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들어가며 단위와 숫자

단위와 숫자

일, 에너지, Work, Energy, [J], [cal], [Wh], [toe], [Btu]
일률, 파워, 에너지/시간, [W], [J/s]
k(ilo) = 103 (회원발전소 1호 ∼9 kW)
M(ega) = 106 (가장 큰 풍력터빈 ∼5MW)
G(iga) = 109

I 큰 발전소 하나 ∼1GW
I 2006년 우리나라 발전설비용량 ∼62GW
I 2006년 우리나라 평균 전력 ∼42GW

T (era) = 1012 (2004년 세계 전력 설비 용량 ∼3.7TW)
P (eta) = 1015 (2004년 세계 에너지 소비 ∼133PWh/년)
E(xa) = 1018, Z(etta) = 1021
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들어가며 한 사람이 부리는 에너지의 크기

한 사람이 부리는 에너지의 크기

성인 1인 하루 에너지 소비 = 2500 kcal
1 toe = 1.1× 107 kcal
우리나라 1인당 연간 1차에너지 소비(2006년) = 4.83 toe
한 사람이 부리는 에너지의 크기

=
(4.83 toe/년)× (1.1× 107 kcal/toe)

(2500 kcal/명·일)× (365일/년)
' 58명

4인 한 가정이 부리는 에너지의 크기 > 사람(노예?) 100명
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들어가며 한 사람이 부리는 에너지의 크기

설비이용률, Capacity Factor

CF =
출력[Wh]

정격 출력[W]×운영 시간[h]

=
실제 출력

이론상 가능한 최대 출력

0 ≤ CF ≤ 1

CF를 알면,

연간 에너지 생산 [Wh/year]
=정격 출력 [W]× 24 h/day × 365 day/year× CF
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태양과 바람의 변덕?

태양과 바람의 변덕이 문제가 되는가

한 장소에 설치된 태양전지판이나 풍력터빈은 안정적인

에너지를 공급하기 어렵다. 바이오매스 수확량도 해마다
달라진다.
하지만, 애초부터 에너지 수요·공급은 항상 계획된 스케쥴에
따라 혹은 예상치 못한 상황에 맞추어 관리되어왔다.

I 사람들의 변덕, 날씨나 계절의 변화, 자연재해, 예기치 못한 일
등 에너지 수요·공급은 애초부터 유동적이었다.

I 2000년∼2004년 미국 석탄화력발전소: 계획된 유지보수로 평균
6%, 비계획 유지보수로 6.5% 운영 중단

I 세계 원자력 이용율(CF): 80.8%
I 수력의 비계획 운영 중단: 5% 미만
I 덴마크의 풍력터빈 작동 전면 중단은 내륙의 경우 0∼2%,
해상의 경우 0∼5%

운영 중단이 끼치는 영향:

중앙집중식 발전소�분산된 재생가능발전소
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태양과 바람의 변덕?

중앙집중식 대형 발전설비 v.s. 분산형 소형 발전설비

17

Less idle capacity… and less chance of overbuilding capacity… 
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태양과 바람의 변덕?

태양과 바람의 변덕도 충분히 ‘관리’될 수 있다

1 지역적으로 넓고 다양한 재생가능에너지원의 개발

2 에너지 저장장치 이용

3 기상 정보를 이용한 에너지 예보
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태양과 바람의 변덕? 지역적으로 넓고 다양한 재생가능에너지원의 개발

지역적으로 넓고 다양한 재생가능에너지원의 개발

바람은 어디에선가 불고 있고, 태양은 어디엔가 비추고 있다.
미국의 한 연구(Archer and Jacobson, 2007)에 따르면,

I 미국 중서부 지역 850 km× 850 km에 13 ∼ 19개의 풍력단지를
가상으로 연결한 결과,

I 평균 33%에서 최대 47%의 풍력 설비 용량을 석탄화력발전소와
동일한 신뢰도에서 기저부하(baseload) 발전설비로 이용될 수
있다.

풍력, 태양광, 바이오매스, 수력 등 다양한
재생가능에너지원을 지역의 환경에 맞게 구성하고,
재생가능에너지원으로 안정적인 에너지 공급이 가능하다.
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여러 재생가능에너지원 구성의 예
2020년 캘리포니아주 7월 전력 80%를 재생가능에너지로
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 1 
 2 
10c. Using smart meters to provide electric power for vehicles at optimal times 3 
A third method of smoothing intermittent power is to upgrade smart meters (e.g., PG&E, 4 
2008) to provide electricity to electric vehicles when wind power supply is high and to 5 
reduce the power provided to vehicles when wind power is low. Utility customers would 6 
sign up their electric vehicles under a plan by which the utility controlled the nighttime 7 
(primarily) or daytime supply of power to the vehicles. Since most electric vehicles 8 
would be charged at night, this would provide primarily a nighttime method of smoothing 9 
out demand to meet supply.  10 
 11 
10d. Storage 12 
A fourth method of dealing with intermittency is to store excess intermittent energy in 13 
batteries (e.g., for use in BEVs), hydrogen gas (e.g., for use in HFCVs), pumped 14 
hydroelectric power, compressed air (e.g., in underground caverns or turbine nacelles), 15 
flywheels, or a thermal storage medium (as done with CSP). One calculation shows that 16 
the storage of electricity in car batteries, not only to power cars but also to provide a 17 
source of electricity back to the grid (vehicle-to-grid, or V2G), could stabilize wind 18 
power if 50% of U.S. electricity were powered by wind and 3% of vehicles were used to 19 
provide storage (Kempton and Tomic, 2004). The only disadvantage of storage for grid 20 
use rather than direct use is conversion losses in both directions rather than in one. 21 
 22 
10e. Forecasting 23 
Finally, forecasting the weather (winds, sunlight, waves, tides, precipitation) gives grid 24 
operators more time to plan ahead for a backup energy supply when an intermittent 25 
energy source might produce less than anticipated. Forecasting is done with either a 26 
numerical weather prediction model, the best of which can produce minute-by-minute 27 
predictions 1-4 days in advance with good accuracy, or with statistical analyses of local 28 
measurements. The use of forecasting reduces uncertainty and improves planning, thus 29 
reduces the relevance of intermittency. 30 
 31 
 We rank the intermittency of each energy technology combination based on the 32 
scheduled and unscheduled downtime of the electric power source, whether the downtime 33 
affects a large or small fraction of electric power generation, the natural intermittency of 34 
the electric power source, and whether the technology combination includes a storage 35 
medium. For example, all cases considered involve combinations of the technology with 36 
either BEVs, HFCVs, or E85. Since BEVs are charged over a several-hour period, the 37 
instantaneous electricity production is not so important so long as the aggregate 38 
production over the period is guaranteed. With HFCVs, the hydrogen fuel is produced by 39 
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태양과 바람의 변덕? 에너지 저장장치

에너지 저장장치의 역할

에너지 저장장치를 이용하여 재생가능에너지의 간헐성을 더욱

보완하거나 제거할 수 있다.
에너지 저장장치의 종류

I 양수발전
I 압축공기 에너지 저장장치, CAES
I 플라이휠
I 축전지
I 수소?
I 열매체?
I 전기자동차 배터리? (V2G, Vehicle-to-Grid)

F “미국의 차량 3%를 전기자동차로 전력망과 연계할 경우,
풍력으로 전력 수요 50%를 안정적으로 공급할 수 있다.”
(Kempton and Tomić, 2004)
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태양과 바람의 변덕? 에너지 저장장치

다양한 종류의 에너지 저장장치
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태양과 바람의 변덕? 에너지 저장장치

