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AďƐƚƌĂĐƚ͗ UƌďĂŶ ĐŚŝŶĂ ƉƌŽǀŝĚĞƐ Ă ƵŶŝƋƵĞ ƐĞƚƚŝŶŐ ƚŽ ĞǆĂŵŝŶĞ ƚŚĞ ƵƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ͘ ‘ŝǌŚĂŽ͕ ƚŚĞ CŚŝŶĞƐĞ 
͚ƐŽůĂƌ ĐŝƚǇ͛ ŝƐ ŬŶŽǁŶ ĨŽƌ ƚŚĞ ƌĂƉŝĚ ƐƉƌĞĂĚ ĂŶĚ ƉŽƉƵůĂƌŝǌĂƚŝŽŶ ŽĨ ƐŽůĂƌ ŚŽƚ ǁĂƚĞƌ ƐǇƐƚĞŵƐ ƐŝŶĐĞ ƚŚĞ ϭϵϵϬƐ͘ IŶ ƚŚŝƐ 
ƉĂƉĞƌ ǁĞ ƐĞĞŬ ƚŽ ƵŶĚĞƌƐƚĂŶĚ ŚŽǁ ƚŚĞ ƐƉĞĐŝĨŝĐ ƵƌďĂŶ ĐŽŶĚŝƚŝŽŶƐ ŝŶ ‘ŝǌŚĂŽ ŚĂǀĞ ĨĂǀŽƌĞĚ ƚŚĞ ĂĚŽƉƚŝŽŶ ŽĨ ƐŽůĂƌ 
ŚŽƚ ǁĂƚĞƌ ƐǇƐƚĞŵƐ ƚŽ ƚŚĞ ĞǆƚĞŶƚ ƚŚĂƚ ǁĞ ĐĂŶ ƐƉĞĂŬ ŽĨ ĂŶ ƵƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶ ƚŽǁĂƌĚƐ ƐŽůĂƌ ĞŶĞƌŐǇ͘ TŽ ĚŽ 
ƐŽ͕ ƚŚŝƐ ƉĂƉĞƌ ŝŶƚƌŽĚƵĐĞƐ Ă ŶŽǀĞů ĨƌĂŵĞǁŽƌŬ - ƚŚĞ DŝŵĞŶƐŝŽŶƐ ŽĨ UƌďĂŶ EŶĞƌŐǇ TƌĂŶƐŝƚŝŽŶƐ ;DUETͿ ĨƌĂŵĞǁŽƌŬ - 
ďƵŝůĚŝŶŐ ƵƉŽŶ ƚŚĞŽƌĞƚŝĐĂů ƚŚŝŶŬŝŶŐ ŽĨ ďŽƚŚ ƚƌĂŶƐŝƚŝŽŶƐ ƐƚƵĚŝĞƐ ĂŶĚ ƵƌďĂŶ ƐƚƵĚŝĞƐ͘ TŚĞ ‘ŝǌŚĂŽ ĐĂƐĞ ŝůůƵƐƚƌĂƚĞƐ ƚŚĞ 
ĚŝŵĞŶƐŝŽŶƐ ŽĨ ƚŚĞ DUET ĨƌĂŵĞǁŽƌŬ͕ ĂŶĂůǇǌŝŶŐ ƐƉĞĐŝĂůůǇ ƚŚĞ ĚǇŶĂŵŝĐ ŝŶƚĞƌĂĐƚŝŽŶƐ ďĞƚǁĞĞŶ ƵƌďĂŶ ĚĞǀĞůŽƉŵĞŶƚ 
ƉƌŽĐĞƐƐĞƐ ĂŶĚ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ͘ TŚĞ ĐĂƐĞ ŽĨ ‘ŝǌŚĂŽ ƐŚŽǁƐ ƚŚĂƚ ƚƌĂŶƐŝƚŝŽŶ ƉŽƐƐŝďŝůŝƚŝĞƐ ĂƌĞ ĐŽŶƚŝŶƵŽƵƐůǇ ƐŚĂƉĞĚ 
ďǇ ƚŚĞ ŽŶŐŽŝŶŐ ĐŽŶĨůŝĐƚƐ ĂŶĚ ĂůŝŐŶŵĞŶƚƐ ďĞƚǁĞĞŶ ŝŶĚƵƐƚƌǇ ŝŶƚĞƌĞƐƚƐ ĂŶĚ ƚĞƌƌŝƚŽƌŝĂů ƉƌŝŽƌŝƚŝĞƐ͘  

KĞǇǁŽƌĚƐ͗ ƵƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ͖ ƐŽĐŝŽ-ƚĞĐŚŶŝĐĂů ĞǆƉĞƌŝŵĞŶƚĂƚŝŽŶ͖ ƵƌďĂŶ ƉŽůŝƚŝĐĂů ƉƌŽĐĞƐƐ͖ ƐŽĐŝŽ-ƐƉĂƚŝĂů 
ƌĞĐŽŶĨŝŐƵƌĂƚŝŽŶƐ 

 

ϭ͘ IŶƚƌŽĚƵĐƚŝŽŶ 

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 

ƚŽ ƚŚĞ ϭϵϵϬƐ͘ AůƌĞĂĚǇ ŝŶ ϮϬϬϳ Ăůů ŽĨ ƚŚĞ ϲϱϬ͕ϬϬϬ ƌĞƐŝĚĞŶƚƐ ůŝǀŝŶŐ ŝŶ ƚŚĞ ĐŝƚǇ͛Ɛ ĚŽǁŶƚŽǁŶ ƵƐĞĚ “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 ĂǁĂƌĚĞĚ ƚŚĞ ͞WŽƌůĚ CůĞĂŶ EŶĞƌŐǇ AǁĂƌĚƐ͟ ďǇ UŶŝƚĞĚ 
Nations (UN), for its outstanding achievements in the application of solar energy. IŶ JĂŶƵĂƌǇ ϮϬϭϳ 
CŚŝŶĂ ƵŶǀĞŝůĞĚ ŝƚƐ ϭϯƚŚ FŝǀĞ-YĞĂƌ-PůĂŶ ŽŶ ‘ĞŶĞǁĂďůĞ EŶĞƌŐǇ DĞǀĞůŽƉŵĞŶƚ3͕ ǁŚŝĐŚ ĞƐƚĂďůŝƐŚĞĚ ƚŚĞ 
ĨŽĐƵƐ ŽŶ ƌĞŶĞǁĂďůĞƐ ĂŶĚ ĂŶ ĂŵďŝƚŝŽƵƐ ƚĂƌŐĞƚ ŽĨ ϮϬй ĨŽƌ ƌĞŶĞǁĂďůĞ ĞŶĞƌŐǇ Ɛ͛ ƐŚĂƌĞ ŽĨ ŶĂƚŝŽŶĂů ĞŶĞƌŐǇ 
ĐŽŶƐƵŵƉƚŝŽŶ ďǇ ϮϬϯϬ͘ AƐ ƚŚĞ ĐĂƐĞ ŽĨ ‘ŝǌŚĂŽ ƐŚŽǁƐ͕ ƚŚĞ CŚŝŶĞƐĞ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶ ŝƐ ĂůƐŽ ĂŶ ƵƌďĂŶ 
ƚƌĂŶƐŝƚŝŽŶ͘ TŚƵƐ͕ ƵƌďĂŶ CŚŝŶĂ ƉƌŽǀŝĚĞƐ Ă ƵŶŝƋƵĞ ƐĞƚƚŝŶŐ ƚŽ ƐƚƵĚǇ ƚŚĞ ŝŶƚĞƌĂĐƚŝŽŶ ďĞƚǁĞĞŶ 
ƵƌďĂŶŝǌĂƚŝŽŶ ĂŶĚ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ͘  

