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Abstract

For increasing green energy and pursuing sustainable environment, the
government is promoting solar PV systems. A proper subsidy policy is essential
for developing PV systems. This study thus analyzes various scenarios for
implementing current feed-in tariffs (FIT) subsidy policy and compares their
differences based on policy cost and energy and environmental benefits.

The historical progress under the previous initial-cost subsidy policy is
first evaluated. The changing trends of domestic and foreign installations and
system costs are also compared. To analyze the current FIT policy, three
possible scenarios and various cases under each scenario are evaluated,
including electricity price (EP) rise, green tax (GT), and electricity price rise
with green tax. A method with two major steps is established for analyzing
these scenarios. The first step forecasts installation quantities, initial costs, and
feed-in tariffs, primarily based on a diffusion- model and an experience curve.
The second step estimates policy cost and energy.and environmental benefits of
each scenario case. The energy benefit ‘is estimated based on solar radiation,
average gross electricity generation, and gross electricity generation in each
region. The environmental benefit is estimated according to GHG and air
pollutant emission reductions. The payback periods for individual users at
different regions are also evaluated. A sensitivity analysis for major parameters
is also implemented.

According to the simulated results, the installation quantities of EP2%
cases are larger than those of GT cases. Cases for EP3% and GT750&EP2%
can reach the goal of 2000 MWp in 2025, but the total subsidy will be more
than NT$7x10* million. In 2025, GT&EP5% cases may reach 4% of the
national gross electricity generations, which is half of the national target of the
renewable energy. The estimated gross electricity generation at the abundant
radiation region is more than twenty times than those at other regions. The
eCO2 reductions in 2025 range between 268.3 and 6813.2 thousand tons, about
0.1 to 2.6% of the 2008 total national emission. And TSP, SOx, and NOx
reductions are approximately 7.9-200.4, 108.7-2760.9, and 120.6-3061.5 tons,
respectively. The payback period for the abundant radiation region is about 19
years, while the payback periods at other regions are mostly longer than 25



years. The proposed method and results are expected to facilitate related
decision making and planning analyses.

Keywords: solar photovoltaic system; subsidy; benefit assessment; scenario
analysis; sustainable environmental system analysis.
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Enhanced feed-in tariff

An explicit monetary reward is provided for producing PV
electricity; paid (usually by the electricity utility) at a rate
per kWh somewhat higher than the retail electricity rates

being paid by the customer.

Capital subsidies

Direct financial subsidies aimed at tackling the up-front
cost barrier, either for specific equipment or total installed

PV system cost.

Green electricity schemes

Allows customers to purchase green electricity based on
renewable energy from the electricity utility, usually at a

premium price.

PV-specific green electricity schemes

Allows customers to purchase green electricity based on
PV electricity from the electricity utility, usually at a

premium price.

RPS

A mandated requirement that the electricity utility (often
the electricity retailer) source a portion of their electricity
supplies from renewahble energies (usually characterized by
abroad, least-cost approach favouring hydro, wind and

biomass).

PV requirement in RPS

A mandated requirement that a portion of the RPS be met

by.PV electricity.supplies (often called a setaside).

Investment funds for PV

Share offerings in private PV investment funds plus other
schemes that focus on wealth creation and business success

using PV as a vehicle to achieve these ends.

Income tax credits

Allows some or all expenses associated with PV

installation to be deducted from taxable income streams.

Commercial bank activities

Includes activities such as preferential home mortgage
terms for houses including PV systems and preferential

green loans for the installation of PV systems.

K %R 1 IEA (2010)




AUS

AUT

CAN

CHE

DEU

ESP

FRA

ISR

ITA

JPN

KOR

MYS

NLD

PRT

SWE

USA

Enhanced feed-in tariff

local

Capital subsidies

Green electricity schemes

PV-specific green electricity schemes

RPS

PV requirement in RPS

Investment funds for PV

Tax credits

Commercial bank activities

Country(ISO code) : Australia (AUS) ; Austria (AUT) ; Canada (CAN) ;- Switzerland (CHE) ; Germany (DEU) ; Spain (ESP) ; France (FRA) ; Israel (ISR) ; Italy (ITA) ;
Japan (JPN) ; Korea (KOR) ; Malaysia (MYS) ; Netherlands (NLD) ; Portugal (PRT) ;-Sweden (SWE) ; United States (USA)

FHL %R © IEA (2010)
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Country / Start Date  Tax Rate Revenue Distribution

Jurisdiction (3USD unless noted otherwise)

Finland 1990 $30/ton CO2(€20) Annual: $750 million (€500 million).
Government budget; accompanied by
independent cuts in income taxes.

Netherlands 1990 ~$20/ton COzin 1996 Annual: $4.819 billion (€3.213 billion).
Reductions in other taxes; Climate
mitigation programs.

Norway 1991 $15.93 to $61.76/ton CO2(NOK 89 to NOK 345)  Annual: $900 million (1994 estimate).
Government budget.

Sweden 1991 Standard rate: $104.83/ton CO2 (910 SEK) Annual: $3.665 billion (25 billion SEK).

Industry rate: ~$23.04/ton CO2 (~200 SEK) Government budget.

Denmark 1992 $16.41/ton CO2 (90 DKK) Annual: $905 million.

Environmental subsidies and returned to
industry.

United 2001 $0.0078/kWh for electricity; $0.0027/kWh for. Annual: $1.191 billion (£714 million).

Kingdom natural gas‘provided by-gas utility; $0.0175/kg Reductions in other taxes.

for liquefied petroleum gas or other gaseous
hydrocarbons supplied in-a liquid state; and
$0.0213/kg for solid fuel

Boulder, CO 2007 $12-13/ton CO: Annual: $846,885.

