
최종연구보고서
    KAERI/CR-209/2004

원자력  방사선기술의 국가경제 

발 에 미치는 향 분석

Study on the Contribution of Nuclear and RI Technology
to the National Economy

연구기

한국원자력연구소

과 학 기 술 부



제 출 문

과학기술부 장  귀하

본 보고서를 “원자력  방사선기술의 국가경제 발 에 미치는 향 

분석”과제의 최종보고서로 제출합니다.

2004년 12월

주  연구기  : 한국원자력연구소

연구 책임자 : 이만기

연  구  원 : 문기환, 김승수, 임채 , 송기동, 오근배, 김경표

참여 연구기  : 경북 학교

연  구  원 : 정기호

참여 연구기  : 한국수력원자력(주)

연  구  원 : 정 익, 안재민

참여 연구기  : 한국원자력안 기술원

연  구  원 : 나성호, 김인환

참여 연구기  : 국제원자력기구(IAEA)

연  구  원 : Luccille Langlois, Kee Yung Nam



최종연구보고서 록
과제 리

번호

해당단계

연구기
한국원자력연구소 단계구분

1(해당단계)

/1(총단계)

연구사업명
  사 업 명 원자력연구기획정책평가사업

 세부 사업명 원자력정책연구사업

연구과제명

 과제명

 세부과제명
원자력  방사선기술의 국가경제 발 에 미치는 향 

분석

연구기 명

(연구책임자)
이만기

해당단계

연구인력

내부 :1.1M․Y

연구비

정부 : 20,000 천원

외부 :   M․Y 민간 :     천원

계 :1.1M․Y 계 : 20,000  천원

탁연구  연구기 :             연구책임자:

국제공동연구  상 국명:             상 국연구기 명: 참여기업

색 인 어

(각5개이상)

한
: 원  건설, 원  운 , 방사성동 원소, 국민경제, 효과, 

  산업연 분석

어
: nuclear power NSSS design, RI, input-output table, 

  national economy

 요약(연구결과를 심으로 개조식 500자 이내) 면수 108

 1. 연구개발목표  내용

- 목표: 원자력  방사선기술이 국민경제에 기여한 정도를 정량 으로 분석
- 내용:
   * 원자력  방사선 산업체 간의 산업연  구조 악
   * 원자력 산업의 정의  분류
   * 산업연  분석 모형 수립
   * 원자력 산업 심의 산업연  모형 작성
   * 원자력 산업의 산업연  효과 분석
   * 각종 효과 분석

 2. 연구결과

- 원 건설과 운 을 합한 원 발 부문의 부가가치  총액이 국내총생산(Gross 
Domestic Product)에서 차지하는 비 은 2000년에 약 1.4%인 것으로 평가되었음. 이 

에서 1.2%는 원 운 부문으로부터 발생한 것이며 나머지 0.2%는 원  건설부문이 
기여한 것으로 추정됨.

- RI활용의 국내총생산 기여율은 1980년의 0.30%에서 차 증가하여 2000년에는 0.58%에 
이른 것으로 추정됨. 부문별로 보면 제조업 부문의 부가가치 창출액이 가장 커서 2000
년의 경우 RI가 창출한 총부가가치의 68%를 유하는 것으로 나타남.

3. 기 효과  활용방안
- 원자력 분야 심의 산업연 표 작성  분석 방법론 정립을 통하여 원자력 산업을 

상으로 한 다양한 정책 시뮬 이션에 응용 가능함.
- 원자력  방사선기술이 산업측면에서 국민경제에 미치는 효과를 분석함으로써 원자력 

기술 투자에 한 타당성 분석  비용편익 분석의 기  자료로의 활용과 원자력의 
국민수용성 증진  련 정책 수립에의 활용이 가능함.

- 원자력 산업 간의 산업연  구조를 악함으로써 원자력 산업조직의 효율성 제고를 
한 기본 자료로 활용함.

- 연구결과를 국제원자력기구를 통해 주요 회원국에 홍보함으로써 우리나라 원자력의 
상을 제고하는데 기여할 수 있음.



요약문

Ⅰ. 제목

원자력  방사선기술의 국가경제 발 에 미치는 향 분석

Ⅱ. 연구개발의 목   요성

우리나라의 원자력 산업은 주로 원자력 발 을 심으로 성장하여 왔

으며, 그 결과 2003년 재 원자력 발 소 18기가 운  에 있고, 우리나라 

총발 량의 약 40%를 원자력이 담당하게 되었다. 더구나 향후에는 원자력발

 분야뿐만 아니라, 방사성동 원소와 같은 비발  분야도 빠른 속도로 성

장할 것으로 상되고 있다. 이와 같은 원자력 분야의 성장은 원자력이 에

지 공 원의 역할을 수행할 뿐만 아니라 국민경제를 구성하는 하나의 산업

으로 자리 잡아 가고 있음을 의미한다고 볼 수 있다.

따라서 원자력 분야가 하나의 산업으로서 국민경제에 기여하는 바를 

분석할 필요가 있다. 즉, 원자력 발 , 원자력 공  산업체, 방사성동 원소 

생산  이용 등 반 인 원자력 분야의 산업 인 행태를 분석하고 이를 

바탕으로 원자력  방사선기술이 국민경제에 기여한 정도를 정량 으로 분

석할 필요가 있다. 이러한 분석결과는 원자력 정책 수립 시 유용한 정보로 

활용될 수 있을 것으로 기 된다.

Ⅲ. 연구개발 내용  범

원자력발   방사성동 원소 기술의 국민경제 효과분석에서는 

원자력발   방사성동 원소 기술이 국민경제를 구성하는 산업의 생산  

부가가치 창출에 기여하는 바를 정량 으로 산출하 다. 분석방법론으로 산

업연  분석을 활용하 으며 원자력기술의 산업연 효과 분석을 해 36산

업으로 재분류된 산업연 표를 작성하 다. 원자력발 의 경우는 원  건설



과 운 의 생산 활동이 유발하는 경제  효과를 측정하는데 반하여 방사성

동 원소 부문에서는 방상성동 원소의 활용이 생산에 기여한 바를 심으

로 추정하 다.

Ⅳ. 주요 연구결과  활용에 한 건의

원 건설과 운 을 합한 원 발 부문의 부가가치  총액이 국내총

생산(Gross Domestic Product)에서 차지하는 비 은 2000년에 약 1.4%인 것

으로 평가되었다. 이 에서 1.2%는 원 운 부문으로부터 발생한 것이며 나

머지 0.2%는 원  건설부문이 기여한 것으로 추정되었다. 원 운 의 효

과가 원 건설의 경우보다 더 큰 것은 원 건설의 경제  효과가 건설이 진

행되고 있는 당해 연도에만 국한되는 반면에, 원 운 의 경제  효과는 발

설비의 수명 운 기간동안 지속되기 때문이다. 

한 RI의 국내총생산 기여율은 1980년의 0.30%에서 차 증가하여 

2000년에는 0.58%에 이른 것으로 추정되었다. 부문별로 보면 제조업 부문의 

부가가치 창출액이 가장 커서 2000년의 경우 RI가 창출한 총부가가치의 68%

를 유하는 것으로 나타났다. 

이러한 연구 결과로부터 원자력발 은 필요한 력을 렴한 비용으로 

공 하는 에 지 기술일 뿐만 아니라, 고부가가치를 창출하는 하나의 요한 

산업인 것을 알 수 있다. 방사성동 원소 부문은 국민생활과 한 산업으

로 RI 기술을 활용한 부가가치 창출이 년도 별로 차 증가하고 있으며, 방

사성생산 기술의 국산화를 통하여 향후 고부가가치 산업으로의 육성이 바람

직하다고 단된다.



SUMMARY

Ⅰ. Project Title

Study on the contribution of nuclear and RI technology to the 

national economy

Ⅱ. Objective and Importance of the Project

Objective of the study is to investigate the contribution of nuclear 

and RI technology to the national economy in a quantitative way. There 

have been few attempts to quantify the contribution that nuclear 

technology development has made to a country's overall GDP, and hence 

to its economic growth. It is our thesis that the qualitative and 

quantitative development benefits have been significant. But we need to 

test this hypothesis. This study is an attempt to do that.

Ⅲ. Contents and Scope of the Study

This study evaluated the economic value addition of nuclear power 

generation technology and radio-isotope(RI) technology quantitatively by 

using modified Input-Output table. For the nuclear power generation 

technology, the economic effect of both power plant construction and 

operation was evaluated. On the other hand, the economic effect of the 

RI utilization on the national economy was evaluated for RI technology.

We limit the study to the industrial value-added contribution of 

nuclear power and nuclear radioisotope-related technologies, as identified 

over a 20 year period using Korean National Bank national input-output 



tables. 

Ⅳ. Results and Proposal for Applications

It is found that the qualitative and quantitative development benefits 

from nuclear power generation and RI technology have been significant. 

The total economic value addition from nuclear power generation(both 

construction and operation) was estimated to 1.4% of Gross Domestic 

Product(GDP) in 2000. Among them, 1.2% was from nuclear power plant 

operation and the rest was from construction. On the other hand, the 

economic value addition from RI technology has continuously increased. 

Its share of GDP increased from 0.30% in 1980 to 0.58 in 2000. 
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제 1 부 (PART I) 

국문 보고서
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제 1 장 서론

우리나라의 원자력 산업은 주로 원자력 발 을 심으로 성장하여 왔

으며, 그 결과 2003년 재 원자력 발 소 18기가 운  에 있고, 우리나라 

총발 량의 약 40%를 원자력이 담당하게 되었다. 더구나 향후에는 원자력발

 분야뿐만 아니라, 방사성동 원소와 같은 비발  분야도 빠른 속도로 성

장할 것으로 상되고 있다. 이와 같은 원자력 분야의 성장은 원자력이 에

지 공 원의 역할을 수행할 뿐만 아니라 국민경제를 구성하는 하나의 산업

으로 자리 잡아 가고 있음을 의미한다고 볼 수 있다.

따라서 원자력 분야가 하나의 산업으로서 국민경제에 기여하는 바를 

분석할 필요가 있다. 즉, 원자력 발 , 원자력 공  산업체, 방사성동 원소 

생산  이용 등 반 인 원자력 분야의 산업 인 행태를 분석하고 이를 

바탕으로 원자력  방사선기술이 국민경제에 기여한 정도를 정량 으로 분

석할 필요가 있다. 

이를 하여 본 연구에서는 산업연  분석을 활용하여 원자력발   

방사성 동 원소 기술이 국민경제를 구성하는 산업의 생산  부가가치 창

출에 기여하는 바를 정량 으로 산출하 다. 효과의 추정에 있어서, 원

자력발 의 경우는 원  건설과 운 의 경제  생산 활동이 유발하는 효과

를 측정하는데 반하여 방사성동 원소 부문에서는 방사성동 원소가 간투

입재로서 생산에 기여한 바를 심으로 추정하 다. 한 분석기간을 1980

년, 1985년, 1990년, 1995년, 2000년의 5개 년도로 선정함으로써 원자력기술이 

국민경제에 미치는 효과를 시계열별로 살펴볼 수 있도록 하 다.

본 연구의 결과는 추후 보완을 거쳐 국제원자력기구의 기술문서로 작

성, 배포될 정이다. 따라서 보고서 제2부는 문으로 작성하 으며 제1부

에는 국문보고서를 수록하여 독자의 이해를 도왔다. 본 연구의 분석결과는 

원자력 정책 수립 시 유용한 정보로 활용될 수 있을 것으로 기 된다.
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제 2 장 원자력발전 및 방사성동위원소 기술의 

국민경제 파급효과 분석

제1절 도 입

본 연구에서는 원자력발   방사성 동 원소 기술이 국민경제를 구

성하는 산업의 생산  부가가치 창출에 기여하는 바를 정량 으로 산출하

고자 한다. 효과의 추정에 있어서, 원자력발 의 경우는 원  건설과 운

의 경제  생산 활동이 유발하는 효과를 측정하는데 반하여 방사성동 원

소 부문에서는 방사성동 원소가 간투입재로서 생산에 기여한 바를 심

으로 추정하도록 하 다.

분석 방법론으로는 산업연  분석을 활용하 다. 분석기간은 1980년, 

1985년, 1990년, 1995년, 2000년의 5개 년도로 선정함으로써 원자력기술이 국

민경제에 미치는 효과를 시계열별로 살펴볼 수 있도록 하 다.

산업연 표는 세부산업으로 구성되는 기본부문 산업연 표를 우선 작

성하고 이를 바탕으로 유사산업간의 통합과정을 거쳐 몇 개의 산업연 표를 

만들어 한국은행이 발간하고 있다. 2000년의 경우, 404개 기본부문 수 의 

산업연 표에서 시작하여 이를 다시 168개 부문(통합소분류)과 77개 부문(통

합 분류)  28개 부문(통합 분류)으로 각각 통합하여 4개 분류의 산업연

표를 작성하고 있다.

본 연구에서는 원자력기술의 산업연 효과를 더욱 더 잘 반 하기 

해서 36개의 산업으로 구성되는 산업연 표를 만들었으며 산업분류는 표 

2.1-1에 나타내었다. 이 게 조정된 산업연 표를 활용하여 원자력발   방

사성동 원소 기술의 국민경제와의 연 계를 악하도록 하 다.
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No. Sector name Related nuclear activity

01 Agriculture, forestry, and fisheries Food processing
02 Mining and Quarrying
03 Food, beverage and tobacco Food processing
04 Textile products & leather products
05 Wood and paper products

06 Printing, publishing and reproduction of 
recorded media

07 Petroleum and coal products
08 Chemicals and allied products Radiochemistry
09 Inorganic basic chemical products Nuclear fuel fabrication
10 Nonmetallic mineral products Non-destructive testing
11 Primary metal products Non-destructive testing
12 Fabricated metal products Non-destructive testing

13 General machinery and equipment Manufacturing of main 
components and other machinery

14 Electronic and other electric equipment Manufacturing  of  instrument
and control devices

15 Precision instruments Non-destructive testing
16 Transportation equipment
17 Furniture and other manufacturing products
18 Water power generation

19 Thermal power generation External electricity supplied
to nuclear power plant in operation

20 Atomic power generation Nuclear power plant operation
21 Self-power generation
22 Gas and water supply

23 Repair construction Construction related to the
operation and maintenance

24 Electric power plant construction Construction of new nuclear
power plant

25 Wholesale and retail trade

26 Eating and drinking places, and hotels and 
other lodging places

27 Transportation and warehousing
28 Communications and broadcasting

29 Finance and insurance Finance and insurance of
nuclear power plant

30 Real estate agencies and rental Siting
31 Business services Architecture engineering
32 Public administration and defense
33 Educational and research services Research reactors

34 Medical and health services, and social 
welfare Nuclear medicine

35 Social and other services
36 Dummy sectors

표 2.1-1 산업연 표상의 산업재분류(36부분)
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한 수입품의 취 방법에 따라 산업연 표의 형태가 달라지는데 크게 

경쟁수입형표와 비경쟁수입형표로 구분할 수 있다. 경쟁수입형표는 거래되는 

재화나 서비스의 종류가 같으면 그것이 국산품인지 수입품인지를 구분하지 

않고 작성하는 표를 말한다. 반면에 비경쟁수입형표는 같은 종류의 재화일지

라도 국산품과 수입품을 구분하여 작성한 표를 말한다. 따라서 비경쟁수입형

표에서는 국산품만의 거래를 기록한 국산거래표와 수입품만의 거래를 기록

한 수입거래표를 각각 작성하게 된다. 경쟁수입형표와 비경쟁수입형표의 이

용상의 특징을 비교해 보면 경쟁수입형표에서는 최종수요의 변동에 따른 생

산 효과  수입에 의해 해외로 출되는 부분을 가려내기 곤란한 반면, 

비경쟁수입형표에서는 각 산업부문별 수입품 투입구조가 악되므로 수입유

발효과의 계측이 가능하게 된다. 따라서 비경쟁수입형표를 이용하면 최종수

요 변동에 따른 생산 효과를 국내생산 효과와 수입유발효과로 나 어 

악할 수 있다. 

본 연구에서는 비경쟁수입형표를 사용함으로써 원자력기술의 국내생산

효과  부가가치 창출효과의 악이 가능하도록 하 다.

