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What we do at the thermodynamics laboratory

Component Level: System level:

* Monitoring, Dynamic Modeling, Optimal control Optimal integration, multi-scale simulations,
flexibility provision by thermal systems

 Development and use of open-source models:
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Models to support the energy transition

Temporal resolution
and horizon

Weeks-
decades

Hours-
years

Minutes-
years

Seconds-
hours

None

Surrogate
models
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 Multi-scale portfolio of models:

* From the accurate
characterization of thermal

processes

 To their widespread deployment

at country/continental level
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The ThermoCycle Library

* Modelica: Open-source language for the
modeling of complex multiphysics systems.

» Acausal language

» ThermoCycle => Open-source Library for the
modeling of thermal systems

 Cross-Platform
 Special focus on thermodynamic cycles

« Computational efficiency and robustness are
key aspects of the library
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Thermo-physical fluid properties: Coo/Prop

REFPROP: CoolProp:
 Historical, reference software for * Open-source thermophysical
thermophysical properties for: properties for:
151 pure and pseudo-pure « 125 pure and pseudo-pure fluids
fluids « 35 mixtures
e Unlimited mixtures « 57 incompressible pure fluids

* 47 incompressible mixtures
* Written in C++
* MIT license

CoolProp H

o Written in Fortran
 Non-free

_ m PLIEGE
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Simulation display

disp_cycle

File Edit View |nsert Toaols Desktop Window Help

Heat Exchanger Temperature Profile Thermodynamic diagram
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Robustness of dynamic two-phase flows: Chattering

Density as a Function of Enthalpy and Pressure

Non-physical flow reversals
and simulation failures can
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Benefits: Hacking into the code

Density as a Function of Enthalpy and Pressure
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- Discontinuities in thermodynamic properties:
>  Multiple numerical issues
>  Simulation failures

- Solution:
> Smoothing of the thermodynamic properties

> Implemented directly into Coolprop




Benefits: Hacking into the code

Density as a Function of Enthalpy and Pressure

Density [kg/m3]
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Enthalpy [klkal 4000 1 Pressure [bar]

Discontinuities in thermodynamic properties:
>  Multiple numerical issues
>  Simulation failures

Solution:
> Smoothing of the thermodynamic properties

> Implemented directly into Coolprop
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Benefits: Software compatibility and portability

* Interface to multiple engineering softwares

* Fully-featured wrappers: Python (2.x, 3.x) , Modelica, Octave, C#, VB.net, MathCAD, Java,
Android, MATLAB

» High-level interface only: Labview, EES, Microsoft Excel, LibreOffice, Javascript, PHP,
FORTRAN, Maple, Mathematica, Scilab, Delphi & Lazarus, Julia

 Runs in Windows, OSX, Linux, 1OS, Android
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Beneftits: Collaborative work

0 @®1740pen + 1,298 Closed Author ~ Labels ~ Projects Milesiones ~ Assignee ~ Sort ~

@ Simple mixture: dry air
#1737 opened 5 hours ago by erlen07

(@ Viscosity calculation for CO2 and Octane mixture fails [
o M O re t h a n 40 #1736 opened 10 days ago by rolk

N 0 (@ Canl access the older 'Props’ functions in CoolProp 6 s
C O n t r I u to r S #1734 opened 11 days ago by ragnar2015
[0 @ Low level interface error with R407TA [J2

#1733 opened 18 days ago by redorangdude

» However: one main
developer

7 @ Error 53 Excel Wrapper MacBook Issue I3
#1732 opened 24 days ago by lhanania

7 @ Will CoolProp contain R513a refrigerant properties in the near future?? 31
#1731 opened 25 days ago by Takmaster1987

¢ G ith u b / S p h i nX / £ © Wrong Pressure calculation for Water [Bil] confirmed O

#1730 opened 27 days ago by sodynamic

Re a d T h e D O C S / Tra Vi S 7 @ High-Level Interface and twophase approximations 01

#1725 opened on Aug 13 by DGSEM

e C O SySte m £/ ® REFPROP v10.0 enthalpy/pressure look-up bug [Eif] Os

#1724 opened on Aug 9 by milesabarr

@ Tabular backend effects range? 1
#1721 opened on Aug 3 by khoopes

@ unit string for unitless values in json files 2
#1720 opened on Aug 1 by thorade

