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This  article reviews  the current debate in Taiwan o ver the future o f nuclear po wer in the co untry’s  energy mix. Rather than debate a
pro - o r anti-nuclear s tance, the autho rs  develo p the argument that Taiwan has  mo re to  gain in pro mo ting renewable energy
indus tries  than in s ticking with the nuclear o ptio n, bo th in terms  o f energy security and o f building expo rt platfo rms  fo r to mo rro w.
Taiwan is  jus tif iably pro ud o f its  achievement in building three ‘pillar indus tries ’ in semico nducto rs , flat panel displays  and PCs . No w
it sho uld be getting ready to  add a fo urth pillar indus try, o f co mparable success   –  co ncentrated so lar po wer (CSP) plants , so lar PV,
wind po wer, and wider renewable energy so urces  indus try – utiliz ing all the ins titutio nal and entrepreneurial s trategies  perfected in
Taiwan’s  earlier develo pment.

Int ro duct io n

Taiwan is  presently wracked by debate o ver the pro spect o f a referendum o n the co untry’s  Fo urth Nuclear Po wer facility, currently
under co ns tructio n but subject to  a ban o n further wo rks . The debate is  fo cused o n the risks  o f nuclear po wer o n an earthquake-
pro ne is land (with reference to  the Fukushima disas ter in Japan) and the suppo sed co s t o f mo ving o ff a nuclear trajecto ry in terms
o f electricity prices  and reliability o f supply. It has  also  beco me s ide-tracked by a lo ng debate o ver the legalities  o f the referendum
pro cess  in Taiwan, and whether the present go vernment is  to  be trus ted in the framing o f the referendum ques tio n(s ).

What is  miss ing in this  debate is  the reco gnitio n that Taiwan has  mo re to  gain in pro mo ting renewable energy indus tries  than in
s ticking with the nuclear o ptio n, bo th in terms  o f energy security and in terms  o f creating jo bs  and building expo rt platfo rms  fo r
to mo rro w. Taiwan is  jus tif iably pro ud o f its  achievement in building three ‘pillar indus tries ’ in semico nducto rs , flat panel displays  and
PCs . No w it sho uld be getting ready to  add a fo urth pillar indus try o f co mparable po tential success  – co ncentratio n so lar po wer
(CSP) plants , so lar PV, wind po wer, and wider renewable energy so urces  – utiliz ing all the ins titutio nal and entrepreneurial
s trategies  perfected in Taiwan’s  earlier develo pment.

The mo del fo r such a s trategy is  clo se to  hand. In China we find the wo rld’s  mo s t s trenuo us  and dedicated pro mo tio n o f renewable
energy indus tries , in an extrao rdinarily success ful indus trial po licy. Renewable energy indus tries  were co ns idered playthings  –
marginal players  –  until China go t serio us  in pro mo ting them, in the mid-2000s . In o ne secto r after ano ther – firs t in wind, then in
so lar pho to vo ltaics  (PVs), to mo rro w pro bably in co ncentrated so lar po wer (CSP) – China has  been pursuing relentless  pro mo tio n
o f a ‘green’ o ptio n to  balance, co mplement, and eventually replace its  pursuit o f a ‘black’ co al and o il-fired o ptio n. Its  indus trial
po licies , gro unded in the need to  build energy security and reduce reliance o n co s tly fuel impo rts  fro m tro ubled co untries , have been
spectacularly success ful, as  it has  expo rted its  renewable energy pro ducts  all aro und the wo rld. But China is  also  expo rting its  green
develo pment ‘mo del’ to  o ther co untries  such as  India and Braz il, and it is  no w being emulated as  well by advanced co untries  such as
Germany.

China’s  relevance as  an energy mo del fo r the Taiwan nuclear debate is  clear. China no t o nly has  an effective indus trial po licy to
suppo rt the develo pment o f new indus trial secto rs  such as  renewables , but it is  also  effectively pro mo ting the dras tic upgrading o f
the grid to  make it able to  acco mmo date a variety o f decentralized renewable inputs , thro ugh inves tments  in IT (a smart grid) and
high-tens io n lo ng-dis tance HVDC po wer lines  (a s tro ng grid). The po wer lines  are needed to  allo w po wer to  be generated fro m
renewable wind and so lar so urces  in the wes t o f the co untry and transmitted o ver 2000  km to  the eas tern seabo ard. The s tate-
o wned China Grid Co rpo ratio n sees  these upgrades  as  pro mo ting energy security, res ilience and lo wer priced po wer fo r the who le o f
Chinese indus try. This  is  a very different perceptio n o f the future fro m that o f Taipo wer and so me Taiwan big firms , which anticipate
that renewables  will be co s tly and unreliable. China kno ws  full well that the o ppo s ite is  the case.