IŶ ƵƌďĂŶ ĂƌĞĂƐ͕ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ ŝŶǀŽůǀĞ ƌĞĐŽŶĨŝŐƵƌĂƚŝŽŶƐ ŽĨ ƐǇƐƚĞŵƐ ŽĨ ƐĞƌǀŝĐĞ ƉƌŽǀŝƐŝŽŶ ĂŶĚ ƚŚĞ 
ďƵŝůƚ ĞŶǀŝƌŽŶŵĞŶƚ (Monstadt, 2009; Rutherford and Coutard, 2014)͘ “ƵĐŚ ƌĞĐŽŶĨŝŐƵƌĂƚŝŽŶƐ ĨŽůůŽǁ 
ĐŽŵƉůĞǆ ƉƌŽĐĞƐƐĞƐ ŽĨ ƐŽĐŝĂů ĂŶĚ ŝŶƐƚŝƚƵƚŝŽŶĂů ĐŚĂŶŐĞ͘ TŚĞƌĞ ŝƐ ŝŶĐƌĞĂƐŝŶŐ ĞǀŝĚĞŶĐĞ ŽĨ ƚŚĞ ƉŽƐƐŝďŝůŝƚŝĞƐ 
ƚŽ ŝŶƚĞƌǀĞŶĞ ŝŶ ĐŝƚŝĞƐ ƚŽ ĨŽƐƚĞƌ Ă ůŽǁ ĐĂƌďŽŶ ƚƌĂŶƐŝƚŝŽŶ͘ “ƵƐƚĂŝŶĂďŝůŝƚǇ ƚƌĂŶƐŝƚŝŽŶƐ͕ ƉĂƌƚŝĐƵůĂƌůǇ͕  ĐĂŶ 
ďƵŝůĚ ƵƉŽŶ ůĞĂƌŶŝŶŐ ĂďŽƵƚ ƚŚĞ ĞǆƉĞƌŝĞŶĐĞƐ ŝŶ ĐŝƚŝĞƐ ĂŶĚ ƵƌďĂŶ ĂƌĞĂƐ ;FƌĂŶƚǌĞƐŬĂŬŝ͕ Ğƚ Ăů͕͘ ϮϬϭϲͿ͘  

                                                 
* CŽƌƌĞƐƉŽŶĚŝŶŐ ĂƵƚŚŽƌ Ăƚ͗ BĂƌƚůĞƚƚ DĞǀĞůŽƉŵĞŶƚ PůĂŶŶŝŶŐ UŶŝƚ͕ UŶŝǀĞƌƐŝƚǇ CŽůůĞŐĞ LŽŶĚŽŶ͕ WCϭH ϵE) LŽŶĚŽŶ͕ 
UK͘ 
E-ŵĂŝů ĂĚĚƌĞƐƐĞƐ͗ Ɖ͘ŚƵĂŶŐΛƵĐů͘ĂĐ͘ƵŬ͖ ŚƵĂŶŐͺƉŝŶŐϭϵϴϳΛŚŽƚŵĂŝů͘ĐŽŵ ;P͘  HƵĂŶŐͿ 
PƌĞƐĞŶƚ ĂĚĚƌĞƐƐ͗ ϯϰ TĂǀŝƐƚŽĐŬ “ƋƵĂƌĞ͕ WCϭH ϵE) LŽŶĚŽŶ͕ UK 
1 ŚƚƚƉ͗ͬͬǁǁǁ͘ĐůĞĂŶĞŶĞƌŐǇĂǁĂƌĚƐ͘ĐŽŵͬĨŝůĞĂĚŵŝŶͬƌĞĚĂŬƚŝŽŶͬĨĂĐƚƐŚĞĞƚƐͬĨĂĐƚƐŚĞĞƚͺǁĞďǀĞƌƐŝŽŶͺϲ͘ƉĚĨ  
2 ŚƚƚƉ͗ͬͬǁǁǁ͘ĨĚŝ͘ŐŽǀ͘ ĐŶͬϭϴϬϬϬϬϬϭϮϭͺϮϭͺϱϯϯϮϮͺϬͺϳ͘Śƚŵů  
3 NĂƚŝŽŶĂů DĞǀĞůŽƉŵĞŶƚ ĂŶĚ ‘ĞĨŽƌŵ CŽŵŵŝƐƐŝŽŶ ;ND‘CͿ͕ ϮϬϭϲ͘ TŚĞ ϭϯƚŚ FŝǀĞ-YĞĂƌ-PůĂŶ ŽŶ ‘ĞŶĞǁĂďůĞ EŶĞƌŐǇ 
DĞǀĞůŽƉŵĞŶƚ͕ ŚƚƚƉ͗ͬͬǁǁǁ͘ŶĚƌĐ͘ŐŽǀ͘ ĐŶͬǌĐĨďͬǌĐĨďƚǌͬϮϬϭϲϭϮͬWϬϮϬϭϲϭϮϭϲϲϱϵϱϳϵϮϬϲϭϴϱ͘ƉĚĨ͘ 

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


 2 

“ƚƵĚŝĞƐ ŽĨ ƵƌďĂŶ ƚƌĂŶƐŝƚŝŽŶƐ ŚĂǀĞ ĂůƐŽ ŐĞŶĞƌĂƚĞĚ ĂŶ ŝŶĐƌĞĂƐŝŶŐ ŝŶƚĞƌĞƐƚ ŽŶ ƚŚĞ ƐƉĂƚŝĂů ĂƐƉĞĐƚƐ ŽĨ 
ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ͘ “ĞǀĞƌĂů ƌĞǀŝĞǁƐ ŽĨ ƚŚĞ ĨŝĞůĚ ŚĂǀĞ ĂƌŐƵĞĚ ƚŚĂƚ Ă ŵŽƌĞ ĚĞůŝďĞƌĂƚĞ ĞŶŐĂŐĞŵĞŶƚ ǁŝƚŚ 
ƐƉĂĐĞ ǁŝůů ƌĞŐĞŶĞƌĂƚĞ ƚŚĞ ĨŝĞůĚ ;BĞƌŬŚŽƵƚ͕ Ğƚ Ăů͕͘ ϮϬϬϵ͖ CŽĞŶĞŶ͕ Ğƚ Ăů͕͘ ϮϬϭϮ͖ TƌƵĨĨĞƌ ĂŶĚ CŽĞŶĞŶ͕ 
ϮϬϭϮ͖ BĞƌŐĞŬ͕ Ğƚ Ăů͕͘ ϮϬϭϱ͖ HĂŶƐĞŶ ĂŶĚ CŽĞŶĞŶ͕ ϮϬϭϱͿ͘ HŽǁĞǀĞƌ͕  ƐƉĂĐĞ ĐŽŶĐĞƌŶƐ ĂƌĞ ŶŽƚ ǇĞƚ ĨƵůůǇ 
ŝŶƚĞŐƌĂƚĞĚ ŝŶƚŽ ƚŚĞŽƌĞƚŝĐĂů ƉĞƌƐƉĞĐƚŝǀĞƐ ŽŶ ƚƌĂŶƐŝƚŝŽŶƐ͕ ĂŶĚ ƐƚƵĚŝĞƐ ŽĨ ƵƌďĂŶ ƐƵƐƚĂŝŶĂďŝůŝƚǇ ƚƌĂŶƐŝƚŝŽŶ 
ĐŽŶƚŝŶƵĞ ƚŽ ĨŽĐƵƐ ŝŶ ŐŽǀĞƌŶĂŶĐĞ ƉƌŽĐĞƐƐĞƐ͕ ĞǆƉůŽƌŝŶŐ ƉĂƌƚŝĐƵůĂƌůǇ ƋƵĞƐƚŝŽŶƐ ĂďŽƵƚ ƉŽůŝƚŝĐĂů ĂůůŝĂŶĐĞƐ 
ĂŶĚ ĂĐƚŽƌ ĐŽŶƐƚĞůůĂƚŝŽŶƐ ;BŝŶǌ͕ Ğƚ Ăů͕͘ ϮϬϭϮ͖ DĞ LĂƵƌĞŶƚŝƐ͕ ϮϬϭϯ͖ GŽƐĞŶƐ͕ Ğƚ Ăů͕͘ ϮϬϭϱͿ͘  

‘ĞůĂƚŝŽŶĂů ŝĚĞĂƐ ĂďŽƵƚ ƐƉĂĐĞ ŚĂǀĞ ƚŚĞ ƉŽƚĞŶƚŝĂů ƚŽ ĨƵƌƚŚĞƌ ĞŶƌŝĐŚ ĐƵƌƌĞŶƚ ƚŚŝŶŬŝŶŐ ŽŶ ƚŚĞ ƵƌďĂŶ 
ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ͘ IĚĞĂƐ ŽĨ ƌĞůĂƚŝŽŶĂů ƐƉĂĐĞƐ ŚĂǀĞ ĂůƌĞĂĚǇ ŝŶĨůƵĞŶĐĞĚ ĚĞďĂƚĞƐ ĂďŽƵƚ ĞŶĞƌŐǇ 
ƚƌĂŶƐŝƚŝŽŶƐ ;ƐĞĞ BƌŝĚŐĞ Ğƚ Ăů͕͘ ϮϬϭϯ͕ ĨŽƌ ĞǆĂŵƉůĞͿ͘ MŽƌĞŽǀĞƌ͕  ƐƵĐŚ ŝĚĞĂƐ ŵĂǇ ŚĂǀĞ ƉƌĂĐƚŝĐĂů 
ŝŵƉůŝĐĂƚŝŽŶƐ ŝŶ ƌĞůĂƚŝŽŶ ƚŽ ŚŽǁ ƚŽ ĨŽƐƚĞƌ Žƌ ĂĐĐĞůĞƌĂƚĞ ƵƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ͘  