Climate mitigation programs.

Quebec 2007 $3.20/ton CO2(C$3.50) Annual: $191 million (C$200 million).
Climate mitigation programs.

British 2008 $9.55/ton CO2in 2008 (C$10), increasing $4.77 Annual: $292 million (C$306 million).

Columbia (C$5) annually to $28.64 (C$30) in 2012 Reductions in other taxes.

BAAQMD, 2008 $0.045/ton eCO2 Annual: $1.1 million expected.

California Climate mitigation programs.

France proposed $24.74/ton CO2(€17) Annual: $4.499 billion (€3 billion)
expected.

Reductions in other taxes.
CARB, proposed $0.155/ton eCO: in FY 2010-11, dropping to Annual: $63.1 million 2010- 2013; $36.2
California $0.09/ton eCO2 in 2014 million starting in 2014, expected.

Climate mitigation programs.

F# & %% : NREL (2009)
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% 41 77 a0 § P (Feed-in-tariffs) s i 5 hB fo

Country Policy Laws Goals Summary
( 1SO code)
Germany Renewable energy law | The share of renewable The electricity feed law introduced in 1991 was replaced by the
(DEU) (2000) and amended energies from 5 % in 1999 to renewable energy act in 2000. In 2004 the feed in tariffs were
in 2004 10 % in 2010. adjusted mainly according to changes in accompanying market
introduction programmes.
Direct capital subsidies: regional level, in some states.
Italy Decree law 387 12 % of renewable energies in At the end of 2003 the approval of a decree concerning the
(ITA) (2003) 2013. implementation of the European Directive 2001/77/CE which
Feed-in decree (2005) | 1% phase: 1,000 MWp by 2015. include also the feed-in tariff, has provided a strong expectation
New feed-in decree 2nd phase: from-1,000 MWp in the ltalian PV market.
(2007) to 3,000 MWp by 2016. A feed-in programme, launched in 2005, and new tariffs were
adopted during 2007.
Switzerland | Revised energy act 5,400 GWh from renewable During 2005, the National Council has favored the introduction
CHE (2007) energies by 2030. of a feed-in tariff system for “new” renewable and a bidding

model for hydro, and following the adoption of this law in 2007
by the Swiss parliament, the rest of the year was devoted to
elaborating the concrete terms and details.

Direct capital subsidies: only in few cantons.

FTLEI™ A IEA(2010) -
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(2) B%KrFir

PO 2025 & 4+ F R

T = A=

L=
/:', i

2013/2015GT&EPS% % -5 % B > ~ B %

Bt 2RFTEP (B %) - X

B3 2025 # A B EIEGHS L & 4.3) 0 1

2013GT750&EP5%-L-92% % ] » % & 4 2010(1552) & ~ -

’ 2

el

1~ 2025 & 7700 i/~ -

# 4.4 S-1-92%2_ wc ac FE Vi

d 2011 #

MR Mg L

2011-2012 | 2013-2022 | 2023-2030 2025 2030
EP EP0% 5.7~12.5 21.0~263.6| 331.8~1637.6 0.2% 1%
EP1% 6.6~14.9 25.4~422.7| 557.1~4099.0 04 % 2%
EP2% 7.4~16.9 29.3~626.7| 862.1~9247.9 0.7 % 4 %
EP3% 8.2~18.7 33.1~893.1| 1281.4~19682.5 1% 8 %
EP5%|  94~22.1| 40.3~1703.4] 2660.5~*(2028) 3 %| *(2028)
GT 2013GT500 5.7~12.5 22.6~412.6{ 524.9~2884.3 04 % 1%
2013GT750 5.7=12.5 23.3~498.8| 638.6~3723.3 0.4 % 2%
2013GT1000 5.7~12.5 24.0~594.9| 767.1~4757.1 0.5 % 2%
GT&EP| 2013GT500&EP1% 0.6-14.9| 26.88~614.6| / 820.8~6828.1 0.6 % 3%
2013GT500&EP2% 7.4~16.9| 30.76~877.6| 1226.0~14968.5 1% 7%
2013GT500&EP3% 8.2~18.7| 34.46~1222.6| 1784.8~30815.3 % 13%
2013GT500&EP5% 9.4~22.1| 41.59~2273.4| 3624.7~*(2027) 4 %| *(2027)
2013GT750&EP1% 6.6~14.9 27.6~728.1 979.6~8688.0 1% 4 %
2013GT750&EP2% 7.4~16.9| 31.4~1027.3| 1447.0~18824.8 1% 8 %
2013GT750&EP3% 8.2~18.7| 35.1~1420.1| 2092.1~37984.4 2 % 16 %
2013GT750&EP5% 9.4~22.1| 42.2~2616.3| 4216.0~*(2026) 5 %| *(2026)
2013GT1000&EP1% 6.6~14.9 28.2~855.8| 1160.3~10981.7 1% 5%
2013GT1000&EP2% 7.4~16.9| 32.1~1196.1| 1699.4~23502.4 1% 11%
2013GT1000&EP3% 8.2~18.7| 35.8~1643.1| 2443.9~46178.2 2 % 20 %
2013GT1000&EP5% 9.4~22.1| 42.9~3004.7| 4894.4~*(2025) 6 %| *(2025)

*OP fcie & o7 AP B 4 i 1) Grid parity
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# 4.5.1S-L-92%2 %% 5 3 ¥

v #12.-eCO,

H(S) eCO, it £ (+ ) "SRR o (?;))3
R PETPET]