In this  article we firs t review the nuclear o ptio n in Taiwan, fo cus ing o n its
real indus trial drivers , and then sketch an alternative develo pment
pathway that wo uld build a fo urth sys tem – no t a fo urth nuclear reacto r
but a fo urth pillar indus try o f renewables . We will pro vide evidence fo r
the salience o f this  alternative pathway in terms  o f activities  and
inves tments  currently under way in China and Germany (where the no n-
nuclear energy revo lutio n is  well advanced, termed the Energiewende o r
Energy Transition), and use these to  rebut the usual claims  made to
minimize the co ntributio n that renewables  co uld make. We frame o ur
arguments  in terms  o f indus trial s trategy (so mething that Taiwan
unders tands  very well) rather than climate change and carbo n emiss io ns
– altho ugh it is  a very fo rtunate implicatio n o f the s trategy that we
advo cate that it is  also  a lo w-carbo n s trategy and o ne that will garner
much internatio nal suppo rt fo r Taiwan. Finally, we depict the green o ptio n
as  o ne that co uld pro vide a new natio nal develo pment go al fo r Taiwan
invo lving its  high-tech ins titutio ns  such as  ITRI and the Hs inchu Science
Park and its  extens io ns  in the Central and So uthern parks , and building

o n the achievements  already reco rded, to  give the peo ple o f Taiwan a sense o f po ssess ing a s tro ng future. This  is  very different
fro m the climate o f fear and insecurity pro jected in the current pro - vs . anti-nuclear debate that is  engulfing the co untry.
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 Fig. 1.  China’s black face in po wer generat io n
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Fig. 2. China’s green face: Chinese build-up o f  wind
po wer
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Int ernat io nal Energy St at ist ics Dat abase; fo r co al
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Taiwan’s  nuclear indus try is  fo ur decades  o ld; co ns tructio n o f the firs t reacto r began in 1972. The co untry’s  s ix nuclear reacto rs  no w
pro vide 19% o f Taiwan’s  electric energy, fro m a capacity base o f 4.9  GW, o r 11% o f Taiwan’s  ins talled po wer generating capacity.
Alto gether there are s ix reacto rs , o perating at three s ites  – Chinshan 1 and 2; Kuo sheng 1 and 2; and Manshan 1 and 2. Two  o f the
reacto rs  are Wes tingho use pressurised water reacto rs  (PWRs) and fo ur are General Electric (GE) bo iling water reacto rs– the kind
that succumbed at Fukushima in Japan. The reacto r des igns  date fro m the 1950s . The fo urth nuclear facility pro jected, at Lungmen
[Go ngliao , New Taipei City], is  des igned to  co ns is t o f two  1350  MW Advanced Bo iling Water Reacto rs  (ABWR), so urced o nce again
fro m GE-Hitachi (reacto rs ) and fro m Mitsubishi (turbines ). While ABWR techno lo gy is  Generatio n III, apart fro m the co ntracting
bus iness  invo lved in actually building the reacto r, there is  very little Taiwan co ntributio n o r spin-o ff fro m the techno lo gy. No  do ubt
there has  been co ns iderable pressure fro m American so urces  to  ensure that Taiwan co ntinues  to  implement US-made nuclear
techno lo gy. This  is  where the co ntras t with a ‘Taiwan-firs t’renewables  indus trial s trategy wo uld be mo s t telling.

The nuclear facilities  are all o perated by Taiwan Po wer Co mpany (Taipo wer), the s tate utility with mo no po ly co ntro l o f generating
facilities . Taipo wer is  clearly deeply co mmitted to  nuclear po wer – and so  if Taiwan is  to  pursue an indus trial s trategy independent o f
nuclear po wer, then alternative entrepreneurial so urces  need to  be develo ped. This  to o  wo uld be an impo rtant aspect o f develo ping
a do mes tic Taiwan market fo r renewable energy so urces , thro ugh the use o f ins truments  such as  feed-in tariffs , which have pro ven
their wo rth in Germany and are no w being trialled in a serio us  way in China and, o n a smaller s cale, in Japan.

The co ntributio n o f renewables  to  Taiwan’s  current energy mix is  wo efully lo w, making Taiwan a severe laggard in mo ving to  a new
green develo pment mo del. Po wer generatio n in 2012 invo lved o ver 99% reliance o n fo ss il fuels  and nuclear. This  is  a so rry reco rd
that do es  no t s tand up to  co mpariso n with China and Germany, as  we demo ns trate no w.

China’s energy st rat egy  

Taiwan need lo o k no  further than China to  see a po werful mo del o f an indus trial s trategy fo cused reso lutely o n building green
renewable energy indus tries  as  a means  o f pro mo ting energy security and expo rt-o riented indus tries  o f to mo rro w. The green aspect
o f China’s  s trategy co mplements  its  build-up o f ‘black’ energy indus tries  in the sho rt run. Mo re impo rtant, China’s  rapid build-up o f
renewable energy indus tries  and pro jected phase o ut o f reliance o n fo ss il fuels  – within the next co uple o f decades  – has  captured
the wo rld’s  attentio n. China’s  mo tives  fo r effecting this  energy indus trial revo lutio n have mo re to  do  with natio nal energy security
than any co ncerns  o ver the glo bal enviro nment (altho ugh these co ncerns  are certainly pro minent). Jus t what is  driving China’s
energy s trategy?

Charts  1 and 2 tell the s to ry in terms  o f electric po wer generatio n (which acco unts  fo r 50% o f China’s  carbo n emiss io ns ).[1] The
firs t reveals  that China has  been building a vas t electric po wer ‘machine’ rated at mo re than 1 TW by 2011, and generating clo se o n 5
trillio n kWh by 2012 – o f which 3.9  trillio n kWh came fro m burning co al. The serio us  build-up in energy capacity began after China
jo ined the WTO in 2001. The s teep upward curve in co al co nsumptio n and energy pro ductio n s ince 2001 is  evident.