IŶ ƚŚŝƐ ƉĂƉĞƌ ǁĞ ƐĞĞŬ ƚŽ ƵŶĚĞƌƐƚĂŶĚ ƵƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ ŝŶ CŚŝŶĂ͕ ƚŚƌŽƵŐŚ ĂŶ ĞŶŐĂŐĞŵĞŶƚ ǁŝƚŚ 
Ă ƐĂůŝĞŶƚ ĞǆĂŵƉůĞ͕ ƚŚĞ ĐĂƐĞ ŽĨ ƚŚĞ ƉŽƉƵůĂƌŝǌĂƚŝŽŶ ŽĨ ƐŽůĂƌ ŚŽƚ ǁĂƚĞƌ ƐǇƐƚĞŵƐ ŝŶ ‘ŝǌŚĂŽ͕ CŚŝŶĂ͘ ‘ĂƚŚĞƌ 
ƚŚĂŶ ůŽŽŬŝŶŐ ƐŽůĞůǇ ŝŶƚŽ ƉƌŽĐĞƐƐĞƐ ŽĨ ĞŶĞƌŐǇ ŐŽǀĞƌŶĂŶĐĞ͕ ǁĞ ƐĞĞŬ ƚŽ ƉĂǇ ĚĞůŝďĞƌĂƚĞ ĂƚƚĞŶƚŝŽŶ ƚŽ ƚŚĞ 
ƐƉĂƚŝĂů ĚŝŵĞŶƐŝŽŶƐ ŽĨ ƵƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ͘ WĞ ĚŽ ƐŽ ďǇ ĚĞǀĞůŽƉŝŶŐ Ă ĨƌĂŵĞǁŽƌŬ ŐƌŽƵŶĚĞĚ ŽŶ 
ŶŽƚŝŽŶ ŽĨ ƌĞůĂƚŝŽŶĂů ƐƉĂĐĞ͕ ĐĂůůĞĚ DŝŵĞŶƐŝŽŶƐ ŽĨ UƌďĂŶ EŶĞƌŐǇ TƌĂŶƐŝƚŝŽŶƐ ;DUETͿ ĨƌĂŵĞǁŽƌŬ͘ 
BƌŝŶŐŝŶŐ ƚŽŐĞƚŚĞƌ ƚŚĞŽƌŝĞƐ ĨƌŽŵ ďŽƚŚ ƚƌĂŶƐŝƚŝŽŶƐ ƐƚƵĚŝĞƐ ĂŶĚ ƵƌďĂŶ ƐƚƵĚŝĞƐ͕ ƚŚŝƐ ĨƌĂŵĞǁŽƌŬ ŵĂŬĞƐ 
ĞǆƉůŝĐŝƚ ŚŽǁ ƌĞůĂƚŝŽŶĂů ƐƉĂĐĞƐ ŝŶĨůƵĞŶĐĞ ƐƵĐŚ ƚƌĂŶƐŝƚŝŽŶƐ ĂůŽŶŐƐŝĚĞ ŽƚŚĞƌ ŬŶŽǁŶ ĨĂĐƚŽƌƐ ŝŶĨůƵĞŶĐŝŶŐ 
ƚƌĂŶƐŝƚŝŽŶƐ ĨƌŽŵ ŝŶĚƵƐƚƌŝĂů ƉŽůŝĐǇ ƚŽ ŐŽǀĞƌŶĂŶĐĞ ƉƌŽĐĞƐƐĞƐ͘ WĞ ĂƉƉůǇ ƚŚŝƐ ĨƌĂŵĞǁŽƌŬ ƚŽ ƐƚƵĚǇ ƚŚĞ 
ĐĂƐĞ ŽĨ ‘ŝǌŚĂŽ͕ Ă ĐĂƐĞ ƐƚƵĚǇ ŽĨ ĂŶ ƵƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶ ŝŶ ƚŚĞ ŵĂŬŝŶŐ͕ ďƵƚ ĂůƐŽ Ă ĐĂƐĞ ŝŶ ǁŚŝĐŚ ƚŚĞ 
ƉŽƉƵůĂƌŝǌĂƚŝŽŶ ŽĨ ƐŽůĂƌ ŚŽƚ ǁĂƚĞƌ ƐǇƐƚĞŵƐ ŚĂƐ ďĞĞŶ ƌĂƉŝĚ͘  

TŚĞ ƌĞŵĂŝŶĚĞƌ ŽĨ ƚŚŝƐ ĂƌƚŝĐůĞ ŝƐ ŽƌŐĂŶŝǌĞĚ ĂƐ ĨŽůůŽǁƐ͘ BƌŝŶŐŝŶŐ ƚŽŐĞƚŚĞƌ ƌĞůĞǀĂŶƚ ƚŚĞŽƌŝĞƐ͕ ƐĞĐƚŝŽŶ Ϯ 
ĚĞůŝŶĞĂƚĞƐ ƚŚĞ ĚŝŵĞŶƐŝŽŶƐ ŽĨ DUET ĨƌĂŵĞǁŽƌŬ͘ TŚŝƐ ĨƌĂŵĞǁŽƌŬ ƐƵƉƉŽƌƚƐ Ă ĐŚĂŶŐĞ ŽĨ ǀŝĞǁ ĨƌŽŵ 
ƚƌĂŶƐŝƚŝŽŶƐ ŝŶ ĐŝƚŝĞƐ ƚŽ ƚƌĂŶƐŝƚŝŽŶƐ ŽĨ ĐŝƚŝĞƐ͕ ƚŚĂƚ ŝƐ͕ ƚƌĂŶƐŝƚŝŽŶƐ ǁŚŝĐŚ ĨƵŶĚĂŵĞŶƚĂůůǇ ƐŚĂƉĞ ƚŚĞ 
ƉƌŽĐĞƐƐĞƐ ŽĨ ĐŚĂŶŐĞ ŝŶ ƚŚĞ ƵƌďĂŶ ĨĂďƌŝĐ͕ ĐŚĂŶŐŝŶŐ ƚŚĞ ƵƌďĂŶ ĨĂďƌŝĐ ŝƚƐĞůĨ͘ “ĞĐƚŝŽŶ ϯ ƉƌŽǀŝĚĞƐ 
ŝŶĨŽƌŵĂƚŝŽŶ ŽŶ ĚĂƚĂ ĐŽůůĞĐƚŝŽŶ ĂŶĚ ŵĞƚŚŽĚƐ͘ TŚĞ ‘ŝǌŚĂŽ ĐĂƐĞ ŝƐ ƚŚĞŶ ƉƌĞƐĞŶƚĞĚ ŝŶ ƐĞĐƚŝŽŶ ϰ͘ 
EŵƉŝƌŝĐĂů ŵĂƚĞƌŝĂůƐ ŝůůƵƐƚƌĂƚĞ ƚŚĞ ƚŚƌĞĞ ĚŝŵĞŶƐŝŽŶƐ ŽĨ ĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶ ŽĨ ƚŚĞ ĐŝƚǇ͕  ĂƐ ǁĞůů ĂƐ ƚŚĞŝƌ 
ĚǇŶĂŵŝĐ ŝŶƚĞƌĂĐƚŝŽŶƐ͘ TŚĞ ƉĂƉĞƌ ŝůůƵƐƚƌĂƚĞƐ ƚŚĞ ŵƵůƚŝĚŝŵĞŶƐŝŽŶĂů ŶĂƚƵƌĞ ŽĨ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ ĂŶĚ ƚŚĞ 
ĐŽŵƉůĞǆ ƌĞůĂƚŝŽŶƐ ďĞƚǁĞĞŶ ƉƌŽĐĞƐƐĞƐ ŽĨ ƵƌďĂŶ ŐŽǀĞƌŶĂŶĐĞ ĂŶĚ ƚĞƌƌŝƚŽƌŝĂů ĂƉƉƌŽƉƌŝĂƚŝŽŶ͘ 

