﾗ┘ I;ヴHﾗﾐ デヴ;ﾐゲｷデｷﾗﾐく “┌ゲデ;ｷﾐ;Hｷﾉｷデ┞ デヴ;ﾐゲｷデｷﾗﾐゲが ヮ;ヴデｷI┌ﾉ;ヴﾉ┞が I;ﾐ 
H┌ｷﾉS ┌ヮﾗﾐ ﾉW;ヴﾐｷﾐｪ ;Hﾗ┌デ デｴW W┝ヮWヴｷWﾐIWゲ ｷﾐ IｷデｷWゲ ;ﾐS ┌ヴH;ﾐ ;ヴW;ゲ ふFヴ;ﾐデ┣Wゲﾆ;ﾆｷが Wデ ;ﾉくが ヲヰヱヶぶく  

                                                 
* CﾗヴヴWゲヮﾗﾐSｷﾐｪ ;┌デｴﾗヴ ;デぎ B;ヴデﾉWデデ DW┗WﾉﾗヮﾏWﾐデ Pﾉ;ﾐﾐｷﾐｪ Uﾐｷデが Uﾐｷ┗Wヴゲｷデ┞ CﾗﾉﾉWｪW LﾗﾐSﾗﾐが WCヱH ΓE) LﾗﾐSﾗﾐが 
UKく 
E-ﾏ;ｷﾉ ;SSヴWゲゲWゲぎ ヮくｴ┌;ﾐｪを┌Iﾉく;Iく┌ﾆき ｴ┌;ﾐｪぱヮｷﾐｪヱΓΒΑをｴﾗデﾏ;ｷﾉくIﾗﾏ ふPく H┌;ﾐｪぶ 
PヴWゲWﾐデ ;SSヴWゲゲぎ ンヴ T;┗ｷゲデﾗIﾆ “ケ┌;ヴWが WCヱH ΓE) LﾗﾐSﾗﾐが UK 
1 ｴデデヮぎっっ┘┘┘くIﾉW;ﾐWﾐWヴｪ┞;┘;ヴSゲくIﾗﾏっaｷﾉW;SﾏｷﾐっヴWS;ﾆデｷﾗﾐっa;IデゲｴWWデゲっa;IデゲｴWWデぱ┘WH┗WヴゲｷﾗﾐぱヶくヮSa  
2 ｴデデヮぎっっ┘┘┘くaSｷくｪﾗ┗くIﾐっヱΒヰヰヰヰヰヱヲヱぱヲヱぱヵンンヲヲぱヰぱΑくｴデﾏﾉ  
3 N;デｷﾗﾐ;ﾉ DW┗WﾉﾗヮﾏWﾐデ ;ﾐS ‘Waﾗヴﾏ Cﾗﾏﾏｷゲゲｷﾗﾐ ふND‘Cぶが ヲヰヱヶく TｴW ヱンデｴ Fｷ┗W-YW;ヴ-Pﾉ;ﾐ ﾗﾐ ‘WﾐW┘;HﾉW EﾐWヴｪ┞ 
DW┗WﾉﾗヮﾏWﾐデが ｴデデヮぎっっ┘┘┘くﾐSヴIくｪﾗ┗くIﾐっ┣IaHっ┣IaHデ┣っヲヰヱヶヱヲっWヰヲヰヱヶヱヲヱヶヶヵΓヵΑΓヲヰヶヱΒヵくヮSaく 

mailto:p.huang@ucl.ac.uk
mailto:huang_ping1987@hotmail.com
http://www.cleanenergyawards.com/fileadmin/redaktion/factsheets/factsheet_webversion_6.pdf
http://www.fdi.gov.cn/1800000121_21_53322_0_7.html
http://www.ndrc.gov.cn/zcfb/zcfbtz/201612/W020161216659579206185.pdf
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“デ┌SｷWゲ ﾗa ┌ヴH;ﾐ デヴ;ﾐゲｷデｷﾗﾐゲ ｴ;┗W ;ﾉゲﾗ ｪWﾐWヴ;デWS ;ﾐ ｷﾐIヴW;ゲｷﾐｪ ｷﾐデWヴWゲデ ﾗﾐ デｴW ゲヮ;デｷ;ﾉ ;ゲヮWIデゲ ﾗa 
WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲく “W┗Wヴ;ﾉ ヴW┗ｷW┘ゲ ﾗa デｴW aｷWﾉS ｴ;┗W ;ヴｪ┌WS デｴ;デ ; ﾏﾗヴW SWﾉｷHWヴ;デW Wﾐｪ;ｪWﾏWﾐデ ┘ｷデｴ 
ゲヮ;IW ┘ｷﾉﾉ ヴWｪWﾐWヴ;デW デｴW aｷWﾉS ふBWヴﾆｴﾗ┌デが Wデ ;ﾉくが ヲヰヰΓき CﾗWﾐWﾐが Wデ ;ﾉくが ヲヰヱヲき Tヴ┌aaWヴ ;ﾐS CﾗWﾐWﾐが 
ヲヰヱヲき BWヴｪWﾆが Wデ ;ﾉくが ヲヰヱヵき H;ﾐゲWﾐ ;ﾐS CﾗWﾐWﾐが ヲヰヱヵぶく Hﾗ┘W┗Wヴが ゲヮ;IW IﾗﾐIWヴﾐゲ ;ヴW ﾐﾗデ ┞Wデ a┌ﾉﾉ┞ 
ｷﾐデWｪヴ;デWS ｷﾐデﾗ デｴWﾗヴWデｷI;ﾉ ヮWヴゲヮWIデｷ┗Wゲ ﾗﾐ デヴ;ﾐゲｷデｷﾗﾐゲが ;ﾐS ゲデ┌SｷWゲ ﾗa ┌ヴH;ﾐ ゲ┌ゲデ;ｷﾐ;Hｷﾉｷデ┞ デヴ;ﾐゲｷデｷﾗﾐ 
Iﾗﾐデｷﾐ┌W デﾗ aﾗI┌ゲ ｷﾐ ｪﾗ┗Wヴﾐ;ﾐIW ヮヴﾗIWゲゲWゲが W┝ヮﾉﾗヴｷﾐｪ ヮ;ヴデｷI┌ﾉ;ヴﾉ┞ ケ┌Wゲデｷﾗﾐゲ ;Hﾗ┌デ ヮﾗﾉｷデｷI;ﾉ ;ﾉﾉｷ;ﾐIWゲ 
;ﾐS ;Iデﾗヴ IﾗﾐゲデWﾉﾉ;デｷﾗﾐゲ ふBｷﾐ┣が Wデ ;ﾉくが ヲヰヱヲき DW L;┌ヴWﾐデｷゲが ヲヰヱンき GﾗゲWﾐゲが Wデ ;ﾉくが ヲヰヱヵぶく  

‘Wﾉ;デｷﾗﾐ;ﾉ ｷSW;ゲ ;Hﾗ┌デ ゲヮ;IW ｴ;┗W デｴW ヮﾗデWﾐデｷ;ﾉ デﾗ a┌ヴデｴWヴ WﾐヴｷIｴ I┌ヴヴWﾐデ デｴｷﾐﾆｷﾐｪ ﾗﾐ デｴW ┌ヴH;ﾐ 
WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲく ISW;ゲ ﾗa ヴWﾉ;デｷﾗﾐ;ﾉ ゲヮ;IWゲ ｴ;┗W ;ﾉヴW;S┞ ｷﾐaﾉ┌WﾐIWS SWH;デWゲ ;Hﾗ┌デ WﾐWヴｪ┞ 
デヴ;ﾐゲｷデｷﾗﾐゲ ふゲWW BヴｷSｪW Wデ ;ﾉくが ヲヰヱンが aﾗヴ W┝;ﾏヮﾉWぶく MﾗヴWﾗ┗Wヴが ゲ┌Iｴ ｷSW;ゲ ﾏ;┞ ｴ;┗W ヮヴ;IデｷI;ﾉ 
ｷﾏヮﾉｷI;デｷﾗﾐゲ ｷﾐ ヴWﾉ;デｷﾗﾐ デﾗ ｴﾗ┘ デﾗ aﾗゲデWヴ ﾗヴ ;IIWﾉWヴ;デW ┌ヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲく  