2011-2012 | 2013-2022 | 2023-2030 2025 2030
EP EP0% 2.9~6.4| 10.8~135.3|  170.3~840.4 0.1% 0.3%
EP1% 3.4~7.6| 13.0~216.9| 285.9~2103.7 0.2% 0.8%
EP2% 3.8~8.7| 15.1~321.6| 442.5~4746.2 0.3% 1.8%
EP3% 4.2~9.6| 17.0~458.4| 657.6~10101.5 0.5% 3.8%
EP5%|  4.8~11.4| 20.7~874.2| 1365.4~*(2028) 1.3%| *(2028)
GT 2013GT500 2.9~6.4| 11.6~211.8) 269.4~1480.3 0.2% 0.6%
2013GT750 2.9~6.4| 12.0~256.0| 327.7~1910.9 0.2% 0.7%
2013GT1000 2.9~6.4| 12.3~305.3| 393.7~24415 0.2% 0.9%
GT&EP|  2013GT500&EP1% 3.4~7.6| 13.8~315.4| 421.2~3504.3 0.3% 1.3%
2013GT500&EP2% 3.8~8.7| 15.8~450.4| 629.2~7682.2 0.5% 2.9%
2013GT500&EP3% 4.2~9.6| 17.7~627.5| 916.0~15815.1 0.8% 6%
2013GT500&EP5%|  4.8~11.4| 21.3~1166/8| 1860.3~*(2027) 1.8%| *(2027)
2013GT750&EP1% 3.4~7.6| 114:1~373.7|. 502.7~4458.9 0.3% 1.7%
2013GT750&EP2% 3.8~8.7| 16.1-527.2) 742.6~9661.3 0.6% 3.6%
2013GT750&EP3% 4.2~9.6| 18.0~728.8|1073.7~19494.5 0.9% 7.4%
2013GT750&EP5%| *  4.8~11.4| 21.7~1342.8| 2163.7~*(2026) 2.2%| *(2026)
2013GT1000&EP1% 3.4~7.6| 14.5~439.2|/ 595.5~5636.1 0.4% 2.1%
2013GT1000&EP2% 3.8~8.7|. 16.5~613.9| 872.2~12062.0 0.7% 4.6%
2013GT1000&EP3% 4.2~9.6| 18.3~843.3| 1254.3~23699.7 1.1% 9%
2013GT1000&EP5%|  4.8~11.4| 22.0~1542.1| 2511.9~*(2025) 2.6%| *(2025)

*Op #eiE & T kR R = + iE 5] Grid parity
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% 452 S-L-92%2 %% 5 3 ¥

b $-TSP

S T .
R PETPET]

2011-2012 | 2013-2022 | 2023-2030 2025 2030
EP EP0% 0.1~0.2 0.3~4.0 5.0~24.7| 0.001%| 0.004%
EP1% 0.1~0.2 0.4~6.4 8.4~61.9) 0.002%|  0.01%
EP2% 0.1~0.3 04~95  13.0~139.6]  0.004%|  0.02%
EP3% 0.1~03| 05~135(  19.3~297.1] 0.006%|  0.05%
EP5% 0.1~03|  0.6~25.7| 40.2~*(2028)] 0.016%| *(2028)
GT 2013GT500 0.1~0.2 0.3~6.2 7.9~435/  0.002%| 0.007%
2013GT750 0.1~0.2 0.4~75 9.6~56.2|  0.003%| 0.009%
2013GT1000 0.1~0.2 0.4~9.0 11.6~71.8|  0.003%| 0.011%
GT&EP|  2013GT500&EP1% 0.1~0.2 04~9.3  12.4~103.1] 0.004%|  0.02%
2013GT500&EP2% 0.1~03| 05~13.2 185~2259  0.006%|  0.04%
2013GT500&EP3% 0.1~03| 05~185|  26.9~465.2] 0.009%|  0.07%
2013GT500&EP5% 0.1%0.3] = 0.6~343| 54.7-%(2027)]  0.02%| *(2027)
2013GT750&EP1% 01~0.2| =+ 04~11.0| ~ 14.8-131.1|  0.004%|  0.02%
2013GT750&EP2% 0.1~0.3| - 05~155| | 21.8~284.2] 0.007%|  0.05%
2013GT750&EP3% 0.1~03| 05214 | 31.6~5734|  0.01%|  0.09%
2013GT750&EP5% 0.1~0.3| < 0.6~39.5 63:6~*(2026)]  0.03%| *(2026)
2013GT1000&EP1% 0.1~02| 04~12.9| /' +17.5~1658| 0.005%|  0.03%
2013GT1000&EP2% 0.1~0:3|. _ 05~184| "~ 257~354.8| 0.008%|  0.06%
2013GT1000&EP3% 0.1~03| " "05-24.8  36.9-697.1]  0.01%|  0.11%
2013GT1000&EP5% 0.1~03|  0.6~454| 73.9~%(2025)  0.03%| *(2025)
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# 4.53S-L-92%2 %% 5 3 ¥

