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❖ INTERENERGY: Investigating energy transitions pathways –

Interrelation between power-to-X, demand response and market

coupling.

❖Main goals of the project
✓ Optimal mix between Power-to-X and demand response technologies.

✓ Provide comprehensive knowledge about these technologies and their

opportunities on emerging markets

✓ Provide an environment well suited to the education of new generation

of researchers

❖ To achieve these objectives we,
✓ Develop a bottom-up model which allows for consideration of several

types of technologies with different techno/economic characteristics.

✓ Free and open sources for researchers to use.

The INTERENERGY project



❖ The H2RES model, we develop and propose:
✓ A linear program optimization model.

✓ A Long-term energy capacity investment model with hourly dispatch resolution.

✓ A model that provides the “cheapest” mix of technologies (transition) to supply

the energy demand from different sectors.

❖ The H2RES model optimizes the mix of technologies and provides the optimal:
✓ Size or capacities (investment of different technologies and power plants)

✓ Dispatch of such technologies

✓ Transformation of energy carriers

✓ Storage levels

✓ Critical Excess of Electricity Production (CEEP)

✓ Other

❖ The optimization is done to comply with different policy options, including

limits on CEEP, penetration of RES, limits on CO2 emissions from different

sectors, others.

The INTERENERGY project



A long-term 
Optimization Energy 

Planning Model

Yearly decisions: 
Optimize sizing 

problem (size or 
capacities of existing 

and new technologies)

Hourly decisions: Given 
the optimal sizes, we 
model the dispatch 
that minimizes the 

total operational cost

Methods: The H2RES model



Methods: The H2RES model

❖ The H2RES model: Heating sector and Power-to-Heat
✓ The heating sector considers District Heating (DH) demand sectors (no limit) and

individual space heating demand.

✓ DH demand sectors may (or not) have a CHP (different fuels) plant and heat

storage.

✓ Both DH sectors and individual heat demand ban be supplied by traditional

boilers and electric heating (different heat-pump technologies and boilers).



Methods: The H2RES model

❖ The H2RES model: Heating sector and Power-to-Heat

❖ Constraints include:
❖ Heat network storage size, supply = demand, heat storage for individual

heating (electric heating), fuel prices for traditional boilers, investments

in capacity for each DH area and individual heating, among others



Methods: The H2RES model

❖ The H2RES model: Industry sector
✓ The model considers a profile for energy demand in industry. Different industries

are grouped as a single demand; however, it is possible to desegregate.

✓ Fuel utilization to satisfy the demand level follows a “logit function” approach

rather than a purely cost approach.

✓ H2 is used to decarbonize the industry sector (we can include electricity, WIP)



Methods: The H2RES model

❖ The H2RES model: Industry sector
✓ The Logit approach is normally used by IAMs, such as the Global Change

Assessment Model (GCAM).

✓ A logit function allows to model “choices” by considering preferences and

economic information, allowing better mix of choices (the single best choice

does not capture the entire market).

✓ The share of the market 𝑆𝑖 of alternative 𝑖, with a price 𝑝𝑖 is given by

✓ 𝛼𝑖 is know as “share weight” and is used to model historical levels. Additionally,

it can be used for technologies to be phased in/out gradually.

✓ 𝛽 is known as the logit coefficient. It determines the cost difference needed to

produce a given difference in market share (substitution rate).

𝑆𝑖 =
𝛼𝑖𝑒

𝛽𝑝𝑖
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Methods: The H2RES model

❖ The H2RES model: Power to Hydrogen and Power (H2) to Power
✓ H2 can be produced from different electrolyzer technologies.

✓ H2RES considers a single H2 storage (optimized) which serves different demands

✓ Feedback loop (power to power) with fuel cell technologies

✓ H2 base load and transformation of Industry and transport (WIP) sectors



Methods: The H2RES model

❖ The H2RES model: Electricity

storage and Power to EV

(transport)
✓ The model allows for endogenous

investments in stationary storage

(electricity and H2)

✓ The transport sector, via EV, provides

variable storages depending on profiles

of EV availability and their energy

consumption.

✓ We follow similar assumptions than the

EnergyPlan model.



Methods: The H2RES model

❖ The H2RES model: Power Sector
✓ Dispatchable and non-dispatchable units.

✓ Users define the level of aggregation.

✓ Multiple zones for non-dispatchable units, particularly important for wind and solar.

✓ Capacity investment for existing and new units, considering the potential for different

technologies.

✓ Decommission and obsolesce rates are considered for all power plants.



