
천연수소의가능성을바라보다
2025년도 하계학술발표대회 특별강연

2025.06.19

알펜시아리조트

유호선 전임회장



강연 구성

2

수소와 수소경제

천연수소의 浮上

개발동향 및 전망



수소는 기후기술(Climate Tech)의 求心 역할

3

https://www.mckinsey.com/capabilities/sustainability/

our-insights/what-would-it-take-to-scale-critical-climate-technologies

A Network of 12 Techs is Required to Achieve Climate Goals

(DAC, BECCS)

(NH3, SAFs etc.)



Challenges in Hydrogen Value Chain

4

https://www.env.go.jp/seisaku/list/ondanka_saisei/

lowcarbon-h2-sc/en/demonstration-business/index.html

Economy of Scale

Production Cost

GHG Emissions

Infrastructure

Limitation by Properties

Strategic Priority

(Hard-to-Abate)

Competitiveness

Johnson, N. et al., Realistic roles for hydrogen in the future 

energy transition, Nature Reviews Clean Technology, 2025



수소경제(Hydrogen Economy)가 궁극 목표 

5 https://www.eia.gov/energyexplained/hydrogen/production-of-hydrogen.php

Flexibility

SAF

PtG



수소는 IRENA 2050 1.5oC 목표 달성에 긴요 

6 IRENA, World Energy Transitions Outlook 2024

Total Final Energy Consumption (TFEC) by Energy Carrier



수소 2050 기관별 최대 생산 시나리오 비교

7

https://www.researchgate.net/figure/

Global-hydrogen-demand-forecast-

in-2050_fig1_377144277

Global Hydrogen Production by Technology, Mtpa

현재 100 Mt 정도 생산

모든 기관 500 Mt 이상 전망  

최근 전망일수록 감소 추세



電解槽 제조 중국, 블루수소 생산 歐美 주도 

8

https://www.iea.org/

events/global-hydrogen-review-2024-technical-webinar



청정수소 정책의 수요-공급 사이 격차가 문제 

9

https://www.iea.org/

events/global-hydrogen-review-2024-technical-webinar



전세계적으로 2024 그린수소 사업 취소 폭증

10

It is likely that more projects were canceled, as many companies do not 

announce the abandonment of a project publicly. Payal Kaur, Bloomberg-

NEF hydrogen analyst

https://mail.google.com/mail/

u/0/#inbox/FMfcgzQZTgRPQrZhlvMRpvrmjXgqWgrQ



강연 구성
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수소와 수소경제

천연수소의 浮上

개발동향 및 전망



천연수소 주목의 계기: 지하 대량 저장 보고

12



천연수소의 정의와 다양한 명칭

13

천연수소: 전통적인 석유나 천연가스처럼 자연적으로 생성돼 지하에 저장되어 

있거나 지속적으로 생성되고 있는 수소

Natural / Native Hydrogen

Geologic(al) Hydrogen / Geohydrogen (지질수소)

Natural Geologic Hydrogen

Hidden Hydrogen

White Hydrogen

Gold Hydrogen

Free Hydrogen

Underground Hydrogen

Orange Hydrogen 

= Stimulated/Enhanced (Geologic) Hydrogen (자극수소 / 增産수소?)



에너지 흐름에서 수소의 자리매김

14 https://stem.guide/topic/primary-resources-and-secondary-energy/

Energy Carrier(Renewable) Energy Resource

Nat. H2

H2

변동



천연수소는 Game Changer로서 잠재력 충분

15

Estimated H2 Cost in 2050

https://www.sciencedirect.com/science/article/pii/S1364032123007463

강력한 가격 경쟁력 예견

엄청난 총매장량(USGS 5조 톤
으로 추정, 후술 참조)

낮은 탄소발자국등 환경친화

세계여러 곳에서 생성 보고

https://www.geo-ocean.fr/en/Science-for-all/Our-

classrooms/Hydrothermal-systems/Hydrothermalism/

Synthesis-of-hydrogen-methane-and-hydrocarbons

Cost in Mali ~$0.5/kg

천연수소 특성



천연수소 생성 지구과학을 본격 槪觀한 논문

16



대중적 관심을 촉발한 것은 Science誌 기사

17



천연수소 Gold Rush FT 보도와 매장량 추정

18 https://www.ft.com/content/81819f64-1025-489b-959a-c3d9b14cc77a

Several recent studies have claimed that natural hydrogen generation rates are rapid enough to potentially 

offset anthropogenic extraction rates from reservoirs, thereby constituting a renewable resource.



