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Thesis. Part 1   

1. Mega-stakes and mega-risks                        
of the NPP projects vs. sustainable 
development 

2. A multi-levels competitiveness 
of the NPP megaprojects 

3. Business-informatics as 
the Iron law solution

4. NPP megaprojects based on 
the sustainable development 
principles
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WHO is the NPP buyer globally?
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51 Country-
newcomers

2016 
449 NPP units in 31 countries
391 GW
11.5% electricity share 
60 NPP units under 
construction in 15 countries

2040
624 GW 60% growth
share keeps the same
380 GW increase
160 NPP units are planned
300 NPP units under consideration

5 (+2) Exporting 
country of NPP

Share of population 10 (+19)%                25%
Share of GDP 36 (+15)% 12%
Share of electricity consumption 30 (+23)% 15%
Average HDI* 0.86 0.69

* HDI – Human Development Index of UNO; the list of the countries is attached
Source: IAEA, UNO, author's calculation, 2017

“Gini coefficient” of NPP deals: 
a gap between the NPP exporting                     

and importing countries



WHY does one want a nuclear energy?

A start of the (first) NPP project for the recipient-
countries is appealing because of the opportunity to get 

several benefits from the nuclear power industry 
development “in one package”.
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A NPP project = 
a sustainable economic, 

social, energetic, 
environmental, scientific 

and technological 
development                                         

for both NPP importing               
and exporting countries



A NPP project’s contribution to the sustainable 
economic development: a Russia case-study* 
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Budget income, 
RUR, mln.

A multiplier of  a NPP construction and 
operation in RF  per 1 RUR of expenses

A multiplier of  a NPP construction and 
operation in RF  per 1 billion RUR costs

The multiplier of a NPP construction in RF is constituted from:
 1.36 RUR growth of production
 0.92 RUR GDP growth (≈ value added)
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NPP construction NPP Operations

Growth of value added per 1 RUR 
Growth of  production per 1 RUR 

Growth  of  employment  
in high-technology 

sectors, people

Growth of  
employment in 

economy, people

NPP Operation NPP construction

Source: V. Sidorenko, A. Shirov, Y. Chernyakhovskaya. Methodology of socio-economic effects assessment of nuclear power plant construction for export projects // 
Technical Meeting on the Macroeconomic Benefits of Nuclear Power Programmes, International Atomic Energy Agency. November 21-25, 2016, p. 22

* Constant prices of 2015; exact numbers depend on a project size, import share, funding structure, etc.  



6

A NPP project’s contribution to the sustainable
climate-friendly development: a VVER case-study 

 Calculations results are presented of the GHG emissions’ 
abatement due to NPP operation in Russia and abroad in 
1954-2014, constructed with Russian (Soviet) VVER technologies 
(considering their life cycle (LC) per kilowatt-hour produced).

 VVER NPP GHG emissions abatement amounts to:
 near 6.5 Gt (6.5*109 t) of CO2 in comparison with a coal 

generation
 near 3.2 Gt of СО2 in comparison with a gas generation

 Record of VVER NPP operation in Armenia, Bulgaria, China, 
Czech Republic, Finland, Germany, Hungary, India, Iran, 
Russia, Slovakia, Ukraine are provided by IAEA PRIS database

 Calculation method complies with the IAEA approach* 

* Source: Climate Change and Nuclear Power 2014 // IAEA. Vienna, 2014



WHAT is an international NPP megaproject?

Mega-projects: 
commercial NPPs; 

Nuclear Innovation Clusters

7

Mega-science 
projects

Requirements
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Investments (>1 bln USD)
Construction and operation period (>5+50 years)

Medium projects: 
research reactors

Small Projects:            
Nuclear energy 
information centers

Source: adopted from Zidanea Y.J.-T., Johansenb A., Ekambaram A. Megaprojects - Challenges and Lessons Learned // 26th IPMA World 
Congress, Crete, Greece, 2012. Procedia - Social and Behavioral Sciences 74. 2013. Рр. 349-357. doi: 10.1016/j.sbspro.2013.03.041. p. 352
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WHAT do megaprojects have in common?
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The Central Artery / Tunnel Project, 
Construction from 1991to 2005

≈ $14,6 bln., budget ↑ +300% 

The Three Gorges Dam (PRC), 
Construction from 1992 to 2012. 