원자력발 부문과 방사성동 원소 부문의 경제  효과를 분석하기 

하여 원자력발 부문의 산업별 지출액과 방사성동 원소 부문의 산업별 

매출액을 각각 추정하 다. 이러한 산업별 지출액  매출액을 근간으로 하

여 산업연 분석을 용함으로써 동 부문이 기여한 생산  부가가치 창출

액을 산출하고 경제  효과를 추정하도록 하 다.

제2절 원자력 발전부문의 산업별 지출액 산출

본 연구에서 언 하고 있는 원자력 발  부문은 원 건설 련 산업과 

원 운  련 산업으로 구성된다. 따라서 원자력발  산업의 효과분석

은 원  건설과 운 의 두 부문으로 나 어서 수행하 다.
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원자력 발  산업의 활동과 경제의 다른 산업과의 연  계를 묘사하

기 하여 원자력발  부문의 경제활동을 원  건설, 핵연료 성형가공, 발

소 운   보수 등으로 크게 분류하 다. 원  건설은 건설/시공, 설계용역

(A/E), 부품제조로 구성되는데, 부품제조는 다시 주요 부품별로 구분된다. 

한, 융  보험과 외부 력공 을 별도의 산업으로 구분함으로써 원 의 

건설  운  과정에서 연  되는 산업들의 경제활동을 악할 수 있도록 

하 다.

1. 원전 건설 

원  건설과 련된 기 자료는 한수원(주) 력거래 이 제공하 다. 

이들 기 자료는 비용항목별로 구성되어 있는데, 비용항목은 기노심, 건설

/시공, 기자재, 설계용역, 건설이자  사업주비로 구분하 다.

이들 비용은 산업연 분석에 있어서 최종산출액(최종수요)에 해당하는 

것이다. 이를 산업연 분석과 연계시키기 해서는 이들 비용을 그 특성에 

따라 한 산업으로 구분하는 것이 필요하다. 기노심 핵연료는 무기화학

기 제품 산업으로 구분하 으며, 건설/시공은 발 소건설, 기자재는 자 

 기타 기장치, 설계용역은 사업서비스, 건설이자는 융  보험, 사업주

는 사업서비스, 가구  기타제조업, 융  보험 산업의 경제활동으로 정

의하 다. 이와 같은 비용항목의 산업별 정의는 표 2.2-1과 같다.

Collected cost items Sectors in IO

Initial fuel Inorganic basic chemical products (9)

Building, structures Electric power plant construction (24)

Machinery equipment Electronic and other electric equipment (14)

A/E Business services (31)

IDC Finance and insurance (29)

Owner's cost Business services (31), Furniture and other manufacturing (17),
Finance and insurance (29)

표 2.2-1 원  건설비 항목의 산업 정의
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표 2.2-1과 같은 정의에 따라 실제의 원  건설 지출 비용을 산업별로 

분류하면 그림 2.2-1과 같다.

(Units : billion won)

그림 2.2-1 원  건설에 따라 발생하는 산업별 지출액

2. 원전 운전

원  운 과 련된 산업별 지출은 한국은행이 발간하고 있는 산업연

표에서 원자력발  부문의 간투입액으로 나타나 있으므로 별도의 비용

자료를 수집하거나 이들 비용항목에 한 산업 정의를 필요로 하지 않는다. 

본 연구에서 재분류한 36개 부문 산업연 표에 의하면, 원 운 에 필요한 

간투입재를 공 하는 부문은 29개에 해당하는 것으로 나타났다. 이들  

주요 부문을 살펴보면, 무기기 화학물(핵연료 성형가공), 원자력발 (소내

력사용), 건축보수, 융  보험, 사업서비스, 연구개발서비스 등이 포함되어 

있다.
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원  운 에 필요한 간투입액을 각 부문별 연도별로 정리하면 표 

2.2-2와 같다.

1980 1985 1990 1995 2000
1 0 0 0 0 0
2 0 0 0 0 0
3 0 0 0 0 0
4 0 30 76 1,330 2,274
5 0 25 74 185 323
6 104 643 1,334 1,773 2,153
7 193 3,426 7,107 9,440 21,621
8 0 111 1,272 1,858 2,627
9 4,357 25,958 53,754 170,342 445,846

10 0 66 721 405 2,662
11 0 26 35 6,710 7,700
12 0 604 2,437 4,023 9,933
13 0 1,937 4,929 12,065 39,286
14 595 4,630 18,542 33,254 91,882
15 0 823 3,233 2,195 7,493
16 50 414 1,552 2,440 1,228
17 896 38 135 1,414 942
18 8 70 7,953 7,244 2,548
19 97 629 71,576 152,619 78755
20 11 284 79,528 96,303 100,769
21 0 0 0 0 0
22 39 186 535 480 400
23 870 15,094 132,230 286,238 427,227
24 0 0 0 0 0
25 1,478 6,064 27,617 12,266 28,510
26 0 0 0 0 0
27 184 1,056 4,801 8,610 12,727
28 157 1,006 2,545 14,082 23,168
29 3,392 15218 36,764 46,801 223,453
30 306 1,314 2,820 2,458 4,103
31 78 5,928 35,471 56,318 144,434
32 0 0 0 0 0
33 157 1,644 3,815 92,797 148,772
34 8 550 645 4,294 25,015
35 0 327 788 1,881 4,823
36 3,826 9,169 31,463 30,300 55,752

Total 16,806 97,270 533,752 1,060,125 1,916,426

표 2.2-2 원  운 의 산업부문별 간 투입액

[Units : million won]
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표 2.2-2에 나타난 원 운 의 산업 부문별 간 투입액은 원 운 에 

따라 발생하는 산업별 지출액으로 해석할 수 있다.

제3절 방사성동위원소 부문의 산업별 매출액 산출

산업별 매출액의 산출에 있어서 방사성동 원소 부문은 원자력발  부

문과는 근본 으로 다른 근방법을 용하 다. 원자력 발 의 경우에는 원

 건설과 운 의 경제  행 가 유발하는 효과를 측정하기 한 목

으로 산업별 지출액을 산출한 반면, 방사성동 원소 부문은 방사성 동 원소

를 간재로 이용하는 산업 부문의 총매출액 에서 방사성동 원소가 기여

한 순매출액을 추정하도록 하 다. 

따라서 방사성동 원소 부문의 산업별 매출액 추정은 방사성동 원소

를 간재로 이용하는 부문의 총매출액을 추정하는 것에서부터 시작된다.

방사성 동 원소 부문은 제조, 의료, 연구개발 부문으로 한정하 다. 농

업부문에서의 동 원소 활용에 하여는 자료의 제약으로 인하여 분석을 수

행하지 못하 다. 

이들 3개 부문의 산업별 매출액은 그 특성상 서로 다른 방법을 이용하

여 산출되었다. 의료부문의 경우는 총매출액을 기존의 산업연 표로부터 얻

을 수 있다. 이 총매출액으로부터 RI로 인한 순매출액을 추정하기 해서는 

RI의 기여율이 필요한데, 본 연구에서는 국민건강보험공단의 자료를 활용하

여 RI의 기여율을 산출하도록 하 다. 연구개발부문의 경우에는 RI분야에 지

출된 연구개발비 액이 바로 부가가치라고 가정함으로써 연구개발부문의 

효과에 하여는 더 이상의 추가 인 작업을 수행하지 않았다.

그러나, 제조업의 산업별 매출액은 보다 복잡한 과정을 거쳐서 산출되

었으며 그 과정에서 개연성이 비교  많이 개입할 수도 있다. 이는 근본 으

로 제조업 부문에서 간투입재로 이용되는 RI 공정의 기여액을 구하기가 

어렵기 때문이다. 본 연구에서는 RI를 간투입재로 이용하는 제조업부문의 

총 매출액을 조사하여 구한 후에 이 값에다 RI 기술의 기여율을 곱하여 RI
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로 인한 순 매출액을 산출하도록 하 다. 이 게 도출된 값을 제조업 부문의 

RI의 산업별 지출액으로 간주하 다. 

1. 제조업

가. 방사성동위원소 관련 제조업부문의 산업별 총 매출액

방사성동 원소를 간투입재로 이용하는 제조업부문의 산업별 총 매

출액은 통계청에서 발행하는 공업동태조사를 참조하 다. 통계청의 공업

동태조사의 산업분류는 국제표 산업분류(International Standard Industrial 

Classification)를 사용하고 있어서 본 연구의 36개 부문 산업연 표의 산업분

류와 상이하므로 이를 일치시킬 필요가 있다. 표 2.3-1에서는 이러한 일치 과

정과 그 결과 36개 산업으로 분류되어 산출된 RI 련 제조업의 산업별 총

매출액이 나타나있다.

Reorganized IO with 36 sectors ISIC code 1980 1985 1990 1995 2000

3 Food, beverage and tobacco 311,313,314 113 1,460 2,028 3,832 5,904
4 Textile products & leather product 321,322,323,324 105 1,144 2,119 4,111 5,462
5 Wood and paper product 331,341 72 717 1,747 4,197 7,305
6 Printing, publishing and reproduction 342 - - 23 51
7 Petroleum and coal products 353,354 - 6,427 6,936 15,509 38,351
8 Chemicals and allied products 351,352,355,356 1,167 2,614 6,469 14,147 24,414
10 Nonmetallic mineral products 361,362,369 30 311 754 1,796 2,388
11 Primary metal products 371,372 4,608 3,752 7,887 14,996 23,730
12 Fabricated metal products 381 29 392 906 2,529 2,932
13 General machinery and equipment 382 - 316 846 1,105 1,309
14 Electronic and other electric equipment 383 93 1,318 4,726 16,290 25,543
15 Precision instruments 385 - 174
16 Transportation equipment 384 375 2,751 6,566 14,643 22,395

17 Furniture and other manufactured 
products 300,332,390 - - -

Total 6,593 21,202 40,984 93,178 159,959

표 2.3-1 RI 련 제조업의 산업별 총 매출액

(Unit: billion won)

 ISIC : International Standard Industrial Classification
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나. 방사성동위원소가 기여한 순매출액 추정

방사성동 원소 련 제조업부문의 산업별 총매출액에서 방사성동 원

소가 기여한 순매출액을 추정하기 해서는 방사성동 원소의 기여율을 추

정해야한다. 기여율의 추정은 결과에 큰 향을 미치는 요한 작업이다. 그

러나 본 연구에서는 산과 시간의 제약으로 인하여 기여율을 직  추정하

지 못하고 기존의 연구결과를 인용하 다. 방사성  방사성동 원소 이용산

업 실태조사(한국방사성동 원소 회, 2002)에서 조사한 제조업 RI 기여율을 

본 연구에서 인용하 다. 산업분류가 상이하므로 이에 한 조정 작업을 거

쳐 산출된 기여율은 표 2.3-2와 같다.

Sectors Contribution to sales amount
(%)

Food, beverages and tobacco 2.00
Textile products and leather products 2.23
Wood and paper products 3.69
Printing, publishing and reproduction of recorded media 2.23
Petroleum and coal products 4.18
Chemicals and allied products
(excluding Inorganic basic chemical products) 4.18

Nonmetallic mineral products 2.23
Primary metal products 2.44
Fabricated metal products 2.44
General machinery and equipment 1.29
Electronic and other electric equipment 1.29
Precision instruments 2.23
Transportation equipment 0.88

표 2.3-2 제조업의 RI 기여율

어떤 산업에서의 RI 기여율은 시간에 따라 변화할 수 있다. 이는 RI 기

술과 다른 산업기술이 변화하기 때문이다. 이러한 상황을 반 하기 해서는 

각 분석 상 연도의 기여율 자료가 필요하지만 본 연구에서는 2002년도의 

기여율이 변화하지 않는다고 가정하여 이를 분석 상년도 체에 용하

다. 이러한 가정을 용한 이유 가운데 하나는 RI 기술이 산업 으로 응용되

는 가장 일반 인 분야 가운데 하나가 QA/QC, 계측분야인데 이 경우 RI 기

술의 시간에 따른 기여율 변화가 크지 않을 것으로 단되었기 때문이다.
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표 2.3-2의 제조업부문의 산업별 기여율을 표 2.3-1의 총매출액에 용

하여 RI가 기여한 순매출액을 구하면 표 2.3-3과 같다.

1980 1985 1990 1995 2000
Food, beverage & 
tobacco 2,274 29,484 40,963 77,405 119,255

Textile products & 
leather product 2,337 25,521 47,244 91,681 121,812

Wood & Paper product 2,648 26,460 64,474 154,885 269,565
Printing, Publishing & 
Reproduction - - - 507 1,136

Petroleum & Coal 
products - 268,644 289,922 648,280 1,603,066

Chemicals & Allied 
products 48,791 109,255 270,410 591,345 1,020,489

Inorganic basic chemical 
products - - - - -

Nonmetallic mineral 
products 678 6,939 16,811 40,046 53,246

Primary metal products 112,444 91,555 192,440 365,892 579,021

Fabricated metal products 708 9,556 22,094 61,717 71,543

General machinery & 
equipment - 4,077 10,916 14,249 16,892

Electronic & other 
electric equipment 1,204 17,000 60,968 210,141 329,503

Precision instruments - - - - 3,889

Transportation equipment 3,300 24,211 57,783 128,861 197,077

Total 176,365 614,687 1,076,015 2,387,001 4,388,494

표 2.3-3 제조업부문의 RI 기여 산업별 순매출액

(Unit : million won)

표 2.3-3에서는 RI로 인한 순매출액의 규모가 2000년에 약 4조 4천억원

으로 나타났다. 이러한 규모는 1980년에 비하여 25배 증가한 것이다. 한 

매출액 에서 석유  석탄제품과 화학제품부문이 체 순매출액의 반 이

상을 차지하고 있어서 RI의 활용도가 가장 두드러진 산업부문임을 알 수 있

다.

2. 의료업
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제3항의 “방사성동 원소 부문의 산업별 매출액 산출”에서 기술한 방

법에 의하여 의료부문의 총 매출액을 산출하 으며, 국민건강보험공단의 자

료를 활용하여 RI의 기여율을 산출하 다. 국민건강보험공단은 연간 총 의료

비 지출액에 한 통계자료를 조사하고 있다. 이 자료는 1997년부터 작성되

기 시작하 다. 이 통계에 의하면 연간 총 의료비를 10개의 항목으로 분류하

고 있는데 이 가운데 하나가 상진단  진료 항목이다. 본 연구에서는 이

들 항목과 CT(Computer Tomography)가 체 의료비 지출액에서 차지하는 

비율을 의료부문의 RI 기여율로 이용하 다. 이 게 산출된 2000년의 RI 기

여율은 5.56%( 산진단  진료 : 4.16%, CT : 1.40%)이다. 따라서 본 연구에

서는 5.56%를 의료부문의 총매출액에 곱하여 의료부문에서 RI가 기여한 순 

매출액을 산출하 다. RI 기여율은 연도별로 달리 용해야하지만 통계자료

의 부족으로 동일한 기여율을  기간 동안 용하도록 하 다. 이 게 산출

된 의료부문의 총매출액  RI에 의한 순매출액은 표 2.3-4와 같다.

Total sales amount of the medical sector Sales amount contributed by RI in the 
medical sector

1980 482,448 26,824

1985 2,112,085 117,432

1990 4,043,913 224,842

1995 10,291,833 572,226

2000 23,536,248 1,308,615

표 2.3-4 의료부문의 총매출액  RI에 의한 순 매출액

(Unit: Million Won , then-current price)

표 2.3-4에서는 RI에 의한 순매출액이 격히 증가하여 2000년의 순매

출액은 1980년에 비하여 무려 49배나 증가한 것으로 나타났다.
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제4절 원자력발전 산업의 파급효과 분석

1. 원전 건설의 파급효과

원  건설이 산출액  부가가치의 창출에 기여하는 바를 국민경제를 

구성하고 있는 산업별로 산출한 결과는 그림 2.4-1~5와 같다. 이들 분석을 통

하여 원  건설부문의 기술자립이 향상됨에 따라 원 건설이 산업부문에 미

치는 효과의 크기가 증가하고 있음을 분명히 알 수 있다. 를 들어, 1990년 

이 에는 원 건설로 인하여 향을 받은 산업부문으로는 발 소건설과 

융  보험 부문의 두 부문만이 두드러질 뿐이었다. 그러나 기술자립이 거의 

자립단계로 어들기 시작한 1990년 이후에는 원 건설로 인하여 향을 받

는 산업부문의 수가 증가하 다. 이들을 살펴보면, 발 소건설부문과 융 

 보험부문이외에도 1차 속, 일반기계장치, 자  기타 기장치 등의 

산업부문이 원  건설에 의해 생산 활동이 많이 활발해진 것을 확인할 수 

있다. 실제로, 일반기계  장치 부문은 1990년과 1995년에 있어서 가장 

향을 많이 받은 부문으로 나타났다. 이는 원 건설과 련하여 이 부문에 

한 지출이 많았음을 의미하는 것이다.

