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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

As of 2017, none of the Southeast Asian (SEA) states has committed to a political decision on the use of nuclear power 
energy. Of the ten SEA states, Vietnam, Indonesia and Malaysia appear to have made the most progress in their nuclear 
power infrastructure development. Among these three states, Vietnam came closest to constructing its first nuclear 
power plant. Between Indonesia and Malaysia, Indonesia has the higher public acceptance in nuclear power while 
Malaysia appears to be struggling to win over public support. Against this background, this paper will highlight the 
dynamics of nuclear power in SEA by identifying the progress and the most recent updates in the region with special 
emphasis onThailand, Vietnam, the Philippines, Indonesia and Malaysia given that these are the only countries in 
SEA, which have the experience of operating research reactors and the more developed nuclear power development 
programmes. 
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1. Introduction 

Southeast Asia (SEA) comprise eleven states, which includes Vietnam, Indonesia, Malaysia, the Philippines, 
Singapore, Thailand, Brunei, Laos, Cambodia, Myanmar, and East Timor. Except for East Timor, the rest of the SEA 
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states are members of the Association of Southeast Asian Nations. Of the ten ASEAN member states, Thailand, 
Vietnam, the Philippines, Indonesia and Malaysia have the experience of operating nuclear research reactors. Due to 
the Fukushima nuclear power accident in 2011, most of the ASEAN states who have previously expressed their 
ambitious nuclear plans decided to reevaluate their nuclear power preparations. Vietnam, however, decided to 
continue with its plans to build its nuclear power plants by 2020 but decided in 2016 to halt its progress due to cheaper 
energy alternatives. 

2. Overview of nuclear power development in Southeast Asia 

1.1 Thailand 
 
Thailand [1] is the first SEA state to operate a nuclear research reactor. The first and only Thai nuclear research 

reactor, the TRR-1, began operations as a 1 MW reactor in 1962. The research reactor, which is operated by the 
Thailand Institute of Nuclear Technology (TINT) is located in Bangkok and can now produce up to 2 MW of power 
after modifications in 1977 Thailand Institute of Nuclear Technology [2]. TINT is supervised by the Ministry of 
Science and Technology and is an offshoot of the Office of Atoms for Peace (OAP) since 2006. TINT’s objectives 
are to promote nuclear and undertake research and development as well as to provide technical support and services. 
The OAP is the nuclear energy regulator and reports and comes under the purview of the Nuclear Energy Agency for 
Peace Commission [3]. There were plans to build a second reactor but its status remains uncertain for now. 
Nevertheless, Thailand has recently signed a memorandum of understanding (MoU) with Russia [4]  in 2016 and with 
China [5] in 2017 for greater collaboration in technical cooperation on nuclear energy research and on public education 
on nuclear. In its long-term energy plans, Thailand indicated in its Power Development Plan 2015-2036 [6] that it 
intends to add 2,000 MW of nuclear power, which is about 5 per cent of its total energy mix by 2036. 
 

In 2016, the Thai government passed the “Nuclear Energy for Peace Act, B.E. 2559 (2016)”, which replaced the 
“Atomic Energy for Peace Act, B.E. 2504 (1961)” and the “Atomic Energy for Peace Act (No. 2), B.E. 2508 (1965). 
The new law establishes a new body, the Nuclear Energy Agency for Peace Commission, which replaces the Atomic 
Energy for Peace Commission, and will oversee matters on nuclear policies, nuclear and radiation safety, compliance 
to the terms of licensing as specified in the new Act, develop standards on nuclear energy, and to determine the Nuclear 
and Radiation Emergency Plan. The 16-man member commission will be chaired by the Prime Minister and will 
include officials and experts from the public and private sectors. Additionally, the updates to the law enables Thailand 
to sign up the other international conventions [7] on nuclear power safety and security such as the Convention on 
Nuclear Safety (CNS), the Convention on the Physical Protection of Nuclear Material (CPPNM), IAEA’s Joint 
Conventions on safety of spent fuel management and the safety of radioactive waste management. No official reports 
on the country’s public acceptance for nuclear power have been released but narratives from government officials 
suggest that the government must increase its efforts in public education, outreach and awareness. 