≈ $28 billion., budget ↑ +440% 

The Olkiluoto Nuclear Power Plant
construction from 2005 to 2018 (?)
≈ $8,5 billion. (?), budget ↑ +240%

Ivanpah Biggest solar power plant ever – $2.2 billion for only 100 MW
China says Three Gorges Dam cost $37 billion. 
http://www.reuters.com/article/idUSPEK84588

1. Over budget 
2. Over schedule 
3. Performance under 

specifications 

The Ivanpah Solar Electric Generating 
System( USA), Construction from 2010 to 

2014, ≈ $2,2 billion., ↓ до 100 МWт 
(instead of 400) 

performance 
and quality

Time =
money

The Iron law            
of megaprojects

Source: adopted from Flyvbjerg B. What You Should Know About Megaprojects and Why: An Overview // Project Management Journal. 2014. Vol. 45, No. 2, рр. 6–19. DOI: 
10.1002/pmj.21409



ALARMING statistics of NPP megaprojects →                 
NO sustainable development contribution 
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Budget
(plan) 1

G. Locatelli. Cost‐time project performance in megaprojects in general and nuclear in Particular // Infrastructure Procurement and Management School of Civil Engineering ‐
University of Leeds // Technical Meeting on the Economic Analysis of HTGR and SMR ‐ IAEA 25 to 28 August 2015, с. 11

NB: Only the competitive NPP projects can 
contribute to a global sustainable development 



WHY does the Iron law happen  
again and again? 

The Hiding Hand principle:                       
the ignorance of future obstacles allows the person 
to “rationally” choose to undertake the project

When Rubicon is crossed                                                         
it is too late to abandon the project. 
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©Albert O. Hirschman, 1967



Mega-stakes and mega-risks             
of the NPP megaprojects

Megaprojects are vulnerable to the Black 
swans – exceptional events, having a 
great impact and rationalized by hindsight.                    

The tyranny of a chance and the tunnel 
thinking leads to the Iron law.

A problems’ awareness has little 
importance, especially when someone’s  
interests are involved in a deal.
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Accuracy and predictions
a divergence of pre-conditions leads to 
different results at a second ricochet

A chaos of strategic networks 
of stakeholders

Risks management of megaprojects 
starts from pre-sales via modeling             
of the NPP project configuration     

and stakeholders relations 

Source: Adopted from Taleb N.N. The Black Swan: Second Edition: The Impact of the Highly Improbable, 2010 (first – 2007) 

WHAT is at stake?



Competition on the global market of the NPP 
projects: between Scylla and Charybdis

A NPP deal and a technical and 
commercial offer is elaborated:

Under a pressure of a competition: 
Scylla’s forces – cross-industry and 
intra-industry competitors – lure away 
with more attractive deal’s conditions 
and more effective solutions.

With unspecified cost components 
and risks: Charybdis’ forces – a non-
thorough budget, an unforeseeable 
redesigning, unhedged risks can drag 
down project’s participants to a
bankruptcy vortex.
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The roots of the megaprojects Iron law are traced
back to the sales and conceptual design stages
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You reap what you sow
(a Russian proverb)



Thesis. Part 2 

2. A multi-levels competitiveness 
of the NPP megaprojects 

3. Business-informatics as 
the Iron law solution

4. NPP megaprojects based on 
the sustainable development 
principles
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1. Mega-stakes and mega-risks                        
of the NPP projects vs. sustainable 
development 
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3 Levels of the competitiveness estimation 
of a NPP megaproject 

Micro-level (the core):
an engineering solution for a NPP 
life cycle is to be competitive

Meso-level: 
financial and organizational 
model of a NPP megaproject is 
to be competitive

Macro-level: 
macro-effects of a NPP 
megaproject are to be competitive
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3D chess game: NPP megaprojects’ effects 
on the stakeholders

Micro-level (the core):   The Buyer gets a 
competitive engineering solution for the whole 
NPP life-cycle (LCOE fits the market) 
Regulator issues all the licenses 
Employees get a job and self-fulfillment
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Meso-level: The Industry and financial 
institutions ramp up their backlogs.
NGOs (ecologists, trade-unions, etc.) promote a 
climate and employment development.
Science centres and universities foster R&D.
Consumers get a stable and affordable electricity 
access (base load) + Public acceptance 

Macro-level: The governments get the 
growth of GDP, employment, fiscal charges as 
well as energy security, spatial, innovative and 
geopolitic development.  