지 까지 언 한 이들 산업들은 원 건설에 직 으로 참여하고 있는 

산업으로서 표 2.2-1에 나타나 있지만, 이들 산업부문 이외에도 간 으로 

참여하고 있는 산업들이 많이 발생하게 된다. 여기서 간 으로 원 건설에 

참여하는 산업부문이란 표 2.2-1의 원 건설비 항목의 산업정의에는 나타나

있지 않지만, 이들 산업의 경제활동을 통하여 생산이 유발되는 산업부문을 

의미한다. 산업연 분석을 통하여 이러한 간 인 경제활동 부문의 생산유

발효과의 악이 가능하다. 이들 산업부문들 에서 1차 속 부문(11)이 1990

년 이후 가장 두드러지게 향을 받고 있음을 알 수 있다.

한, 융  보험부문과 사업서비스 부문이  기간을 통하여 향을 

많이 받고 있는 것으로 나타나고 있다. 융  보험부문은 1980년, 1985년, 

2000년에 걸쳐 특히 많은 향을 받고 있는 것으로 나타나고 있는데 이는 

상 으로 이들 기간에 원 건설이 집 되었기 때문이다.
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그림 2.4-1 원  건설의 산업별 효과(1980년)

그림 2.4-2 원  건설의 산업별 효과(1985년)
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그림 2.4-3 원  건설의 산업별 효과(1990년)

그림 2.4-4 원  건설의 산업별 효과(1995년)
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그림 2.4-5 원  건설의 산업별 효과(2000년)

2. 원전운전의 파급효과

원 운 이 가져오는 경제  효과는 그림 2.4-6~10과 같다. 원 건

설의 경우와 마찬가지로 원 기수가 증가하고 기술자립도가 향상될수록 경

제  효과는 차 더 커지는 것으로 나타났다. 1990년 이 에는 융  

보험과 무기기 화학물이 원 운 에 의해 가장 많이 향을 받는 부문으로 

나타났다. 이는 주로 핵연료비 지출과 이자지 에 따른 것으로 해석된다. 그

러나 1990년 이후, 무기기 화학물과 더불어 건축보수 부문이 두드러진 것으

로 나타나는데 이는 원 발 량이 격히 증가함에 따라 원 운 과정에서 

이들 부문의 간투입이 크게 증가하 기 때문이다.
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그림 2.4-6 원  운 의 산업별 효과(1980년)

그림 2.4-7 원  운 의 산업별 효과(1985년)
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그림 2.4-8 원  운 의 산업별 효과(1990년)

그림 2.4-9 원  운 의 산업별 효과(1995년)
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그림 2.4-10 원  운 의 산업별 효과(2000년)

3. 원전발전부문의 파급효과 요약

원 건설과 운 을 합한 원 발 부문의 부가가치  총액이 국민총

생산(Gross Domestic Product)에서 차지하는 비 은 2000년에 약 1.4%인 것

으로 평가되었다. 이 에서 1.2%는 원 운 부문으로부터 발생한 것이며 나

머지 0.2%는 원  건설부문이 기여한 것으로 추정되었다(표 2.4-1). 원 운

부문의 경제  효과가 건설부문보다 1980년만을 제외하고는  기간에 

걸쳐서 더 큰 것으로 나타났다. 1980년에는 원자력 발 량의 규모가 작았기 

때문에 그 효과도 미미한 것으로 단된다. 원 운 의 효과가 원

건설의 경우 보다 더 큰 것은 원 건설의 경제  효과가 건설이 진행되고 

있는 당해 연도에만 국한되는 반면에, 원 운 의 경제  효과는 발 설비의 

수명 운 기간동안 지속되기 때문이다.
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Year GDP deflator electricity price index
1980 32.9 68.16
1985 48.5 90.98
1990 67.9 70.92
1995 85.4 82.09
2000 100 100.00

표 2.4-2 력가격지수와 GDP deflator

Year 1980 1985 1990 1995 2000

Gross output
building 287 938 748 1,514 2,665
operation 191 1,277 3,571 5,667 11,081

Value added
building 135 466 283 615 1,180
operation 148 1,018 2,414 3,581 7,281

GDP 37,116 78,848 178,317 375,803 599,645
Contribution to GDP 0.8% 1.9% 1.5% 1.1% 1.4%

표 2.4-1 원자력발 의 경제  효과 요약

 (Units: billion won)

(＊) : GDP에 한 Value added의 비율을 의미함.

표 2.4-1을 살펴보면, 원자력발 의 GDP 기여율은 1980년에 0.8%이던 

것이 1985년에는 1.9%로 높아지다가 그 후 이보다 약간 낮은 수 인 

1.5%-1.1%의 범 에서 움직이고 있는 것으로 나타나고 있다. 그런데 원자력

발 의 GDP 기여율이 1985년에 가장 높았다는 것은 실 이지 않다고 

단된다. 1985년에는 단지 4기의 원 만이 운 되고 있었기 때문이다. 이러한 

분석결과는 산업연 분석에 있어서 불변가격을 용하지 않고 경상가격을 

사용하 기 때문이라고 단된다. 어떤 주어진 연도에 있어서 력가격이 

GDP deflator보다 더 많이 상승하 다고 한다면 원자력발 부문의 GDP 기

여율은 과 평가될 가능성이 많다. 특히, 다른 기간에서는 력가격이 오히

려 하락하면서 동시에 GDP deflator는 상승하 다면 이러한 과 평가는 더

욱 확 될 수 있다. 이러한 가능성을 확인하기 해서 력가격과 GDP 

deflator에 한 통계를 조사하 다(표 2.4-2). 표 2.4-2에서 GDP deflator는 

 기간에 걸쳐 지속 으로 상승한 반면에 력가격은 오히려 하락한 기간

이 있는 것으로 나타나고 있다.

표 2.4-2를 보다 구체 으로 살펴보면, 1985년의 력가격지수는 GDP 
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deflator보다 훨씬 더 높은 것으로 나타난 반면에 1990년과 1995년의 력가

격지수는 1985년의 력가격보다 오히려 더 낮고 2000년의 력가격지수는 

1985년보다 약간 더 높은 것으로 나타났다. 이ì것으가격의 변화로 인건으발생

하는 왜곡 상을 교정하기 건5년원자력발 부문의 부가가치으로여액을 

력가격지수로 deflate하여 2000년 불변가격으로 변환하고 GDP는 GDP 

deflator를 용하여 2000년 불변가격화높은년과. 이ì것으작업을 p0년수정것으

결과는 표 2.4-3과 같과. 원자력발 의 GDP 로여율은 1980년의 0.56%에서 

2000년에는 1.41%로 나타났다. GDP 기여율이 가장 높았던 해는 1990년인 

1.45%로 추정되었다.

Year GDP
VA of Nuclear Power 

Contribution to GDP
building operation

1980 112,967 410 217 0.56%
1985 162,573 961 1,119 1.28%
1990 262,617 417 3,404 1.45%
1995 440,050 720 4,362 1.15%
2000 599,645 1,180 7,281 1.41%

표 2.4-3 원자력발 의 GDP 기여율 요약(수정)

(Units: billion won, in the price of 2000)

제5절 방사성동위원소 산업의 파급효과 분석

1. 제조업

제조업부문에서 방사성동 원소가 기여한 산업별 효과를 생산액과 

부가가치로 나타낸 결과는 그림 2.5-1~5와 같다.
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그림 2.5-1 RI의 제조업부문에 의한 산업별 기여액(1980)

그림 2.5-2 RI의 제조업부문에 의한 산업별 기여액(1985)
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그림 2.5-3 RI의 제조업부문에 의한 산업별 기여액(1990)

그림 2.5-4 RI의 제조업부문에 의한 산업별 기여액(1995)
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그림 2.5-5 RI의 제조업부문에 의한 산업별 기여액(2000)

제조업부문에서 RI가 창출해낸 부가가치는 1980년 GDP의 0.2%에서 그 

후 약 0.4%로 증가하여 유지되고 있다(표 2.5-1). 

1980 1985 1990 1995 2000

Gross output 391 1,054 2,009 4,214 7,547
Value added 88 277 592 1,437 2,360

GDP 37,116 78,848 178,317 375,803 599,645
Contribution to GDP 0.2% 0.4% 0.3% 0.4% 0.4%

표 2.5-1 제조업부문에서의 RI활용의 GDP 기여율 

(Unit: Billion Won in then-current price) 

(＊) : GDP에 한 Value added 값의 비율을 의미함.

그러나 본 연구의 분석결과는 다음과 같은 이유로 과소평가의 경향을 

내포하고 있다. 우선, 본 연구의 RI 련 산업의 총매출액 규모는 RI 사용 

인허가 상기 에 한정되었기 때문에 사용인허가를 필요로 하지 않는 기

의 매출액이 락되었다. 그러나 이러한 락이 매출액규모의 과소추정에 미
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친 향은 크지 않다고 단된다. 표에 나타난 RI 련 산업의 총매출액은 

2000년에 약 160조원인데 이것은 2002년에 한국방사성동 원소 회가 조사

한 총매출액의 약80%를 차지한다. 그럼에도 불구하고 이러한 차이는 총매출

액의 과소추정을 어느 정도 암시하고 있다고 하겠다.  다른 과소평가의 원

인으로는 본 연구에서는 비 과검사 기 의 매출액을 고려하지 않았는데 이 

한 과소평가의 원인이 된다. 비 과검사기 은 RI 사용의 인허가를 필요로 

하지 않으며 이들 기 의 매출액 통계는 1996년부터 매 5년 간격으로 조사

되고 있어서 본 연구의 분석 상기 과 일치하지 않으므로 본 연구의 분석

상에 포함하지 않았다. 비 괴검사기 의 매출액 락은 매출액의 과소평

가의 한 원인이 될 수다. 그러나 비 괴검사기 의 2001년의 매출액은 RI

련 제조업 총매출액의 약 1.8%에 불과하므로 그 향은 크지 않다고 단된

다.

2. 의료업

의료부문에서 RI가 기여한 산업별 효과는 그림 2.5-6~10과 같다. 다

른 산업부문으로의 이 미미하고 의료부문 자체의 산출  부가가치 증

가 두드러지게 나타나는 특징이 있다. 의료 이외의 부문으로는 화학제품부

문이  기간에 걸쳐 지속 으로 향을 받고 있는 것으로 나타났다.
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그림 2.5-6 의료부문에서 RI에 의한 산업별 기여액(1980)
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그림 2.5-7 의료부문에서 RI에 의한 산업별 기여액(1985)
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그림 2.5-8 의료부문에서 RI에 의한 산업별 기여액(1990)
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그림 2.5-9 의료부문에서 RI에 의한 산업별 기여액(1995)
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그림 2.5-10 의료부문에서 RI에 의한 산업별 기여액(2000)

의료부문에서의 RI활용이 GDP에 기여한 바는 1980년의 0.06%에서 

1985년 이후 1.11%- 0.18% 정도인 것으로 나타났다(표 2.5-2).

1980 1985 1990 1995 2000

Gross output 49.3 207 408.0 969.9 2,398.1
Value added 21.9 102 196 503.5 1,101.2

GDP 37,116 78,848 178,317 375,803 599,645
Contribution to GDP(＊) 0.06% 0.13% 0.11% 0.13% 0.18%

표 2.5-2 의료부문에서의 RI의 GDP 기여율

(Unit: Billion Won in then-current price)

(＊) GDP에 한 Value added 값의 비율을 의미함.
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3. 연구개발 

RI 분야의 연구개발비는 그 자체를 부가가치로 간주하 다. 연구개발을 

통하여 창출되는 부가가치를 추정하는 것이 어렵다는 이유 이외에도 국민소

득계정에서 연구개발비 지출을 비용이 아니라 투자로 처리하고 있으므로 RI 

분야의 연구개발비를 부가가치로 간주하는데 별 무리가 없다고 단된다. RI 

분야의 연구개발비에 한 통계는 1997년부터 작성되었다. 따라서 본 연구에

서 설정한  분석 기간에 한 분석을 수행할 수 없었다. .   년의 연구개

발비 지출은 151억원인데 이는 제조업이나 의료부문에 비하여 아주 작은 

액이다.

 

4. 종합 및 요약

이상의 RI 부문의 GDP 기여효과에 하여 종합하여 정리하면 표 2.5-3

과 같다. RI가 기여한 GDP 기여율은 1980년에 0.30%에서 2000년에는 0.58%

로 증가한 것으로 나타났다.

1980 1985 1990 1995 2000

Gross 
output 

Manufacturing 391 1,054 2,009 4,214 7,547
Medical 49.3 207 408.0 969.9 2,398.1

R&D - - - - -
Sub total 440.3 1,261 2,417 5,183.9 9,945.1

Value added

Manufacturing 88 277 592 1,437 2,360
Medical 21.9 102 196 503.5 1,101.2

R&D - - - - 15.1
Sub total 109.9 379 788 1,940.5  3,476.3

GDP 37,116 78,848 178,317 375,803 599,645
Contribution to GDP 0.30% 0.48% 0.44% 0.52% 0.58%

표 2.5-3 RI 련 부문의 GDP 기여율

(Unit: Billion Won , in then-current price)
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제조업 부문의 부가가치 창출액이 가장 커서 2000년의 경우 RI가 창출

한 총 부가가치 에서 68%를 유하고 있다. 2000년의 의료부문에서의 부

가가치 창출액은 1980년에 비하여 무려 50배에 이르는 등 의료부문에서의 

RI에 의한 부가가치 창출액이 가장 격히 증가하고 있는 것으로 나타났다.

5. 다른 나라 연구와의 비교

다른 나라의 연구결과와의 비교는 표 2.5-4와 같다. 농업부문을 제외시

키면, 일본의 경우 RI의 GDP 기여율은 0.98%이고 미국의 경우는 1.30%이다. 

한국 방사성동 원소 회의 연구결과는 0.96%인데 이는 본 연구의 0.53%보

다 더 높은 수치이다.

Korea
Japan USA

KAERI  study RI society
Manufacturing 0.39% 0.72% 0.76% 0.70%

Medical 0.18% 0.24% 0.22% 0.60%
Agriculture - - 0.02% 0.18%

Total 0.58% 0.96% 1.00% 1.48%

표 2.5-4 RI의 GDP 기여율 연구결과 비교(한국, 일본, 미국)

Note : The contribution of RI to the GDP in Japan was derived from a study carried out by JAERI in 1998.

이들 다른 연구결과의 가정  근방법에 한 상세한 정보가 알려져 

있지 않으므로 이들 결과와 본 연구결과를 직  비교하는 데는 한계가 있다. 

한국의 경우 본 연구와 방사성동 원소 회의 연구결과의 차이는 주로 RI 

련 산업부문의 매출액 추정의 차이에 기인한다. 한 분석과정에서 RI 기

여율에 한 해석의 차이가 존재할 수 있다. 본 연구에서는 총매출액을 순매

출액으로 변환하는 과정에서 RI 기여율을 용하 는데 방사성동 원소 회

의 연구에서는 총매출액을 RI 기여율에 의해 직  부가가치로 변환시켰다고 

단된다.

본 연구에서 산출한 GDP에 한 RI 기여율(0.53%)에 의하면, 우리나라

의 RI 기여율은 미국의 1.3%, 일본의 0.98%보다 훨씬 낮은 수 이다.
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제 2 부 (PART II) 

영문 보고서
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1. INTRODUCTION

Nuclear technology development is not just a reward for economic growth.  It can also be 

a means to economic development as well as improved environmental quality.  (See Annex 1)  

However, there have been few attempts to document this proposition by quantifying the 

contribution that nuclear technology development has made to a country's overall GDP, and 

hence to its economic growth.  It is our thesis that the qualitative and quantitative development 

benefits have been significant. But we need to test this hypothesis. This study is an attempt to 

do that, at least partially.  