양수발전 Pumped Hydro
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태양과 바람의 변덕? 에너지 저장장치

압축공기 에너지 저장장치 CAES
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태양과 바람의 변덕? 에너지 저장장치

V2G, Vehicle-to-Grid
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태양과 바람의 변덕? 에너지 예보

기상 예보를 바탕으로 한 에너지 예보

기상 예측 수치해석 모델: 1∼4일 전 분단위의 신뢰도 높은
예측 가능하다.
해당 지역의 누적된 기상측정치를 바탕으로 한 통계적 분석
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스페인 재생가능에너지 관제센터
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재생가능에너지
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재생가능에너지 재생가능에너지 잠재량

지구 가용에너지(Exergy)
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Exergy is the useful portion of energy that allows us to do work and perform energy services. We gather exergy from energy-carrying substances in the natural 
world we call energy resources. While energy is conserved, the exergetic portion can be destroyed when it undergoes an energy conversion. This diagram
summarizes the exergy reservoirs and flows in our sphere of influence including their interconnections, conversions, and eventual natural or anthropogenic 
destruction. Because the choice of energy resource and the method of resource utilization have environmental consequences, knowing the full range of energy
options available to our growing world population and economy may assist in efforts to decouple energy use from environmental damage. 
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 7 

reduction. The process can be hastened by increasing temperature and pressure, but this 1 
requires additional energy. 2 
 3 
2j. Corn and Cellulosic Ethanol 4 
Biofuels are solid, liquid, or gaseous fuels derived from organic matter. Most biofuels are 5 
derived from dead plants or animal excrement. Biofuels, such as wood, grass, and dung, 6 
are used directly for home heating and cooking in developing countries and for electric 7 
power generation in others. Many countries also use biofuels as a transportation fuel. The 8 
most common biofuel transportation fuels are various ethanol/gasoline blends and 9 
biodiesel. Ethanol is produced in a factory, generally from corn, sugarcane, wheat, sugar 10 
beet, or molasses. Microorganisms and enzyme ferment sugars or starches in these crops 11 
to produce ethanol. Fermentation of cellulose from switchgrass, wood waste, wheat, 12 
stalks, corn stalks, or miscanthus, can also produce ethanol, but the process is more 13 
difficult since natural enzyme breakdown of cellulose (e.g., as occurs in the digestive 14 
tracts of cattle) is slow. The faster breakdown of cellulose requires genetic engineering of 15 
enzymes. Here, we consider only corn and cellulosic ethanol and its use for producing 16 
E85 (a blend of 85% ethanol and 15% gasoline). 17 
 18 
3. Available Resources 19 
An important requirement for an alternative energy technology is that sufficient resource 20 
is available to power the technology and the resource can be accessed and used with 21 
minimal effort. In the cases of solar-PV, CSP, wind, tidal, wave, and hydroelectricity, the 22 
resources are the energy available from sunlight, sunlight, winds, tides, waves, and 23 
elevated water, respectively. In the case of nuclear, coal-CCS, corn ethanol, and 24 
cellulosic ethanol, it is the amount of uranium, coal, corn, and cellulosic material, 25 
respectively.  26 
 27 
 Table 1 gives estimated upper limits to the worldwide available energy (e.g., all the 28 
energy that can be extracted for electricity consumption, regardless of cost or location) 29 
and the technical potential energy (e.g., the energy that can feasibly be extracted in the 30 
near term considering cost and location) for each electric power source considered here. 31 
It also shows current installed power, average capacity factor, and current electricity 32 
generated for each source.  33 
 34 
Table 1. Worldwide available energy, technical potential energy, current installed power, capacity factor of 35 
currently-installed power, and current electrical generation of the electric power sources considered here. 36 
For comparison, the 2005 world electric power production was 18.24 PWh/yr (2.08 TW, 1568 MTOE) and 37 
the energy production for all purposes was 133.0 PWh/yr (15.18 TW, 11,435 MTOE) (IEA, 2005). 38 
Installed power and electricity generation are for 2005, except that wind and solar PV data are for 2007. 1 39 
PW=1015 W. 40 
Technology Available 

Energy  
(PWh/yr) 

 

Technical 
Potential 
Energy  

(PWh/yr) 

Current 
Installed 

Power (GW)  

Worldwide 
Capacity Factor 

of Technology in 
Place 

Current 
Electricity 
Generation 
(TWh/yr) 

Solar PV 14,890 (a) <3,000 (a) 8.7 (b) 0.1-0.20 (c) 11.4 (d) 
CSP 9250-11,800 (e) 1.05-7.8 (e) 0.354 (f) 0.13-0.25 (f) 0.4 (f) 
Wind  630 (g) 410 (g) 94.1 (h) 0.205-0.42 (i) 173 (j) 
Geothermal 1390 (k) 0.57-1.21 (l) 9 (m) 0.73 (n) 57.6 (m) 
Hydroelectric  16.5 (m) <16.5 778 (m) 0.416 (n) 2837 (m) 
Wave 23.6 (k) 4.4 (k) 0.00075 (k) 0.21-0.25 (o) 0.0014 (j) 
Tidal  7 (p) 0.18 (p) 0.26 (k) 0.2-0.35 (q) 0.565 (r) 
Nuclear 4.1-122 for 90-300 y (s) <4.1-122 371 (m) 0.808 (n) 2625 (m) 
Coal-CCS 55.6 for 500 y (k) <55.6 0 0.65-0.85 (t) 0 

출처: Jacobson(2008)
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global Primary EnErgy SUPPly from 
rEnEwablE EnErgy SoUrcES

over the past 30 years, global primary 
energy consumption has almost dou-
bled, rising to around 479,100 PJ in 
2005. in 2005 alone, global demand 
for energy rose by around 3 %, or in 
absolute terms, by around 12,000 PJ 
(by way of comparison: in 2007, pri-
mary energy consumption in ger-
many totalled around 13,900 PJ). Re-
newable energies already contributed 
12.7 % to the energy supply.
if we break this down into the various 
forms of use, solid biomass accounts 
for lion’s share of global primary en-
ergy consumption, at 9.6 %, due to its 
widespread traditional use. This is
followed in second and third place 
by hydropower with a share of 2.2 %, 

and geothermal energy with a share 
of 0.4 %. within the supply of prima-
ry energy from renewables, biomass 
accounts for 78.6 % (of which 75.6 % 
solid biomass), hydropower 17.4 % and 
geothermal energy 3.2 %. other areas 
of note include the developments in 
“new” renewable technologies (wind 
energy, solar power and marine ener-
gy) as well as modern techniques for 
the use of biomass. overall, these
usage forms indicate an increase of 
around 15 % over a one-year period. 
However, their contribution to global 
energy supply remains marginal, at 
0.5 %.

in accordance with international
agreements, electricity from nuclear
power is rated at an average conver-
sion efficiency of 33 % in relation to
primary energy. Meanwhile, electrici-
ty from hydropower is rated at a con-
version physical energy content of 
100 %.
according to this calculation method
(the so-called efficiency method), nu-
clear power accounts for around 6.3 %
and hydropower accounts for around
2.2 % of primary energy consumption.
The 16 % share the contribution of hy-
dropower to electricity production is
higher than the nuclear energy share
(15.2 %); cf. page 66 and appendix,
para. 4. Thus, the renewable primary
energy share delivers a skewed pattern
in electricity production.

worLd: Primary EnErGy ConSUmPtion
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on calculation of the Res share,
cf. also appendix, para. 10. 