Iﾐ デｴｷゲ ヮ;ヮWヴ ┘W ゲWWﾆ デﾗ ┌ﾐSWヴゲデ;ﾐS ┌ヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲ ｷﾐ Cｴｷﾐ;が デｴヴﾗ┌ｪｴ ;ﾐ Wﾐｪ;ｪWﾏWﾐデ ┘ｷデｴ 
; ゲ;ﾉｷWﾐデ W┝;ﾏヮﾉWが デｴW I;ゲW ﾗa デｴW ヮﾗヮ┌ﾉ;ヴｷ┣;デｷﾗﾐ ﾗa ゲﾗﾉ;ヴ ｴﾗデ ┘;デWヴ ゲ┞ゲデWﾏゲ ｷﾐ ‘ｷ┣ｴ;ﾗが Cｴｷﾐ;く ‘;デｴWヴ 
デｴ;ﾐ ﾉﾗﾗﾆｷﾐｪ ゲﾗﾉWﾉ┞ ｷﾐデﾗ ヮヴﾗIWゲゲWゲ ﾗa WﾐWヴｪ┞ ｪﾗ┗Wヴﾐ;ﾐIWが ┘W ゲWWﾆ デﾗ ヮ;┞ SWﾉｷHWヴ;デW ;デデWﾐデｷﾗﾐ デﾗ デｴW 
ゲヮ;デｷ;ﾉ SｷﾏWﾐゲｷﾗﾐゲ ﾗa ┌ヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲく WW Sﾗ ゲﾗ H┞ SW┗Wﾉﾗヮｷﾐｪ ; aヴ;ﾏW┘ﾗヴﾆ ｪヴﾗ┌ﾐSWS ﾗﾐ 
ﾐﾗデｷﾗﾐ ﾗa ヴWﾉ;デｷﾗﾐ;ﾉ ゲヮ;IWが I;ﾉﾉWS DｷﾏWﾐゲｷﾗﾐゲ ﾗa UヴH;ﾐ EﾐWヴｪ┞ Tヴ;ﾐゲｷデｷﾗﾐゲ ふDUETぶ aヴ;ﾏW┘ﾗヴﾆく 
Bヴｷﾐｪｷﾐｪ デﾗｪWデｴWヴ デｴWﾗヴｷWゲ aヴﾗﾏ Hﾗデｴ デヴ;ﾐゲｷデｷﾗﾐゲ ゲデ┌SｷWゲ ;ﾐS ┌ヴH;ﾐ ゲデ┌SｷWゲが デｴｷゲ aヴ;ﾏW┘ﾗヴﾆ ﾏ;ﾆWゲ 
W┝ヮﾉｷIｷデ ｴﾗ┘ ヴWﾉ;デｷﾗﾐ;ﾉ ゲヮ;IWゲ ｷﾐaﾉ┌WﾐIW ゲ┌Iｴ デヴ;ﾐゲｷデｷﾗﾐゲ ;ﾉﾗﾐｪゲｷSW ﾗデｴWヴ ﾆﾐﾗ┘ﾐ a;Iデﾗヴゲ ｷﾐaﾉ┌WﾐIｷﾐｪ 
デヴ;ﾐゲｷデｷﾗﾐゲ aヴﾗﾏ ｷﾐS┌ゲデヴｷ;ﾉ ヮﾗﾉｷI┞ デﾗ ｪﾗ┗Wヴﾐ;ﾐIW ヮヴﾗIWゲゲWゲく WW ;ヮヮﾉ┞ デｴｷゲ aヴ;ﾏW┘ﾗヴﾆ デﾗ ゲデ┌S┞ デｴW 
I;ゲW ﾗa ‘ｷ┣ｴ;ﾗが ; I;ゲW ゲデ┌S┞ ﾗa ;ﾐ ┌ヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐ ｷﾐ デｴW ﾏ;ﾆｷﾐｪが H┌デ ;ﾉゲﾗ ; I;ゲW ｷﾐ ┘ｴｷIｴ デｴW 
ヮﾗヮ┌ﾉ;ヴｷ┣;デｷﾗﾐ ﾗa ゲﾗﾉ;ヴ ｴﾗデ ┘;デWヴ ゲ┞ゲデWﾏゲ ｴ;ゲ HWWﾐ ヴ;ヮｷSく  

TｴW ヴWﾏ;ｷﾐSWヴ ﾗa デｴｷゲ ;ヴデｷIﾉW ｷゲ ﾗヴｪ;ﾐｷ┣WS ;ゲ aﾗﾉﾉﾗ┘ゲく Bヴｷﾐｪｷﾐｪ デﾗｪWデｴWヴ ヴWﾉW┗;ﾐデ デｴWﾗヴｷWゲが ゲWIデｷﾗﾐ ヲ 
SWﾉｷﾐW;デWゲ デｴW SｷﾏWﾐゲｷﾗﾐゲ ﾗa DUET aヴ;ﾏW┘ﾗヴﾆく Tｴｷゲ aヴ;ﾏW┘ﾗヴﾆ ゲ┌ヮヮﾗヴデゲ ; Iｴ;ﾐｪW ﾗa ┗ｷW┘ aヴﾗﾏ 
デヴ;ﾐゲｷデｷﾗﾐゲ ｷﾐ IｷデｷWゲ デﾗ デヴ;ﾐゲｷデｷﾗﾐゲ ﾗa IｷデｷWゲが デｴ;デ ｷゲが デヴ;ﾐゲｷデｷﾗﾐゲ ┘ｴｷIｴ a┌ﾐS;ﾏWﾐデ;ﾉﾉ┞ ゲｴ;ヮW デｴW 
ヮヴﾗIWゲゲWゲ ﾗa Iｴ;ﾐｪW ｷﾐ デｴW ┌ヴH;ﾐ a;HヴｷIが Iｴ;ﾐｪｷﾐｪ デｴW ┌ヴH;ﾐ a;HヴｷI ｷデゲWﾉaく “WIデｷﾗﾐ ン ヮヴﾗ┗ｷSWゲ 
ｷﾐaﾗヴﾏ;デｷﾗﾐ ﾗﾐ S;デ; IﾗﾉﾉWIデｷﾗﾐ ;ﾐS ﾏWデｴﾗSゲく TｴW ‘ｷ┣ｴ;ﾗ I;ゲW ｷゲ デｴWﾐ ヮヴWゲWﾐデWS ｷﾐ ゲWIデｷﾗﾐ ヴく 
EﾏヮｷヴｷI;ﾉ ﾏ;デWヴｷ;ﾉゲ ｷﾉﾉ┌ゲデヴ;デW デｴW デｴヴWW SｷﾏWﾐゲｷﾗﾐゲ ﾗa ;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐ ﾗa デｴW Iｷデ┞が ;ゲ ┘Wﾉﾉ ;ゲ デｴWｷヴ 
S┞ﾐ;ﾏｷI ｷﾐデWヴ;Iデｷﾗﾐゲく TｴW ヮ;ヮWヴ ｷﾉﾉ┌ゲデヴ;デWゲ デｴW ﾏ┌ﾉデｷSｷﾏWﾐゲｷﾗﾐ;ﾉ ﾐ;デ┌ヴW ﾗa WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲ ;ﾐS デｴW 
IﾗﾏヮﾉW┝ ヴWﾉ;デｷﾗﾐゲ HWデ┘WWﾐ ヮヴﾗIWゲゲWゲ ﾗa ┌ヴH;ﾐ ｪﾗ┗Wヴﾐ;ﾐIW ;ﾐS デWヴヴｷデﾗヴｷ;ﾉ ;ヮヮヴﾗヮヴｷ;デｷﾗﾐく 

ヲく TｴWﾗヴWデｷI;ﾉ aヴ;ﾏW┘ﾗヴﾆぎ デｴW DｷﾏWﾐゲｷﾗﾐゲ ﾗa UヴH;ﾐ EﾐWヴｪ┞ Tヴ;ﾐゲｷデｷﾗﾐゲ ふDUETぶ aヴ;ﾏW┘ﾗヴﾆ 

ヲくヱ Pﾉ;Iｷﾐｪ ゲﾗIｷﾗ-デWIｴﾐｷI;ﾉ ｷﾐﾐﾗ┗;デｷﾗﾐ ┘ｷデｴｷﾐ デｴW ┌ヴH;ﾐ IﾗﾐデW┝デぎ デｴヴWW SｷﾏWﾐゲｷﾗﾐゲ ﾗa ┌ヴH;ﾐ WﾐWヴｪ┞ 
デヴ;ﾐゲｷデｷﾗﾐゲ 

Sustainability transitions are driven by innovation of emerging technologies, along with changes of 

socio-technical configurations. Current perspectives on socio-technical innovation, such as 

approaches of the Technological Innovation Systems (TIS) and the Multi-Level Perspective (MLP), 

tend to overlook the spatial dimensions of energy transitions (Negro, et al., 2012; Turnheim and 

Geels, 2012). For example, Turnheim and Geels (2012) reviewed the evolutionary process of 

transitions from coal dominance to the four-fuel economy (1913-1967), as well as the destabilisation 

of coal in the electricity sector (1967-1997) in Britain. This socio-technical analysis is primarily 

concerned with national-level transitions. The diversity of sub-national contexts is rarely taken into 

account. Nevertheless, socio-technical innovations can hardly be separated from place-specific 

contexts, since the formation of socio-technical niches depends on socio-technical experimentation 

in specific places by a range of local actors (Castán Broto and Bulkeley, 2013). This is particularly true 

of urban sustainability transitions, in which socio-technical innovations depend on wider urban 

contexts where multiple processes of simultaneous reconfiguration take place (Hodson and Marvin, 

2010). 

The Technological Innovation Systems (TIS) approach defines innovation as a collective activity. 

Innovations are developed and deployed through the complex interactions among actors and 
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organizations; physical artifacts and the institutions that pose 'the ヴ┌ﾉWゲ ﾗa デｴW ｪ;ﾏWげ Wﾐ;HﾉW ;ﾐS 
constraint innovation possibilities (Carlsson and Stankiewicz, 1991; Hekkert et al., 2007; Bergek et al., 

2008). Following Bergek et al. (2008) and Hekkert et al. (2007), the emergence and scaling up of 

socio-technical experimentation relate to a combination of the following six key processes: 

entrepreneurial experimentation, knowledge development and diffusion, guidance of the search, 

(niche) market formation, resources mobilization, and creation of legitimacy (Negro, et al., 2007). 

Entrepreneurial experimentation provides impetus for continuous innovation. Studies of business 

models for innovation have highlighted the mediating role of firms in the translation of technical 

potential into economic value, driven primarily by ; けcravWげ for business opportunities (Chesbrough 

and Rosenbloom, 2002; Chesbrough, 2010). Successful socio-technical experimentation follows 

pioneering entrepreneurial activities to translate newly-emerging technology into concrete business 

opportunities. Processes of guidance development, exchanging knowledge (cross-boundary 

interactions and technology transfers), mobilizing resources (finance, labor, know-how) and 

establishing legitimacy all contribute to opening up and maintaining an operative local market.  

New socio-technical configurations take place alongside urban political processes. The emergence 

and scaling up of experimentation in the city entails close involvement of a wide array of actors. 

Actors are involved in multiple process of collaboration, contestation and conflict. The six elements 

of socio-technical experimentation become highly politicized within place-specific contexts, whether 

this is in relation to the transformation of urban institutions, the confrontation of different interests, 

or the encounters between multiple material agencies (Rutherford and Coutard, 2014; Bulkeley, et 

al., 2016). Related to this are three key processes of urban politics: urban material politics, processes 

of contestation, and the reproduction of urban regimes. Politics around radical physical alterations 

of urban environment also constitute energy transitions (Bulkeley, et al., 2016; Hodson, et al., 2016). 

Rutherford (2014) showed how urban materialities of energy transition are engaged with continuous 

everyday conflicts. Conflicts between different actors evolve with changing local discourses around 

possibilities for action and energy futures (McFarlane and Rutherford, 2008; Späth and Rohracher, 

2010; Hodson and Marvin, 2012; Castán Broto and Bulkeley, 2013; Moss, 2014). Existing urban 

institutions may hinder or adapt transitions. For example, in Shenzhen (China), the municipality took 

on the task of electric vehicle deployment, providing one-time subsidy of 120,000 CNY for E-taxi 

(nearly half the cost of purchasing at a price of around 300,000 CNY) and a twelve-year free 

commercial operation license (Li, et al., 2016). In this case, urban governance played a key role in the 

reproduction of dominant regimes. The Shenzhen case, for example, shows how local governments 

can influence directly in the selection of competing technologies. More broadly, cities are situated 

within relational multi-scalar networks (Macleod and Jones, 2007), and thus activities that take place 

in cities are also influenced by trans-urban dynamics. For instance, urban policies are often closely 

related to political agenda at national and supranational levels (Rutherford and Coutard, 2014).  

