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Disasters in Philippines

• Typhoons (20 a year)
• Volcanoes
• Tsunami
• Earthquakes
• Floods
• politicians
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Energy density (MJ/kg) by energy source
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CAPACITY FACTOR 
BY ENERGY SOURCE

5



Capacity factor and safety by energy source
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Source: U.S. Energy Information Administration, 2019

HYDRONUCLEAR NATURAL GAS COAL WIND SOLAR

Safety of energy sources in 
deaths per terawatt-hour, 

globally (2011)

Nuclear can backup
wind and solar!



Nuclear is now renewable!





Combination of gas, nuclear power and 
renewables provides delivery at acceptable costs



Not about either, or – balanced mix is needed





PHL Electricity Mix

Malampaya gas 
running out in 5 
years
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Best replacement options:
Liquefied Natural Gas (LNG) along 
with Nuclear Energy

The current energy mix is composed 
of coal (47%), natural gas (22%), 
renewable energy (hydro, geothermal, 
wind, solar) (24%), and oil-based 
(6.2%) with current energy capacity 
at 23GW





LNG prices from $10M to $281M in one year-
2020-2021! 
(Malampaya supplies 40% of Luzon power)
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Nuclear is competitive with gas and coal
but small volume favors energy security

Why Nuclear ?
A median Filipino family pays more 
than 10% of its monthly income for 
electricity!

High electricity costs could be reason why 79% of PHL 
population supports nuclear power (DOE Survey, May 2019)
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If nuclear is unsafe why does USA have 
nearly 100 NPP, suppying 20% of its 
electricity,  operating close to 60 
years? 
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Nuclear Power by the Numbers (Asia)

130
Operable nuclear power reactors

35 
Under construction

70-80
Planned

UAE have finished and
Bangladesh are nearly finished 
constructing their first nuclear 
power plants.

Source: www.nuclear.gov/nuclear



Signed by President Rodrigo Duterte on 28 February 2022
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EXECUTIVE ORDER 164

NUCLEAR ENERGY 
PROGRAM

STARTS WITH THE INCLUSION OF 
NUCLEAR POWER IN THE ENERGY MIX 

DEVELOPMENT OF NUCLEAR POWER 
INFRASTRUCTURE



NATIONAL POSITION ON NUCLEAR 
ENERGY

•The most significant government 
action on nuclear since the 
construction and stoppage of the 
Bataan Nuclear power plant in the 
1980’s

First requirement of a country 
embarking on a nuclear power program
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PRESIDENTS WANT NUCLEAR POWER

21



OUTLINE (IAEA MILESTONES APPROACH)
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ACTIVITIES 

 Identification of the 19 infrastructure issues outlined the following cornerstones: 
 Policy Public Acceptability
 Legislative Framework Alignment with International Standards

Integrated Nuclear Infrastructure Review 

Integrated Work Plan
 A total of 19 activities were identified for the 

years; 
10 activities for 2020, 9 activities for 2021. 
 The largest part of the activities relates to the 

 National Position 
 Legal and Regulatory Framework 
 Human Resource Development
 Stakeholders Involvement 



NEP-IAC Steering Team
(High–level representatives from government agencies)

SC1
Management, 
Policies, and 

Financing

SC2
Nuclear 3S 

and 
Radiation 
Protection

SC3
Legal and 

Regulatory

SC4
Human 

Resource 
and 

Stakeholder 
Involvement

SC5
Siting, 

Environment, 
and 

Emergency 
Plan

SC6
Nuclear Fuel 

and 
Radioactive 

Waste

NEP-IAC Secretariat
(Staff specifically recruited for this NEP-IAC, at least 1 secretariat staff should be assigned to each SC)

Consultants, Contractors, Vendors, Suppliers
(May be requested to provide inputs/information and/or perform specific activities to support activities of SCs)

NEP-IAC Subcommittees
(TWG with members coming from relevant government agencies)
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NEP-IAC STRUCTURE E.O. 116, 2020



ADDITIONAL FUNCTIONS OF THE NEP-IAC

Pursue a comprehensive 
legal and regulatory 
framework - independent 
regulatory body, 
amendments to existing 
laws, ratification of 
treaties and conventions

1
Evaluate, update and 
expedite the 
implementation of the 
National Strategy, 
Roadmap and Timeline of 
the Nuclear Energy 
Program

2
Develop a national 
nuclear power 
infrastructure using the 
IAEA’s Milestones 
Approach 
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ADDITIONAL FUNCTIONS OF THE NEP-IAC