Ϯ͘ TŚĞŽƌĞƚŝĐĂů ĨƌĂŵĞǁŽƌŬ͗ ƚŚĞ DŝŵĞŶƐŝŽŶƐ ŽĨ UƌďĂŶ EŶĞƌŐǇ TƌĂŶƐŝƚŝŽŶƐ ;DUETͿ ĨƌĂŵĞǁŽƌŬ 

Ϯ͘ϭ PůĂĐŝŶŐ ƐŽĐŝŽ-ƚĞĐŚŶŝĐĂů ŝŶŶŽǀĂƚŝŽŶ ǁŝƚŚŝŶ ƚŚĞ ƵƌďĂŶ ĐŽŶƚĞǆƚ͗ ƚŚƌĞĞ ĚŝŵĞŶƐŝŽŶƐ ŽĨ ƵƌďĂŶ ĞŶĞƌŐǇ 
ƚƌĂŶƐŝƚŝŽŶƐ 

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 



 3 

organizations; physical artifacts and the institutions that pose 'the ƌƵůĞƐ ŽĨ ƚŚĞ ŐĂŵĞ͛ ĞŶĂďůĞ ĂŶĚ 
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 Ă ͚cravĞ͛ 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 

͞ƌŚǇƚŚŵŝĐ ŵŝǆĞƐ ŝŶ ĞǀĞƌǇĚĂǇ ůŝĨĞ͘͟ As Bridge et al. (2013) explain ͞ďŽƚŚ ƚŚĞ ƐƵŶŬ ĐŽƐƚƐ ŽĨ ĐĂƉŝƚĂů 
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 

ƌĞůŝĂďŝůŝƚǇ ŽĨ ƐƵƉƉůǇ͕ Žƌ ƚŚĞ ƐŽĐŝĂů ƉƌĂĐƚŝĐĞƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ ĞŶĞƌŐǇ ĐŽŶƐƵŵƉƚŝŽŶͿ͟ ;Ɖ͘ϯϯϴ-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 

Ϯ͘Ϯ MŽǀŝŶŐ ĂǁĂǇ ĨƌŽŵ ͞ƚƌĂŶƐŝƚŝŽŶƐ ŝŶ ĐŝƚŝĞƐ͟ ƚŽǁĂƌĚƐ ͞ƚƌĂŶƐŝƚŝŽŶƐ ŽĨ ĐŝƚŝĞƐ͟ 

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 

ƵŶĚĞƌƐƚĂŶĚŝŶŐƐ ŽĨ ĐŝƚŝĞƐ ĂƐ ĐŽŶƚĂŝŶĞƌƐ ĨŽƌ ƚƌĂŶƐŝƚŝŽŶƐ͕ Ă ƉĞƌƐƉĞĐƚŝǀĞ ŽĨ ͞ƚƌĂŶƐŝƚŝŽŶƐ ŝŶ ĐŝƚŝĞƐ͘͟ IŶƐƚĞĂĚ͕ 
in ͚ƚƌĂŶƐŝƚŝŽŶƐ ŽĨ ĐŝƚŝĞƐ͕͛ ƵƌďĂŶ ƉƌŝŽƌŝƚŝĞƐ ƉůĂǇ Ă ŬĞǇ ƌŽle 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 ͞tƌĂŶƐŝƚŝŽŶƐ ŽĨ ĐŝƚŝĞƐ͕͟ ƚŚƌĞĞ ƚǇƉĞƐ ŽĨ ŝŶƚĞƌĂĐƚŝŽŶƐ ĞŵĞƌŐĞ͘ IŶ ƚŚĞ ďĞŐŝŶŶŝŶŐ ŽĨ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ ŝŶ 
cities, socio-technical experimentation emerges along with the entry of a new technology, inducing a 

series of interactions with urban political processes (see ඹ 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 ය in Fig. 1). Socio-

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

interactions between experimentation and urban processes (see ර 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 

FƌĂŵĞǁŽƌŬ ĐŽŵƉŽŶĞŶƚƐ AƐƉĞĐƚƐ ;ĐŽĚŝŶŐͿ DĞƐĐƌŝƉƚŝŽŶ ŽĨ ŝŶĚŝĐĂƚŽƌƐ 

EŵĞƌŐĞŶĐĞ ĂŶĚ ƐĐĂůŝŶŐ ƵƉ 
ŽĨ ƐŽĐŝŽ-ƚĞĐŚŶŝĐĂů 
ĞǆƉĞƌŝŵĞŶƚĂƚŝŽŶ  
;BĞƌŐĞŬ͕ Ğƚ Ăů͕͘ ϮϬϬϴ͖ 
HĞŬŬĞƌƚ͕ Ğƚ Ăů͕͘ ϮϬϬϳ͖ 
HƵĂŶŐ͕ Ğƚ Ăů͕͘ ϮϬϭϲ͖ NĞŐƌŽ͕ 
Ğƚ Ăů͕͘ ϮϬϬϳͿ 
;DŝŵĞŶƐŝŽŶ ϭ͕ DϭͿ 

EŶƚƌĞƉƌĞŶĞƵƌŝĂů 
ĞǆƉĞƌŝŵĞŶƚĂƚŝŽŶ  
;DϭϭͿ 

PƌŽũĞĐƚ ƐƚĂƌƚĞĚ ǁŝƚŚ ŶĞǁ ƚĞĐŚŶŽůŽŐǇ͖ NĞǁ ĞŶƚƌĂŶƚƐ 

KŶŽǁůĞĚŐĞ 
ĚĞǀĞůŽƉŵĞŶƚ 

ĂŶĚ ĚŝĨĨƵƐŝŽŶ ;DϭϮͿ 

‘ΘD ƉƌŽũĞĐƚƐ͕ ŝŶǀĞƐƚŵĞŶƚ ŝŶ ‘ΘD͖  
WŽƌŬƐŚŽƉƐ ĂŶĚ ĐŽŶĨĞƌĞŶĐĞƐ͖ JŽŝŶƚ ƌĞƐĞĂƌĐŚ ƉƌŽũĞĐƚƐ͘ 

GƵŝĚĂŶĐĞ ŽĨ ƚŚĞ 
ƐĞĂƌĐŚ ;DϭϯͿ 

‘ĞŐƵůĂƚŝŽŶƐ͕ ŐŽĂůƐ ĂŶĚ ƚĂƌŐĞƚƐ͖ EƐƚĂďůŝƐŚŵĞŶƚ ŽĨ 
ĨƵŶĚŝŶŐ ƉƌŽŐƌĂŵƐ͘ 

NŝĐŚĞ ŵĂƌŬĞƚ 
ĨŽƌŵĂƚŝŽŶ ;DϭϰͿ 

NŝĐŚĞ ŵĂƌŬĞƚƐ ĨŽƌŵĞĚ͖ DƌŝǀĞƌƐ ŽĨ ŵĂƌŬĞƚ ĨŽƌŵĂƚŝŽŶ 
;Ğ͘Ő͘ ƐƉĞĐŝĨŝĐ ĨĂǀŽƌĂďůĞ ƚĂǆ ƌĞŐŝŵĞƐͿ 

‘ĞƐŽƵƌĐĞƐ 
ŵŽďŝůŝǌĂƚŝŽŶ ;DϭϱͿ 

GĞŶĞƌĂů ůŽĐĂů ƌĞƐŽƵƌĐĞƐ ;Ğ͘Ő͘ ĐĂƉŝƚĂů ĂŶĚ ŚƵŵĂŶ 
ƌĞƐŽƵƌĐĞƐͿ͖ EǆƚĞƌŶĂů ƌĞƐŽƵƌĐĞƐ ŝŶĨůŽǁ 

CƌĞĂƚŝŽŶ ŽĨ ůĞŐŝƚŝŵĂĐǇ 
;DϭϲͿ 

AƚƚŝƚƵĚĞƐ ƚŽǁĂƌĚƐ ƚŚĞ ƚĞĐŚŶŽůŽŐǇ ĂŵŽŶŐ ĚŝĨĨĞƌĞŶƚ 
ƐƚĂŬĞŚŽůĚĞƌƐ͖ ‘ŝƐĞ ĂŶĚ ĞǆƚĞŶƚ ŽĨ ŝŶƚĞƌĞƐƚ ŐƌŽƵƉƐ ĂŶĚ 
ƚŚĞŝƌ ĂĐƚŝǀŝƚŝĞƐ 

