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Goals for the Thermal and Electric Energy Library and Scenarios

 Develop an easy-to-understand low-to-medium complexity library
« Easily extensible to include more model details

» Both electric and thermal solar energy

 Including a simple wind energy model

 Thermal and electric energy storage

» Electric vehicle charging models '
« Simple controller models */*\
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World3 Simulations with Different Start Years for Sustainable Policies

— Collapse if starting too late

World Population

World3 Simulations with Scenario 9 (sustainable)
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Left. System Dynamics World3 simulation with
OpenModelica. World population. (ref Meadows et al)

» 2 collapse scenarios (close to current developments)

e 1 sustainable scenario (green).

Time (Years)
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Sustainable Renewable Energy System
Solar Electric PV, Solar Thermal, Wind, and Storage

Elec_tric solar PV, ETC El L’ | Abslicon cenrated solar thmal
Katrineholm, Sweden Collectors, Harndésand, Sweden

-4 i out hltof lobal encroy

consumption is thermal energy
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Large-scale Annual Storage of Solar Thermal Energy from Summer
to Winter — Danish city Dronninglund

Field with 26 MW
(37 500 m2) Thermal
solar collectors

Heat storage 60 000
m3 hot water with
insulating cover

The Danish city
Dronninglund 2013
built a solar
collector field and a
seasonal storage
that together covers
50% of the citys
heat needs
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Modelica Library Thermal and Electric Solar Energy
Two small example models

Electric grid model, group of houses Part of solar thermal model with storage
Solar PV, wind power, car charging, etc. For small residential community
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Library Overview —
Two parts: Electric Power Grid and Thermal Grid

The Library contains two main packages, Power
Grid and Thermal Grid. These may be used to
simulate interconnected networks of electric as
well as district heating systems from generation,
distribution to consumption.

The complexity of the sub-models are Ilow-
medium and examples of annual simulations are
focussed on.

v e ThermalAndPowerGridSystem

",
> i |
| |

%, 4

2

PowerGrid

ThermalGrid

L

S

L

A

S

PowerGrid

1 lcons
'(:33 Interfaces
¥ Utilities
:EI: Components
» GridScenarios
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> s SystemSetup
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Functions

> Il BoundaryConditions
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> i BaseComponents
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> i CompoundComponents

> Gy Control

P Examples
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Simulation of the Library Examples

 Electric Grid:

- Four predefined scenarios are available under “GridScenarios”.
- Parameters may be varied by double clicking on the
“SystemParameters” record.

e Thermal Grid:

- Simulation Scenarios and other examples under
Examples.

Test

- Each scenario has three models. The scenario and the control
are decoupled into two models. A third model connects the scenario
and its control. This is the model which is to be simulated.

- The parameters for each scenario may be changed by double
clicking on individual components.

- To input different hourly solar data, run the python file
“DataExtractionScript.py” under Resources folder of the main
package. This will generate the corresponding combi-table .txt file in
the “CombiTableFiles” folder, all the data source files are kept in the
“DataSources” folder.

B PowerGrid
BB Resources
@ ThermalGrid
[l package

B packageorder

I] ElectricalGenerationLoadDataSource
I] HeatDemandDataSource
. MeteorologicalDataSource

I] WeatherDataSource

Ei DataExtractionScript
BB DataSources

BB CombiTableFiles

. AirTernperature

. CityElectricityDernand

. CountryElectricityDermand
. CountryHeatDermand

. CountrySolarGeneration

. CountryWindGeneration

. DirectSolarlrradiance
. GroupOfHousesElectricityDemand
. SingleHouseElectricityDemand

. solarlrradiance

. Wind5peed
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Electric Power Grid Sub library

Interfaces: This sub package contains the port used
in the library.

Electrical Port

Utilities: This sub package contains the grid
parameters and data related modules.

System Parameters
Wind Power Data
Solar Irradiance Data
Solar Generation Data

Wind Generation Data ///

> 1 | lcons

-
v "LF' Interfaces

ElectricalPort

~ 3% utilities

ali

SystemParameters

* WindPowerData

= SolarlrradianceData

SolarGenerationData
WindGenerationData

GenerationFactor

v :El: Components

nnnnn

a
04 4D
AAB LS

. PowerManagementSystem

EnergyStorage

@ DomesticConsumer

.

.‘wo

ChargingStation
ConventionalGrid

WindFarm

/s SolarFarm

Kpi

v > GridScenarios

(w)(w)(w)(w

| Scenario1
| Scenario2
| Scenario3

| Scenario4
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Power Grid Library

e Components: This sub package contains the grid
component modules

e Solar Farm e Conventional Grid

e Wind Farm e Domestic Consumer
e Power Management System e Charging Station

e Energy Storage o KPI

e Grid Scenarios: This sub package contains the library
grid scenario examples.

e Scenario-1: Single house grid scenario

e Scenario-2 : Group of houses grid scenario (~200 Houses)
e Scenario-3 : City grid scenario (~75000 Houses)

e Scenario-4 : Country grid scenario

<

<

PowerGrid

4 - Interfaces

E)

ElectricalPort

¥ Utilities

SystemParameters

» WindPowerData

= SolarlrradianceData

SolarGenerationData
WindGenerationData

GenerationFactor

w

Components
% PowerManagementSystem
..... EnergyStorage
DomesticConsumer
ChargingStation
% ConventionalGrid
"= " WindFarm
/s SolarFarm

Kpi

w

»  GridScenarios
Scenario1
Scenario?2

Scenario3

AJAN\ 72N\ 22N\ 4

Scenario4
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Electric Grid Scenarios: Scenario-1 — Single House

Single House Grid Scenario

.\
Ah AbAA

[ ] [ ]
Scenariol Parameter

T

T

E

Parameters:
* Number of PV panels : 12

Surface Area of each panel : 2m?
PV generation efficiency : 20%

Energy storage capacity : 5 kWh
Energy storage Max power limit: 1 kW
Domestic Load : Single House

Simulation Results (Annual):

Total Energy

Total Energy

Total Total
Transferred from Transferred to
Energy . . Energy
solarIrradianceData Panel A A Conventlonal CO nven“onal
P : : Generated . . Demand
owerManagementSyste G rl d G Il d
,,,,,,,,,, 3.74 MWh 6.52 MWh 0.67 MWh 9.59 MWh
AN @ A A
energyStorage conventionalGrid
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Electric Grid Scenarios: Scenario-2 — Group of Houses

Group of Houses Grid Scenario (~200 Houses)

.‘ Scenario 2Parame ters
[
e———
Ak 4444
L

=

windPowerData windFarm

g_

06— .
d
owerManagementSystel

GG s

solarIrradianceData SolarFarm

Parameters:

Number of PV panels : 1000

Surface Area of each panel : 2m?