A socio-spatial dimension, socio-spatial reconfigurations, adds additional dimensions to the two 

explained above. Spatial entanglements of energy systems are both pre-conditions and outcomes of 

transitional processes. On the one hand, specific places are always attached by or embedded within 

pre-existing socio-spatial configurations. Such conditions may promote or inhibit the emergence and 

scaling up of socio-technical experimentation (Castán Broto and Bulkeley, 2013). On the other hand, 

place-based socio-spatial arrangements are continuously (re)shaped by emerging socio-technical 

transitions. In this sense, territorial socio-spatial arrangements play the role both as the medium 

(contextual enabling/disenabling factors) and as the consequences (socio-spatial manifestations) of 

socio-technical experimentation that interact closely with dynamic urban processes.  

Socio-spatial arrangements reflect the multi-dimensional territorial proximities, technological 

relatedness and spatial clustering, and social and cultural embeddedness of urban experiences and 

practices around certain energy. Territorial proximity indicates the intense relation of proximity 

dimensions and local niche experimentation and innovations (Boschma, 2005; Coenen, et al., 2010). 

Proximity can either be the physical distance between city and resources (locational proximity), the 
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shared expectations of or mutual trust between various local actors (cognitive proximity), or the 

similarity of norms and values between the emerging niches and the incumbent local institutions 

(institutional proximity). Technological relatedness refers to the relatedness between the preexisting 

industries in a region and a new industry that enters from outside or emerges through local 

entrepreneurial activities. The relatedness of industries is an important factor in the attraction and 

formulation of technologically related experimentation and innovations, since related industries 

have a higher probability of entering the region (Neffke, et al., 2011). The high degree of 

technological cohesion is often associated with geographical agglomerations of emergent industries 

in a long run (Ter Wal and Boschma, 2011). Socio-spatial embeddedness and path dependency, as a 

sub-dimension of socio-spatial configurations, depicts the degree to which existing energy 

technologies are embedded into the urban physical environments or the daily social practices of 

energy use (Bridge et al., 2013). Besides urban infrastructure, this sub-dimension recognizes the role 

played by social practices in transitions. The everyday engagement of social practices in energy 

transitions has been highlighted in many studies (Jalas et al., 2014; Shove and Walker, 2010). As 

noted by Jalas et al. (2016), energy transitions necessitate the integration of technologies into the 

さヴｴ┞デｴﾏｷI ﾏｷ┝Wゲ ｷﾐ W┗Wヴ┞S;┞ ﾉｷaWざく As Bridge et al. (2013) explain さHﾗデｴ デｴW ゲ┌ﾐﾆ Iﾗゲデゲ ﾗa I;ヮｷデ;ﾉ 
investment (represented by the built environment and the infrastructures of energy capture, 

conversion and consumption), and the place-based cultures of consumption that surround certain 

energy technologies (expressed, for example, in expectations and norms about the cost and 

ヴWﾉｷ;Hｷﾉｷデ┞ ﾗa ゲ┌ヮヮﾉ┞が ﾗヴ デｴW ゲﾗIｷ;ﾉ ヮヴ;IデｷIWゲ ;ゲゲﾗIｷ;デWS ┘ｷデｴ WﾐWヴｪ┞ Iﾗﾐゲ┌ﾏヮデｷﾗﾐぶざ ふヮくンンΒ-339).  

Bringing together the three dimensions of urban energy transitions, the DUET framework (Fig. 1) 

recognizes that pre-existing socio-spatial arrangements shape socio-energetic relations and 

influence the opportunities for experimentation. Such opportunities for experiemtnation are also 

reconfigured by the dynamics between socio-technical experimentation and processes of urban 

politics. Moving away from conventional understandings of cities acting as static and passive 

containers for incubating energy-related innovation (as criticized in Bulkeley, et al., 2010; Coenen 

and Truffer, 2012; Hodson et al., 2016), the DUET framework looks at cities as processes under 

continuous change, whose transformation is accelerated during a transition. 

 

Fig. 1. The Dimensions of Urban Energy Transitions (DUET) framework 

ヲくヲ Mﾗ┗ｷﾐｪ ;┘;┞ aヴﾗﾏ さデヴ;ﾐゲｷデｷﾗﾐゲ ｷﾐ IｷデｷWゲざ デﾗ┘;ヴSゲ さデヴ;ﾐゲｷデｷﾗﾐゲ ﾗa IｷデｷWゲざ 

In the DUET framework, energy transitions combine socio-technical change and socio-spatial 

transformations with a particular focus on the dynamics of conflict or alignment between industry 

interests and territorial priorities. Hodson and Marvin (2010) highlight the mutual constitution of 

socio-technical regimes interests and urban territorial priorities. They argue for a need for an 

increasing understanding of how urban governance shapes future priorities. Despite varied 

renewable energy technologies and energy-efficient technologies that are technically and 

economically feasible, the exclusive nature of existing urban infrastructures that are embedded in 

urban technologies inevitably inhibits the diffusion of alternatives. In other words, tensions exist 

between capturing the complexity of the urban milieu in urban infrastructure regimes (Monstadt, 
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2009) and following the trajectory of a specific technology, to look into the competing or even 

incompatible relations between alternative technologies that emerge and evolve at the scale of city.  

Conflict and alignment of industry interests and urban priorities co-emerge in urban transitions 

towards sustainability. For instance, there are cases of conflicts related to large-scale on-shore wind 

farm and land use (Felber and Stoeglehner 2014), and alignments between the installation of 

photovoltaic systems and agricultural practices (Sacchelli, et al., 2016). These conflicts or alignments 

at the city scale reveal the interdependence between practices of industry actors in cities and urban 

governance priorities. Transition possibilities will depend on a variety of factors such as the 

development of mutual relationships, the possibility of technical, spatial, or economic contiguity, 

and the establishment of competing future visions, in which conflicts need to be resolved and 

alignments achieved.  

Following the work of Truffer and Coenen (2012), the DUET framework (Fig. 1) aims to deliver a 

context-sensitive understanding of energy transition processes. It depicts the overlapping 

dimensions of socio-technical experimentation, socio-spatial reconfigurations and urban political 

processes, considering that urban actors might represent both industry interests and urban priorities 

in some cases. There is an underexplored relationship between the generation of innovation within 

and alongside specific socio-spatial patterns. However, by mapping the dimensions of urban energy 

transitions, the framework reveals less-understood dimensions which deserve more attention in the 

transitions literature.  

The role of cities in energy transitions is dynamic. There is a need to move away from 

┌ﾐSWヴゲデ;ﾐSｷﾐｪゲ ﾗa IｷデｷWゲ ;ゲ Iﾗﾐデ;ｷﾐWヴゲ aﾗヴ デヴ;ﾐゲｷデｷﾗﾐゲが ; ヮWヴゲヮWIデｷ┗W ﾗa さデヴ;ﾐゲｷデｷﾗﾐゲ ｷﾐ IｷデｷWゲざく IﾐゲデW;Sが 
in けデヴ;ﾐゲｷデｷﾗﾐゲ ﾗa IｷデｷWゲげが ┌ヴH;ﾐ ヮヴｷﾗヴｷデｷWゲ ヮﾉ;┞ ; ﾆW┞ ヴﾗle in the strategic actions of dominant actors 

such as governmental or business organisations. Urban actors act as intermediaries who resolve 

conflicts or facilitate the alignment between industry interests and territorial priorities (Moss, 2012). 

In さtヴ;ﾐゲｷデｷﾗﾐゲ ﾗa IｷデｷWゲざが デｴヴWW デ┞ヮWゲ ﾗa ｷﾐデWヴ;Iデｷﾗﾐゲ WﾏWヴｪWく Iﾐ デｴW HWｪｷﾐﾐｷﾐｪ ﾗa WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲ ｷﾐ 
cities, socio-technical experimentation emerges along with the entry of a new technology, inducing a 

series of interactions with urban political processes (see 蒜 in Fig. 1). During this process, pre-

existing socio-spatial arrangements act as contextual factors that shape both urban political process 

and different processes of experimentation, as well as their interactions (see 蛭 in Fig. 1). Socio-

spatial arrangements are transformed through continuous, sustained and in many cases long-lasting 

interactions between experimentation and urban processes (see 鰭 in Fig. 1). Table 1 provides an 

overview of how the different dimensions of the framework have been referred to in the literature.  

