IOP Conference Series: Earth and Environmental Science

PAPER « OPEN ACCESS You may also like

- Evidence for the behaviour of the
P reface photoproduction cross section at ultra-high
energies
D Dumora, J Procureur and J N Stamenov
To cite this article: 2023 /OP Conf. Ser.: Earth Environ. Sci. 1239 011001 ) o )
- Hadron interactions in cosmic rays at

energies above the accelerator range
S I Nikol'ski

- The extremely high energy cosmic rays
View the article online for updates and enhancements. Shigeru Yoshida and Hongyue Dai

@ 245th ECS Meeting « May 26-30, 2024 « San Francisco, CA ‘ L earm more & submit]

Present your work at the leading electrochemistry &
solid-state science conference.

Network with academic, government,
and industry influencers!

Submit abstracts by December 1, 2023

This content was downloaded from IP address 125.164.20.247 on 06/11/2023 at 07:45


https://doi.org/10.1088/1755-1315/1239/1/011001
https://iopscience.iop.org/article/10.1088/0954-3899/18/11/017
https://iopscience.iop.org/article/10.1088/0954-3899/18/11/017
https://iopscience.iop.org/article/10.1088/0954-3899/18/11/017
https://iopscience.iop.org/article/10.1070/PU1981v024n12ABEH004755
https://iopscience.iop.org/article/10.1070/PU1981v024n12ABEH004755
https://iopscience.iop.org/article/10.1088/0954-3899/24/5/002
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstZGn1E2iAGNISz9v_mYzN7TqnhnuDwNdumc1Cv22I-l-1BWfEHli1zQL85BmYfdSx2YzF-NNc5ilsE4lgUrdeocxa8HasNdniulMx9oHBp-L8aclHQGiQSk0A8j6kgejwUcwq3KG5X165dNlmPRh7xCcw84axwbtVngM7SY9BZ5rHcCP6Wjij2r5c6wlBBu2z9Tck9kZ2SkSraK3DkIiSEXgKi8St8ZVlhLt_gWWB0_J8nnjOrR0HtB2qAWaeJd01LlNtWPP0IhIK1Qqx78Wutx3NLTOAG7tfAHRxnH0Y1Mc9lWXUS&sai=AMfl-YSQgOymBCw9p9PFzLFRJPeDZZhltZhRzP1EAAHljq_ZJMcyD4_oHb4IufkQ6pUwlYLmTp44CU_gQX--A5k&sig=Cg0ArKJSzLuSPrHcTqIw&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/245/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3DJournals%26utm_campaign%3D245Abstract%26utm_id%3D245

AT

Scopus

Source details

. . . CiteS 2022
IOP Conference Series: Earth and Environmental Science O'egcme
Scopus coverage years: from 2010 to Present )
ISSN: 1755-1307 E-ISSN: 1755-1315
SJR 2022

Su bject area: (Earth and Planetary Sciences: General Earth and Planetary Sciences)

0.197

(Environmental Science: General Environmental Science)

Source type: Conference Proceeding
SNIP 2022

View all documents > Set document alert [ Save to source list 002 5 5

CiteScore  CiteScore rank & trend  Scopus content coverage

i Improved CiteScore methodology

CiteScore 2022 counts the citations received in 2019-2022 to articles, reviews, conference papers, book chapters and data

papers published in 2019-2022, and divides this by the number of publications published in 2019-2022. Learn more >

CiteScore 2022 M CiteScoreTracker 2023 ®

O 8 61,816 Citations 2019 - 2022 1 O 68,181 Citations to date
‘ ) 75,404 Documents 2019 - 2022 * ) 66,186 Documents to date

Calculated on 05 May, 2023 Last updated on 05 March, 2024 « Updated monthly

CiteScore rank 2022 ®

Category Rank Percentile

»

Earth and Planetary
Sciences #150/192 22nd

L General Earth and
Planetary Sciences

Environmental
Science #182/227 20th
L

General
Environmental

Cmlmmmn

View CiteScore methodology >  CiteScore FAQ > Add CiteScore to your site ¢


https://www.scopus.com/standard/help.uri?topic=14880
https://www.scopus.com/source/citedby.uri?sourceId=19900195068&docType=ar,re,cp,dp,ch&citedYear=2023,2022,2021,2020&years=2023,2022,2021,2020&pubstageExclusions=aip
https://www.scopus.com/source/search/docType.uri?sourceId=19900195068&years=2023,2022,2021,2020&docType=ar,re,cp,dp,ch&pubstageExclusions=aip
https://www.scopus.com/standard/help.uri?topic=14880
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/home.uri?zone=header&origin=sourceinfo
https://www.scopus.com/freelookup/form/author.uri?zone=TopNavBar&origin=NO%20ORIGIN%20DEFINED

SJ R Scimago Journal & Country Rank

Home Journal Rankings

Stop seeing this ad

Country Rankings

Ads by Google

Viz Tools Help About Us

Why this ad? ®

Enter Journal Title, ISSN or Publisher Name

IOP Conference Series: Earth and Environmental Science

COUNTRY

United Kingdom

Universities and research
institutions in United Kingdom

Media Ranking in United
Kingdom

PUBLICATION TYPE

Conferences and Proceedings

Stop seeing this ad

SUBJECT AREA AND
CATEGORY

Earth and

Planetary Sciences
Earth and
Planetary
Sciences
(miscellaneous)

Environmental

Science
Environmental
Science
(miscellaneous)

Physics and
Astronomy
Physics and
Astronomy
(miscellaneous)

ISSN

17551315,
17551307

Ads by Google

Why this ad?

PUBLISHER

I0P Publishing Ltd.