최근 대륙지각의 천연수소 蓄積量 연구 발표 

19

Ballentine, C. J. et al., Natural hydrogen resource accumulation in the continental

crust, Nature Reviews Earth & Environment, Vol. 6, May 2025

https://www.esgtimes.in/energy/hydrogen/earths-crust-may-

hold-hydrogen-equal-to-170000-years-of-oil-use-study/

https://www.hani.co.kr/arti/science/science_general/1200606.html



미국 DOE, 천연수소 개발 지원 및 목표 제시

20

ARPA-E Targets for Geologic Hydrogen Production

https://www.world-energy.org/article/36264.html

https://arpa-e.energy.gov/news-and-media/press-releases/us-department-

energy-announces-20-million-16-projects-spearheading



천연수소 생성: Earth’s Hydrogen Factory

21

Radiolysis (방사선분해) ~20%

Hidden hydrogen: Earth may hold 

vast stores of a renewable, carbon-free fuel | Science | AAAS

Serpentinization (사문석화) >80%

Deep-Seated Source

(深部起源)

Traps
Direct

Enhanced

(관입)



지표 누출흔적은 半圓形 함몰지(Fairy Circle)

22 http://chinageology.cgs.cn/en/article/doi/10.31035/cg2022046

아프리카 말리

西호주 노스퍼스 분지 미국 캐롤라이나

러시아 중앙부

프랑스 南지롱드브라질 사웅프란치스코 분지

Semicircular Depressions (SCDs), Ovoids, Witch Rings or Water Basins



Natural Hydrogen Resources Evaluation

23

https://riscadvisory.com/wp-content/uploads/2024/06/

DEVEX-Natural-H2-expl-and-estimating-the-resource-web.pdf

Hydrogen system is a dynamic system that is recharged while producing.

(Maiga, O. et al., Scientific Reports 13:11876, 2023)

Temporary 

Accumulations



Orange Hydrogen is the New Green

24

Osselin, F. et al.,

Orange hydrogen is the new green, Nat. Geosci. 15, 765–769 (2022)

CO2 enriched 
water solution

H2 saturated 
hot water with 
Li, Ni, Co etc.

Hydrogen Production

Carbon Sequestration

Geothermal Heating

Passively
trapped

Olivine
(Mg,Fe)2SiO4

Orange colored
Exothermic 

reactions



강연 구성
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수소와 수소경제

천연수소의 浮上

개발동향 및 전망



2023부터 천연수소 관련 상업적 관심 本格化

26 https://www.jogmec.go.jp/news/event/event_k_10_00208.html



천연수소 (및 헬륨) 탐사 프로젝트(July 2024)

27

https://www.woodmac.com/

news/the-edge/unlocking-the-potential-white-hydrogen/



TRL in Natural H2 Exploration/Production

28

Gaucher, Eric C. et al., The place of natural hydrogen in the energy 

transition: A position paper. European Geologist, 55, 2023

현재 진행 중인 프로젝트는 TRL 4-7에 걸쳐 있으며, TRL 8이 가장 큰 고비일 듯



TRL 4: Orange H2생성 촉진 연구개발

29

https://news.utexas.edu/2024/03/04/producing-hydrogen-

from-rocks-gains-steam-as-scientists-advance-new-methods/

https://arpa-e.energy.gov/technologies/exploratory-topics/geologic-hydrogen



한국석유공사 국내 5곳 천연수소 탐사 시작

30

https://m.knoc.co.kr/sub11/sub11_1.jsp?page=1&num=730&mode

=view&field=&text=&bid=NEWS&ses=USERSESSION&psize=12



TRL 5: 프랑스 대규모 천연수소 매장지 확인

31

https://www.sustainability-times.com/energy/the-us-admits-were-jealous-of-

france-unthinkable-wealth-beneath-their-feet-as-france-uncovers-92-billion-

hydrogen-goldmine-the-worlds-largest-r/

Aerial view of Folschviller in the Moselle region, France

46 Mt of natural hydrogen valued at $92B

Discovered by researchers from the GeoRessources lab and the CNRS 

Located 1,250 m underground



TRL 6: 최초의 Deep Borehole Drilling

32

https://www.science.org/content/article/

hidden-hydrogen-earth-may-hold-vast-stores-renewable-carbon-free-fuel

In 2019, the startup Natural Hydrogen Energy drilled the first U.S. hydrogen 

well amid corn and soybean fields in Nebraska. 



TRL 7: Exploration Plan at Regional Scale 

33

https://www.hydrogeninsight.com/production/significant-concentrations-

of-natural-hydrogen-detected-at-australias-first-exploration-well-raising-

hopes-of-world-first-commercial-exploitation/2-1-1546424



다수 Startup이 北美大陸中央裂谷帶를 탐사

34

https://www.bloomberg.com/news/features/2024-11-16/in-kansas-

hydrogen-wildcatters-are-make-big-bets-on-striking-it-rich

including Koloma, HyTerra, 

Top End Energy etc.



천연수소 포함 수소경제 구현은 가능한가?

35 https://www.energy.gov/eere/fuelcells/h2scale



이제부터 천연수소 시대의 到來에 대비해야!

36 https://www.thechurning.net/it-always-seems-impossible/
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