b i -SOX

H5(S) SO i £ () SOX £ & 2007 &

2 RAE L 5)(%)
HED R PETPET]

2011-2012 | 2013-2022 | 2023-2030 2025 2030
EP EP0% 1.2-26| 44~548/  69.0~3406|  0.07% 0.2%
EP1% 14~31| 53-87.9] 1159~8525 0.1% 0.5%
EP2% 15~35| 6.1~130.3] 179.3~1923.3 0.2% 1.2%
EP3% 1.7-39| 6.9~185.7| 266.5~4093.4 0.4% 2.6%
EP5% 2.0~46| 8.4~354.2| 553.3~*(2028) 0.9%| *(2028)
GT 2013GT500 1.2-26| 47-858/  109.2~599.9 0.1% 0.4%
2013GT750 1.2~26| 49~103.7| 132.8~7743 0.1% 0.5%
2013GT1000 1.2~26| 50~1237| 159.5~989.3 0.2% 0.6%
GT&EP|  2013GT500&EP1% 1.4~31| 56~127.8] 170.7~1420.1 0.2% 0.9%
2013GT500&EP2% 15~35| 6.4~1825| 255.0~3113.0 0.3% 2.0%
2013GT500&EP3% 1.7-39| 7.2~254.3| 371.2~6408.7 0.5% 4.1%
2013GT500&EP5% 2.0~4.6/ ~ 8.6~4728| 753.8~*(2027) 1.3%| *(2027)
2013GT750&EP1% 14~3.1| 1+5:7~151.4].203.7~1806.9 0.2% 1.2%
2013GT750&EP2% 15-35| 65-213.7) 300.9~3915.0 0.4% 2.5%
2013GT750&EP3% 17-39| 7.3-2953|  435.1~7899.7 0.6% 5.1%
2013GT750&EP5% 2.0~4.6| 8.8~544.1| 876.8~*(2026) 15%| *(2026)
2013GT1000&EP1% 1.4~31| 59~178.0/ 241.3~2283.9 0.3% 1.5%
2013GT1000&EP2% 15~35  6.7~248.8| ~ 353.4~4887.9 0.5% 3.1%
2013GT1000&EP3%|  1.7~3.9| = 7.4-341.7| 508.3~9603.8 0.7% 6.2%
2013GT1000&EP5% 2.0~4.6| 8.9~624.9| 1017.9~*(2025) 1.8%| *(2025)
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% 454 S-L-92%2 %% 5 »c ¥

b i -NOX

H5(S) NOx £ (#F) NOX i £ 2007

2 RAE L 5)(%)
HED R PETAT]

2011-2012 | 2013-2022 | 2023-2030 2025 2030
EP EP0% 1.3-29| 48-60.8/  765-377.6]  0.02% 0.1%
EP1% 15~34| 59~975 1285-9453|  0.04% 0.2%
EP2% 1.7-39| 6.7-1445 198.8~2132.7|  0.08% 0.4%
EP3% 1.9-43| 7.6~206.0] 295.5~4539.1 0.1% 0.9%
EP5% 2.2~51| 9.3~392.8| 613.5~*(2028) 0.3%| *(2028)
GT 2013GT500 13-29| 52~952| 121.0~666.2]  0.04% 0.1%
2013GT750 1.3~29| 54~1150| 147.3~858.6|  0.05% 0.2%
2013GT1000 1.3~29| 55~137.2| 177.0~1097.0/  0.06% 0.2%
GT&EP|  2013GT500&EP1% 15~34| 62~1417| 189.3~1574.7|  0.07% 0.3%
2013GT500&EP2% 1.7-39| 7.1~202.4| 282.7~3452.0 0.1% 0.7%
2013GT500&EP3% 1.9~43| 7.9~2820| 411.6~7106.5 0.2% 1.4%
2013GT500&EP5% 22451~ 9.6~524:3| 835.9~*(2027) 0.4%| *(2027)
2013GT750&EP1% 15~3.4] 64~167.9] 225.9~2003.6|  0.08% 0.4%
2013GT750&EP2% 1.7-39| 722369 333.7-43413 0.1% 0.9%
2013GT750&EP3% 19-43| 81-3275 482.5~8759.8 0.2% 1.7%
2013GT750&EP5% 2.2-5.1| 9.7~603.4| 972:3~*(2026) 0.5%| *(2026)
2013GT1000&EP1% 1.5-34| 65~197.3|/ 261.8~2532.5 0.1% 0.5%
2013GT1000&EP2% 1.7-39|  7.4~2758| " 391.9~5420.0 0.2% 1.1%
2013GT1000&EP3% 1.9~43| " 8.2-378.9| 563.6~10649.4 0.3% 2.1%
2013GT1000&EP5% 2.2~51| 9.9~692.9| 1128.7~*(2025) 0.6%| *(2025)
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(a) 20132015GT-L-92% in 2013 by 2013/2015GT-L-92% in 2030
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% 4.6 S-L-92%2_ %% & ' ik
H5L(S) A k(B ET LR
DB B Y B
2011-2012(2013-2022| 2023-2030 |2011-2012|2013-2022| 2023-2030
EP EP0%| -05~-10| -1.7~-17.2| -209~-80.0| 0.26~0.27| 0.27~0.31| 0.32~0.38
EP1%| -0.6~-12| -2.0~-24.4| -30.6~-146.4 0.27| 0.28~0.36|  0.38~0.50
EP2%| -0.6~-14| -2.3~-31.9| -41.0~-221.1| 0.27~0.28| 0.29~0.42| 0.44~0.62
EP3%| -0.7~-15 -2.5~-39.7| -51.9~-257.2| 0.27~0.28| 0.30~0.47| 0.50~0.78
EP5%| -0.7~-1.7| -3.0~-55.0|-72.2~*(2028)| 0.28~0.30| (0.31~0.58|0.63~*(2028)
GT 2013GT500| -0.5~-1.1| -1.9~-25.5 -31.3~-129.1 0.23| 0.24~0.32| 0.33~0.39
2013GT750| -0.5~-1.1| -2.0~-29.2| -36.0~-152.8 0.23| 0.24~0.34| 0.35~0.43
2013GT1000| -0.5~-1.1 -2.0~-32.9| -40.7~-178.3 0.23| 0.24~0.37| 0.38~0.46
GT&EP| 2013GT500&EP1%)| -0.6~-1.3| -2.2~-33.8| -42.8~-220.8| 0.23~0.24| 0.25~0.37| 0.38~0.51
2013GT500&EP2%| -0.6~-1.4| -2.5~-42.6| -55.2~-315.5 0.24| 0.26~0.42| 0.44~0.65
2013GT500&EP3%| -0.7~-1.6| -2.7~-51.8 -68.3~-331.7| 0.24~0.25| 0.26~0.48| 0.51~0.81
2013GT500&EP5%| -0.8~-1.8| -3.2~-69.3|-915~%(2027)| 0.24~0.26| 0.28~0.59|0.65~*(2027)
2013GT750&EP1%| -0.6~-13| -2.3~-37.8 -48.0~-251.2| 0.23~0.24| 0.25~0.39| 0.41~0.55
2013GT750&EP2%| -0.6~-1.4|=2.5~-46.8| -60.8~-336.9 0.24| 0.26~0.45|  0.47~0.70
2013GT750&EP3%| -0.7--1.6 -2.8~-56.0| -73.8~-298.20.24~0.25| 0.27~0.50| 0.54~0.85
2013GT750&EP5%| -0.8--1.8| -3.2~-72.5/-94.6~*(2026)| 0.24~0.26| 0.28~0.63|0.68~*(2026)
2013GT1000&EP1%| -0.6~-1.3| -2.3~-41.8|-53.2~-281.0" 0.23~0.24| 0.25~0.42| 0.44~0.59
2013GT1000&EP2%| -0.6-1.4| -2.6~-50.9| -66.3~-347.9 0.24| 0.26~0.47| 0.50~0.74
2013GT1000&EP3%| -0.7~-1.6| -2.8+-60.0[ -79.1~-233.9| 0.24~0.25| 0.27~0.53|  057~0.90
2013GT1000&EP5%| -0.8~-18| -3.3~-75.0(-96.2~*(2025)| 0.24~0.26| 0.29~0.66(0.71~*(2025)