Table 1 Description and indicators for urban process and energy transitions 

Fヴ;ﾏW┘ﾗヴﾆ IﾗﾏヮﾗﾐWﾐデゲ AゲヮWIデゲ ふIﾗSｷﾐｪぶ DWゲIヴｷヮデｷﾗﾐ ﾗa ｷﾐSｷI;デﾗヴゲ 

EﾏWヴｪWﾐIW ;ﾐS ゲI;ﾉｷﾐｪ ┌ヮ 
ﾗa ゲﾗIｷﾗ-デWIｴﾐｷI;ﾉ 
W┝ヮWヴｷﾏWﾐデ;デｷﾗﾐ  
ふBWヴｪWﾆが Wデ ;ﾉくが ヲヰヰΒき 
HWﾆﾆWヴデが Wデ ;ﾉくが ヲヰヰΑき 
H┌;ﾐｪが Wデ ;ﾉくが ヲヰヱヶき NWｪヴﾗが 
Wデ ;ﾉくが ヲヰヰΑぶ 
ふDｷﾏWﾐゲｷﾗﾐ ヱが Dヱぶ 

EﾐデヴWヮヴWﾐW┌ヴｷ;ﾉ 
W┝ヮWヴｷﾏWﾐデ;デｷﾗﾐ  
ふDヱヱぶ 

PヴﾗﾃWIデ ゲデ;ヴデWS ┘ｷデｴ ﾐW┘ デWIｴﾐﾗﾉﾗｪ┞き NW┘ Wﾐデヴ;ﾐデゲ 

Kﾐﾗ┘ﾉWSｪW 
SW┗WﾉﾗヮﾏWﾐデ 

;ﾐS Sｷaa┌ゲｷﾗﾐ ふDヱヲぶ 

‘わD ヮヴﾗﾃWIデゲが ｷﾐ┗WゲデﾏWﾐデ ｷﾐ ‘わDき  
Wﾗヴﾆゲｴﾗヮゲ ;ﾐS IﾗﾐaWヴWﾐIWゲき Jﾗｷﾐデ ヴWゲW;ヴIｴ ヮヴﾗﾃWIデゲく 

G┌ｷS;ﾐIW ﾗa デｴW 
ゲW;ヴIｴ ふDヱンぶ 

‘Wｪ┌ﾉ;デｷﾗﾐゲが ｪﾗ;ﾉゲ ;ﾐS デ;ヴｪWデゲき Eゲデ;HﾉｷゲｴﾏWﾐデ ﾗa 
a┌ﾐSｷﾐｪ ヮヴﾗｪヴ;ﾏゲく 

NｷIｴW ﾏ;ヴﾆWデ 
aﾗヴﾏ;デｷﾗﾐ ふDヱヴぶ 

NｷIｴW ﾏ;ヴﾆWデゲ aﾗヴﾏWSき Dヴｷ┗Wヴゲ ﾗa ﾏ;ヴﾆWデ aﾗヴﾏ;デｷﾗﾐ 
ふWくｪく ゲヮWIｷaｷI a;┗ﾗヴ;HﾉW デ;┝ ヴWｪｷﾏWゲぶ 

‘Wゲﾗ┌ヴIWゲ 
ﾏﾗHｷﾉｷ┣;デｷﾗﾐ ふDヱヵぶ 

GWﾐWヴ;ﾉ ﾉﾗI;ﾉ ヴWゲﾗ┌ヴIWゲ ふWくｪく I;ヮｷデ;ﾉ ;ﾐS ｴ┌ﾏ;ﾐ 
ヴWゲﾗ┌ヴIWゲぶき E┝デWヴﾐ;ﾉ ヴWゲﾗ┌ヴIWゲ ｷﾐaﾉﾗ┘ 

CヴW;デｷﾗﾐ ﾗa ﾉWｪｷデｷﾏ;I┞ 
ふDヱヶぶ 

Aデデｷデ┌SWゲ デﾗ┘;ヴSゲ デｴW デWIｴﾐﾗﾉﾗｪ┞ ;ﾏﾗﾐｪ SｷaaWヴWﾐデ 
ゲデ;ﾆWｴﾗﾉSWヴゲき ‘ｷゲW ;ﾐS W┝デWﾐデ ﾗa ｷﾐデWヴWゲデ ｪヴﾗ┌ヮゲ ;ﾐS 
デｴWｷヴ ;Iデｷ┗ｷデｷWゲ 

‘WヮヴﾗS┌Iデｷﾗﾐ ﾗa ┌ヴH;ﾐ 
ヮﾗﾉｷデｷI;ﾉ ヮヴﾗIWゲゲWゲ  

UヴH;ﾐ ﾏ;デWヴｷ;ﾉ 
ヮﾗﾉｷデｷIゲ ふDヲヱぶ 

PﾗﾉｷデｷIゲ ﾗa Iｴ;ﾐｪW ﾗa ┌ヴH;ﾐ ゲヮ;デｷ;ﾉ ゲデヴ┌Iデ┌ヴW ﾗヴ 
ヮｴ┞ゲｷI;ﾉ ﾉ;ﾐSゲI;ヮW 
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ふB┌ﾉﾆWﾉW┞が Wデ ;ﾉくが ヲヰヱヴき 
B┌ヴｪ;ﾉ;ゲゲｷ ;ﾐS L┌┣┣;デｷが 
ヲヰヱヵき SW VヴｷWゲが Wデ ;ﾉくが ヲヰヱヲき 
‘┌デｴWヴaﾗヴS ;ﾐS Cﾗ┌デ;ヴSが 
ヲヰヱヴぶ 
ふDｷﾏWﾐゲｷﾗﾐ ヲが Dヲぶ 

PヴﾗIWゲゲWゲ ﾗa 
IﾗﾐデWゲデ;デｷﾗﾐ 

ふDヲヲぶ 

LﾗI;ﾉ ヮﾗﾉｷデｷI;ﾉ SｷゲIﾗ┌ヴゲWき CﾗﾐデWゲデｷﾐｪ ;ﾐS IﾗﾐaﾉｷIデｷﾐｪ 
ヮﾗ┘Wヴ ヴWﾉ;デｷﾗﾐゲ ;Iヴﾗゲゲ Iｷデ┞ 

‘WヮヴﾗS┌Iデｷﾗﾐ ﾗa 
┌ヴH;ﾐ ヴWｪｷﾏWゲ ふDヲンぶ 

Pヴ;IデｷIWゲ ﾗa ; ヴ;ﾐｪW ﾗa ┌ヴH;ﾐ ;Iデﾗヴゲ ふWくｪく W┗Wヴ┞S;┞ 
ヮヴ;IデｷIWゲ ﾗa ヴWゲｷSWﾐデゲき ｪﾗ┗WヴﾐﾏWﾐデ ｷﾐデWヴ┗Wﾐデｷﾗﾐゲぶき 
M┌ﾉデｷ-ﾉW┗Wﾉ ｪﾗ┗Wヴﾐ;ﾐIW 

“ﾗIｷﾗ-ゲヮ;デｷ;ﾉ 
ヴWIﾗﾐaｷｪ┌ヴ;デｷﾗﾐゲ 

ふBﾗゲIｴﾏ;が ヲヰヰヵき BヴｷSｪWが Wデ 
;ﾉくが ヲヰヱンき CﾗWﾐWﾐが Wデ ;ﾉくが 
ヲヰヱヰき NWaaﾆWが Wデ ;ﾉくが ヲヰヱヱき 
TWヴ W;ﾉ ;ﾐS BﾗゲIｴﾏ;が ヲヰヱヱき 
Tヴ┌aaWヴ ;ﾐS CﾗWﾐWﾐが ヲヰヱヲぶ 
ふDｷﾏWﾐゲｷﾗﾐ ンが Dンぶ 

TWヴヴｷデﾗヴｷ;ﾉ ヮヴﾗ┝ｷﾏｷデ┞ 
ふDンヱぶ 

LﾗI;デｷﾗﾐ;ﾉ ヮヴﾗ┝ｷﾏｷデ┞き Cﾗｪﾐｷデｷ┗W ヮヴﾗ┝ｷﾏｷデ┞き 
Iﾐゲデｷデ┌デｷﾗﾐ;ﾉ ヮヴﾗ┝ｷﾏｷデ┞ 

IﾐS┌ゲデヴ┞ ヴWﾉ;デWSﾐWゲゲ 
;ﾐS ゲヮ;デｷ;ﾉ Iﾉ┌ゲデWヴｷﾐｪ 
ふDンヲぶ 

TｴW ヴWﾉ;デWSﾐWゲゲ HWデ┘WWﾐ デｴW ヮヴWW┝ｷゲデｷﾐｪ ｷﾐS┌ゲデヴｷWゲ 
ふヴWｪｷﾗﾐ;ﾉ ｷﾐS┌ゲデヴｷ;ﾉ H;ゲWぶ ;ﾐS ; ﾐW┘ ｷﾐS┌ゲデヴ┞き 
GWﾗｪヴ;ヮｴｷI;ﾉ ;ｪｪﾉﾗﾏWヴ;デｷﾗﾐ ﾗa デｴW ｷﾐS┌ゲデヴ┞ 

“ﾗIｷﾗ-ゲヮ;デｷ;ﾉ 
WﾏHWSSWSﾐWゲゲ ;ﾐS 
ヮ;デｴ SWヮWﾐSWﾐI┞ 

ふDンンぶ 

Vﾗﾉ┌ﾏW ﾗa ゲ┌ﾐﾆ Iﾗゲデゲ ﾗa I;ヮｷデ;ﾉ ｷﾐ┗WゲデﾏWﾐデき  
Pﾉ;IW-H;ゲWS I┌ﾉデ┌ヴWゲ ﾗa Iﾗﾐゲ┌ﾏヮデｷﾗﾐ ;ﾐS ヮヴ;IデｷIWゲ 

ンく “デ┌S┞ ;ヴW;が ﾏ;デWヴｷ;ﾉ ;ﾐS ﾏWデｴﾗSゲ 

 

Fig. 2. Location of Shandong province and Rizhao city 

Solar hot water systems have been popularized in urban China in general, and in Rizhao in 

particular.Their development has been different from the development of solar photovoltaic (PV) 

and wind power in China that are primarily triggered by either foreign market demand or 

government guidance. Insteadが Cｴｷﾐ;げゲ “WH ﾏ;ヴﾆWデ SWﾏﾗﾐゲデヴ;デWゲ ; Hﾗデデﾗﾏ-up pattern driven by 

local demands. This bottom-up mechanism makes it easier to observe the interactions between 

experimentation and local political processes. Moreover, SWHs, as household consumption goods, 

;ヴW SWWヮﾉ┞ ｷﾐデWヴデ┘ｷﾐWS ┘ｷデｴ ┌ヴH;ﾐ ヴWゲｷSWﾐデゲげ W┗Wヴ┞S;┞ ﾉｷaWく Tｴｷゲ Wﾐ;HﾉWゲ ┌ゲ デﾗ ﾉﾗﾗﾆ SWWヮWヴ ｷﾐデﾗ デｴW 
reconfigurations of urban experiences and social practices that often result in path dependencies in 

energy production and consumption processes. SWHs exemplify urban energy transitions. 