The purpose of this study is therefore to explore the thesis that development of nuclear 

technologies in Korea has measurably contributed to GDP and to the economy in general. We 

limit this phase of the study to the industrial value-added contribution of nuclear power and 

nuclear radioisotope-related technologies, as identified over a 20 year period using Korean 

National Bank national input-output tables. 

To our knowledge no study has documented statistically or quantified the synergistic and 

dynamic backward and forward links of a full spectrum of nuclear technologies to the GDP 

growth or economic development of a country and its infrastructure. There have been some 

studies that quantify the market value of certain nuclear industry products, notably radiation 

therapy and electricity generation. Others have quantified the market value of products to which 

nuclear technologies in some way contribute.  Yet other studies have considered nuclear 

technology development in relation to infrastructure, focusing mostly on nuclear power and 

more specifically on the investments needed to support its development. These latter studies 

emphasize anticipated expenditures and generally ignore positive infrastructure developments 

or contributions to long-term national economic growth.

Korea has a thriving nuclear sector, excellent statistical data, experienced analysts with 

relevant expertise, and a national interest in quantifying the role of its nuclear sector in national 

development.  These are compelling reasons for undertaking the study, a joint effort by the 

Planning and Economic Studies Section (PESS) of the IAEA and the Ministry of Science and 

Technology (MOST), of the Republic of Korea. On the part of the Agency, this project is one of 

several undertaken by PESS in the last biennium, that seek to quantify some of the benefits of 

nuclear technologies, rather than just their costs. There is interest in replicating the project in 

other Member States.
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This study focuses on the industrial sector, and uses a refined Input-Output study of the 

Korean economy to define inter-industrial linkages and to quantify the "value added" in the 

industrial sector from research reactors for isotope production, nuclear medicine, 

non-destructive industrial applications, and nuclear power (construction and operation).  
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2. OVERVIEW OF KOREAN ECONOMIC 
DEVELOPMENT

2.1 Industrialization

In the 1950's, after the cessation of Korean War hostilities, the focus of economic 

development in the Republic of Korea (South Korea) was inflation reduction and import 

substitution.  In the 60's the country embarked on a series of 5-year economic development 

plans pursuing what amounts to a classic pattern of economic development.  The focus shifted 

to export-oriented mass production, taking advantage of Korea's abundant cheap labor and 

taking into account of scarcity of capital and of resources.  Economic policy measures in this 

period included devaluation of the won, abolishing multiple exchange rate systems, deficit 

reduction, generic export subsidies and facilitation of imports to fuel the export industries  all 

policies which made the export drive sustainable.  By the mid-60's, the government also had 

increased access to private capital markets which made possible both technology imports and 

investment.  The pattern of industrialization moved initially to include light industries such as 

food, beverage and textiles, and then to intermediate goods such as equipment and machinery.  

From the outset of industrialization there was a major emphasis on technology and 

science and research.  At first the country could only import technology, and the focus was on 

turnkey plants and on improving the local absorptive capacity.  The drive for  indigenization of 

mature technologies through reverse engineering of imported capital goods was a major next 

step.  As this became increasingly difficult to do legally under international trade rules, 

government research policy shifted again, to native R&D, with the setting up KAERI in 1958 

and regional research centers in the 1970's, starting with the Science Park in Daejon. 

By the early 70's, the trend of industrialization had shifted again, this time to heavy 

industries. Imports of capital and technology were especially crucial for the development of the 

heavy and chemical industries (HCI), notably metallurgy (iron and steel especially), 

shipbuilding (and later automobiles) and construction. While the country had not been able to 

sustain such industrialization in the early post-war years, it now was more able to sustain 

demands for capital, could pay for resources and had a more highly skilled labor force than in 

the 60's.
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The HCI constituted a driving force for national economic development, broadening the 

industrial base and essentially restructuring the economy.  By 1973, real per capita income had 

more than doubled the levels of the mid 60s and the economy had been transformed at a rate 

more rapid than any other country had ever experienced with a major rural to urban shift, and 

shifts in GDP from 51.3% primary commodity production and 5.9% manufacturing in 1953-55, 

to 25.8% and 27.2% respectively by 1973-75.  During this time infrastructure was not ignored, 

though investment in education focused primarily at this time on basic rather than university 

level education. 

Moreover, the intermediate and especially the heavy industries were in themselves highly 

energy and electricity intensive, providing a market and a rationale for developing a domestic 

nuclear power sector, to permit massive energy use without dramatically increasing imports of 

coal, oil or gas.  In turn the development of the nuclear industry created domestic markets for 

equipment, the metallurgical and construction industries, in effect creating a significant 

intersectoral symbiosis.  

However, government policy moved away from generic export subsidies to ones targeted 

specifically to these HCI, thus weakening market incentives for making efficient investment 

choices.  HCI exports proved to be not so profitable as those from the light industries at the 

same time that HCI investments, skewed by subsidies, were crowding out investments in these 

other more profitable and efficient industries. By the 1980's deficits and inflation had set in 

requiring corrective measures. In the period 1985-95 such corrections included a return to 

generic export subsidies and opening of the economy, both of which fostered a rise in exports to 

about one half of GDP by 1995.  

Other changes initiated in this later period include yet another major industrial shift, 

namely to more service and high tech industries, including those such as semiconductors, 

telecommunications and fiberglass, industries which among others make use of radioisotopes in 

a number of ways.  Perhaps the most important of these industrial applications is the use of 

nuclear technologies for gauging and precise measurement, and for non-destructive testing for 

precision quality control.  These have permitted the maintenance of consistent quality control in 

Korean high tech goods manufacture, raising the value of these goods in international markets 

and raising the reputation of Korean-made products. Thus nuclear technologies are linked to 

both the past and future economic development of the Korean economy.  
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2.2 Market restructuring

Parallel to this industrialization process was a long-term government move to privatize 

and liberalize its markets.  Until the late 60' and 70's the Korean government, as in most 

developing countries, owned or controlled and operated the social infrastructure electricity, 

telecommunication, roads, railways, ports, refineries, steel etc.  Industrial development provided 

new demand and markets for such services, including electricity, and hence more profits 

attracting the interest of private sector investors.  At the same time, the trade liberalization 

begun in the 60' and 70's to facilitate exports, spread to increase foreign and then domestic 

competition.  Ultimately, implementation of both these policies led to strong pressures for 

deregulation, market liberalization and privatization of the public service sector . This has been 

a steady but gradual process.  Privatization began in 1968 with the heavy industries, then in 

1980 for banking and oil.  In 1987 the initial plan for privatizing electricity, telecom and the 

post was introduced, but final restructuring of the electricity sector began in 2001 and will not 

be complete till 2009.

Restructuring of the electricity sector summarized as follows;

In accordance with the short-term plan, KEPCO's generation sector was already divided 

into six generation companies including one big hydro and nuclear power company and five 

thermal power companies on an equal basis in terms of commercial and technical aspects. 

Because of the nature of public service, such as water supply and flood control, all hydro power 

plants were combined into one company, Korea Hydro & Nuclear Power Company (KHNP). 

This company will remain as a public entity in consideration of nuclear safety, the 

characteristics of power supply and demand, nuclear power development and the capability of 

building new plants, while the other power generation companies, consisting of fossil fuel and 

pump storage power plants, will be privatized sometime in the future. 

2.3 ENERGY SECTOR DEVELOPMENT AND POLICIES 

Korean energy policy has quite consistently focused on supplying energy to fuel rapid 

industrialization and strong economic growth over the last three decades. This growth was 

driven by the expansion of energy-intensive industries in the 1980s and 1990s, fostered by 

concentrated development policies and resulting in a very much higher national average 

standard of living.
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As Korea has limited indigenous coal and hydro resources, early priority necessarily was 

given to imported oil as a solution for stable energy supply needs. This policy started in 1962 

with the Five Years Economic Development Plan. (Table 2.3-1)  However, this dependence 

resulted in economic development setbacks after the oil crises in 1970's and 1980's, so energy 

policy shifted from heavy dependence on oil to diversification of energy sources.  Given 

Korea's lack of natural energy resources, this shift was largely in favor of nuclear energy.  

Table 2.3-1  Primary Energy Demand by  Source, 1970-2001
(Unit : 1000 TOE)

　 1970 1975 1980 1985 1990 1995 1999 2000 2001

Coal
Petroleum
LNG
Hydro
Nuclear
Others

5,829 
9,293 

N/A
305 

0 
4,251 

8,075 
15,637 

N/A
421 

0 
3,420 

13,199 
26,830 

N/A
496 
869 

2,517 

22,022 
27,142 

N/A
915 

4,186 
2,031 

24,385 
50,175 
3,023 
1,590 

13,222 
797 

28,092 
93,955 
9,213 
1,369 

16,697 
1,051 

38,155 
97,270 
16,847 
1,517 

25,766 
1,806 

42,911 
100,279 

18,924 
1,042 

27,241 
2,130 

45,711 
100,385 

20,787 
1,038 

28,033 
2,456 

Total
 -Domestic
  Production
 - Import

19,678 
10,333

9,345

27,553 
11,397

16,156

43,911 
12,491

31,420

56,296 
17,579

38,717

93,192 
25,520

68,673

150,437 
21,593

128,844

181,363 
30,800

150,563

192,887 
32,644

187,484

198,409 
33,339

193,104
Per capita(toe) 0.61 0.78 1.15 1.38 2.17 3.34 3.89 4.10 4.19

Source : IAEA data

The Korean economy grew by more than 10% per annum throughout the 1970s, 1980s 

and early 1990s. During most of this period, energy use grew faster than economic growth. 

However the demand for energy weakened, though not fell, in the late 1990s with the slowing 

down of economic growth and improved efficiency of technologies. It was the Asian economic 

crisis for which demand for energy actually fall in 1998.

Since 2000, relatively slower economic growth of 5% per annum has resulted also in 

lower growth (less than 5% per annum) of primary and final energy demand.  This trend reflects 

a decoupling of energy and GDP growth typical of industrialized countries; it is expected to 

continue in the near future (Table 2.4-2). Primary energy demand is expected to grow 5.1% in 

2004, recovering slightly from 3.1% in 2003. Similarly, near term average annual growth of 

total final energy demand is expected to be around 4.6%, compared to 6.0% from 1990-2002. 

However, this relatively stable growth masks an increasing demand in the transportation sector 

counterbalanced by a decline in demand in the industrial and residential/commercial/public 

sectors. 
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2.4  ELECTRICITY SECTOR DEVELOPMENT

2.4.1 Demand

Electricity demand in Korea as elsewhere, has grown even more quickly than either 

economic growth or demand for total energy.  The average annual growth rate of electricity 

consumption in Korea was 10.8% between 1973 and 2000. Demand did actually fall in 1998 

because of the Asian economic crisis but recovered in 1999. Demand in 2003 still grew faster 

than GDP, by 5.2% vs 3.1%.  Such growth is expected to continue. 

The industrial sector has historically dominated energy use with a 51.2% share of total 

demand for electricity in 2003 (Table 2.4-1 and Figure 2.4-1), even though this share has 

continually declined, reflecting industrial restructuring from energy-intensive basic and 

intermediate industries to less energy intensive and more value-added high-tech industries. In 

line with the increasing contribution of the service sector to the economy, electricity 

consumption in the public and service sectors show a rapid growth.

Table 2.4-1 Trends in Electricity Use by Sector, 1981-2003
(Unit: GWh, %)

Sector 1981 1986 1991 2001 2002 2003

Residential 5,934
(16.8)

10,299
(18.3)

19,482
(18.7)

39,211
(15.2)

42,278
(15.2)

44,572
(15.2)

Public &
Service

5,194
(14.7)

9,178
(16.3)

19,709
(18.9)

82,729
(32.1)

91,719
(32.9)

98,640
(33.6)

Industrial 24,296
(68.5)

36,832
(65.4)

65,183
(62.4)

135,791
(52.7)

144,454
(51.9)

150,397
(51.2)

Total 35,424 56,309 104,374 257,731 278,451 293,559

2.4.2 Supply Generation and Capacity

The tables below provide an overview of the historical growth and evolution of Korea's 

electricity sector. Through the 1980's, imported oil was the main fuel for power generation.  

After the oil crises in 1970s and 1980s, a conscious policy of energy diversification shifted the 

balance of the generating mix to nuclear power.  The continued rapid growth of electricity 
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Energy Source 1970 1980 1990 1995 2002 2003

Nuclear - 3,477
(9.3)

52,887
(49.1)

67,029
(36.3)

119,103
(38.9)

129,672
(40.2)

Coal 867
(9.5)

2,481
(6.7)

19,961
(18.5)

48,813
(26.4)

118,022
(38.5)

120,276
(37.3)

Oil 7,079
(77.2)

29,297
(78.6)

18,856
(17.6)

42,045
(22.8)

25,095
(8.2)

26,526
(8.2)

LNG - - 9,604
(8.9)

21,296
(11.5)

38,943
(12.7)

39,090
(12.1)

Hydro 1,221
(13.3)

1,984
(5.3)

6,361
(5.9)

5,478
(3)

5,311
(1.7)

6,887
(2.1)

Total 9,167 37,239 107,670 184,661 306,474 322,452

demand in the face of concerted reduction in oil imports, and given Korea's strong industrial 

and scientific base, nuclear power was deemed a logical choice as a source of electricity. In 25 

years, the nuclear power programme in Korea has expanded rapidly.

Figure 2.4-1 Trends in Electricity Use by Sector, 1981-2003
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In electricity generation (Table 2.4-2),  nuclear's share now stands at over 40% of the 

total, followed by coal and LNG with 37.3% and 12.1%, respectively.  LNG imports show rapid 

gains in the power sector due to the environmental concerns despite relatively high costs. Oil 

and hydro account for 8.2% and 2.1%), respectively, and show minimal growth reflecting 

respectively the nation's oil import reduction policies and lack of domestic resources. Note that 

except for nuclear power, Korea must import all of its fuel for power generation. 

Table 2.4-2  Electricity generation by Fuel, 1970-2003
(Unit : GWh, %)

Source : Electricity Statistics (2003, Kepco)

In terms of generating capacity, coal fired power generation, fueled almost exclusively 

by imported coal, actually accounts for slightly more capacity (Table 2.4-3 and Figure 2.4-2) 
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than does nuclear (around 28% in 2003).  As in the case of generation, oil and hydro capacity 

have stagnated, while LNG capacity, by contrast, has enjoyed rapid growth despite the 

relatively high infrastructure and import costs.

Table 2.4-3  Electricity Generating Capacity by fuel, 1970-2003
(Unit : MW (%))

 Item 1970 1980 1990 1995 2002 2003

Nuclear -
587

(6.3)
7,616
(36.2)

8,616
(26.8)

15,716
(29.2)

15,716
(28.0)

Coal
537

(21.4)
750

(8.0)
3,700
(17.6)

7,820
(24.3)

15,931
(29.6)

15,931
(28.4)

Oil
1,642
(65.5)

6,897
(73.4)

4,815
(22.9)

6,119
(19.0)

4,660
(8.7)

6,011
(10.7)

LNG - -
2,550
(12.1)

6,536
(20.3)

13,618
(25.3)

14,518
(25.9)

Hydro
329

(13.1)
1,157
(12.3)

2,340
(11.1)

3,093
(9.6)

3,876
(7.2)

3,877
(6.9)

Total 2,508 9,391 21,111 32,184 53,801 56,053

Source : Electricity Statistics (2003, KEPCO)

Figure 2.4-2  Electricity Generating Capacity by fuel, 1970-2003
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2.5 NUCLEAR POWER 

2.5.1 History of Korean Nuclear Power Development

The decision to develop a strong nuclear sector received impetus from three main factors 

- lack of domestic energy resources, favorable world nuclear markets in the 1980's and active 

involvement and concerted efforts made by the government, including the dedication of nuclear 

scientists and engineers.  Before nuclear power, Korea imported most of its energy resources 

from abroad; it had a 97% energy import dependency rate. 