0 @ Coolprop cannot work on local JS 31
#1717 opened on Jul 17 by BingHung

—;,,‘ LIEGE
universite 12



enetits: Free access for everyone

& Rankine_cycle (copy)

Rankine_cycle (copy) - Chromium

+

< 2 C (@ localhost:8888/notebooks/Rankine_cycle%20(copy)ipynb @ +# € Q@ 0O # =
' Jupyter Rankine_cycle (copy) (susssved) A [ oo
File Edit View nsert Cell Kemel Help Hot Trusted | Python 3 O
B+ @B+ HRn B[ C)jmmom v [=

Definition of the design variables

Examples:

* Teaching thermodynamics in developing
countries
* Private companies
MapleSoft wa | s | wesim | pen | B

Online Help

Home : Support : Online Help : Science and Engineering : ThermophysicalData : CoolProp :
ThermophysicalData/CoolProp/HAPropsS|

ThermophysicalData[CoolPropl
HAPropsSI

Access CoolProp thermophysical fluid data about humid air

¢ LIEGE

import CoolProp.CoolProp as CP

from CoolProp.State import State
import matplotlib.pylab as pl

from numpy impor-

from CoolProp.Plots impert PropsPlot

.88

p_reheat = 500
pcd =3

Cycle calculation

The design conditions of the cyce set the temperature and pressure of the steam. As two independant state variables of a pure substance are known. this
sets the thermodynamic state of the fluid and we have B3 = P and T3 = T

5 3 = State('water’, dict(P=p max, T=T max)}

A first expansion takes place in the high pressure turbine down to the reheat pressure fixed by design at s = Py - The outlet pressure together with the
isentropic expansion efficiency allows the definition of two independant state variables, the pressure gy and the enthalpy A1y through:
By =y

Ty — P

Pa = Prokear a0 £, =

CP.Props('H',
 3.h - etats* (S3.h-hds
tate('water', dict(P=p_reheat, H<h_4})

'P', p_reheat, 'S’, 5 3.5, 'water')

The expanded steam is passed a second time into the boiler for reheat through an isobaric process at the reheat pressure up to the maximum cycle
temperature. Again, two independant state variables are known that allows the direct calculation of Ts = Ty and ps = Prehear -

Plotting the results

wmatplotlib inline
Ts

= PropsPlot('water”, 'Ts")

ax = Ts.axis
Ts.set_axis limits([-1, 12, 280, 9801}

ax. text(5_1.s°10886, fontsize=16,
ax.text(5_2.s5*1606, fontsize=18,

ax. text(5_3.5°1080, fontsize=16,

ax. text(5_4.5*1886, fontsize=16,

ax. text(5_5.5°1080, fontsize=16,

ax. text(5_6.s°10886, fontsize=16,

ax. text(5_7.5°1080, fontsize=19, rotation=8)
Ts.draw_isolines('P’, [p_cd, p_max], num=2)
Ts.draw_isolines{'P’, [p_reheat,p_reheat], num=1}

PropsPlot.draw_process(Ts, [S 1, 52, 57, S 8 53, 54,55, 56 511
PropsPlot .draw process(Ts, [S 4, 5 7]}
Ts.show()

Temperature - Entrogy Graph for water

v
Entropy [kUkak)

université
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Benefits: Scentific recognition

©

IREC

pubs.acs.org/IECR

r e S e a r C h Terms of Use

Industrial & Engineering Chemistry Research

Total citations  Cited by 2005

Pure and Pseudo-pure Fluid Thermophysical Property Evaluation
and the Open-Source Thermophysical Property Library CoolProp

Tan H. Bell*" Jorrit Wronski,#* Sylvain Quoilin,*'T and Vincent Lemort™ "

fEnergy Systems Research Unit, University of Liége, Liege, Belgium 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
2Department of Mechanical Engineering, Technical University of Denmark, Kongens Lyngby, Denmark

