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** Main goals of the project
v' Optimal mix between Power-to-X and demand response technologies.
v" Provide comprehensive knowledge about these technologies and their
opportunities on emerging markets
v Provide an environment well suited to the education of new generation
of researchers

+** To achieve these objectives we,
v' Develop a bottom-up model which allows for consideration of several
types of technologies with different techno/economic characteristics.
v Free and open sources for researchers to use.
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v 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
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** The optimization is done to comply with different policy options, including
limits on CEEP, penetration of RES, limits on CO, emissions from different
sectors, others.
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niversiy of Zagreb. individual space heating demand.
v DH demand sectors may (or not) have a CHP (different fuels) plant and heat
N storage.
) v' Both DH sectors and individual heat demand ban be supplied by traditional

boilers and electric heating (different heat-pump technologies and boilers).
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** The H2RES model: Heating sector and Power-to-Heat
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** 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

< | technology, for each district |
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v' Fuel utilization to satisfy the demand level follows a “logit function” approach
rather than a purely cost approach.
v' H2is used to decarbonize the industry sector (we can include electricity, WIP)

H2 storage
- -
—

Logit Fuction — electrolizers
Fuel cells

Fuel price
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** The H2RES model: Power to Hydrogen and Power (H2) to Power

DN N NN

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

\

Electricity —— pi
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Fuel cells (H2 gas turbines)
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(t ra n S po rt) Electric vehicles (as per EnergyPLan)
v" The model allows for endogenous
2 A5 ) . . . Inputs
it Investments In stationary storage —
enndfitiany:s L. EV load and Transport
== (electricity and H2) demand
L Hourly
v' The transport sector, via EV, provides | _ demancot [
— V2G (TWhly)
variable storages depending on profiles | Eecuicity < — Loy
. . . connection i
of EV availability and their energy capaci and Biesnl | Dne
capacity of
consumption V2G Max vee
. . . Storage ISI’I\are
v" We follow similar assumptions than the ’ ek o
EnergyPlan model. S
storage
Share of
parked V2G
connected
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strojarstva i brodogradnje
;oohvltleFzggltzg Dispatchable and non-dispatchable units.
niversiy of Zagreb. Users define the level of aggregation.
Multiple zones for non-dispatchable units, particularly important for wind and solar.
RN Capacity investment for existing and new units, considering the potential for different
o technologies.
/ Decommission and obsolesce rates are considered for all power plants.
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Decay Rate = 1 — 10[log(Left Over)/(lifetime —Year decommission start)]

TR _ max(Decommission year,year — vintage) —Decommission year
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vintage <= year

TOTAL CAPACITY BY VINTAGE

(%]
o

Remaining capacity of 10%

Assume 100 MW installed at the E Init Cap = vintage 2025 = vintage 2030 = vintage 2035 E vintage 2040 E vintage 2045 E vintage 2050
beginning of horizon 350
100 additional MW each model $ —— =
year 2 250 = 00 = —a00—
= S E—
Lifetime of 20 years but i 200 _ —
- —— ———
technology starts failing after 10 E 150 == = = =
@ Eee — ==
years ‘=g 100 = = E
g =—=— =— =
- —

|

2020 2025 2030 2035 2040 2045



H2RES: Interface and structure @é
100 “O~

. . . o  ——. —
. v’ H2RES is written in Python. Basic LENCNEngyj
godina Fakulteta
strojarstva i brodogradnje
Sveucilista u Zagreb -
o Yo ot o knowledge of Python is needed to use
Mechanical Engineering € C udnguhicon
niversity of agreh H2RES QEUCE e e e o o .

v' H2RES is solved using the GUROBI solver.
Both Python and GUROBI are free, making

H2RES freely available to the community.

The Fastest Solver

v' Computational time depends on the size of

Gurobi 9.1 ¥ Non-Convex MIQCP - 4x Faster Overall

the scenario.

nnnnnnnnnnnnnnnn

v’ Test runs, considering hourly dispatch

Python

choices, from 2020 to 2050 (5 years time & python

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

based). Single year simulations are solved in

approximately 5 minutes.




