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해외주요국개발동향
대형원전은막대한초기투자비용에대한부담으로인하여기존의원전사용국
또는국가재정규모가큰원자력도입희망국의신규원전, 또는기존노후
원전을대체하는정도로제한됨에따라원자력원천기술보유국의관심이
시장전망이밝은 SMR로진화
미국, 영국, 러시아, 중국등을중심으로각국가는 SMR 개발을위한컨소시엄
을구성하여개발및상업화를추진중
OECD 국가를중심으로 2020년기준전세계적으로 70개이상다양한노형의
SMR 개발중

Image credit : Sandia Report(SAND2021-15712), "Physical Protection Recommendations for Small Modular Reactor Facilities"
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대형원전& SMR의유사점/차이점
Key Differences : 

- Size(Reduced capital and siting cost, Faster Deployment)
- Simplicity(Passive safety systems, Potential reduction in staffing) 
- Reduced regulatory burden (in theory)

Key Similarities : 
- Regulation (Similar regulatory framework)
- Many fundamentals apply to both 
(“It’s still nuclear”)

Image credit : https://news.mit.edu/2023/study-shutting-down-nuclear-power-could-increase-air-pollution-0410, https://blogs.iadb.org/energia/en/after-the-investment-is-done-fossil-fuel-plants-will-keep-running-for-a-
while/, http://m.dongascience.com/news.php?idx=26273, https://www.bbc.com/news/uk-england-62038190, https://www.greentechmedia.com/articles/read/nuscales-federal-safety-approval-moves-u.s-modular-reactor-a-
step-closer-to-reality, https://www.ge.com/news/reports/blueprint-for-the-world-ontario-picks-ge-hitachi-to-build-new-generation-of-small-nuclear, https://www.wired.com/story/next-gen-nuclear/

https://news.mit.edu/2023/study-shutting-down-nuclear-power-could-increase-air-pollution-0410
https://blogs.iadb.org/energia/en/after-the-investment-is-done-fossil-fuel-plants-will-keep-running-for-a-while/
http://m.dongascience.com/news.php?idx=26273
https://www.bbc.com/news/uk-england-62038190
https://www.greentechmedia.com/articles/read/nuscales-federal-safety-approval-moves-u.s-modular-reactor-a-step-closer-to-reality
https://www.ge.com/news/reports/blueprint-for-the-world-ontario-picks-ge-hitachi-to-build-new-generation-of-small-nuclear
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원전계측제어기술의발전(원자력시설컴퓨터및통신망적용이확대)
SMR : 원격제어, 자율운전, 통합제어실등다수기제어를위한신기술적용및운영환경의변화

Image credit : Instrumentation and Control (I&C) Systems in Nuclear Power Plants: A Time of Transition - NTR2008 Supplement
오스카스함 원자력 발전소 (1972)

Image credit : SMART원전 MMIS 국산화, 우리가 책임진다, & I&C 기술 도약 “한국형 원전의 자부심이 되다”, 원자력 신문

원격/자율운전, 디지털트윈기술

FPGA등최신플랫폼기술활용 최신소프트웨어적용

Multiplexed Communication, Remote

스마트센서,
무선기술적용

Image credit : Jessica S. et al, “Small Modular Reactor Control Room Workstation Demo  
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해외주요국 SMR 설계의특성
모듈화및시스템통합을통한단순화
(Simplification by Modularization 
and System Integration)
• 기존원자로에비해개발중인 SMR 설계는일
반적으로더단순함.
• 일체형원자로설계
• 능동형공학적안전설비 축소또는제거

콤팩트한아키텍처는제조(공장내)의
모듈화를가능하게하며, 이는또한
고품질표준의구현을용이하게하는
특성이있음.

BWRX-300

Rolls-Royce SMR

Rolls-Royce SMR
Image credit : Michelle Catts, Regulatory challenges arising from an International Market, IAEA TM on I&C, and Computer Security for SMR and MR, February 2022

rolls-Royce-smr.com, Steven Moor, Rolls-Royce SMR, IAEA TM on I&C, and Computer Security for SMR and MR, February 2022   
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해외주요국 SMR 설계의특성
다중모듈플랜트배치구조 (Multi-module Plant Layout Configuration)
• 소형모듈식원자로는동일부지(site)에복수개의원자로를건설
• 소형모듈식원자로들조합을통한유연한출력량조절및타에너지시스템과의연계용이
• 예산절감과운전효율개선을통해운전원의수를최소화