In the empirical study, we apply the DUET framework to the case of SWHs popularization in Rizhao, 

through examining different dimensions of the transitions and the dynamic interactions between 

them. Rizhao City is located in the eastern coast of Shandong Province in China (Fig. 2), with an area 

of 5,358.57 km
2
 and an urban population of 1.36 million

4
. The average annual insolation duration is 

more than 2540 hours, with approximately 330 days of sunshine a year. Abundant solar resources 

act as a natural advantage for development of solar hot water systems in this city. The case 

illustrates the analytical dimensions of the DUET framework. Following Negro et al. (2007) and 

                                                 
4 ‘ｷ┣ｴ;ﾗ “デ;デｷゲデｷI;ﾉ YW;ヴHﾗﾗﾆが ヲヰヱヶ 
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H┌;ﾐｪ Wデ ;ﾉくげゲ ふヲヰヱヶぶ ヮヴﾗIWゲゲ ;ﾐ;ﾉ┞ゲｷゲ ﾏWデｴﾗS, we apply a combination of both event history analysis 

and semi-structured interviews.  

Event history analysis entails to compile a rich account of historical events that are related to 

technological development, based on data sources such as professional journals, newspapers and 

websites of specific relevance to the case study. This approach can also be used to observe the 

change of urban processes. The events were then stored in a database, classified, and systematically 

analyzed in relation to each dimension of the DUET framework. In the event analysis we follow the 

DUET framework to focus on the interactions between experimentation, urban political processes, 

and socio-spatial reconfigurations. TｴWヴWｷﾐが デｴW W┗Wﾐデ ｴｷゲデﾗヴ┞ ;ﾐ;ﾉ┞ゲｷゲ ﾏ;ｷﾐﾉ┞ ;ﾐゲ┘Wヴゲ デｴW け┘ｴ;デげ-
type questions: what are the manifestations of each dimension and what kind of interactions they 

exhibit? However, event analysis method cannot provide enough information on why and how these 

interactions occur. Semi-structured interviews were analysed to shed light on the causal links 

between the three components. To sum up,  e┗Wﾐデ ｴｷゲデﾗヴ┞ ;ﾐ;ﾉ┞ゲｷゲ ;ﾐゲ┘Wヴゲ デｴW け┘ｴ;デげ-type 

questions, and semi-structured ｷﾐデWヴ┗ｷW┘ゲ ;SSヴWゲゲ デｴW け┘ｴ┞げ ;ﾐS けｴﾗ┘げ-type questions. 

For the event history analysis, we selected three types of data sources to cover as many relevant 

events as possible, includｷﾐｪ ; ヮヴﾗaWゲゲｷﾗﾐ;ﾉ ﾃﾗ┌ヴﾐ;ﾉ デｴ;デ ゲヮWIｷ;ﾉｷ┣Wゲ ｷﾐ ゲﾗﾉ;ヴ ｷﾐS┌ゲデヴ┞ ふさ“ﾗﾉ;ヴ Vｷゲｷﾗﾐざぶが ; 
national press publication デｴ;デ ヴWヮﾗヴデゲ ﾗﾐ ｪWﾐWヴ;ﾉ W┗Wﾐデゲ ヴWﾉ;デWS デﾗ “WH SW┗WﾉﾗヮﾏWﾐデ ふさ“ﾗﾉ;ヴ 
EﾐWヴｪ┞ざぶが ;ﾐS デｴヴWW ﾉﾗI;ﾉ ヮヴWゲゲWゲ デｴ;デ aﾗI┌ゲ ﾗﾐ ヮヴﾗ┗ｷﾐIｷ;ﾉ ;ﾐS ┌ヴH;ﾐ W┗Wﾐデゲ ふさJｷﾐ;ﾐ D;ｷﾉ┞ざが さJｷﾐ;ﾐ 
TｷﾏWゲざ ;ﾐS さ┘┘┘くヴ┣┘くIﾗﾏくIﾐざぶく TｴW ﾏ┌ﾉデｷ-level sources cover SWH related events that occur within 

the city as well as in the broader region. We also reviewed SWH related events that occur in 

Shandong Province, since the external forces, especially industry development and local governance 

of neighbouring cities in Shandong, ﾏｷｪｴデ ヮﾉ;┞ ;ﾐ ｷﾏヮﾗヴデ;ﾐデ ヴﾗﾉWく さ“ﾗﾉ;ヴ Vｷゲｷﾗﾐざ ｷゲ デｴW ﾗﾐﾉ┞ 
professional journal specializing in the solar thermal industry in China. It was established by a 

previous Himin staff in Dezhou, Shandong, and thus pays detailed attention to events taking place in 

Shandong. Through a review of W┗Wヴ┞ ｷゲゲ┌W ﾗa さ“ﾗﾉ;ヴ Vｷゲｷﾗﾐざ ヮ┌HﾉｷゲｴWS aヴﾗﾏ ヲヰヰΓ デﾗ ヲヰヱヶが we 

extracted more than 500 reports. We also reviewed 253 articles on solar energy in Shandong 

published ｷﾐ さ“ﾗﾉ;ヴ EﾐWヴｪ┞ざ from 1991 to 2016. We also review 1788 news (2007-ヲヰヱヶぶ aヴﾗﾏ さJｷﾐ;ﾐ 
D;ｷﾉ┞ざ ;ﾐS さJｷﾐ;ﾐ TｷﾏWゲざ ;ﾐS ヱヵヵ ﾐW┘ゲ ふヲヰヱン-FWHくヲヰヱΑぶ aヴﾗﾏ さ┘┘┘くヴ┣┘くIﾗﾏくIﾐざ デｴ;デ ヴWヮﾗヴデ ﾗﾐ 
both provincial-level and urban-level events related to SWH in Rizhao. 

The qualitative study included 27 interviews with varied stakeholders. The interviews lasted from 10 

minutes (with an end-user) to over two hours (with a government official), with an average duration 

of 46 minutes (Table 2).  

Table 2 Overview of the interviews materials 

Actor type Number of Interviewees Affiliation of interviewees 

Government  4 Bureau of Development and Reform in Ju county, 

Rizhao; Bureau of Housing and Urban-Rural 

Development in Ju county and Rizhao  

Manufacturer 7 Kehao; Muyang; Himin 

Real estate developer 2 Jinrun; Rizhao Cheng Tou 

Industry organization 1 Rizhao Solar Energy Industry Association 

NGO 3 Rizhao Solar Culture Association; Solar Vision 

End-user 10 - 

Total  27  

ヴく TｴW ゲ┌ﾐ ゲｴｷﾐWゲ ﾗﾐ Rｷ┣ｴ;ﾗぎ ; I;ゲW ゲデ┌S┞ ﾗa デｴW ヮﾗヮ┌ﾉ;ヴｷ┣;デｷﾗﾐ ﾗa ゲﾗﾉ;ヴ ｴﾗデ ┘;デWヴ ゲ┞ゲデWﾏゲ 

ヴくヱ TｴW WﾏWヴｪWﾐIW ;ﾐS ゲヮヴW;S ﾗa ゲﾗIｷﾗ-デWIｴﾐｷI;ﾉ W┝ヮWヴｷﾏWﾐデ;デｷﾗﾐ 

The commercialization of SWH technology started after the breakthrough of research on evacuated 

tube collectors by Tsinghua University in the 1980s (D12) (Hu et al., 2012). Three key pioneering 
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enterprises were founded in Shandong province: Sang Le in 1987, Himin in 1995, and Linuo 

Paradigma in 2001 (D11) (Goess et al., 2015). Back then, the idea of using solar energy for water 

heating was new in the Chinese context, and a niche market for this new product was not yet 

formed. Therefore, entrepreneurial experimentation was conducted by these pioneering enterprises, 

so as to open up the market for SWH products (Interview, NGO). Fig. 3 shows pictures of the 

advertising activities of Himin in the 1990s. The company used various tactics to ;デデヴ;Iデ ヮWﾗヮﾉWげゲ 
attention (D11). Entertainment performances, for example, sought to create on-site opportunities to 

disseminate SWH related knowledge, to establish the legitimacy of this product (SET6), and to 

develop niche audiences. Through these marketing activities ｷﾐ デｴW W;ヴﾉ┞ ゲデ;ｪW ﾗa SW┗WﾉﾗヮﾏWﾐデが a 

niche market for SWH products was gradually opened up. This helped to develop  local markets in 

Rizhao and some ヴWゲｷSWﾐデゲ ゲデ;ヴデWS デﾗ WﾏHヴ;IW デｴW ﾐW┘ デWIｴﾐﾗﾉﾗｪ┞. Fig. 4 is a photo of Rizhao in 

1998 that shows roof-mounted SWHs being installed in residential buildings. The figure 

demonstrates that as early as 1998, there were already a substantial proportion of residents using 

SWHs in Rizhao, indicating the successful formation of an early niche market in this city (D14).  

 
Fig. 3. Advertising activities organized by Himin in the 1990s. (Photo provided by Hongzhi Cheng, chief editor of 

Solar Vision) 

 
Fig. 4. A bird's eye view of the roof-mounted SWHs in Ju county, Rizhao. (Photo taken by Chengjun Ma, 1998) 

In Rizhao, a promising market attracted new enterprises into the industry. Muyang, a local SWH 

manufacturer in Ju county in Rizhao, was founded in 2003 (D11). Following the experience of 

pioneering enterprises such as Himin
5
 (D12), Muyang devoted substantial resources to technology 

innovation, especially in the technology of wall-mounted SWHs. Muyang was looking to seize the 

opportunity of what they saw as an unprecedented expansion of the so-I;ﾉﾉWS さIﾗﾐゲデヴ┌Iデｷﾗﾐ ヮヴﾗﾃWIデ 
ﾏ;ヴﾆWデざ ふD14), in which contracts are often directly signed between real estate developers and SWH 

manufacturers to install SWH products for whole newly built neighborhoods
6

 (Interview, 

                                                 
5 さ“ﾗﾉ;ヴ Vｷゲｷﾗﾐざが ｷゲゲ┌W ヵヲが ヶΒく 
6 さ“ﾗﾉ;ヴ Vｷゲｷﾗﾐざが ｷゲゲ┌W ヵンが ヲヰ-ヲヱく 
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Manufacturer). Muyang invested RMB 0.36 billion (D15) in the introduction of an advanced 

production line of solar hot water systems from Germany (D12). Then it became the largest flat plate 

SWH manufacturer in China with an annual output of more than 300,000 wall-mounted SWHs
7
. 

Presented as an outstanding local SWH enterprise, Muyang became an important player in the 

popularization of SWH in Rizhao
8
. In 2013, it completed the installation of wall-mounted SWHs in 

more than 8,000 apartments, and roof-mounted SWHs in more than 3,000 apartments (D14).  