Faced with the need for a major increase in fuel imports to supply its rapidly growing 

industrial and electricity sectors, the government chose nuclear power to reduce the reliance on 

imported energy. This decision was based on the understanding that nuclear power is more 

technology-oriented rather than resource-oriented. Thus nuclear power can be regarded as 

domestic energy source once self-reliance in nuclear technology is achieved.

Once the decision was made, Korea's need for initial imports of nuclear technology was 

greatly aided by the depression of the world nuclear industry in 1980's as the result of the TMI 

accident and the resulting anti-nuclear-movement.  This resulted in a buyer's market and made it 

possible for Korea to conclude technology transfer agreement with foreign suppliers under 

favourable conditions. 

The Korean Government therefore made a strong commitment to develop and expand its 

nuclear power programme.  Korea has in many ways become a classic illustration of a model 

nation for illustrating the potential benefits of nuclear power, which we seek to document and 

quantify. In the intervening years, Korea has rapidly accumulated extensive experience in 

nuclear sector policy development and planning and nuclear power plant construction and 

operation.  Over the past four decades, Korea has become one of the world's leading nuclear 

power countries, with 19 nuclear power plants in commercial operation supplying 

approximately 40% of the nation's electricity, and a total generating capacity of nearly 17GW(e) 

in 2004.

Finally, strong government commitment was essential to marshall Korea's well- educated 

human resources to successfully implement the national nuclear technology self-reliance 

programme. Korean nuclear scientists and engineers engaged in overseas nuclear power 

programmes were even attracted back to Korea to play key roles in the localization of nuclear 
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power technology development and enhancing direct national participation into nuclear power 

projects. 

National participation in a project generally means the use of locally produced material 

and domestic manpower resources without downgrading the quality and safety aspects of the 

project nor jeopardizing the schedule of project execution.  Meaningful national participation in 

a nuclear power and plant construction industry requires the existence of a capable construction 

industry, and medium and heavy manufacturing, including cement, steel, machinery and 

equipment and chemicals, as well as  competency in other services such as civil engineering, 

quality assurance and control and testing, and specialized manpower training including 

managerial skills. 

The first nuclear power plant in Korea in was an imported reactor with imported service 

and support. Since then, Korea has built up an indigenous nuclear infrastructure and 

independent capability for nuclear plant design, culminating in the development of the Korean 

standard nuclear power plant. National participation in Korea's nuclear power programme can 

be characterized as having occurred in three stages:

 (1) "turn-key" contract stage: Since the requisite domestic infrastructure was not in 

place, the entire process including design, manufacture and construction of the first three units 

in the 970s was in charge of foreign suppliers; local labour and some construction materials 

were used for on-site non-specialized purposes, especially for the civil engineering.  

(2) "mixed" or "component-base contract"stage: Local contracting firms were responsible 

at least in part for civil engineering and design, construction, and plant engineering.  Local 

existing factories provided non-critical components for balance of plant and some equipment for 

the next six units of 900 MW(e) size.  KEPCO was in charge of project management, but design 

and manufacture of the primary systems and turbine generator was contracted with foreign 

suppliers. 

(3) "self-reliance"stage: Domestic industries were the main suppliers to and main 

contractors for the  nuclear power programme for all subsequent plant, building on the 

experience gained through previous participation in prior stages of sector development. his gave 

rise to a number of nuclear sector companies:  KEPCO (later KHNP) (over-all sector 

management), KOPEC (previously NSSS) (architect engineering and ), nuclear steam supply 

system design), KAERI (research and technology development), KHIC (later Hanjung and 
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currently DOOSAN) (construction oversight for local constructors and main reactor system and 

equipment manufacturers (Hyundai, Donga, Daewoo, etc.), and KNFC (nuclear fuel design and 

fabrication) for both PWR and CANDU reactors.  As part of the long term move towards 

privatization and industry sector liberalization, the restructuring of the national electricity 

supply company KEPCO was begun in 2001.  This restructuring was deemed crucial to 

improved efficiency, competitiveness and profitability of the generating power sector. 

Six generation companies were separated from KEPCO: five non-nuclear generation 

companies, similar in size and composition as in KEPCO and one nuclear GenCo whereby it 

remains a state owned company. For an effective integration from the nation's supply security 

point of view, the System/Market Operator was established to operate the generation pool. 

KEPCO will further retain the transmission and distribution business. The Korea Power 

Exchange (KPX), responsible for the design and the implementation of a power pool, was 

established in the same year. It currently operates an integrated market/dispatch system 

structured as a cost-based pool and together with the government does planning for the 

electricity sector. In 2004, the distribution sector is expected to be divested to create wholesale 

competition within the system.  Restructuring should be complete in 2009 with the 

implementation of retail competition. The Korean nuclear industry now carries out more than 

95% of all nuclear construction activities.

More important, local manufacturers extended their normal product lines to incorporate 

nuclear design and standards, and special factories were set up locally to manufacture heavy and 

specialized nuclear components, possibly under licensing arrangements with foreign suppliers.

The process of Korean nuclear power development can be shown as Figures 2.5-1.

Figure 2.5-1 Evolution of Project Structure
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Plant
Reactor 

type
MW

Manufacturer
Operation Remark

Reactor T/G

Kori

unit1 PWR 587 WH GEC 1978
unit2 PWR 650 " " 1983
unit3 PWR 950 " " 1985
unit4 PWR 950 " " 1986

Wolsong

unit1 PWR 679 AECL NEI-Parson 1983
unit2 PHWR 700 Hanjung/AECL Hanjung/GE 1997
unit3 PHWR 700 " " 1998
unit4 PHWR 700 " " 1999

Yonggwang

unit1 PHWR 950 WH WH 1986
unit2 PWR 950 " " 1987
unit3 PWR 1000 Hanjung/CE Hanjung/GE 1995
unit4 PWR 1000 " " 1996
unit5 PWR 1000 Hanjung Hanjung 2002
unit6 PWR 1000 " " 2002

Ulchin

unit1 PWR 950 Framatome Alsthom 1988
unit2 PWR 950 " " 1989
unit3 PWR 1000 Hanjung/CE Hanjung/GE 1998

unit4 PWR 1000 " " 1999

unit5 PWR 1000 Doosan Doosan 2004

unit6 PWR 1000 " " 2005 Under 
Construction

2.5.2 Current Status of Nuclear Power Plants

The nuclear power industry of Korea has evolved from an importer to a potential 

exporter of nuclear plants and technologies.  The active history of the industry started in 1978 

when the Kori-1, built on a turn-key basis by Westinghouse,  first began commercial operation. 

Since then, 19 nuclear power reactors have been put into operation, and nuclear has achieved a 

dominant share in total electricity generation and capacity. The 19 plants in operation are all 

owned by Korea Hydro & Nuclear Power Company Limited(KHNP). Fifteen of them are 

pressurized water reactors(PWR), and the others are CANDU pressurized heavy water 

reactors(PHWR).(Table 2.5-1).  Nuclear power plant sites in Korea are shown below in Figure 

2.5-2.

Table 2.5-1 Nuclear power plants operating in Korea

Note: 1. Hanjung has been renamed to Doosan in 2001
          2. Capacity: Gross MW

Korea is one of a few countries that rely heavily on nuclear power generation for their 

electricity demand. Other industrialized countries generate substantial portions of their 
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electricity from nuclear power France, at 78%, Germany, at 28%, Japan, at 25%, Russia, at 

16.5% and United States, at 20%. By contrast, large developing countries such as Brazil, India 

and China, the percentages are only 3.6%, 3.3% and 2.2%, respectively.  

Figure 2.5-2  Nuclear power plant sites in Korea

2.5.3 Development of Schedule of Nuclear Power Plants

Korea is also one of a few countries in which nuclear construction is currently being 

energetically pursued.  Of the 31 units under construction worldwide, 17 are located in China 

including Taiwan Province of China, India, Japan and Korea. Twenty of the last 29 reactors to 

be connected to the grid are also in the Far East and South Asia. In 2003, 2 new nuclear power 

plants were connected to the electric grid, both in Asia Qinshan3-2 and Ulchin-5 in China and 

Korea, respectively and 4 new nuclear power plants are scheduled to connect to the grid in 2004 

in China, Japan and Korea.

Over the last twenty years, 15 PWRs and 4 PHWRs have been built and put into 

operation in Korea alone. (Table 2.5-1)  Even now, as of 2004, 1 PWR of 1,000 MWe class are 

under construction and 8 PWRs of 1,000 and 1400MWe class are planned to be built by 2015. 

The plants under construction and planned are listed in Table 2.5-2 and Figure 2.5-3. One plant, 

Ulchin #6, is currently scheduled to be connected to the grid in June 2005. 
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Table 2.5-2 Nuclear power plants under construction and planned in Korea

Plant Reactor type
Capacity

(MW)
Commercial Operation*

Ulchin#6 PWR 1,000 2005

Shinkori#1 PWR 1,000 2010

Shinkori#2 PWR 1,000 2011

Shinwolsong#1 PWR 1,000 2011

Shinwolsong#2 PWR 1,000 2012

Shinkori#3 PWR 1,400 2012

Shinkori#4 PWR 1,400 2013

APR#1 PWR 1,400 2014

APR#2 PWR 1,400 2015

Note: 1."APR" means "Advanced Power Reactor"
          2. Capacity: Gross MW
          * The 2nd Basic Plan of Long-term Electricity Supply and Demand (MOCIE,12/30/2004)

Figure 2.5-3 Development of Nuclear Power Plant
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Korea is now also in a position to supply plants for export. Korea has already 

standardized nuclear reactors as PWR (KSNP) and applied it to Ulchin-3, 4, 5  and 

Yonggwang-5 and 6, all of which are in good operation, as well as Ulchin-6 (under 

construction). Following KSNP, Korea has developed Advanced Pressurized Reactor(APR). It 

has much more enhanced safety and economical competitiveness than any existing nuclear 

power units or thermal plant. Shin-kori Units 3&4 will be first plant with APR. The experience 
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accumulated from a growing number of domestic orders and from operation of these 

standardized nuclear power plants will continue to permit further innovation. Korea may 

therefore well be a strong competitor in the vendors and plant suppliers market in the near 

future. Based on domestic technology and more than twenty years of experience in the 

construction and operation of nuclear power plants, the Korean nuclear industry is in fact 

actively developing an overseas nuclear power business aimed at supplying engineering and 

technical services, components, construction services, or even the complete building of Korean 

Standard Nuclear Power Plant (KSNP).  The overseas engineering and technical services will 

cover the plant life cycle from the project planning, project management, equipment 

procurement, commissioning and start-up, operation and maintenance, as well as replacement of 

major equipment, such as steam generator. 

2.5.4 Operating Performance

Over the past decades Korea's operating nuclear power plants have shown steadily high 

performance levels and demonstrated their economic competitiveness relative to alternative 

generating sources. Nuclear power plants have proved to be a reliable, environmentally 

acceptable and extremely efficient source of electrical energy. The mean nuclear plant capacity 

factor in 2003 was 94.2%, a record high; in the same year, the world average was 76.5%. The 

average Korean nuclear plant capacity factor in the last ten years was 90.8%, also higher than 

the world average. (Figure 2.5-4)

Figure 2.5-4 Comparison of Annual Average Capacity Factor of NPPs between Korea and 
World, 2003
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Year '90 '91 '92 '93 '04 '95 '96 '97 '98 '99 '00 '01 '02

Korea 84.4 84.5 87.2 87.4 87.3 87.5 87.6 90.2 88.2 90.4 93.2 92.7 94.2

World 67.8 67.3 69.4 70.2 71.6 72.9 72.2 73.9 75.6 76.4 78.9 78.9 N/A
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Year '90 '91 '92 '93 '94 '95 '96 '97 '98 '99 '00 '01 '02

Korea 2.7 1.7 1.6 0.9 1.1 0.9 1.1 0.4 0.9 0.5 0.5 0.4 0.6

USA 3.0 3.0 2.6 2.2 2.0 2.0 1.9 2.0 1.9 1.3 1.4 1.3 1.1

France 3.3 2.5 2.5 2.3 2.6 2.9 2.0 3.0 3.4 3.4 3.2 3.0 2.5

Japan 0.4 0.3 0.3 0.3 0.1 0.2 0.2 0.2 0.2 0.2 0.4 0.3 0.3

Canada 3.0 2.8 2.2 3.0 3.0 2.4 2.2 2.3 2.0 1.5 1.9 1.3 0.8

Nuclear Coal Oil LNG Hydro Total

37.31 38.15 67.02 128.61 85.83 50.67

Korean nuclear plants show similarly good records for unplanned outages and trips.  In 

the last decade there were only 11 unplanned trips, or an average of 0.6/unit, and the unplanned 

shutdown rate recorded 0.4 to 1.6 trips per unit during the same period. This puts the Korean 

operating experience as one of the top performance record in the world. (Table 2.5-3)

Table 2.5-3 Unplanned shutdown ratio
(Unit : Case/plant)

Source : IAEA PRIS(Power Reactor Information System) DATA

At the same time, nuclear power has proved itself to be competitive in terms of 

generating costs.  (Table 2.5-4) The effect of a growing share of low cost nuclear generation can 

be seen in Figure 2.5-5.  This shows that in large measure due to the contribution of nuclear 

power, the price of electricity actually fell from 1982 to 1992, mainly due to the low generation 

cost of nuclear power, at a time when consumer prices rose by as much as 9% annually. Since 

the start of the nuclear power programme, consumer electricity rates have continued to fall in 

Korea, except during the Asian economic crisis in the late 1990s, when they experienced a 

slight increase. 

Table 2.5-4 Comparison of generation cost by source in 2001
(Unit : KRW/kWh)

Source : KEPCO Statistics, 2001
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Figure 2.5-5 Electricity Price vs Consumer Price Index
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2.5.5 Nuclear Fuel and Technology Imports

Korea's demand for uranium and nuclear fuel cycle services has grown with the 

expansion of its nuclear power capacity. Since the year 2000, Korea accounts for more than 5% 

of the world's demand.  Korea imports uranium concentrates from Australia, Canada, the U.K, 

France, Russia, the U.S. and South Africa. In 2003, Korea imported a total of 9 million pounds 

of uranium concentrates. Conversion and enrichment services are purchased by long-term 

contract from the U.S., the U.K., France, Canada, and Russia. Fuel fabrication services are fully 

provided locally.

2.5.6 Research and Development

Korea has had an operating research reactor since 1962. In 1992 the10-year "National 

Medium-and-Long-term Nuclear R&D Programme" was launched, on five research fields:  

advanced reactor & fuel, nuclear safety, radioactive waste management, application of radiation 

and radioisotopes, and fundamental technologies. Under the advanced reactor programme near 

term reactor options such as the KNGR(Korea Next Generation Reactor) and 

SMART(System-integrated Modular Advanced Reactor), and  mid- and long-term reactor 

options such as KALIMER(Korea Advanced Liquid Metal Reactor) for power generation and 

HYPER(Hybrid Power Extraction Reactor) as a burner of TRU waste, are all under 

development. The application of radiation and radioisotopes programme produces radioisotopes 

for various areas such as medicine, agriculture, food, industry etc. 
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3. DESCRIPTION OF THE EMPIRICAL ANALYSIS

3.1 Reorganization of National I/O Table

This study required several extensive research efforts, both statistical and economic. No 

statements about nuclear technology's contributions to GDP growth can be made in a statistical 

vacuum. Only economic data will, in the end, validate or disprove our thesis. Any economic 

analysis therefore needed to be premised on and preceded by, extensive study of the relevant 

statistics. 

This statistical data gathering and analysis are the backbone and foundation of this joint 

study. It has necessarily been first and foremost substantive Korean contribution to this project. 

Because of different data collection requirements, this part of the work was grouped according 

to industry, initially limited to three major ones, the nuclear electricity generation industry, 

nuclear design and construction industry, and the radioisotope industry. The analysis period 

covers from 1980 to 2000 in five year intervals. 