*Op #eiE & T kR R = + iE 5] Grid parity
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(8) Tircy tABEE i RoxE A0 > 11 eCOQ R £ 5 b » 1 6] i=5.25% ¢
#i=2% ~ i=3.500 4 L] > 566 #i~949 F # ~ 277 #i~338 F w2 ik
M E > @ L i=6%3 4e 103 HE~85 F ATz R Bk E o

(9) %&b d: 4-fF) 4.48 ¢

—,l\

P AT f”’ HBAE LTI BTt

3 4.7 EP2%-L-92%2_ % F 37383 (i) A 17 (2011-2030)

SN2 m=0.7%
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3OABfE R R

country Australia®  France!  Germany' ltaly’ Japan* Korea' Spain®  Taiwan?
i AUD$/US$ Euro$/US$ JPY$/USS | KRWS$/USS | Euro$/US$ | NT$/USS$
1993 1.47 0.86 0.85 0.81 111.20 802.67 0.76 26.39
1994 1.37 0.85 0.83 0.83 102.21 803.45 0.81 26.46
1995 1.35 0.76 0.73 0.84 94.06 771.27 0.75 26.49
1996 1.28 0.78 0.77 0.80 108.78 804.45 0.76 27.46
1997 1.35 0.89 0.89 0.88 120.99 951.29 0.88 28.70
1998 1.59 0.90 0.90 0.90 130.91 1401.44 0.90 33.46
1999 1.55 0.94 0.94 0.94 113.91 1188.82 0.94 32.27
2000 1.72 1.09 1.09 1.09 107.77 1130.96 1.09 31.23
2001 1.93 1.12 1.12 1.12 121.53 1290.99 1.12 33.81
2002 1.84 1.06 1.06 1.06 125.39 1251.09 1.06 34.58
2003 1.54 0.89 0.89 0.89 115.93 1191.61 0.89 34.42
2004 1.36 0.81 0.81 0.81 108.19 1145.32 0.81 33.43
2005 1.31 0.80 0.80 0.80 110.22 1024.12 0.80 32.18
2006 1.33 0.80 0.80 0.80 116.30 954.79 0.80 32.53
2007 1.20 0.73 0.73 0.73 117.75 929.26 0.73 32.84
2008 1.19 0.68 0.68 0.68 103.36 1102.05 0.68 31.54
2009 1.28 0.72 0.72 0.72 93.57 1276.86 0.72 33.06
F4 %k 1 1L.OECD Statistics (2010) 5 2.3 2+ & (99 £) 3L R4s®F FR Y B e WpEE 4 » %3 £ 8
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AT FERP 2 AL GET 4 #(2009 #=1)

country

i Australia’ | France' | Germany' | Italy* Japan' Korea' Spain® | United States® | Taiwan?

1993 0.62 0.78 0.85 0.64 1.14 0.61 0.59 0.71 0.95
1994 0.62 0.79 0.87 0.66 1.15 0.66 0.61 0.73 0.97
1995 0.64 0.80 0.89 0.70 1.14 0.71 0.64 0.74 0.99
1996 0.65 0.81 0.89 0.73 1.13 0.75 0.66 0.75 1.02
1997 0.66 0.82 0.90 0.75 1.14 0.78 0.68 0.77 1.05
1998 0.66 0.83 0.90 0.77 1.14 0.83 0.70 0.78 1.09
1999 0.67 0.83 0.90 0.78 1.13 0.83 0.71 0.79 1.07
2000 0.70 0.84 0.90 0.80 1.11 0.83 0.74 0.80 1.07
2001 0.72 0.85 0.91 0.82 1.09 0.86 0.77 0.82 1.06
2002 0.74 0.87 0.92 0.85 1.08 0.89 0.80 0.84 1.06
2003 0.77 0.89 0.93 0.87 1.06 0.91 0.84 0.86 1.05
2004 0.80 0.90 0.94 0.90 1.05 0.93 0.87 0.88 1.05
2005 0.84 0.92 0.95 0.92 1.03 0.93 0.91 0.91 1.04
2006 0.87 0.95 0.95 0.93 1.02 0.93 0.94 0.94 1.02
2007 0.91 0.97 0.97 0.95 1.02 0.94 0.97 0.96 1.02
2008 0.95 0.99 0.98 0.98 1.01 0.97 1.00 0.98 0.99
2009 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