‘ĞƉƌŽĚƵĐƚŝŽŶ ŽĨ ƵƌďĂŶ 
ƉŽůŝƚŝĐĂů ƉƌŽĐĞƐƐĞƐ  

UƌďĂŶ ŵĂƚĞƌŝĂů 
ƉŽůŝƚŝĐƐ ;DϮϭͿ 

PŽůŝƚŝĐƐ ŽĨ ĐŚĂŶŐĞ ŽĨ ƵƌďĂŶ ƐƉĂƚŝĂů ƐƚƌƵĐƚƵƌĞ Žƌ 
ƉŚǇƐŝĐĂů ůĂŶĚƐĐĂƉĞ 
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;BƵůŬĞůĞǇ͕ Ğƚ Ăů͕͘ ϮϬϭϰ͖ 
BƵƌŐĂůĂƐƐŝ ĂŶĚ LƵǌǌĂƚŝ͕ 
ϮϬϭϱ͖ ĚĞ VƌŝĞƐ͕ Ğƚ Ăů͕͘ ϮϬϭϮ͖ 
‘ƵƚŚĞƌĨŽƌĚ ĂŶĚ CŽƵƚĂƌĚ͕ 
ϮϬϭϰͿ 
;DŝŵĞŶƐŝŽŶ Ϯ͕ DϮͿ 

PƌŽĐĞƐƐĞƐ ŽĨ 
ĐŽŶƚĞƐƚĂƚŝŽŶ 

;DϮϮͿ 

LŽĐĂů ƉŽůŝƚŝĐĂů ĚŝƐĐŽƵƌƐĞ͖ CŽŶƚĞƐƚŝŶŐ ĂŶĚ ĐŽŶĨůŝĐƚŝŶŐ 
ƉŽǁĞƌ ƌĞůĂƚŝŽŶƐ ĂĐƌŽƐƐ ĐŝƚǇ 

‘ĞƉƌŽĚƵĐƚŝŽŶ ŽĨ 
ƵƌďĂŶ ƌĞŐŝŵĞƐ ;DϮϯͿ 

PƌĂĐƚŝĐĞƐ ŽĨ Ă ƌĂŶŐĞ ŽĨ ƵƌďĂŶ ĂĐƚŽƌƐ ;Ğ͘Ő͘ ĞǀĞƌǇĚĂǇ 
ƉƌĂĐƚŝĐĞƐ ŽĨ ƌĞƐŝĚĞŶƚƐ͖ ŐŽǀĞƌŶŵĞŶƚ ŝŶƚĞƌǀĞŶƚŝŽŶƐͿ͖ 
MƵůƚŝ-ůĞǀĞů ŐŽǀĞƌŶĂŶĐĞ 

“ŽĐŝŽ-ƐƉĂƚŝĂů 
ƌĞĐŽŶĨŝŐƵƌĂƚŝŽŶƐ 

;BŽƐĐŚŵĂ͕ ϮϬϬϱ͖ BƌŝĚŐĞ͕ Ğƚ 
Ăů͕͘ ϮϬϭϯ͖ CŽĞŶĞŶ͕ Ğƚ Ăů͕͘ 
ϮϬϭϬ͖ NĞĨĨŬĞ͕ Ğƚ Ăů͕͘ ϮϬϭϭ͖ 
TĞƌ WĂů ĂŶĚ BŽƐĐŚŵĂ͕ ϮϬϭϭ͖ 
TƌƵĨĨĞƌ ĂŶĚ CŽĞŶĞŶ͕ ϮϬϭϮͿ 
;DŝŵĞŶƐŝŽŶ ϯ͕ DϯͿ 

TĞƌƌŝƚŽƌŝĂů ƉƌŽǆŝŵŝƚǇ 
;DϯϭͿ 

LŽĐĂƚŝŽŶĂů ƉƌŽǆŝŵŝƚǇ͖ CŽŐŶŝƚŝǀĞ ƉƌŽǆŝŵŝƚǇ͖ 
IŶƐƚŝƚƵƚŝŽŶĂů ƉƌŽǆŝŵŝƚǇ 

IŶĚƵƐƚƌǇ ƌĞůĂƚĞĚŶĞƐƐ 
ĂŶĚ ƐƉĂƚŝĂů ĐůƵƐƚĞƌŝŶŐ 
;DϯϮͿ 

TŚĞ ƌĞůĂƚĞĚŶĞƐƐ ďĞƚǁĞĞŶ ƚŚĞ ƉƌĞĞǆŝƐƚŝŶŐ ŝŶĚƵƐƚƌŝĞƐ 
;ƌĞŐŝŽŶĂů ŝŶĚƵƐƚƌŝĂů ďĂƐĞͿ ĂŶĚ Ă ŶĞǁ ŝŶĚƵƐƚƌǇ͖ 
GĞŽŐƌĂƉŚŝĐĂů ĂŐŐůŽŵĞƌĂƚŝŽŶ ŽĨ ƚŚĞ ŝŶĚƵƐƚƌǇ 

“ŽĐŝŽ-ƐƉĂƚŝĂů 
ĞŵďĞĚĚĞĚŶĞƐƐ ĂŶĚ 
ƉĂƚŚ ĚĞƉĞŶĚĞŶĐǇ 

;DϯϯͿ 

VŽůƵŵĞ ŽĨ ƐƵŶŬ ĐŽƐƚƐ ŽĨ ĐĂƉŝƚĂů ŝŶǀĞƐƚŵĞŶƚ͖  
PůĂĐĞ-ďĂƐĞĚ ĐƵůƚƵƌĞƐ ŽĨ ĐŽŶƐƵŵƉƚŝŽŶ ĂŶĚ ƉƌĂĐƚŝĐĞƐ 

ϯ͘ “ƚƵĚǇ ĂƌĞĂ͕ ŵĂƚĞƌŝĂů ĂŶĚ ŵĞƚŚŽĚƐ 

 

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. Instead͕ CŚŝŶĂ͛Ɛ “WH ŵĂƌŬĞƚ ĚĞŵŽŶƐƚƌĂƚĞƐ Ă ďŽƚƚŽŵ-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, 

ĂƌĞ ĚĞĞƉůǇ ŝŶƚĞƌƚǁŝŶĞĚ ǁŝƚŚ ƵƌďĂŶ ƌĞƐŝĚĞŶƚƐ͛ ĞǀĞƌǇĚĂǇ ůŝĨĞ͘ TŚŝƐ ĞŶĂďůĞƐ ƵƐ ƚŽ ůŽŽŬ ĚĞĞƉĞƌ ŝŶƚŽ ƚŚĞ 
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 ‘ŝǌŚĂŽ “ƚĂƚŝƐƚŝĐĂů YĞĂƌďŽŽŬ͕ ϮϬϭϲ 
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HƵĂŶŐ Ğƚ Ăů͛͘Ɛ ;ϮϬϭϲͿ ƉƌŽĐĞƐƐ ĂŶĂůǇƐŝƐ ŵĞƚŚŽĚ, 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. TŚĞƌĞŝŶ͕ ƚŚĞ ĞǀĞŶƚ ŚŝƐƚŽƌǇ ĂŶĂůǇƐŝƐ ŵĂŝŶůǇ ĂŶƐǁĞƌƐ ƚŚĞ ͚ǁŚĂƚ͛-
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,  eǀĞŶƚ ŚŝƐƚŽƌǇ ĂŶĂůǇƐŝƐ ĂŶƐǁĞƌƐ ƚŚĞ ͚ǁŚĂƚ͛-type 

questions, and semi-structured ŝŶƚĞƌǀŝĞǁƐ ĂĚĚƌĞƐƐ ƚŚĞ ͚ǁŚǇ͛ ĂŶĚ ͚ŚŽǁ͛-type questions. 