Because of the complex and sophisticated nature of the statistical analysis needed, 

particularly for the proper attribution of benefits, the national research team has, through close 

collaboration, devised a set of analytical methods and approaches that is consistent across all 

sectors, established a comprehensive list of data sources to be tapped, and developed a coherent 

working plan for completing and coordinating the overall analysis. The basis for the analysis is 

an Input-Output analysis, which permits quantification of the backward and forward 

inter-linkages between nuclear technologies and industrial value added, and their comparison 

over time. For this purpose we used an Input-Output Analysis based on the Korean National 

Input-Output (I/O) Table, published by the Korean National Bank.

The first major step was to review, refine and reconstruct the national Input-Output tables 

for Korea to accommodate the level of detail needed for our analysis. This entailed collecting 

and/or constructing time series and input-output tables for industrial statistics to the 5-digit ISIC 

level. 

The original National I/O Table has 4 levels of sector classifications: 404 sectors covered 

in the basic survey, regrouped first into 168 sectors, then into 77 larger sectors and finally into 

28 major industrial classifications. To better reflect the industrial linkages of the various nuclear 

technologies, for this study the Korean National I/O Table was modified to comprise 36 sectors, 
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No. Sector name Related nuclear activity
01 Agriculture, forestry, and fisheries Food processing
02 Mining and Quarrying
03 Food, beverage and tobacco Food processing
04 Textile products & leather products
05 Wood and paper products

06 Printing, publishing and reproduction of 
recorded media

07 Petroleum and coal products
08 Chemicals and allied products Radiochemistry
09 Inorganic basic chemical products Nuclear fuel fabrication
10 Nonmetallic mineral products Non-destructive testing
11 Primary metal products Non-destructive testing
12 Fabricated metal products Non-destructive testing

13 General machinery and equipment Manufacturing of main components and other machinery

14 Electronic and other electric equipment Manufacturing of instrument and control devices

15 Precision instruments Non-destructive testing
16 Transportation equipment

17 Furniture and other manufacturing 
products

18 Water power generation

19 Thermal power generation External electricity supplied to nuclear power plant in 
operation

20 Atomic power generation Nuclear power plant operation
21 Self-power generation
22 Gas and water supply

23 Repair construction Construction related to the operation and maintenance

24 Electric power plant construction Construction of new nuclear power plant
25 Wholesale and retail trade

26 Eating and drinking places, and hotels and 
other lodging places

27 Transportation and warehousing
28 Communications and broadcasting
29 Finance and insurance Finance and insurance of nuclear power plant
30 Real estate agencies and rental Siting
31 Business services Architecture engineering

with the industry sector divided into 16 sectors. All industry data from the original 28 industry 

sectors were first transformed to the 3-digit level of International Standard Industry Code 

(ISIC), then re-grouped into the newly structured 16 industry sectors.  This revised I-O structure 

was used for assessing the economic contributions of both the nuclear power and radioisotope 

industries. For a more detailed description of this approach, and the detailed results of the 

analysis, see Appendix 1.

The names of each of the reorganized sectors, and the related nuclear activities for the 

sector, are shown in Table 3.1-1.  

Table 3.1-1 Reorganized 36 sectors in the input-output table
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32 Public administration and defense
33 Educational and research services      Research reactors

34 Medical and health services, and social 
welfare Nuclear medicine

35 Social and other services
36 Dummy sectors

3.2 Analysis of the contribution of nuclear power to the national economy

Sector classification in the input-output table was rearranged so that the input-output 

table might better trace those activities involving nuclear power. To establish the linkages 

between nuclear power activities and other sectors of the economy, the economic activities 

associated with the nuclear power sector were broken down and classified as construction, 

nuclear fuel fabrication, operation and maintenance.  In the case of plant construction, the 

activities are divided into civil construction, architecture engineering, and component 

manufacturing.  Component manufacturing is further divided by main component (instrument, 

other machinery, and instrument and control devices). Additional sector classifications were 

made for finance and insurance, and external power supplies, which are needed for the 

construction and operation of the nuclear power plant.

This restructuring was deemed necessary to capture both forward and backward linkages 

as well as the value added of such products as isotopes, energy or nuclear medical and industrial 

diagnostic services. It required and was based on the extensive and thorough understanding of 

the Korean economy of the national team, a knowledge of which industries have been or are 

now associated with nuclear technologies, and the linkages between them.  It was the most 

critical and among the most demanding aspects of the project. The approach as, etructure of 

this analysis was validated and calibrated by KAERI using the nuclear electricity generation 

industry for the year 2000 as a test case. 

 we focus here on only the industrial value added, which is more readily quantifiable.  

Hence, in the present study, the economic impact of the nuclear power sector is calculated only 

in terms of industrial output and value added, and only for nuclear power plant construction and 

operations, as derived using our IO analysis. 

3.2.1 Nuclear power plant construction

Data gathering and preparation are of the most important aspects of empirical analysis. 

KHNP provided the raw data of the construction of the nuclear power plant in the form of cost 

items for construction. They are classified as follows: initial fuel, building and structures, 
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Collected cost items Sectors in I-O

Initial fuel Inorganic basic chemical products(9)

Building, structures Electric power plant construction(24)

Machinery equipment Electronic and other electric equipment(14)

A/E Business services(31)

IDC Finance and insurance(29)

Owner's cost
Business services(31), Furniture and other manufacturing(17),
Finance and insurance(29)

machinery equipment, architect and engineering services, interest during construction, and 

owner's cost. These costs can be viewed as expenditures, which can then be used as estimates of 

final demand created by the construction activities of nuclear power plant in the formulation of 

the I-O analysis.

These cost items were then matched to the corresponding sectors in the reorganized input 

output table. Initial fuel is matched to inorganic basic chemical products, building and structure 

to electric power plant construction, machinery equipment to electronic and other electric 

equipment, architect and engineering to business services, and owner's cost is spread across 

several sectors including business services, furniture and other manufacturing, finance and 

insurance. These allocations are summarized in Table 3.2-1.

Table 3.2-1 Matching NPP construction costs to corresponding IO sectors 

After this allocation, the contribution of nuclear construction activities to the final 

demand in each relevant sector was calculated.  Figure 3.2-1 shows the contribution and the 

growth in importance of nuclear plant construction to each of the relevant and affected 

industrial sectors. The amount of nuclear's final demand contribution directly depend on the 

magnitude of construction activities carried out in each period.

The contributions to outputs and value-added of nuclear power plant construction in each 

period are shown in Figures 3.2-2~3.2-6.

The IO analysis results clearly show that the industrial sectors affected by nuclear power 

plant construction varied as the character of the construction changed from turn key plants to 

greater technological self-sufficiency. For example, before 1990, there were only two principal 

relevant industrial sectors: electric power plant construction, and finance and insurance. 
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Figure 3.2-1 Creation of yearly final demand by industries for nuclear power plant construction 
(Units: billion won)

After 1990, as Korea approached technological self sufficiency in nuclear power plant 

construction, the number of relevant dominant affected sectors increased, to include primary 

metal products, geowral machiowry and equipmeot, electronic number of electric equipmeot, in 

addition to the two sectors important earliof.  In vant, the geowral machiowry and equipmeot 

sector was the most dominant oow for the years 1990 and 1995, reflecting large expenditures for 

in these sectors for new plants. 

The spillover effects of localizing plant construction activities are also reflected in a 

number of industrial sectors not constituting direct final demand for nuclear sector.  These 

include especially the primary metal products sector, which has shown the dominant impact 

since 1990. This means that primary metal products(11) have been given a great indirect boost 

as inputs to the construction of nuclear power plants. 

Finance and insurance, and business service sectors were identified as dominant in terms 

of industrial value added across almost all sectors and for most years.  Finance and insurance 

were particularly important in 1980, 1985, and 2000, when expenditures for construction were 

relatively concentrated.  
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Figure 3.2-2 Contribution of nuclear power plant construction in 1980

Figure 3.2-3 Contribution of nuclear power plant construction in 1985
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Figure 3.2-4 Contribution of nuclear power plant construction in 1990

Figure 3.2-5 Contribution of nuclear power plant construction in 1995
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Figure 3.2-6 Contribution of nuclear power plant construction in 2000

3.2.2 Nuclear power plant operation

As was the case for construction, yearly final demand by industries for nuclear power 

plant operation is needed to apply I-O analysis. To create the yearly final demand by industries 

for nuclear power plant operation, the analysis starts from the intermediate inputs to the nuclear 

sector in the reorganized I-O table in this study. Based on these date, some 29 sectors (out of 

36)  were identified as providing inputs to nuclear plant operations.  The main ones include 

inorganic basic chemical products (for nuclear fuel fabrication), atomic power generation (input 

for internal power use), repair construction, finance and insurance, business services (all needed 

for plant maintenance), and educational and research services (including R&D activities in 

nuclear science and application.

To be able to isolate the particular impact of nuclear plant operations among the 

inter-industry linkages of Input-Output table, the nuclear sector had to be treated conceptually 

as exogenous. This required a small modification of the model, and was expressed in the 

analysis as follows:  

X  Where, X = Induced output, A = Input coefficient without nuclear sector, 

Ag= Input coefficient of nuclear sector, Xg= Output of nuclear sector



- 60 -

1980 1985 1990 1995 2000
1 0 0 0 0 0
2 0 0 0 0 0
3 0 0 0 0 0
4 0 30 76 1,330 2,274
5 0 25 74 185 323
6 104 643 1,334 1,773 2,153
7 193 3,426 7,107 9,440 21,621
8 0 111 1,272 1,858 2,627
9 4,357 25,958 53,754 170,342 445,846

10 0 66 721 405 2,662
11 0 26 35 6,710 7,700
12 0 604 2,437 4,023 9,933
13 0 1,937 4,929 12,065 39,286
14 595 4,630 18,542 33,254 91,882
15 0 823 3,233 2,195 7,493
16 50 414 1,552 2,440 1,228
17 896 38 135 1,414 942
18 8 70 7,953 7,244 2,548
19 97 629 71,576 152,619 78,755
20 11 284 79,528 96,303 100,769
21 0 0 0 0 0
22 39 186 535 480 400
23 870 15,094 132,230 286,238 427,227
24 0 0 0 0 0
25 1,478 6,064 27,617 12,266 28,510
26 0 0 0 0 0
27 184 1,056 4,801 8,610 12,727
28 157 1,006 2,545 14,082 23,168
29 3,392 15,218 36,764 46,801 223,453
30 306 1,314 2,820 2,458 4,103
31 78 5,928 35,471 56,318 144,434
32 0 0 0 0 0
33 157 1,644 3,815 92,797 148,772
34 8 550 645 4,294 25,015
35 0 327 788 1,881 4,823
36 3,826 9,169 31,463 30,300 55,752

Total 16,806 97,270 533,752 1,060,125 1,916,426

Ag Xg are the domestic intermediate input to the nuclear sector  in the Input-Output table, 

thus defining final demand attributable to nuclear operations in the model. The values for AgXg 

(i.e., for the contribution of nuclear plant operations to each sector) thus obtained in the 

reorganized Input-Output table are shown below(Table 3.2-2).
  

Table 3.2-2 Share of nuclear plant operations as domestic intermediate input in the reorganized 
Input-Output table

(Units : million Won)



- 61 -

Economic linkage effects of nuclear power plant operations show the same evolution as 

the construction phase, namely a shift in affected sectors as the number of plants and their 

degree of localization increased. Before 1990, finance & insurance, and inorganic basic 

chemical products were the dominant sectors affected by the operation of nuclear power plants. 

This is primarily due to the expenditures for the nuclear fuel and interest payments for heavy 

loans made during that period. Since 1990, however, repaired construction together with 

inorganic basic chemical products have become dominant, as nuclear power generation 

increased significantly, requiring inputs from these sectors for operation of the plants.

There are two interesting observations.  First, thermal power generation was found to 

play a major role in supporting the continuous operation of nuclear power plants.  It is used to 

supply electricity to nuclear plants during shut down periods (for overhaul and maintenance) 

and to serve as a redundant source of electricity as a safety measure to ensure the main plant 

components can be operated in a stable condition.  Second, the finance & insurance and the 

business service sectors were found to have higher value added from the plant operation phase 

than from the plant construction phase.

Finally, and not surprisingly, total intermediate input to the nuclear sector  is increasing 

as time goes on, reflecting the significant growth in nuclear power generation in Korea.

The value-added contributions of nuclear power plant operation in each period are shown 

in Figures 3.2-7~3.2-11.

Figure 3.2-7 Contribution of nuclear plant operations in 1980
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Figure 3.2-8 Contribution of nuclear plant operations in 1985

Figure 3.2-9 Contribution of nuclear plant operations in 1990
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Figure 3.2-10 Contribution of nuclear power at the operation stage in 1995

Figure 3.2-11 Contribution of nuclear plant operations in 2000

3.2.3 Summary of nuclear power sector contributions to the national economy

In 2000, the combined gross economic effects for both construction and operation of 

nuclear power plants were estimated to amount to some 1.4% of Gross Domestic Product in 
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Year 1980 1985 1990 1995 2000
building 287 938 748 1,514 2,665

Gross output operation 191 1,277 3,571 5,667 11,081

Value added
building 135 466 283 615 1,180
operation 148 1,018 2,414 3,581 7,281

GDP 37,116 78,848 178,317 375,803 599,645
Contribution of GDP 0.8% 1.9% 1.5% 1.1% 1.4%

Year GDP deflator Electricity price index

1980 32.9 68.16
1985 48.5 90.98
1990 67.9 70.92
1995 85.4 82.09
2000 100 100.00

Korea, 1.2% from operations and remaining 0.2% from construction. (Table 3.2-3) The gross 

cumulative overall value added and the economic linkages of nuclear plant operations was 

greater than for construction for the whole study period except for 1980, when nuclear power 

generation accounted for only a small portion of electricity supply. This result is not surprising:  

the economic impact of construction is primarily limited to the period when the construction is 

done, while the economic impact of plant operations continues throughout the life of the plant.

Table 3.2-3 The summary for the contribution of nuclear power
(Units: billion won)

The summary table also shows that the nuclear sector highest contribution to GDP was 

reached in 1985 (1.9%).  This seems unrealistic, since there were only 4 operating units in 

Korea in 1985. One of possible reasons for this anomaly is that, for purposes of manageability, 

we did not apply constant prices but then-current prices for the IO analysis.  

If electricity prices increase by more than the GDP deflator in any given period, the 

contribution to GDP from nuclear power expressed in current prices would be overestimated 

compared to other periods when electricity prices decreased in spite of increases in the GDP 

deflator. To confirm this hypothesis we surveyed for electricity price and GDP deflator statistics 

for the study period. (Table 3.2-4). The table shows GDP deflator has kept a constant rising 

trend, while electricity price has maintained up and down trends.

Table 3.2-4 Electricity prices and GDP deflators for the study periods

In details, the table shows that electricity prices in 1985 was indeed much higher than the 

GDP deflator, while electricity prices in 1990 and 1995 were even lower than in 1985, with 
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Year GDP
VA of  Nuclear Power 

Contribution to GDP
building operation

1980 112,967 410 217 0.56%
1985 162,573 961 1,119 1.28%
1990 262,617 417 3,404 1.45%
1995 440,050 720 4,362 1.15%
2000 599,645 1,180 7,281 1.41%

electricity prices in 2000 being a little higher than in 1985.  Having identified the discrepancy, 

we tried to correct the distortion.  This was done as follows:  the amount of the contribution 

from plant operations was deflated by the electricity price, while the value for GDP was 

deflated by GDP deflator, for the whole study period. We maintained the prices for both GDP 

and electricity in 2000 as the basis for the correction process. The corrected summary of the 

nuclear sector's contribution to GDP is shown in Table 3.2-5.  Note that the corrected 

contribution of nuclear power to GDP now shows an increase from 0.56% in 1980 to 1.41% in 

2000.

Table 3.2-5  Corrected summary of the contribution of nuclear power sector to GDP
(Units: billion won, in the price of 2000)

3.3 RADIO-ISOTOPES AND RELATED INDUSTRIES

3.3.1 History and current status

The radio-isotope (RI) industries encompass on the supply side those who produce 

radio-isotopes, including research reactors and commercial producers, as well as those who 

produce the machinery and equipment that permit the use of radioisotopes in industry and 

medicine.  On the demand side are the users of radio-isotopes in specific applications, and users 

of machines that incorporate RI, such as X-ray and cancer treatment clinics, for precision 

measurement or non-destructive testing.  Almost all machineries generating RI has been 

imported in Korea. So, the description  in this part focuses on the utilization of RI. 

