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Motivation for macro analysis

Introduction of nuclear power requires careful long-term
and strategic analysis and planning

Currently, 29 countries consider or plan for nuclear power
(IAEA, 2012)

Member States (MS) embarking on new nuclear
programmes express a need for a macro-economic impact
assessment

MSs may address issues related to macroeconomic
analysis In a unigue manner, but several topics present
common challenges and can create opportunities for
sharing experiences and lessons learned




IJAEA/PESS activities: Project phases

can
help arriving at a better understanding of economic
impact assessment of NPP programme in countries att

regional and sub-regional levels PHASE 3

with an
explicit representation of the nuclear power sector to
analyse economic and social impacts of an NPP. PHASE 2
programme (ex-ante)

suitable to access impacts of introducing nuclear
power plants at sectoral and aggregate
(macroeconomic) levels
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Phase 1 Activity A: Literature review
on.modelling technigues

* Model types used to assess macroeconomic
Impacts of an NPP programme:

1O * Input-output models

EC-IO * Integrated econometric input-output
models

CGE * Computable General Equilibrium Models
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Phase 1 Activity A: Literature review

* Qualitative insights from the literature review:

v Most countries - with an NPP and opting for an NPP —
have not yet studied macroeconomic implications

v' 32 quantitative studies covering 12 countries

v" Cross-country comparisons are difficult or even not
meaningful due to different assumptions and approaches




Macroeconomic assessment of an
NPP programme:

Papers by type of methodology
—

Integrated Econometric Input-Output models .‘

L Y=n

Computable General Equilibrium models

Input-Output models
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=> Input-Output model is a predominant methodology
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Macroeconomic assessment of an
NPP programme:

* Number of studies per country/region

7 )

7 out of 10
studies in
the USA
based on
the 10
model
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Model requirements

* Develop a model with following properties:
v'be specified at a single country level
v'be generic, as simple and flexible as possible
v"allow for ‘a priori’ evaluation of effects
v'cover construction and operation phases

v'If possible, compare results for nuclear power

with other energy technologies N o

- model




Where to move from here?

- Ideal model

. S E  High evel o
technological

explicitness

v" High level of

Conventional bottom-up model :
macroeconomic

completeness

v" High level of
microeconomic realism

Conventional CGE model

Conventional EC-IO

Technological explicitness

Conventional 10

>

Microeconomic realism

Adopted from Hourcade et al. (2006)
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IAEA MS & IOT In GTAP 8 data base:
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Jamaica
Kenya
Madagascar
1966 Jordan
Panama
1967 Sierra Leone
Singapore
Uganda
1968 Liechtenstein
1969 Malaysia
Niger
Zambia
1970Ireland
1972 Bangladesh
1973 Mongolia
1974 Mauritius
1976 Qatar
United Arab Emirates
Tanzania
1977 Nicaragua
1983L
1984 China
1986 Zimbabwe
1992 Estonia
Slovenia
1993 Armenia
Croatia
Czech Republic
Lithuania
Slovakia
The former Yugoslav Republic of
1994 Macedonia
Kazakhstan
Marshall Islands
Uzbekistan
Yemen
1995Bosnia and Herzegovina
1996 Georgia
1997 Latvia
Malta
Moldova
1998 Burkina Faso
1999 Angola
Benin
2000 Tajikistan
2001 Azerbaijan
Central African Republic
Serbia
2002Eritrea
Botswana
2003 Honduras
Seychelles
Kyrgyzstan
2004 Mauritania
2005 Chad
2006 Belize
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Caribbean

Kenya

Madagascar

Rest of Western Asia
Panama

Rest of Western Africa
Singapore

Uganda

Rest of EFTA
Malaysia

Rest of Western Africa
Zambia

Ireland

Bangladesh
Mongolia

Mauritius

Qatar

United Arab Emirates
Tanzania

Nicaragua

Namibia

China

Zimbabwe

Estonia

Slovenia

Armenia

Croatia

Czech Republic
Lithuania

Slovakia

Rest of Europe

Kazakhstan

Rest of Oceania

Rest of Former Soviet Union
Rest of Western Asia

Rest of Europe

Georgia

Latvia

Malta

Rest of Eastern Europe

Rest of Western Africa

South Central Africa

Rest of Western Africa
Rest of Former Soviet Union

Azerbaijan

Central Africa

Rest of Europe

Rest of Eastern Africa

Botswana

Honduras

Rest of Eastern Africa

Kyrgyzstan

Rest of Western Africa

Central Africa

Rest of Central America
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Differentiate modules by data type