At the same time, China has  been building up its  renewable energy
indus tries  – initially hydro  as  the main so urce, and to  so me extent
nuclear (s lo wed after Japan’s  Fukushima disas ter), but increas ingly,
wind and so lar. Chart 2 sho ws  that China’s  build-up in wind po wer
s tarted aro und 2005 and do ubled every year, beco ming by far the
larges t wind po wer practitio ner in the wo rld in terms  o f its
pro ductio n o f turbines  and their ins tallatio n in wind farms .
(Electricity generated is  sho wn o n the left axis  (millio n kWh) and
electric po wer capacity o n the right axis  (MW). China’s  wind po wer
co mpanies , including Go ldwind, Sino vel and the lates t, privately-
o wned additio n, Ming Yang, are no w glo baliz ing at a rapid rate, and
mo ving to  the to p o f the wo rld’s  leading wind energy co mpanies .
China’s  wind po wer co mpanies  are indeed mo ving rapidly fro m

imitatio n to  inno vatio n.2

A

s imilar s to ry can be to ld fo r so lar pho to vo ltaics , where early leaders  (so me o f who m are no w in financial diff iculties ) are being
jo ined by later arrivals  such as  Hanergy and Giga So lar, which are gro wing and glo baliz ing rapidly. China has  yet to  make its  mark in
co ncentrated so lar thermal, but initial interes t co uld rapidly trans late into  wo rld leadership, taking o ver fro m Spain. Indeed the
Natio nal Develo pment and Refo rm Co mmiss io n (NDRC) has  recently set a target o f China adding 3 GW o f CSP capacity by 2015
(mo re than do ubling glo bal capacity to  this  po int) and up to  10  GW by 2020  – meaning that CSP techno lo gy wo uld be driving do wn
the co s t reductio n curve as  pro ductio n expands  – with beneficial results  fo r China and fo r o ther co untries  lo o king to  invo lve
themselves  in renewables . Taiwan sho uld be amo ng them.



Fig. 3. Wind- and nuclear-generat ed elect ricit y in
China, 19 9 5-20 12
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Fig. 4 . China’s pro ject ed st ro ng and smart  elect ric
po wer grid

So urce: t he St at e Grid Co rpo rat io n o f  China
(SGCC), available at  Caixin.co m

While the cho ice between nuclear and ‘new’ renewables  has  no t yet been made definitively in China (as  it has  in Germany, to  be
dis cussed in a mo ment), it is  clear where the trends  are taking China. In Fig. 3 we co mpare electricity generated fro m nuclear with
that fro m wind po wer, demo ns trating that wind surpassed nuclear in 2011. Even if grid-co nnectio n fo r wind po wer in China is
pro blematic, China’s  targets  are fo r an ever-increas ing pro po rtio n o f electricity to  co me fro m wind, far surpass ing whatever might be
derived fro m nuclear so urces .

Strong and smart grid

China is  no t jus t building new energy-generating pro ducts  (and
energy-efficiency impro ving sys tems) but is  also  inves ting vas t sums
in updating the electric po wer grid to  acco mmo date a variety o f such
so urces . China calls  this  the ‘smart and s tro ng’ grid, in that it will be
IT-enabled and be able to  carry pro digio us  quantities  o f electric
po wer fro m the deserts  o f the wes t, where wind and so lar po wer
abo und, to  the eas tern seabo ard, thro ugh new High Vo ltage Direct
Current (HVDC) cables . The targets  fo r inves tment in grid upgrading
by the State Grid Co rpo ratio n o f China (SGCC) are emblematic o f
the huge push being made to  acco mmo date renewables . SGCC is  the
wo rld’s  larges t utility, and o ne o f the 10  larges t co mpanies

wo rldwide – yet it is  s till barely kno wn o uts ide China.3

The majo r element o f China’s  upgrading is  the building o f lo ng-
dis tance po wer lines  utiliz ing advanced HVDC techno lo gy, which
lo ses  much less  po wer in transmiss io n than co nventio nal AC lines .
In Fig. 4 we repro duce a chart fro m China that sho ws  ho w the grid will
change as  the SGCC inves tments  are implemented. The upgraded
grid will have several eas t-wes t and no rth-so uth ‘trunk ro utes ’ fo r
carrying ultra-high vo ltage cables  (depicted as  red and blue). Clearly
pro vinces  that are no t depicted as  being co nnected to  these HVDC
lo ng-dis tance links  will nevertheless  be co nnected to  the upgraded
grid. And the grid can be expected to  be mo dular and cellular, making
it eminently ro bus t and res ilient. China clearly sees  vas t new
bus iness  o ppo rtunities  o pening up with its  smart grid, and is  already
gearing up the technical s tandards  that will fashio n internatio nal
co mpetitio n in this  secto r.

There are several reaso ns  to  expect that these changes  unleashed in
China will be permanent and will lead to  s till further changes
favo uring renewables  o ver bo th fo ss il fuel and nuclear po wer
sys tems . The firs t co ncerns  indus trial dynamics . China’s  build-up o f
renewables  is  unlikely to  fo llo w a s imple linear pro gress io n, and
ins tead can be expected to  fo llo w lo gis tic, o r S-shaped, indus trial
dynamics . This  means  that as  inves tments  in renewable sys tems
accumulate, they will beco me self-reinfo rcing, and lead to  further
such inves tments  as  they drive do wn the price. Taiwan has  direct
experience o f this  pro cess  in the way that its  build-up o f the
semico nducto r, flat panel display and PC/IT indus tries  all fo llo wed
lo gis tic indus trial dynamic pathways .

