
TIMES training – Module 1



Learning objectives for Module 1

▪ Identify energy chains RES, modelling
▪ Identify competition nodes RES, modelling
▪ Explore base year files VT files
▪ Explore service demands projection Demand files
▪ Explore new technology repositories SubRES files
▪ Run cases Run Manager, Solve
▪ Analyze results Results

Participants will be provided with an exercise guidebook (with results 
dashboard) for additional practice exercises. 
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Recap of key TIMES concepts

SECTION 1



Contracting parties

Model users

History of the TIMES model

▪ Developed within the International Energy Agency (IEA)’s 
Energy Technology Systems Analysis Programme 
(ETSAP) in 1978
▪ Rich history of applications in ~70 countries (>1000 scientific 

publications)
▪ Been in use for 45+ years

▪ Why was it developed?
▪ Energy futures exploration after the first oil crisis
▪ To provide countries with a common platform to examine 

technology innovations and policy priorities

▪ Highly relevant in current times for climate change 
mitigation

The Integrated MARKAL-EFOM System (TIMES) model
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What is the TIMES model?

• Bottom-up model with a technology-rich basis
• Can be used for multi-sector, multi-regional, multi-period modeling

▪ Can be scaled up/down to focus on aggregated/detailed regions & sectors 

• Key features of the TIMES model,

Technology-
rich basis

Least-cost 
optimization 

framework

Partial 
equilibrium 

model

Complex 
dynamics

Detailed energy 
sector representation

Ability to capture costs, 
capacities, reserves, 

targets, caps, subsidies, …

Macroeconomic 
drivers captured 

exogenously

Seeks to find the 
best cost-

optimal solution

Long-term 
energy 

dynamics for 
different 

scenarios

Informs policy-
making

LP model (possible integer settings)

5



How does the TIMES model work?

Aim: To supply energy services 
At minimum global cost ≡ At minimum loss of total surplus 

Decisions: Technology investment & operation; primary energy supply; energy trade
per region, per time-step

Driven by: Energy service demand
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TIMES is a partial equilibrium model

▪ TIMES is a partial equilibrium model
• “partial” – energy market-focussed

▪ “Equilibrium” between supply and demand (producer and consumer)
• Model simultaneously computes flows and prices of energy & material commodities
• Produces exactly the amount that is consumed

▪ Relationship between total surplus & supply-demand equilibrium 
• Supply & demand curves to be investigated to understand this

Aim: To supply energy services 
At minimum global cost ≡ At minimum loss of total surplus 

“Least-cost” optimization
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Total surplus maximized at equilibrium

▪ At equilibrium point E, 
• Consumers pay price pE to 

consume exactly quantity qE

• Producers sell at price pE to 
produce exactly quantity qE

▪ Also, at equilibrium point E,
• Consumer surplus is maximized
• Producer surplus is maximized

Resource quantity

Resource price

Producer 
surplus

Consumer 
surplus

Equilibrium

Equilibrium quantity produced

Equilibrium purchase price

Supply curve

Demand curve

E

pE

qE

Total surplus is maximized

↑↓
Supply-demand equilibrium is 

reached
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• Optimization : Mathematical formulation of decision-making problems

• Linear programming (LP) 
• Subclass of optimization problems
• Both 𝑓(𝑥) and 𝑔(𝑥) are linear functions of 𝑥

• 𝑓 𝑥 = 𝑐𝑇𝑥
• g 𝑥 ≔ 𝐴𝑥 = 𝑏

TIMES is an optimization model

What are the best actions I can take to achieve a target for a given system? 

𝑥 𝑓(𝑥) 𝑔(𝑥)

What are the values of decision variables that maximize/minimize an objective function subject to constraints?

min
𝑥 ∈𝑋

𝑐𝑇𝑥

𝑠. 𝑡. 𝐴𝑥 = 𝑏
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Components of the TIMES model

10

Decision variables (𝒙)

• New capacity investments
• Total installed capacity
• Annual process activity
• Commodity flow in/out of 

process
• Commodity trade in/out of 

regions (import/export)
• End-use energy service 

demand
• …

Objective function (𝒄𝑻𝒙)

• Capital costs for process 
investments/dismantling

• Fixed and variable 
operation and 
maintenance costs

• Import/export 
costs/revenues

• Commodity delivery costs
• Taxes and subsidies
• Salvage value
• …

Constraints (𝑨𝒙 = 𝒃 )

• Capacity transfer
• Activity definition
• Capacity-activity relations
• Commodity balance
• Efficiency definitions
• Flow shares
• Peak demand satisfaction
• User constraints (e.g. 

policy-driven)
• …

min
𝑥 ∈𝑋

𝑐𝑇𝑥

𝑠. 𝑡. 𝐴𝑥 ≤ 𝑏



TIMES captures complex dynamics augmented by a 
technology-rich basis

▪ Technologies are explicitly characterized by various technoeconomic parameters
▪ Captures and integrates all technologies across the energy chain
▪ Integrates complex engineering dynamics to inform actionable decisions