Sources: iEa [31], [54]

Primary energy consumption in
2005: Total 479,100 PJ

1) including non-renewable share of 
waste (0.2 %)

2) new Res = wind energy,  
solar energy, tidal energy

Sources: iEa [31]
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power
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0.1 %Liquid  
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Geothermal en.
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"New" RES
2) 

0.1 %

Gas
20.6 %

Nuclear energy
6.3 %

Oil
35.0 %

Share RES
12.7 %

Coal
1)

25.5 %

Structure of global primary energy consumption, 2005

global development of renewable primary energy supply and share of
renewable energy sources (rES)
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66 Renewable eneRgy souRces in f iguRes

Sources: iEa [31], [54]

with a 16 % share, global electricity pro-
duction from hydropower is higher than 
nuclear energy’s share (15.2 %). looking at 
the Pec shares this proportion is inverted, 
with 6.3 % nuclear energy provides a con-
siderably higher share to Pec than hydro-
power (2.2 %). This is attributed to the fact, 
that according to international agreements 
electricity from nuclear power is rated at 
an average conversion efficiency of 33 % 
in relation to primary energy. Meanwhile, 
electricity from hydropower is rated at a 

global ElEcTriciTy gEnEraTion from rEnEwablE EnErgy SoUrcES

Electricity generation from renewable energy sources in various regions, 2005

Share of renewable energy sources in 
global electricity generation, 2005

for years, the share of global electri-
city generated from renewable ener-
gy sources has been in decline, and 
totalled 17.9 % in 2005 (1990: 19.5 %). 

a reversal in this trend would ne-
cessitate a growth rate in renewable 
electricity generation which exceeds 
the growth rate in electricity gene-

ration as a whole.
in this connection, the continued
development among industrialised 
countries (oecD) is of particular in-
terest, since the comparatively low 
level of growth in hydropower is the
main reason for the decline in the 
global share. at 81.5 %, hydropower 
supplies the highest proportion of 
renewable energy, followed by bio-
mass with a share of 10.2 %. admit-
tedly, hydropower potential in most 
industrialised countries has already  
been exhausted. in these coun-
tries, the growth push needed to in-
crease the global share can only be 
 achieved by stepping up the use of 
other renewable technologies.
considering the non-oecD coun-
tries, who provide more than half 
(52.3 %) of the world’s renewable
electricity generation, the growth 
in total electricity demand will be 
higher than in the oecD in future, 
due to the sharper growth in po-
pulation compared with industria-
lised countries, coupled with rising 
income levels. This means that the 
growth in renewables must at least 
keep pace in order to maintain the 
global share.

worLd: ELECtriCity GEnEration
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Ge othermal energy

W in d energy
Hydropower

Solid Biomass
Other Biomass

2.4 %
6.0 %

7.0 %

3.2 %81.5 %

1.2 %
0.4 %
0.1 %
1.6 %96.6 %

World total
approx. 3,270 TWh

figures in Twh 

1) asia excluding china and Japan; 
latin america excluding Mexico

solar/marine energy not shown, in
2005, these energy forms contributed
3.3 Twh to global electricity production.

Sources: iEa [54], [31]

conversion efficiency of 100 %, according  
to the so-called physical energy content  
method; cf. page 63 and appendix, para. 4.

1) includes non-renewable portion of  
waste (0.2 %)

2)  geothermal energy, solar energy,  
wind energy, marine energy
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64 Renewable eneRgy souRces in f iguRes

average growth rates of primary energy consumption and  
renewable energy sources for the period 1990 to 2005

against the background of the Kyoto 
Protocol’s climate protection targets, 
the development of renewable ener-
gy sources has been a particular fo-
cal point since 1990. since then, how-
ever, efforts to significantly raise their 
profile amongst energy supply have 
failed. at global level, energy supply 
rose by an average of  1.8 % p.a. un-

til 2005, only just managing to keep 
pace with the growth in total pri-
mary energy consumption. among 
industrialised countries (oecD), the 
average growth in renewable energy 
supply of 1.5 % p.a. outstripped the 
growth in total primary energy con-
sumption (1.4 %) for the first time in 
five years.

in percentage terms, renewable en-
ergy sources accounted for 5.9 %, 
only 0.1 % up on 1990. for 2006, the 
international energy agency esti-
mates this share at 6.2 %.

globally, today, around 55 % of re-
newable energies are used to sup-
ply heat in private households and 
in the public and services sectors. 
essentially, this refers to wood and 
charcoal. The second main area of 
application is electricity genera tion. 

However, there are substan tial re-
gional differences: whereas in the 
western industrialised countries 
(oecD), half of renewable energy 
sources are used to generate electri-
city, in non-oecD countries this fi-
gure is only 15.2 %. The share attri-

butable to decentralised heat provi-
sion is correspondingly high in these 
countries, at just under 66 %, com-
pared with only 19 % or so in the 
oecD countries.

worLd: GrowtH/aPPLiCation EXamPLES
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태양광발전의 과정
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태양광발전의 원리
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태양전지판에서 셀 하나가 가려지면?

17

In the lab:  Impact of shading…
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가려진 면적보다 더 큰 손실
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태양전지 효율의 발전
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최근 태양광 산업 흐름

1999년 누적 1GW 모듈 생산
2001년 전자산업보다 더 많은 면적의 실리콘 사용
2004년 연간 1GW 모듈 생산
2006년 전자산업보다 더 많은 무게의 실리콘 사용
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풍력터빈의 발전
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풍력의 출력 곡선

9

2.  BETTER WAY TO ESTIMATE ENERGY DELIVERED….

IDEALIZED POWER CURVE:  

Combine the wind -turbine power curve with wind data (or Rayleigh assumption)
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풍력의 원리
발전량은 날개가 차지하는 면적에 비례

3

MAXIMUM POWER EXTRACTED FROM THE WIND… The Betz Limit
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재생가능에너지 풍력

간단한 풍력 CF 경험식

CF = 0.087 · V − PR

D2

V : 평균 풍속 [m/s]
D: 날개 지름 [m]
PR: 정격 출력 [kW]
CF 0.1 ∼ 0.5 범위에서는 잘 맞는다.
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재생가능에너지 풍력

풍력터빈과 조(鳥)류

0 100 200 300 400 500 600
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Buildings/Windows

0.03

Millions of bird deaths per year

ENVIRONMENTAL IMPACTS INCLUDE BIRD IMPACTS

..mostly at Altamont Pass in CA

…and bat impacts… mostly at two sites (WVA, Pennsylvania)

CA with 20% of turbines

Has 90% of bird deaths

30,000

조류독감으로 죽은 조류의 수: 연간 2억 마리
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재생가능에너지 여러 재생가능에너지 기술

여러 재생가능에너지 기술

태양열

CSP (Concentrated Solar Power)
파력

조력

지열

바이오매스, 바이오연료
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재생가능에너지 재생가능에너지 랭킹?

재생가능에너지 랭킹?
여러 에너지 기술의 비교 분석

최근 발표된 Prof. Mark Jacobson 2008년 논문, “Review of
Solutions to Global Warming, Air Pollution, and Energy
Security”
최근까지의 연구 성과를 바탕으로 다양한 기술을 비교
분석하였다.

I 풍력, 태양광, 태양집열발전(CSP), 지열, 수력, 파력, 조력,
원자력, 탄소격리 석탄화력발전(Coal-CSS), 바이오에탄올
(옥수수 E-85, 셀룰로스 E-85)

I 이들 기술을 비교하기 위해, 전기자동차(BEVs), 수소연료전지
자동차(HFCVs), E-85 Flex-fuel 자동차로 미국의 모든 차량을
대체하는 경우를 가정

“이론적으로는 모든 자동차를 전기자동차로 교체하면,
73,000∼144,000개의 5MW 풍력터빈으로 필요한 전력 공급
가능하다.”