Input output tables of good quality: NO “Macro- - T
Additional data: NO > m | Setofindicators
model type 1
Input output tables, not sufficiently detailed: YES|=» ... Macro- = Intermediate
Additional data: NO model type 2
Input output tables of good quality: YES | Macro- ® [ Standard 10 model
Additional data: NO model type 3 -
Input output tables of good quality: YES Macro- -
Additional data: YES 2 . model type 4 m | Extended IO model
N
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Initial results from phase 1

* Develop the Input-Output model from scratch!

* Model needs and desirable model attributes
are well understood (Model type 3) => Go to
Phase 2

* MS will identify national organizations to
support the activity

* NEA/OECD and IAEA continue efforts to
collaborate on development of appropriate tool
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IJAEA/PESS activities: Project phases

can
help arriving at a better understanding of economic
impact assessment of an NPP in countries at regional |

and sub-regional levels PHASE 3

with an
explicit representation of the nuclear programmes to
analyse the economic and social impacts (ex-ante)

suitable to access impacts of introducing nuclear

programmes at sectoral and aggregate PHASE 1
(macroeconomic) levels
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Phase 2: In progress

* Mathematical formulation (Model type 3):

v

Let € be the n-vector of employment coefficients, i.e. the number of employees per output.

Initial Employment Effect

Is defined as the initial change in employment from an increase of 1 in final demand, thus it equals
the employment coefficients €.

Direct Employment Effect

The direct employment effect is the number of additional employees created through the direct
output effect.

DirEE =e- DirOE =e- (APF + A-APF).

Indirect Employment Effect

The indirect or production-induced employment effect is number of additional employees created
through the indirect output effect.

IndEE =e- IndOE =e- (1 — A) - APF — (APF + A-APF)).

Induced Employment Effect

The induced or consumption-induce income effect is number of additional employees created
through the indirect output effect.

IcdEE =e- IcdOE =e-(B" - APF —((1 — A) - APF +(APF + A- APF)))

Total Employment Effect

The total employment effect is the sum of the direct, indirect and induced employment effect:

TotEE = DirEE + IndEE + IcdEE =e-B" - APF.

15



Phase 2: Input-Output model

Model type 3: Numerical model (components)

10 table, cost component Mathematical formulation Economic theory
structure for CON and OPER matrix calculation
Data Processing Input Output analysis Sensitivity analysis
(;) /Eialancint@} - . (1) Linkages (2 types) (1) Different type of
53; M%\gtjcr;ﬁ?na Ig(r)lst sltfsgt%rree%avxii?ﬂ (2) Multipliers (3 types) scenarios: optimistic vs.
industrial Ig ficati (3) Loops (3 types) pessimistic (GDP growth
industrial classification rate), etc.

(5) Allocate cost structure over time

Feedback effects
(6) Disaggregate the energy sector =

included!!!

by technology type

s 396

f\ Economic Evaluation of Bids

4 N for Nuclear Power Plants

‘9’ / /AN \Qj 1999 Edition
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IJAEA/PESS activities: Project phases

can

help arriving at a better understanding of economic
‘ impact assessment of an NPP in countries at regional |
and sub-regional levels

with an
explicit representation of the nuclear programmes to
analyse the economic and social impacts (ex-ante) PHASE 2

suitable to access impacts of introducing nuclear

programmes at sectoral and aggregate PHASE 1
(macroeconomic) levels
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Phase 3. Next steps to make

