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Educational Background



Energy ModelSustainable Energy  Systems and 
Policy Research Cluster (SESP UI)
SESP UI is an integrated research cluster on complex energy systems and policy 
analysis, trying to understand the environmental, economic and social impact of 
energy systems. The research approach is integrated and holistic by multi-
dimension and multi-scale analysis of the field of study.

Conducts multi-disciplinary research in natural sciences, engineering, social 
science, and economics to develop sustainable energy systems by exploring the 
relationship between energy systems, economy, environment, and social factors 
to support the decision-making process for the government and the industry.



Board of SESP UI



Research Topic and Current PhD Students

Low-carbon Energy Systems

Renewable Energy Systems

Multi-regional Energy Systems and 
Sectoral Analysis

Island Energy Systems

Smart Energy Systems and Circular 
Economy

Energy Security and Sustainability

Natural Gas Systems and Policy



Energy System Model Concept 
Depicting Reality

Source: Gargiulo, M. (2019)



Deep Decarbonization Model and Policy 
Analysis: UI Energy Transition Model (UI ETM)



UI Energy Transition Model (UI ETM)
Reference Energy System



Positioning TIMES Model in Modelling Tool 
Classification

Source: Harrison Hampton, Aoife Foley. (2022) A review of current analytical methods, modelling tools and development 
frameworks applicable for future retail electricity market design. Energy. Volume 260. https://doi.org/10.1016/j.energy.2022.124861.



TIMES Model Generator

Source: Harrison Hampton, Aoife Foley. (2022) A review of current analytical methods, modelling tools and development 
frameworks applicable for future retail electricity market design. Energy. Volume 260. https://doi.org/10.1016/j.energy.2022.124861.

• TIMES is a model developed by IEA-ETSAP (www .iea-
etsap.org) to build energy systems with in-depth analysis 
using two different but complementary systematic 
approaches, technical and economic approaches.

• The TIMES model covers the entire supply chain from the 
primary energy source to the demand-side sector.

• Two different yet complementary main approaches to the 
energy model:
• Technical engineering approach
• Economic approach

• TIMES reviews the energy system with partial equilibrium, 
perfect market, and perfect foresight approaches by dividing 
the range of years under review into several periods.



TIMES Model Generator

• TIMES is a technology rich, bottom-up model generator
• Used linear-programming (LP) to produce a least-cost energy system;
• Optimized according to a number of user constraints;
• Over medium to long-term time horizons.
• It is formulated in the GAMS language and solved via powerful optimizers.

• The formulation of the LP problem consists of 3 types of entities:
• Decision variables: i.e. the unknowns, or endogenous quantities, to be determined by the optimization.
• Objective function: expressing the criterion to be minimized or maximized, and
• Constraints: equations or inequalities involving the decision variables that must be satisfied by the 

optimal solution.
• Typical constraints:

• Energy service demands (this is the main driver and constraint)
• Capacity, activity, growth rates, environmental targets, … 



UI Energy Transition Model (UI ETM)
Sectoral and temporal approach

•  A multi-sectoral modeling approach is needed to observe the integration between sectors and how emission 
constraints can be met simultaneously across sectors, enabling us to identify which sectors should be decarbonized 
first.

•  A detailed temporal approach is necessary to demonstrate the role of energy storage and how the power system can 
adapt to variable renewable energy sources.



UI Energy Transition Model (UI ETM)
Regional approach

As an archipelagic country with a 
mismatch between demand and 
infrastructure resources, Indonesia's 
energy system will be more complex, 
making a multi-regional approach 
essential.



UI Energy Transition Model (UI ETM)
Constraints, Scenarios, and Policies

Constraints:
• Multi-regional resources
• Technology readiness level
• Adoption rate
• Technology learning rate
• Carbon budget or emission cap
• Renewable energies penetration

Scenarios and Policies:
• KEN/RUPTL
• 100% RE
• Renewable auction
• Carbon tax
• Carbon cap
• Coal phase out
• Removal coal price cap
• Demand side: electric vehicle penetration



UI Energy Transition Model (UI ETM)
Typical Results

Source: N. Reyseliani, Pratama, Y. W., Hidayatno, A., Mac Dowell, N., & Purwanto, W. W. 
(2024). POWER SECTOR DECARBONISATION IN DEVELOPING AND COAL-PRODUCING 
COUNTRIES: A CASE STUDY OF INDONESIA. Journal of Cleaner Production, 142202. 
doi:https://doi.org/10.1016/j.jclepro.2024.142202
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UI Energy Transition Model (UI ETM)
Typical Results

Source: N. Reyseliani, Pratama, Y. W., Hidayatno, A., Mac Dowell, N., & Purwanto, W. W. 
(2024). POWER SECTOR DECARBONISATION IN DEVELOPING AND COAL-PRODUCING 
COUNTRIES: A CASE STUDY OF INDONESIA. Journal of Cleaner Production, 142202. 
doi:https://doi.org/10.1016/j.jclepro.2024.142202



UI Energy Transition Model (UI ETM)
Publications



UI Energy Transition Model (UI ETM)
Publications



Key takeaways

1. Understanding how to use energy model tools can be 
challenging, but this is not the primary focus in energy system 
modeling. Your tools should simplify your work rather than 
complicate it!

2. Fundamentally, all energy model tools are similar; each has its 
strengths and weaknesses depending on specific needs.

3. Modelers must be creative in building models that accurately 
represent reality, incorporating interventions that are neither 
excessive nor compromise the scientific approach.

4. The most challenging stages in energy system modeling are data 
gathering, scenario development, and the dissemination of 
results.

5. The dissemination of the results presents numerous challenges, 
particularly in convincing stakeholders that our model is robust 
amid potential political interventions.

Modeling is often closer 
to art than science - like 
art it has to compromise 
and be selective on what 
aspects of reality to 
represent.

Sgouridis, S. (2022)



Thank You
Contact:

Nadhilah.ray@ui.ac.id

Sesp.ui.ac.id 
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