© Supporting Information

ABSTRACT: Over the last few decades, researchers have developed a number of empirical and theoretical models for the Scholar articles  Pure and ps_eudo—pure ﬂUlId thermophysmal property evaluation and the Open-source
correlation and prediction of the thermophysical properties of pure fluids and mixtures treated as pseudo-pure fluids. In this thermophysical property library CoolProp

paper, a survey of all the state-of-the-art formulations of thermophysical properties is presented. The most-accurate IH Bell, J Wronski, S Quoilin, V Lemort - Industrial & engineering chemistry research,
thermodynamic properties are obtained from multiparameter Helmholtz-energy-explicit-type formulations. For the transport 2014

properties, a wider range of methods has been employed, including the extended corresponding states method. All of the - i i

thermophysical property correlations described here have been implemented into CoolProp, an open-source thermophysical Cited by 2005 Related articles  All 17 versions

property library. This library is written in C++, with wrappers available for the majority of programming languages and platforms
of technical interest. As of publication, 110 pure and pseudo-pure fluids are included in the library, as well as properties of 40
incompressible fluids and humid air. The source code for the CoolProp library is included as an electronic annex.
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Z universite 14



¢ LIEGE

universiteé

Temporal resolution
and horizon

P
Flexibility
Weeks- Constraints

decades ﬁ
( Clustering \ =

Hours- ﬁ -@;w—

Modeling rural electrification  *| A

L

-,
Dispa-SET Exogenous boundary
conditions

er system modelling

Minutes-
years

s d Thermo
econas- cycle

in developing countries o sl

Physical Individual Spatial
processes units resolution
w Thermo'ﬂuid omma. E,,E,gy
oo sizing tools planning Model type




Awvailable Solutions for rural electrification

Grid extension Hybrid Microgrids Solar home
systems

:.*‘L-’%JI

1 2
Battery Bank rator ;
LI LN )

¢ LIEGE
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Integrate detailed community-level data into GIS

Bottom-up load Optimal design of microgrids GIS-based
curves generation and solar home systems optimal electrification

INPUT OUTPUT

ppli 1 Possibility to generate: —
*  Number \ i fi—
*  Nominal Power * Electrical Load Curves \..'-i--

o ‘r‘;W‘dDWSﬂ'T*R * Thermal Load Curves (with specific Load

Appliance m, 9 ;‘scsmyr?u - randomization embedded)
account for specific
Appliance 1 behaviours
-

* Cooking Load Curves ——— Bi-Directional
l - Inverters (3)
Time Step: 1 Minute \i.i-E: l
Stochastic Simulation - -
fopiErey || of Appliances Daily Load Curves f= !l i
Functioning -
A n L —

| PV Array (1) mvei‘;‘:’ @
Appliance 1 I M w [ | ‘
" RAMP M A P

Appliance m, Stochastic multh-energy losd profiles

Genset (4)

User Class User Class User Class
n 2 1

Battery Bank

« Surveys among Bolivian communities Surrogate models
(Both electrified and non-electrified)
 Allows predicting consumption patterns

_ m PLIEGE
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Integrate detailled community-level data into GIS

Optimal design of microgrids GIS-based
and solar home systems optimal electrification

PV Array (1) n Salarm

Battery Bank

Surrogate models

18



Integrate detailled community-leve

GIS-based
optimal electrification

Bottom-up load
curves generation

Possibility to generate:

* Electrical Load Curves

* Thermal Load Curves (with specific
randomization embedded)

* Cooking Load Curves

Time Step: 1 Minute

 Surveys among Bolivian communities
(Both electrified and non-electrified)
 Allows predicting consumption patterns

_ m P LIEGE
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Integrate detailled community-level data into GIS

Bottom-up load Optimal design of microgrids
curves generation and solar home systems

Possibility to generate:
* Electrical Load Curves

* Thermal Load Curves (with specific
randomization embedded) Bi-Direct :
i onal

=_a_
* Cooking Load Curves
Inverters (3)
Time Step: 1 Minute - H
)aily Load Curve = E
i

" Sol
MW T e

L.