COVERAGE

2010-2022

H-INDEX

41

INFORMATION

Homepage

How to publish in
this journal

ees@ioppublishing.
org


https://www.scimagojr.com/
https://www.scimagojr.com/
https://www.scimagojr.com/
https://www.scimagojr.com/
https://www.scimagojr.com/index.php
https://www.scimagojr.com/journalrank.php
https://www.scimagojr.com/countryrank.php
https://www.scimagojr.com/viztools.php
https://www.scimagojr.com/help.php
https://www.scimagojr.com/aboutus.php
https://www.scimagojr.com/journalrank.php?country=GB
https://www.scimagojr.com/journalrank.php?area=1900
https://www.scimagojr.com/journalrank.php?area=1900
https://www.scimagojr.com/journalrank.php?area=2300
https://www.scimagojr.com/journalrank.php?area=2300
https://www.scimagojr.com/journalrank.php?area=3100
https://www.scimagojr.com/journalrank.php?area=3100
https://www.scimagojr.com/journalsearch.php?q=IOP%20Publishing%20Ltd.&tip=pub
http://iopscience.iop.org/journal/1755-1315
https://publishingsupport.iopscience.iop.org/author-guidelines-for-conference-proceedings/
https://publishingsupport.iopscience.iop.org/author-guidelines-for-conference-proceedings/
mailto:ees@ioppublishing.org
mailto:ees@ioppublishing.org
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CBbbjA51IZYyID_C39fwP_KScmAj55MvMcq6jvJSZEMCNtwEQASCQ2cd7YOmCgIDcDaABzoX96yjIAQGpAl7VLPblyEk-qAMByAPDBKoEoAJP0FBRvc54yv-6fFzbdnPnnJ5QJPs_2t06a3paU65IeI5q2yMQhKC2HMDFxLyNDL0vxDfWMkYCyBFDWX1M0NlDNzzMPn98fPR49lukjwC8G-zz-oUWjnpuQE27KEkc9HjjPW19tjBDw27qwZ9HXjzgHhRK3L1E0gKrjOnD-gXAW327c-GnVxccoz9lPF_bUVj5Dc10Cv-j4mzjqw9v8MfwYKwM3GumWQMq3OSl7C1NBXjiKmMtmsxp0OP1rlzqfj4PjLz7WWZmay1l6yAkI0p1MlAszzNlA1H-k9OHc7jegJdmvPOvqxttpuFvs2Bqmalum01qy8UaZVZIMSWt7bto6Ou4-De0HFVmGUp0NogZjb3rSpmyHHDFrZaaReSEizrABKTq-puMBIgFyPT2hUOQBgGgBmaAB869zcsDiAcBkAcCqAfZtrECqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAtgHAdIIGAgAEAIYGjIBADoIn9CAgICABBBIvf3BOrEJECD9TyGtcpiACgGYCwHICwGiDAwqCgoI5LSxAu61sQKqDQJJRMgNAdgTDYgUA9AVAfgWAYAXAQ&ae=1&gclid=Cj0KCQiAuqKqBhDxARIsAFZELmLpnoZUBl_L7ct4tcnRN8dG44O0Hj2Gby39Tn69l0k2excVeVAiIpEaAvqyEALw_wcB&num=1&cid=CAQSQwDICaaNvEgpdTYfXV5gd-o0oJR3egp13RVdXXn6jYdj7OwrhFdRs5yMEeJHIeJaJTlYplF0ZnUmZUUiv15mTpEi6rcYAQ&sig=AOD64_34kvc1tH36V5QJJ051Xzvi9NcJww&client=ca-pub-7636113250813806&rf=1&nb=0&adurl=https://www.ijfmr.com%3Fgclid%3DCj0KCQiAuqKqBhDxARIsAFZELmLpnoZUBl_L7ct4tcnRN8dG44O0Hj2Gby39Tn69l0k2excVeVAiIpEaAvqyEALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CBbbjA51IZYyID_C39fwP_KScmAj55MvMcq6jvJSZEMCNtwEQASCQ2cd7YOmCgIDcDaABzoX96yjIAQGpAl7VLPblyEk-qAMByAPDBKoEoAJP0FBRvc54yv-6fFzbdnPnnJ5QJPs_2t06a3paU65IeI5q2yMQhKC2HMDFxLyNDL0vxDfWMkYCyBFDWX1M0NlDNzzMPn98fPR49lukjwC8G-zz-oUWjnpuQE27KEkc9HjjPW19tjBDw27qwZ9HXjzgHhRK3L1E0gKrjOnD-gXAW327c-GnVxccoz9lPF_bUVj5Dc10Cv-j4mzjqw9v8MfwYKwM3GumWQMq3OSl7C1NBXjiKmMtmsxp0OP1rlzqfj4PjLz7WWZmay1l6yAkI0p1MlAszzNlA1H-k9OHc7jegJdmvPOvqxttpuFvs2Bqmalum01qy8UaZVZIMSWt7bto6Ou4-De0HFVmGUp0NogZjb3rSpmyHHDFrZaaReSEizrABKTq-puMBIgFyPT2hUOQBgGgBmaAB869zcsDiAcBkAcCqAfZtrECqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAtgHAdIIGAgAEAIYGjIBADoIn9CAgICABBBIvf3BOrEJECD9TyGtcpiACgGYCwHICwGiDAwqCgoI5LSxAu61sQKqDQJJRMgNAdgTDYgUA9AVAfgWAYAXAQ&ae=1&gclid=Cj0KCQiAuqKqBhDxARIsAFZELmLpnoZUBl_L7ct4tcnRN8dG44O0Hj2Gby39Tn69l0k2excVeVAiIpEaAvqyEALw_wcB&num=1&cid=CAQSQwDICaaNvEgpdTYfXV5gd-o0oJR3egp13RVdXXn6jYdj7OwrhFdRs5yMEeJHIeJaJTlYplF0ZnUmZUUiv15mTpEi6rcYAQ&sig=AOD64_34kvc1tH36V5QJJ051Xzvi9NcJww&client=ca-pub-7636113250813806&rf=1&nb=0&adurl=https://www.ijfmr.com%3Fgclid%3DCj0KCQiAuqKqBhDxARIsAFZELmLpnoZUBl_L7ct4tcnRN8dG44O0Hj2Gby39Tn69l0k2excVeVAiIpEaAvqyEALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CBbbjA51IZYyID_C39fwP_KScmAj55MvMcq6jvJSZEMCNtwEQASCQ2cd7YOmCgIDcDaABzoX96yjIAQGpAl7VLPblyEk-qAMByAPDBKoEoAJP0FBRvc54yv-6fFzbdnPnnJ5QJPs_2t06a3paU65IeI5q2yMQhKC2HMDFxLyNDL0vxDfWMkYCyBFDWX1M0NlDNzzMPn98fPR49lukjwC8G-zz-oUWjnpuQE27KEkc9HjjPW19tjBDw27qwZ9HXjzgHhRK3L1E0gKrjOnD-gXAW327c-GnVxccoz9lPF_bUVj5Dc10Cv-j4mzjqw9v8MfwYKwM3GumWQMq3OSl7C1NBXjiKmMtmsxp0OP1rlzqfj4PjLz7WWZmay1l6yAkI0p1MlAszzNlA1H-k9OHc7jegJdmvPOvqxttpuFvs2Bqmalum01qy8UaZVZIMSWt7bto6Ou4-De0HFVmGUp0NogZjb3rSpmyHHDFrZaaReSEizrABKTq-puMBIgFyPT2hUOQBgGgBmaAB869zcsDiAcBkAcCqAfZtrECqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAtgHAdIIGAgAEAIYGjIBADoIn9CAgICABBBIvf3BOrEJECD9TyGtcpiACgGYCwHICwGiDAwqCgoI5LSxAu61sQKqDQJJRMgNAdgTDYgUA9AVAfgWAYAXAQ&ae=1&gclid=Cj0KCQiAuqKqBhDxARIsAFZELmLpnoZUBl_L7ct4tcnRN8dG44O0Hj2Gby39Tn69l0k2excVeVAiIpEaAvqyEALw_wcB&num=1&cid=CAQSQwDICaaNvEgpdTYfXV5gd-o0oJR3egp13RVdXXn6jYdj7OwrhFdRs5yMEeJHIeJaJTlYplF0ZnUmZUUiv15mTpEi6rcYAQ&sig=AOD64_34kvc1tH36V5QJJ051Xzvi9NcJww&client=ca-pub-7636113250813806&rf=1&nb=7&adurl=https://www.ijfmr.com%3Fgclid%3DCj0KCQiAuqKqBhDxARIsAFZELmLpnoZUBl_L7ct4tcnRN8dG44O0Hj2Gby39Tn69l0k2excVeVAiIpEaAvqyEALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CBbbjA51IZYyID_C39fwP_KScmAj55MvMcq6jvJSZEMCNtwEQASCQ2cd7YOmCgIDcDaABzoX96yjIAQGpAl7VLPblyEk-qAMByAPDBKoEoAJP0FBRvc54yv-6fFzbdnPnnJ5QJPs_2t06a3paU65IeI5q2yMQhKC2HMDFxLyNDL0vxDfWMkYCyBFDWX1M0NlDNzzMPn98fPR49lukjwC8G-zz-oUWjnpuQE27KEkc9HjjPW19tjBDw27qwZ9HXjzgHhRK3L1E0gKrjOnD-gXAW327c-GnVxccoz9lPF_bUVj5Dc10Cv-j4mzjqw9v8MfwYKwM3GumWQMq3OSl7C1NBXjiKmMtmsxp0OP1rlzqfj4PjLz7WWZmay1l6yAkI0p1MlAszzNlA1H-k9OHc7jegJdmvPOvqxttpuFvs2Bqmalum01qy8UaZVZIMSWt7bto6Ou4-De0HFVmGUp0NogZjb3rSpmyHHDFrZaaReSEizrABKTq-puMBIgFyPT2hUOQBgGgBmaAB869zcsDiAcBkAcCqAfZtrECqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAtgHAdIIGAgAEAIYGjIBADoIn9CAgICABBBIvf3BOrEJECD9TyGtcpiACgGYCwHICwGiDAwqCgoI5LSxAu61sQKqDQJJRMgNAdgTDYgUA9AVAfgWAYAXAQ&ae=1&gclid=Cj0KCQiAuqKqBhDxARIsAFZELmLpnoZUBl_L7ct4tcnRN8dG44O0Hj2Gby39Tn69l0k2excVeVAiIpEaAvqyEALw_wcB&num=1&cid=CAQSQwDICaaNvEgpdTYfXV5gd-o0oJR3egp13RVdXXn6jYdj7OwrhFdRs5yMEeJHIeJaJTlYplF0ZnUmZUUiv15mTpEi6rcYAQ&sig=AOD64_34kvc1tH36V5QJJ051Xzvi9NcJww&client=ca-pub-7636113250813806&rf=1&nb=1&adurl=https://www.ijfmr.com%3Fgclid%3DCj0KCQiAuqKqBhDxARIsAFZELmLpnoZUBl_L7ct4tcnRN8dG44O0Hj2Gby39Tn69l0k2excVeVAiIpEaAvqyEALw_wcB
