
 

1 

 

INPRO Nuclear Energy System Assessment (NESA)  

INPRO originated in 2000 through a resolution of the IAEA General Conference, GC(44)/RES/21. INPRO 

has experience over the last 2 decades with assessing sustainability of nuclear energy system (NES). As of 

2022 INPRO has 43 Member States and the European Commission.  

The idea of sustainability comes from the United Nations; that sustainable development meets the needs 

of the present without compromising the ability of future generations to meet their own needs. The 

concept of needs, in particular the essential needs of the world’s poor, to which overriding priority should 

be given. And addresses limitations, imposed by the state of technology and social organization on the 

environment’s ability to meet present and future needs [UN Brundtland Report, 1987]. The INPRO 

approach to sustainability addresses the following sustainability requirements. 

• Minimal environmental impact 

• Acceptable economics 

• Minimization of hazards and burdens 

• Not compromising future generations from meeting their needs 

• Technologies and institutional developments that help future generations meet their needs 

The original INPRO assessment methodology, developed with Member States, debuted in 2003; and is a 

holistic approach to assessing an NES. Since the methodology inception it has undergone 2 major updates, 

one in 2008, and the other from 2014-2022. The basis for the updates were user comments and included 

contributions and reviews from over 300 national and international experts.  

A nuclear energy system assessment (NESA) uses a holistic approach to assess sustainability. A NESA 

covers all facilities in a NES and the entire lifecycle, from cradle to grave, over approximately a century 

and longer for waste. There are 6 INPRO assessment areas. 

1. Infrastructure: A country will use national and international measures to ensure that the goals for 
the sustainability of the NES are met and cover the life cycle of the NES. [NG-T-3.12]  

2. Economics: Nuclear energy products will be available, economically attractive, and competitive for 
a country’s balanced portfolio of energy supply sources. [NG-T-4.4] 

3. Environmental Impact:  
a. Stressors: Environmental stressors from NES will be controllable, a reduction compared to 

current NES, and designs will be optimized to reduce adverse impacts. [NG-T-3.15] 
b. Depletion of Resources: The development of nuclear power will have sufficient uranium and 

other resources for the NES to run for a century. [NG-T.3.13] 
4. Proliferation Resistance: The NES will remain an unattractive source of nuclear material for a 

nuclear weapon programme. [TECDOC-1575 Vol. 5, new version in 2022] 
5. Safety: The planned nuclear installations will be safer than reference installations, and in the event 

of an accident there is prevention or mitigation of off-site releases of radionuclides or toxic 
chemicals so there will be no need for public evacuation. 
a. Nuclear Reactors: This manual specifically addresses innovative reactors. [TECDOC-1902] 
b. Nuclear Fuel Cycle Facilities (NFCF): This manual addresses planned NFCF. [TECDOC-1903] 

6. Waste Management: All waste resulting from an NES will be safely managed so that human health 
and the environment, to protect current and future generations, and not pass undue burdens onto 
future generations. [TECDOC-1901] 
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Of note is the INPRO assessment is not the safety analysis using IAEA safety standards. A NESA is a 

sustainability assessment covering the life cycle of the reactor and compares the sustainability in areas to 

an existing reactor to determine if there is an enhancement in the innovative system. Additionally, the 

NESA process looks at long term sustainability and does not replace, but complements, assessments in 

other IAEA divisions, such as safeguards, safety, and security. 

The INPRO methodology has one Basic Principle (BP) in each area. Each BP has 2-7 User Requirements 

(UR), and for each UR there are 1-6 Criteria (CR). The methodology uses Acceptance Limits (AL), to help 

the assessment process. The INPRO methodology uses a bottom-up approach. The recent updates 

streamlined the methodology in UR and CR; along with the acceptance limits to make assessments more 

straightforward.  

Figure 2. Diagram showing relationship of BP, UR, and CR. 

The NESA is a self-assessment. If the NESA shows the fulfilment of all CR the NES is considered sustainable 

for its lifetime/operation, about a century. However, if CR are not met, the NESA can identify gaps, which 

designers can address and incorporate changes during design, which will make the NES sustainable. Also, 

this process can support designing more effective and efficient NES.  

There are typically three types of NESA users: nuclear technology developers, experienced technology 

users, and newcomer countries embarking on a nuclear energy programme. The NESA process requires 

selection of the nuclear energy system(s), the scope or areas for the NESA (listed above), and the 

assessment team, which should include national experts for each assessment area. The assessment team 

should be familiar with the INPRO methodology. There are INPRO manuals to cover all areas of 

assessment, and INPRO is available to provide support through the process, and with trainings or briefings. 

There are many sources of input data for a NESA. The data comes from technology developers, facility 

operators, national industry involved in nuclear energy programme, governmental agencies.  

The duration of an INPRO NESA and documentation depends on the scope and team of experts involved. 

Full scope NESA covering all methodology areas and a State’s full NES with complexity and detail, and 

cooperation of technology developers and State can take approximately 2 years. Limited scope NESA can 

take 6-12 months, depending on team, level of detail in the design, and assessment areas. Limited scope 

NESA are often performed early in the design stage to identify gaps and reviewed in later design phases 

to show closure of gaps, and sustainability of the NES. Publication of NESA is an individual choice; some 

State’s or technology developers publish their NESA results while others hold the assessment as 

confidential; also, one could publish a summary assessment without all the details, especially in design.  

There are several IAEA documents of INPRO NESAs. IAEA TECDOC-1636 contains brief summaries of 6 

national assessments in Argentina, Armenia, Brazil, India, ROK, and Ukraine. TECDOC-1639 is a joint NES 

study with Canada, China, France, India, Japan, ROK, Russian Federation, and Ukraine using a sodium 

cooled fast reactor and closed nuclear fuel cycle (NFC). TECDOC-1716 documents the NESA of Belarus 

covering all INPRO methodology areas. There are additional NESA reports for several countries: Indonesia 

(large reactor case), Ukraine (second assessment) and Romania (Infrastructure, Economics, Waste). 

TECDOC-1959 is a recent exemplary limited scope NESA by technology developers of liquid metal cooled 

fast reactors based on the Russian BN-1200 using updated INPRO methodology in the areas of economics 

and reactor safety, with support from India, China, and Russia. 

https://www.iaea.org/services/key-programmes/international-project-on-innovative-nuclear-reactors-and-fuel-cycles-inpro 

Figure 1. INPRO methodology showing areas for a NESA in 
sustainability. 