PV power generation efficiency : 20%
Wind turbine rotor radius : 30m

Number of turbines : 3

Wind power generation efficiency : 80%
Wind power generation limit: 2MW
Energy storage capacity : 5 MWh
Energy storage Max power limit: 0.5 MW
Domestic Load : ~200 Houses
Charging Stations : 4 N0.(80 Bikes, 48 Cars)

Simulation Results (Annual):

Total Total Energy Total Energy Total
| Transferred from Transferred to
SaBi S Conventional Conventional SN
i
%s Generated Grid Grid Demand
- a 6.98 GWh 1.04 GWh 1.56 GWh 6.46 GWh
energyStorage conventionalGrid
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Electric Grid Scenarios: Scenario-3 — Medium-sized City

City Grid Scenario (~75000 Houses) Parameters:
kP * Number of PV panels : 200000
ot » Surface Area of each panel : 2m?
____________________ Ty e " « PV power generation efficiency : 20%
o L L 3 i  Wind turbine rotor radius : 30m
E’ AAN AN * Number of turbines : 600
o o » Wind power generation efficiency : 80%

« Wind power generation limit: 350MW
» Energy storage capacity : 900 MWh
* Energy storage Max power limit: 50 MW

owerfanagemm‘;sygte » Domestic Load : ~75000 Houses
! m « Charging Stations : 200 No.(4000 Bikes, 2400 Cars)

E G—

A

solarIrradianceData slarfarm | 3 domesticConsumer - - .
' Simulation Results (Annual):
Total Energy Total Energy
Aa @ b A E‘;c;tral Transferred from Transferred to E1r']oetral
PN Genergt)(/ad Conventional Conventional Dema%]):j
] /\\' Grid Grid
— pr— 1332.96 GWh 85.23 GWh 567.27 GWh 850.21 GWh
gy: g
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Electric Grid Scenarios: Scenario-4 — Whole Country (Actual)

Country grid Scenario (Netherl

ey

ot
]

A

L%

and, Year: 2016)

chargingStation

o——
0——

Parameters:

Solar Generation : Country solar generation power
Wind Generation : Country wind generation power
Solar generation factor: 1

Wind generation factor: 1

Energy storage capacity : 500 MWh

Energy storage Max power limit : 500 MW
Domestic Load : Country demand power

Charging Stations : 20000 No0.(400000 Bikes, 240000 Cars)

Simulation Results (Annual):

] erManagementSystem m Total Total Energy Total Energy
Total
p— Renewable | Transferred from Transferred to Energy
— Energy Conventional Conventional Demand
solarGenerationFact Generated Grid Grid & Storage
AL 8.9 TWh 130.57 TWh 0 TWh 139.47 TWh
~
/\l\\'
|
energyStorage tionalGrid
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Electric Grid Scenarios: Scenario-4 — Whole Country (Projected)

Country grid Scenario (Netherland, Year: 2016)

m scenario4Parame ters

) 1

)
A — o
a—
chargingStation

Parameters:

« Solar Generation : Country solar generation power
Wind Generation : Country wind generation power
Solar generation factor: 10
Wind generation factor: 10
Energy storage capacity : 500 MWh
Energy storage Max power limit : 500 MW
Domestic Load : Country demand power
» Charging Stations : 20000 No0.(400000 Bikes, 240000 Cars)

Simulation Results (Annual):

. M tS
i e s Total Energy Total Energy
Total Total
J domesticConsumer Transferred from Transferred to
P Energy . : Energy
solarGenerationData Conventional Conventional
solarGenerationFactor Gen erated . . Dem and
Grid Grid
A 89 TWh 61.3 TWh 10.8 TWh 139.5 TWh
I~
1
energyStorage tionalGrid
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Interface: Electrical Port

Grid power transfer connector called as “Electrical Port”.

The port has two variables,
» “Power” a flow variable
» “Voltage” a potential variable (dummy variable)

Power flowing inward to the port is considered as positive
Power flowing outward to the port is considered as negative

Vi
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Utility: System Parameters

» Arecord file containing all the parameters required
for each library component Air density

» This record file can be dragged on to each library
example and corresponding component parameter
values can be entered.

Wind speed data file
Turbine rotor radius
Turbine generation efficiency

Number of turbines
 The parameters in this record is shown in the Wind farm rated power
fo”owing ﬁgure_ PV panel tilt angle

- . . . : Solar irradiance data file
« Additionally, it also contains the data file links
corresponding to the wind speed pr.ofile, solar_ PV panel surface area
radiation profile data, solar generation data, wind  number of Pv panels
generation data and domestic demand profile Solar generation data file

data. System Parameter Solar generation factor

Wind generation data file

PV generation efficiency

Wind generation factor

Graphical representation

Parameters

Energy storage capacity

Max allowable charge %

Min allowable charge %

T&D efficiency

Voltage

Energy storage rated power
EV car charging capacity

EV bike charging capacity

EV car charging rated power
EV bike charging rated power
Max number of cars per station
Max number of bikes per station
Number of charging stations
EV car charging duration

EV bike charging duration

18 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY
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Utility: Data extraction

The data is extracted from the annual hourly data
source file using an python script.

The data sources are,
» Meteorological radiation data (2007 - Sweden, Norrkoping)
* Weather data (2013 - Netherland)

» Electrical solar generation, wind generation and demand
power data (2016 — Netherland)

* Heat demand data (2013 — Netherland)

The output file of the python script are the
Individual text files in the combi-table format.

In the corresponding model these text files are
Imported as combi-tables.

The location (Country) and the year for data
extraction can be changed in the python script.

Meteorological
Data Source

Weather
Data Source

Electrical
Data Source

Heat Demand
Data Source

Direct Irradiation data
combi-table

Python
script

Global Irradiation data
combi-table

Air temperature data

Wind speed data

Electrical demand data

Heat demand data

Text File

19
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Utility: Solar Irradiance Data

« The annual hourly solar irradiance data is converted to
the irradiance on the panel using the combi-table and

tilt angle of the PV panel.
e Input
o Hourly horizontal surface irradiance data

e Parameters
o PV panel tilt angle

e Output
o Solar irradiance on the PV panel
* Equation
T * 5
Emodute = Ee * COS( 180)

E. (W/m?) - Horizontal surface data

Erogque (W/M?) - Solar irradiance on the PV panel

B (deg) - PV panel tilt angle

Graphical representation

— solarlrradianceData.pvIrradianceTable.y[1]] — solarlrradianceData. pvIrradiance

1000 —

Irradiance (W/m?)

-200 T T T T T
0 50 100 150 200

Time (d)

T
250

T
300

T
350

The example plot shows the module irradiance for an PV

panel with tilt angle = 30deg.