https://www.googleadservices.com/pagead/aclk?sa=L&ai=CBbbjA51IZYyID_C39fwP_KScmAj55MvMcq6jvJSZEMCNtwEQASCQ2cd7YOmCgIDcDaABzoX96yjIAQGpAl7VLPblyEk-qAMByAPDBKoEoAJP0FBRvc54yv-6fFzbdnPnnJ5QJPs_2t06a3paU65IeI5q2yMQhKC2HMDFxLyNDL0vxDfWMkYCyBFDWX1M0NlDNzzMPn98fPR49lukjwC8G-zz-oUWjnpuQE27KEkc9HjjPW19tjBDw27qwZ9HXjzgHhRK3L1E0gKrjOnD-gXAW327c-GnVxccoz9lPF_bUVj5Dc10Cv-j4mzjqw9v8MfwYKwM3GumWQMq3OSl7C1NBXjiKmMtmsxp0OP1rlzqfj4PjLz7WWZmay1l6yAkI0p1MlAszzNlA1H-k9OHc7jegJdmvPOvqxttpuFvs2Bqmalum01qy8UaZVZIMSWt7bto6Ou4-De0HFVmGUp0NogZjb3rSpmyHHDFrZaaReSEizrABKTq-puMBIgFyPT2hUOQBgGgBmaAB869zcsDiAcBkAcCqAfZtrECqAeOzhuoB5PYG6gH7paxAqgH_p6xAqgH1ckbqAemvhuoB5oGqAfz0RuoB5bYG6gHqpuxAqgHg62xAqgH_56xAqgH35-xAtgHAdIIGAgAEAIYGjIBADoIn9CAgICABBBIvf3BOrEJECD9TyGtcpiACgGYCwHICwGiDAwqCgoI5LSxAu61sQKqDQJJRMgNAdgTDYgUA9AVAfgWAYAXAQ&ae=1&gclid=Cj0KCQiAuqKqBhDxARIsAFZELmLpnoZUBl_L7ct4tcnRN8dG44O0Hj2Gby39Tn69l0k2excVeVAiIpEaAvqyEALw_wcB&num=1&cid=CAQSQwDICaaNvEgpdTYfXV5gd-o0oJR3egp13RVdXXn6jYdj7OwrhFdRs5yMEeJHIeJaJTlYplF0ZnUmZUUiv15mTpEi6rcYAQ&sig=AOD64_34kvc1tH36V5QJJ051Xzvi9NcJww&client=ca-pub-7636113250813806&rf=1&nb=8&adurl=https://www.ijfmr.com%3Fgclid%3DCj0KCQiAuqKqBhDxARIsAFZELmLpnoZUBl_L7ct4tcnRN8dG44O0Hj2Gby39Tn69l0k2excVeVAiIpEaAvqyEALw_wcB
https://adssettings.google.com/whythisad?source=display&reasons=AQWFnis4yS9gsIfbKU3Ux_E1xRiVKJyDRy7DFyR4s8WgFHNeGZGJzYiuXiyPuOJqGSv1z-dvXuA14jO-hvzIJKU8KRdhVTkBTq7DXDrBP4zndvDC7RmZNvTJFy3NkGj1t_JDQeMg4ld4PGVbyYk8mi-cJsvRtZZxNcz2TAozZx_27N354VrGzSkZDZAWvSdh1urJeIb9zIbNjcgVL4HvztvVCml2rxS3zImwB18X44rGBWDf82D-bw3ZoAVcv3r8ga52tMAPF8A4oqmvFAA2YFQN7QQWbgxB38Yju6BWIqVlpgFiduTodc7tUmB0EY-db2jS0DeDPyF80aOOedCw7NA7tN775pOdqZhAhNM5cC_rNqObDBRkWSBSkV9YOFT9esW5gDrkmU_HTmGr0CxjfAL9Ch1ByXEROpQ8V65fLn2LqID0i8kPEzevh29iCUUkGHsZiP-J3l9OyBHA38PYXH6Mp0tQZ1McSYt3Y4IqyAkD4ynaFT4nuK8XpALxKYvyBfoRMrPpVwi3YY3axP5crqwEISfTyPYWd_FMXOz53vtrsSrJvpGCtT6ra61kmZVb8doj4tU2DgqZ-btL3fw7tnQfFVPYZoazWTHdUoQSsfxv89XaRehZGlAjcTyKhUUCvC0r_Yj-QMCJr4bVfUtaukA9IQ2Fi6NQPpNjEWN7PGLd2wPZcN_sCARJm6WMxEaA-RCfNcjcOP-zT3QN3fTP7potEEBDRk-2ZIwjxgg92wd7ioODe0Zq1NZBCO4wCuS-dzhr9xBYXot2cWfRGsAPCvoQ_4VCarW1c3jiFwbZVHGJT7o45TQqqxw2SCCoiK4HugggjrN2iScydvvMgmg7w5hhhc_6vLKS_5FknrlhCwDu7NStP8wJUvYtmpqJApggjorgmZj2_wu0fVlCSfwGGZ1kTnjhZu7F8QdaC5aKlzv4sYk8jspKiNx6fpFrX8XTttooS5Qa-lDgpxvi1mUGSNsMLDupfowV_0EA6TFVYf1cBbWK4rFRTNxrv96qgIsDI1RPJpqwz63EzbMbcaowluoJ6AHFQhoXkCY45Pu9jcEa5ASCehTNlRCvdZfU-5qK1tI1ghcGO0SoevLzi-nK6rtRDYrzjiviJXioeFZUFyZC_QMjAfBtW612_7m6Wyf04eAVhS-MGF39PMLbQioys-x6z71dKPksm5DA2gfcB--lZAbh1Rn3i7oF_wUIvQsACekEdXXV-Ary6HiOdTzWnFgd01qJ5ml2zf50oz2GqZQQtwViBT02YVct0KG_vt8wbjHezbk7mNZUhtcJB94C2KpWyZ_IoJb6gyoIihQkt4c1w9e7HYodD6B_xpC2NasqvkhW0YDSGyY-W2PpvZiDYEKAnfEVQVj26L42VpaaEb5z-DzwSd5xoVSpa9du2fAhTxLSqhz0zpJHo-aSlcJPJNYPVjZnxSSw_ms6Dtf1UTpCTs573qtKuq6mXG-lOHKGHsZiSobkqGy8jsMDb1Lv46elj-6ns3de8tblppuyBFDW2mFzdXRvng4tor0V_GBRr5v1Sl1wHRcKvnoIoAvzsC36i8znKerg6V4wDxGbVsP3y1mpqGwub36pCIolyhbi-tFfOBRIbIn_ymxI6EIQus6SZSp0CM40PbZuaBxboWaAtJNjWhPyJ-brzTdRO2DjKSeObMmtqWamCVtaDpwFETRyNbNyEmcITWwr2nI8B1HPrqvsN4pqNI2Y9TGllotQij4qPbp-qtL2RNYqZXg46I_iKD9dMdyPbgWNyZgcRZJEdcGqJuUMRnOYA_i7JYTIAh4lPvLtnvCucwoZ25WWyFFMi5hMf_cJJNYGnIYvrLy6T7RQoAU7GqZlIcFMBDmkiTcU3P7doipP9QwbKrR8nCOk8T_hCgI
https://www.scimagoir.com/rankings.php?country=GBR
https://www.scimagomedia.com/rankings.php?country=United%20Kingdom
https://www.scimagojr.com/journalrank.php?category=1901
https://www.scimagojr.com/journalrank.php?category=1901
https://www.scimagojr.com/journalrank.php?category=1901
https://www.scimagojr.com/journalrank.php?category=1901
https://www.scimagojr.com/journalrank.php?category=2301
https://www.scimagojr.com/journalrank.php?category=2301
https://www.scimagojr.com/journalrank.php?category=2301
https://www.scimagojr.com/journalrank.php?category=3101
https://www.scimagojr.com/journalrank.php?category=3101
https://www.scimagojr.com/journalrank.php?category=3101
https://www.scimagojr.com/
https://www.scimagoir.com/
https://www.scimagomedia.com/
https://www.scimagoiber.com/
https://www.scimagorc.com/
https://www.graphica.app/
https://www.scimagolab.com/
https://www.scimagolab.com/
https://adssettings.google.com/whythisad?source=display&reasons=AQWFnitwygh5OoVXsF48cakaz9yExwA2DA1ojNrHaTKRAeIX-eEUZ9ifH8PcyXgNUiMa1bQWAGOgqcnHdEg2_W53UpCVyCMRq6JdnhhJMAf8979GGx66O_l6tBlCz3IfMwKLdN4ZVWpqhS6u5VHxinMS8d7woWwssz1uqH2LRx2ofVHiC4oFWB8KqgLePqsvwlEPh_lCAj_eGVM-Nesdn3BP0GftPhD0i_URgGQ5U7Fa-dfL8bJtPchI4AtigLnTnbIpiXsrlMeEQLloKaIeClI5rkA0NVBlxvXND1Jy4MolEGRkNAQRZJL8EUOCboKXml0DvC9QL8I-dXJmQM-2ElCZoyx3FWyLTq_sUluq8C4h5H3p8BtWoBh6QmOc1zCjKpm2AjLENKtPH-L1DEo9cCuMJAHpoW8ZA0oL6wExrE78yj-kl1qtpSdkAXkTrWJYu3RdvLQnWwt3rZHH2L6rMFPm6Bg-upnTZKtFB1eYb0G9cz1wMgwdmQ6eheuPDSCYAIHdx8iZIjvhH3PCGxpHRtEzPJsTBJfHg9ZTM7Sdc0yrV6_TI4o8iCyrXTac4hU63psLXqagMLV7LGB_IYcqZpiWUhjUYbAehyV9nLSduxYwY4o_DkJcJQc7JkCpcopTM9e9djV7fIkulP-4_uDOdce08vxLL3tenMzn6KhG_C6yEL_kYUR8Z1s2snZQ0rj-e__rI2tZyQMokCu8w8SKGpL0OkI708zgrRwEDKjoDJXNuJrv1vC20J955qx3i1jjzOxMfD8LAhit7pTv_BZYzH9ObOHRZ8QOdr2kaRkOpq5H-RLMs_aYOGoTssVHGY8TDSyZN32aYZFMwaLCTjRuz513gmF2yryDmhvDVNdCbU8m880lXRWt0HhmkjZMStUDunByMOeH6njmww_gphptCv3bM5bueMGQhppDl5nJ1Hi_8gjiCljjvWVBoNfe5RqgSKhEKdKeV7PWJUjhmr1UkB_vNxjGFyNK4ftW1WeTW_RxEFsamT-ThK_lN6qPa3XjfYRPUntiucmfPhexCogI2QrlD4LMcJh4HeGu02zaMfIUfTcwYw2jfXfZel2iCKGrqKtCa6LwDZC8Db8FoohRGE4oJwnSlKkIEGnv8VyT7piPc225dVPCyz_ayZ_oXJDy7MaB949aUGgpUu4quuIvXYqAua3AisQ1-r9hc2ZkYaM2EW0mfOb9W7oWrPeJmGmo8QB7XWw-n7oPcWzfBeMn8dAPJ4tCPtXVSf4tp2jlrlc3q7_Xnv3Likkz4QUmeIRGQZlu_r2H5HP-RTJRYfrtn2t3Bp2GT1NxRMjwQ5wzYsB6Ib3ti2So7tSDYpgnVxmLUOEdiI0TosEGSPxdZF23KVRBQvVMF3ptE0RQJl30OV5l_tjgGirXukbKU68f8_xnyVmewSFvXjbM0PMV0gabTqqJD_fuD2UQYsKuv33Jxs3I-a5yrNGJrBV8fDyzAGUhQwlEFUyTQU4Bo_eiHzt9l662kzsY_SQzXWLcJR_qJX8aJmDIwmlMha5uxpvRK6oeqPrjbQJaEOc0Spb62A5NhIs2vv7_7rLxpuAaB6hfJ1oZ6Bw_s3pIV1J488seL3EmdsxUkdMxcR2n4CJIf-Bdhw9mT56ou27yA_YGXQo1zkwEce4tsCRVs_fjGlwHLZzk4iEsmCToDzH3cftJGNPubuXQxlHdMOgj1h-pZZYP_yPmMaOBFQTBJv0tJg3GW-JeG5PtmR1qrbk80qOJEp4zu6uMI1e5Ab5opQ