Other co untries  have built renewable energy markets  – such as
Germany’s  effo rts  to  enhance co nsumer demand fo r renewables  via
feed-in tariffs . But China has , fro m the s tart, fo cused o n building
t he indust ries that pro duce renewable energy sys tems; to gether
with the value chains  o f co mpo nents  and materials  suppliers . The

12th Five Year Plan s tates  explicitly that China’s  seven targeted
indus tries  fo r its  clean techno lo gy revo lutio n will acco unt fo r 8% o f
GDP by 2015, ris ing to  15% by 2020  and expanding rapidly
thereafter. Only Ko rea has  fo rmulated a co mparable green gro wth
indus trial s trategy, fo cused o n the building o f green indus tries  as
platfo rm fo r the future. In these co mpariso ns , Taiwan lags  far
behind.

No w the remarkable thing is  that China is  no t alo ne in effecting an
energy revo lutio n. It is  being paid the co mpliment o f emulatio n by
no ne o ther than Germany, pre-eminent indus trial po wer o f the EU,
with its  Energiewende (“energy trans fo rmatio n”), thro ugh which
nuclear po wer is  being phased o ut and renewables  are being
ins talled at a rapid rate.

Germany’s Energiewende 

The Fukushima nuclear disas ter s truck Japan o n March 11, 2011. While Japan was  s till clearing away the rubble, Germany was  already
rebuilding its  energy sys tem. Within a mo nth the Chancello r, Angela Merkel, had reversed an earlier decis io n in favo r o f s lo wly
phas ing o ut nuclear po wer, and in June the German parliament vo ted to  abo lish nuclear po wer alto gether. This  marked the beginning
o f the mo s t fundamental trans fo rmatio n in energy infras tructure unleashed by any advanced indus trial po wer.

Nuclear po wer is  no w a dead is sue in Germany. Generatio n o f nuclear po wer s till acco unted fo r 16% o f to tal German electricity in
2012 – but it is  falling (do wn fro m 17.2% in 2011) and will co ntinue to  fall. Seven reacto rs  were shut do wn immediately as  a result
o f the Chancello r’s  anno uncement. No  new reacto rs  are to  be bro ught o n s tream, and all exis ting reacto rs  will have been co mpletely
phased o ut within ten years . Fo llo wing the turnaro und o n this  is sue by the Chris tian Demo crats  and Chancello r Merkel, there is  no
lo nger any po litical suppo rt fo r reviving the nuclear indus try in Germany.

To  plug the gap, renewables  are being ramped up at a tremendo us  pace. Generatio n o f so lar PV electricity increased 48% to  27.6
TWh in 2012, while wind po wer held s teady at 46  TWh – making fo r 11.9% o f all electricity in 2012. Other renewables  (bio  and hydro )

http://www.resilience.org/stories/2013-02-27/wind-surpasses-nuclear-in-china


Figure 5. PV mo dule experience curve, 19 76-20 11
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also  increased, meaning that to tal renewables  ro se to  21.9% in 2012 – and they are ris ing fas t. The pro po rtio n o f renewables  in
capacity additio ns  fo r 2012 is  much higher – indicating that renewables  will be taking mo re and mo re o f the lo ad. It is  no table that
Germany’s  pro mo tio n o f renewables  has  mo ved o n fro m market expans io n po licies  (like feed-in tariffs ) to  indus try pro mo tio n
po licies  – taking a leaf o ut o f China’s  bo o k. German indus try suppo rts  this  shift.

True, in the interim there are ‘bridging’ po wer arrangements  that have invo lved marginally mo re co al being burnt – with bro wn co al
(lignite) ris ing 1% to  25.6% o f German electric po wer generatio n in 2012, and black co al ris ing 0 .6% to  19 .1%. Co al thus  acco unts
no w fo r 44.7% o f electricity – but it is  des tined to  fall quickly as  the renewables  are ramped up, and fewer new co al-fired po wer
s tatio ns  are envisaged. Gas  has  been fo rced o ut o f the German (and mo s tly Euro pean) electricity market because o f high prices ,
and because there has  been no  ‘fracking’ revo lutio n (as  yet) in Euro pe. To  claim that the Energiewende means  s imply that mo re co al

is  being burnt – and mo re carbo n emitted – is  to  miss  the po int that fo ss il fuels  are marked fo r eliminatio n.[4]

As  in China, the natio nal po wer grid is  being dras tically upgraded, to  enable it to  acco mmo date higher and higher levels  o f
fluctuating (renewable) po wer so urces . Official es timates  are that 20  billio n Euro s  will need to  be inves ted in grid upgrading o ver
the co urse o f the next decade, with the Bundes tag o pting fo r three majo r no rth-so uth co nnectio ns  to  be built f irs t – co ns is ting o f

high-vo ltage (380kV) lines .[5] Ins talling and equipping the smart grid is  reco gnized as  the huge new gro wth o ppo rtunity in Germany.