The case of Muyang, shows that in Rizhao socio-technical experimentation translated the newly-

emerging SWH technology into concrete business opportunities. Processes of entrepreneurial 

experimentation, knowledge exchange, resources mobilization and legitimacy contributed to 

opening up and maintaining a local market for energy technologies.  

ヴくヲ RWヮヴﾗS┌Iデｷﾗﾐ ﾗa ┌ヴH;ﾐ ヮﾗﾉｷデｷI;ﾉ ヮヴﾗIWゲゲWゲ ;ヴﾗ┌ﾐS “WH SW┗WﾉﾗヮﾏWﾐデ 

Along with the anchoring of a new energy technology into the local contexts, various urban political 

processes that involve multi-stakeholders were triggered by emergent entrepreneurial 

experimentation. 

Since 2001, when a new mayor was appointed in Rizhao, the development of clean energy was listed 

;ゲ ﾗﾐW ﾗa デｴW ﾏ┌ﾐｷIｷヮ;ﾉ ｪﾗ┗WヴﾐﾏWﾐデげゲ ゲデヴ;デWｪｷI ヮﾉ;ﾐゲ9
 (D13, D23). However, there were hardly any 

governmental guidance or industry standards specifying the development of SWH industry until 

2004. With the growing popularity of SWH products among local people, several issues emerged that 

the local government found increasingly hard to ignore (Interview, Government). For instance, under 

the absence of proper product and industry standards, SWHs were often installed individually on the 

roof of residential buildings in an unregulated fashion (see Fig. 5) (D14 -> D33). From local 

ｪﾗ┗WヴﾐﾏWﾐデゲげ ヮﾗｷﾐデ ﾗa ┗ｷW┘が デｴWゲW ┌ﾐヴWｪ┌ﾉ;デWS “WHゲ ﾐﾗデ ﾗﾐﾉ┞ were detrimental for the general 

image of the city (D21), but also posed potential safety risks for citizens (for instance old roof-

mounted SWHs might fall off) (D22) (Interview, Government). On the other hand, the discourse 

around the use of SWH was mixed among residents in Rizhao (D22). For instance, in many newly-

build commercial neighborhoods developers themselves did not allow the installation of SWHs 

(Interview, Government). In other cases, complaints from other residents or neighbors were enough 

to stop attempts to install SWHs (Interview, End-user). 

 

Fig. 5. Individually installed SWHs on the roof of residential buildings in Rizhao. (Photo taken by the first author, 

2016) 

In 2004, seeking a solution for unregulated installation of SWHs, a government official in the Bureau 

of Housing and Urban-Rural Development ﾗa J┌ Cﾗ┌ﾐデ┞ ┘Wﾐデ デﾗ Hｷﾏｷﾐげゲ ヮヴﾗS┌Iデｷﾗﾐ H;ゲW ｷﾐ DW┣ｴﾗ┌ 
city, where he saw for the first time the building-integrated SWH installed in dormitory buildings 

                                                 
7 さ“ﾗﾉ;ヴ Vｷゲｷﾗﾐざが ｷゲゲ┌W ヵヲが Αヰ-Αヱく 
8 ｴデデヮぎっっ┘┘┘くﾏ┌┞;ﾐｪデ┞ﾐくIﾗﾏっI;ゲWぱSWデ;ｷﾉっﾐW┘ゲISЭΓヲくｴデﾏﾉ  
9 ｴデデヮぎっっｷﾐｴ;Hｷデ;デくIﾗﾏっヴｷ┣ｴ;ﾗ-デｴW-ゲ┌ﾐゲｴｷﾐW-Iｷデ┞っ  

http://www.muyangtyn.com/case_detail/newsId=92.html
http://inhabitat.com/rizhao-the-sunshine-city/
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(D11 -> D23). Inspired by Hｷﾏｷﾐげゲ own self-regulation, this official issued a proposal for integrating 

SWHs into the design and construction of residential buildings in Ju county, which was later 

documented in their ヴWｪ┌ﾉ;ヴ IﾗﾐaWヴWﾐIW ゲ┌ﾏﾏ;ヴ┞ ;ゲ さthe mandatorry installation regulation of 

building-integrated SWH in newly-built residential buildingsざ (D23) (Interview, Real estate 

developer). Although an official regulation was never issued in Ju county, the mandatory installation 

of SWH was implemented quite strictly (Interview, Government), which helped the maintenance of 

SWH related socio-technical experimentation in Rizhao in terms of market expansion and legitimacy 

building (D23 -> D14 and D16).  

In 2007, encouraged by the  UN Award and borrowing from successful practices in Ju county in its 

smooth enforcement of the mandatory installation of SWH system, the Rizhao municipal 

government issued the regulation for the mandatory installation of SWHs in newly-build low-rise and 

multi-storey residential buildings
10

 (D23). The mandatory installation of building-integrated SWHs in 

Rizhao has greatly accelerated resource mobilization and anchoring (D23 -> D15) (Interview, 

Government). It also opened up a new market segment (D23 -> D14) for SWH products: the 

aforementioned さIﾗﾐゲデヴ┌Iデｷﾗﾐ ヮヴﾗﾃWIデ ﾏ;ヴﾆWデざ (Interview, Manufacturer). Nevertheless, the 

mandatory regulation also caused substantial conflicts between different urban actors who, to a 

certain extent, jeopardized the established legitimacy of this industry (D22 -> D16). For instance, to 

save costs,  some developers chose to install very cheap products without the consent of residents 

(Interview, Manufacturer). As a result, there were some cases where the installed SWHs were soon 

after dismantled and sold as waste by either users or even by the real estate developers themselves 

(Interview, Industry organization). Newly emergent problems further shaped the pathways of socio-

technical transitions of Rizhao. 

ヴくン TｴW デWヴヴｷデﾗヴｷ;ﾉ ゲﾗIｷﾗ-ゲヮ;デｷ;ﾉ ふヴWぶIﾗﾐaｷｪ┌ヴ;デｷﾗﾐゲ ;ゲ Hﾗデｴ ﾏWSｷ┌ﾏ ;ﾐS ﾗ┌デIﾗﾏW ﾗa WﾐWヴｪ┞ 
デヴ;ﾐゲｷデｷﾗﾐゲ 

SWH development in Rizhao has happened within a particular socio-spatial contextand enabled 

specific socio-spatial (re)configurations.  

Territorial proximity was an important facilitator of SWHs development. For instance, being close to 

core enterprises such as Himin (Dezhou city) and Linuo Paradigma (Jinan city), Rizhao was greatly 

influenced by the marketing activities conducted by these pioneering enterprises (D31 -> D14). On 

the other hand, close interactions between entrepreneurial experimentation and urban governance 

;ヴW ﾉｷﾆWﾉ┞ デﾗ ﾗII┌ヴ ふゲWW aﾗヴ ｷﾐゲデ;ﾐIW デｴW aﾗヴﾏ┌ﾉ;デｷﾗﾐ ﾗa J┌ Iﾗ┌ﾐデ┞げゲ ﾏ;ﾐS;デﾗヴ┞ ヴWｪ┌ﾉ;デｷﾗﾐ ヮﾗﾉｷIｷWゲ 
ｷﾐゲヮｷヴWS H┞ Hｷﾏｷﾐげゲ experimentation on building-integrated SWH) (D31 -> D23).  

MﾗヴWﾗ┗Wヴが デｴW ヮWﾐWデヴ;デｷﾗﾐ ﾗa “WH デWIｴﾐﾗﾉﾗｪ┞ ｷﾐデﾗ ﾉﾗI;ﾉ ヮWﾗヮﾉWげゲ W┗Wヴ┞S;┞ ﾉｷaW ﾗヴｷｪｷﾐ;デWd from 

institutional proximity, namely of the alignment of this technology with the place-based norms, 

tradition and culture (D31)く ‘ｷ┣ｴ;ﾗ Cｷデ┞げゲ ﾐ;ﾏW (さᰕ➗ざぶ follows an old Chinese saying that it is the 

place illuminated by the first rays of the sun ふさᰕࠪݸݹࡍ➗ざぶく ‘ｷ┣ｴ;ﾗ ｴ;ゲ ; ﾉﾗﾐｪ ｴｷゲデﾗヴ┞ ﾗa デｴW け“┌ﾐ 
Wﾗヴゲｴｷヮ C┌ﾉデ┌ヴWげが ;ﾐS ｷゲ ﾗﾐW ﾗa デｴW ┘ﾗヴﾉSろゲ aｷ┗W ゲ┌ﾐ ┘ﾗヴゲｴｷヮ I┌ﾉデ┌ヴW ﾗヴｷｪｷﾐゲ11

. Moreover, citizens in 

Rizhao have a long-standing tradition of using solar power to heat water for shower, normally in the 

summer, by simply putting the water outside for a whole day. They vividly call this tradition as "Shai 

Shui" (offering the water a sunbath) (Interview, Government and End-user). These examples show 

that significant proximity exists between SWH technology and local pre-existing institutions. 