 
 1.2 Vietnam 

 
Vietnam [8] is the second SEA state to operate a research reactor. The Da Lat Nuclear Research Reactor (DNRR) 

began operation in March 1963 [1] with a production capacity of 250 kW. This reactor was subsequently reconstructed 
and upgraded between 1979 and 1982 to produce 500 kW. The DNRR remains as Vietnam’s only research reactor to 
date. The DNRR is operated by the Da Lat Nuclear Research Institute, which is a part of the Vietnam Atomic Energy 
Institute (VINATOM). There are several regulatory bodies in the country as determined by the legislation but most of 
the safety, security, and safeguards functions are undertaken by the Vietnam Agency for Radiation and Nuclear Safety 
(VARANS), which is under the Ministry of Science and Technology. VARANS is tasked with drafting legal 
documents, licensing, inspection, emergency response, training, and maintaining a national information system and 
participate in international cooperation activities in radioactive safety and nuclear security. Other than VARANS and 
VINATOM, the Vietnam Atomic Energy Agency is tasked with promoting the use of nuclear energy in the country. 
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Vietnam’s nuclear programme is guided by its nuclear law, Law No 18/2008-QH12 [9], which was enacted in 
2008. In 2010, the prime minister formed the National Steering Committee (PM Decision #580/QĐ-TTg) and the 
National Council for Nuclear Security (PM Decision #446/QĐ-TTg) to steer the Ninh Thuan Nuclear Power Project 
(NTNPP), which comprised the Ninh Thuan 1 and Ninh Thuan 2 nuclear power plants (NPP). However, in 2016, the 
Vietnamese government decided to abandon [10] the NTNPP due to economic factors. Despite cancelling its plans, 
Vietnam signed a MoU with Russia in 2017 [11] for the construction of a nuclear science and technology centre, 
which will house Russia-designed research reactors, an engineering complex, research laboratories, and a 
multipurpose cyclotron. The new centre will be used for manpower training and development of Vietnam’s nuclear 
power program. At this point, the future of nuclear power in Vietnam’s national energy mix remains unclear although 
it should not be noted that Vietnam has not entirely ruled out nuclear energy [12]. Regarding public acceptance, the 
government has repeatedly stated its position on the importance of public support for a successful nuclear power 
programme. In spite of the report of sporadic public opposition [13], the general sentiment among government officials 
is that it enjoys substantive public support and acceptance [14]. 

1.3 Philippines 

As for the Philippines, it is the third country in the region to have operated a nuclear research reactor. The 
Philippines Reach Reactor-1 (PRR-1) was a 1 MW reactor that began operating in August 1963 [15]. In 1988, the 
PRR-1 was upgraded to a TRIGA-type reactor with an increased capacity of 3 MW. It was used for radioisotope 
production, neutron spectrometry, neutron activation analysis, reactor physics, and training purposes. Shortly after the 
upgrade, a leak was discovered and the PRR-1 could not be rehabilitated, which resulted in its eventual shutdown in 
1988 and subsequent decommissioning [16]. The PPR-1 was operated by the Philippines Nuclear Research Institute 
(PNRI) and remains located in the PNRI’s premise. The PNRI, which is an agency within the Department of Science 
and Technology [17], has a dual function. It is the country’s nuclear power regulator and at the same time promotes 
nuclear activities, undertakes research and development and provides technical support. Unlike Thailand, Vietnam, 
Indonesia and Malaysia, which did not proceed to construct a power reactor, the Philippines immediately set out to 
build a power plant in the 1970s. The initial plan was to build two 600 MW research reactors but the government 
eventually decided to build the 600 MW Bataan Nuclear Power Plant (BNPP) only. Construction began in 1976 and 
was briefly paused in 1979 due to the safety and security fears arising from the Three Mile Island nuclear accident. 
The BNPP was nearly completed in 1986 but at the back of the 1986 Chernobyl nuclear power accident, the new 
Philippines government decided to withdraw its support for the BNPP. To date, the BNPP is not operational but 
continues to be maintained by the government for safety and security reasons. Meanwhile, as indicated in the 
Philippines Energy Plan 2012-2030 [18] the government does not have any plans [19] to include nuclear power in the 
country’s immediate generation mix. Nevertheless, the government has not entirely ruled out nuclear power in the 
long run and are exploring its options via the mid-term Philippine Development Plan (PDP) 2017-2022 [20], which 
include either reviving the BNPP or build a new facility altogether. In May 2017, the Philippines signed an agreement 
[21] with Russia to undertake public education and infrastructure development in the form of human resource 
development, and technical cooperation. 

 
In 2016, a Bill on “Comprehensive Nuclear Regulations Act of 2016” was filed in Congress. The government 

intends to strengthen its nuclear law and regulatory capabilities by establishing the Philippine Nuclear Regulatory 
Commission (PNRC) and legislating an independent regulatory framework. The PNRC is expected to exercise 
authority over all aspects of safety, security involving nuclear materials and other radioactive materials, facilities and 
radiation generating equipment. Additionally, the government will undertake a feasibility study to determine the 
country’s optimal energy mix in the future and the potential role of nuclear in it. On the issue of public acceptance, 
the government acknowledged that the Fukushima accident severely affected the public perception [22] and thus 
confidence in nuclear energy. The government will be conducting a perception survey in the final quarter of 2017. 

 
1.4 Indonesia 
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