So  there is  no  do ubting the scale o f the changes  unleashed by the energiewende – and their lo ng-term impact. Within the next decade
Germany will have shifted fro m a co al-and-nuclear po wered indus trial eco no my with fo ur large, centralized po wer pro ducers  to  a
thriving, decentralized sys tem generating po wer fro m renewable so urces  all o ver the co untry, and managing it all thro ugh a
mo dernized and IT-enhanced smart grid. All the indicatio ns  are that this  is  suppo rted by German indus try. There is  little co mplaint
co ming fro m indus try that this  will lead to  higher electricity prices  o r to  lack o f reliability in supplies  (the usual arguments  in
Taiwan). On the co ntrary, it is  a fo ss il-fuelled energy future that is  seen as  unreliable and pro ne to  rapid price fluctuatio ns .

All o f this  is  being do ne in the name o f the lo w-carbo n eco no my. Yet it is  s triking ho w quickly ‘lo w-carbo n’ beco mes  marginalized as
a go al o nce the indus try-pro mo tio n s takes  are entered. The new Green gro wth s trategies  emerging in China and Germany will pro ve
to  be far mo re effective at lo wering carbo n emiss io ns  than the Kyo to  treaty with its  no minal carbo n reductio ns . And this  is  as  it
sho uld be: the cleaning o f the indus trial eco no my was  always  go ing to  be a s tate-mandated indus try-po licy driven s trategy.

Declining co st s – learning curves

Many go vernments  (and internatio nal o rganizatio ns ) s till harbo ur an o utdated view that renewable energy, and in particular so lar PV
energy, is  mo re expens ive than traditio nal thermal (co al-fired) energy. But in reality the co s ts  have been falling at a rapid rate. In
many parts  o f the wo rld the co s t o f generating electric po wer fro m wind o r so lar PV is  no w less  than o r co mparable to  the co s t o f

pro ducing po wer fro m gas , and will very so o n (by 2015) be co mparable with the co s t o f po wer fro m the cheapes t, dirties t co al.[6 ]

The view that the cho ices  are diff icult because o f the co s ts  is  no w o utdated.

The data that no w need to  be co ns idered in framing any energy s trategy are tho se relating to  the falling co s ts  o f po wer pro duced
fro m renewable so urces . The Blo o mberg/New Energy Finance team in Lo ndo n pro duced a White Paper o n ‘Re-co ns idering the
eco no mics  o f pho to vo ltaic po wer’ (Baz ilian et al. 2012) where they make so me very impo rtant po ints . Co ns ider Fig. 5 sho wing
falling co s ts  fo r so lar PV o ver the pas t 35 years .

In this  chart, based o n and updating the chart o n experience curves
co ntained in the recent IPCC repo rt o n Renewable Energies  (IPCC
2012), the o verall experience curve is  sho wn in the upper blue line,
indicating that co s ts  had fallen to  the lo ng ant icipat ed po int  o f
$1 per wat t  by the end o f 2011, bringing so lar pho to vo ltaic (PV)
po wer within the range o f mains tream po wer pro ductio n. The years
immediately preceding this  sho w that co s ts  ho vered fo r several
years  (2004 to  2008) at aro und fo ur times  this  level ($4/W) – a
pheno meno n no w unders to o d to  be due to  suppliers  being able to
co mmand feed-in tariff rates  lo cked at these levels , while res tricted
s ilico n supplies  meant that there was  little price co mpetitio n. It was
this  that led many to  believe that co s ts  o f renewable energies  wo uld
always  exceed tho se o f co nventio nally fuelled po wer.  But as  s ilico n
supplies  became mo re widely available, manufacturers  reduced their
prices , which in turn reduced input co s ts  fo r so lar cell pro ducers , and
their prices  fell as  well. The message is  clear: the co s ts  o f so lar PV
cells  are falling at aro und 45% per year.

The seco nd blue line in the chart represents  the co s t curve fo r thin-
film (TF) so lar cell pro ducers , do minated by the US firm Firs t So lar,
but no w featuring Chinese firms  like Hanergy which is  acquiring TF PV

assets  aro und the wo rld (e.g. So libro  fro m dis tressed Q-Cells  in Germany and Mia So le in Silico n Valley in the US). Because TF PV
cells  utilize much lo wer quantities  o f s ilico n, their co s ts  have always  been lo wer – but do  no t yet enjo y the eco no mies  o f s cale o f
amo rpho us  s ilico n cells . And because TF so lar cells  use a pro ductio n pro cess  very s imilar to  flat panel displays , there is  vas t
experience in Taiwan in this  appro ach which co uld be explo ited in building a ‘next generatio n’ thin-film so lar PV indus try.

Wind energy as  well exhibits  po werful learning curve advantages , with co s ts  declining fo r o nsho re wind at the rate o f 7%. The
experience curve fo r wind is  sho wn in Fig. 6 , revealing ho w wind po wer is  well o n the way to  having a generating capacity o f
1,000 ,000  MW, o r 1 TW – the s ize o f the current entire US o r Chinese generating capacity o verall. As  it do es  so , the 7% co s t
reductio n curve will make wind po wer mo re and mo re attractive fo r co untries  endo wed with the reso urce. Again, such co s t reductio ns
make it inevitable that this  po wer so urce will eventually be ado pted as  a default o ptio n, o us ting its  fo ss il fuel co mpetito rs  in areas
suitable fo r wind po wer.