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

events as possible, includŝŶŐ Ă ƉƌŽĨĞƐƐŝŽŶĂů ũŽƵƌŶĂů ƚŚĂƚ ƐƉĞĐŝĂůŝǌĞƐ ŝŶ ƐŽůĂƌ ŝŶĚƵƐƚƌǇ ;͞“ŽůĂƌ VŝƐŝŽŶ͟Ϳ͕ Ă 
national press publication ƚŚĂƚ ƌĞƉŽƌƚƐ ŽŶ ŐĞŶĞƌĂů ĞǀĞŶƚƐ ƌĞůĂƚĞĚ ƚŽ “WH ĚĞǀĞůŽƉŵĞŶƚ ;͞“ŽůĂƌ 
EŶĞƌŐǇ͟Ϳ͕ ĂŶĚ ƚŚƌĞĞ ůŽĐĂů ƉƌĞƐƐĞƐ ƚŚĂƚ ĨŽĐƵƐ ŽŶ ƉƌŽǀŝŶĐŝĂů ĂŶĚ ƵƌďĂŶ ĞǀĞŶƚƐ ;͞JŝŶĂŶ DĂŝůǇ͕͟ ͞JŝŶĂŶ 
TŝŵĞƐ͟ ĂŶĚ ͞ǁǁǁ͘ƌǌǁ͘ĐŽŵ͘ĐŶ͟Ϳ͘ TŚĞ ŵƵůƚŝ-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, ŵŝŐŚƚ ƉůĂǇ ĂŶ ŝŵƉŽƌƚĂŶƚ ƌŽůĞ͘ ͞“ŽůĂƌ VŝƐŝŽŶ͟ ŝƐ ƚŚĞ ŽŶůǇ 
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 ĞǀĞƌǇ ŝƐƐƵĞ ŽĨ ͞“ŽůĂƌ VŝƐŝŽŶ͟ ƉƵďůŝƐŚĞĚ ĨƌŽŵ ϮϬϬϵ ƚŽ ϮϬϭϲ͕ we 

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

published ŝŶ ͞“ŽůĂƌ EŶĞƌŐǇ͟ from 1991 to 2016. We also review 1788 news (2007-ϮϬϭϲͿ ĨƌŽŵ ͞JŝŶĂŶ 
DĂŝůǇ͟ ĂŶĚ ͞JŝŶĂŶ TŝŵĞƐ͟ ĂŶĚ ϭϱϱ ŶĞǁƐ ;ϮϬϭϯ-FĞď͘ϮϬϭϳͿ ĨƌŽŵ ͞ǁǁǁ͘ƌǌǁ͘ĐŽŵ͘ĐŶ͟ ƚŚĂƚ ƌĞƉŽƌƚ ŽŶ 
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  

ϰ͘ TŚĞ ƐƵŶ ƐŚŝŶĞƐ ŽŶ RŝǌŚĂŽ͗ Ă ĐĂƐĞ ƐƚƵĚǇ ŽĨ ƚŚĞ ƉŽƉƵůĂƌŝǌĂƚŝŽŶ ŽĨ ƐŽůĂƌ ŚŽƚ ǁĂƚĞƌ ƐǇƐƚĞŵƐ 

ϰ͘ϭ TŚĞ ĞŵĞƌŐĞŶĐĞ ĂŶĚ ƐƉƌĞĂĚ ŽĨ ƐŽĐŝŽ-ƚĞĐŚŶŝĐĂů ĞǆƉĞƌŝŵĞŶƚĂƚŝŽŶ 

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 ĂƚƚƌĂĐƚ ƉĞŽƉůĞ͛Ɛ 
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 ŝŶ ƚŚĞ ĞĂƌůǇ ƐƚĂŐĞ ŽĨ ĚĞǀĞůŽƉŵĞŶƚ͕ a 

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

Rizhao and some ƌĞƐŝĚĞŶƚƐ ƐƚĂƌƚĞĚ ƚŽ ĞŵďƌĂĐĞ ƚŚĞ ŶĞǁ ƚĞĐŚŶŽůŽŐǇ. 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-ĐĂůůĞĚ ͞ĐŽŶƐƚƌƵĐƚŝŽŶ ƉƌŽũĞĐƚ 
ŵĂƌŬĞƚ͟ ;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 ͞“ŽůĂƌ VŝƐŝŽŶ͕͟  ŝƐƐƵĞ ϱϮ͕ ϲϴ͘ 
6 ͞“ŽůĂƌ VŝƐŝŽŶ͕͟  ŝƐƐƵĞ ϱϯ͕ ϮϬ-Ϯϭ͘ 
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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.  

ϰ͘Ϯ RĞƉƌŽĚƵĐƚŝŽŶ ŽĨ ƵƌďĂŶ ƉŽůŝƚŝĐĂů ƉƌŽĐĞƐƐĞƐ ĂƌŽƵŶĚ “WH ĚĞǀĞůŽƉŵĞŶƚ 

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 

ĂƐ ŽŶĞ ŽĨ ƚŚĞ ŵƵŶŝĐŝƉĂů ŐŽǀĞƌŶŵĞŶƚ͛Ɛ ƐƚƌĂƚĞŐŝĐ ƉůĂŶƐ9
 (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 

ŐŽǀĞƌŶŵĞŶƚƐ͛ ƉŽŝŶƚ ŽĨ ǀŝĞǁ͕ ƚŚĞƐĞ ƵŶƌĞŐƵůĂƚĞĚ “WHƐ ŶŽƚ ŽŶůǇ 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 ŽĨ JƵ CŽƵŶƚǇ ǁĞŶƚ ƚŽ HŝŵŝŶ͛Ɛ ƉƌŽĚƵĐƚŝŽŶ ďĂƐĞ ŝŶ DĞǌŚŽƵ 
city, where he saw for the first time the building-integrated SWH installed in dormitory buildings 

                                                 
7 ͞“ŽůĂƌ VŝƐŝŽŶ͕͟  ŝƐƐƵĞ ϱϮ͕ ϳϬ-ϳϭ͘ 
8 ŚƚƚƉ͗ͬͬǁǁǁ͘ŵƵǇĂŶŐƚǇŶ͘ĐŽŵͬĐĂƐĞͺĚĞƚĂŝůͬŶĞǁƐIĚсϵϮ͘Śƚŵů  
9 ŚƚƚƉ͗ͬͬŝŶŚĂďŝƚĂƚ͘ĐŽŵͬƌŝǌŚĂŽ-ƚŚĞ-ƐƵŶƐŚŝŶĞ-ĐŝƚǇͬ  

http://www.muyangtyn.com/case_detail/newsId=92.html
http://inhabitat.com/rizhao-the-sunshine-city/
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(D11 -> D23). Inspired by HŝŵŝŶ͛Ɛ 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 ƌĞŐƵůĂƌ ĐŽŶĨĞƌĞŶĐĞ ƐƵŵŵĂƌǇ ĂƐ ͞the mandatorry installation regulation of 

building-integrated SWH in newly-built residential buildings͟ (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 ͞ĐŽŶƐƚƌƵĐƚŝŽŶ ƉƌŽũĞĐƚ ŵĂƌŬĞƚ͟ (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. 

ϰ͘ϯ TŚĞ ƚĞƌƌŝƚŽƌŝĂů ƐŽĐŝŽ-ƐƉĂƚŝĂů ;ƌĞͿĐŽŶĨŝŐƵƌĂƚŝŽŶƐ ĂƐ ďŽƚŚ ŵĞĚŝƵŵ ĂŶĚ ŽƵƚĐŽŵĞ ŽĨ ĞŶĞƌŐǇ 
ƚƌĂŶƐŝƚŝŽŶƐ 

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 

ĂƌĞ ůŝŬĞůǇ ƚŽ ŽĐĐƵƌ ;ƐĞĞ ĨŽƌ ŝŶƐƚĂŶĐĞ ƚŚĞ ĨŽƌŵƵůĂƚŝŽŶ ŽĨ JƵ ĐŽƵŶƚǇ͛Ɛ ŵĂŶĚĂƚŽƌǇ ƌĞŐƵůĂƚŝŽŶ ƉŽůŝĐŝĞƐ 
ŝŶƐƉŝƌĞĚ ďǇ HŝŵŝŶ͛Ɛ experimentation on building-integrated SWH) (D31 -> D23).  