Decisions: Technology investment & operation; primary energy supply; energy trade
per region, per time-step
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The TIMES model flow diagram
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The TIMES model

Database
Technical
• Inputs, outputs
• Availability factors
• Efficiencies
• Lifetime
• Installed capacity
• Emission coefficients

Economic
• Investment costs
• Fixed operation costs
• Variable operation costs
• Hurdle rates
• Market shares

Economic-energy inputs
• End-use demand for energy 

services
• Demand price-elasticities
• Import/export prices
• Reserve supply curves
• Discount rate

Energy-climate policies
• GHG limits
• Taxes, subsidies
• Sectors’ measures

Equilibrium
• Technology investments 

and annual activities
• Emission trajectories
• Adjusted demands for 

energy services
• Marginal prices of 

energy forms
• Import/export of energy 

and emission permits
• Total discounted system 

cost



HFO: Heavy Fuel Oil
LFO: Light Fuel Oil

Reference Energy System (RES)

Technology

Commodity

Commodity flows in 
and out of technologies
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HFO: Heavy Fuel Oil
LFO: Light Fuel Oil

How to read an RES (1)

▪ What technology 
options exist for 
home space 
heating?
• Is this a process or 

a commodity?
• Identify it on RES
• What processes 

output this 
commodity?
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HFO: Heavy Fuel Oil
LFO: Light Fuel Oil

How to read an RES (2a)

▪ Identify the supply 
chain of oil in the 
RES
• What processes 

consume oil?
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HFO: Heavy Fuel Oil
LFO: Light Fuel Oil

How to read an RES (2b)

▪ Identify the supply 
chain of oil in the 
RES
• What processes 

consume oil?
• Which process 

gives oil products, 
and how many 
types?
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HFO: Heavy Fuel Oil
LFO: Light Fuel Oil

How to read an RES (2c)

▪ Identify the supply 
chain of oil in the 
RES
• What processes 

consume oil?
• Which process 

consumes HFO?
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HFO: Heavy Fuel Oil
LFO: Light Fuel Oil

How to read an RES (2d)

▪ Identify the supply 
chain of oil in the 
RES
• What processes 

consume oil?
• Which process 

consumes LFO?
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HFO: Heavy Fuel Oil
LFO: Light Fuel Oil

How to read an RES (2e)

▪ Identify the supply 
chain of oil in the 
RES
• What is the input to 

the oil refinery?
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HFO: Heavy Fuel Oil
LFO: Light Fuel Oil

How to read an RES (2f)

▪ Identify the supply 
chain of oil in the 
RES
• What goes into 

“Delivered crude”?
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Demo models used in this training

▪ 3 distinct demo models to be explored,
• Day 1 
• Day 2
• Day 3

▪ All models are multi-regional, multi-fuel
▪ Model complexity ↑ from Day 1 to Day 3 models

• Model scope and resolution (e.g., number of focussed sectors)
• Scenarios modelling (e.g., emissions caps and taxes)
• Constraints (e.g., technology penetration)
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Context of Day 1 demo model

SECTION 2



Day 1 demo model description

▪ Multi-sector,
• 2 supply sectors (electricity, primary energy)
• 1 focussed demand sector (residential)

▪ Multi-fuel,
• Fossil fuels (coal, natural gas, diesel oil, 

kerosene, etc.)
• Renewables (biomass, hydro, wind, etc.)
• Electricity
• Nuclear energy
• Heat
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Demand sector description – Residential

▪ Various fuels are consumed by the 
residential sector to meet service demands
• Space heating
• Appliances
• Other

▪ Each service demand can typically be met 
through many technology options
• Using natural gas (furnaces), using solid fuels 

(stoves), using solar energy (rooftop panels), … for 
space heating

• Using electricity for appliances
• …

Photo by Yasir Eryilmaz on Unsplash
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Day 1 modelling exercise goals

▪ How does the residential sector energy consumption 
evolve over time?
• Driven by demand for energy services (space heating, appliances, 

other) over time
▪ Affected by,

1. Availability of new technologies
• New solar panels, 
• More efficient heat pumps, …

2. Depleting resources
• Lesser availability of solid fuels like coal

3. Emissions reduction measures
• Subsidies on lower- (or) zero-emission techs such as solar 

panels
• Carbon (emissions) cap
• Taxes on emissions

4. … How to start?
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Setting up the energy balance

SECTION 3



Energy balance – starting point to build a TIMES model

▪ Think of it as the “state of the system”
▪ Closely tied to scope of the modelling

• What are the boundaries of the system, i.e., what sectors are considered? 
o Electricity, other primary energy (supply)
o Residential sector (demand)

• What fuels (energy commodities) are considered?
o E.g., Natural gas, coal, biomass, …

• What is the evolution of each energy commodity from supply → conversion → demand?
o How much gas is produced (vs) how much is imported/exported?
o How much gas is consumed in power plants?
o How much gas is consumed by the residential sector?
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Understanding the fuel supply-demand chain

▪ 3160 PJ of gas production; 5317 PJ of gas imports; 1007 PJ of gas exports in 
REG1 = 7470 PJ of total gas supply in REG1

▪ 2254 PJ of gas used to produce electricity
• Assume do not consider energy sector consumption and heat plants in this model

▪ 2064 PJ of gas consumed by the residential sector to satisfy service demand
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Energy breakout

▪ Typical energy balance contains aggregated supply and 
demand flows
• E.g., residential sector consumption

▪ What are the actual consumption needs in residential 
sector?