.m [T Battery Bank

 Surveys among Bolivian communities
(Both electrified and non-electrified)
 Allows predicting consumption patterns

_ m P LIEGE
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RAMP stochastic bottom-up demand model

INPUT QUTPUT

Appliance 1 Possibility to generate:
l"f- Mumber -‘\"
*  MNominal Power * Electrical Load Curves
. +  Windows of use * Thermal Load Curves (with specific
Appliance m, . I;;n;;;;yr?uﬁm randomization embedded)
account for specific * Cooking Load Curves
Appliance 1 behaviours
I\* J Time Step: 1 Minute

Appliance m Stochastic Simulation
: of Appliances

Functioning

Appliance 1 E M M

Appliamem_ Stochastic multi-energy load profiles .

dwgl-Oh dnpl-13h Eapdn Hagd-Lan iy 1-80 AT

Daily Load Curves

_ m P LIEGE
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MicroGridsPy: Optimal sizing of isolated energy systems

 Objective function:
* Minimize investment and operational costs

e A python

— (1+ey °

y=1

« Optimization variables:

« Nominal capacity of generators, battery and
renewable sources.

o Eéﬁ'??é%h of generators, battery and renewable “/‘PYDMD

« Optimization characteristics
« Deterministic or two-stage stochastic

e LP or MILP.

» Time period is one year. GUROB|

« Time step is one hour. OPTIMIZATION
____ m P LIEGE
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: Example results

MicroGridsPy

(%) A1om109 3 Jo abIEYD JO BJRIS
8

generator

Better battery charging strategy

Smaller diesel

Re-optimization of the system:
m=) - 34% diesel consumption

(A1) Jamod

(%) abieyd jo ajeys Aianeg
8 )

3

Monitoring of the “El Espino” microgrid:

(M) 1amod

23
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Surrogate model creation

Input output parameters

NPC LCOE
Input parameters QOutput parameters - B
PV invesment cost NPC
Battery invesment cost LCOE g X
Depth of discharge PV installed capacity g
Battery Cycles Battery installed capacity ;‘3 E
Generator investment cost B :
Generator efficiency
Low heating valuer _

0 [0 ) wa [
Computed {thousand USD) Computed {USDkwh)

Fuel cost . . ) .
Toto demand in the year PV Nominal Capacity Battery Nominal Capacity
Total PV production from one unit | Lol Tl

Pradicted (W)
o
Predicted (kWhi

Selected machine learning methods:
« Multi-linear regression.

« (aussian process regression. e e v

_ m PLIEGE
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OnSSET open-source spatial electrification tool

Electrification algorithm: Legend

1. Calculates LCOE for each each isolated
system technology.

2. Calculates the LCOE cost of extending the
grid.

3. Compares LCOE grid with isolated systems
iIn each community.

Grid extension

© Micro-grid hybrid

@ Micro-grid hydro

® Mini-grid diesel
Standalone diesel
Standalone PV

O National limits
Administrative limits
International limits

— High Voltage lines

4. If at least T community has been
electrified with grid, come back to step 2.

5. Calculates all relevant indicators.

_ m PLIEGE
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Results: Universal access in Bolivia

Naive formulation
OnSSET only

68°0'0"W 64°0'0"W 60°0'0"W
1 I

W gﬁ» E

0 60 120 240

Kilometers

14°0'0"S
14°0'0"S

Brazil

—

18°0'0"S
18°0'0"¢

Diesel Microgrid
PV Microgrid
Solar Home System
- High Voltage Line [ 230, 115 and 69 KV]
Medium Voltage Line [ < 63 KV]

22°0'0"S
22°0'0"S

Interlinked framework
RAMP + MicroGridsPy + OnSSET

64°0'0"W 60°0'0"W

0 55 110 220

Kilometers

Brazil

Paraguay

~ High Voltage Line [ 230, 115 and 69 KV]
Medium Voltage Line [ <69 KV]
Microgrid
Grid
Solar Home System

Chile

10°00°S

10

14°0'0"S

18°0'0"S

Argentina E Limits of Bolivia D Limits of Bolivia
58 00W 5 00W O00W 68°00°W 64°00°W
EG
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Temporal resolution

and horizon / Energyseope 10:
V'S | Pakhi ™ [
Flexibility | L 3 |
Weeks- Constraints | | <52
decades ‘ > |3 |
Aggregatibn/

Clustering

° —_—
Hours- ~
— years surrogate 7‘ » ™ 4—’
models [ Prosump Dispa-SET Exogenous boundary
y Power system modelling conditions

Minutes- ﬁ | MicrogridsPy ||

years

Seconds- Thermb ‘ Price signals
Cycle \

A bi-directional soft-linking o e

CoolProp -
Physical Individual Spatial
processes units resolution
Thermo-fluid Optimal Energy




Dispa-SET 1n a nutshell

JRC TECHNICAL REPORTS

Modelling Future EU Power Systems

What Dispa'SET iS: Under High Shares of Renewables

The Dispa-SET 2.1
e mode.