The legal framework for registering and licensing RI sources and users was first 

implemented in 1963.  It requires licensed technicians, certified by the government, to be 

employed in all user industries, There are now 5,607 such licensed personnel in Korea. Besides 

these, there are 159,259 radiological technologist licensee who work around medical RI 

generators and instruments also, there are 25,831 radiation workers in the nuclear industry who 
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handle radio-isotopes in 2003.

The RI industry in Korea first started in 1913 in the medical sector, with the use of 

X-rays for medical examinations and diagnostic purposes. By 1963, there were still only 2 

enterprises using RI, both of which were hospitals. Since then, growth of this industry has been 

exponential.  

Within the medical sector itself, RI applications have expanded and multiplied far 

beyond X-rays to include a range of other diagnostic uses, radio-therapy and other treatments. 

There is a rapidly growing demand for PET (positron emission tomography), a relatively new 

and powerful early warning diagnostic tool, so the installation of radiation generators for this 

purpose is expanding rapidly.  Radiation generators in the medical sector are monitored by the 

Ministry of Health, which reports a current total of 26,983 generators in use in the medical 

industry, of which examination and treatment account for 24,917 and dental applications 2,066. 

Even more rapid has been the growth of RI use in the industrial sector, where their ability 

for microscopic measurement, non-destructive testing and materials identification and tracing, 

have made them the quality control tool of choice. The number of industries now using RI 

include machinery and electrical equipment manufacture, ship building and construction 

industries, civil engineering, the petrochemical industry, paper, iron and steel manufacture, the 

non-destructive testing service industry, synthetic materials development, the manufacture of 

sophisticated measurement gauges, and in the nuclear power industry.

In agriculture, RI applications include food preservation and sanitation, and species 

adaptation (e.g., development of insect resistant crop strains). In the public service sector RI 

applications include water quality control, location and identification of wells, tracing of ground 

water supplies, monitoring of pollution, and sewage monitoring. Environmental applications 

include a variety of different kinds of emissions monitoring.  

Applications continue to be developed and to expand rapidly, so that the number of RI 

user industries also continues to grow.  By 2003 the number of RI user companies in Korea had 

expanded to 2,127, many using multiple RI generators or sources as shown in Table 3.3-1.  

As the number of users expands, so to does the need for suppliers.  At present, most of 

the machinery and gauges used in Korea are imported.  The government hopes to expand the 

domestic RI industry.
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Classification
Status of organization

Use NDT Use/Sell Sell Total
Medical

organization 129 - 5 - 134

Industry 1,027 40 21 125 1,213
Research

organization 229 1 2 - 232

Education
organization 203 - - - 203

Public
organization 334 1 - - 335

Others 10 - - - 10

Total 1,932 42 28 125 2,127

Table 3.3-1  The number of  RI users & companies in Korea

3.3.2 Analysis of the contribution of the radioisotope industries (RI) to the national 
economy

The contribution of RI to the national economy arises from the various applications of RI 

technology in different industries. Those applications include primarily the treatment of food for 

sterilization or long term preservation, precision measuring and non-destructive testing of 

structural materials, and medical diagnosis and treatment, for example. The economic activities 

associated with RI were thus broken down and categorized to reflect the RI contribution to the 

manufacturing, medical, R&D, and agricultural sectors. To conduct the quantification analysis, 

we used the same sector classification for the RI that we used for nuclear power case, because 

that classification is detailed enough to analyze the RI case.

Data collection was different for each of the three sectors: manufacturing, medial, and 

R&D. In this study, the analysis for agriculture is not carried out, as data for this sector is not 

prepared well enough for the analysis. The small expected contribution to the national economy 

from RI in the agriculture is another reason for that. For the medical sector, sales data are 

readily available from the published input output table.  For the degree of RI to the medical 

sector, we used information prepared by National Health Insurance Corporation in Korea. In the 

case of R&D area, the expenditure on RI R&D is assumed to be the value added itself, avoiding 

the need to estimate the benefits of education or innovation in this study.  

However, in the case of manufacturing quantification is more tricky. Because these RI 
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processes and applications are part of the manufacturing process in other sectors, their 

contribution to sectoral output cannot be directly quantified from the Input Output table, as was 

the case for nuclear power.  To deal with this problem, and moreover to avoid double counting 

or false attribution of benefits, we needed first to derive the portion of total sales in any given 

sector that is correctly and uniquely attributable to RI technology. We did this for each sector 

employing RI technologies in their production processes, by multiplying the percent share of 

RI's contribution in each sector by the amount of total sales of the sector. 

This required gathering accurate data both on the degree of contribution from RI in each 

sector, and on the total sales amount of each sector employing RI technologies in the production 

processes, since these specific statistics are neither published nor gathered. For manufacturing, 

the data on the degree of RI contribution were collected by survey, while the data for total sales 

from each manufacturing sector employing RI technologies were obtained from directly from 

the organizations using RI technology in their production processes.

3.3.2.1 Manufacturing applications

Data collection and analysis used to assessing the radioisotope share of various 

manufacturing sectors, were described at the beginning of this report in the Section describing 

the approach taken for our empirical analysis. It was first necessary to identify total sales 

amount attributable to RI in each relevant manufacturing sector, and then to identify and isolate 

the value added attributable to RI use. 

Data on total sales from RI related industries to different manufacturing sectors were 

taken from official census statistics published by Economic Statistics Bureau in Korea[ref: 

Reports on Mining and Manufacturing Survey, Industrial Statistics Division, Economic 

Statistics Bureau]. However, since the Bureau uses the International Standard Industrial 

Classification(ISIC), the data in the ISIC sectors had to be reconfigured to corresponding to the 

sectors in the reorganized I/O table used in this study. Table3.3-2 shows this reconfiguration, as 

well as the corresponding sales by RI related industries to each of these manufacturing sectors 

on a yearly basis in 5 year interval. 
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Sectors Contribution to sales amount 
(%)

Food, beverages and tobacco 2.00
Textile products and leather products 2.23
Wood and paper products 3.69
Printing, publishing and reproduction of recorded media 2.23
Petroleum and coal products 4.18
Chemicals and allied products
(excluding Inorganic basic chemical products) 4.18

Nonmetallic mineral products 2.23
Primary metal products 2.44
Fabricated metal products 2.44
General machinery and equipment 1.29
Electronic and other electric equipment 1.29
Precision instruments 2.23
Transportation equipment 0.88

Table 3.3-2 Sales of RI related industries to the manufacturing sector
(unit: billion Won)

ISIC code 1980 1985 1990 1995 2000

3 Food, beverage and tobacco 311,313,314 113          1,460        2,028      3,832       5,904       

4 Textile products & leather product 321,322,323,324 105          1,144        2,119      4,111       5,462       

5 Wood and paper product 331,341 72            717          1,747      4,197       7,305       

6 Printing, publishing and reproduction 342 -             -            23           51           

7 Petroleum and coal products 353,354 -             6,427        6,936      15,509      38,351      

8 Chemicals and allied products 351,352,355,356 1,167        2,614        6,469      14,147      24,414      

10 Nonmetalic mineral products 361,362,369 30            311          754         1,796       2,388       

11 Primary metal products 371,372 4,608        3,752        7,887      14,996      23,730      

12 Fabricated metal products 381 29            392          906         2,529       2,932       

13 General machinery and equipment 382 -             316          846         1,105       1,309       

14 Electronic  and other electric equipment 383 93            1,318        4,726      16,290      25,543      

15 Precision instruments 385 -             174          

16 Transportation equipment 384 375          2,751        6,566      14,643      22,395      

17 Furniture and other manufactured products 300,332,390 -             -             -             

6,593        21,202      40,984     93,178      159,959    
ISIC : International Standard Industial Classification

Total

Reorganized IO with 36 sectors

There are few statistics and many uncertainties about the specific contribution rates of RI 

to the total sales amount of RI related industries in the manufacturing sectors, and calculating 

this rate is a tricky business. To arrive at a plausible estimation, we evaluated closely the results 

of two surveys:  one performed in a study "Survey on the status of radiation/RI utilization in 

2002,"  [Korea Radioisotope Association, 2003. 12] and one performed by a study "the 5th 

survey on the status of nuclear industries in 1999." [Korea Atomic Industrial Forum, 2000. 12]  

The contribution rates are quite different between the two surveys, the rates in the former being 

much lower than in the latter.  We have opted for the more conservative approach wherever 

possible. The contribution rates used in this study are shown in Table 3.3-3.

Table 3.3-3 Contribution rates used in this study
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1980 1985 1990 1995 2000

Food, beverage & 
tobacco 2,274 29,484 40,963 77,405 119,255

Textile products & leather 
product 2,337 25,521 47,244 91,681 121,812

Wood & Paper product 2,648 26,460 64,474 154,885 269,565

Printing, Publishing & 
Reproduction - - - 507 1,136

RI contribution rate maybe change over period, as the technologies in the RI and other 

industries change over time. So, it would be desirable to apply different RI contribution rates for 

each period, reflecting these technological changes. However, in this study, the contribution rate 

in 2000 is assumed to be maintained throughout the whole period. The reason why this study 

takes this assumption not only comes from the difficulties for the preparation of the contribution 

rates for each period, but also from a relatively little technological changes observed in the 

QA/QC, instrument & control fields, where RI technologies are mainly utilized.

In principle, the contribution rate of RI should be surveyed and estimated for each period 

considered in this study. However, such a survey is impossible, at least within the scope of this 

study. We have therefore necessarily opted to use the same contribution rate of RI throughout 

the study period for each of the various affected industries.

Multiplying the total sales amount of RI related industries by the contribution rates of RI 

calculates particular portion of the total that is correctly attributable to RI in the manufacturing 

sectors, and hence is considered to be a basis from which the value added of RI in those 

industries could be derived. The results of these calculations are shown in Table 17. The sales 

amount contributed specifically by RI is considered as the final demand for the RI 

manufacturing sectors in the analytical formulation of the demand driven IO approach.

Table 3.3-4 also shows that the value added from RI to manufacturing amounted to an 

estimated 4,388 billion won in 2000, an increase by a factor of 25 from 1980. Among the 

relevant affected industries in the manufacturing sector, two account for more than half of the 

attributable value added: Petroleum & Coal products, and Chemicals & Allied products. These 

sectors were dominant throughout the study period. 

Table 3.3-4 Sales amount attributable to RI, derived from total sales in manufacturing sector

(Unit: million won)
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Petroleum & Coal 
products - 268,644 289,922 648,280 1,603,066

Chemicals & Allied 
products 48,791 109,255 270,410 591,345 1,020,489

Inorganic basic chemical 
products - - - - -

Nonmetallic mineral 
products 678 6,939 16,811 40,046 53,246

Primary metal products 112,444 91,555 192,440 365,892 579,021

Fabricated metal products 708 9,556 22,094 61,717 71,543

General machinery & 
equipment - 4,077 10,916 14,249 16,892

Electronic & other electric 
equipment 1,204 17,000 60,968 210,141 329,503

Precision instruments - - - - 3,889

Transportation equipment 3,300 24,211 57,783 128,861 197,077

Total 176,365 614,687 1,076,015 2,387,001 4,388,494

Figures 3.3-1~3.3-5 show the industry breakdown of output and value added from the RI 

manufacturing industries, parallel to the breakdown down for nuclear power. Note that the share 

from out to value-added is relatively small comparing to the nuclear power. This is mainly due 

to the low value added achieved in those dominant RI related manufacturing sectors.

Figure 3.3-1 Contribution of RI manufacturing industry in 1980
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Figure 3.3-2 Contribution of RI manufacturing industry in 1985

Figure 3.3-3 Contribution of RI manufacturing industry in 1990
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Figure 3.3-4 Contribution of RI manufacturing industry in 1995

Figure 3.3-5 Contribution of RI manufacturing industry in 2000
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For each industrial sector, we calculated value-added attributable to RI in the 

manufacturing sector. Value-added for each industrial sector could be transferred to the final 

output of the national economy: consumption, investment, import, and export. The transfer from 

value-added to final output can be made by using supply driven approach.  It can answer the 

question of which and how much of the RI expenditures in industry are embodied in each type 

of final output: consumption, investment, exports, and imports. The supply driven approach is 

derives forward multipliers obtained using so called output coefficients to calculate forward 

linkages among industries. The forward multipliers state how much of an additional dollar of RI 

expenditure in a given industry ends up in the final output of that industry. It permits us to 

consider whether RI expenditures result in more import or export rather than consumption, and 

investment.

There is a difference between nuclear power and RI in the IO analysis in that the impacts 

of nuclear power come from the economic activities of the construction and operation of nuclear 

power plant, while those of RI come from the RI utilization rather than supply of RI itself.

Output coefficients and the inverse matrix G  have been widely used for 

measuring forward linkages. We use the supply-driven input-output model of Ghosh (1958) as 

the underlying model for this part of the assessment, in the same way as the traditional Leontief 

model is used for the backward linkages. Although this supply-driven model has long been 

viewed as highly implausible, recently Dietzenbacher (1997) showed that all the implausibilities 

vanish once the supply-driven model is interpreted as a price model instead of as a quantity 

model. This is how we use it here.

Figure 3.3-6 shows the results of our supply-driven IO analysis.  It show how RI 

expenditures in manufacturing industries are embodied in each type of final output: 

consumption, investment, export, and import. In 2000, of a total of 2,359 billion won in RI 

expenditures, 1,561 billion won was embodied in consumption goods, 857 billion in investment, 

and 1,657 billion won in export. But significantly, the largest portion - 1,716 billion won - was 

embodied in import, indicating that RI manufacturing industries in Korea have been and 

continue to be heavily dependent on imports in the creation of value added.  

However, it is also worth noting that embodiment of RI expenditures  into export has 

been increasing rapidly, resulting in export levels exceeding consumption for the first time in 

2000. Clearly, any national drive to localize more of the RI industries will be reflected in an 

strengthening of this trend. 
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1980 1985 1990 1995 2000

Gross output 391 1,054 2,009 4,214 7,547

Value added 88 277 592 1,437 2,360

GDP 37,116 78,848 178,317 375,803 599,645

Contribution to GDP 0.2% 0.4% 0.3% 0.4% 0.4%

Figure 3.3-6 Embodiment of RI expenditures in manufacturing industries 
in each type of final output
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Consumption 67.7 217.7 422.6 928.6 1,561.2
Investment 51.9 121.7 295.0 669.2 857.4
Export 64.4 197.2 329.4 746.9 1,657.0
Import -95.8 -259.6 -455.3 -907.2 -1,716.0
total 88.1 276.9 591.6 1,437.5 2,359.7

1980 1985 1990 1995 2000

The value added attributable to RI in the manufacturing sector grew significantly  during 

the study period, from some 0.2% of GDP in 1980 to a fairly steady share of almost0.4% of the 

GDP for the remaining period. (Table 3.3-5) However, the approaches used, necessarily 

imperfect, have a tendency to underestimate the contribution from RI, for several reasons.

Table 3.3-5 Summary contribution of RI to manufacturing industry
(Unit: Billion Won in then-current price) 

First, the sales of RI related industries surveyed in this study were taken only from 

organizations requiring some form of licensing to use RI, and did not include any organizations 

not subject to licensing requirements. We believe this omission does not seriously affect the 
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overall  reliability of the data:  the sales amount of RI related industries in the manufacturing 

sectors listed in Table 15 was 159,959 billion won in 2000, about 80% of the total amount 

derived in 2002 in a survey and study carried out by RI trade association itself. Nonetheless, the 

20% gap may well account for much of the underestimation of the sales amount of RI related 

industries in our report. 

Both of these Korean studies are based on the almost same contribution rate of RI to the 

sales amount of RI related industries, yet they come to different results, largely perhaps because 

they have different interpretations about the concept of contribution rate. The study carried out 

by RI society views the contribution rate as the contribution to the valued added of a given 

sector. But this study uses contribution rate as the contribution to the amount of a sector's sales. 

We believe the estimation carried out by RI society may involve some overestimation.