SCOPE

The open access IOP Conference Series: Earth and Environmental Science (EES) provides a fast, versatile and cost-effective

proceedings publication service.

Q Join the conversation about this journal

SJR BN
0.4
0.2
0
2011 2013 2015 2017 2019 2021
Total Cites Self-Cites \Q
40k
20k
0 44_—_——”/955.
2010 2012 2014 2016 2018 2020 2022

Cites per Doc R

External Cites per Doc

4

Total Documents ﬁ
40k
20k
0
2010 2012 2014 2016 2018 2020 2022
Citations per document AN

»



0.6 [ ] 0.6
% International Collaboration \Q =2} Citable documents Non-citable documents \Q &8
80k
40
20 40k
0
0
2010 2012 2014 2016 2018 2020 2022 2010 2012 2014 2016 2018 2020 2022
Cited documents Uncited documents W [E2E)
80K IOP Conference Series: « Show this widget in
Earth and Environmental... your own website
Nat yet assigned
quartile Just copy the code below
40k and paste within your html
code:
SIR2022 ™ —e
0 02 <a href="https://www.scimag

2010 2012 2014 2016 2018 2020 2022 powered by scimagair.com

G SCimago Graphica

Explore, visually
communicate and make
sense of data with our
new data visualization
tool.

Metrics based on Scopus® data as of April 2023

D Dipo 3 weeks ago

I0P papers published since June 2023 in Diary conference is yet to appear on scopus. This is up to
three months now and it has not appear on scopus. What is the problem with the problem with the
visibility of the paper?

Thanks

reply

SCimago Team

=29
WAy . .
\\((O;, Melanie Ortiz 3 weeks ago

Dear Dipo,

» )


https://www.graphica.app/
https://www.graphica.app/

2/5/24, 4:43 PM Editorial board - IOPscience - Publishing Support

This site uses cookies. By continuing to use this site you agree to our use of cookies. Q

To find out more, see our Privacy and Cookies policy.

Ukraine: Click here to read IOP Publishing's statement ('

Jump to section ~

Editorial board

IOP SciNotes is supported by a large and diverse Editorial Board.

The Executive Editorial Board are leading experts who act as ambassadors for the
journal, supporting the Publisher with journal strategy and article commissioning;
ensuring inclusive coverage of all scientific research.

The international Editorial Board includes prominent researchers and emerging leaders
from all areas of scientific research. They represent all geographic regions and a diverse
subject coverage, and support the rapid peer review of author manuscripts.

Executive Editorial Board

Dattatray Late, CSIR National Chemical Laboratory, India

James Chow, University of Toronto, Canada

Kim Jelfs, Imperial College London, UK

Piero Nicolini, Frankfurt Institute for Advanced Studies, Germany
Rebecca Peer, Canterbury University, New Zealand

Rolf Mueller, Virginia Tech, USA

Wenzhuo Wu, Purdue University, USA

Editorial Board

A. R. Siders, University of Delaware, USA

Akiyasu Yamamoto, Tokyo University of Agriculture and Technology, Japan
Ala Trusina, Niels Bohr Institute, University of Copenhagen, Denmark
Alexey V Pan, University of Wollongong, Australia

Anil S Modak, Owlstone Medical, UK

Anne Ladegaard Skov, Technical University of Denmark, Denmark
Aron Walsh, Imperial College London, UK

Atsufumi Hirohata, University of York, UK

Ayako Nakata, National Institute for Materials Science (NIMS), Japan
Ayse Erol, Istanbul University, Turkey

Caterina Cocchi, Humboldt University of Berlin, Germany

https://publishingsupport.iopscience.iop.org/journals/iop-scinotes/editorial-board/ 1/3


https://ioppublishing.org/privacyPolicy
https://ioppublishing.org/news/statement-on-ukraine/

2/5/24, 4:43 PM Editorial board - IOPscience - Publishing Support
Chiyuan Miao, Beijing Normal University, People’s Republic of China
Chuixiang Yi, Queens College, City University of New York, USA
David Bowler, University College London, UK
Detlef Bahnemann, Leibniz University Hannover, Germany and Saint-Petersburg State
University, Russia
Djurdie Cvijovic, Laboratory for Atomic Physics, Serbia
Emily Grubert, Georgia Institute of Technology, USA
Feng Yan, Hong Kong Polytechnic University, People’s Republic of China
Genevieve Dupont, Universit Libre de Bruxelles, Belgium
Hiu-Yu Tsai, National Tsing Hua University, Taiwan
lain Darby, University of Glasgow, UK
Jacek Paziewski, University of Warmia and Mazury in Olsztyn, Poland
Jayashree Bijwe, Indian Institute of Technology Delhi, India
Jie Ren, Shanghai Institute of Microsystem and Information Technology, Chinese
Academy of Sciences, People’s Republic of China
Jordi Garcia-Ojalvo, Pompeu Fabra University, Spain
Judy Wu, University of Kansas, USA
Kenneth T. Christensen, University of Notre Dame, USA
Leon Abelmann, Saarland University, Germany and University of Twente, The
Netherlands
Manuch Soleimani, Bath University, UK
Maria Carreon Garciduenas, South Dakota School of Mines and Technology, USA
Marija Cvijovic, Chalmers Institute of Technology, Sweden
Mark New, University of Cape Town, South Africa
Mary Heskel, Macalester College, USA
Michael Parizh, General Electric, NY, USA
Milica Todorovic, Aalto University, Finland
Nini Pruds, Technical University of Denmark, Denmark
Nor Aishah Saidina Amin, University of Technology Malaysia, Malaysia
Oi Hoong Chin, University of Malaya, Malaysia
Paolo Malgaretti, Max Planck Institute for Intelligent Systems, Stuttgart, Germany
Peter Bruggeman, University of Minnesota, USA
Peter Sollich, University of Goettingen, Germany
Phanwadee Chureemart, Mahasarakham University, Thailand
Ping-Heng Tan, Institute of Semiconductors, Chinese Academy of Sciences, People’s
Republic of China
Punyasloke Bhadury, Indian Institute of Science Education and Research Kolkata, India
Ravibabu Mulaveesala, Indian Institute of Technology Delhi, India
Rongming Wang, University of Science and Technology Beijing, People’s Republic of
China
Rosario Gonzalez Férez, Universidad de Granada, Spain
Ruigfang Dong, National Time Service Center, Chinese Academy of Sciences, People’s
Republic of China

https://publishingsupport.iopscience.iop.org/journals/iop-scinotes/editorial-board/ 2/3



2/5/24, 4:43 PM Editorial board - IOPscience - Publishing Support
Ruth Baker, Oxford University, UK
Selma Mededovic Thagard, Clarkson University, USA
Silvia Bergamini, The Open University, UK
Simon Laflamme, lowa State University, USA
Sonia Conesa-Boj, Delft University of Technology, The Netherlands
Stanislav N. Gorb, Zoological Institute of the University of Kiel, Germany
Stefano Galatolo, University of Pisa, Italy
Subhas Mukhopadhyay, Macquarie University, Australia
Tae-Yeon Seong, Korea University, Korea
Thomas Anthopoulos, King Abdullah University of Science and Technology, Saudi
Arabia
Thomas Sepck, University of Freiburg, Germany

Tony Murphy, CSIRO Manufacturing, Lindfield, Australia

Ujjwal Sen, Harish-Chandra Research Institute, India

Xin Tu, University of Liverpool, UK

Yuan-Hong Song, Dalian University of Technology, People’s Republic of China
Zengqi Wang, Shanghai Jiao Tong University, People’s Republic of China

Back to top

https://publishingsupport.iopscience.iop.org/journals/iop-scinotes/editorial-board/ 3/3



ICRC-2023 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1239 (2023) 011001 doi:10.1088/1755-1315/1239/1/011001

Preface

The International Conference Research Collaboration 2023 (ICRC) aimed to promote
cooperation and collaboration between The University of Kitakyushu and other universities,
specifically in Indonesia and Malaysia. This conference marked the third event in a series, with
the first held at Airlangga University on March 5, 2018, and the second conducted online on
April 25-27, 2021. During the conference, the consortium presented and published the research
findings of 147 articles in the areas of environmental management, education, and technology.
Moreover, it provided an opportunity for The University of Kitakyushu to engage with
community members and academics interested in research within these fields.