« A unit commitment and dispatch model of the European power system

* Two successive optimizations:
» Mid-term scheduling of power stations
» Short-term unit commitment (rolling horizon)

* Probabilistic assessment of system adequacy and flexibility needs of power
systems, with growing share of renewable energy generation

» Easily “pluggable” to the outputs of long-term planning models

What Dispa-SET is not:

* An expansion planning model
» Only operational costs are optimized
* No investments

_____m *LIEGE
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Dispa-SET 2.3: System structure & technology overview in a single node

Electric bus

- HDAM

HROR

SUN (»—| PHOT

. WTON
iy

a2 '

"

F *
-

_ m P LIEGE

Renewable

Generators

Exports

Non-CHP
Generators

‘ i Import

CHP
Generators

Electric
demand

L+
Yo a2
2 |3
S 1A
Transport bus
I — E-Mobility
e demand
:: .

Heating

U‘ ¢ demand

Sector coupling options: P2H, P2V, P2P...

université
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Dispa-SET 2.1: typical outputs

Country-Specific values (in TWh or in MW):

S
Demand PeaklLoad NetImports LoadShedding Curtailment =
AT 59.375448 10144.000000 5.144132 NaN NaN — e—
BE 86.971154 13632.250000  8.911190 NaN NaN e
CH 44.694098 7794.262468 7.199527 NaM NaN r—ty—a
DE 478.030824 76212.250000 -17.260122 MaN MaM g
FR 470.875612 960588.06006000 -51.873128 NaN MaW | —
ML 87.925973 16285.500000 5.682672 MaN MNanN mo
2 = LG | M | I
'*r% 300} = NUC l ﬁ l l - | |
g | LA i TN N1
© Number of hours of congestion on each line:
20 {'AT -= CH': 5917,
e 'AT -= DE': 438,
Aggregated statistics for the considered area: 'BE -> FR': 62,
Total consumption:1227.87318992 TWh 'BE -> NL': 344,
Peak load:263182.461067 MW I 'CH -> AT': 728,
Net importations:-42.20072928 TWh 'CH - DE': 15,

'CH - FR': 56,

'DE -> AT': 1522,
'DE -> CH': 4378,
'DE -> NL': 2B@3,
'FR -> BE': 2689,
'FR -> CH': 7665,
'NL -> BE': 1483,
'NL -> DE': 60}

Feb 17 2015 Mar 03 2015 Mar 17 2015 Mar 31 2015 Apr 14 2015 Apr 28 201!




The EnergyScope model:

e EnergyScope TD: )
. EnergySCope TD ﬁes::;cg (" _ Energy conversionmn ) q)ir::?na
» Advantages: bt !
* Hourly resolution over a year ”
 Whole-energy system: g @
heat, elec. mob... =y ety
- Optimisation of design & operation "y
» Open source & documented[1-2] 2 b - 6&
el W~ JIC
[ 16™ Aprit 2035(~ ]
[aw] Electricity I

 Space resolution: :

e Technico-economic:
Wah

representation of

equilibrium
Smart to heat
\ chaarging /

Vehicle _ ¢
togrid

Supply

Demand

_ m PLIEGE
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Mapping variables between both models

EnergyScope
Meta-model

Conforms to

Ma

«® DispaSET
Meta-model

Conforms to

EnergyScope

+ layers_in_out
+f

+ Technologies param
+ Category
+ Cell

M, EnergySoope [&-

®

)