Iﾐ デｴW I;ゲW ﾗa ‘ｷ┣ｴ;ﾗが ゲﾗIｷﾗ-ゲヮ;デｷ;ﾉ ヴWIﾗﾐaｷｪ┌ヴ;デｷﾗﾐゲ ﾏ;ｷﾐﾉ┞ ﾏ;ﾐｷaWゲデ ｷﾐ デｴW aﾗヴﾏ;デｷﾗﾐ ﾗa ｷﾐS┌ゲデヴ┞ 
Iﾉ┌ゲデWヴゲ ;ﾐS デｴW changes in urban infrastructures, consumption culture and social practices. In 20111, 

there were more than 150 SWH-related enterprises in Rizhao, providing more than 30,000 jobs
12

. In 

                                                 
10 ｴデデヮぎっっ┘┘┘くヴ┣くｪﾗ┗くIﾐっ┘ゲ┣aっ┣┝┘ﾃっヲヰヰΑヰΓヲΑヰΓヰヴヵヲくｴデﾏ  
11 ｴデデヮぎっっデ;ﾉﾆくヴ┣┘くIﾗﾏくIﾐっ┘Wﾐｴ┌;っヲヰヱンっヰヱヲヱっヱヰΑヵΒヲくゲｴデﾏﾉ  
12 ｴデデヮぎっっﾐW┘WﾐWヴｪ┞くｷﾐ-WﾐくIﾗﾏっｴデﾏﾉっﾐW┘WﾐWヴｪ┞-ヱヱΑヰヴΑΑくゲｴデﾏﾉ  

http://www.rz.gov.cn/wszf/zxwj/20070927090452.htm
http://talk.rzw.com.cn/wenhua/2013/0121/107582.shtml
http://newenergy.in-en.com/html/newenergy-1170477.shtml
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particular, in Ju county, many small SWH-related enterprises cluster around the production base of 

Muyang (D32). The urban built environment is reconfigured around SWH popularization. Fig. 6 

illustrates the embeddedness of SWH in the urban landscape in Rizhao (D33). ‘WゲｷSWﾐデゲげ S;ｷﾉ┞ 
practices are also reshaped around new energy technologies. For instance, the interviews revealed 

that in many rural areas in Rizhao, the possession of a SWH is regarded as a symbol of social status, 

;ﾐS ｷデ ｷゲ W┗Wﾐ ﾉｷゲデWS ;ゲ ﾗﾐW ﾗa デｴW さﾏ┌ゲデ-ｴ;┗W ｷデWﾏゲざ aﾗヴ ; ﾏ;ヴヴｷ;ｪWが ﾃ┌ゲデ ;ゲ color TV and washing 

machines
13

 (D33) (Interview, End-user). This is a typical case of the reconfiguration process of 

ヴWゲｷSWﾐデゲげ Iﾗﾐゲ┌ﾏヮデｷﾗﾐ I┌ﾉデ┌ヴW ;ﾐS デｴW WﾏHWSSWSﾐWゲゲ ﾗa ゲﾗﾉ;ヴ WﾐWヴｪ┞ ｷﾐデﾗ デｴW ﾉﾗI;ﾉ IﾗﾐデW┝デゲく  

 

Fig. 6. The embeddedness of SWH in the urban landscape in Rizhao. (Photo taken by the first author, 2016) 

ヴくヴ E┗ﾗﾉ┗ｷﾐｪ IﾗﾐaﾉｷIデゲ ;ﾐS;ﾉｷｪﾐﾏWﾐデゲ HWデ┘WWﾐ ｷﾐS┌ゲデヴ┞ ｷﾐデWヴWゲデゲ ;ﾐS ┌ヴH;ﾐ ヮヴｷﾗヴｷデｷWゲ 

The DUET framework can be read also chronologically, in terms of the different interactions 

between dimensions. In the case of Rizhao, SWHs depended on interactions between industry 

interests and urban priorities. This analysis reveals  conflicts and alignments between industry 

interests and urban priorities ｷﾐ ‘ｷ┣ｴ;ﾗげゲ デヴ;ﾐゲｷデｷﾗﾐゲ デﾗ┘;ヴSゲ ゲ┌ゲデ;ｷﾐ;Hｷﾉｷデ┞.  

During the early phase of SWH industry development, the industryげゲ priority was to translate the 

new technology into business opportunities and open up the local market. This phase witnessed 

active entrepreneurial experimentation by pioneering enterprises. Back then, this newly-emerging 

industry had not yet attracted the attention of local policy makers. Urban priorities of Rizhao did not 

target the deployment of renewable energies in the 1990s. There was lack of alignment between 

industry interests and urban priorities.  

The tide seemed to turn when a new mayor Zhaoqian Li was appointed in 2001. Scholars have 

highlighted the role of a new mayor who  foresaw the importance of developing renewable energies 

(Ye, 2009). At the time the new mayor was appointed, both the industry and the potential 

consumers had started to incorporate SWHs in their daily practices. However, until 2004, the SWH 

industry had hardly any governmental guidance or industry standards for its development. Under 

the absence of governmental guidelines, the growing popularity of SWH products among local 

residents unexpectedly posed substantial challenges to urban governance. Conflicts thus emerged 

between industry interests of expanding the market and urban governance priorities such as the 

promotion of a particular urban image. The new mayor was a force towards the definition of the 

ﾉﾗI;ﾉ ｪﾗ┗WヴﾐﾏWﾐデげゲ ヴﾗﾉW ｷﾐ デｴW ｷﾏヮﾉWﾏWﾐデ;デｷﾗﾐ ﾗa “WHゲく “ｴﾗヴデﾉ┞ ;aデWヴ ｴｷゲ ;ヮヮﾗｷﾐデﾏWﾐデが デｴW ﾏ┌ﾐｷIｷヮ;ﾉ 
ｪﾗ┗WヴﾐﾏWﾐデ ヮ┌HﾉｷゲｴWS デｴW さEco-city Construction Plan of Rizhaoざく 

In 2007, the UN Clean Energy Award gave international recognition for Rizhao (Schroeder and 

Chapman, 2014). The popularization of SWHs was an important component mentioned in the Award 

                                                 
13 ｴデデヮぎっっ┘┘┘くｪﾗ┗くIﾐっﾃヴ┣ｪっヲヰヰΒ-ヰΓっヲヰっIﾗﾐデWﾐデぱヱヱヰヰΑヶヵくｴデﾏ  

http://www.gov.cn/jrzg/2008-09/20/content_1100765.htm


 12 

of the UN Prize. Since winning of the UN award, urban policy-makers in Rizhao showed strong 

interest in the development of SWH and デｴW ﾏ┌ﾐｷIｷヮ;ﾉ ｪﾗ┗WヴﾐﾏWﾐデげゲ ヴﾗﾉW W┗ﾗﾉ┗WS aヴﾗﾏ ヮ;ゲゲｷ┗W 
regulation to active implementation. In this sense, if the appointment of the new mayor signaled a 

turn of urban development strategy to clean energy, the UN award acted as a catalyst for デｴW ゲｴｷaデ ﾗa 
ｪﾗ┗WヴﾐﾏWﾐデ ;デデｷデ┌SW aヴﾗﾏ ｷﾐSｷaaWヴWﾐIW デﾗ Wﾐｪ;ｪWﾏWﾐデ ;ﾐS the formation of specific alignment 

between urban priorities and SWH industry interests, ┘ｴｷIｴ ｴWﾉヮWS デﾗ ヴWゲﾗﾉ┗W デｴW ヮヴW┗ｷﾗ┌ゲ IﾗﾐaﾉｷIデゲ 
HWデ┘WWﾐ ｷﾐS┌ゲデヴ┞ ｷﾐデWヴWゲデゲ ;ﾐS ┌ヴH;ﾐ ヮヴｷﾗヴｷデｷWゲ. A series of favorable policies were enacted, 

represented typically by the mandatory installation regulation of SWHs in residential buildings. The 

SWH industry then witnessed a new wave of prosperity, owing to the opening-up of the 

さIﾗﾐゲデヴ┌Iデｷﾗﾐ ヮヴﾗﾃWIデ ﾏ;ヴﾆWデざ, explained above. The rise of Muyang is a typical example of a 

company seizing the opportunity of unprecedented expansion of a new market segment. 

However, the growth of markets and popularization of SWHs did not go uncontested. In China, 

urban governance priorities are closely related to strategic plans of higher-level (provincial or 

national) governments. In 2009, the Shandong provincial government enacted a document さThe 

Mission Decomposition Scheme for Accelerating the Application of Solar-thermal Systemsざが which 

detailed specific goals in the implementation of SWHs. A target is set every year for all the cities in 

the Shandong province and municipal governments resort to all means so as to achieve the required 

target annual installation area of solar collectors. Responding to this provincial level strategy, the 

Rizhao municipal government extended the mandatory installation regulation of SWHs from low-rise 

and multi-storey residential buildings to high-rise buildings in 2010. Although this indicated the 

alignment between governance priorities and industry development, it also generated fierce price 

IﾗﾏヮWデｷデｷﾗﾐ HWデ┘WWﾐ WﾐデWヴヮヴｷゲWゲ ;ﾐS デｴW ヮｴWﾐﾗﾏWﾐﾗﾐ ﾗa さHad money drives out goodざ (Interview, 

Manufacturer). Many unqualified products entered the market, which engendered the legitimacy of 

this technology established by pioneer enterprises during the previous phase of development. As 

such, the intensified mandatory installation of SWHs induced many problems which jeopardized the 

development of SWH industry. Urban priorities to implement SWHs have in a sense conflicted with 

industry interests of legitimacy-building and market-maintenance.  

ヵく CﾗﾐIﾉ┌ゲｷﾗﾐ 

UヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲ Iﾗﾐゲｷゲデ ﾗa ゲ┌ゲデ;ｷﾐWS ;ﾐS Iﾗﾐデｷﾐ┌ﾗ┌ゲ ヮヴﾗIWゲゲWゲく “ﾗIｷﾗ-デWIｴﾐｷI;ﾉ ;ヮヮヴﾗ;IｴWゲ 
ふゲ┌Iｴ ;ゲ TI“ぶ ｴ;┗W HWWﾐ ┌ゲWS デﾗ ﾉﾗﾗﾆ ;デ ┌ヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲ ふNWｪヴﾗが Wデ ;ﾉくが ヲヰヱヲき T┌ヴﾐｴWｷﾏ ;ﾐS 
GWWﾉゲが ヲヰヱヲぶく Iﾐ ヴWﾉ;デｷﾗﾐ デﾗ デｴW DUET aヴ;ﾏW┘ﾗヴﾆが デｴW┞ ﾏ;ｷﾐﾉ┞ Wﾏヮｴ;ゲｷ┣W ﾗHゲWヴ┗;デｷﾗﾐゲ ﾗa ｷﾐﾐﾗ┗;デｷﾗﾐ 
ヮヴﾗIWゲゲWゲ ;ﾐS ゲﾗIｷﾗ-デWIｴﾐｷI;ﾉ W┝ヮWヴｷﾏWﾐデ;デｷﾗﾐ ｷﾐ デｴW Iｷデ┞く  TｴW┞ ゲデヴ┌ｪｪﾉW デﾗ ヴWIﾗｪﾐｷ┣W デｴW Iｷデ┞ ;ゲ ; 
ヮヴﾗIWゲゲ ｷﾐ-デｴW-ﾏ;ﾆｷﾐｪく MﾗヴWﾗ┗Wヴが ゲﾉｷIﾆ ヴWヮヴWゲWﾐデ;デｷﾗﾐゲ ﾗa ┌ヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲ ﾏ;┞ ﾗ┗Wヴﾉﾗﾗﾆ デｴW 
ﾏWゲゲ┞ ｷﾐデWヴ;Iデｷﾗﾐゲ HWデ┘WWﾐ ;Iデｷ┗W ヮヴﾗIWゲゲWゲ ﾗa W┝ヮWヴｷﾏWﾐデ;デｷﾗﾐ ;ﾐS デｴW S┞ﾐ;ﾏｷIゲ デｴ;デ WﾏWヴｪW ｷﾐ 
デｴW ﾉﾗI;ﾉ IﾗﾐデW┝デゲく M;ﾐ┞ ゲｷデ┌;デWS ヮヴﾗIWゲゲWゲ ﾗa ┌ヴH;ﾐ Iｴ;ﾐｪW ヮﾉ;┞ ; ヴﾗﾉW ｷﾐ ┌ヴH;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲ 
ヴWｪ;ヴSﾉWゲゲ ﾗa ┘ｴWデｴWヴ デｴW┞ ;ヴW SWﾉｷHWヴ;デW ﾗヴ ﾐﾗデく  