ICRC 2023 extended an invitation to scholars and researchers to actively participate and
contribute their knowledge and experiences to promote understanding and progress in
environmental and sustainability matters within their respective countries. The conference
provided a hybrid format, allowing participants to choose between attending in person or
joining online. It aimed to foster innovation and exploration within the overarching theme of
"Development of Science and Technology for Solving Environmental Problems.” The
conference focused on several specific subtopics, which include:

1. Water and Wastewater Treatment and Recycling
Environmental Education
Energy Management and Air Pollution Control
Environmental Culture and Conservation
Environmental Health and Sciences
Waste Management and Treatment
Soil and Urban Environment

Noabkown

This year, The University of Kitakyushu, Japan, hosted the third ICRC from June 2-3, 2023,
featuring a hybrid conference format, followed by a workshop and training session in
Kitakyushu, Japan, from June 4-6, 2023. There were 46 participants joining the on-site
conference during the first and second day while the rest, around 265 participants from 78
universities and institutions around the world joining the conference virtually. Almost all the
plenary speakers were attending the virtual session on the first day, while half of the invited
speakers, which also coming from the Japanese industries and practitioners were joining onsite.
Zoom was used as the meeting platform for the online participants.

We have chosen 40 excellent manuscripts to be published in the Earth and Environmental
Science 10P Proceedings. We would like to extend our sincere appreciation to the conference
chairwoman, esteemed keynote speaker, reviewers, parallel session moderators, and all the
participants. We would also like to express our gratitude to 10P for publishing our conference
proceedings. It is our hope that readers will find valuable information and knowledge within
our proceedings. We apologize for any errors identified during the conference or within the
published papers.

Scientific Steering Committee of ICRC 2023

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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Abstract. The development of a geothermal power plant project can be implemented if the
project is feasible and can provide benefits from the economic side. In this study, the economic
feasibility calculation for the development of a 2 x 20 MW power plant project was carried out
based on economic indicators such as Net Present Value (NPV), Internal Rate of Return (IRR)
and Pay Out Time (POT). The discounted cash flow method is used in determining the
economic feasibility. The calculation results obtained for this power plant development project
is not feasible because the NPV is US$ -31,336 million, IRR is 7.11% and POT is 0 year. Due
to the uneconomical results obtained, a sensitivity analysis was carried out on the tariff price,
drilling costs, and Engineering, Procurement, Construction, and Commissioning (EPCC) costs.
With electricity tariffs regulated based on Presidential Regulation Number 112 of 2022, it is
found that the resulting taxes in the area are not economical and there is needed for tariff
adjustments, namely at a minimum price of 15 cents/kWh and 18 cents/kWh so that the project
is economical. However, this price could not be realized because the price far exceeded the
highest benchmark price set. Meanwhile, with these uneconomical and unfeasible results, a
scenario of a loan was carried out to get better results with an NPV is US$ 528,000, IRR is
10.46% and POT is 28 years. Therefore, with a loan scenario, the project can be obtained as
feasible.

1. Introduction

Geothermal is a renewable energy resource that has abundant potential in Indonesia, that is
environmentally friendly. Geothermal potential in Indonesia is 24 GW or about 40% of the world's
potential [4]. Until now, Indonesia is the second country with the largest geothermal potential in the
world after the United States. However, many obstacles related to geothermaldevelopment in Indonesia
are the cause of the minimum utilization of geothermal energy [1]. Geothermal potential which is
spread in various regions in Indonesia provides distinct advantages for the development of electrical
energy and has great potential to be utilized and developed into Geothermal Power Plants [8].
Geothermal energy also supports environmental protection because CO2 emissions from geothermal
power plants are very low compared to power generation from fossil fuels. One of the factors that
influence geothermal development is the economic factor [7]. Geothermal projects can be developed if
the field is considered feasible and can provide benefits from an economic standpoint. This
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study aims to provide an overview of the economic feasibility of a power plant development project
with a capacity of 2 X 20 MW.

The stages of geothermal activity consist of several stages, namely:

1. Preliminary Study, which is the stage of collecting and presenting data related to 3G condition
information to determine whether or not geothermal resources exist.

2. Exploration is a stage that includes a 3G survey followed by the drilling of exploratory wells aimed
at obtaining information on subsurface geological conditions and geothermal reserves.

3. Exploitation is a stage consisting of development infrastructure development activities, drilling of
production wells and reinjection wells as well as EPCC.

4. Feasibility Study is a stage that is carried out when an exploration well has produced geothermal
and is a stage to obtain detailed information on all aspects related to determining the feasibility of a
geothermal business.

5. Production. This stage begins when the EPCC construction work has been completed and has gone
through the Commercial Operation Date (COD), which is the time when the geothermal power
plant begins to operate commercially to sell electricity to users [2].

In the development of geothermal energy in Indonesia, the price of electricity is very important.
Currently, geothermal energy in Indonesia cannot be used as a reliable energy source because it cannot
compete with fossil energy which is generally relatively cheap. Therefore, the thing that needs to be
considered is the economic price of geothermal projects and also the efficiency of the development
costs of geothermal power plant projects [6]. To maximize the utilization of new and renewable energy
to accelerate the energy transition, it is necessary to know the price of electricity tariffs from geothermal
power plants which are regulated in Presidential Regulation Number 112 of 2022 concerning the
Acceleration of Development of Renewable Energy for the Provision of Electricity [7]

2. Methodology

In this study, the calculation is focused on calculating the economic feasibility of a project with a
capacity of 2 X 20 MW using available data such as exploration costs, exploitation costs, EPCC costs,
production costs, and other economic data. From the available data, it will be processed again to
calculate the investment, production, and income parameters, Operating Expenditure (OPEX), and
depreciation. Then proceed to calculate the final value, namely the economy by using the discounted
cash flow method. The feasibility of a project is assessed based on the parameters NPV, IRR, and POT.

2.1 Discounted cash flow
Discounted cash flow is the method used to find out how much money will be generated in the future
by looking at the present value of the investment [§].

Discounted Cash Flow = Net Cash Flow * Rate Discounted Cash Flow (1

2.2 Net present value (NPV)

NPV is the present value of the cash flow of an investment. NPV describes the feasibility of a project. If
the NPV value is greater than zero or has a positive value, then it can be said that the project is feasible
to develop and generate profits. However, if the NPV is negative, then the project is not feasible to
develop because it causes losses [3].

N
NPV= Z g )
n=o @+
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2.3 Internal rate of return (IRR)
IRR is the expected rate of return on the project [10]. IRR is the discount rate that gives the
project's NPV equal to zero, which can be expressed by:

NPV,

IRR=i1 + ———
NPVy— NPV,

(iz = i) 3
2.4 Pay out time (POT)

POT or payback period is the length of time required to return all the money invested in the project.
A development project is feasible to develop if it gives a short POT value [9].

2.5 Sensitivity analysis
Sensitivity analysis is a method used for any variables or parameters that affect economic
indicators. Sensitivity analysis in this study is displayed through the formation of a tornado chart.

3. Results and discussion

In carrying out modeling scenarios, a series of data is needed, which will become the basis for
calculating the economic feasibility analysis of a geothermal power plant development project with a
capacity of 2 X 20 MW in Indonesia, to be precise in the province of North Sulawesi. The stipulation of
Presidential Regulation Number 112 of 2022 was carried out with the aim of accelerating the
development of renewable energy power plants in order to achieve the target of the renewable energy
mix and reduce greenhouse gas emissions. The following table is the price of electricity based on
Presidential Regulation Number 112 of 2022.

Table 1. Price of electricity [5]

No Capacity Highest Benchmark Price (cent US$/kWh)
Years 1to 10 Years 11 to 30
1. up to 10 MW (9.76 x F) * 8.30
2. >10 MW s.d. 50 MW 941 xF)* 8.00
3. >50 MW s.d. 100 MW (8.64x F) * 7.35
4, >100 MW (7.65x F) * 6.50

Generally, the costs required to build a geothermal power plant include exploration, drilling, EPCC,
and operations and maintenance (O&M) costs at the production stage. Before carrying out the
operation, it is necessary to do a drilling planning calculation in advance to find the total number of
wells to be opened. The wells include exploration, production, injection, and makeup wells. The
wells are influenced by parameters such as the success ratio and the target deliverability capacity. In
exploration wells, it is known that the success ratio is 58% with a target deliverability capacity of 10
MW/well. For production wells, it is known that the success ratio is 85% with a target deliverability
capacity of production wells of 10 MW/well. Therefore, it is planned to drill 14 wells consisting of 2
exploration wells, 4 production wells, 4 injection wells, and 4 make-up wells, with a total of 14
wells. The total investment cost required starting from the exploration stage is US$ 286,073,000 as
shown in Table 2.
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Table 2. Total investment costs (equity)

Cost Element Total
(US$)
Survey 3G 1,010,000
Infrastructure 19,869,000
General & Administrative 3,475,000
Exploration Drilling 5,090,000
Production Drilling 34,379,000
Injection Drilling 34,897,000
Make Up Well Drilling 49,636,000
Well Testing 865,000
Steam Gathering System 33,591,000
Power Generation Facilities 103,262,000
Total Investment 286,073,000

After the total investment is obtained, it is followed by calculating production and revenue to be able
to find out how much the amount of production and revenue is obtained from production each year by
including the input data capacity factor of 95% and the selling price of electricity which has been set
based on Presidential Regulation Number 112 the Year 2022, as seen on Table 3 below.

Table 3. Cumulative results of production and revenue

Year 1to 10 Year 11to 30  Production Revenue (US$) Operation Days
(cents/kWh) (cents/kWh) (MWh)
10.35 8 9,986,400 883,068,000 10,950

In this development power plant project, costs for the OPEX are also required, which in this
operational cost consist of O&M steam field and power generation costs of 0.57 cent/kWh and major
overhaul costs of USD 2,700,000. So that from the calculation, the overall total OPEX cost is USD
207,890,000. With all the data that has been obtained, calculations are carried out to calculate the
economic feasibility of this development project with the final results as shown in Table 4.