4L %k ¢ 1.OECD Statistics (2010) ; 2.2 3 & (99 #)
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% ABLEE SHET LARHT EE(MW,)

& i IEA i & F 3t Y

1993 127.00 -
1994 151.00 -
1995 181.00 -
1996 219.00 -
1997 281.00 -
1998 355.00 -
1999 471.00 -
2000 678.00 0.10
2001 966.00 0.20
2002 1337.00 0.30
2003 1818.00 0.50
2004 2876.00 0.60
2005 4243.00 1.00
2006 5683:00 140
2007 8019.00 2.40
2008 14193:00 5.60
2009 20381.00 9.50
2010 3 22/00
2011 ) -

F# & R LIEA (2010) ; 2.4 /& A (100 = )
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2OAB2 SHENE AT 5 AR AT EE(MW,)

PN SR 2 3 4 5 6 7 8 o | 10 | 11 | 12
2000 - - - - - - - - - -] 010 0.10
2001 0.20| 020/ 0.20| 0.20| 0.20| 0.20| 0.20| 0.20| 0.20| 0.20| 0.20| 0.20
2002 0.20| 0.30| 0.30| 0.30| 0.30| 0.30| 0.30| 0.30| 0.30| 0.30| 0.30| 0.30
2003 0.30| 0.30| 0.30| 0.30| 0.40| 0.40| 0.40| 0.40| 0.40| 050| 0.50| 0.50
2004 050| 050| 050| 0.50| 0.50| 0.50| 0.5017/0:50| 0.50| 0.50| 0.50| 0.60
2005 060| 070| 070| 0.70| 0.70| 0.801 -0.80| 0.80{0.90| 0.90| 1.00| 1.00
2006 110| 1.10| 1.10| 1.10| 1.10| 1.20| (130 | 1.30 130 | 1.30| 1.40| 1.40
2007 1.40| 150| 1.50| 1.60| 1.70| 1704 1.70| 2.00| 200| 2.10| 2.20| 2.40
2008 250 | 2.60| 270| 2.80| 3.20| 3.50| 3.60{ 3.70| 3.90| 3.90| 4.00| 5.60
2009 570| 570| 5.80| 590| 6.00| 6.10| 6.50{6:60] 6.70| 7.90| 8.00| 9.50
2010 | 11.80 | 11.90 | 12.40 | 13.90 | 14.70 | 15.00 |'16.00 | 19.00 [19.40 | 19.90 | 20.50 | 22.00
2011 | 23.00 | 23.30 | 24.00 - - - = . - - - -

FAL KR iR A (100 )
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2 A9 LRFE X LT AF TS & (USSKWp > 2009 # A7)

country

e Australia Germany Spain France Italy Japan Korea United States
1993 26,503 13,775 - - - 27,108 - 16,892
1994 - 12,782 - - - 20,156 - 16,543
1995 25,525 12,886 - - - 18,236 - 14,862
1996 - 11,237 - - - 10,505 - 13,258
1997 33,957 8,891 - - - 8,554 - 13,040
1998 28,725 8,072 - - - 7,569 - 12,897
1999 28,907 7,297 - - - 7,721 - 11,442
2000 18,166 6,764 - - - 7,843 - 9,954
2001 15,760 6,304 - - - 6,288 - 8,505
2002 14,619 5,720 - - - 5,746 - 7,761
2003 16,861 6,150 8,256 6,286 8,811 6,030 12,631 7,599
2004 19,288 6,992 - 6,860 8,514 6,685 10,695 7,160
2005 20,109 7,874 - 6,060 8,489 6,381 10,288 7,154
2006 19,333 6,256 7,779 6,628 7,407 6,247 6,568 6,931
2007 20,540 6,772 8,789 7,763 7,902 5,305 9,307 5,711
2008 20,988 6,247 8,588 8,172 7,257 5,152 8,682 6,610
2009 15,600 5,071 5,001 4,862 5,209 5,800 6,200 4,250

TALEE g IEA(2010) -
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% A10 2 R E < BT e R 2~ & (US$/Wp > 2009 # 75 #7)

country

e Australia Germany Spain France Italy Japan Korea United States
1993 - 8.23 - - 8.93 7.46 - 5.98
1994 8.19 7.49 - - - 7.92 17.67 551
1995 - 7.54 - 21.93 - 7.13 17.14 5.07
1996 9.67 6.55 - - - 5.24 13.64 5.30
1997 - 5.21 - - 6.27 4.73 11.43 5.41
1998 7.66 4.60 - - - 4.37 7.94 5.16
1999 7.71 4.28 - - - 4.66 7.63 4.45
2000 6.61 3.67 - - - 4,55 7.54 4.67
2001 5.73 3.48 - - 4.69 3.62 6.47 4.25
2002 5.12 3.11 - - 4.33 3.43 6.49 3.88
2003 5.90 7.39 4.63 5.32 4,52 3.68 6.45 3.51
2004 7.37 8.31 - 5.49 4,57 3.89 4.30 3.98
2005 7.31 6.56 - 5.66 4.89 3.75 4.81 3.96
2006 7.11 6.12 4.99 5.50 4.58 3.63 4.96 4.00
2007 6.87 5.50 5.27 4,94 4.88 3.64 4,52 3.89
2008 5.72 4.69 4.26 4,71 4,11 4.22 2.94 3.76
2009 351 2.78 2.57 2.15 2.64 4.30 1.96 2.03