Data Import > Dispa- -SET

_mmm— Power system modelling

DispaSET

Dispa-SET

Unit

+ layers_in_out

(ES) PowerCapacity

(ES) Zone

(ES) Technology

(ES) Fuel

(ES) Efficiency

(ED) Nunits

(ED) RampingRates

(ED) Min Up/Down Time

(ED) StartUp Time

(ED) StartUp/ShutDown Costs

+ layers_in_out

\&\

: l L \%%

Comparison

<Anal

Simulation

; r.n}l.ll_nx.-u FITRR NN .J.J

Legend

Can not be
mapped

Dispa-SET
Conforms to

Corresponding to

IrnEIementallon

External Data Source

CHP - Back-pressure

(ES) CHPType: back-pressure
(ES) CHPPowerToHeat
(ES) CHPMaxHeat

Literature

+ Nunits

+ RampingRates

+ Min Up/Down Time

+ StartUp Time

+ StartUp/ShutDown Costs
+ CHPPowerLossFactor

+ Tnominal

+coef_COP_a
+coef_COP_b

—¥

LIEGE

CHP — Extraction/Condensing

(ES) CHP_type: extraction
(ES) CHPPowerToHeat
(ES) CHPMaxHeat

(ED) CHPPowerLossFactor

P2HT

(ES) COP

(ED) Tnominal
(ED) coef_COP_a
(ED) coef_COP_b

université
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The output of Dispa-SET 1s fed to EnergyScope as a reserve demand

CapacityReserve += Max(

N

—

a
Demand + CapacityReserve

2
= Demand
()
=
o
o

Time (h)

—

Power [GW]

1 [GWh]

L

Power dispatch for zone ES

'

* The installed capacity should allow to run with this additional demand

» Operational cost is computed on « actual » operation

_ m PLIEGE

Dispatch for ES

g université
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Stop condition

J = soft-linking iteration
L z — UCED rolling horizon loop
« Optimization accuracy: i — UCED time interval

iIssue with the solvers

Accuracy, = OptimalityGap - ObjectiveFunction,

« UCED error:

Error, = Z - CostLoadShedding + Z - CostLostLoad + Z SlackLoad; - CostSlack
i i i

* Stop condition:

'+ 1: F > A
StopCondition = {] TTOTz = ACCUTacy
stop: otherwise
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Over the iterations, the installed flexible capacity increases

20 A

=

E Ll
2.0
1.5 4

=

10
0.5 -
0.0 -
4

=

>

w

=

= 2

=

Bi-directional soft-linking summary
Total Energy Not Served / Curtailed

LostLoad
B ShedLoad

Maximum Consecutive Energy Not Served / Curtailed

Optimization error - check

Initialization Reserve kerl Iter2

Rer3

200 ~

—
w
o

Capacity [GW]
[
[=)
[=]

Total Installed Capacity

Initialization Reserve lterl ter2 Iter3

Convergence between both models is attained after 3 iterations!
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Why transparency and reproducibility matter

Calculation spreadsheet for: The Reinhart-Rogoff spreadsheet error arguably
Growth in a Time of Debt by Carmen M. Reinhart and Kenneth S. Rogoff. Published : : :
in vg:,um:a 100,Iissue 2, pagesy573-78 of Amerlican Economic Review, May ZOLiOI Skewed the |nternat|0na| dEbate on aUSte”ty

Calculated economic growth (Published version, 2010)

410%

2.80% 2.80%

HE B -
< 30% 30-60% 60-90% >90%

M Public Debt

Corrected calculations (2013):

4.20%
3.10% 3.20%
I . . =
< 30% 30-60% 60-90% >90%
. M Public Debt
= ?LIEGE
université
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Open-science
What does Open Science involve?

» Open Access: freely accessible publications for everybody via: gold and green Open Access

» Open Data is the practice of opening your data (e.g. measurement data) as unlimited as
possible to as many people as possible. The best practice is to commit to the FAIR — principles
when it comes to sharing data. Your data should be Findable, Accessible, Interoperable and
Reusable.

» Open Source (Software) is the practice of sharing the source code of your software freely with
everybody. The open-source practice is about releasing your source code under a free license
that allows others to use, adapt and redistribute your software freely.

« Open Methodology: transparency regarding the uniform laboratory processes e.g., lab work.