1
400

20
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Utility: Wind speed Data

* Wind speed data is converted to wind power per unit area of
the turbine rotor area.
* Input
o Hourly wind speed data
e Parameter
o Air density
e Output
o Wind power per unit area
« Equation

1 3
Bya=5% p* v

Graphical representation

Pua (W/m?) —Wind power per unit area
v (m/s) — Wind speed
p (kg/m3) - PV panel tilt angle

Wind speed (m/s)

Sample wind
speed data

Wind power data

Power per unit area (W/m2)

nnnnn

uuuuu

T T T T
100 15 25 00

Time (d)
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Utility: Solar Generation Data

 The annual hourly solar generated power data for a

country is imported using the combi-table.
e Input

o Country solar generation data
e Output

0 Solar generation power

— o

Graphical representation

— solarGenerationData. solarGenerationPower. P (GW)

1.4

1.2

0.8

0.6

0.4

Generated solar power (GW)

0.2

0.2 S

T
200

Time (d)

T
250

T
300

T
350

1
400

22
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Utility: Wind Generation Data

 The annual hourly wind generated power data for a
country is imported using the combi-table.

e Input ]
o Country wind generation data _
e Output | l
o Wind generation power

— windGenerationData windGenerationPower.F (GW)

Generated wind power (GW)

1 7]

E

-l T T T T T T T
j 0 50 100 150 200 250 300 350
,
A .
. o Time (d)
Graphical representation
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Utility: (Solar/ Wind) Generation Factor

» The generation factor is to enable carrying out sensitivity studies on
(decreasing or increasing) the generation capability of renewable
power — Solar/ wind.

* The default value is 1 for both solar and wind indicating the generation
capability on 2016.

» To study the impact of increasing / decreasing renewable power this
factor can be changed from 0 to some large number.

e Input
o Actual solar/ wind generation power (2016)

e Parameter
o Factor

e Output
o Projected solar/ wind generation power

Graphical representation

24
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Components: Solar Farm of Electric PV Panels

» This model consists of number of solar PV panels in a solar farm.
« Solar power is converted to electrical power
e [nput

o Irradiance on the PV panels

 Parameters
o Surface area of each PV panel

o Number of PV panels in the farm >///‘3
o Generation efficiency

20

Power (kW)

) i [
e Output
. . |
o Generated electrical power Graphical representation
e Equation : .

= k k *
PS Nse module Ap np Ps (W) — Solar generated electrical power
Eroque (W/m?2) - Solar irradiance on the PV panel
A, (m?) — Surface area of the PV panel
n, — Number of PV panels in the farm
p (kg/m3) - PV panel tilt angle
Nse — Solar electric power generation efficiency

Time (d)

The example plot shows the solar power and
the corresponding electrical power
generated for n=12 panels of 2m2 surface
area with an efficiency of 20%.

25 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY
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Components: Wind farm

This model consists of number of wind turbines in a wind farm.

Wind power is converted to electrical power, The generated
electrical power has limiter which signifies the rated power of
the turbine farm.

* Input s
o Wind power per unit area =

 Parameters - G %
o Rotor radius of the turbines -_—

o Number of turbines in the farm

o0 Generation efficiency Graphical representation

e Output
0 Generated electrical power _ ,
P, (W)—Wind generated electrical power
° Equation P (W/m?2) — Wind power per unit area

A, (m?) — Turbine rotor swept area

n,, — Number of wind turbines in the farm

R, (m) — Turbine rotor radius

n.— Wind electric power generation efficiency

Ay = T * R,*

By = Nwe * Pyg* A * ny,

—— windFarm. windElectricalPower (MW) ——— windFarm.windElecticalPowerLimited (M)

40
35—:
30—:
25{

20 —

15+

T
o 50

Time (d)

The example plot shows the wind electrical power for n=3
turbines of 30m rotor radius with an efficiency of 80% and rated
power of 2ZMW.

Assumption:
The radius of each turbines in the farm is assumed to be same.

26
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Components: Power Management System

« This model consists of the control algorithm to manage the grid. The control algorithm is designed such that the

demand is always met.

* Input

0 Generated electrical powers

o Demand powers (domestic demand & Charging station)

o Can charge, can discharge flags from energy storage
 Parameters

0 Energy storage power supply limit

0 Number of turbines in the farm

o Transmission & distribution efficiency
e Output

o Stored power

o Power from or to conventional grid (infinite source& sink)

ntnd*(Pgl-l' sz)
Nena * (Paat Pgz )

e Equation

ag
Py

E) E

G A AQO

Graphical representation

P,y (W) —Available generated electrical power

P41 (W) — Solar generated electrical power

P42 (W) —Wind generated electrical power

P,y (W) — Total demand electrical power

P4 (W) — Domestic demand electrical power

P4, (W) — Charging station demand electrical power
Ning— Transmission & distribution efficiency

27
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Components: Power Management System

e Control Algorithm Flow chart

P,,— Available Generated power

P, — Total demand power

P.. — Power transferred to energy storage
P., — Power transferred to conventional grid
Pes max— ENErgy storage power supply limit

Pes=0
Pcg =- (Pag- Ptd)

I_NO

Pes=-(Pag-Ptd)
Pcg=0

YES

Can

Charge

YES

NO

l

Pes=0

Pcg = (Pag - Ptd)

NO

l

Pes = (Pag- Ptd)

YES YES Pcg=0
Pes = - Pes_max Pes = Pes_max
Pcg = - (Pag - Ptd — Pes) Pcg = Pag - Ptd - Pes
28 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY Vg ; e
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Components: Power Management System

powerManagementSystem. availableGeneratedPower kW)

powerManagementSystem. powerTransferedToStorage (kW)

powerManagementSystem. totalDemandPower (kW)

powerManagementSystem. powerTransferedToGrid (kW)

The example plot shows the solar power

management plot for single house grid,
] Generated Power (Red)

i Demand power (Blue)

1 Conventional grid power (Purple)

|

Storage power (Green)

s |
5 o MM‘ WA T TR ', [ W L T I'MM
D%_ A LAY 'l‘w ' 1|1 “ NN |"|'|" AL

i
o
i

Time (d)

Usage: Creative Commons with attribution CC-BY P ; ’ .
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Components: Electric Energy Storage

* The energy storage model is used to store excess power which will be at the instance when
generation is greater than the demand.