MŽƌĞŽǀĞƌ͕ ƚŚĞ ƉĞŶĞƚƌĂƚŝŽŶ ŽĨ “WH ƚĞĐŚŶŽůŽŐǇ ŝŶƚŽ ůŽĐĂů ƉĞŽƉůĞ͛Ɛ ĞǀĞƌǇĚĂǇ ůŝĨĞ ŽƌŝŐŝŶĂƚĞd from 

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

tradition and culture (D31)͘ ‘ŝǌŚĂŽ CŝƚǇ͛Ɛ ŶĂŵĞ (͞ᰕ➗͟Ϳ follows an old Chinese saying that it is the 

place illuminated by the first rays of the sun ;͞ᰕࠪݸݹࡍ➗͟Ϳ͘ ‘ŝǌŚĂŽ ŚĂƐ Ă ůŽŶŐ ŚŝƐƚŽƌǇ ŽĨ ƚŚĞ ͚“ƵŶ 
WŽƌƐŚŝƉ CƵůƚƵƌĞ͕͛ ĂŶĚ ŝƐ ŽŶĞ ŽĨ ƚŚĞ ǁŽƌůĚΖƐ ĨŝǀĞ ƐƵŶ ǁŽƌƐŚŝƉ ĐƵůƚƵƌĞ ŽƌŝŐŝŶƐ11

. 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. 

IŶ ƚŚĞ ĐĂƐĞ ŽĨ ‘ŝǌŚĂŽ͕ ƐŽĐŝŽ-ƐƉĂƚŝĂů ƌĞĐŽŶĨŝŐƵƌĂƚŝŽŶƐ ŵĂŝŶůǇ ŵĂŶŝĨĞƐƚ ŝŶ ƚŚĞ ĨŽƌŵĂƚŝŽŶ ŽĨ ŝŶĚƵƐƚƌǇ 
ĐůƵƐƚĞƌƐ ĂŶĚ ƚŚĞ 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 ŚƚƚƉ͗ͬͬǁǁǁ͘ƌǌ͘ŐŽǀ͘ ĐŶͬǁƐǌĨͬǌǆǁũͬϮϬϬϳϬϵϮϳϬϵϬϰϱϮ͘Śƚŵ  
11 ŚƚƚƉ͗ͬͬƚĂůŬ͘ƌǌǁ͘ĐŽŵ͘ĐŶͬǁĞŶŚƵĂͬϮϬϭϯͬϬϭϮϭͬϭϬϳϱϴϮ͘ƐŚƚŵů  
12 ŚƚƚƉ͗ͬͬŶĞǁĞŶĞƌŐǇ͘ŝŶ-ĞŶ͘ĐŽŵͬŚƚŵůͬŶĞǁĞŶĞƌŐǇ-ϭϭϳϬϰϳϳ͘ƐŚƚŵů  

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). ‘ĞƐŝĚĞŶƚƐ͛ ĚĂŝůǇ 
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, 

ĂŶĚ ŝƚ ŝƐ ĞǀĞŶ ůŝƐƚĞĚ ĂƐ ŽŶĞ ŽĨ ƚŚĞ ͞ŵƵƐƚ-ŚĂǀĞ ŝƚĞŵƐ͟ ĨŽƌ Ă ŵĂƌƌŝĂŐĞ͕ ũƵƐƚ ĂƐ color TV and washing 

machines
13

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

ƌĞƐŝĚĞŶƚƐ͛ ĐŽŶƐƵŵƉƚŝŽŶ ĐƵůƚƵƌĞ ĂŶĚ ƚŚĞ ĞŵďĞĚĚĞĚŶĞƐƐ ŽĨ ƐŽůĂƌ ĞŶĞƌŐǇ ŝŶƚŽ ƚŚĞ ůŽĐĂů ĐŽŶƚĞǆƚƐ͘  

 

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

ϰ͘ϰ EǀŽůǀŝŶŐ ĐŽŶĨůŝĐƚƐ ĂŶĚĂůŝŐŶŵĞŶƚƐ ďĞƚǁĞĞŶ ŝŶĚƵƐƚƌǇ ŝŶƚĞƌĞƐƚƐ ĂŶĚ ƵƌďĂŶ ƉƌŝŽƌŝƚŝĞƐ 

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 ŝŶ ‘ŝǌŚĂŽ͛Ɛ ƚƌĂŶƐŝƚŝŽŶƐ ƚŽǁĂƌĚƐ ƐƵƐƚĂŝŶĂďŝůŝƚǇ.  

During the early phase of SWH industry development, the industry͛Ɛ 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 

ůŽĐĂů ŐŽǀĞƌŶŵĞŶƚ͛Ɛ ƌŽůĞ ŝŶ ƚŚĞ ŝŵƉůĞŵĞŶƚĂƚŝŽŶ ŽĨ “WHƐ͘ “ŚŽƌƚůǇ ĂĨƚĞƌ ŚŝƐ ĂƉƉŽŝŶƚŵĞŶƚ͕ ƚŚĞ ŵƵŶŝĐŝƉĂů 
ŐŽǀĞƌŶŵĞŶƚ ƉƵďůŝƐŚĞĚ ƚŚĞ ͞Eco-city Construction Plan of Rizhao͘͟ 

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 ŚƚƚƉ͗ͬͬǁǁǁ͘ŐŽǀ͘ ĐŶͬũƌǌŐͬϮϬϬϴ-ϬϵͬϮϬͬĐŽŶƚĞŶƚͺϭϭϬϬϳϲϱ͘Śƚŵ  

http://www.gov.cn/jrzg/2008-09/20/content_1100765.htm
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of the UN Prize. Since winning of the UN award, urban policy-makers in Rizhao showed strong 

interest in the development of SWH and ƚŚĞ ŵƵŶŝĐŝƉĂů ŐŽǀĞƌŶŵĞŶƚ͛Ɛ ƌŽůĞ ĞǀŽůǀĞĚ ĨƌŽŵ ƉĂƐƐŝǀĞ 
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 ƚŚĞ ƐŚŝĨƚ ŽĨ 
ŐŽǀĞƌŶŵĞŶƚ ĂƚƚŝƚƵĚĞ ĨƌŽŵ ŝŶĚŝĨĨĞƌĞŶĐĞ ƚŽ ĞŶŐĂŐĞŵĞŶƚ ĂŶĚ the formation of specific alignment 

between urban priorities and SWH industry interests, ǁŚŝĐŚ ŚĞůƉĞĚ ƚŽ ƌĞƐŽůǀĞ ƚŚĞ ƉƌĞǀŝŽƵƐ ĐŽŶĨůŝĐƚƐ 
ďĞƚǁĞĞŶ ŝŶĚƵƐƚƌǇ ŝŶƚĞƌĞƐƚƐ ĂŶĚ ƵƌďĂŶ ƉƌŝŽƌŝƚŝĞƐ. 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 

͞ĐŽŶƐƚƌƵĐƚŝŽŶ ƉƌŽũĞĐƚ ŵĂƌŬĞƚ͟, 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 ͞The 

Mission Decomposition Scheme for Accelerating the Application of Solar-thermal Systems͕͟ 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 

ĐŽŵƉĞƚŝƚŝŽŶ ďĞƚǁĞĞŶ ĞŶƚĞƌƉƌŝƐĞƐ ĂŶĚ ƚŚĞ ƉŚĞŶŽŵĞŶŽŶ ŽĨ ͞ďad money drives out good͟ (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.  