Any stakeholder’s               
non-satisfaction can 

torpedo the NPP project
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A Formula of the sustainable NPP megaprojects:                     
multi-focused competitiveness for all stakeholders 

Macro-level

Meso-level

Micro-level

Stakeholders amount, influencing 
the project configuration Stakeholders’  evaluation of their effects

Deadlock 
escalation

Local optima may 
be unattainable

Megaproject 
configuration Balance of interests + Compromise

Exchange

Megaproject’s 
effects appraisal for 
every stakeholder 

(account-
management)

= ∑
Options  

Alternative of 
unfulfillment



Thesis. Part 3 

2. A multi-levels competitiveness 
of the NPP megaprojects 

3. Business-informatics as 
the Iron law solution

4. NPP megaprojects based on 
the sustainable development 
principles

18

1. Mega-stakes and mega-risks                        
of the NPP projects vs. sustainable 
development 



WHAT is Business-informatics (BI)? 
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 BI is an interdisciplinary 
approach combining:

 theory, method and  
techniques from business 
and organizational science

 with the tools and practices                   
of information and 
communication science.   

 BI employs digital technology for:

 effective business processes

 and a business model 
optimization

Source: adopted from http://www.ef.uni-lj.si/graduate/businf
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Business-informatics (BI) tools for sustainable 
implementation of NPP megaproject 

Micro-level (the core): a set                
of interfaced IT-models and tools              
for engineering, costing, HR, etc. 
implying decision-making and              
control for each LC stage

Meso-level: a computerized   
data base for account and 
suppliers’ networks management 

Macro-level: Macro-effects 
assessment (GPD, employment, 
climate-change); Strategic 
development scenarios modelling
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Multi-D project management                                              
and requirements engineering 

Technical specifications, field engineering, schedules, costing
LCOE substantiation and control 

BI tools make it possible to operate 
enormous detailed data providing 
availability of exact information on 
the NPP budget, schedule and 
specifications.

BI tools unite intricate 
multidivisional teams of a NPP 
megaproject based in different 
countries, time zones, tongues, 
business practices, etc. 

BI simulation helps to bring 
collisions to light throughout a LC.

BI allows to define the target LCOE  
as a key parameter of NPP project 
competitiveness, then stipulate 
appropriate NPP configuration and 
engineering solutions and control 
the implementation throughout a LC 
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BI tools for simulation and control the NPP 
megaprojects throughout a life-cycle (LC)

Conceptual designing 
agile, mind maps 

Imputed LCOE

Information modeling
LCOE control 

throughout LC, cost 
engineering

A resource model
CAPEX, codes (KKS, IAEA), 

schedules
LCOE components 

grounding

Scenario dynamic 
simulation

САРЕХ, ОРЕХ, financing options
LCOE stipulation 

backwards

An electricity market model
Electricity  sale tariff and volume

Target LCOE

BI tools for LCOE definition and control



Tools of a system engineering and business-
informatics for a NPP project life-cycle (LC) 
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Multi-D-based project management 
system, suppliers digital data base

Information modeling, requirements 
engineering, resources model

Configuration management, 
scenario dynamic simulation, 
agile, mind maps

Engineering and technological 
design, schedules, specifications

3D model, 
digital documentation

Detailed design 

Basic design

Conceptual design 

Feasibility study 

Construction

Knowledge management 
system, elect. market 
model, LCOE analysis

Referent plant, codes, 
electricity market analysis

Results of new R&D 
and design-basis justification

Operation and 
decommissioning 

The NPP 
information 

model

Instruments of different LC stages
where they have a predominant role being 

applied at the other LC stages as well

LC stages



Business-informatics tools blend for
the Iron law challenging 
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Life Models and 
case-studies

Business-
informatics tools

The result of BI penetration: the budget, the schedule 
and the specifications are detailed, transparent and 
available for all the NPP project’s team members in 
one information space throughout the NPP life-cycle!



Thesis. Part 4 

2. A multi-levels competitiveness 
of the NPP megaprojects 

3. Business-informatics as 
the Iron law solution

4. NPP megaprojects based on 
the sustainable development 
principles
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1. Mega-stakes and mega-risks                        
of the NPP projects vs. sustainable 
development 



BY WHAT MEANS can one challenge the Iron law 
and the Black swans in the NPP megaprojects? 