« The charging & discharging control algorithm is shown in the following flowchart.

e |nput A A B Control Algorithm Flow Chart
o Power from grid T am
« Parameters (s )

A

o Storage capacity
o Min allowable charge %
o Max allowable charge %

Stored
Energy

Stored
Energy

Graphical representation >= >=
* Output NGO Allowable Allowable NGO
Min Energy Max Energy
o Stored energy Capacity Capacity
. : Can Discharge = Can Charge
o0 Boolean Flags : can charge, can discharge Eolse C Trie
Equation Y v
° u
q f P... dt E.. (Wh) — Stored Energy , y - y
— es P (W) — Power transferred to & from storage Can Discharge = Ca_n Charge
es 3600 Ees cap (Wh) — Stored Energy Max capacity True = False
30 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY MO U/E:L: °c A



Components: Energy Storage

energyStorage.storageEnergy (MW.h)

Energy (MWh)

energyStorage. powerInMout (kKW)

600

400

200

Power (kW)

-200

-400

T T T T T T
50 100 150 200 250 300

Time (d)

The example plot shows the energy storage energy
profile with 5SMWh max capacity

350

400

-600 -
0 s0 100

T T
150

T T
200

Time (d)

T T
250

T T
300

T T
350

The example plot shows the energy storage Power profile with

500kW Power limit

T 1
401

31 Copyright © Open Source Modelica Consortium

Usage: Creative Commons with attribution CC-BY

M O D

Vi

-
ELICA



Components: Conventional Electric Grid

» This model is an infinite source and sink of power

« Power from the conventional grid will be supplied when the
generation power is less than demand and energy storage is
fully discharged. o

« Power to the conventional grid will be supplied when the
generation power is more than demand and energy storage is
fully charged.

* Input
o Input power " .
e Output Graphical representation

o Output power
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Components: Domestic Consumer

e This model is provides the domestic consumer | e ——— wom
demand.

« Sample annual hourly demand data profiles are stored-
In the library resources as an text file. Four different ;
scale sample data are provided for simulating the
given four scenarios.

 Using a combi-table the domestic demand data is i
Imported and given to the grid. ]

* Input

Power (M

o Domestic demand power data
e Output
o Demand power

Time (d)
The example plot shows the domestic consumption data for

a group of houses (~200 Houses), probably air conditioning
in a southern location

Graphical representation
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Components: Charging Station

« This model is an simulated (hypothetical) demand data generator for EV
charging stations.

« Using random number generator the number of cars & bikes charging in
any given station is calculated.

« After the said charging duration the random number generator will give
out new number of vehicles per station.
 Parameters
o Number of charging stations
0 Max number of cars & bikes per station |
o0 Charging duration for cars & bikes Graphical representation
e Output
o Total charging station demand power
« Equation

P., (Wh) — Total charging stations demand power
Peh_car (W) — Charging Power for a car

Pch = Ngt * (ncar * Lehpgr + Npike * CRpike ) Peh_bike (W) — Charging Power fo_rabike _

Near & Npike — NumMber of cars & bikes per station
ng,— Number of charging stations
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Components: Charging Station

powerManagementSystem.availableChargingStationDemandPower kW)

The example plot shows the
Charging station consumption
data for 4 charging stations (Max
20 cars/station & 12 bikes/station)

600

500
—~ 400
=
N—r
S
o 300
=
o
o
200
100
|:| —]
-100 — T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
50 100 150 200 250 300 350 400
Time (d)
35 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY o/ ; e

MoDE'Li caA



Components: Electric KPl (Key Performance Indicator)

* This model is used to highlight the “Key Performance Indicator” of

the power grid.

 The KPI parameters are,
o Grid power ratio .
« Storage power ratio .

o Generation power ratio

Solar generated energy m

Wind generated energy \_
Domestic demand energy .

« Storage effectiveness  Charging station energy .
« Generation effectiveness
_ AAAA AAAA
. Equat|0ns Graphical representation
P, (W) - Wind generated electrical power
E = fPW dt E., = fpdd dt Ps (W) — Solar generated electrical power
w 3600 ad 3600 Py (W) — domestic demand electrical power
P, (Wh) — Total charging stations demand power
fPS dt fp n dt E, (W)—-Wind generated energy
ES = 3600 Ech = ¢ 3600 Es (W) — Solar generated energy
Ey (W) —domestic demand energy
E., (Wh) — Total charging stations demand energy
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Components: KPl (Key Performance Indicator)

* Equations,

Total Demand Power — Available Generated Power

Generation Ef fectiveness =
ff Total Demand Power

Power Supplied from Grid

Grid P Ratio =
ria rower ratto Total Demand Power

Available Generated Power

Generation Power Ratio =
Total Demand Power

Power Supplied from Storage

St P Ratio =
orage rower katio Total Demand Power

Average Storage Energy

St E ti =
orage Ef fectiveness Storage Capacity
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Library Overview — Thermal Sub library

w O ThermalGrid

lcons
A . ThermalAndPowerGridSystem
b Media
PowerGrid
> O ThermalGrid > 2 SystemSetup
b Utilities
b Functions
b Interfaces

| » ll BoundaryConditions

Z'ER@
€0»

L'

vVeREEODEVK@ 6

Sensors

L'

BaseComponents

L'

Components

L'

CompoundComponents

L'

Control

Examples
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Library Overview — Thermal Sub library

v S | SystemSetup SyStem FIUld v ThermalGrid
> M SystemFluid Specific medium models that can be directly utilized from > 1 | lcons
R AmbientConditions Standard Modelica Library can be defined here. The flexibility , Vedia
il of replacing the medium is provided. —
M Constants > \3 | SystemSetup
— Ambient Conditions > [ g utites
Ambient Conditions such as ambient temperature and > | B> ] Functions
pressure conditions assumed for each scenario is declared as > |7 interfaces
a record. The objects are then defined as inner/outer to » T Boundanyconaitions
have singular access to ambient conditions of all sub-models s
. »
of a scenario. ersers
> i BaseComponents
COﬂStantS » i Components
Various constants used in the system can be defined in this 5 i CompoundComponents
model. -
> %y Control
b Examples
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Library Overview Thermal Sub library

v }'@ Utilities

SolarlrradianceData

@' UserDemandData

KPI

(=n ) (=n) (=n) (=)

~ b Functions

:I AngleModifierBeamCalculator
] OMdebug
) FDFESingleDer

| FDFEDoubleDer

Utilities

Solar Irradiation Data

The model uses a combi-table of hourly Irradiance Data.

This data is used as input for SolarCSP model.

User Demand Data

The model uses a combi-table of hourly Irradiance Data.

This data is used as input for SpaceHeating model.

KPI
Calculates Key Performance Indicators.

Functions

Functions used for internal debugging, calculating Single
derivative and double derivatives.