CRP - Collaborative Research Project

* Coordinated Research Projects (CRP) are an important
IAEA mechanism for organizing international research
work to achieve specific research objectives consistent
with the IAEA programme of work. The results of these
projects are available, free of charge, to scientists,
engineers and other users from all Member States.
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Phase 3: CRP

CRP — Collaborative Research Project
“Assessing the economic and social impacts of
nuclear programmes at the national and regional

level”

The overall objective of this CRP is to provide the MSs
with information and guidelines on how to assess sectoral
(industrial) and economy impacts of nuclear power
programmes at the national and regional level. It Is
Intended that this CRP will help Member States
Introducing and further-developing methods suitable to
guantify the macroeconomic impacts of an NPP.
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Phase 3: Next steps to make

CRP - Preliminary Planning

2014 2015 2016 2017

Announcement of CRP, preparation of background Kekk

material

Evaluation of research proposals Q2

First RCM Q3

Agreement on case studies, tools and methods to oL}

be used

Development of case studies Ql-4

Second RCM, agree on common harmonization / Q1
reconciliation of analytical elements

Refinement of case studies with revised analytical Ql-4
approaches; preparation of draft reports and

papers

Third RCM Q1l
Finalisation of papers and reports based on RCM Ql-4
comments

(8)1AEA y




Phase 3: Next steps to make

CRP — Key Activities for 2014

ToR for CRP

Identification of research groups
/ Evaluation of proposals

Kick-off meeting in Vienna
1-5 September 2014
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Main conclusions

* |O models are an appropriate tool to assess
macroeconomic and social impacts of nuclear
science and technology

* |0 model to deal with nuclear power is
currently under development in PESS

v'The existence of 10 table is a prerequisite
for the application of the 10 model

v'10 model adjustment may be needed When
applied to country-level data

nth iterations in model
. development







Phase 3. CM in Malaysia (2013)

JIAEA (R
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nternational Atomic Energy Agency
About Us Our Work Mews Centre | Publications Nucleus

Who We Are What We Do Latest from |AEA ooks and Reports Specialised Resources

Top Stories & Features

TAEA Helps Southeast Asian Countries Assess Economic Impacts of
13 Introducing Nuclear Energy

December 2013 o _ _
What are the macroeconomic impacts of introducing a nuclear power

programme? Representatives from Indonesia, Malaysia and Viet Nam met
recently to address this question and to share their experiences in assessing

these impacts.

The [AEA Consuftancy Meeting on Macroeconomic impacts of 8 Nuclear Fower
Frogramume in Southeast Asia was hosted by the Malaysia Nuclear Power

Corporation (MMNPC) in Cyberjaya, Malaysia, from 2 to 6 Dacember 2013. More

Tweet This!

than 35 senior-level participants identified lessons learned from recent
national experiences with quantitative tools used to estimate the economic

impacts of nuclear power deployment in Southeast Asia_
Share on Facebook

A nuclear power plant under construction. The meeting comes at an appropriate time, as designing appropriate national
energy strategies to meet developmental needs and to provide sustainable

modern energy services for all is becoming increasingly complex. There is a
I Story Resources _ _ : . . .
pokma growing number of factors influencing energy choices, and the choices countries

= |n Focus: Nuclear Power: Status and Outlook make with regard to fuels and energy technologies, including low carbon
energy sources such as nuclear power, have social, economic and
Mare Sharing. “ IAEA Department of Nuclear Energy environmental impacts. Learning to better assess these impacts is key to
sustainability.
== Planning and Economic Studies (PESS)

Listenio This oy "Many Member States, particularly developing countries, lack local expertise
and experience to comprehensively evaluate all possible energy supply and
demand options,” said David Shropshire, Head of the Planning and Economic
Studies Section at the IAEA Department of Nuclear Energy. "The |AEA has been

providing technical support to help build local expertise to fill this gap. Our methods and tools can assist policy makers in analysing those

(5)1AEA
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Phase 1 Activity B: CM

* This sub-section I1s based on the outcome of
CM (December 2012)

v’ Total number of external participants: 13

v'Three groups: potential model users, 10 modellers
and data providers

v'Agreed on model needs and model attributes for
the standard 10 model (Model type 3)

v' Established two working groups: Mr D. Solan - focal
point for the Statistical Working group; Mr Z. Tomsic
- focal point for the Modelling working group