Table 4. Economic indicators calculation results (equity)

Parameter Unit Value
NPV US$ - 31,336,000
IRR % 7.11
POT Year 0
Project Lifetime Year 30

Economic analysis on the power plant development project with capacity of 2 X 20 MW, obtained
an NPV value of USD - 31,336,000. Apart from looking at the NPV calculation, the feasibilityof a
project can also be seen and determined from the IRR value, where from the cash flow calculation,
the IRR value is 7.11%. Based on the calculation results of these economic indicators, it can
be concluded that the power plant development project with a generating capacity of 2 X 20 MW is
considered uneconomical because the NPV value shown is small or negative and the IRR value
shows a value that is smaller than the Weighted Average Cost of Capital (WACC) value. which has



ICRC-2023 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1239 (2023) 012020 doi:10.1088/1755-1315/1239/1/012020

been determined is 10.36%. Because the final result obtained is a negative NPV value and the IRR
value has not reached the target, this developmentproject can be said to be unfit for development
because it does not generate profit for the developer until the contract ends. Based on the results
obtained from the calculation of these economic indicators, an analysis was carried out using a
tornado chart. The analysis using the tornado chart aims to find out which variables are the most
sensitive on the economics of a project. The analysis was carried out by comparingseveral parameters,
such as tariff prices, drilling costs, power generation facilities, OPEX, steam gathering systems,
infrastructure, general and administrative, well testing and surveys using increasingand decreasing
variables each by 20% so that to 80% and 120%.

Tornado Diagram
Price I
Power Generation L]
Drilling ]
OPEX L ]
Steam Gathering System |
Infrastruktur | | |
G&A 1
Survey |
Well Testing
-60.000 -50.000 -40.000 -30.000 -20.000 -10.000

Figure 1. Tornado diagram

Based on Figure 2, it can be seen that the parameters that have the most influence on the
development project with a capacity of 2 X 20 MW are tariffs, drilling costs and EPCC. These
parameters will then be analyzed for sensitivity by trying to decrease to see and get the minimum
value.

- Price Sensitivity Analysis based on Presidential Regulation Number 112 of 2022

In the analysis of tariffs based on the price of Presidential Regulation Number 112 of 2022, the
highestbenchmark price is obtained for the Sulawesi region starting from the first year to the 10™
year of 10.35 cents/kWh and for the 11" year to the 30™ year of 8.00 cents’kWh. The tariff
sensitivity analysis is calculated in stages to obtain a tariff price that shows the NPV and IRR values
that allow the field to beconsidered feasible for development which can be seen in Table 5.

Table 5. Tariff sensitivity results year 1-10

Price (cents/kWh) IRR (%) NPV (US$)
9.0 6.09 - 41.465,000
10.0 6.84 - 33,968,000
10.35 7.11 - 31,336,000
11.0 7.61 - 26,470,000
12.0 8.38 - 18,973,000
13.0 9.16 - 11,475,000
14 9.94 - 3,978,000
14.53 10.36 0
15 10.73 3,520,000




ICRC-2023 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 1239 (2023) 012020 doi:10.1088/1755-1315/1239/1/012020

Table 6. Tariff sensitivity results year 11-30

Price (cents/kWh) IRR (%) NPV (US$)
5.00 5.18 - 41,456,000
6.0 5.93 -38,083,000
7.0 6.56 -34,709,000
8.0 7.11 -31,336,000
9.00 7.59 -27,963,000
10.0 8.03 -24,590,000
11.0 8.43 -21,217,000
12.0 8.79 -17,844,000
13 9.13 - 14,470,000
14 9.45 -11,097,000
15 9.74 7,724,000
16 10.02 -4,351,000
17 10.29 -978,000
17.29 10.36 0
18 10.54 2,395,000

Based on the sensitivity results in Table 5 and Table 6, the minimum tariff for years 1 to 10 isat a
minimum price of 15 cents/lkWh. At this price, the NPV calculation results obtained were US$
3,520,000 and the IRR value was 10.73%. And the minimum tariff price for years 11 to 30 is at a
minimum price of 18 cents/kWh with an NPV of US$ 2,395,000 and an IRR value of 10.54%. A
positive NPV value and an IRR value that is above the WACC value indicate that the geothermal
power plant development project is feasible to develop. However, these two prices could not be
realized because these prices far exceeded the highest benchmark price that had been set.

- Sensitivity analysis of drilling cost

In the cost sensitivity analysis of this drilling cost, the initial cost of drilling cost was marked down,
with the initial price of drilling cost consisting of exploration drilling costs of US$ 2,422,000,
productiondrilling costs of US$ 7,900,000, reinjection drilling costs of US$ 7,980,000 and the cost
of drilling make-up was US$ 7,900,000.

Table 7. Sensitivity results of drilling cost

Exploration Production Injection Make Up
Percent Well Well Well Well IRR (%) NPV (US$)

(%) (US$) (US$) (US$) (US$)

100 2,422,000 7,900,000 7,980,000 7,900,000 7.11 - 31,336,000
90 4,360,000 7,110,000 7,182,000 7,110,000 7.50 - 26,827,000
80 3,875,000 6,320,000 6,384,000 6,320,000 7.90 -22,317,000
70 3,391,000 5,530,000 5,586,000 5,530,000 8.34 - 17,807,000
60 2,906,000 4,740,000 4,788,000 4,740,000 8.80 - 13,297,000
50 2,422,000 3,950,000 3,990,000 3,950,000 9.29 - 8,787,000
40 1,938,000 3,160,000 3,192,000 3,160,000 9.82 - 4,727,000

30 1,453,000 2,370,000 2,394,000 2,370,000 10.39 229,000
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Based on Table 7, from the results of the sensitivity analysis of drilling costs, costs were reduced to
obtain minimum prices for exploration, production, injection and makeup drilling costs of US$
1,453,000, US$ 2,370,000, US$ 2,394,000 respectively, and US$ 2,370,000. With this minimum
price, the NPV and IRR values were US$ 229,000 and 10.39%, respectively.

- Sensitivity analysis of EPCC

In the EPCC cost sensitivity analysis, the initial cost of the power generation facilities and steam
gathering system was marked down, with the initial cost of the power generation facilities being
USS$ 29,725,000 and the cost of the steam gathering system being US$ 91,745,000.

Table 8. Sensitivity results of EPCC

Exploration Production Injection IRR

Percent (%)  Well (US$) Well (US$) Well (US$) (%) NPV (US$)
100 29,725,000 91,745,000 121,470,000 7.11 - 31,336,000
90 26,753,000 82,571,000 109,323,000 7.63 - 25,316,000
80 23,780,000 73,396,000 97,176,000 8.19 - 19,296,000
70 20,808,000 64,222,000 85,029,000 8.80 - 13,816,000
60 17,835,000 55,047,000 72,882,000 9.47 - 7,257,000
50 14,863,000 45,873,000 60,735,000 10.20 - 1,237,000
40 11,890,000 36,698,000 48,588,000 11.00 4,775,000
30 8,918,000 27,524,000 36,441,000 11.89 10,802,000

Based on Table 8, from the results of the EPCC sensitivity analysis, costs were reduced to obtain a
minimum price from the initial cost of US$ 121,470,000 to only US$ 48,588,000. This minimum
price shows that the NPV and IRR values are US$ 4,775,000 and 11.00%, respectively. Because the
results of the economic feasibility calculation show results that not feasible to develop, a scenario
with loan is carried out to increase the investment cost of this project. The total cost of investment
with borrowing is shown in Table 9.

Table 9. Total investment costs (loan)

Cost Element Total
(US9)
Survey 3G 1,010,000
Infrastructure 19,869,000
General & Administrative 3,475,000
Exploration Drilling 5,090,000
Production Drilling 34,379,000
Injection Drilling 34,897,000
Make Up Well Drilling 49,636,000
Well Testing 865,000
Interest During Construction 4,245,000
Steam Gathering System 33,591,000
Power Generation Facilities 103,262,000
Total Investment 290,318,000
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Total loan funds are taken based on the total cost of building the EPCC, which is USD 135,833,000
with an annual interest of 3.125% based on World Bank Data and a loan period of 15 years. With
all the data that has been obtained and the additional funds available, calculations are carried out to
calculate the economic feasibility of borrowing with the final results as shown in Table 10.

Table 10. Economic indicators calculation results (loan)

Parameter Unit Value
NPV US$ 528,000
IRR % 10.46
POT Year 28
Project Lifetime Year 30

Based on Table 10, the NPV value is US$ 528,000 with an IRR of 10.46% and a POT of 28 years.
From these results, it can be said that this project is more economical than the scenario without a loan.

- Discussion

The results of an economic analysis with equity in the 'GT' field with a generating capacity of 2X20
MW show that this project is not feasible to develop. Therefore, the next step was using loan
scenario. With loan scenario, the NPV value is USD 528,000 and the IRR value is 10.46% with a
POT of 28 years. Based on the calculation results of these economic indicators, it can be said that the
development of geothermal power plant in the 'GT' field is more economical, because the NPV value
shown is positive and the IRR value shows a value greater than the predetermined discount rate,
10.36%.