Second, the sales amount of RI related industries coming from NDT(Non Destructive 

Testing)organizations  have not been included in our analysis, for two reasons. First, they do not 

require licensing, and second, the statistics for the sales from NDT organizations have only been 

complied since 1996 and in 5-year intervals so that the data for the period of this study are not 

available. This omission of NDT organization may be another source of underestimation, but 

we believe it has had little impact, since the total sales amount of NDT organization in 2001 

accounted only for 1.8% of total sales amount of the manufacturing sector in the same year. 

3.3.2.2 Medical applications

As noted in the discussion on the overall study approach, the amount of total sales for the 

medical sector could be taken directly from the statistics in the input-output table.

We derived the sales amount contributed by RI in the medical sector using this as a base. 

For deriving the specific RI contribution from the total sales amount of the medical sector in the 

input-output table, we applied the same calculation as for manufacturing:  the total sales amount 

of the medical sector in the input-output table multiplied by the share of RI in the total medical 

expenditure, which we took from statistics published by the National Health Insurance 

Corporation(NHIC) in Korea.

NHIC has published a breakdown of total medical expenditures paid under the public 

health care system on a yearly basis since 1997. These expenditures are collected from all 

registered medical organizations for their providing medical services in Korea. They are broken 

down 10 different categories, one of which is radiation therapy and diagnosis. We adopted the 
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Total sales amount of 
the medical sector

Sales amount contributed 
by RI in the medical sector

1980 482,448 26,824

1985 2,112,085 117,432

1990 4,043,913 224,842

1995 10,291,833 572,226

2000 23,536,248 1,308,615

expenditure for the radiation therapy and diagnosis, including computer tomography (CT) as a 

proxy value for the amount of the RI contribution in medical sector.

Total sales amount contributed by RI in the medical sector is regarded as the final 

demand for the sector in the input-output analysis (demand driven approach). In the year of 

2000, the share of radiation therapy and diagnosis in total medical expenditure was 5.56% 

(radiation therapy and diagnosis: 4.16%, CT:1.40%). (Table 3.3-6) We applied 5.56% as the 

share of RI in the total medical expenditure in the analysis for the whole study period, since 

available data show the share as being relatively constant over the period(1997-2003). Note that 

the RI contribution to value added in the medical sector has increased dramatically, a 49-fold 

increase from 1980 to 2000. 

Table 3.3-6 Sales amount contributed by RI in the medical sector
(Unit: Million Won , then-current price)

The major contribution made by medical use of RI to the national economy is concentrated in the medical 
sector itself, as expected. Besides this, the chemicals and allied products sector has been significantly 
affected throughout the study period. A further breakdown of value added by RI in relevant affected 
sectors is shown in Figures 3.3-7~3.3-11. 
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Figure 3.3-7 Value added by medical applications of RI in 1980
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Figure 3.3-8 Value added by medical applications of RI in 1985
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Figure 3.3-9 Value added by medical applications of RI in 1990
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Figure 3.3-10 Value added by medical applications of RI in 1995
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1980 1985 1990 1995 2000
Gross output 49.3 207 408.0 969.9 2,398.1
Value added 21.9 102 196 503.5 1,101.2
GDP 37,116 78,848 178,317 375,803 599,645
Contribution to GDP 0.06% 0.13% 0.11% 0.13% 0.18%

Figure 3.3-11 Value added by medical applications of RI in 2000
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The overall contribution to GDP by medical applications of RI rose from 0.06% in 1980 

to 0.18% in 2000. (Table 3.3-7)  The share of value added by RI relative to gross output in this 

sector is relatively high compared to the manufacturing sectors in the national economy. 

Table 3.3-7 Summary of value added from RI applications in the medical industry
(Unit: Billion Won in then-current price)

3.3.2.3 Research applications

R&D expenditure can be regarded as straight value added. It is because R&D 

expenditures are treated as an investment in the National Income Account in Korea. In this 

respect, R&D expenditure is different from other sectors. The statistics for R&D expenditure for 

RI field date back only to 1997 in Korea, so that the contribution of R&D in the RI field was 

only available for this study for the year of 2000. This amounted to 15.1 billion won. It is 

relatively small compared to the valued added in the manufacturing and medical sectors.  
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1980 1985 1990 1995 2000

Gross 
output

Manufacturing 391 1,054 2,009 4,214 7,547
Medical 49.3 207 408.0 969.9 2,398.1

R&D - - - - -
Sub total 440.3 1,261 2,417 5,183.9 9,945.1

Value 
added

88 277 592 1,437 2,360
Medical 21.9 102 196 503.5 1,101.2

R&D - - - - 15.1
Sub total 109.9 379 788 1,940.5  3,476.3

GDP 37,116 78,848 178,317 375,803 599,645
Contribution to GDP 0.30% 0.48% 0.44% 0.52% 0.58%

3.3.2.4 Global summation of RI applications

The total contribution to GDP from all of the surveyed RI applications and sectors is 

summarized in Table 3.3-8. The total value added attributable to RI in this study is thus 

estimated at around 0.30% for 1980, almost doubling to reach 0.58% in 2000.

Table 3.3-8 Summary of value added to GDP from all RI related industries
(Unit: Billion Won, in then-current price)

Of this total, in 2000, the contribution from manufacturing dominates with 68% of the 

total value added contribution from RI.  However, the most rapid increase in value added from 

RI applications has been in the medical sector. Value added in the two sectors has grown 

impressively from 1980 to 2000:  a 50 fold increase in the medical sector and a 27 fold growth 

in the manufacturing sector.

Unlike the case for nuclear power, the contribution of the RI industries to value added in 

GDP can be considered a net contribution.  Where as the electricity sector would have evolved 

using alternate fuels, there is really no ready and comparable substitute for RI services. Valuing 

alternatives that differ only qualitatively would require comparing benefits rather than value 

added, an effort way beyond the scope of this study.  

The government envisions for the RI industry, as for the nuclear power sector, an 

increasing level of national participation, gradually replacing imports as a source of both 

isotopes and related machinery and equipment. The RI Industry is now about 10% as large as 

the NP industry.  The government would like to raise this proportion to some 30% by 2010. 
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This study RI society Japan USA

Manufacturing 0.39% 0.72%

Medical 0.18% 0.24% 0.76% 0.70%

Agriculture - - 0.22% 0.60%

Total 0.58% 0.96% 0.02% 0.18%

1.00% 1.48%

3.3.2.5 Comparison with other countries

A comparison of the overall contribution of nuclear technologies in with studies done for 

other countries, is shown in Table 3.3-9. Aside from agriculture, the contribution of RI to GDP 

is 0.98% in Japan, 1.30% in USA. For the case of Korea, the empirical result from RI society 

shows 0.96%, which is higher than 0.53% of this study. 

Table 3.3-9 Estimates of RI value added in selected countries

Note: The contribution of RI to the GDP in Japan was derived from a study carried out by JAERI in 1998.

Since we do not know all of the definitions and analytical approaches used in these other 

studies, it is difficult to draw conclusions from this comparison.  The differences between the 

two Korean studies, as explained above, reflect a tendency on the part of this study to 

underestimate the RI contribution to value added, and the tendency of the RI association study 

to overestimate it.

However, the government is clear that it would like to raise the value added contribution 

of the RI industries to GDP, closer to international levels.  The RI industry now accounts for 

some 0.7% of GDP, less than the 1.5% in the US and 1% in Japan.  
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APPENDIX

ANALYTICAL MODEL

Input-output model

This study uses input-output (IO) analysis to quantify the linkage effect of a full spectrum of nuclear 
technologies on GDP growth and economic development in the Korean economy and its infrastructure. 
The IO analysis is an analytical framework based on the interdependence of industries in an economy; 
each industry consuming goods from other industries (inputs) in the process of producing its own output, 
which in turn is sold to other industries as inputs. The inter-industry transactions for each year are 
recorded in an input-output table.

Structure of input-output table

To illustrate the structure of an input-output table, we consider a two-industry economy. For each 
industry's output, there are two types of demands; one is intermediate demand and the other is final 
demand. The first represents other industries' demand for the output to be used as inputs to their own 
industrial production processes and the latter represents demand by purchasers who are external to the 
producing industries, for example, households, government and foreign trade. If we use the following 
notation,

iX = the total output of industry i,

ijz =the observed value of the flow from industry i to industry j and

iF = the final demand for industry i's output,

then we may write 

1 11 12 1

2 21 22 2

X z z F
X z z F

= + +
= + +                 X Zi F= +  in matrix terms, (1)

where 'i' is a column vector, elements of which are all 1.
Consider the ith column of z's on the right-hand side,

1

2

i

i

z
z
é ù
ê ú
ë û
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Industry
Final Demand Total Output

1 2

Industry
1 11z 12z 1F 1X

2 21z 22z 2F 2X

Value Added 1V 2V

Total Input 1X 2X

These elements are ith purchases of the products of other industries being used as inputs, and which 
constitute the  intermediate input. Clearly, the industry pays for other items for example, labor and 
capital, which are also included in the value added. Because the value of output is equal to the sum of the 
total value of intermediate inputs and direct value added, and if we denote the value added of industry i 

by iV , then we have

11 21 1 1

12 22 2 2

z z V X
z z V X
+ + =
+ + =                 ' 'iZ V X+ =  in matrix terms (2)

The input-output table is thus a table recording the magnitudes of inter-industry flows, with industries of 
origin (sellers) listed on the left and the same industries, now destinations (purchasers) listed across the 
top. The typical structure of an input-output table is presented in Table 1. 

Table 1  The Structure of Input-Output Table

Types of Input-Output Models

The most important characteristic of an input-output model is perhaps the fact that it makes possible the 
analysis of linkage effects.  These are the effects of an exogenous shock to an economy traced through the 
interdependence of industries. In the IO literature, the economic linkage effect is classified into two types; 
backward and forward linkages. The first analyzes the effect of change in final demand on output by 
using the so called demand-side input-output model, which is the standard input-output model. The 
second analyzes the effect of change in value added on output by using the so called supply-side 
input-output model.

Demand-side Input-Output Model

A fundamental assumption in a demand-side IO model is that an industry uses intermediate inputs in 
fixed proportion.  The ratio of input to output is termed an input-output coefficient. 
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As a simple example, we consider a small economy having only one industry, for example a nuclear 
power industry.  Assume that the input-output coefficient is 0.4 in nuclear power industry, implying that 
in order to produce $ 1, nuclear power industry needs output of $ 0.4 from itself as intermediate input.  
Suppose that the final demand for the nuclear power industry increases by $1000. The demand-side IO 
model examines the question of outputs necessary to satisfy this final demand. Initially, it is clear that the 
nuclear power industry needs to produce $1000.  Because we are assuming a small economy having only 
nuclear power industry, to produce $1000, the industry needs $0.4*1000 from itself as inputs to the 
productive process. In order to engage in the production of needs $0.4*1000, the industry will need needs 
$0.4*0.4*1000 from itself again. Continuing in this way, the total impact on output of the initial increase 
in final demand by $1000 is 

2 1$1000 $0.4*1000 $0.4 *1000 ... $(1 0.4) *1000x -= + + + = - (3)

If we denote the input-output coefficient as a  and the initial increase in final demand as f , then we can 

generalize the equation (3) as follows;

2 1... (1 ) *x f af a f a f-= + + + = - (4)

For a real economy which has many industries, we need a matrix of input-output coefficients, termed A, 
which is found by dividing each column of IO table by the total output of the industry represented by that 
column. In matrix terms, we define

11 1

1

..

..

..

n

n nn

a a
A

a a

é ù
ê ú= ê ú
ê úë û

where /ij ij ja z X= . Then from equation (1), we have

X Zi F AX F= + = + (5)

If 0I A- ¹ , then the unique solution is given by

1( )X I A F-= - (6)

which has the same form as equation (4) in the small one-industry economy. 
1( )I A -- is referred to as 
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the Leontief inverse and is the core of the demand-side IO model with the matrix of input-output 

coefficients, A. Given an A matrix for an economy, the necessary new output, XD , needed to satisfy 

some exogenously determined new final demand, FD , is found as 
1( )X I A F-D = - D . This is the 

basis for the calling such models demand-side models.

Supply-side Input-Output Model

In the demand-side IO model, the Leontief inverse relates sectoral gross outputs to the amount of final 
demand, which is a unit of product leaving the inter-industry system at the end of the process. But we can 
take an alternative point of view; and relate sectoral gross output to the primary inputs, which are the 
units of value entering the inter-industry system at the beginning of the process.

Our supply-driven model is essentially a rewritten form of the Leontief price model. But where Leontief's 
price model calculates the new (cost-)price of a product from an exogenous change in the price of some 
primary factor, the supply-driven model calculates the new production costs of an industry for a given 
change in the primary costs. As a consequence, the typical element gij denotes the additional production 
costs in industry j that are made(directly and indirectly) when the primary costs in industry i are increased 
by one unit (dollar). The reasoning is as follows: When the primary costs in industry i increase by one 
dollar, the production costs(and hence the output value) in industry i increase by one dollar, which is the 
direct effect. Since a fraction bij of the output is sold to industry j, the production costs in industry j 
increase by bij. In its turn, industry j passes a part (viz. bjk) of this increase on to industry k, yielding an 
increase of bjbjk in industry k, and so forth. All direct and indirect effects together yield  

GBBI 2 =+++ K

A fundamental assumption in supply-side IO model is that a industry's output is sold as intermediate 
demands in fixed proportion, meaning that if output of industry i is doubled, then the sales from i to each 
of the industries that purchase from i will also be doubled. Thus just as input coefficients are assumed to 
be fixed in the demand side model, output coefficients are assumed to be fixed in supply-side model. The 
ratio of intermediate demand to output is termed an output coefficient. 

As an illustration, we again consider the small one-industry economy having only nuclear power industry.  
Assume that the output coefficient 0.6, implying that, out of output of $1, $0.6 is sold as intermediate 
demand and the remaining $0.4 is sold as final demand.  Suppose the value added for the nuclear power 
industry increases by $1000. The supply-side IO model examines the question of the total output value or 
production cost generated from this value added. Initially, it is clear that the value of the nuclear power 
industry output increases by $1000. However, since $ 0.6*1000 out of $1000is sold to itself as 
intermediate demand, the output value or production cost of the industry increases by $ 0.6*1000 again. 
Continuing in this way, the total impact on output value or production cost of the initial increase in value 
added by $1000 is
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2 1$1000 $0.6*1000 $0.6 *1000 ... $(1 0.6) 1000x -= + + + = -  (7)

If we denote the output coefficient as b  and the initial increase in final demand as v , then we can 

generalize the equation (7) as follows;

2 1... (1 ) *x v bv b v b v-= + + + = -  (8)

For a real economy which has many industries, we need a matrix of output coefficients, termed B, which 
is found by dividing each row of IO table by the total output of the industry represented by that row.  In 
matrix terms, define

11 1

1

..

..

..

n

n nn

b b
B

b b

é ù
ê ú= ê ú
ê úë û

where /ij ij ib z X= . Then from equation (2), we have

' ' 'X i Z V X B V= + = +   (9)

If 0I B- ¹ , then the unique solution is given by

1' ( )X V I B -= -         (10)

which has the same form as equation (8) in the small one-industry economy. 
1( )I B -- is referred to as 

the output inverse matrix and is the core of the supply-side IO model with the matrix of output 

coefficients, B. Given an B matrix for an economy, the new output value, XD , generated from some 

exogenously determined new value added, VD , is found as 
1' ( )X V I B -D = D - . This is the basis for 

the calling such models supply-side models. 

We can also calculate export impacts and linkages.  If we define export intensities as exε 1-= ˆ , then the 

typical element jjj xe /=e denotes the fraction of output that is exported. Consumption and 

investment intensities are defined analogously as jjj xc /=g  and jjj xi /=i .  Considering RI 

expenditures as costs that are passed on to the buyers of the product, a dollar increase of the RI 

expenditure in industry i implies an increase of gj in the output value of industry j and an increase of gijƐj 
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in the value of exports of product j. So gijƐ j indicates how much of the dollar increase of RI expenditure 

in industry i is embodied in the exports of industry j. The total embodiment of a dollar of industry i's RI 

expenditures in all exports is given by the forward multiplier å= j jiji g ej exp
. In the same way, we 

have å= j jij
con
i g gj and å= j jij

inv
i g ij . That is, ijgjej GGG invcon === ;;exp
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