ThermalGrid
> I Icons
> Media

SystemSetup

S
> ¥ utilities
>

Functions

40
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> @ Sensors
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> G4 Control
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Library Overview — Thermal Sub library

Thermal Port W ThermalGrid
v -‘I:)II Interfaces , I cons
. ThermalPort Connector Variables: , Media
. WaterPort Potential Variable: Temperature (K) p—
Flow Variable : Heat Flow Rate (W) > |8 systemsetup
bus > ¥ uilities
Water Port (Stream Connector) > [ Functions

4[}3 Interfaces

el

Connector Variables:

Potential Variable: Pressure (Pa) > [ BoundaryConditions
Flow Variable : Mass Flow Rate (kg/s) > P sensors
Stream Variable: Specific Enthalpy (W/kg)

> i BaseComponents

> Components
Bus - oo
Expandable Connector used as interface between scenario > i CompoundComponents
and Controller. s> @B Control

b Examples
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Library Overview — Thermal Sub library

Component
Models

Base Components

Components

Compound

Components

Partial Models of
Basic Component
equations

Single components
for small scenarios

System/
Compounded
components for
large scenarios

42
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SystemSetup
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Utilities

L

Functions

L

Interfaces

L'

BoundaryConditions

| L2 (v 8 () (@) [~

Sensors

S

BaseComponents
Components

CompoundComponents

Control
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Component Models - Thermal Energy Generation Models

Solar CSP Model

, OBJECTIVE: Calculates outlet temperature and total useful energy
vV collected by the receiver taking into account the various energy losses.

E INPUT: Hourly Solar Irradiation Data

OUTPUT: Outlet Temperature, Useful Energy

Biomass Boiler Model

OBJECTIVE: Calculates outlet temperature and total useful energy

H generated by the boiler.
= INPUT: Fuel Flow Rate
| OUTPUT: Outlet Temperature, Useful Energy
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Component Models - Thermal Energy Consumption Models

Domestic Space Heating Consumption Model

OBJECTIVE: Calculates Domestic Space Heating Consumption, return
temperature is modeled, for one house.

INPUT: Energy Use Per Person Per Year, Pressure Difference, WaterPort
variables

Similar Model for a residential community.
ASSUMPTION: Four residents per house.

INPUT: Number of houses in the community.

OUTPUT: Return Temperature, WaterPort variables

A third model called SpaceHeating is added to enable the user to provide
real data via the UserDemand utility to generate realistic simulations.
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Component Models - Energy Consumption Models

Industrial Consumption Model

a D OBJECTIVE: Energy consumption model for industries, return
temperature is modeled for one industry.

INPUT: Energy Use Per Industry Per Year, Pressure Difference, WaterPort
Variables

Similar Model for an industrial complex.
ASSUMPTION: Same average energy use for all industries.

INPUT: Number of industries in the complex.

-
i

— /.I

OUTPUT: Return Temperature, WaterPort Variables
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Component Models — Valves

Valve Models

! On/ Off Valve:
OBJECTIVE: Pressure drop valve model with on-off switch.
® ® INPUT: Control Switch, WaterPort variables

Linear Valve:
Similar Model for linear valve

INPUT: Valve Opening

PARAMETERS: Cv value

OUTPUT: Pressure drop across valve, WaterPort variables
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Component Models — Thermal Energy Storage Models

Tank Models

VeV

VeV

Hot Storage Tank & Cold Storage Tank

OBJECTIVE: Tank open to atmosphere, used for storage of medium
(water). The input-output enthalpy change, level of medium in the tank,
enthalpy storage, output pressure are modeled.

INPUT: Initial Level, Heat Transfer Coefficient, WaterPort
variables

PARAMETERS: Tank Dimensions

OUTPUT: Level of medium, Energy Stored, Energy Loss, WaterPort
variables
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Component Models — Pipe Models

Pipe Models

.-. Supply Pipe & Return Pipe

OBJECTIVE: These models calculate the friction coefficient of the

pipe/pipeline system, pressure drop across the pipe as well as energy
._. losses.

INPUT: WaterPort variables

PARAMETERS: Dimensions of the pipe

Hot Pipeline System & Cold Pipeline System

OUTPUT: Friction coefficient, Energy Loss, Exit WaterPort  variables.
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Component Models

Pump Model

OBJECTIVE: To calculate the power consumed by the pump and
pressure drop

INPUT: WaterPort variables, Control Switch input

PARAMETERS: Pump Efficiency

OUTPUT: Pressure drop, Pump Power, exit WaterPort variables
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Component Models

Port Exchange Model

OBJECTIVE: This model is used to carry the information of a heat port
onto a water port. It can be considered a simple heat exchanger model.

INPUT: HeatPort variables, WaterPort variables

OUTPUT: exit WaterPort variables
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Controller Models

aaaaaaaaaa

Collect Supply Tank en-pera ure

Input DH Setpoint
H

51

ThermalGrid
i lcons

Media
s SystemSetup
x Utilities
>

Functions

I‘Dﬂ Interfaces

These models are
state machine
controllers built for
specific  functions
and as central
controllers for each
scenario.

'y Control
1y OneTankController
| TwoTankController
||: SingleHouseController

J t : Scenario1Controller3

Il BoundaryConditions
@ Sensors

i BaseComponents
i Components

i CompoundComponents
||: Control

b Examples

o 1
L+ Scenariol1Controller

: HeatManagementSystem

Collect TES temperature

1

Input DH SetPoint
Threshold

|

Calculate lower and
higher Threshold

Values
T_DH_mim
T_DH_max

Is
T_SUFP =T _DH_max
2?

WES

Is
T_TES = T_DH_min
2

Controller Logic

Example:
Central Controller e

Logic used for !
Scenarios 1,2 and ~ i

3 given under Test !
Examples vooe 3
package r J
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Test Examples — Thermal Scenario 1 — Single House

S YN
© )
| O—O]
~—
. =
_ Single House |
Single House Control Annual Simulation — Single
House
Annual Simulation — Single House
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v
. : deliC
Thermal Scenario 1 — Single House - Results /JJHT

- House of 4 residents
- Heating load of 7000 kWh per year

per person
Supply Tank Volume = 20L
'Y L HOME
i SPACE Cold Tank Volume = 600L
: HEATING
) |
Energy Used per year : 7000 kWh
COLD No. of people per house : 4
TANK
SUPPLY
TANK
[
A
s
CENTRAL e >
CONTROLLER
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Domestic Supply and Return Temperatures

—— singleHouse.domestic2.supplyTemperature (degC) —— singleHouse.domestic2.returnTemperature (degC)
80
40 1 singleHouse.domestic2. supplyTemperature (degC) singleHouse.domestic2.returnTemperature (degC)
W W WW} W \M :
20
T T T
10 15 20
time (d)
D -
-20 T T T T T T T
0 50 100 150 200 250 300 350
fime (d)
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Solar Data

—— singleHouse.solarCSP2.Q (W) —— singleHouse portExchangel. temperature (denC) —— singleHouse.solarCSP2. directIrradiation
] Direct Irradiation Data

' M Thermal Solar Collector Output Power

—— singleHouse.portExchangel.temperature (degC)
0 50 100 150 tlngl](d) 250 300 350
B Output Water Temperature | = - — — - - - —
time (d)
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Biomass Boiler