main.py read_process_data.py Bulld_model_ev.py export_plot_ev.py combine_plot.py combine_plot2.py
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ot v" Main.py: Main script used to set the rps_inv
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ey et scenario characteristics and run H2RES. hydro storses

exports_dat

Main run file:

save_csv

ceep_limit

v' “scen” defines the scenario name NoResToHeatInv

v'  Set of Boolean indicators for different fec

rps list([e.5, ©.7, ©.8])
) ) NPV = 1list([1, ©.621, 0.386])
p0||cy options TechChangeSolar = list([1, ©.95, ©.9])
TechChangeWind list([1, ©.95, ©.9])
C02_limit 1ist([3660497%8.5,3660497%0.4,3660497%0.3])

v" RES targets, CO2 limits, carbon prices, CEEP pesenve =1 # Res = reserve * den

carbon_price
ceep_parameter

limits, import prices, Net present values, Import_Price

ev_heat_cost

technology change (learning), etc.

'./data/genco_data_HR_sdewes.csv’
./data/demand_2828 2856 sdewes.csv'
'./data/fuel_cost_2626 2056 sdewes.csv'
./data/ncre_aval_factor HR_2620 2650 sdewes.csv'’
./data/scaled_inflows_HR_2828 2856 sdewes.csv'
. /data/import_export_HR_2620_2050_ sdewes.csv'
./data/heat_demand_HR_2826 2858 sdewes.csv'
./data/cooling_demand _HR_2628 2856 sdewes.csv'
./data/ev_transp_Load.csv'
./data/demand_H2 2628 2056 sdewes.csv'
./data/flex_tech_HR_2628 2858 sdewes.xlsx'

v" Directories to the input files

fuel_pFice_dat
avl_factor_plant_dat

inflows_dat
import_export
heat_demand_dat
cooling_demand_dat
ev_transpload_dat
h2_demand_dat
flex_tech_dat
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Input files-data and visualization of results.

v" To be released in January on www.h2res.org.

H2RES H2RES

Energy system modelling software Energy system modelling software

Run program

Scenario parameters  Cor

s Confirmation  Results

* All cells needs to be filled

* if you want to change any value just change it at the correspondant tab and load the data again
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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 modelis 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)
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e e minGen; ¥ committed,;, , < generation;,, < maxGen; * avlFactor;,, * committed, V' t,y,i € Dispatch
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e RESgeneration; ., = | maxGen; + Z caplnv,; ' | * avlFactor;, ,, Vt,y,i € ResUnits
y <y
RESgeneration; ., = REStoPower;,, + REStoHeat; ., Vt,y,i € ResUnits

INTERENERGY MODEL: Demand balance and CEEP constraints

z generation;,, + import,, + evOut,,, = Demand,, + CEEP,, + Exp,, + evin,, Vity
i
z CEEP,,, < CEEPLimit * z Demand, ,, vy
t t
Z generation; ., = RPS,, * Z Demand, , Vy
t, iERES t

Z maxGen; * avlFactor;, , * commited, ., + import,, = Reserve * Demand, ,, Vty
i
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INTERENERGY MODEL: Power to heat
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100 Years of Faculty of Z HeatPumpOuty ., < COP x Z REStoHeat,; , vty
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University of Zagreb o Heat p U m p/B O I | erS
HeatPumpOut ., < MaxHeatPumpCap, + Z HeatPumpCaplnv,, ./ Vh,t,y
y <y _
Heatlnputy ;, * CHPPowerToHeat) < generationy, vh,t,y |
generationy ., < maxGen, * avlFactor;,, - Heatlnput,,, * CHPPowerLossFactory, Vh,t,y
HeatStorageSOCy, ;, = HeatStorageSOCy,._,, + Heatlnputy ,, — HeatOuty,, Vh,t,y .
" o " " Combined heat
HeatStorageSOCy;, < HeatStorageMAX) , Vh,t,y And power (CH P)
HeatOuty ., < CHPMaxHeat, Vh,t,y
HeatOuty ., + HeatPumpOuty, ., + HeatSlacky,,, = HeatDemandy, ., Vh,t,y

INTERENERGY MODEL: Hydro constraints

MinHydroStorage; ., < HydroStorageSOC;,, < MaxHydroStorage;,, Vit
HydroStorageSOC;,, = LastSOCLevel; Vi € Hydro,t
= final,y

generation,  ,,

HydroStorageSOC;,, = HydroStorageSOC;,_;, + inflows;,, — off — outflows; Vi € Hydro,t,y
L

2ty

generation;

T LYy outflows;,, = HydroStorageSOC;,, + inflows;,, Vi€ Hydro,t,y
i