I 2차 세계대전 중 미국이 생산한 비행기: 300,000대
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재생가능에너지 재생가능에너지 랭킹?

CO2 배출 비교

Lifecycle CO2 배출

계획에서 운영까지 걸리는 시간에 대한 CO2 기회비용

원자력: 핵폭탄으로 대도시 하나가 파괴될 경우 가정
탄소격리 석탄화력발전: CO2 누출 고려
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재생가능에너지 재생가능에너지 랭킹?

모든 차량을 전기자동차로 바꾸었을때 CO2 감소율

Percent Change in U.S. CO2 From 
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참고: 전기자동차(BEV) 전력 수요
연료전지자동차(HFCV) 전력 수요 ' 0.3
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재생가능에너지 재생가능에너지 랭킹?

토지이용 비교

Area to Power 100% of U.S. Onroad Vehicles

Map: www.fotw.net

Corn E85
9.8-17.6%

Cellulosic E85
4.7-35.4%

(low-industry est.
high-data)

Wind-BEV
turbine spacing
0.35-0.7%

Solar PV-BEV
0.077-0.18%

Wind-BEV
Footprint
1-2.8 km2
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전력매입법과 의무할당제
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전력매입법과 의무할당제 바람직한 재생가능에너지 정책

바람직한 재생가능에너지 정책

재생가능에너지는 한 곳에 모여 있지 않다. 가능한한 넓은
지역에서 다양한 재생가능에너지원을 고르게 분산적으로
개발해야 한다.

I 국민 소유의 건물·토지 � 정부·기업이 수용가능한 건물·토지
I 사람들이 자신의 건물과 토지를 스스로 활용할 수 있어야 한다.

재생가능에너지를 빠른 시간 안에 보급하려면 합리적인
경제적 보상으로 많은 사람이 참여하도록 유도해야 한다.

I 국민들의 재산 � 정부의 정책자금 + 기업의 투자자금
I 사람들의 자발적인 투자를 적극 유도할 수 있어야 한다.
I 참여가 소수에게 제한된다면, 보급정책에 대한 사회적
거부감이 클 것이다.

가장 대표적인 두 가지 재생가능에너지 정책
I 전력매입법 Feed-in Tariff
I 의무할당제 Renewable Portfolio Standard
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I 의무할당제 Renewable Portfolio Standard
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전력매입법(Feed-in Tariff)

기본 원리
I 모든 재생가능발전사업자에게 전력망 접속을 허용한다.
I 장기간(보통 15∼20년)에 걸쳐 발전 비용에 합리적인 수준의
이익을 더한 고정된 구매가격을 보장한다.
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구매해야한다.
I 기술발전·비용절감을 촉진하기 위해,

F 기술 종류,
F 설치 연도,
F 설치 위치,
F 설비 크기

에 따라 구매가격을 다르게 설정한다.

대표적인 도입 국가: 독일을 비롯한 상당수의 EU 국가를
포함하여 세계적으로 45개 국가
비대표적인(?) 도입 국가: 한국
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전력매입법과 의무할당제 전력매입법(Feed-in Tariff)

전력매입법 중심의 유럽

53Renewable eneRgy souRces in f iguRes

inSTrUmEnTS for ThE PromoTion of rEnEwablE EnErgy 
SoUrcES in ThE EU ElEcTriciTy markET

at the european council meeting 
in March 2007 for the first time, the 
Heads of government of all eu Mem-
ber states gave a binding commit-
ment to meet 20 % of the eu’s total 
energy consumption from renew-
able energies by the year 2020. by 
the same date, 10 % of fuels are to be 
derived from renewable energy sour-
ces. on 23 January 2008, the europe-
an commission presented a proposed 
Directive for achieving the aforemen-
tioned targets. inter alia, this pro-
poses a breakdown of the european 
targets into national contributions. 
for germany, the Directive envisa-
ges that renewable energies should 
account for 18 % of final energy con-
sumption by 2020.

The example of wind energy and 
other renewables shows that success 
levels vary significantly between in-
dividual eu states. This is primarily 
due to the respective framework con-
ditions vis-à-vis energy policy, rather 
than natural potential. germany‘s 
Renewable energy sources act (eeg) 
and spain’s legislation compare parti-
cularly favourably with other interna-
tional support models. for example,
in its report of January 2007, the eu-
ropean commission asserts that well-
formulated feed-in regulations for 
electricity from renewable energy 
sources, such as those contained in 
the eeg, are more effective and more 
efficient than other instruments at
promoting renewable energies.  
Quota systems with tradable certi-

ficates that exist in some countries 
have thus far failed to produce com-
parable results. The costs are also 
higher than in countries with feed-
in regulations. This reflects the high-
er risks for operators of facilities and 
the potential high profit-taking ef-
fects. while the eeg guarantees a le-
gally fixed fee for 20 years, the reve-
nues from the sale of electricity and 
certificates in the quota system are 
extremely insecure and depend on a 
multitude of factors that are difficult 
to assess. Thanks to the eeg, by 2007 
germany had already significantly 
exceeded its national contribution to 
the european union’s formulated ex-
pansion target for 2010, well ahead 
of the set time limit.
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전력매입법과 의무할당제 의무할당제

의무할당제(Renewable Portfolio Standard)

기본 원리
I 재생가능발전사업자는 생산한 전력에 대한 인증서를

부여받는다.
I 전력소매사업자는 재생가능발전 비율을 의무적으로 할당받고,
그에 해당하는 양의 인증서를 재생가능발전사업자에게

구매한다.

특징
I ‘이론적으로는’ 재생가능발전사업자들 사이의 시장경쟁으로
인증서 가격이 낮아져 재생가능전력의 생산비용이 줄어들

것으로 기대한다.

대표적인 도입 국가: 미국(RPS), 영국(RO), 호주, 캐나다,
뉴질랜드 등 주로 ‘영어권(우리나라도 곧?)’ 국가

I 그러나, 현재 대표적인 의무할당제 국가들이 점점 전력매입법
도입을 시도하고 있다.
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전력매입법과 의무할당제 두 제도의 비교

잘못된 상식: 의무할당제만 시장경쟁?
두 제도 모두 정치적·시장경쟁적이다!

전력매입법 의무할당제

가격 정치 시장경쟁

설치용량 시장경쟁 정치
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목표 설정 불확실(?) 확실(?)

수용성 높다 낮다

다양성 높다 낮다

집중도 분산적 덜 분산적

성공적 사례 많다 적다

1설비규모에 따라 구매가격이 달라지므로
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전력매입법과 의무할당제 두 제도의 비교

공신력 있는 기관의 평가

세계에너지기구(IEA) 2008년 보고서, ‘IEA Summary:
Deploying Renewables’: 전력매입법이 의무할당제에 비해 더
효과적이고 $0.04/kWh∼$0.06/kWh 정도 비용이 적게 든다.
Ernst & Young 2008년: 독일과 영국의 풍력정책 비교 — 독일
전력매입법(EEG)이 영국 의무할당제(RO)보다 더 적은
비용으로 더 많은 에너지를 공급한다.
유럽 위원회(European Commission) 2005년 보고서, ‘The
support of electricity from renewable energy sources’:
전력매입법이 의무할당제에 비해 더 효과적이고 비용이 적게

든다. 가장 큰 이유는 전력매입법의 투자안전성이 높기때문.
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독일

1991년 Electricity Feed Act (Stromeinspeisungsgetz, StrEG)
1993년 아헨시(Aachen)의 전력매입법
2000년 재생가능에너지원법 (EEG,
Erneuerbare-Energien-Gesetz), 2004년 개정, 2008년 개정