Iﾐ デｴｷゲ ヮ;ヮWヴ ┘W ヮヴﾗヮﾗゲW デｴW DUET aヴ;ﾏW┘ﾗヴﾆ ;ゲ ; ﾏW;ﾐゲ デﾗ ヮﾉ;IW ゲﾗIｷﾗ-デWIｴﾐｷI;ﾉ ｷﾐﾐﾗ┗;デｷﾗﾐゲ ┘ｷデｴｷﾐ 
;ﾐ ┌ヴH;ﾐ IﾗﾐデW┝デく TｴW DUET aヴ;ﾏW┘ﾗヴﾆ Hﾗデｴ ;Iﾆﾐﾗ┘ﾉWSｪWゲ ;ﾐS ﾏ;ﾆWゲ W┝ヮﾉｷIｷデ デｴW ﾏ┌デ┌;ﾉ 
SWヮWﾐSWﾐIW ﾗa ┌ヴH;ﾐ ヮﾗﾉｷデｷI;ﾉ ヮヴﾗIWゲゲWゲ ;ﾐS ゲﾗIｷﾗ-デWIｴﾐｷI;ﾉ ｷﾐﾐﾗ┗;デｷﾗﾐゲく TWヴヴｷデﾗヴｷ;ﾉ ゲﾗIｷﾗ-ゲヮ;デｷ;ﾉ 
;ヴヴ;ﾐｪWﾏWﾐデゲ ;ヴW ヴWｪ;ヴSWS ;ゲ Hﾗデｴ IﾗﾐデW┝デ┌;ﾉ Wﾐ;Hﾉｷﾐｪ a;Iデﾗヴゲ ;ﾐS ゲﾗIｷﾗ-ゲヮ;デｷ;ﾉ ﾏ;ﾐｷaWゲデ;デｷﾗﾐゲ ﾗa 
WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐゲく  

TｴW I;ゲW ﾗa ‘ｷ┣ｴ;ﾗ ｷﾉﾉ┌ゲデヴ;デWゲ デｴW SｷﾏWﾐゲｷﾗﾐゲ ﾗa デｴW DUET aヴ;ﾏW┘ﾗヴﾆく “ﾗIｷﾗ-デWIｴﾐｷI;ﾉ 
W┝ヮWヴｷﾏWﾐデ;デｷﾗﾐ ;ﾐS ┌ヴH;ﾐ ヮﾗﾉｷデｷI;ﾉ ヮヴﾗIWゲゲWゲ Iﾗ-W┗ﾗﾉ┗W ｷﾐ ; ｴｷｪｴﾉ┞ S┞ﾐ;ﾏｷI デヴ;ﾐゲｷデｷﾗﾐ;ﾉ デヴ;ﾃWIデﾗヴ┞ ｷﾐ 
‘ｷ┣ｴ;ﾗく “ﾗIｷﾗ-デWIｴﾐｷI;ﾉ Iｴ;ﾐｪWゲ ヴWｷﾐaﾗヴIW ;ﾐS デヴ;ﾐゲaﾗヴﾏ W┝ｷゲデｷﾐｪ ┌ヴH;ﾐ ｷﾐゲデｷデ┌デｷﾗﾐ;ﾉ ;ﾐS ｪﾗ┗Wヴﾐ;ﾐIW 
;ヴヴ;ﾐｪWﾏWﾐデゲく Wｷデｴ ｷデゲ ｷﾐIヴW;ゲｷﾐｪ ヮﾗヮ┌ﾉ;ヴｷデ┞が デｴW “WH デWIｴﾐﾗﾉﾗｪ┞ ┘;ゲ WﾏHWSSWS ｷﾐ デｴW ┌ヴH;ﾐ H┌ｷﾉデ 
Wﾐ┗ｷヴﾗﾐﾏWﾐデく Tｴｷゲ aﾗゲデWヴWS ; ゲｷﾏ┌ﾉデ;ﾐWﾗ┌ゲ ヮヴﾗIWゲゲ ﾗa ﾉW;ヴﾐｷﾐｪ ;ﾐS ;S;ヮデ;デｷﾗﾐ ;ﾏﾗﾐｪ ﾉﾗI;ﾉ 
ｷﾐゲデｷデ┌デｷﾗﾐゲ ;ﾐS IﾗﾐデWゲデ;デｷﾗﾐ ;ﾏﾗﾐｪ SｷaaWヴWﾐデ ┌ヴH;ﾐ ;Iデﾗヴゲく P;デｴ┘;┞ゲ デﾗ┘;ヴSゲ デｴW ┌ヴH;ﾐ WﾐWヴｪ┞ 
デヴ;ﾐゲｷデｷﾗﾐ ;ヴW ゲｷﾏ┌ﾉデ;ﾐWﾗ┌ゲﾉ┞ ｷﾐaﾉ┌WﾐIWS H┞ デｴヴWW-SｷﾏWﾐゲｷﾗﾐ;ﾉ ヮヴﾗIWゲゲWゲく TｴW ﾆW┞ ケ┌Wゲデｷﾗﾐ ｷゲ ｷa 
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ｷﾐS┌ゲデヴ┞ ｷﾐデWヴWゲデゲ IﾗﾐaﾉｷIデ ﾗヴ ;ﾉｷｪﾐ ┘ｷデｴ デWヴヴｷデﾗヴ┞ ヮヴｷﾗヴｷデｷWゲが ┘ｴｷIｴ ;ヴW ;ﾉゲﾗ ゲ┌HﾃWIデ デﾗ Iｴ;ﾐｪWゲ ;ﾉﾗﾐｪ 
┘ｷデｴ デｴW ヴWヮヴﾗS┌Iデｷﾗﾐ ﾗa ┌ヴH;ﾐ ヮﾗﾉｷデｷI;ﾉ ヮヴﾗIWゲゲく 

O┗Wヴ;ﾉﾉが デｴヴﾗ┌ｪｴ デｴW ‘ｷ┣ｴ;ﾗ I;ゲWが デｴW DUET aヴ;ﾏW┘ﾗヴﾆ ｴ;ゲ ヮヴﾗ┗WS デﾗ HW ; ゲ┞ゲデWﾏ;デｷI ;ﾐ;ﾉ┞デｷI;ﾉ デﾗﾗﾉ 
デﾗ ヴW┗W;ﾉ デｴW ﾏ┌ﾉデｷヮﾉW SｷﾏWﾐゲｷﾗﾐゲ ﾗa ;ﾐ WﾐWヴｪ┞ デヴ;ﾐゲｷデｷﾗﾐ ﾗa デｴW Iｷデ┞く Tｴｷゲ ﾏ┌ﾉデｷ-SｷﾏWﾐゲｷﾗﾐ;ﾉ 
ヮWヴゲヮWIデｷ┗W ヴW┗W;ﾉゲ デｴW ｷﾐデヴｷI;デW ヴWﾉ;デｷﾗﾐゲ HWデ┘WWﾐ デヴ;ﾐゲaﾗヴﾏ;デｷﾗﾐゲ ﾗa WﾐWヴｪ┞ ゲ┞ゲデWﾏゲ ;ﾐS ┌ヴH;ﾐ 
Iｴ;ﾐｪWく TｴW aヴ;ﾏW┘ﾗヴﾆ ;ﾉゲﾗ ｴｷｪｴﾉｷｪｴデゲ ゲ;ﾉｷWﾐデ WﾉWﾏWﾐデゲ ｷﾐ デｴW デヴ;ﾐゲｷデｷﾗﾐ ヮヴﾗIWゲゲが ゲ┌Iｴ ;ゲ デｴW 
;ﾉｷｪﾐﾏWﾐデ ﾗa ｷﾐS┌ゲデヴ┞ ;ﾐS デWヴヴｷデﾗヴｷ;ﾉ ヮヴｷﾗヴｷデｷWゲ ｷﾐ デｴW ‘ｷ┣ｴ;ﾗ I;ゲWく F┌デ┌ヴW ヴWゲW;ヴIｴ ┘ｷﾉﾉ W┝ヮﾉﾗヴW デｴW a┌ﾉﾉ 
ヮﾗゲゲｷHｷﾉｷデｷWゲ ﾗa デｴW DUET aヴ;ﾏW┘ﾗヴﾆく OﾐW ﾉｷﾏｷデ;デｷﾗﾐ ﾗa ﾗ┌ヴ ;ヮヮヴﾗ;Iｴ ｷﾐ デｴｷゲ I;ゲW ｷゲ デｴW aﾗI┌ゲ ﾗﾐ ; 
ゲｷﾐｪﾉW デWIｴﾐﾗﾉﾗｪ┞く Hﾗ┘W┗Wヴが デｴW ゲ┌IIWゲゲa┌ﾉ ｷﾏヮﾉWﾏWﾐデ;デｷﾗﾐ ﾗa ﾗﾐW デWIｴﾐﾗﾉﾗｪ┞ SﾗWゲ ﾐﾗデ ｪ┌;ヴ;ﾐデWW ;ﾐ 
ﾗ┗Wヴ;ﾉﾉ ﾉﾗ┘-I;ヴHﾗﾐ デヴ;ﾐゲｷデｷﾗﾐ ﾗa デｴW ┘ｴﾗﾉW Iｷデ┞く  
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