TALEE g IEA(2010) -
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LALLRE X B AT & s e B~ (2000 £ & )

£ IEA i & B3 =
P W o W
(US$/KWp) | (US$/Wp) | (USSIKWs) | (USSW,)

1993 20,488 6.89 - ]
1994 17,492 6.78 ; -
1995 16,894 6.53 . .
1996 11,991 5.89 ; ;
1997 12,610 5.24 ; -
1998 11,228 4.97 i ;
1999 10,223 4.79 i ;
2000 8,735 4.59 i ;
2001 7113 3.84 i 3.77
2002 6,394 351 8,199 ;
2003 6,696 473 i ;
2004 7,153 5.75 i ;
2005 7444 5.24 8,405 ;
2006 6,554 5.06 ; ;
2007 6,679 4.84 7771 ;
2008 6,925 437 ; -
2009 5,213 2.85 7,260 2.00
2010 i i 5,096 ;

FARE®) LIEA(2010): % (95 &) ;2527 w (99#); Riz2 @ (99
E); Ax 0P (99&); Haod (9#); 222 (99 &)

(' A)-19




# A12 8 & 417 7 v § pi(Feed-in tariffs)sg i s X B 734 7 p 7

Country Policy Laws Goals Summary
(1SO code)
Spain Electric Power Act 54* | - B Electric Power Act in 1997 that established an FIT program,
ESP (1997) which was later modified in 2004 through RD 436/04 to increase
Royal Decree 426! 400 MWp from renewable support for renewable energy.
(2004) energies by 2010. B 2004 Royal Decree was superseded by the announcement in
Royal Decree 661" another Royal Decree of a new feed-in tariff scheme (RD
(2007) 661/07), due to the very favorable feed-in tariff to rationalize the
Royal Decree 1578 extraordinary increase of the PV market, and the law was
(2008) approved that provides a “Technical Building Code” establishing
obligatory requirements to be met by buildings. However, there
IS a quite less favorable feed-in tariff, and 500 MW cap in 2009
and similar for the next three years by law (RD 1578/08).

2004 Feed-in tariff (euro cents/kwh) ® 2007 Feed-in tariff (euro cents/kwh) * 2008 Feed-in tariff (euro cents/kWh)?

Kind of installation First 25 years After 25 years Kind of installation First 25 years After 25 years Kind of installation 25 years
<100 kW 575% of TRM 300% of TRM | < 100 kw 44.04 35.23 | Roof-top < 20 kKW 34
> 100 KW 460% of TRM 240% of TRM | 100 kw - 10 MW 41.75 33.40 | Roof-top 20 kW - 2 MW 32
TRM: average tariff of reference based on conventional electricity | 10 MW - 50 MW 22.97 18.38 Open —Space <10 MW 32

FRLEE® g 1. Paddock et al., (2009) ; 2. IEA (2010) ; 3. Campoccia et al., (2008) ; 4. Kravetz (2008) -
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Country Policy Laws Goals Summary
( 1SO code)
Austria green electricity act 4 % of electricity from eco Feed-in tariffs: Policy changes.
AUT “Okostromgesetz” plants and 9 % from small A limit of 15 MWp total installed capacity is stated in the law,
(2002) (13 years) hydroelectric plants until 2008, and already in 2003 the cap had been reached. After a period of
and the overall objective of about 3 years with no federal support for PV, Austria’s
78.1 % can be reached. parliament passed a revision of the green electricity act in May
2006. However, the grant periods are not the same.
revised green 10 % of electricity from Dire(_:t capital subsidies: Regional level, limited to selected
electricity act (2006) | renewable energies by 2010. 6\
(12 years)
Canada standard offer Ontario’s target of having Feed-in tariffs: Only in province of Ontario.
CAN program (2006) (20 2,700 MW from renewable As of the fourth quarter of 2009, the standard offer program was

years)

green energy act
(2009) (20 years)

energies by 2010.

replaced by the act.
Tax credits: Federal / Province-specific.
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Country Policy Laws Goals Summary
( 1SO code)
France five year programme | The share of renewable B Feed-in tariffs: National level.
FRA (2002) energies from 15 % in 1997 to Focus on building integrated photovoltaics.
21 % in 2010. B Direct capital subsidies: National / Regional level.
energy planning act 21 % of renewable energies in | @ Tax credits:
(2005) 2020. Applicable for private investors paying income tax.
(20 years)
Israel Israel Public Utility - B Feed-in tariffs: The lack of annual grid-connected system price
ISR Authority — to analyze.

Electricity, issued its
decision on solar
rates. (2006) (20
years)

Specific for installation capacity greater than 100 kWp.
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Country Policy Laws Goals Summary
(1SO code)
Korea feed-in tariff program | The share of renewable B Feed-in tariffs:

KOR

(2002) (15 years)

revised feed-in tariff
program (2006) (15
years)

energies from 3 % in 2006 to 5
% in 2012.

revised feed-in tariff
program (2008) (15 /
20 years)

4.3 % of renewable energiesin | m
2015.

Specific for installation capacity greater than 3 kWp, and the
first phase of this programme ends in October 2006, after which
the feed-in tariff will be revised. Since October 2008, the
beneficiaries can choose contract periods of 15 years or 20
years.

Direct capital subsidies: The 100 000 roof-top programmes also
played a major role, the Government supports 60 % of total
system:-price for single-family house and 100 % for public rent
apartments.

The majority of the increase came from PV power plants
supported by the feed-in tariff and 3 kW residential roof-top
applications under the 100 000 solar roof programme.