I 2010년 12.5% 목표를 2007년 중반에 달성
I 2020년까지 최소 27% 달성 목표

2007년 말까지 25만개의 재생가능 일자리(절반은
전력매입법의 효과)
2007년 250억 유로(3조원) 총 매출(turnover)
2006년 50억 유로 도매전력비용 절감, 34억 유로 기후변화
비용 절감

I 32억 유로의 EEG 비용을 훨씬 초과
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여러 나라의 재생가능에너지 독일

독일 풍력 개인/공동체 소유: 75%

Figure 5.  Percentage of DtA Loan Volume to Various Ownership Types 

Deutsche Ausgleichsbank (DtA) Financing of German Wind Projects (% of loan volume)
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3.3.2  Support for Wind Power 
 
3.3.2.1  Capital Support 
 
There are currently no capital investment subsidies at the national level for wind turbines, though 
regional or state governments may offer investment subsidies.  The national 100 MW Wind 
Program and its successor, the 250 MW Wind Program, had previously subsidized wind turbine 
investments up to 60% (Langniss 1999), but these programs stopped accepting new applications 
at the end of 1995. 
 
3.3.2.2  Production Support 
 
Since 1991, the EFL has been the primary driver behind Germany’s strong growth in installed 
wind capacity.  Under the EFL, German utilities have been required to pay wind generators 90% 
of the average retail electricity price during the penultimate year for all customer classes across 
Germany.  Table 4 shows the prices paid to wind generators since 1991.   
 

Table 4.  Prices Paid to Wind Generators Under the EFL (DEM/kWh) 
1991 1992 1993 1994 1995 1996 1997 1998 1999 

0.1661 0.1653 0.1657 0.1693 0.1728 0.1721 0.1715 0.1679 0.1652 
 
These feed-in tariffs have attracted significant wind development, particularly to the northern 
coastal regions of Germany that have the best wind resource, placing a disproportionately large 
share of the above-market costs of the EFL on northern utilities and their captive ratepayers.  In 
an attempt to curb the magnitude of this inequity, the government amended the EFL in 1998 to 
allow utilities to opt out of any further purchase obligations once EFL-supported generation in a 
service territory reached 5% of total generation in that territory. 
 

29 

출처: Bolinger (2001)
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독일 10만 지붕 태양광 지원프로그램2 통계

10 
 

Table 2: 100 000 roofs programme 

 
 Number of PV 

systems accepted 
Power capacity in 
kWp 

Average system 
size kWp 

1999   3 522    8 895 2,53 
2000   7 819  36 608 4,68 
2001 19 326  75 869 3,93 
2002 15 191   78 053 5,14 
2003 19 882 146 073 * 7,35 
total 65 740 345 497 5,26 

 
* Not all of the accepted PV plants could be realized in 2003. The average size 
of the PV plants within the 100 000 roofs programme again increased from 
5,14 kW in 2002 to 7,35 kW in 2003. 
 
The analysis of KfW also contains a detailed subdivision of the in 2003 granted 
PV system into plant sizes: 
 
Table 3: Subdivision of granted applications into different plant sizes 

Plant sizes 
(kWp) 

Number of granted 
plants in  2003 

Granted power 
kW in 2003 (kWp) 

Share of total 
granted power 

< 1,5 363 393 0,3% 
1,5 - 2 426 765 0,5% 
2 - 2,5 1.029 2.293 1,5% 
2,5 - 3 989 2.706 1,8% 
3 - 4 2.094 7.105 4,7% 
4 - 6 6.565 32.731 21,9% 
6 - 10 4.034 30.359 20,3% 
10 - 20 3.897 49.626 33,1% 
20 - 50 556 15.065 10,1% 
50 - 100 59 3.633 2,4% 
100 - 120 12 1.246 0,8% 
> 120 18 3.856 2,6% 

 

Remark: These numbers are slightly different to the final statistics and were only used for the 
subdivision in different plant sizes.  

 

In the table above the smaller grid-connected applications (distributed systems) 
are dominating the installed power. The installed power of plants within this 
application in the range up to 100 kW have reached a proportion of 96,6% for 
year 2003.  

There is no adequate statistics available for the installed power of the few 
systems outside the 100.000 roofs programme. Often it is difficult to separate 
larger PV systems in 'distributed' and 'centralized' because larger systems 
were divided in several systems below 100 kW. Because of these uncertainties 
we do not separate any more in “distributed” and “centralized” systems in this 
report. 
 

출처: IEA (2003)

21998년에 도입된 저리 융자 프로그램
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The analysis of KfW also contains a detailed subdivision of the in 2003 granted 
PV system into plant sizes: 
 
Table 3: Subdivision of granted applications into different plant sizes 

Plant sizes 
(kWp) 

Number of granted 
plants in  2003 

Granted power 
kW in 2003 (kWp) 

Share of total 
granted power 

< 1,5 363 393 0,3% 
1,5 - 2 426 765 0,5% 
2 - 2,5 1.029 2.293 1,5% 
2,5 - 3 989 2.706 1,8% 
3 - 4 2.094 7.105 4,7% 
4 - 6 6.565 32.731 21,9% 
6 - 10 4.034 30.359 20,3% 
10 - 20 3.897 49.626 33,1% 
20 - 50 556 15.065 10,1% 
50 - 100 59 3.633 2,4% 
100 - 120 12 1.246 0,8% 
> 120 18 3.856 2,6% 

 

Remark: These numbers are slightly different to the final statistics and were only used for the 
subdivision in different plant sizes.  

 

In the table above the smaller grid-connected applications (distributed systems) 
are dominating the installed power. The installed power of plants within this 
application in the range up to 100 kW have reached a proportion of 96,6% for 
year 2003.  

There is no adequate statistics available for the installed power of the few 
systems outside the 100.000 roofs programme. Often it is difficult to separate 
larger PV systems in 'distributed' and 'centralized' because larger systems 
were divided in several systems below 100 kW. Because of these uncertainties 
we do not separate any more in “distributed” and “centralized” systems in this 
report. 
 

출처: IEA (2003)
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독일 재생가능에너지 일자리

31Renewable eneRgy souRces in f iguRes

Jobs in tHe Renewable eneRgies sectoR in geRmany

Renewable energies are a job creator 
for germany. Their continuous ex-
pansion last year helped to create or 
secure numerous jobs.
according to the interim results of 
an on-going research project by the 
bMu [69], it is estimated that nearly 
250,000 jobs in germany were attri-
butable to the renewable energies 
sector in 2007. This translates into an 
increase of around 55 % compared 
with 2004 (approximately 160,000 
jobs). in calculating the above figu-
res, data relating to investments in 
renewable energy plants, their ope-
ration, turnover and related outlay 
such as the required supply of bio-
mass was taken into account. in this 
way, the researchers arrived at a fi-
gure of around 245,000 jobs for the 
year 2007, at least 60 % of which is 
attributable to the effects of the Re-
newable energy sources act. This 
is supplemented by jobs associated 
with public and charitable funding 
to promote renewables, including 
public sector employees. a further 

bMu research project [64] updated 
the figures calculated for the year 
2006 (4,300 jobs).

according to this study, the posi-
tive trend looks set to continue over 
the next few years, suggesting a po-
tential total of around 400,000 em-
ployees in the renewables sector by 
2020. Key influencing factors for fu-
ture development include germany’s 
future attractiveness as a production 
location in conjunction with the po-
sitioning of german companies in 
the world market for renewable en-
ergies, which is expected to expe-
rience sharp growth. in this regard, 
a further bMu research project is 
currently underway, which will ex-
amine in detail the possible nega tive 
employment effects of expanding 
renewable energies. To date, the so-
called net balance of renewables in 
germany has been clearly positive 
[64].