Methods: The H2RES model

❖ The H2RES model: Power Sector - Hydro sources
✓ H2RES considers HDAM and HPHS

✓ Hydro plants are optimized as a dispatchable unit

✓ H2RES considers investments in the generator turbines only (not storage)

✓ Natural inflows

Hydro storage level



Methods: The H2RES model

❖ The H2RES model: Decommission of technologies
✓ H2RES models the decommission for all technologies and power plants. We follow an

exponential decay left-over to account for share of technologies that will remain.

Decay Rate = 1 − 10 log(Left Over Τ) (lifetime −Year decommission start)

𝐺𝑒𝑛𝑖,𝑦𝑒𝑎𝑟 <= 𝐺𝑒𝑛𝑖,0 + ෍

𝑣𝑖𝑛𝑡𝑎𝑔𝑒 <= 𝑦𝑒𝑎𝑟

𝐶𝑎𝑝𝐼𝑛𝑣𝑖,𝑣𝑖𝑛𝑡𝑎𝑔𝑒 1 − Decay 𝑅𝑎𝑡𝑒 𝑚𝑎𝑥(𝐷𝑒𝑐𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑦𝑒𝑎𝑟,𝑦𝑒𝑎𝑟 − 𝑣𝑖𝑛𝑡𝑎𝑔𝑒) −𝐷𝑒𝑐𝑜𝑚𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑦𝑒𝑎𝑟

❖ Assume 100 MW installed at the

beginning of horizon

❖ 100 additional MW each model

year

❖ Lifetime of 20 years but

technology starts failing after 10

years

❖ Remaining capacity of 10%



H2RES: Interface and structure

✓ H2RES is written in Python. Basic

knowledge of Python is needed to use

H2RES

✓ H2RES is solved using the GUROBI solver.

Both Python and GUROBI are free, making

H2RES freely available to the community.

✓ Computational time depends on the size of

the scenario.

✓ Test runs, considering hourly dispatch

choices, from 2020 to 2050 (5 years time

intervals), are solved in 45-90 min (scenario

based). Single year simulations are solved in

approximately 5 minutes.



H2RES: Interface and structure

Main run file:

✓ Main.py: Main script used to set the

scenario characteristics and run H2RES.

✓ “scen” defines the scenario name

✓ Set of Boolean indicators for different

policy options

✓ RES targets, CO2 limits, carbon prices, CEEP

limits, import prices, Net present values,

technology change (learning), etc.

✓ Directories to the input files



New H2RES Interface

New interface

✓ JAVA application tested on Windows machines.

✓ Input files-data and visualization of results.

✓ To be released in January on www.h2res.org.



H2RES: Interface and structure

https://github.com/h2res/H2RES

https://h2res.org/about-h2res/

https://github.com/h2res/H2RES
https://h2res.org/about-h2res/
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H2RES
• The Linear Program provides the “cheapest” mix of technologies that satisfy a demand

• Size/capacities

• Dispatch 

• Variables to optimize: New investment of technologies, dispatch, transformation of energy, storage 
levels, Critical Excess of Energy (CEEP).

• The model is built in PYTHON and uses GUROBI to find the optimal solution. 

• For instance: How much Solar and Wind capacity (without any power-to-x option) is required to 
achieve a 50% reduction of emissions? 

• And if we want to guarantee a CEEP threshold? And if we want reduce curtailed energy? On 

top of this, we want a cheap solution?... If we find a configuration, can we do it cheaper? 

(what is the cheapest!?). 

• Different policy options: % of RES and/or Reduction of Emissions, CEEP limits. These are defined 
in a yearly based (different targets for different years)



Methods: The H2RES model

INTERENERGY MODEL: Generation constraints

INTERENERGY MODEL: Demand balance and CEEP constraints

𝑚𝑖𝑛𝐺𝑒𝑛𝑖 ∗ 𝑐𝑜𝑚𝑚𝑖𝑡𝑡𝑒𝑑𝑖 ,𝑡 ,𝑦 ≤ 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖 ,𝑡 ,𝑦 ≤ 𝑚𝑎𝑥𝐺𝑒𝑛𝑖 ∗ 𝑎𝑣𝑙𝐹𝑎𝑐𝑡𝑜𝑟𝑖 ,𝑡 ,𝑦 ∗ 𝑐𝑜𝑚𝑚𝑖𝑡𝑡𝑒𝑑𝑖 ,𝑡 ,𝑦                      ∀ 𝑡,𝑦, 𝑖 ∈ 𝐷𝑖𝑠𝑝𝑎𝑡𝑐ℎ 

𝑅𝐸𝑆𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖 ,𝑡 ,𝑦 =  𝑚𝑎𝑥𝐺𝑒𝑛𝑖 +  𝑐𝑎𝑝𝐼𝑛𝑣𝑖 ,𝑦 ′