—_— —_— Switch  —— singleHouse. portExchange2.thermalPortIn.w (W)
2400
] : . o
Boiler Water Temperature : 99~ C
Boiler Power Output : 1500 W
1800
1600 -
1400
1200 { — | — singleHouse.portExchange2.thermalPortIn.T (deqC)
1 160 —
1000 i
800 1
1 140
600 7-\ T T T T T T T ]
0 50 100 150 200 250 300 350 ]
time (d) 120
100 |
80 —_
60 —_
40 ;I T T T T T T T 1
0 50 100 150 200 250 300 350 400
time (d)
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Central Controller Modes

— singleHouseControl.CentralController.model —— singleHouseControl. CentralController.mode2

. Boiler Mode

. Solar Mode

—

0.8
0.6
T T T T T T T T T T T T T T T T T T T T T T
120 130 140 150 160 0.4
time (d)

0.2
0

T T T T T T T T T T T T T T T T T T T T T

15 20 25 30 35

time (d)
Winter
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Test Examples — Thermal Scenario 2 (~250 houses)

A

® S D O O
T B e o
Small PR
Small Community Community ‘
Control

Annual Simulation — Small Community

Annual Simulation — Small Community

58
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Domestic Supply and Return Temperatures

—— smallCommunity.residentialCommunity.supplyTemperature (degC) —— smallCommunity.residentialCommunity.returnTemperature (degC)
; Energy Used per year : 7000 kWh
70 +
A YA VA VAV AV AV AV VAV AV AVAVAVAVAVAVAVAVIVAVAVAVAVAVAVAVA No. of people per house : 4
] No. of houses in the residential
community : 250 houses
a0
] —— smallCommunity.residentialCommunity.supplyTemperature (degC) —— smallCommunity.residentialCommunity.returnTemperature (degC)
30 7 4\' 80 —
20 70
10 ; T T T T T
5 10 15 20 25
time (d)
20
10 T T T T T T T T
0 50 100 150 200 250 300 350
time (d)
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Solar Data — Solar Thermal

—— smallCommunity.solarCSP1.directIrradiation

1200 No of collectors 200
1000 - Collector Area 5.5 m2
800 —
600 ] smallCommunity.solarCSP1.Q (W)
] 1e+06 —
400 — ]
] 8e+05 —_
200 |
O_JJ“L Jll|.| ‘ ‘| “lmﬂ || i H‘h ‘ll. 6e+05—-
_200 _-\ T T T T T T T 1
0 50 100 150 200 250 300 350 4e+05
time (d) 1
2e+05 ] “mm
: o S | L H‘h ‘L'
- Direct Irradiation Data _
-28+O5—_|----|----|- — T — 1 N N N
= Solar Thermal Collector Output Power 0 50 100 150 w2 250 300 35
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Biomass Boiler

—— smallCommunity.portExchange2.thermalPortIn.T (degC)

160
] . . o
] Boiler Water Temperature : 100~ C
140 .
] Boiler Power Output : 1500 kW
12(];
100 ]
| —— smallCommunity.portExchange2 thermalPortin.T (degl)] —— smallCommunity.portExchange2.thermalPortn.W (W)
80 | 2.42+06
] 2.26+06 -
60 ]
] 2e+06
40 T T T T T T T T 4
0 50 100 150 200 250 300 350 1.80+06 4
time (d) ]
1.6e+06
1.4e+06
1.2e+06
1e+06
8e+05
6e+05 ’_l L e e L
0 50 100 150 200 250 300 350
time (d)
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Thermal Energy Storage

smallCommunity. TES.temperatureTank (degC)

857
80 —i
; . Temperature of the Tank
737
70 —
. Heat Storage in Tank
60 —
55 —
50 : —— smallCommunity. TES temperaturelank (degl) —— smallCommunity. TES.spedificEnthalpyTank (J/kg)
] 3.5e+05 4
45 1
40 _:I T T T T T T T
0 50 100 150 200 250 300 350 1
fime (d) 3e+05
2.5e+05
2e+05+
1.5e+05 T T T T T T T
0 50 100 150 200 250 300 350
time (d)
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Central Controller Modes

— singleHouseControl.CentralController.model —— singleHouseControl. CentralController.mode2

. Boiler Mode

. Solar Mode

—

0.8
0.6
T T T T T T T T T T T T T T T T T T T T T T
120 130 140 150 160 0.4
time (d)

0.2
0

T T T T T T T T T T T T T T T T T T T T T

15 20 25 30 35

time (d)
Winter
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Test Examples — Thermal Scenario 3 (Netherlands - 2013)

‘ ‘ 7
| !I ® 4O P 5 '
S B o 2 Y
Qﬁ ” 4 0—0 . 2
=y A1
@
, @ ® = ’ 1
— ’:\ ] . D—’i sssss ioBus
{&-“T(J : 2 Netherlands
Netherlands Control
Annual Simulation — Netherlands
Annual Simulation — Netherlands
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Space Heating Demand Data(MW) - 2013

User Space Heating Data (MW)

(]

m

+

R
1

)
-+
R

o5}
m
-+
b~

o o
+ +
® ®
I 1 1 1 1 | 1 1 1 1 I

=
I I B

Metherlands.userDemandData.userDemand

-18+D‘4 T

50

I
100

I
150

I
200
time (d)

I
250

I
300

I
350
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Domestic Supply and Return Temperatures

—— MNetherlands.spaceHeating.supplyTemperature (degC) —— Metherlands.spaceHeating.returnTemperature (degC)
100
7 ] ey, YEYETEY W
| [ A R 0
80
(&)
@
s 60
o ]
2 -
@
Q@
£ a0+
L]
'_
20
Netherlands.spaceHeating.supplyTemperature (degC) Netherlands.spaceHeating.returnTemperature (degC)
7 95+
0 T T T T T T T
0 50 100 150 200 250 300 350 ]
ime (d) 04
o
o
[}
Bg5
g
@
£
80
K
75 h
= T L A |h T ﬁ T T J“\ R f T T
Zoom ed In p roﬂ | e % 100 105 110 115 120 125 130
time (d)
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Solar Irradiance Data (W/m2) and Output Power

—— MNetherlands.solarIrradianceDatal.cspIrradiance

1000

Direct Irradiance (Wim?2)

No of collectors

Collector Area

1900000

5.5 m?2

Netherlands.solarCSP1.Q) (W)

3
] T
-200 T T T T T T T 1 ;
0 50 100 150 200 250 300 350 400 o
time (d) 9'..
=)
£
=]
o
s
=]
)

[— — T T T T — T — 1 T T — T — T

0 50 100 150 200 250 300 350

time (d)
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Biomass Boiler

Netherlands.portExchange2.thermalPortIn.W (W)
1.1e+11

Boiler Water Temperature : 99° C
te+11 Boiler Power Output : 6700 MW

9e+10 -
8e+10

7e+10

6e+10

Boiler Power Output (W)

Se+10

4e+10

3e+10 __| - - - 1 - - - - - - - -1 - - - 1 - - - 1 T - - 1 - - T T T -
0 50 100 150 200 250 300 350
time (d)
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Thermal Energy Storage