Jobs

sources: bmu [64], [69]

figures for 2006 and  
2007 are provisional  
estimates

Jobs in the renewable energies sector in germany
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소비자 부담 비용

34 Renewable eneRgy souRces in f iguRes

cost shares for one kilowatt hour (kwh) of electricity for household customers in germany

turnover tax 2.0 2.2 2.5 2.6 2.7 3.3

electricity tax 1.5 1.8 2.0 2.0 2.0 2.0

concession levy 1.8 1.8 1.8 1.8 1.8 1.8

eeg 0.2 0.3 0.5 0.6 0.8 1.0

cHp act 0.2 0.3 0.3 0.3 0.3 0.3

generation, transportation
& distribution

8.6 9.7 10.8 11.2 11.8 12.2

total 14.3 16.1 18.0 18.6 19.4 20.7

  

0 
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Turnover tax 
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Generation, transportation
& distribution
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cost to electRicity consumeRs

eeg: Renewable energy sources act
cHP act: combined Heat and Power (cogeneration) act source: bmu [43]
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외부비용(External Cost) 비교

36 Renewable eneRgy souRces in f iguRes

macRoeconomic eXteRnal costs

The costs of the eeg derived from 
the figures on the previous pages 
are not in themselves sufficient for 
a comprehensive economic evalua-
tion of renewable energy sources, 
because as microeconomic dimen-
sions, they do not reflect the fact 
that conventional electricity gene-
ration still causes significantly more 
environmental damage than elec-
tricity from renewable energy sour-
ces, despite the major environmen-
tal progress made in recent decades. 
These so-called external costs are 
not yet incorporated into the elec-
tricity prices as required by the pol-
luter pays principle. 

according to a scientific study car-
ried out on behalf of the bMu [39], 
greenhouse gas emissions play a key 
role: the current best estimate of the 
cost of climate damage arising from 
this emission is around 70 euros/t co2. 
in addition, health and material 
dam age caused by air pollutants are 
important, together with, to a lesser 
extent, agricultural revenue losses. 
external costs for electricity gene-
rated from hard coal and lignite – 
even allowing for modern techno-
logy – amount to 6 to 8 cents/kwh. 
for modern, gas and steam plants, 
the external costs are still approxi-
mately 3 cents/kwh1).

by contrast, electricity genera-
tion from renewable energies cau-
ses comparatively minor external 
costs (generally less than 0.5 cents/
kwh; only photovoltaics at present 
still cost around 1 cent/kwh). The 
construction and disposal of the 
plants are included in these calcula-
tions1).

external costs of electricity generation for various options in germany

given the – scientifically proven – as-
sumption that the electricity genera-
ted from renewable energies at pres-
ent fully displaces electricity gene-
rated from fossil fuels, in 2007 the 
external costs avoided in the electri-
city sector, thanks to renewables, 
can be estimated at at least 5.8 billion 
euros (electricity remunerated under 
the eeg and not remunerated under 
the eeg) [48]. for this reason these  
are higher than eeg differential  
costs over the same period (4.3 billion 

euros – cf. page 33 “costs to electri-
city consumers”), indicating that 
the promo tion of renewable energy 
sources via the eeg is worthwhile 
purely by virtue of the avoided  
external costs  alone. Renewable  
energies also boast a host of other 
strategic and economic advantages.

eXteRnal costs
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Greenhouse effect 
(70 Euro/t CO  2)  

Air pollutants 

PV Photovoltaics
sP steam power plant
gsP gas and steam power plant source: bmu [39]

1) further external effects of electricity ge-
neration from fossil fuels (impairment of 
biodiversity, ecosystems and supply reliabi-
lity, as well as geopolitical risks) cannot be 
quantified, due to the lack of reliable data. 
as such, the aforementioned variables are 
only a fraction of the actual external costs

 currently anticipated.
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독일의 에너지 시나리오: CO2, 전력

45Renewable eneRgy souRces in f iguRes

scenaRio foR an intensified eXpansion of  
Renewable eneRgies in geRmany

The 2006 scenario in the bMu study 
[27] illustrates the potential develop-
ment of energy supply until the year 
2050. Through the intensified ex-
pansion of renewable energy sources 
and the more efficient use of energy, 
it is possible to reduce co2 emissions 
by 80 % compared with 1990 levels. 

it is hoped that as early as 2020, a 
good 18 % of final energy consump-
tion and around 27 % of gross elec-
tricity generation can be met from 
renewable energy sources. by the 
year 2050, renewable energies
could then account for around half 
of total primary energy consump-

tion. by that date, around 80 % of 
electricity consumption could be de-
rived from renewables, and around 
48 % of heat consumption. Renewa-
bles could potentially contribute   
42 % to fuel consumption.

scenaRio foR an intensifieD eXpansion

0

500

1,000

1,500

2,000

2,500

3,000

2000 2005 2010 2020 2030 2040 2050
0

10

20

30

40

50

60

70

80

90

100

Power, mobile (incl. electricity)

Power/light, stationary

Process heat

Hot water

Room heating CO2 emissions

[T
W

h/
a]

CO
2 

em
is

si
on

s 
(1

99
0 

= 
10

0 
%

)

0 

100 

200 

300 

400 

500 

600 

700 

2000 2005 2010 2020 2030 2040 2050 

Import RES 
Photovoltaic Wind energy 

Run-of-river 

Biomass 1)

CHP fossil 

Coal/gas 
Nuclear energy 

[T
W

h/
a]

 

From 2030 including the electricity needed  
for the generation of hydrogen (2050: 60 TWh/a). 
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2050년: 1990년 대비 CO2 배출 80% 감소
2050년 재생가능에너지: 1차에너지 50%, 전력 80%
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45Renewable eneRgy souRces in f iguRes

scenaRio foR an intensified eXpansion of  
Renewable eneRgies in geRmany

The 2006 scenario in the bMu study 
[27] illustrates the potential develop-
ment of energy supply until the year 
2050. Through the intensified ex-
pansion of renewable energy sources 
and the more efficient use of energy, 
it is possible to reduce co2 emissions 
by 80 % compared with 1990 levels. 

it is hoped that as early as 2020, a 
good 18 % of final energy consump-
tion and around 27 % of gross elec-
tricity generation can be met from 
renewable energy sources. by the 
year 2050, renewable energies
could then account for around half 
of total primary energy consump-

tion. by that date, around 80 % of 
electricity consumption could be de-
rived from renewables, and around 
48 % of heat consumption. Renewa-
bles could potentially contribute   
42 % to fuel consumption.
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From 2030 including the electricity needed  
for the generation of hydrogen (2050: 60 TWh/a). 
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45Renewable eneRgy souRces in f iguRes

scenaRio foR an intensified eXpansion of  
Renewable eneRgies in geRmany

The 2006 scenario in the bMu study 
[27] illustrates the potential develop-
ment of energy supply until the year 
2050. Through the intensified ex-
pansion of renewable energy sources 
and the more efficient use of energy, 
it is possible to reduce co2 emissions 
by 80 % compared with 1990 levels. 

it is hoped that as early as 2020, a 
good 18 % of final energy consump-
tion and around 27 % of gross elec-
tricity generation can be met from 
renewable energy sources. by the 
year 2050, renewable energies
could then account for around half 
of total primary energy consump-

tion. by that date, around 80 % of 
electricity consumption could be de-
rived from renewables, and around 
48 % of heat consumption. Renewa-
bles could potentially contribute   
42 % to fuel consumption.