𝑦 ′≤ 𝑦

 ∗ 𝑎𝑣𝑙𝐹𝑎𝑐𝑡𝑜𝑟𝑖 ,𝑡 ,𝑦                                                              ∀ 𝑡,𝑦, 𝑖 ∈ 𝑅𝑒𝑠𝑈𝑛𝑖𝑡𝑠 

𝑅𝐸𝑆𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖 ,𝑡 ,𝑦 = 𝑅𝐸𝑆𝑡𝑜𝑃𝑜𝑤𝑒𝑟𝑖 ,𝑡 ,𝑦 + 𝑅𝐸𝑆𝑡𝑜𝐻𝑒𝑎𝑡𝑖 ,𝑡 ,𝑦                                                                                     ∀𝑡,𝑦, 𝑖 ∈ 𝑅𝑒𝑠𝑈𝑛𝑖𝑡𝑠 

 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖 ,𝑡 ,𝑦 + 𝑖𝑚𝑝𝑜𝑟𝑡𝑡 ,𝑦 + 𝑒𝑣𝑂𝑢𝑡𝑡 ,𝑦

𝑖

= 𝐷𝑒𝑚𝑎𝑛𝑑𝑡 ,𝑦  + 𝐶𝐸𝐸𝑃𝑡 ,𝑦 + 𝐸𝑥𝑝𝑡 ,𝑦 + 𝑒𝑣𝐼𝑛𝑡 ,𝑦                           ∀ 𝑡,𝑦 

 𝐶𝐸𝐸𝑃𝑡 ,𝑦 ≤

𝑡

𝐶𝐸𝐸𝑃𝐿𝑖𝑚𝑖𝑡 ∗   𝐷𝑒𝑚𝑎𝑛𝑑𝑡 ,𝑦   

𝑡

                                                                                                          ∀ 𝑦 

 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖 ,𝑡 ,𝑦

𝑡 ,  𝑖∈𝑅𝐸𝑆

≥ 𝑅𝑃𝑆𝑦 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝑡 ,𝑦

𝑡

                                                                                                        ∀ 𝑦                              

 𝑚𝑎𝑥𝐺𝑒𝑛𝑖 ∗ 𝑎𝑣𝑙𝐹𝑎𝑐𝑡𝑜𝑟𝑖 ,𝑡 ,𝑦 ∗ 𝑐𝑜𝑚𝑚𝑖𝑡𝑒𝑑𝑖 ,𝑡 ,𝑦 + 𝑖𝑚𝑝𝑜𝑟𝑡𝑡 ,𝑦

𝑖

≥ 𝑅𝑒𝑠𝑒𝑟𝑣𝑒 ∗ 𝐷𝑒𝑚𝑎𝑛𝑑𝑡 ,𝑦                                       ∀ 𝑡,𝑦 



Methods: The H2RES model

INTERENERGY MODEL: Power to heat

 𝐻𝑒𝑎𝑡𝑃𝑢𝑚𝑝𝑂𝑢𝑡ℎ ,𝑡 ,𝑢 ≤   

ℎ

𝐶𝑂𝑃 ∗  𝑅𝐸𝑆𝑡𝑜𝐻𝑒𝑎𝑡𝑖 ,𝑡 ,𝑦

𝑖 ∈𝑅𝑒𝑠𝑈𝑛𝑖𝑡𝑠

                                                                                ∀𝑡, 𝑦 

𝐻𝑒𝑎𝑡𝑃𝑢𝑚𝑝𝑂𝑢𝑡ℎ ,𝑡 ,𝑦  ≤ 𝑀𝑎𝑥𝐻𝑒𝑎𝑡𝑃𝑢𝑚𝑝𝐶𝑎𝑝ℎ  +  𝐻𝑒𝑎𝑡𝑃𝑢𝑚𝑝𝐶𝑎𝑝𝐼𝑛𝑣ℎ ,𝑦 ′

𝑦 ′≤ 𝑦

                                                   ∀ℎ, 𝑡, 𝑦 

𝐻𝑒𝑎𝑡𝐼𝑛𝑝𝑢𝑡ℎ ,𝑡 ,𝑦 ∗ 𝐶𝐻𝑃𝑃𝑜𝑤𝑒𝑟𝑇𝑜𝐻𝑒𝑎𝑡ℎ ≤ 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛ℎ ,𝑡 ,𝑦                                                                                      ∀ℎ, 𝑡, 𝑦 

𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛ℎ ,𝑡 ,𝑦  ≤ 𝑚𝑎𝑥𝐺𝑒𝑛ℎ ∗ 𝑎𝑣𝑙𝐹𝑎𝑐𝑡𝑜𝑟𝑖 ,𝑡 ,𝑦  -   𝐻𝑒𝑎𝑡𝐼𝑛𝑝𝑢𝑡ℎ ,𝑡 ,𝑦  ∗ 𝐶𝐻𝑃𝑃𝑜𝑤𝑒𝑟𝐿𝑜𝑠𝑠𝐹𝑎𝑐𝑡𝑜𝑟ℎ                      ∀ℎ, 𝑡, 𝑦 

𝐻𝑒𝑎𝑡𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑆𝑂𝐶ℎ ,𝑡 ,𝑦 = 𝐻𝑒𝑎𝑡𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑆𝑂𝐶ℎ ,𝑡−1,𝑦 +𝐻𝑒𝑎𝑡𝐼𝑛𝑝𝑢𝑡ℎ ,𝑡 ,𝑦  −𝐻𝑒𝑎𝑡𝑂𝑢𝑡ℎ ,𝑡 ,𝑦                                    ∀ℎ, 𝑡, 𝑦 

𝐻𝑒𝑎𝑡𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑆𝑂𝐶ℎ ,𝑡 ,𝑦 ≤ 𝐻𝑒𝑎𝑡𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑀𝐴𝑋ℎ ,𝑦                                                                                                          ∀ℎ, 𝑡, 𝑦 

𝐻𝑒𝑎𝑡𝑂𝑢𝑡ℎ ,𝑡 ,𝑦 ≤ 𝐶𝐻𝑃𝑀𝑎𝑥𝐻𝑒𝑎𝑡ℎ                                                                                                                                      ∀ℎ, 𝑡, 𝑦 

𝐻𝑒𝑎𝑡𝑂𝑢𝑡ℎ ,𝑡 ,𝑦 + 𝐻𝑒𝑎𝑡𝑃𝑢𝑚𝑝𝑂𝑢𝑡ℎ ,𝑡 ,𝑦  + 𝐻𝑒𝑎𝑡𝑆𝑙𝑎𝑐𝑘ℎ ,𝑡 ,𝑦 = 𝐻𝑒𝑎𝑡𝐷𝑒𝑚𝑎𝑛𝑑ℎ ,𝑡 ,𝑦                                                       ∀ℎ, 𝑡, 𝑦 

Heat pump/Boilers

Combined heat 

And power (CHP)

INTERENERGY MODEL: Hydro constraints

𝑀𝑖𝑛𝐻𝑦𝑑𝑟𝑜𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑖 ,𝑡 ,𝑦 ≤  𝐻𝑦𝑑𝑟𝑜𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑆𝑂𝐶𝑖 ,𝑡 ,𝑦  ≤ 𝑀𝑎𝑥𝐻𝑦𝑑𝑟𝑜𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑖 ,𝑡 ,𝑦                                                   ∀ 𝑖, 𝑡 

𝐻𝑦𝑑𝑟𝑜𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑆𝑂𝐶𝑖 ,𝑡 ,𝑦 ≥ 𝐿𝑎𝑠𝑡𝑆𝑂𝐶𝐿𝑒𝑣𝑒𝑙𝑖                                                                                                                    ∀ 𝑖 ∈ 𝐻𝑦𝑑𝑟𝑜, 𝑡

= 𝑓𝑖𝑛𝑎𝑙, 𝑦 

𝐻𝑦𝑑𝑟𝑜𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑆𝑂𝐶𝑖 ,𝑡 ,𝑦 = 𝐻𝑦𝑑𝑟𝑜𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑆𝑂𝐶𝑖 ,𝑡−1,𝑦 + 𝑖𝑛𝑓𝑙𝑜𝑤𝑠𝑖 ,𝑡 ,𝑦  −
𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖 ,𝑡 ,𝑦

𝑒𝑓𝑓𝑖
− 𝑜𝑢𝑡𝑓𝑙𝑜𝑤𝑠𝑖 ,𝑡 ,𝑦    ∀ 𝑖 ∈ 𝐻𝑦𝑑𝑟𝑜, 𝑡, 𝑦 

𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑖𝑜𝑛𝑖 ,𝑡 ,𝑦

𝑒𝑓𝑓𝑖
+ 𝑜𝑢𝑡𝑓𝑙𝑜𝑤𝑠𝑖 ,𝑡 ,𝑦 = 𝐻𝑦𝑑𝑟𝑜𝑆𝑡𝑜𝑟𝑎𝑔𝑒𝑆𝑂𝐶𝑖 ,𝑡 ,𝑦 + 𝑖𝑛𝑓𝑙𝑜𝑤𝑠𝑖 ,𝑡 ,𝑦                                                            ∀ 𝑖 ∈ 𝐻𝑦𝑑𝑟𝑜, 𝑡, 𝑦 