NS Y
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Phase 1 activity B: CM

* Recommendations (1):

PESS Meeting December 17-19, 2012

* WG supports the idea to elaborate the
modeling tool to assess economic impacts of
nuclear power plants

* WG acknowledges the importance of the
development of this new tool

« WG recommends on the first stage of the
project to develop the simple but flexible
Input-Output-based model

(&) 1AEA
D -
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Phase 1 activity B: CM

* Recommendations (2):

Model features

* During the first phase:

— focus should be put on construction and operation
of a nuclear power plant

— analysis of macroeconomic impacts should focus
on GDP, employment and competitiveness
(sectorial output)

— the model should be static to start (but flexible)
— time horizon: maximum 20 years

— national level

(’\
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“Standard 10”’:
Model Type 3

=> There 1s much
agreement between
our position and
recommendations of
the consultants
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Phase 1 activity B: CM

* Recommendations (3):

Future extensions of a prototype « Consultants suggest
model expanding the model
* Encompass additional energy technologies (e.g., (I’T]Od@l type 4) inStead Of
hard coal, lignite, gas, RES) reducing the Complexity

* Possibility to quantify effects on regional or
subnational level

(developing model types

* Toincorporate dynamics and evaluate linking to 1 and 2)
other models

* Build modules, which could address additional
effects like impacts on balance of payments, price
stability, energy security and national debt

{ )
\&) IAEA
£



Phase 2: In progress

* Standard 10 model (Model type 3):
v Model formulation from scratch!

v Mathematical formulation of the model (Miller
and Blair, 1985; Anindita, 2007, Lee et al., 2009;
Solan et al., 2010, etc.,)

v Programming & numerical formulation of the
model
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Matching an IAEA NE-Series Report

Macroeconomic issues analysed in the
reviewed papers based on the 10 model:

 GDP A'AY,
*  Employment Vv
*  Price stability v

* Balance of payments 0

* Sovereign debt 0

* Knowledge and technology spillover 0

Legend: effect (variable) analysed in: all papers vvv some papers vv
a very few papers v not analysed o
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Phase 1 Activity A: Literature review
on modelling techniques

Value added expenditure =
Value added receipts

Industry expenditure =

Equilibrium conditions Industry receipts

Household expenditure =
Household revenues

Primary and intermediate input demand are
determined by Leontief function

Producer behavior

Household demand is given by average

. expenditure patterns
Consumer behavior . >

No substitution effects

Value added expenditure =
Value added receipts

Industry expenditure =
Industry receipts

Household expenditure =
Household receipts

Short-term disequilibria may be observed
in some markets before a long-term
equilibrium across markets is obtained; in
some models, however, markets are not
cleared (e.g. REMI model)

Intermediate input demands are
determined by Leontief function

Primary input demands are determined by
econometric estimations

Substitution effects are possible

Household demand is given by dynamic
consumption function

Substitution effects are possible

- 00000 I,

Goods supplied = goods demanded
Factors supplied = factors demanded

Household expenditure = household
revenues

Government expenditure = government
revenues (government balance)

Saving = Investments

External balance, different closures

Intermediate demand is determined by
Leontief function, within a CES
aggregate

Primary input demand is determined via
endogenous optimization of a CES
function

Substitution effects are possible

Household demand is derived
endogenously from an optimization
problem

Substitution effects are possible

linear

Functional forms

Both linear and non-linear

Both linear and non-linear

Demand-driven

Output determination

Perfectly elastic supply

Demand-driven with some supply
constraints

Determined by interaction of demand
and supply, supply constrains can be
introduced;



Phase 1 Activity A: Literature review

on modelling techniques
e R e ey -

Static or dynamic Static Dynamic Static and Dynamic

Interregional and
intersectoral factor

Perfect mobility Typically, imperfect mobility is

assumed

Varies: both factor mobility and
immobility is possible

Data requirements

mobility
10 tables, including industry data on
output, employment, value added,
final demand, imports, make and use
tables are needed