ϱ͘ CŽŶĐůƵƐŝŽŶ 

UƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ ĐŽŶƐŝƐƚ ŽĨ ƐƵƐƚĂŝŶĞĚ ĂŶĚ ĐŽŶƚŝŶƵŽƵƐ ƉƌŽĐĞƐƐĞƐ͘ “ŽĐŝŽ-ƚĞĐŚŶŝĐĂů ĂƉƉƌŽĂĐŚĞƐ 
;ƐƵĐŚ ĂƐ TI“Ϳ ŚĂǀĞ ďĞĞŶ ƵƐĞĚ ƚŽ ůŽŽŬ Ăƚ ƵƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ ;NĞŐƌŽ͕ Ğƚ Ăů͕͘ ϮϬϭϮ͖ TƵƌŶŚĞŝŵ ĂŶĚ 
GĞĞůƐ͕ ϮϬϭϮͿ͘ IŶ ƌĞůĂƚŝŽŶ ƚŽ ƚŚĞ DUET ĨƌĂŵĞǁŽƌŬ͕ ƚŚĞǇ ŵĂŝŶůǇ ĞŵƉŚĂƐŝǌĞ ŽďƐĞƌǀĂƚŝŽŶƐ ŽĨ ŝŶŶŽǀĂƚŝŽŶ 
ƉƌŽĐĞƐƐĞƐ ĂŶĚ ƐŽĐŝŽ-ƚĞĐŚŶŝĐĂů ĞǆƉĞƌŝŵĞŶƚĂƚŝŽŶ ŝŶ ƚŚĞ ĐŝƚǇ͘  TŚĞǇ ƐƚƌƵŐŐůĞ ƚŽ ƌĞĐŽŐŶŝǌĞ ƚŚĞ ĐŝƚǇ ĂƐ Ă 
ƉƌŽĐĞƐƐ ŝŶ-ƚŚĞ-ŵĂŬŝŶŐ͘ MŽƌĞŽǀĞƌ͕  ƐůŝĐŬ ƌĞƉƌĞƐĞŶƚĂƚŝŽŶƐ ŽĨ ƵƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ ŵĂǇ ŽǀĞƌůŽŽŬ ƚŚĞ 
ŵĞƐƐǇ ŝŶƚĞƌĂĐƚŝŽŶƐ ďĞƚǁĞĞŶ ĂĐƚŝǀĞ ƉƌŽĐĞƐƐĞƐ ŽĨ ĞǆƉĞƌŝŵĞŶƚĂƚŝŽŶ ĂŶĚ ƚŚĞ ĚǇŶĂŵŝĐƐ ƚŚĂƚ ĞŵĞƌŐĞ ŝŶ 
ƚŚĞ ůŽĐĂů ĐŽŶƚĞǆƚƐ͘ MĂŶǇ ƐŝƚƵĂƚĞĚ ƉƌŽĐĞƐƐĞƐ ŽĨ ƵƌďĂŶ ĐŚĂŶŐĞ ƉůĂǇ Ă ƌŽůĞ ŝŶ ƵƌďĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ 
ƌĞŐĂƌĚůĞƐƐ ŽĨ ǁŚĞƚŚĞƌ ƚŚĞǇ ĂƌĞ ĚĞůŝďĞƌĂƚĞ Žƌ ŶŽƚ͘  

IŶ ƚŚŝƐ ƉĂƉĞƌ ǁĞ ƉƌŽƉŽƐĞ ƚŚĞ DUET ĨƌĂŵĞǁŽƌŬ ĂƐ Ă ŵĞĂŶƐ ƚŽ ƉůĂĐĞ ƐŽĐŝŽ-ƚĞĐŚŶŝĐĂů ŝŶŶŽǀĂƚŝŽŶƐ ǁŝƚŚŝŶ 
ĂŶ ƵƌďĂŶ ĐŽŶƚĞǆƚ͘ TŚĞ DUET ĨƌĂŵĞǁŽƌŬ ďŽƚŚ ĂĐŬŶŽǁůĞĚŐĞƐ ĂŶĚ ŵĂŬĞƐ ĞǆƉůŝĐŝƚ ƚŚĞ ŵƵƚƵĂů 
ĚĞƉĞŶĚĞŶĐĞ ŽĨ ƵƌďĂŶ ƉŽůŝƚŝĐĂů ƉƌŽĐĞƐƐĞƐ ĂŶĚ ƐŽĐŝŽ-ƚĞĐŚŶŝĐĂů ŝŶŶŽǀĂƚŝŽŶƐ͘ TĞƌƌŝƚŽƌŝĂů ƐŽĐŝŽ-ƐƉĂƚŝĂů 
ĂƌƌĂŶŐĞŵĞŶƚƐ ĂƌĞ ƌĞŐĂƌĚĞĚ ĂƐ ďŽƚŚ ĐŽŶƚĞǆƚƵĂů ĞŶĂďůŝŶŐ ĨĂĐƚŽƌƐ ĂŶĚ ƐŽĐŝŽ-ƐƉĂƚŝĂů ŵĂŶŝĨĞƐƚĂƚŝŽŶƐ ŽĨ 
ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶƐ͘  

TŚĞ ĐĂƐĞ ŽĨ ‘ŝǌŚĂŽ ŝůůƵƐƚƌĂƚĞƐ ƚŚĞ ĚŝŵĞŶƐŝŽŶƐ ŽĨ ƚŚĞ DUET ĨƌĂŵĞǁŽƌŬ͘ “ŽĐŝŽ-ƚĞĐŚŶŝĐĂů 
ĞǆƉĞƌŝŵĞŶƚĂƚŝŽŶ ĂŶĚ ƵƌďĂŶ ƉŽůŝƚŝĐĂů ƉƌŽĐĞƐƐĞƐ ĐŽ-ĞǀŽůǀĞ ŝŶ Ă ŚŝŐŚůǇ ĚǇŶĂŵŝĐ ƚƌĂŶƐŝƚŝŽŶĂů ƚƌĂũĞĐƚŽƌǇ ŝŶ 
‘ŝǌŚĂŽ͘ “ŽĐŝŽ-ƚĞĐŚŶŝĐĂů ĐŚĂŶŐĞƐ ƌĞŝŶĨŽƌĐĞ ĂŶĚ ƚƌĂŶƐĨŽƌŵ ĞǆŝƐƚŝŶŐ ƵƌďĂŶ ŝŶƐƚŝƚƵƚŝŽŶĂů ĂŶĚ ŐŽǀĞƌŶĂŶĐĞ 
ĂƌƌĂŶŐĞŵĞŶƚƐ͘ WŝƚŚ ŝƚƐ ŝŶĐƌĞĂƐŝŶŐ ƉŽƉƵůĂƌŝƚǇ͕  ƚŚĞ “WH ƚĞĐŚŶŽůŽŐǇ ǁĂƐ ĞŵďĞĚĚĞĚ ŝŶ ƚŚĞ ƵƌďĂŶ ďƵŝůƚ 
ĞŶǀŝƌŽŶŵĞŶƚ͘ TŚŝƐ ĨŽƐƚĞƌĞĚ Ă ƐŝŵƵůƚĂŶĞŽƵƐ ƉƌŽĐĞƐƐ ŽĨ ůĞĂƌŶŝŶŐ ĂŶĚ ĂĚĂƉƚĂƚŝŽŶ ĂŵŽŶŐ ůŽĐĂů 
ŝŶƐƚŝƚƵƚŝŽŶƐ ĂŶĚ ĐŽŶƚĞƐƚĂƚŝŽŶ ĂŵŽŶŐ ĚŝĨĨĞƌĞŶƚ ƵƌďĂŶ ĂĐƚŽƌƐ͘ PĂƚŚǁĂǇƐ ƚŽǁĂƌĚƐ ƚŚĞ ƵƌďĂŶ ĞŶĞƌŐǇ 
ƚƌĂŶƐŝƚŝŽŶ ĂƌĞ ƐŝŵƵůƚĂŶĞŽƵƐůǇ ŝŶĨůƵĞŶĐĞĚ ďǇ ƚŚƌĞĞ-ĚŝŵĞŶƐŝŽŶĂů ƉƌŽĐĞƐƐĞƐ͘ TŚĞ ŬĞǇ ƋƵĞƐƚŝŽŶ ŝƐ ŝĨ 
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ŝŶĚƵƐƚƌǇ ŝŶƚĞƌĞƐƚƐ ĐŽŶĨůŝĐƚ Žƌ ĂůŝŐŶ ǁŝƚŚ ƚĞƌƌŝƚŽƌǇ ƉƌŝŽƌŝƚŝĞƐ͕ ǁŚŝĐŚ ĂƌĞ ĂůƐŽ ƐƵďũĞĐƚ ƚŽ ĐŚĂŶŐĞƐ ĂůŽŶŐ 
ǁŝƚŚ ƚŚĞ ƌĞƉƌŽĚƵĐƚŝŽŶ ŽĨ ƵƌďĂŶ ƉŽůŝƚŝĐĂů ƉƌŽĐĞƐƐ͘ 

OǀĞƌĂůů͕ ƚŚƌŽƵŐŚ ƚŚĞ ‘ŝǌŚĂŽ ĐĂƐĞ͕ ƚŚĞ DUET ĨƌĂŵĞǁŽƌŬ ŚĂƐ ƉƌŽǀĞĚ ƚŽ ďĞ Ă ƐǇƐƚĞŵĂƚŝĐ ĂŶĂůǇƚŝĐĂů ƚŽŽů 
ƚŽ ƌĞǀĞĂů ƚŚĞ ŵƵůƚŝƉůĞ ĚŝŵĞŶƐŝŽŶƐ ŽĨ ĂŶ ĞŶĞƌŐǇ ƚƌĂŶƐŝƚŝŽŶ ŽĨ ƚŚĞ ĐŝƚǇ͘ TŚŝƐ ŵƵůƚŝ-ĚŝŵĞŶƐŝŽŶĂů 
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