scenaRio foR an intensifieD eXpansion
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From 2030 including the electricity needed  
for the generation of hydrogen (2050: 60 TWh/a). 
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2050년 재생가능에너지: 열에너지 48%
2050년 재생가능에너지: 수송연료 42%
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45Renewable eneRgy souRces in f iguRes

scenaRio foR an intensified eXpansion of  
Renewable eneRgies in geRmany

The 2006 scenario in the bMu study 
[27] illustrates the potential develop-
ment of energy supply until the year 
2050. Through the intensified ex-
pansion of renewable energy sources 
and the more efficient use of energy, 
it is possible to reduce co2 emissions 
by 80 % compared with 1990 levels. 

it is hoped that as early as 2020, a 
good 18 % of final energy consump-
tion and around 27 % of gross elec-
tricity generation can be met from 
renewable energy sources. by the 
year 2050, renewable energies
could then account for around half 
of total primary energy consump-

tion. by that date, around 80 % of 
electricity consumption could be de-
rived from renewables, and around 
48 % of heat consumption. Renewa-
bles could potentially contribute   
42 % to fuel consumption.

scenaRio foR an intensifieD eXpansion
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From 2030 including the electricity needed  
for the generation of hydrogen (2050: 60 TWh/a). 
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여러 나라의 재생가능에너지 덴마크

2007년 9월 8일 바람부는 좋은 날
Elproduktion og elforbrug lige nu:

Jylland/Norge

Jylland/Sverige

Sjælland/Sverige

Sjælland/TysklandJylland/Tyskland

Bornholm/Sverige

08/09/2007 11:49

350

499

781 185

112

1975
450

2065

839import

eksport

eksport

importeksport

eksport

3651

18import

Produktion i MW:
Centrale kraftværker
Decentrale kraftværker
Vindmøller
Nettoudveksling

Elforbrug

Centralt kraftværk

Havmøllepark

400 kV luftledning, vekselstrøm

400 kV kabel, vekselstrøm

Luftledning, jævnstrøm

Kabel, jævnstrøm

60 kV kabel

풍력으로 전체 전력소비의 56% 생산
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2007년 9월 8일 바람부는 좋은 날
Elproduktion og elforbrug lige nu:

Jylland/Norge

Jylland/Sverige

Jylland/Tyskland

08/09/2007 11:49

349

500

784

888
295

1804

935import

eksport

eksport

eksport

2052

Produktion i MW:
Centrale kraftværker
Decentrale kraftværker
Vindmøller
Nettoudveksling

Elforbrug

Centralt kraftværk

Havmøllepark

400 kV luftledning, vekselstrøm

400 kV kabel, vekselstrøm

Luftledning, jævnstrøm

Kabel, jævnstrøm

60 kV kabel

덴마크의 동부와 서부 전력망이 분리되어 있다

풍력으로 덴마크 서부 전력소비의 88% 생산
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여러 나라의 재생가능에너지 덴마크

덴마크 풍력 개인/협동조합 소유: 80%

Figure 1.  Total Wind Development in Denmark (Community and Utility Ownership) 

Wind Development in Denmark

0
50

100
150
200
250

300
350
400

450
500

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

A
nn

ua
l M

W

0
250

500
750
1000
1250

1500
1750
2000

2250
2500

Cu
m

ul
at

iv
e 

M
W

Community-owned (cumulative)

Utility-owned (cumulative)
Community-owned (annual)

Utility-owned (annual)

 
Figure 2 breaks out the community-owned portion of the previous chart into individually- and 
jointly-owned projects.  The amount of wind capacity owned by individuals grew dramatically in 
the mid-1990s, fueled by a number of factors:  declining turbine costs and lower interest rates, 
government incentives for re-powering older turbines, and a regulatory loophole allowing the 
small patch of land upon which a turbine stands to be legally detached from the surrounding 
property and re-registered to another piece of real estate, perhaps located far away, thereby 
enabling more individuals (i.e., those living in cities or areas with a poor wind resource) to own 
turbines (Andersen 1998, Helby 1998b, European Wind Energy Association 1997). 
 
Figure 2.  Community Wind Development in Denmark (Individual and Joint Ownership) 
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출처: Bolinger (2001)
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덴마크 풍력발전의 성숙

허진혁 (에너지전환) 에너지전환 연속강좌3 2008년 12월 1일 64 / 83



여러 나라의 재생가능에너지 덴마크

2006년 99% 풍력터빈 수출
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여러 나라의 재생가능에너지 프랑스

프랑스의 과감한 태양광 전력매입법

후발주자 프랑스 풍력: 현재 영국보다 1GW 더 많다.
2008년 11월 50개 재생가능에너지 진흥책 발표
태양광 2008년 중반까지 겨우 18MW, 그러나 2006년
매입가격을 150%로 올리면서 현재 12,000개 프로젝트
(400MW)가 전력망에 연결 대기 중
2009년부터 2012년까지 적용될 새 법에서는 태양광 지원 확대

I 크기 제한이 없는 상업 건물 지붕 지원 추가(e0.45/kWh)
I 기본 매입 가격을 두 배로(e0.15/kWh → e0.30/kWh)
I 건물벽면 설치의 경우 추가로 0.25/kWh
I 주택 설치(전체의 40% 차지, 보통 3 kW) 경우 50% 세금 공제
I 대지 설치와 건물일체형 설치에는 변화없다.(e0.30/kWh)
I 절차를 간소화하기 위해 450 kW까지는 인터넷으로 등록
I 독일보다 높은 매입가격

2020년까지 태양광 현재의 400배(5,400MW)로 확대
2020년까지 재생가능에너지 목표 23%
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I 건물벽면 설치의 경우 추가로 0.25/kWh
I 주택 설치(전체의 40% 차지, 보통 3 kW) 경우 50% 세금 공제
I 대지 설치와 건물일체형 설치에는 변화없다.(e0.30/kWh)
I 절차를 간소화하기 위해 450 kW까지는 인터넷으로 등록
I 독일보다 높은 매입가격
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2020년까지 재생가능에너지 목표 23%
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여러 나라의 재생가능에너지 영국의 변화

믿기 어려운 일, 지난주 영국 전력매입법 도입 결정!

영국은 의무할당제(RO, Renewable Obligation)를 지금까지
고수해 온 대표적인 의무할당제 국가이다.
지난 11월 26일 수요일, 의회는 두 개의 혁신적인 법안(Climate
Change Bill과 Energy Bill)을 통과시켰다.

I Climate Change Bill: ‘세계에서 가장 과감한 기후변화법’, 1990
년 대비 2050년 CO2 배출 80% 감축 결정

I Energy Bill: 2010년 4월까지 최대 5MW 용량
재생가능발전설비에 대한 전력매입법 시행

F 설비의 크기에 따라 이원화하여 의무할당제는 대규모 설비를

중심으로, 전력매입법은 소규모 설비를 중심으로 적용될 예정

영국 환경단체와 재생가능에너지협회 노력의 성과
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여러 나라의 재생가능에너지 미국의 변화

의무할당제 중심의 미국

출처: Rickerson et al. (2008)
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여러 나라의 재생가능에너지 미국의 변화

지난 2년 동안 빠르게 도입되고 있는 전력매입법

출처: Rickerson et al. (2008)

허진혁 (에너지전환) 에너지전환 연속강좌3 2008년 12월 1일 69 / 83



여러 나라의 재생가능에너지 미국의 변화

지난 2년간 일어난 전력매입법 환경 변화

지난 10년 동안 재생가능에너지 도입은 주(州)차원의
의무할당제(RPS)가 중심이었다.