—— Netherlands. TES.temperatureTank (degC)
110 1
B Temperature of the Tank
5 B Heat Storage in Tank
S 80
_.% ] — — Netherlands.TES.enthalpyTank (J)
ﬁ 70 6e+17
§
- 60 4e+17 —
50 ] 2e+1?{
T S — E O‘:
0 50 100 150 200 250 300 350 >
fime (d) ]
£ 2e+17
L
Thermal energy storage charged during er17]
summer months when heat load is less. ser7 ]
-8e+17 —_. . . . . . . .
0 50 100 150 200 250 300 350
time (d)
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Central Controller Modes

—— NetherlandsControl.CentralController.modeSolar

Solar Mode

T T T T
50 100 150 200 250 300
time (d)

. Boiler Mode

. Solar Mode

Thermal storage discharge Mode

Boiler Mode

T
350

1.2

1.2

—— NetherlandsControl.CentralController.modeBoiler

0.8

0.6+

Boiler Mode

0.4

0.2

0.2 \

— — HetherlandsContral. CentralContraller mode TES

100

150 200 250 300 330

fime (d)

100 150 200 250 300 350 400
time (d)
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Conclusions

 We have developed a Solar Thermal and Electric Energy Library and Scenarios
» Available as open source, OSMC-PL license, for general usage

e Itis an easy-to-understand low-to-medium complexity library

» Easily extensible to include more model details

* Both electric and thermal solar energy, and wind power ® ol
« Thermal and electric energy storage | *I En ’
o Simple controller models e o9 L u
« Need to calibrate with better input data T =) (e
§ _ _ ol P VYV WV = ’ '( }
o5 ERRSNENTIOhL (e *"t“i“:‘}—- |!:
____________________________________________________ &
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Solar Data

v
/ odelicon

MI Controls IT

Source : Swedish SMHI (weather institute) in Norrkoping

%Xqf=
%Xqf=
%Xqf=
%Xqf=
%Xqf=
%Xqf=

2067
2067
2087
2067
2067
2807
2007
2067
2007
2087
2067
2067
2087
2067
2007
2807
2007
2067
2067
2087
2067

File Edit Format
Ei—hour means or sums of meteorological radiation data.
%SMHI radiation station
%Latitude= 58.583 degh,
%Hour @ represents data
%Hourly mean irradiance
%Xqf stand for "quality

View Help

1; Properly measured value.

2; Hourly mean or sum value calculated from properly measured values from redundant measurements. Examples: G replaced by GID (advanced stations), SDIss replaced by SDG.

92071, Norrkoping.
Longitude= 16.152 degE, Altitude= 43 m.
collected during the hour 88:88-88:59 UTC (SNT-1).

values with unit of W/m? can also be regarded as hourly accumulated irradiation with unit of Wh/m2.
flag” for parameter X and is given as a 1-digit code for every observed value.

E data-hourly-radiation-data-rad Th_32071_200701-202109 - Notepad

Hourly mean or sum value calculated from 48 or more correct 1-minute mean values.
Value interpolated from correct hourly values immediately before and after one erronecus/missing value.

Modelled value.

Mot yet defined/used.

3;
45
5; Modelled value, special case for I, D, and GID during tracker failure at advanced stations.
6;
73
H

Manually corrected value.

contents:

81 @1 e7 133.

#Param:YYYY MO DA
#Units:YYYY MO DA
34.
L487 -44,
.678 -38.
.768 -38.
.595 -22.
.825 -15.
.954  -7.
333 -1.
177 2.
g1 @1 89 159.
1 @1 1@ 173.
@1 e1 11 187.
21 e1 12 2@1.
81 @1 13 214.
e1 e1 14 227.
g1 @1 15 239.
01 @1 16 251.
@1 @1 17 263.
@1 @1 18 276.
g1 @1 19 298.
1 @1 2@ 3@87.

= 9; Missing value.

HO(UTC) Az Elev I gfI D qfD
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1
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B
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20000 ® - W
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~W/m2 - °C - % -
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1 3@6.11 4,31 8e6.21
1 32461 4,31 8%9.11
1 329.81 4.41 91.41
1 329.61 4,51 93.21
1 323.31 4,81 93.51
1 381.7 1 581 93.41
1 268.81 541 91.e1
3 283.21 551 89.e1
3 27481 5.1 8531
1 38l1.e1 6.31 84.31
1 318.61 6.61 82.21
1 314,51 6.81 808.51
1 328,61 6.81 80.81
1 333.31 6.61 86.81
1 335.81 571 88.71
1 328,81 5.51 85.81
1 317.11 5.1 89.91
1 326.41 5.1 91.7 1
1 317.81 491 91.61
1 326.21 471 85.11

Ln1, Col1 100%  Windows (CRLF) ANSI

Data file screen shot
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Solar Data

/JjodeliCon

MI Controls IT

Source : Swedish SMHI (weather institute) in No

rrkoping

Horizontal and direct irradiance data was extracted from the datafile

Solar PV

— solarlrradianceData. pvirradianceTable y[1] —— solarlrradianceData. pvIrradiance

1000

Horizontal Surface irradiance (Red)
rradiance on the tilted PV module
(Blue)

800

600

400 —

Irradiance (W/m?2)

200

-200 ;
0 50

T T T T 1
200 250 300 350 400

time (d)

T T
100 150

The plot shows the module irradiance for an PV panel with
tilt angle = 30deg.

Solar CSP (from Absolicon)

—— singleHouse.solarIrradianceData.csplrradiance

1200 7
1000 —
800 —
600 —

4004

Irradiance (W/m?2)

200+

Direct irradiance (Red)

LI H‘h

-200 T

T T T T
200 250 300 350

time (d)

T T
100 150

The plot shows the global irradiance on the solar
collector
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Solar Irradiance and Air Temperature Data

v
/ odelicon

MI Controls IT

Source: Open Power System Data - Netherland , Year: 2013

utc_timestamp

NL_temperature NL_radiation_direct_horizontal

2013-01-01T01:00:002
2013-01-01T02:00:00Z

4 2013-01-01T04:00:002
2013-01-01T05:00:002

5] 2013-01-01T07:00:00Z

i§ 2013-01-01T09:00:002

=) 2013-01-01T11:00:00Z
4 2013-01-01712:00:002

Eahd 2013-01-01T13:00:00Z

4 2013-01-01T14:00:00Z

eERE] 2013-01-01T15:00:002
Sy 2013-01-01T16:00:002
] 2013-01-01T717:00:002

2013-01-01T18:00:002
2013-01-01T19:00:002
2013-01-01T20:00:002
2013-01-01T21:00:00Z
2013-01-01T22:00:002
2013-01-01T23:00:002
4 2013-01-02T00:00:00Z
2013-01-02T01:00:002