Captures inter-industrial linkages
(backward and forward linkages)

Strengths

Allows scenarios to be modelled

Easy to implement and
transparent

Prices are fixed

WEETGQERES

Static snapshot of an economy
No supply constraints
Substitution effects are not possible

Constant returns to scale

Same as in an 10 framework plus
time series for econometric
estimations

Captures inter-industrial linkages
(backward and forward linkages)

Allows scenarios to be modelled

Improved forecasting performance
over econometric models

Substitution effects are possible

Implementing costs are high

Difficulties associated with specifying
multiregional framework may occur

Same as in an 10 framework plus
estimates of supply, demand and
trade elacticities

Captures inter-industrial linkages
(backward and forward linkages)

Allows scenarios to be modelled

Endogenous prices determine
economic responses

Substitution effects are possible
Welfare implications can be
calculated

Implementing costs are very high

Estimates of some parameters and
elasticities may be hard to find

Source: Seung and Waters (2006), Lofgren et al. (2002), authors’ assessment
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|O studies with a focus on an NPPs

Study / Year Sectoral focus Economic activities and related sub-activities Model Regions covered
e V)
S 5 > é §§ g § § 3 5 g o5
S g § E S & g ]
ACil Tasman (2009) Nuclear Industry X N.N. North. Territory, Australia
Timilsina et al. (2008) Nuclear Industry X X X X X N.N. Canada
Lindner et al. (2012) Energy sector, incl. NPP N.N. China
Anindita (2007) NPP N.N. Indonesia
WorleyParsons (2011) NPP N.N. Jordan
World Alliance for Energy sector, incl. NPP N.N. Nigeria
Decentralized Energy (2009)
IAEA (2009)1 NPP X N.N. The Republic of Korea
Han et al. (2004) Energy sector, incl. NPP N.N. The Republic of Korea
Allan et al. (2007) NPP N.N. Scotland
Lesser (2011) NPP X IMPLAN Pennsylvania, US
Isard et al. (1976) NPP X N.N. New Jersey, US
NEI (2003) NPP X IMPLAN Connecticut., US
NEI (2004) NPP X IMPLAN North and South Caroline, US
NEI (2006a) NPP X IMPLAN Pennsylvania, US
NEI (2006b) NPP X IMPLAN | New Jersey, US
Oxford Economics (2008) NPP X X X N.N. Multi-state level, US
Applied Economics (2010) NPP X IMPLAN Arizona, US
Marriot (2007) Energy sector, incl. NPP X N.N. Multi-state level, US
Solan et al. (2010) NPP, small modular IMPLAN us
nuclear reactors
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Phase 3. Expected Research Outputs:

 Research outcome is expected in both policy making and
human capacity building domain.

* For the policy making domain, the outcome Is expected
to provide insights on the key questions:

* What are the main policy issues at the sectoral and
macroeconomic level that need to be carefully considered when
iIntroducing a nuclear programme?

* What policies may be counterproductive at the macroeconomic
level and what policies may garner increased competitiveness of
nuclear technologies?

* Inthe human capacity building domain, research
outcomes will include an improved understanding
amongst MSs of state-of-the art quantitative analysis,
together with enhancing the transparency of the process.
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Phase 3: CRP

Sub-activities to achieve the overall goal:

(1) Assemble a group of experts from around the world to provide the input
on the quantitative macroeconomic analysis of nuclear projects

(2) Support efforts of participating Member States in (further-)developing
appropriate tools and methods;

(3) Review, test and apply prototype methodologies (quantitative models) to
analyse economic and social impacts of nuclear programmes at the
national and region level; if needed, agree on common harmonization
(reconciliation) of analytical elements.

(4) Provide assistance in application of the Agency’s tools for quantitative
macroeconomic analysis to the selected case studies; arrange training in
tools and methods for capacity building (if needed).

(5) Compile the current knowledge in a report together with areas of future
research and development to cover the modelling technigues, data
restrictions and means to manage the data gaps.
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