An alt ernat ive T aiwan renewables st rat egy

With this  as  backgro und, we can no w sketch a quite different s trategy fro m the o ne being pursued by bo th po litical camps  in Taiwan
– the KMT with its  pro -nuclear s tance and the DPP with its  anti-nuclear s tance. Our appro ach is  o ne that views  renewables  as  the next
‘pillar indus try’ o f Taiwan. This  is  based o n extending the success ful Hs inchu mo del that has  been the backbo ne o f Taiwan success  in
high-techno lo gy indus tries .

To  illus trate o ur pro po s itio n, let us  suppo se that the Taiwan go vernment said to day that the entire nuclear po wer fleet wo uld be
phased o ut o ver five years , and wo uld be replaced by a series  o f co ncentrated so lar po wer (CSP) plants , ro o fto p so lar PV, and wind



Figure 6. Wind co st s decline, 19 84 -20 11

So urce: Blo o mberg NEF

Fig. 7. Gemaso lar po wer t o wer plant  in Spain

So urce: Gemaso lar

po wer. The scare s to ries  are that this  wo uld co ver Taiwan in
pho to vo ltaic cells  and wind turbines ; that it wo uld be pro hibitively
expens ive; and that it wo uld be unreliable s ince po wer co uld be
generated o nly when the sun shines  o r the wind blo ws . All these
claims  are false. The reality is  that jus t a few mirro r farms  us ing
mo lten salt techno lo gy as  heat s ink wo uld be needed, taking
advantage o f the fact that China is  no w co mmitted to  CSP and will be
driving do wn the co s ts . (See o ur article o n CSP (co -autho red with
Ching-Yan Wu) at Japan Fo cus  here)  The land area needed in Taiwan
wo uld be no  mo re than 62.5 square km (a square o f s ides  less  than
8  km) – which is  as  no thing when co mpared with Taiwan’s  land area

o f 32,260  km2, and co mparable to  the land currently devo ted to
Taiwan’s  advanced science and techno lo gy parks . The Hs inchu park
to tals  650  hectares ; the Central Taiwan park 1400  hectares ; the

so uthern Taiwan park 1608  hectares  – to talling 3900  ha o r 39  km2.
CSP plants  generating half the entire nuclear o utput wo uld o ccupy an
area o nly marginally larger than this  – and generate po wer 24/7 in a
way that is  infinitely mo re reliable and safer than the current nuclear
facilities . And – this  is  the central po int – this  wo uld catapult Taiwan
into  a wo rld-leading po s itio n as  supplier o f CSP key techno lo gies
and equipment while creating do mes tic jo b o ppo rtunities  as  well.
Such a s trategy wo uld also  facilitate Taiwan’s  urgent need fo r
indus trial trans fo rmatio n fro m a lo wer to  higher value-added
inno vato r.

Ho w do  we get the 62.5 km2 f igure? Co ns ider the wo rld’s  currently mo s t advanced CSP facility ( in terms  o f s cale and o utput), the
Shams1 plant, co mmiss io ned in the United Arab Emirates  that came o n s tream early in 2013. This  is  a 100  MW ins tallatio n, co vering
250  hectares  in parabo lic mirro rs  and tubes  carrying o il fo r heating. (An even mo re advanced des ign utilizes  mo lten salt as  the heat
co nducto r, as  in the Spanish Gemaso lar plant invo lving a po wer to wer, built by To rreso l; the UAE has  anno unced plans  to  build CSP
plants  also  utiliz ing this  mo re advanced mo lten salt techno lo gy). The Gemaso lar plant is  sho wn in Fig. 7.

If 100  MW needs  250  hectares , then 1 GW needs  10  times  this  (2500

ha) and 2.5 GW needs  ano ther 2.5 times  (6250  ha, o r 62.5 km2).
This  is  actual data based o n current real o perating co nditio ns  – no t

abs tract o r theo retical calculatio ns . The to tal o f 62.5 km2 is  1/512 o f
the land area o f Taiwan – o r 0 .02%. If the required land co uld be
dispersed acro ss  several s ites , and co uld be supplied fro m land
currently held by the military (in the name o f energy natio nal
security) there wo uld be no  land reso urce o bs tacle s tanding in the
way o f subs tituting the entire o utput o f the current nuclear secto r in
Taiwan by CSP ins tallatio ns  utiliz ing currently available techno lo gy

(particularly mo lten salt fo r heat s to rage).7 But o f co urse, we do  no t
see CSP as  the so le alternative to  nuclear. In practice, there wo uld
be ro o fto p ins tallatio ns  all o ver Taiwan utiliz ing so lar PV, as  well as
(o ff-sho re) wind po wer and o ther so urces , to gether with upgrading
o f the grid to  acco mmo date these fluctuating so urces
co mfo rtably.To  supply 2.5 GW o f electric po wer fro m ro o fto p so lar
PV wo uld be well within the capacity o f the Taiwan so lar PV indus try. It
is  also  the go al o f the Taiwan go vernment – which wo uld need o nly
mo des t market develo pment s timulus  po licies  such as  feed-in tariffs

to  trans late this  into  actuality.8  Integrating the CSP, ro o fto p so lar
PV, and wind turbines  to gether s imply demo ns trates  the ways  in
which Taiwan co uld fruitfully mo ve o ff the nuclear pathway.

