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Millennium Institute

• Established in 1983, MI is a not for profit 
organization based in Arlington VA, USA. 

• Our goals are:
– To develop and disseminate advanced analytical 

tools to support strategic planning on critical issues;

– To build capacity in countries to use our tools to 
help address critical issues;

– To develop a network of partners to inspire, endow, 
and implement more integrated planning towards a 
sustainable future.



MI’s Core Capabilities

• Illustration of the synergies and implications of 
different options across a broad framework 

• Provision of a basis for productive long-term 
planning and unite various parties around 
consistent policies 

• Deeper understanding of the interrelations 
existing among critical issues

• Support for the creation of cooperation among 
stakeholders at the planning and technical level



Motivation for this work

• There is a need for integrated tools that could 

serve as a mean to close the gap between 

dynamic and all embracing thinking and static 

available models; 

• These tools are required when facing critical 

issues such as the upcoming energy transition 

and climate change, because conventional 

modeling tools do not examine their broader 

causes and impacts. 



Methodologies

• Optimization models, which generate “a statement 

of the best way to accomplish some goal” (Sterman, 

1998), are normative, or prescriptive, models. 

• Econometrics measures economic relations, 

running statistical analysis of economic data and 

finding correlation between specific selected 

variables. 

• Simulation models aim at understanding what the 

main drivers for the behavior of the system are. 



Why Take a Systemic View?



To Avoid Unexpected Results!
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Formal models provide the possibility to test policies 

beforehand and accelerate learning

Necessary characteristics for

medium - long term planning models:

1. Endogenously represent key variables (E)

2. Comprehensive (C)

3. Properly represent dynamic complexity (D)

4. Transparent (T)

Necessary characteristics of models



Why SD models?

1. Focus on endogenous explanation

2. Support multidisciplinary approach

3. Proper representation of complexity

4. Transparent – User friendly

Strengths of SD approach
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Characteristics of tools used

• Descriptive VS Prescriptive structure

– Descriptive: aiming at understanding systems

– Prescriptive: aiming at applying assumptions

– The results are not necessarily directly related to 

assumptions

• Causality VS Correlation

– Represents feedback loops, non linearity, delays

– Simulates against history

• Policy Evaluation VS Policy Optimization

– Supports a collaborative approach and model 

development



Characteristics of tools used (2)

System dynamics methodology

• Based on wide range of existing sector models and analyses

• Built to reflect observed real world relations in country of application

• Analyzes cross-sector links and feedback loops

Composed of three main pillars

• Economic -- based on SAM, key market balances, and production

• Social -- based on dynamics in population, health, HIV/AIDS, 
education

• Environmental -- based on area specific issues and information

Adapted to specific data, issues, objectives, actual relations

Calibrated against history and provides reality checks

Transparent and easy to use



Applications Worldwide

T 21 Countries

MI Partner

MI Head Office



Implementation

Modeling the context in which energy issues arise in 

this research work involves:

• Studying global, regional and national issues and 

the understanding of how they impact domestic 

energy policy formulation.

• Incorporating energy, society, economy and 

environment into a dynamic modeling framework.

• Building models that serve to create dialogue and 

establish a mutual trust relationship with policy 

makers and stakeholders.



Some results

• Emergence of various unexpected side effects is 

likely;

• Elements of policy resistance arise over the medium 

and longer term due to the interrelations existing 

between energy and society, economy and 

environment;

• Side effects or unintended consequences may arise 

both within the energy sector and in the other 

spheres of the model; nevertheless, these 

behavioral changes influence all society, economy 

and environment spheres. 



Indirect Effect of Decisions
Emissions (CO2 Tons/year)
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ASPO: no investment in 

renewable energy, coal

satisfies electricity demand

CAFE + RPS + Conservation:

Lower emissions in the 

medium term,higher GDP increases 

emissions in the longer term 

RPS: 20% renewable energy

federal requirement by 2020, 

slower growth after the 20% 

goal is reached 



Contribution to MDG 

expenditure
2010 2015

Simulated MDGs expenditure in 

USD2000

1,989 

Million

2,550 

Million

Relative difference with respect 

to MP estimation
0.00 0.00

External financing needed for 

MDGs in USD2000

1,187 

Million

1,231 

Million

Relative difference with respect 

to MP estimation
-1% -10%

T21 Ghana results



Why new insights?

• Side effects or unintended consequences arise from within the 

energy sector and influencing both the same sector as well as 

society, economy and environment. 

• Results emerge from a combination of:

– Four integrated “spheres”; 

– The representation of feedback, nonlinearity and delays; 

– A participatory and transparent approach.

The approach used contributes to the representation and 

understanding of the context (social, economic, environmental and 

political) in which issues arise and within policies are formulated 

and implemented. 



Thank you for your attention

For more information please contact

ab@millennium-institute.org

Or visit

www.millennium-institute.org