I 2025년까지 목표를 달성해도 전력수요증가 예상치의 15%,
전력수요의 4.7%에 불과하다.

하지만, 지난 2년 전력매입법 도입이 적극 시도되고 있다.
I 상원의원 Jay Inslee 연방차원의 전력매입법 제안
I 현재 6개 주 전력매입법이 주의회에 제출, 8개 주 법안 고려 중
I 시차원에서, 처음으로 지난 10월 13일 플로리다주 Gainseville
시에서,

I 두번째로 지난 11월 24일 미국에서 가장 큰 시영유틸리티인,
LADWP에서 전력매입법 도입 결정

최근 2년 간의 전력매입법 도입은 풀뿌리 운동이 강하게
주도하고 있다. 유럽의 성공적인 전력매입법 도입 사례와
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여러 나라의 재생가능에너지 미국의 변화

2008년 7월 앨 고어: 10년 안에 100% 청정전력 달성
2020년 기준 시나리오
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여러 나라의 재생가능에너지 미국의 변화

앨 고어: 시나리오 1
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앨 고어: 시나리오 2
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여러 나라의 재생가능에너지 미국의 변화

앨 고어: 필요한 자원과 토지
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우리나라의 전력매입법
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우리나라의 전력매입법 에너지전환의 제도개선 운동과 회원발전소 건설

에너지전환의 제도개선 운동과 회원발전소 건설

2002년: 대체에너지촉진법 개정으로 첫 도입 (풍력업체 로비(?))
2003년 5월: 시민발전소(3 kW) 1호 건립 (회원 2,900만원 투자)

I 2003년 9월: 발전사업 허가 취득
I 2년에 걸친 제도개선 운동
I 2005년 4월: 최초 소규모 재생가능전력 판매 성사

2003년 5월: 시민발전소(3 kW) 2호 건립 (경기도 안성)
I 2005년 9월: 전력판매 시작

2004년 6월: 시민발전소 3호(창비 시민발전소)
2005년 6월: 시민기업 시민발전 설립
2006년 2월: 회원발전소 1호 투자 모집 시작
2006년 8월: 회원발전소 1호 완공, 9월 전력판매 시작
2006년 8월: 회원발전소 2호 투자 모집 시작
2008년 8월: 회원발전소 2호 완공, 9월 전력판매 시작
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신·재생에너지 발전차액지원제도 현황 (2008년 5월 31일)

구분 용량(kW) 건수 평균 용량(kW)

풍력 161,600 5 32,320

태양광 62,064 253 245

수력 64,828 46 1,409

LFG 80,293 11 7,299

연료전지 550 2 275

합계 371,451 318 1,168

출처: 신·재생에너지센터

대규모 사업으로 소수 기업들에게는 아마 ‘횡재’수준이었지만,
다양한 규모의 분산적 개발은 ‘실패’한 것이 아닌가?
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태양광발전소 설비용량 현황3
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3통계 자료의 오류로 앞 자료와 조금 불일치
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예고된 2012년 전력매입법 폐지와 의무할당제 도입

2006년 10월: 구매 가격 조정
2008년 10월: 구매 가격 조정
2011년: 신·재생에너지 차액지원제도 소멸
2012년: 신·재생에너지 의무할당제 도입
“영국, 스웨덴, 캐나다, 일본 등에서 시행중인 RPS 제도가
도입되면 신재생에너지 보급이 더욱 가속화되고 시장원리에

의해 신재생에너지 가격이 결정될 것으로 기대된다” —
정부관계자

(강좌 뒤에 알게 된 사실입니다. 신·재생에너지
차액지원제도를 폐지하지는 않기로 결정이 났다고 합니다.)
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우리나라의 전력매입법 실패의 원인

실패의 원인

전력매입법이 비슷한 시기에 도입된 다른 나라의 성공적인

사례에 비추어보면 우리나라의 성과는 매우 미약하다.
분명한 실패원인은 여러 성공 사례들고 달리 많은 시민들의

요구와 노력으로 도입되지 않았고, 도입 이후에도 일반
시민들이 제도의 중요성을 깨닫지 못했기 때문일 것이다.
만약에,...

I 에너지전환 회원 100명이 자기집 지붕에 태양광발전소를
설치했다면,

I 에너지전환 회원 풍력발전소 5개를 건설할 수 있었다면,
I 정부 정책 담당자가 기후변화·석유정점의 시급함을 깨닫고
제도를 바람직한 방향으로 개선하고 알리는데 힘을 썼다면,

I 재생가능에너지 업체들이 간헐적인 정부지원정책에만

의존하지 않고 많은 시민들과 함께 시장을 키워가는 사업

모델을 개발해 나갔다면, ...
I 전력매입법이 지금처럼 실패했을까?
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I 재생가능에너지 업체들이 간헐적인 정부지원정책에만

의존하지 않고 많은 시민들과 함께 시장을 키워가는 사업

모델을 개발해 나갔다면, ...
I 전력매입법이 지금처럼 실패했을까?
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사례에 비추어보면 우리나라의 성과는 매우 미약하다.
분명한 실패원인은 여러 성공 사례들고 달리 많은 시민들의

요구와 노력으로 도입되지 않았고, 도입 이후에도 일반
시민들이 제도의 중요성을 깨닫지 못했기 때문일 것이다.
만약에,...
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우리나라의 전력매입법 에너지자립 문화는 불가능한가?

에너지자립의 문화는 불가능한가?

태양전지의 수명은 30년 이상
3 kW 태양광 발전 비용: 대략 2,000만원
비록 전력구매가격이 떨어졌고 환율 상승으로 설비 비용이 더

늘어날 것을 감안할 때,
앞으로 한동안 적정한 수익을 기대하기 어려울지도 모른다.
하지만, 여전히 큰 손해를 보지는 않을 것이다.
한 가정이 한 세대 동안 사용하는 전기에너지를 자급하는데,
2,000만원이라면 마땅히 치를만하지 않는가?
사자마자 가치가 떨어지고 비싼 유지비를 감당해야하는

자동차를 가정마다 1∼2대 소유하는 자동차 문화도 가능한데,
최소한 큰 손해보지 않는 재생가능에너지에 투자하는,
에너지자립 문화를 만드는 것은 어째서 불가능한가?
깨어있는 시민들의 도전 없이는 에너지전환 성공은 어려울

것이다.
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태양전지의 수명은 30년 이상
3 kW 태양광 발전 비용: 대략 2,000만원
비록 전력구매가격이 떨어졌고 환율 상승으로 설비 비용이 더

늘어날 것을 감안할 때,
앞으로 한동안 적정한 수익을 기대하기 어려울지도 모른다.
하지만, 여전히 큰 손해를 보지는 않을 것이다.
한 가정이 한 세대 동안 사용하는 전기에너지를 자급하는데,
2,000만원이라면 마땅히 치를만하지 않는가?
사자마자 가치가 떨어지고 비싼 유지비를 감당해야하는

자동차를 가정마다 1∼2대 소유하는 자동차 문화도 가능한데,
최소한 큰 손해보지 않는 재생가능에너지에 투자하는,
에너지자립 문화를 만드는 것은 어째서 불가능한가?
깨어있는 시민들의 도전 없이는 에너지전환 성공은 어려울

것이다.
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결론

결론

아직까지 재생가능에너지 이용은 매우 미미하다.
하지만, 선진 산업국가들의 변화 모멘텀은 매우 강하다.

우리나라의 바람직한 에너지전환 불씨가 사그러들고 있는

것이 우려된다.
에너지전환 회원들이 ‘에너지자립 문화’를 만드는데 앞장서야
하지 않을까?
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