Ext ending t he Hsinchu Mo del 

Taiwan’s  high techno lo gy indus trial success  res ts  o n a capacity to  leverage reso urces  and pursue a s trategy o f rapid catch-up; it is
what we have called a ‘fas t fo llo wer’ s trategy, aimed at pro viding co mplementary capability ( i.e. pro cess  inno vatio ns ) fo r the
internatio nal leaders  that excel in pro duct inno vatio ns  -- alo ng the who le value chain. Taiwan’s  firms  tap into  advanced markets
thro ugh vario us  fo rms  o f co ntract manufacturing at the beginning, and are able to  leverage new levels  o f techno lo gical capability

fro m these arrangements  so  as  to  create a market niche and beco me (pro cess ) inno vato rs  in the glo bal value chain.9  This  is  an
advanced fo rm o f technological learning, in which the mo s t s ignificant players  have no t been giant firms  (as  in Japan o r Ko rea), but
aggregated small and medium-s ized enterprises  who se entrepreneurial f lexibility and adaptability enabled their specializatio n at
each s tage o f the value chain. The collective pro cess  inno vatio ns  co mpo sed o f the flexible and specialized supply chain as  a who le
became the key to  Taiwan’s  success . Underpinning this  success  were the effo rts  o f public secto r research and develo pment
ins titutes , such as  Taiwan’s  Indus trial Techno lo gy Research Ins titute (ITRI), and the creatio n o f the Hs inchu Science park.

Since its  fo unding in 1973, ITRI and its  labo rato ries  have acted as  a prime vehicle fo r the leveraging o f advanced techno lo gies  fro m
abro ad, and fo r their rapid diffus io n o r dis seminatio n to  Taiwan’s  firms . This  co o peratio n between public and private secto rs , to
o verco me the scale disadvantages  o f Taiwan’s  small f irms , is  a characteris tic feature o f the co untry’s  techno lo gical upgrading
s trategies , and the creatio n o f new high techno lo gy secto rs  such as  semico nducto rs . We see ITRI as  playing a central ro le in helping
to  build Taiwan’s  next s tep to  a ‘green develo pment’ indus trial s trategy.

Hs inchu itself was  a co nscio us  attempt o n the part o f the Taiwan go vernment to  seed a new kind o f advanced techno lo gy clus ter,
with the go vernment playing the ro le initially o f co llective entrepreneur, bo th in leveraging techno lo gy fro m likely so urces
(particularly in Silico n Valley) thro ugh the ins titutio nal vehicle o f ITRI, and in leveraging venture capital, again thro ugh vehicles
initially es tablished express ly by the Taiwan go vernment. The s teady hand o f go vernment as  co llective entrepreneur is  needed to
make the breakthro ughs  necessary, and to  pro vide the ‘new sho o ts ’ ( hsinchu) o f indus trial develo pment to  maintain the pressure in
the lo ng pro cess  o f change fro m imitatio n to  inno vatio n, and fro m co ntract manufacturing to  full-branded enterprise – as  well

unders to o d in Eas t As ian co untries  including Taiwan.[10 ]

In China the influence o f the Hs inchu mo del is  unmis takeable. All the Chinese high-tech indus trial parks  – fro m Suzho u to  Tianjin to
Beijing and Shanghai – treat the Hs inchu appro ach to  co llo catio n o f flagship firms , plus  co mplementary suppliers  and des ign firms ,

http://www.japanfocus.org/-Ching_Yan-Wu/3946


Hsinchu Science Park

with natio nal R&D ins titutes  and leading univers ities , co mbined with
access  to  venture capital and vario us  kinds  o f go vernment-mandated
subs idies , tax co ncess io ns  and inducements , as  a template.

If the 1980s  was  the fo unding decade fo r Taiwan’s  mo ve up the
value-added ladder to  enco mpass  indus tries  such as  electro nics , IT
and semico nducto rs , and the 1990s  was  the decade when the IC
indus try flo urished in the Hs inchu park, fo llo wed by the flat-panel
display indus try flo urishing in the fo llo wing decade, then what o f the
2010s? There are already clues  as  to  the new directio n to  be taken in
Taiwan – in the fo rm o f new R&D alliances  and indus try pro mo tio n
effo rts  in such secto rs  as  so lar pho to vo ltaic cells  (PVs) and
co ncentrated so lar po wer (CSP) sys tems , in Electric Vehicles  (EVs)
and asso ciated energy s to rage (e.g. lithium-io n batteries ), in
energy-efficient lighting (e.g. LEDs) and o ther energy-efficient
o pto electro nic sys tems(PVs  and LEDs) are perfect co mplements :
o ne co nverts  light into  electric current, the o ther co nverts  electricity

to  light; they also  share several manufacturing s teps .[11] What is
co mmo n to  all these secto rs  is  a new fo cus  o n renewable energy and energy efficiency, co mbined with new indus tries  fo r a lo w-
carbo n emiss io ns  future.

So  far there are pro mis ing s igns  o f ‘new sho o ts ’ in these directio ns  – but no t yet any sense o f a co mprehens ive co mmitment o n the
part o f the Minis try o f Eco no mic Affairs  (Mo EA) and its  IDB to  launch a new indus trial revo lutio n in Taiwan, o ne that will take the

is land’s  indus tries  beyo nd the 20 th century and into  a new lo w-carbo n emitting, energy-efficient and renewable energy sys tem – o r
‘green bus iness ’ fo r the new century.