Micro-level: a NPP design should be 
competitive, investments in NPP should                
be paid off under conditions of the target 
electricity market
Meso-level: A technological configuration of 
NPP = a financial and organizational model 
of a NPP project should be competitive, that 
means the competitiveness of all participants 
and their effective cooperation model.
Macro-level: A long-term satisfaction of the 
stakeholders with their effects from a NPP 
project is of paramount importance
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THE ANSWER: NPP megaprojects based on sustainable
development  principle, combining 3 levels:

NB: Business-informatics tools make it happen!



Test for the sustainability of a NPP 
megaproject: a Chariot case-study
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Economy 

Technology 

Policy

 An energy policy-making will not 
translate a large-scale NPP project into 
life unless it relies on economic
feasibility.

 Economic assessment itself cannot 
be a solid foundation for energy-policy
goals, as countries’ progress is 
increasingly dominated by social, 
environmental and innovation-related 
agendas of sustainable 
development. 

 The NPP technology should be a 
feasible and functioning one as 
otherwise no policy or economy will 
get anywhere.



Take away 
1. A NPP megaproject should comply with the sustainable development 

principles that means satisfaction of the economic, ecological, social 
and political needs and requirements of the stakeholders in the long-
term run. 

2. A multi-focused marketability of a NPP project for all the project 
stakeholders at micro, meso and macro levels is a triunity of a 
interrelated competitiveness of  a NPP engineering solution, a financial 
and organizational model and the macro-effects.

3. Uncertainties and non-transperency is a fruitful soil for the Iron law
of the a NPP project. An explicit simulation of all the projects’ details 
enables to achieve feasibility and to share risks among all participants. 

4. An increasing NPP megaproject’s complexity calls for advanced 
business-informatics tools which allow to manage huge information 
flows among a great project’s team, substantiate and fasten a decision-
making and increase the quality.  
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The list of the countries (from the slide 3)

1. NPP exporting countries 
5 “old residents” (Canada, France, Japan, 

Russia, USA)

2 newcomer (China, South Korea)
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2. Newcomer countries – NPP importers:
2.1. First-wave newcomers having their first NPPs under construction now 
(Belarus, the UAE, Turkey);
2.2. Second-wave newcomers, which signed agreements and/or contracts for 
building an NPP and are developing the legal framework and conducting 
feasibility studies for their first NPP project (Bangladesh, Egypt, Jordan);
2.3. Third-wave newcomers, which are considering the medium or long-term 
possibilities of building an NPP (Azerbaijan, Albania, Algeria, Bolivia, Cambodia, 
Chile, Croatia, Cuba, Ecuador, Estonia, Ghana, Israel, Indonesia, Kenya, 
Kuwait, Laos, Latvia, Libya, Malaysia, Morocco, Mongolia, Myanmar, Namibia, 
Nigeria, Paraguay, Peru, the Philippines, Poland, Qatar, Saudi Arabia, Senegal, 
Serbia, Singapore, Sri Lanka, Syria, Sudan, Tanzania, Thailand, Tunisia, 
Uganda, Venezuela, Vietnam, Yemen, Zambia).
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Micro-level: an engineering solution for NPP 
life-cycle is competitive

Criteria: references and economics

Algorithm to determine technical-commercial proposal: 

NPV, IRR, LCOE,
Payback period, etc.

Revenue from 
electricity salesCosts

Tariff 

CAPEX Volume

OPEX

Financing cost 
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Meso-level: a financial and organization model 
(FOM) of a NPP megaproject is competitive

Organizational and financial model of the NPP project

MARKET

FINANCE PARTNERS

FOM and NPP 
configuration

• Equity / debt
• Sources of funding

• NPP adaptation (per-contract study)
• HR development
• Waste handling

• Supply chain
• Localization

http://img-fotki.yandex.ru/get/6406/16969765.13/0_66c2d_e3d4afe0_orig.png


Macro-level: Macro-effects of a NPP 
megaproject are competitive
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Macro-effects area

Economy Environment

Society Politics

Fairly

Viable

Acceptable

Promising

1. GDP growth (macroeconomic multiplier effect)
2. Budget (including fiscal) effects
3. Balance of payments and foreign economic activity effects 
4. Employment and productivity growth
5. Infrastructural effects and spatial development
6. Industry effects
7. Electricity and energy security effects
8. Influence on exchange rate
9. R&D and innovation effects
10. Educational and human development effects

Sustainable 
Development

Macro-effects in Economy
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