▪ Service demands in residential sector
• Space heating
• Appliances
• Other

▪ Need to breakout (disaggregate) the energy 
consumption based on these service demands using,
• Supplementary data
• Market research
• Other literature
• …
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Overview of modelling pipeline

SECTION 4



Exploring VEDA

▪ VEDA is a software tool for model input, model solving & results management
• GAMS is the software platform that performs optimization model runs using solvers

▪ VEDA is a powerful data handing system for TIMES modelling

Model preparation

Step 1

• Data work 
• Model preparation

In a format 
readable by 

VEDA

Model solving

Step 3

• Model file preparation
• Initiate GAMS run

Set up and run 
different cases

Results 
management

Step 4

• VEDA processing
• Results view

Flexible view of 
results

Model input

Step 2

• VEDA processing
• Input view

Flexible view of 
model 

definition

When you have your own model 31



VEDA principles and modules

▪ VEDA is built as a modular platform
• Separation of functionalities

▪ Built to handle massive amounts of data
• Model input processing from Excel format to TIMES code format
• Easy to view model input in a tabular (and) RES format

▪ Enables easy activation/deactivation of model components
• Easy to launch model runs with custom configuration

▪ Built-in results view
• Adaptable results view and creation of tables
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VEDA – Start Page

▪ Shortcut to other VEDA 
modules

▪ View of Recent and New
models

▪ Used to import a model 
into VEDA

(Live demo upcoming)
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VEDA - Navigator
▪ Schematic view of 

all model files read 
by VEDA

▪ Synchronization
step after import

▪ Color-coded 
functionality for easy 
version control

▪ Split into various 
sections,
• Base Scenario [BS] 

and BY_Trans
• Sub RES [SR] and 

SubRES_Trans
• Demand Scenario
• Trade Scenario
• Regular Scenario

(Live demo upcoming)
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VEDA - Browse
▪ Useful to see 

how VEDA 
actually reads 
the model 
inputs and 
identify syntax 
errors

▪ Consolidates 
attributes 
defined across 
all model files 
in one place

(Live demo upcoming)
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VEDA – TIMES and VEDA attributes

▪ Dictionary of all 
attributes that 
can be 
defined/read by 
VEDA

▪ Useful 
supplementary 
material when 
using 
Browse/Items 
Detail

(Live demo upcoming)
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VEDA – Items Detail

▪ Shows basic 
details about 
all items

▪ Includes RES 
view to move 
across the 
energy chain 
and view 
topology

(Live demo upcoming)
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VEDA – Items List

▪ List of all 
processes, 
commodities, 
user 
constraints 
and 
commodity 
groups

▪ Summary of 
model 
definition

(Live demo upcoming)
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VEDA – Run Manager

▪ Configure 
and solve 
model runs

▪ Case-specific 
configuration 
using 
Scenario 
Groups

▪ Manage other 
configuration 
parameters

(Live demo upcoming)
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VEDA - Results

▪ Dynamic Data 
Cube

▪ Can view and 
export results 
from multiple 
model runs

▪ Flexible results 
view

▪ Table creation 
for quick views

(Live demo upcoming)
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Example: Residential space heating demand

▪ Remember: TIMES model is driven by demand
▪ Let us choose an example service demand: residential space heating
▪ Assessing technology competition nodes

• What technologies can provide the same demand, i.e., residential space heating?

▪ Following the energy chain
• What commodities are produced/consumed by different processes in the RES?

▪ How are these technologies defined in VEDA?
• What TIMES attributes are used for technoeconomic characterization?
• How to link [energy consumption], [technology stock] and [activity]?
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Identifying service demands in the RES
▪ What is the end-

use/service 
demands in this 
RES?

▪ Naming 
convention
• D – Demand
• R – Residential

o SH – Space 
heating

Note: This is a partial RES of the RSD 
sector in the Day 1 Demo Model
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Identifying competition nodes
▪ Competition 

nodes
• E.g., what 

technologies can 
provide the space 
heating service 
demand DRSH?
o Coal
o Gas
o Oil products
o Biomass
o Solar energy
o Electricity

Note: This is a partial RES of the RSD 
sector in the Day 1 Demo Model
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Following the energy chain
▪ Energy chain

• E.g., Follow the 
flow of oil 
commodities and 
their use in space 
heating

Note: This RES only shows existing 
process and commodity flows
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