Image credit : https://www.nuscalepower.com/-/media/nuscale/pdf/fact-sheets/smr-fact-sheet.pdf
https://www.postregister.com/news/government/small-modular-reactor-backers-hope-they-can-help-replace-coal/article_17b071dd-49f8-54fb-9a69-af79b2dabb5b.html
http://www.keaj.kr/news/articleView.html?idxno=4039

https://www.nuscalepower.com/-/media/nuscale/pdf/fact-sheets/smr-fact-sheet.pdf
https://www.postregister.com/news/government/small-modular-reactor-backers-hope-they-can-help-replace-coal/article_17b071dd-49f8-54fb-9a69-af79b2dabb5b.html
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해외주요국 SMR 설계의특성
보안및내진강화를위한지하공법 (Underground construction for enhanced 
security and seismic) 
• 자연적(예: 위치에따른지진또는쓰나미) 또는인위적(예: 항공기충돌) 위험으로부터원자로및
주요설비를지하또는수중에설치하여안전성개선

• 이를통해원자로및주요설비에대한외부인의접근가능성을감소

Image credit : nuclear.gepower.com & Tony zettel, jyoti bose, sid jani(Alithya), Digital I&C and Technology strategy for small modular reactors, IAEA TM on I&C, and Computer Security for 
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SMR 사이버보안고려사항
국외규제기관(NRC 등) 및 SMR 개발자가논의한결과, 지금까지 SMR의사이버보안
을해결하기위해취한접근방식은기존 LWR의접근방식과다르지않았으며, 원격지
건설외는특별히다르지않다는것이일반적인견해임
• 기존 LWR과마찬가지로 SMR 설계자는설계초기부터폐로까지사이버보안을고려해야함. SMR 사이
버보안조치이행방안의개발, 설계문서의정보보안, 공급망에대한사이버보안, 디지털자산의분류및
사이버보안심층방호구조등이고려되어야함. 

SMR의 I&C와사이버보안이슈
• New Digital Technologies
• Autonomous Operations
• Remote Operations
• Supply Chain Security 
• Safety Security Integration
• Regulatory Approaches

Supply Chain 
Security

Regulatory 
Approaches

New Digital 
Technologies

Remote Operations

Autonomous 
Operations

Safety Security 
Integration

Challenges for Computer 
Security and I&C for SMRs

Reprinted  from Rodney B., “Instrumentation & Control and Computer Security for SMR/MRs”, Technical Meeting on the Status, Design Features, Technology Challenges and Deployment Models 
f Mi
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SMR 모델의기술개발현황
NuScale

Image credit : https://www.nrc.gov/docs/ML1911/ML19119A398.pdf
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SMR 모델의기술개발현황
X-energy

Image credit : https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML21145A366
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해외주요국 SMR 규제현안
미국(NRC)
• The NRC is committed to continue to keep pace with technological innovations to ensure the 

safe and secure use of AI in NRC-regulated activities.

Image credit : https://www.nrc.gov/about-nrc/plans-performance/artificial-intelligence.html
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해외주요국 SMR 규제현안
미국(NRC)
• 미국의상업용차세대원자로는미국원자력규제위원회(NRC)의승인필요
• NRC는차세대원자로에대한새로운규제체계인 “10 CFR Part 53" 개발중

• 대형경수로에사용되는전통적결정론적접근법에서근본적으로사고를전환하겠다고
선언(NRC 위원장, ’21.3월)

• 차세대원자로의새로운특징을반영하고기존규정보다유연하게구현하기위해노력
• 2025년 7월경발표예정 (현, 신규경수형 SMR 인허가와차세대원자로사전신청활동
진행중)

• NuScale 사전인허가검토(Pre-Application Review, PAR)진행
• 잠재적인허가현안의조기파악및해결을위해인허가신청전사전검토(PAR)를장려
• NuScale에서제출한 Topical Reports, Technical Reports 검토, NuScale과의회의수행등
을통해주요인허가현안을도출함. (최초사례로시행착오를거쳐보완하는과정을거침) 

미국과 캐나다의 규제기관은 SMR 개발사들과긴밀한협력체계 구축을통해 시장선점노력 중임.
이에따라미국과캐나다의규제체계가국제규제표준이될가능성이존재함.
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해외주요국 SMR 규제현안
캐나다(CNSC)
•캐나다원자력안전위원회(CNSC)는원자로개발사의요청에따라공급자
설계검토(VDR: Vendor Design Reviews)을수행
• VDR을통해개발사는인허가가능성을사전에검증
• VDR이완료되면개발사는인허가신청서를제출할때원활한승인이가능
• VDR은 3단계로구성되어진행
−1단계 : 설계정보평가및규제요건준수여부확인 (12~18개월소요)
−2단계 : 건설허가를위한예비안전성분석보고서개발지원및잠재문제점확인 (24개월
소요)

−3단계 : 이전단계에서도출된보완필요사항에대한후속조치
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