Other concepts: FOSS, FAIR principles

_ m PLIEGE
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Selecting a license for data

* Creative commons (CC) is well-known
* Only use version 4.0

« Example: CC BY-NC

« Others can remix, adapt, and build upon your
work

* their new works must acknowledge you
* non-commercial use only

* Alternatives include ODbL, ODC-By, PDDL

_ m PLIEGE

@creative
commons

MOST OPEN

Licenses

(OMOoM

Icons

®

Terms of the Licenses
Public Domain Dedication (CC0)

This is considered a dedication to the public
domain, and thus the creator(s) associated with
this item have waived all their rights to the work
worldwide under copyright law.

Attribution (BY)
Others can copy, distribute, display, perform and

remix the work if they credit/cite the creator/
thor.

Derivative Works (ND)

Others can only copy, distribute, display or
perform verbatim copies of the work.
(No modifications allowed.)

Share Alike(SA)

Others can distribute the work only under a
license identical to the one attached to the
original work.

Non-Commercial (NC)

Others can copy, distribute, display, perform or
remix the work but only for non-comme: relal

purposes.

université
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Selecting a license for code

* Are you okay with your code becoming part of a closed-source commercial software

product?
* No: GPL

* Yes: permissive licenses (MIT/BSD/Apache)
« Do you want to force users to publish their improvements to your software, or to

software they develop based on your software, under the same license?

* No: permissive licenses (MIT/BSD/Apache). This makes the code more broadly usable, but also
allows people to take the code without sharing their improvements.

 Yes: GPL. This ensures that any future changes and improvements to the code remain free and

open
Code Data Documentation
Copyleft GPL, (AGPL) ODbL CCBY SA
Permissive ISC, MIT, BSD, Apache 1 CC BY, ODC-By CCBY
Public domain not recommended PDDL, CCO cco

_ m PLIEGE
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Why energy models and data should be open

 Quality of science: peer review,

Energy Policy 101 (2017)211-215

reproducibility, traceability

Contents lists available at ScienceDirect

* More effective collaboration between science b
and policy ‘

Energy Policy

ELSEVIER journal homepage: www.elsevier.com/locate/enpol

ENERGY
POLICY

» Transparent social debate

° CO”a bora:tive bU rden Sha ri ng (: > increased gzl}?irilrggortance of open data and software: Is energy research lagging
productivity) |

Stefan Pfenninger™”, Joseph DeCarolis”, Lion Hirth®, Sylvain Quoilin®, Iain Staffell®

2 Climate Policy Group, Department of Environmental Systems Science, ETH Ziirich, Switzerland

[} Re S e a rC h fu n d e d by p u b | | C m O n ey S h O u | d b e b Department of Civil, Construction, and Environmental Engineering, North Carolina State University, USA

¢ Neon Neue Energiebkonomik GmbH (Neon), Germany

M d Institute for Energy and Transport, European Commission Joint Research Centre (JRC), Petten, Netherlands
p u I C € Centre for Environmental Policy, Imperial College London, UK

cl

CrossMark

ARTICLE INFO ABSTRACT

From the H2020 website: “the European Commission is now moving decisively from
Open Access into the broader picture of Open Science”

_ m PLIEGE
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Why energy models and data are not open

Ethical and security concerns (particularly for data)
 E.g. Information in household consumption data

Unwanted exposure and scrutiny

* Reluctance to share data was shown to be associated with weaker evidence
Fear of the code being stolen

Time-consuming: documenting the code, providing a documentation

Institutional and personal inertia

License is omitted
>
» standard copyright rules apply
» no re-use or distribution of the code/data is permitted

_ m PLIEGE
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Why energy models are proliferating

» Recent years have seen a proliferation of energy system models, open or not

e Reasons include:

e Limited knowledge of the Level of
modeling landscape by young 1 complexity
researchers

e Lack of guidance and
inertia of the promotors

« Willingness to make
‘something new”

 The initial potential barrier
to get into someone else’s 7
model an exjo: - 1Pproy,
St]ngm (&

»

Potential

Progress towards the PhD
__ m *LIEGE
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Thank you very much for you attention!

For more information on the topic:

OPENIMOC Mg i

https://openmod-initiative.org/

This presentation is licensed under |@ @ \
A Creative Commons Attribution 4.0 International License
_4' ¥ LIEGE
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https://openmod-initiative.org/
https://creativecommons.org/licenses/by/4.0/
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