4. Conclusion

Based on the modeling of economic calculations that have been carried out, the economic parameter
NPV is US$ - 31,336,000 with an IRR value of 7.11% and POT is 0 year, so it can be stated that a
power plant development project with a capacity of 2 x 20 MW using the discounted cash flow
method is not feasible to develop, for not making a profit. The selling price of electricity based on
Presidential Regulation Number 112 0f2022 shows that the project is not feasible to develop with
the selling price of electricity from the 1st tothe 10th year of 10.35 cents/kWh and the 11™ to the
10" year 30 of 8.00 cents/kWh, so an analysis ofthe tariff price was carried out and a selling price
was obtained that could be considered feasible to develop, namely from the 1st year to the 10th year
of 15 cents/kWh and the 11" to 30" year of 18 cents/kWh. However, the prices could not be
realized because these prices far exceeded the highest benchmark price that had been set. With these
uneconomical and unfeasible results, a scenario of loan was carried out to get better results with an
NPV value of US$ 528,000 with an IRR value of 10.46% and POT is 28 years.
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Abstract. The development of a geothermal power plant project can be implemented if the
project is feasible and can provide benefits from the economic side. In this studffBlhe economic
feasibility calculation for the development of a 2 x 20 MW power plant project was carried out
based on economic indicatorzalch as Net Present Value (NPV), Internal Rate of Retumn (IRR)
and Pay Out Time (POT). The discounted cash flow method is used in determining the
economic feasibility. The calculation results obtained for this power plant development project
is not feasible because the NPV is US$ -31,336 million, IRR is 7.11% and POT is 0 year. Due
to the uneconomical results obtained, a sensitivity analysis was carried out on the tariff price,
drilling costs, and Engineering, PB;urement, Construction, and Commissioning (EPCC) costs.
With electricity tariffs regulated based on Presidential Regulation Number 112 of 2022, it is
found that the resulting taxes in the area are not economical and there is needed for tariff
adjustments, namely at a minimum price of 15 cents/kWh and 18 cents/kWh so that the project
is economical. However, this price could not be realized because the price far exceeded the
highest benchmark price set. Meanwhile, with these uneconomical and unfeasible results, a
scenario of a loan was carried out to get better results with an NPV is US$ 528,000, IRR is
10.46% and POT is 28 years. Therefore, with a loan scenario, the project can be obtained as
feasible.

@ Introduction

Geothermal is a renewable energy resource that has abundant potential in @hdonesia, that is
environmentally friendly. Geothermal potential in Indon@ia is 24 GW or about 40% of the world's
potential [4]. Until now, Indonesia is the second country with the largest geothermal potential in the
world after the United States. However, many obstacles related to geothermaldevelopment in Indonesia
are the cause of the minimum utilization of geothermal energy [1]. Geothermal potential which is
spread in various regions in Indonesia provides distinct advantages for the development of electrical
energy and has great potential to be utilized and developed into Geothermal Power Plants [8].
Geothermal energy also supports environmental protection because CO2 emissions from geothermal
power plants are very low compared to power generation from fossil fuels. One of the factors that
influence geothermal development is the economic factor [7]. Geothermal projects can be developed if
the field is considered feasible and can provide benefits from an economic standpoint. This

gmem from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
¥ of this work must maintain attribution to the author(s) and the title of the work, joumal citation and DOL.
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study aims to provide an overview of the economic feasibility of a power plant development project
with a capacity of 2 X 20 MW.

The stages of geothermal activity consist of several stages, namely:

l. Preliminary Study, which is the stage of collecting and presenting data related to 3G condition
information to determine whether or not geothermal resources exist.

2. Exploration is a stage that includes a 3G survey followed by the drilling of exploratory wells aimed
at obtaining information on subsurface geological conditions and geothermal reserves.

3. Exploitation is a stage consisting of development infrastructure development activities, drilling of
production wells and reinjection wells as well as EPCC.

4. Feasibility Study is a stage that is carried out when an exploration well has produced geothermal
and is a stage to obtain detailed information on all aspects related to determining the feasibility of a
geothermal business.

5. Production. This stage begins when the EPCC construction work has been completed and has gone
through the Commercial Operation Date (COD), which is the time when the geothermal power
plant begins to operate commercially to sell electricity to users [2].

In the development of geothermal energy in Indonesia, the price of electricity is very important.
Currently, geothermal energy in Indonesia cannot be used as a reliable energy source because it cannot
compete with fossil energy which is generally relatively cheap. Therefore, the thing that needs to be
considered is the economic price of geothermal projects and also the efficiency of the development
costs of geothermal power plant projects [6]. To maximize the utilization of new and renewable energy
to accelerate the energy transition, itff§ necessary to know the price of electricity tariffs from geothermal
power plants which are regulated in Presidential Regulation Number 112 of 2022 concerning the
Acceleration of Development of Renewable Energy for the Provision of Electricity [7]

2. Methodology
In this study, the calculation is focused on calculating the economic feasibility of a project with a
capacity of 2 X 20 MW using available data such as exploration costs, exploitation costs, EPCC costs,
production costs, and other economic data. From the available data, it will be processed again to
calculate the investment, production, and income parameters, Operating Expenditure (OPEX), and
depreciation. Then proceed to calculate the final value, namely the economy by using the discounted
cash flow method. The feasibility of a project is assessed based on the parameters NPV, IRR, and POT.
2.1 Discounted cash flow
Discounted cash flow is the method used to find out how much money will be generated in the future
by looking at the present value of the investment [8].

Discounted Cash Flow = Net Cash Flow = Rate Discounted Cash Flow (1

2.2 Net present value (NPV)

NPV is the present value of the cash flow of an investment. NPV describes the feasibility of a project. If
the NPV value is greater than zero or has a positive value, then it can be said that the project is feasible
to develop and generate profits. However, if the NPV is negative, then the project is not feasible to
develop because it causes losses [3].

N
NPV= Z & —p (2)

n=0 (1+r)"
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2.3 Internal rate of return (IRR)
IRR is the expected rate of return on the project [10]. IRR is the discount rate that gives the
project's NPV equal to zero, which can be expressed by:

. NPVy L
IRR = iy + m (f.z I'.-l) (3)
2.4 Pay out time (POT)
POT or payback period is the length of time required to return all the money invested in the project.
A development project is feasible to develop if it gives a short POT value [9].

2.5 Sensitivity analysis
Sensitivity analysis is a method used for any variables or parameters that affect economic
indicators. Sensitivity analysis in this study is displayed through the formation of a tornado chart.

3. Results and discussion

In carrying out modeling scenarios, a series of data is needed, which will become the basis for
calculating the economic feasibility analysis of a geothermal power plant development project with a
EBpacity of 2 X 20 MW in Indonesia, to be precise in the province of North Sulawesi. The stipulatiorfg§f
Presidential Regulation Number 112 of 2022 was cafff8d out with the aim of accelerating the
deveffBJment of renewable energy power plants in order to achieve the target of the renewabfg] energy
mix and reduce greenhouse gas emissions. The following table is the price of electricity based on
Presidential Regulation Number 112 of 2022.

Table 1. Price of electricity [5]

No Capacity Highest Benchmark Price (cent US$/kWh)
Years | to 10 Years 11to 30

1. up to 10 MW (9.76 X F) * 8.30

2. =10 MW s.d. 50 MW (941 xF) * 8.00

3. =50 MW s.d. 100 MW (8.64 x F) * 7.35

4. =100 MW (7.65x F) * 6.50

Generally, the costs required to build a geothermal power plant include exploration, drilling, EPCC,
and operations and maintenance (O&M) costs at the production stage. Before carryving out the
operation, it is necessary to do a drilling planning calculation in advance to find the total number of
wells to be opened. The wells include exploration, production, injection, and makeup wells. The
wells are influenced by parameters such as the success ratio and the target deliverability capacity. In
exploration wells, it is known that the success ratio is 58% with a target deliverability capacity of 10
MW /well. For production wells, it is known that the success ratio is 85% with a target deliverability
capacity of production wells of 10 MW/well. Therefore, it is planned to drill 14 wells consisting of 2
exploration wells, 4 production wells, 4 injection wells, and 4 make-up wells, with a total of 14
wells. The total investment cost required starting from the exploration stage is US$ 286,073,000 as
shown in Table 2.
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Table 2. Total investment costs (equity)

Cost Element Total
(US$)
Survey 3G 1,010,000
Infrastructure 19,869,000
General & Administrative 3,475,000
Exploration Drilling 5,090,000
Production Drilling 34,379,000
Injection Drilling 34,897,000
Make Up Well Drilling 49,636,000
Well Testing 865,000
Steam Gathering System 33,591,000
Power Generation Facilities 103,262,000
Total Investment 286,073,000

After the total investment is obtained, it is followed by calculating production and revenue to be able
to find out how much the amount of production and revenue is obtained from production each year by
including the input data capacity factor of 95% and the selling price of electricity which has been set
based on Presidential Regulation Number 112 the Year 2022, as seen on Table 3 below.

Table 3. Cumulative results of production and revenue

Year 1to 10 Year 11to 30  Production Revenue (US$) Operation Days
(cents’kWh) (cents/kWh) (MWh)
10.35 8 9,986,400 883,068,000 10,950

In this development power plant project, costs for the OPEX are also required, which in this
operational cost consist of O&M steam field and power generation costs of 0.57 cent/kWh and major
overhaul costs of USD 2,700,000. So that from the calculation, the overall total OPEX cost is USD
207,890,000. With all the data that has been obtained, calculations are carried out to calculate the
economic feasibility of this development project with the final results as shown in Table 4.