United States
USA

CA Public Utilities
Code (2006) (10/15/
20 years)

California’s goal to create n

3,000 MWp of new, [ ]

solar-produced electricity by

2017. [ |
[ |

Feed-in tariffs: Only in state of California.

Direct capital subsidies: California Solar Initiative provide
capital subsidies.

Tax credits: National level, 30% for commercial PV.

PV requirement in RPS: Regional level.

FHETE p IEA(2010) -
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# A13 BTk ke

(@) % &
Category Description
] KWh generated; kW capacity value; peak generation and load
Added Electrical ) o . . .
matching value; reduction in demand for utility electricity; power in
values

times of emergency; grid support for rural lines; reduced
transmission and distribution losses; improved grid reliability and
resilience; voltage control; smoothing load fluctuations; filtering

harmonics and reactive power compensation.

Environmental

Significant net energy generator over its lifetime; reduced air
emissions of particulates, heavy metals, CO2, NOx, SOx - resulting
in lower greenhouse gases, reduced acid rain and lower smog levels;
reduced power station land and water use; reduced impact of urban
development; reduced tree clearing for fuel; reduced nuclear safety

risks.

Architectural

Substitute building component; multi-function potential for
insulation,-water proofing, fire protection, wind protection, acoustic
control, daylighting, shading, thermal collection and dissipation;
aesthetic appeal through colour, transparency, non-reflective
surfaces; reduced embodied energy of the building; reflection of
electromagnetic waves; reduced building maintenance and roof

replacements.

Socio-Economic

New industries, products and markets; local employment for
installation and servicing; local choice, resource use and control,
potential for solar breeders; short construction lead-times; modularity
improves demand matching; resource diversification; reduced fuel
imports; reduced price volatility; deferment of large capital outlays
for central generating plant or transmission and distribution line
upgrades; urban renewal; rural development; lower externalities
(environmental impact, social dislocation, infrastructure
requirements) than fossil fuels and nuclear; reduced fuel transport
costs and pollution from fossil fuel use in rural areas; reduced risk of
nuclear accidents; symbol for sustainable development and
associated education; potential for international cooperation,

collaboration and long-term aid to developing countries.
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(b) Hi s

Category

Description

Barriers | Socio-Economic

High production costs and electricity prices relative to conventional
energy sources; lack of familiarity with and procedures for financial
analyses, compounded by limited financing options; lack of
procedures for project assessment, approvals and installation, leading
to delays and higher costs; lack of standard designs and optimized
PV products and systems; poor back-up service delivery in many
areas; restructuring in the electricity industry, with impacts on PV
programmes, electricity prices and network access; lack of
consideration of environmental externalities in the energy sector; lack
of long-term energy policy guidelines regarding the transition to
sustainable options, which would provide confidence for investors;
lack of information for customers and investors; lack of standards,

training.and certification.

F# & R © IEA (2001)

('t A)-25




%Al L=

% p S+ E 71 (2006~2010)

EE LA AHE R gr' k33 L:{iﬁ@ - iﬁ 2 L
(2w) (m) (MJ/m*/year) (hour/year)
oo 13.8  120°11'49.18” E = 22°59'42.81” N 2498222757
Bad (@) 2.3  120°18'28.92” E  22°34'04.40” N 2026050359
oo %’;3&7‘ (s:;%’z) 26.9 120°25: 28.21: E 23:29: 51.81: N 4913043940 —— 1544
s (sP) 34  120°40'33.31” E  24°08'50.98” N 3320228997
ak,w (%) 22.1 120°44' 16.99” E_.22°00'19.56” N 1188178591
e (54) 9  121°08'47.55% E~ 22°45'14.51” N 4875595040
;t@:z i) 16 121°36'17:98” -E—+ 23°58.37.10” N 4047915284
BPRR FTHEL (375 34 121°00' 22”7 E 24°49' 48” N 3155294387 4297.83 1194
2B (PP R) 1014.8  120°53'59.62” E  23°52'58.78” N 4878657754
st d (a) 5.3  121°30'24.15”(E . .25°02'22.62” N 1642429781
YRR ORI (RAK) 26.7  121°43'55667 E 25°08'05.18” N 845363011 3838.69 1066
TR (¥ ) 7.2  121°44'52.557 E-..24°45'56.04” N 2682145473
o 4890.17 1358
FHEEs Lg (97 #);2. A FF7FRE (100 #) -
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2 Al5 7 2% ZE Lo F%ERTE(G) % (KWh)

&

| 2011 & EN =y AR

T iEelE() | a7 E(E) Y REEF R P2 IR E(D)

£

i

#

2 - - 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
m

*

A 1250 1154 | 1143 | 1131 | 1120 | 1108 | 1097 | 1085 |.1073 {1062 | 1050 | 1039 | 1027 | 1016 | 1004 993 981 970 958 947 935 923
®

2

X

p - 1312 | 1299 | 1286 | 1273 | 1260 | 1247 | 1234 | 12211207 |.1194 | 1181 | 1168 | 1155 | 1142 | 1129 | 1116 | 1102 | 1089 | 1076 | 1063 | 1050
i

®

P - 1015 | 1005 995 984 974 964 954 944 934 924 913 903 893 883 873 863 853 842 832 822 812
4

=1

p - 906 897 888 879 870 861 852 843 834 825 815 806 797 788 779 770 761 752 743 734 725
4
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Feed-in taritis(N T$/kWh)
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Feed-in taritis(NT$/kWh)
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Feed-in tariffs(NT$/kWh)

Fead-in tarifts(N T$/kWh)
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Feed-in tariffs(NT$/kWh)

(©)

Feed-in tarifis(N T$/kWh)
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