2013-01-02T04:00:00Z
2013-01-02T05:00:002
2013-01-02T06:00:002

6.706
6.489
6.417
6.529
6.749
6.879
6.902
6.839
6.923
7.085
7.185
7.049
6.624
3.902
5.033
4,732
4.647
4,645
4,719
4,782
4.839
4,916
5.039
5.237
5.432
5.533
5.448
5.184
4,892
4.532

o o o o oo

0.0003
0.2076
3.8352
24,9787
63.4547
74.4341
35.5017
8.68

%

0 0 0000000000000

Data Platform — Open Power System Data (open-power-system-data.org)

Direct Irradiance (W/m2)

—— Netherlands.solarIrradianceDatal.csplrradiance

T
0 50 100
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time (d)
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T
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T
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https://data.open-power-system-data.org/weather_data/2020-09-16

Wind & Domestic Data

/JiodeliCon

MI Controls IT

Source:

Saman Taheri, Mohammad Jooshaki, Moein Moeini-Aghtaie, June 12, 2021, "8
years of hourly heat and electricity demand for a residential building", IEEE
Dataport, doi: https://dx.doi.org/10.21227/dfvb-re49.

Web link:

https://ieee-dataport.org/open-access/8-years-hourly-heat-and-electricity-demand-
residential-building

Wind speed (m/s)

Time wind_speed[M/S] electricity_demand_values[kw]
1-12-2010 00:00 289.5675565
1-12-2010 01:00 260.1685203
1-12-2010 02:00 247.2735849
1-12-2010 03:00 257.9558777
01-12-2010 04:00 258.2550812 2

01-12-2010 05:00 277.5774811 Demand electrlc power (MW) (Red)

— - ptem. )

01-12-2010 06:00 337.4235034
01-12-201007:00 436.8706332
01-12-2010 08:00 426.7612808
(A8 01-12-2010 09:00 337.8045938
(78 01-12-2010 10:00 312.6359362
5N 01-12-2010 11:00 281.6173953
01-12-201012:00 257.7538837
01-12-2010 13:00 240.3376889
(N 01-12-2010 14:00 231.5101002
01-12-2010 15:00 252.0345536 0.5 -1
01-12-2010 16:00 329.0286003
=N 01-12-2010 17:00 488.6252909
01-12-2010 18:00

Load_data_new H 0

u;\‘c-ﬁ|\.|‘cﬁ|r.r||-Jh-‘l_‘.1|r\.-|4-“k

(=]

s

u

Power (MW)

~J

|

o

BW W R WR NN W RN B WW NN NN

o
(=]

s Wind speed & demand power -, | |

255

04

Wind speed (m/s) (Red)

— windPuwerData, widSpeed. y[1]

T
ana

The plot shows the extracted wind speed
profile data.

Most demand during summer.
Probably air conditioning in a
southern location

data file screen shot ’ .

The plot shows the extracted domestic electrical power demand profile data.
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Source: Open Power System Data - Netherland , Year: 2016
Data Platform — Open Power System Data (open-power-system-data.org)

utc_timestamp NL_load_actual_entsoe_transparency NL_solar_generation_actual NL wind_generation_actual Demand eIeCtriC power (GW) (Red) - Solar generat|0n power (GW) (Blue)
016-01-01T00:00:002 10580 0 1482 :
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016-01-01T09:00:002 1212 12 1 -8 % oo

L] 2015-01-01T10:00:002 11522 PEL 7 ®© O

(212015-01-01T11:00:002 1163 28 x E° = .
016-01-01T12:00:002 1703 281 £ 8 ©
016-01-01T13:00:002 11829 215 169 0 Q
016-01-01T14:00:002 11935 13 24 . n
016-01-01T15:00:002 12484 % w3 o | | |
Ol AT el 2 2 " ’ - h Wind generation power (GW) (Green) wea h v -
016-01-01T17:00:002 13664 0 663 4_
016-01-01T18:00:002 12393 0 893 g H
016-01-01T19:00:002 12948 0 137 0
016-01-01T20:00:002 12314 0 1036 = | J ” |
016-01-01T21:00:002 11670 0 1150 o i ] '|| l ‘
016-01-01T22:00:002 10934 0 1319 = P \ |I ' I i (| |
016-01-01T23:00:002 10273 0 144 o = ” . i . [ | | B A
016-01-02T00:00:002 9534 0 1540 o il [ ] | } ' ‘ ‘ ' } . | ‘ |
016-01-02T01:00:002 3350 0 1622 c “ [ | P || ‘l | ]‘ ' l-l! i‘l i '
016-01-02T02:00:002 9246 0 1676 () 1 .“ | ||f‘ | h , ik INERRR ‘
016-01-02T03:00:002 9259 0 1657 @) h )l h Ju w “ | ‘( w ‘ " M w “*'1 | ]{"hw .“ H (
016-01-02T04:00:00Z 120 0 1725 T e R |f.|j| L ‘ WL
016-01-02T05:00:002 9976 0 1630 =
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https://data.open-power-system-data.org/time_series/2020-10-06

Space Heating Demand Data i Contros 1

Source: Open Power System Data - Netherland , Year: 2013
Data Platform — Open Power System Data (open-power-system-data.org)

A | » |

utc_timestamp NL_heat_demand_space
01-01-2013 00:30 18168
01-01-2013 01:30 16428
01-01-2013 02:30 12692 —— Netherlands.userDemandData.userDemand
01-01-2013 03:30 10470
01-01-2013 04:30 10293 7e+047

] 01-01-2013 05:30 10764

E] 01-01-2013 06:30 11060 6e+04
01-01-2013 07:30 12437 1
01-01-2013 08:30 14741 g 50404
01-01-2013 09:30 18028 1
01-01-2013 10:30 21223 '%' 4e+l}4—:
01-01-2013 11:30 21100 a ]
01-01-2013 12:30 21787 g
01-01-2013 13:30 19944 S 3e+04
01-01-2013 14:30 18559 i 1
01-01-2013 15:30 17469 g 26404 ]

5] 01-01-2013 16:30 17005 o
01-01-2013 17:30 17474 2
01-01-2013 18:30 17827 = 1etd4]
01-01-2013 19:30 18468
01-01-2013 20:30 19263 0
01-01-2013 21:30 19887 1
01-01-2013 22:30 20122 Sero1d | | | | | | |
01-01-2013 23:30 19975 0 50 100 150 200 250 300 350
02-01-2013 00:30 19192 time (d)
02-01-2013 01:30 17348
02-01-2013 02:30 13293
02-01-2013 03:30 10973
02-01-2013 04:30 11775
02-01-2013 05:30 12357
02-01-2013 06:30 12697
02-01-2013 07:30 14265

77 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY MO [I/E;L: I.: CA


https://data.open-power-system-data.org/when2heat/2022-02-22
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