Table 4. Economic indicators calculation results (equity)

Parameter Unit Value
NPV US$ - 31,336,000
IRR % 7.11
POT Year ]
Project Lifetime Year 30

Economic analysis on the power plant development project with capacity of 2 X 20 MW, obtained
an NPV value of USD - 31,336,000, Apart from looking at the NPV calculation, the feasibilityof a
project can also be seen anfjdetermined from the IRR value, where from the cash flow calculation,
the IRR value is 7.11%. Based on the calculation results of these economic indicators, it can
be concluded that the power plant development project with a generating capacity of 2 X 20 MW is
considered uneconomical becausdffhe NPV value shown is small or negative and the IRR value
shows a value that is smaller than the Weighted Average Cost of Capital (WACC) value. which has
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been determined is 10.36%. Because the final result obtained is a negative NPV value and the IRR
value has not reached the target, this developmentproject can be said to be unfit for development
because it does not generate profit for the developer until the contract ends. Based on the results
obtained from the calculation of these economic indicators, an analysis was carried out using a
tornado chart. The analysis using the tornado chart aims to find out which variables are the most
sensitive on the economics of a project. The analysis was carried out by comparingseveral parameters,
such as tariff prices, drilling costs, power generation facilities, OPEX, steam gathering systems,
infrastructure, general and administrative, well testing and surveys using increasingand decreasing
variables each by 20% so that to 80% and 120%.

Tornado Diagram
Price I ——
Power Generation I
Drilling |
OPEX L]
Steam Gathering System [ ]
Infrastruktur L]
G&A n
srvey
Well Testing
60.000 50.000 40.000 30.000 20.000 10.000

Figure 1. Tornado diagram

Based on Figure 2, it can be seen that the parameters that have the most influence on the
development project with a capacity of 2 X 20 MW are tariffs, drilling costs and EPCC. These
parameters will then be analyzed for sensitivity by trying to decrease to see and get the minimum
value.

- Price Sensitivity Analysis based on Presidentiallegulation Number 112 of 2022

In the analysis of tariffs based on the price of Presidential Regulation Number 112 of 2022, the
highestbenchmark price is obtained for the Sulawesi region starting from the first year to the 10"
year of 10.35 cents’/kWh and for the 11" year to the 30" year of 8.00 cents/’kWh. The tariff
sensitivity analysis is calculated in stages to obtain a tariff price that shows the NPV and IRR values
that allow the field to beconsidered feasible for development which can be seen in Table 5.

Table 5. Tariff sensitivity results year 1-10

Price (cents/kWh) IRR (%) NPV (US$)
9.0 6.09 -41.465,000
10.0 6.84 - 33,968,000

10.35 7.11 -31,336,000
11.0 7.61 -26,470,000
12.0 8.38 - 18,973,000
13.0 9.16 - 11,475,000
14 9.94 - 3,978,000
14.53 10.36 0

15 10.73 3,520,000
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Table 6. Tariff sensitivity results year 11-30

Price (cents/kWh) IRR (%) NPV (US§$)
5.00 5.18 - 41,456,000
6.0 5.93 -38,083,000
7.0 6.56 -34,709,000
8.0 7.11 -31,336,000
9.00 7.59 -27,963,000
10.0 8.03 -24,590,000
11.0 8.43 -21,217,000
12.0 8.79 -17,844,000
13 9.13 - 14,470,000
14 9.45 -11,097,000
15 9.74 7,724,000
16 10.02 -4,351,000
17 10.29 -978,000
17.29 10.36 0
18 10.54 2,395,000

Based on the sensitivity results in Table 5 and Table 6, the minimum tariff for years | to 10 isat a
minimum price of 15 cents/kWh. At this price, the NPV calculation results obtained were US$
3,520,000 and the IRR value was 10.73%. And the minimum tariff price for years 11 to 30 is ata
minimum price of 18 cents/kWh with an NPV of US$ 2,395,000 and an IRR value of 10.54%. A
positive NPV value and an IRR value that is above the WACC value indicate that the geothermal
power plant development project is feasible to develop. However, these two prices could not be
realized because these prices far exceeded the highest benchmark price that had been set.

- Sensitivity analysis of drilling cost

In the cost sensitivity analysis of this drilling cost, the initial cost of drilling cost was marked down,
with the initial price of drilling cost consisting of exploration drilling costs of US§ 2,422,000,
productiondrilling costs of US$ 7,900,000, reinjection drilling costs of US$ 7,980,000 and the cost
of drilling make-up was US$ 7,900.,000.

Table 7. Sensitivity results of drilling cost

Exploration Production Injection Make Up
Percent Well Well Well Well IRR (%) NPV (USS)
(*0) (US$) (US$) (US$) (US$)
100 2,422,000 7,900,000 7,980,000 7,900,000 7.11 - 31,336,000
90 4,360,000 7,110,000 7,182,000 7,110,000 7.50 - 26,827,000
80 3,875,000 6,320,000 6,384,000 6,320,000 7.90 - 22,317,000
70 3,391,000 5,530,000 5,586,000 5,530,000 8.34 - 17,807,000
60 2,906,000 4,740,000 4,788,000 4,740,000 8.80 - 13,297,000
50 2,422,000 3,950,000 3,990,000 3,950,000 9.29 - 8,787,000
40 1,938,000 3,160,000 3,192,000 3,160,000 9.82 - 4,727,000
30 1,453,000 2,370,000 2,394,000 2,370,000 10.39 229,000
6
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Based on Table 7, from the results of the sensitivity analysis of drilling costs, costs were reduced to
obtain minimum prices for exploration, production, injection and makeup drilling costs of US§
1,453,000, US$ 2,370,000, USS$ 2,394,000 respectively, and US$ 2,370,000. With this minimum
price, the NPV and IRR values were US$ 229,000 and 10.39%, respectively.

- Sensitivity analysis of EPCC

In the EPCC cost sensitivity analysis, the §lilial cost of the power generation facilities and steam
gathering system was marked down, with the initial cost of the power generation facilities being
US$ 29,725,000 and the cost of the steam gathering system being US$ 91,745,000.

Table 8. Sensitivity results of EPCC

Exploration Production Injection IRR

Percent (%)  Well (US$) Well (US$) Well (US$) (%) NPV (US$)
100 29.725.000 91,745,000 121,470,000 711 -31,336,000
90 26,753,000 82,571,000 109,323,000 7.63  -25,316,000
80 23,780,000 73,396,000 97,176,000 8.19  -19,296,000
70 20,808,000 64,222,000 85,029,000 880  -13,816,000
60 17,835,000 55,047,000 72,882,000 9.47 - 7,257,000
50 14,863,000 45,873,000 60,735,000 1020 - 1,237,000
40 11,890,000 36,698,000 48,588,000 11.00 4,775,000
30 8,918,000 27,524,000 36,441,000 11.89 10,802,000

Based on Table 8, from the results of the EPCC sensitivity analysis, costs were reduced to obtain a
minimum price from the initial cost of US$ 121,470,000 to only USS 48,588,000. This minimum
price shows that the NPV and IRR values are US$ 4,775,000 and 11.00%, respectively. Because the
results of {§ economic feasibility calculation show results that not feasible to develop, a scenario
with loan is carried out to increase the investment cost of this project. The total cost of investment
with borrowing is shown in Table 9.

Table 9. Total investment costs (loan)

Cost Element Total
(US$)
Survey 3G 1,010,000
Infrastructure 19,869,000
General & Administrative 3,475,000
Exploration Drilling 5,090,000
Production Drilling 34,379,000
Injection Drilling 34,897,000
Make Up Well Drilling 49,636,000
Well Testing 865,000
Interest During Construction 4,245,000
Steam Gathering System 33,591,000
Power Generation Facilities 103.262,000
Total Investment 290,318,000
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Total loan funds are taken based on the total cost of building the EPCC, which is USD 135,833,000
with an annual interest of 3.125% based on World Bank Data and a loan period of 15 years. With
all the data that has been obtained and the additional funds available, calculations are carried out to
calculate the economic feasibility of borrowing with the final results as shown in Table 10.

Table 10. Economic indicators calculation results (loan)

Parameter Unit Value
NPV US$ 528,000
IRR % 10.46
POT Year 28
Project Lifetime Year 30

Based on Table 10, the NPV value is US$ 528,000 with an IRR of 10.46% and a POT of 28 years.
From these results, it can be said that this project is more economical than the scenario without a loan.

- Discussion

The results of an economic analysis with equity in the 'GT' field with a generating capacity of 2X20
MW show that this project is not feasible to develop. Therefore, the next step was using loan
scenario. With loan scenario, the NPV value is USD 528,000 and the IRR value is 10.46% with a
POT of 28 years. Based on the calculation results of these economic indicators, it can be said that the
development of geothermal power plant in the 'GT' field is more economical, because the NPV value
shown is positive and the IRR value shows a value greater than the predetermined discount rate,
10.36%.

4. Conclusion

Based on the modeling of economic calculations that have been carried out, the economic parameter
NPV is US$ - 31,336,000 with an IRR value of 7.11% and POT is 0 year, so it can be stated that a
power plant development project with a capacity of 2 x 20 MW using the discounted jh flow
method is not feasible to develop,for not making a profit. The selling price of electricity based on
Presidential Regulation Number 112 of 2022 shows that the project is not feasible to develop with
the selling price of electricity from the 1st tothe 10th year of 10.35 cents/kWh and the 11" to the
10" year 30 of 8.00 cents/kWh, so an analysis ofthe tariff price was carried out and a selling price
was obtained that could be considered feasible to develop, namely from the Ist year to the 10th year
of 15 cents’kWh and the 11" to 30™ year of 18 cents’lk Wh. However, the prices could not be
realized because these prices far exceeded the highest benchmark price that had been set. With these
uneconomical and unfeasible results, a scenario of loan was carried out to get better results with an
NPV value of US$ 528,000 with an IRR value of 10.46% and POT is 28 years.
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