Implement the existing 
Strategic Communication 
(StratCom) Plan 
submitted by the PCOO

4
Liaise with the IAEA in 
updating of the 
Integrated Work Plan and 
the Country Nuclear 
Infrastructure Profile

5
Perform the functions of 
a Nuclear Energy 
Program Implementing 
Organization
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INTERNATIONAL ATOMIC ENERGY 
AGENCY: ATOMS FOR PEACE

27



28



IAEA – INTERNATIONAL ATOMIC ENERGY AGENCY
U.N. ORGANIZATION – WORLD’S NUCLEAR WATCHDOG

Main theme: Atoms for Peace and Development

Repository of best practices for nuclear science 
and technology

Main theme: 

Compiled 19 milestones approach for countries wanting 
nuclear power

Helps potential nuclear country through INIR (integrated 
nuclear infrastructure review) and IWP (Integrated work 
program) missions

Milestones Approach
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Philippine INIR and IWP missions completed in 2018 and 2019

Needed work to be done re 19 milestones already delineated for 
follow-up work – this is the framework followed by NEPIACNEP-IAC



Special Congressional Committee on Nuclear 
Energy approved; 
proposed by Cong. Sandro Marcos



Passage of nuclear law to be championed by 
Congressman Mark Cojuangco, chair of new 
Congressional Committee on Nuclear Energy



PNRI restarts nuclear research 
reactor after 34 years



Bataan Nuclear Power Plant









We will on ly reach  our goa ls 
for decarbonisation if the  a lte rna tive  
is cheap enough  and  sca le s fast.

VISION

Transform  energy m arke ts and  out-compete 
fossil fuels to  crea te  a  bright fu ture  with  abundant 
clean  energy for everyone .

UNPRECEDENTED OPPORTUNITY

Executing a  rap id  world-wide deployment of the  
Com pact Molten  Sa lt Reactor via  shipyard serial 
production of power ba rges.



THE CMSR POWER BARGE
• Sm all m odular nuclear reactor

• Mass p roduced

• Deployed  on  barges

• 3 years from  orde r to  grid

• Fully com m issioned  a t Sam sung sh ipyard

• 200-800 MWe power barges

Deve lop ing

The Compact 
Molten Salt 
Reactor



SAFETY BY THE LAWS OF NATURE
Molten  fluoride  sa lt m akes nuclea r inhe ren tly sa fe

The fluoride salt contains 
the radioactive elements
• No re lease  of gases
• Very low solubility in  wa te r
• Below 490 °C, it is  a  rock
• Boils a t 1500 °C
• CMSR opera tes a t 600 °C – 700 °C

State of the art labs to perform 
fluoride and hydroxide salt 
experiments

CSMR inherent safety:
• Cannot m elt down or explode  

• Cannot re lease  rad ioactive  gases to  a ir or wa te r 

• Cannot be  used  for nuclea r weapons 

• Opera tes for 12 years without refuelling



Site  footprin t/  
exclusion  zone

100 m

100 m

750 m

Em ergency 
p lann ing zone

750 m



MOLTEN SALT REACTOR TECHNOLOGY IS 
NOTHING NEW!

Glenn Seaborg in the MSRE
control room.

Nobel p rize  winner and  peacefu l
nuclear p roponent. Vita l to  ea rly

nuclear deve lopm ent, includ ing
the  MSR. He  te rm ina ted  the  MSR

program  due  to  issues with
graphite .

First MSR: Opera ted  for a  few weeks in  1954 a t Oak 
Ridge  Nationa l Lab , USA.
Second MSR: Opera ted  for a  year and a half during
1965-1969 a t Oak Ridge  Nationa l Lab , USA.
Third MSR: Opera ted  1970-1971, China  (first eve r 
Chinese  nuclear reactor).

But it was never commercialised…



MOLTEN SALT REACTOR EXPERIMENT II

 Behaviour close  to  p red ictions

 De-gasse r concep t va lida ted

 Freeze  p lug concep t va lida ted

 Exce llen t reactor con trol

 Well-behaved  sa lt chem istry

 Practica lly no corrosion

The  expe rim ent was gene ra lly ve ry 
successfu l, and  the  reactor deem ed 
“quite practical”

Graphite  m odera tor



A NEW SOLUTION TO AN OLD PROBLEM

MSRs were never commercialized. Why?

• Graphite was used  as a  m odera tor.

• Encounte red insurmountable issues with  
the  graph ite  cracking under irrad ia tion . 

Seaborg’s proprietary moderator avoids 
the  use  of graphite  and  gives us a  unique
design  advantage .