What the new indus trial paradigm wo uld require is  no t jus t pro mo tio n o f new indus tries  (as  is  being do ne fo r so lar PVs , LEDs  and
EVs) but pro mo tio n o f a do mes tic market as  tes t-bed fo r the new pro ducts  and services . Here it has  to  be said that Taiwan is
lagging behind its  giant co mpetito rs  including China, Germany and Japan, in the fo rmulatio n o f such co nceptual to o ls  as  the Feed-in
Tariff needed fo r an energy indus trial revo lutio n. All o f this  wo uld enco urage entrepreneurial initiative and creativity in the service o f

building a new indus trial sys tem fo r the 21s t century, o ne that is  expanding in terms  o f o ppo rtunity while maintaining a sus tainable
relatio nship with its  natural setting – an eco no my o f sus tainable enterprise. Here is  a grand pro ject fo r Hs inchu and the new

Science-based indus try parks  to  fo cus  o n fo r the next decade and the fo llo wing century.[12]

In summary, o ur vis io n fo r Taiwan is  neither pro -nuclear no r anti-nuclear. Our vis io n is  pro -green, and we urge that the co untry’s
exis ting ins titutio ns  and develo pment experiences  be utilized in fashio ning a new green develo pment mo del that will bo th so lve
Taiwan’s  po wer and energy pro blems  and also  create a techno lo gy and pro ductio n platfo rm fo r the next century. Fro m the
perspective o f a decade hence, when Taiwan co uld be expected to  have a thriving so lar PV indus try and a co ncentrated so lar po wer
indus try, as  well as  a wo rld-class  smart and s tro ng grid, the current debates  o ver the nuclear o ptio n will seem irrelevant.
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No t es

1 See the co ntributio n by Jo hn Mathews  and Hao Tan to  Asia-Pacific Journal, in December 2012, here.

2 Fo r example, Sino vel’s  direct tractio n wind turbines , eliminating the use o f gears , are cheaper and mo re reliable than their mo re
co mplex co mpetito rs .

3 SGCC has  co mmitted 4 trillio n yuan inves tment o ver the co urse o f the 12th and 13th Five Year Plans  (i.e. up to  2020) – that is
aro und US$642 billio n, far mo re than is  pro jected by any o ther co untry.

4 Euro pe’s  dirty secret: The unwelco me renais sance, The Economist, Jan 5th 2013, here.

5 Dagmar Dehmer, ‘The German Energiewende – the firs t year’, The Electricity Journal, Jan/Feb 2013 (26  (1)): 71-78 , here.

6  The Deutsche Bank has  lent its  name to  such a predictio n; see Becky Beetz ,  ‘Deutsche Bank – Sus tainable so lar market expected
in 2014’, pv-magaz ine, 28  Feb 2013, here.

7 Altho ugh Taiwan do es  no t appear o n wo rld charts  o n the mo s t insulated regio ns  bes t suited to  CSP, the techno lo gy has  been
sho wn to  wo rk extremely well in temperate zo nes  that are much co o ler than Taiwan. In any case, o bserved so lar irradiance in Taiwan
under less  than ideal co nditio ns  is  1000  kWh/m2, which is  well abo ve the 5 kWh/m2 co ns idered a minimum level o f irradiance. See
Chang (2009).

8  In 2012, the MOEA launched the ‘Millio n Ro o fto p PVs  and Tho usand Wind Turbines ’pro gram, aiming at ins talling 3GW ro o fto p PVs
and 4.2 GW wind turbines  by 2030.

9  One o f the key examples  is  Fo xco nn, the wo rld’s  No .1 EMS (Electro nic Manufacturing Services ) co mpany, which specialized firs t in
OEM activity, and eventually came to  leverage and reco mbine vario us  reso urces  to  build its  niche in o ptimiz ing supply chain
efficiency (e.g. glo bal so urcing, lo gis tics , and sales  service management) in the glo bal electro nics  indus try.

10  The shift up the value curve fro m OEM to  ODM to  OBM has  s talled at several junctures  in Taiwan, and this  remains  the s ingle
bigges t o bs tacle to  further indus trial advance o n the is land. Chinese firms  are able to  utilize their glo bal reach to  build (o r acquire)
glo bal brands , but this  avenue has  no t been available to  Taiwan firms , as  yet. Fo r a dis cuss io n o f the is sues  invo lved, see Chu
(2009).

11 On the emergence o f Taiwan’s  so lar pho to vo ltaic (PV) indus try, in co mpariso n with what is  happening in China, see Mathews , Hu
and Wu (2011).

12 The Minis try o f Eco no mic Affairs  has  anno unced subs tantial pro grams  fo r suppo rt o f lo w-carbo n indus trial initiatives  (e.g. Mo EA
Green Energy Indus try Pro mo tio n pro gram) and new Greenho use Gas  emiss io ns  reductio n targets . But the targets  fo r renewable
energies  (e.g. 3 GW fo r wind po wer by 2015) are puny co mpared with co mparable targets  being set in China, and Taiwan remains
dependent o n fo ss il fuels  fo r o ver 99% o f its  primary energy requirements . One majo r o bs tacle to  mo dernizatio n and
decentralizatio n o f the grid appears  to  be the mo no po ly po s itio n o f the State-o wned po wer co mpany Taipo wer. DeWit in AJP Japan
Fo cus  (here) sho ws  well the tremendo us   the Japanese electric po wer giants , abo ve all TEPCO . . . but he also  sho ws  ho w lo cal
go vernments  and smart private capital have been mo ving ahead.
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