PATENTED CORROSION CONTROL 

Proprietary NaOH Moderator
(sodium hydroxide)

Chemistry implementation in the CMSR
• Online  sa lt chem ica l com position  con trol
• Active  corrosion  m itiga tion
• High  rad ia tion  re sistance
• Efficien t m odera tor with  10 tim es the  slowing-down 

power of graph ite  - i.e . much smaller scale reactor
• Exce llen t chem ica l stab ility
• Liqu id  from  318 °C to  1388 °C 

Applied in:



Steam  tu rb ine  
with  gene ra tor 
and  condense r 

2 CMSRs for 
the  first 12-

year fue l cycle

2 em pty CMSR
com partm ents for the  

second 12-year fue l cycle

Com partm ents be low tu rb ine  with  
auxilia rie s for steam  gene ra tion , 

power transm ission  and  the  CMSR

MODULAR CMSR POWER BARGE
24 years ope ra tiona l life  tim e



China has approved molten salt  reactor!



Bataan Nuclear Power Plant



Bataan Nuclear Power Plant 

• Built at cost of US$ 2.3 billion
• Alleged corruption by 1st Marcos government 

AND Westinghouse Corporation
• Completed but closed nearly 35 years ago, mainly 

due to "safety reasons"--not 1 watt produced
• 3 exact operating models for more than 30 years –

Korea, Slovenia and Brazil
• Situated close to (or on) a “dormant” 

volcano and a fault – the recurring reason 
given why the plant was mothballed













BATAAN NUCLEAR POWER 
PLANT
MORONG, BATAAN

CHERNOBYL

Western Nuclear Power Plant 

Soviet West
Converted weapon plant design Built to commercial power plant

No containment 
(warehouse type building structure)

Containment 
(steel, air gap, concrete wall)

Graphite (flammable, fire) Superalloys (meltdown)
Military civil management performed 

illegal experiment on a Civil power plant
Commercial plant not subject to 
equipment experimental trials

Closed system International peer review
Positive reaction coefficient Negative reaction coefficient



Korea has an EXACT copy of the BNPP Westinghouse
Designed-plant that has been in operation since 1983

• no major accidents
• cost US $1 billion (compared to US 1.2 billion for BNPP)
• BNPP incorporated safety design lessons learned from 

Three Mile Island accident; KORI 2 did not
• Korean power rates are approximately half that of RP
• Korean Plant recovered in 7 years (lesser in RP)
• (note that $2.3 billion cost of Philippine nuclear plant is 

due to interest payments and absence of
revenues from power generation)

• Korean nuclear engineers confident BNPP
can be operated again





No Fear – Korea now has 23 NPP
has about half our electric rates





SLOVENIA HAS ANOTHER EXACT MODEL OF BNPP IN KRSKO
Operating nearly 40 years, very profitably and safely (1/10 cost of PHL power)



50 Panamax ships
Importation cost = USD 600 million

coal

1 jeepney
USD 20 million

nuclear

BNPP URANIUM FUEL WOULD LAST 
18 MONTHS--IF  BNPP WERE A 620 MW 
COAL PLANT:



Is there a Fault Beneath
the Bataan Nuclear Power 

Plant?
A systematic study using 

Electrical Resistivity, 
Seismic Refraction and 
Radon Gas Detection

By
Dr. Carlo A. Arcilla, Richard Jason Antonio

Mario Collado
Benjamin Punay (RIP)



This study only aims to test if the 
BNPP is located ON TOP
of an active fault

• It does not seek to study location of faults BESIDE or CLOSE to the 
structure (covered by engineering design?)

• An active fault BENEATH the BNPP will condemn the 
structure immediately AND absolutely.



Lagmay et al, 2012



Natib satellite photos – “fault” could be land-
use difference (Sentinel & Planetscope)
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Active Faults

• By definition, active faults MUST 
have surficial manifestations (e.g., 
stream displacements, damaged 
structures, etc.)

• The active fault map of the 
Philippines by PHIVOLCS does 
not list an active fault in the 
vicinity of the BNPP

BNPP



Examples of structures with faults 
beneath them







Methods

• Electrical Resistivity (Mario Collado)
• Seismic Refraction (Benjamin Punay)
• Geochemical Fault detection by Radon gas survey 

(with Jason Antonio, Peter Zamora, Tina Petrache)





Field measurement

Resistivity 
line 5

Resistivity 
line 6

Set of instrument 
used





Summary

• NINE (9) lines of electrical resistivity were laid out along the 
perimeter of the Bataan Nuclear Power Plant to determine if there is 
a fault beneath the building. Using close-spaced electrodes in a 
Wenner array, the four 2-D electrical resistivity sounding profiles 
show NO evidence of faults underneath the Bataan Nuclear Power 
Plant







The seismic refraction data 
strongly support the findings
of the electrical resistivity surveys:
No faults are detected 
beneath the BNPP



Radon and Thoron 
soil gas testing:
Geochemical detection of 
hidden faults
(another independent test)



Yang et al., 2008
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DOST-PCIEERD Funded Study on 
Fault Mapping Using Radon Gas 

Transects:
Bataan Nuclear Power Plant











North Bohol Fault









Volcanic Risk

• Age of the volcano in question
• Pyroclastic flows from Mt Natib have been mapped very close to the 

BNPP
• ONLY TWO reliable age dates : 

• 27,000 (14C, known location) and 67,000- 69,000 years (fission 
track) Currently searching and testing for charcoal from latest eruption.



Ages of Philippine Volcanoes
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Mt. Natib volcanic age and geology
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No volcano seismicity beneath Natib, vis-à-vis very 
active seismicity beneath Pinatubo and Taal
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Metro Manila and volcanoes

• >10 million people within 50 km radius of a Laguna de Bay volcanoes, 
which is YOUNGER than Mt. Natib, and much more explosive in the 
past

• Located < 80 km Taal volcano, which is active,  and most deadly 
Philippine volcano

• Most of city is built on pyroclastic flows from Laguna de Bay 
volcanoes



Taal

100 km
slab trace

Makiling & Domes

Ronnie Torres,
PHIVOLCS











Manila and Clark would not have passed risk 
criteria imposed by earthquake and volcanic 
factors!

• If we follow the (defective) reasoning for closing 
the Bataan Nuclear Power Plant, then the cities of 
Manila and Angeles (Clark) should have never been 
built in the first place.



Closure of nuclear facility was very painful economically

104

• Single largest debt item of the Philippines

• A poor country until April 2007paying 
$180,000 per day just on interest payments

• Resulted in crippling power failures in the 
1990s with untold economic losses

• Crippling power failures opened floodgates to 
maze of independent power suppliers which 
has made power very expensive



COMPARING HISTORICAL GDP AND 
GDP GROWTH RATES WITH A 
COUNTERFACTUAL THAT ASSUMES 
BATAAN NUCLEAR POWER PLANT 
OPERATION, 1988-1993 (JOSEF, 2022)



Needed: a detailed geologic study of Mt. Natib

• LIDAR mapping 
• Geologic mapping 
• Geophysical studies
• Radiometric dating
• Multidisciplinary and wide range of geologists local and worldwide
• Basis for safety assessment for operation of BNPP



Borehole technologies

Nuclear Waste Management
 PHL has technology to drill >2km 

deep boreholes (from geothermal 
industry)

 Place waste inside boreholes and 
plug with bentonite, which will 
prevent nuclides from reaching 
surface and groundwater

 Select an isolated island as 
borehole site which can adequately 
store ALL future waste SAFELY.

107

Nuclear waste: Achilles heel of nuclear has 
technological solution for PHL – deep 
boreholes



Deep borehole disposal in an isolated island





N. Korea

S. Korea



Korea on Philippine Nuclear



Challenges
 How to integrate nuclear harmoniously with 

coal, LNG and other energy players; new 
nuclear build MUST HAVE electricity buyers
 SMR ownerships should be shared with 

electric cooperatives to lower electricity costs
 Stakeholder concerns about locating new 

nuclear power plants “in their backyards”
 Mitigating regulatory and legislative challenges
 Rapid expansion of depleted nuclear human 

resource base

112





Nuclear Program Needs an Empowered 
Nuclear Energy Program Implementing Organization

• Strong political will and leadership to forge nuclear program
• Sufficient nuclear contribution to lower electricity rates
• Needs teamwork between DFA and NEPIO in dealing with 

vendor countries and their regulations
• Nuclear law passage and amendment of laws (e.g. EPIRA) to 

allow nuclear into the energy mix
• Negotiations with countries to explore Malampaya extension 

to buy time for nuclear



Availability of scholarships for PhD in nuclear science 
and engineering

Select a graduate program in a good university 
anywhere in the world
Get accepted to their PhD program

PhD Program

Ask recommendation from caarcilla@pnri.dost.gov.phRecommendation
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We will ask for FULL FUNDING FOR SCHOLARSHIP from Science 
Education Institute (SEI)

Slots are still available!
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