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Background — Eliminate Fossil Transport Emissions

« A large part of the Worlds CO2 emission comes from transportation, from fossil fueled vehicles
* In Sweden, about 5 million cars emit about 10 Mton CO2e annually
* In Sweden, trucks emit about 5 Mton CO2e annually, Construction machines about 3Mton CO2e

« Transition to electric powered vehicles to eliminate emissions
 Model library developed in Modelica using System Dynamics Library by Francois Cellier
* Investigation of 4 kinds of vehicles: Cars, Light Trucks, Heavy Trucks, Buses

« Subcategories: Petrol Vehicles, Diesel Vehicles, PHeV Vehicles, Biogas Vehicles and Electric
Vehicles

« Four transition Scenarios simulated for the time span 2019 — 2035, year 2035 is necessary to comply
with the Paris agreement
e Scenario 1 — Gradual transition with increase of electric vehicles
e Scenario 2 — Faster transition, with fossil ban year for sales of new fossil cars 2025
 Scenario 3 - Also doubling public transport like buses, (train), reducing fossil car driving correspondingly
« Scenario 4 — Hardware conversion of remaining fossil cars to electric
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Results Scenario 1 — Cars
Conversion Percentage -None, Average driving range km Reduction — None, FossilBanSwitch - False

EnvironmentalHub.DisplayHubPort. NumberOfCars EnvironmentalHub.DisplayHubPort.5001_BioCars

EnvironmentalHub.DisplayHubPort.5002_PetrolCars EnvironmentalHub.DisplayHubPort.S003_DieselCars

EnvironmentalHub.DisplayHubPort.5004_PHeVCars EnvironmentalHub.DisplayHubPort.5005_ElectricCars
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Results Scenario 1 - Cars Growth Rate and Depletion Rate

— TransportationHub.BioCars.InGrowthRate ~ —— TransportationHub.ElectricCars.InGrowthRate

—— TransportationHub.PetrolCars.InGrowthRate —— TransportationHub.PHeVCars.InGrowthRate

—— TransportationHub.DieselCars.InGrowthRate

GrowthRateofCars vs Time
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Results Scenario 1 — Total Cars CO2 Fossil Emissions

EnvironmentalHub.DisplayHubPort. CarsFossilCombustion

CO2 emission of Cars (MTon) vs Time (Year)
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World3 Simulations with Different Start Years for Sustainable Policies
— Collapse if starting too late
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Transportation Library Background Information

« This package has been developed to Simulate Different Transportation Models Scenarios for electrification
of the vehicle fleet for the reduction of Carbon Footprint.

e This package is model of physical Road Transportation which consists of Four kind of vehicles
(Cars, Light Trucks, Heavy Trucks and Buses) and sub categorized as
Petrol Vehicles, Diesel Vehicles, PHeV Vehicles, Biogas Vehicles and Electric Vehicles.

« Itis a model which have four scenarios of Transportation Model i.e., Scenario 1, Scenario 2, Scenario 3 and
Scenario4.

* Under Scenarios, There are three modules i.e., Transportation Hub, Environmental Hub and transportation Integrator
.Transportation Integrator is a main simulation model. It will run for the time period of 2019 to 2035 which is hard
coded in the model.

« All the data is coming from the resource folder under the transportation model that consist of Combitables. If user
get new data for this package, then the combitable must be updated with new data. The user will get three submodels
in the output simulation screen:

* EnvironmentalHub
e TP
« TransportationHub
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Modeling Components — Modelica System Dynamics and Blocks

The model uses component from the System Dynamics Library and some

components from Modelica Blocks.* sublibraries

* Major components from System Dynamics
Library are:

e Level

%name

» x0 = %x0 >

d Rate_] %name

 Source @

* Sink

 From Modelica Blocks library:

» Switch

2% name
>
4
>
e Greater Threshold

%name

>

%threshold

 Combitable

%name
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Modeling Components - continued

Block Name Block Symbol Block Diagram Explanation
» This block gives a continuous change in the
“oname - level of the tank
L6V6| > b T + A . >
- ‘ x0 = %x0 ' > el i
» This is the general System Dynamics
unrestricted Rate element, whereby the
% name rate itself is determined by a single variable
Rate 1 7 " in its laundry list.

» The indicated direction of mass flow simply
denotes the direction of positive mass
[ } flow. However if the control signal of the

A rate assumes a negative value, mass will
flow in the opposite direction.

%name y = if u2 then ul else u3;
_ | 2 y is real output
Switchl \ u2 is Boolean Input
> ul and u3 is real input
>
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Modeling Components - continued

Block Name

GreaterThreshold

Combi-Table

variableAverageKM

VehicleOutput

Block Symbol

%name

Yothreshold

%name

»%name%

>

%name%

Block Diagram

Explanation

y = u > threshold,;
Where y is Boolean Output
u is Real Input

* It helps to import te data from a external
source file (like .txt)

* Format of the table is 1st column is time
the other contains numeric values

* The time is an input of the combitable and
It will give respective value as output

* It gives average km vehicle driving range
that reduce w.r.t time with a given
percentage

If Vehicleln will be less than or equal to
zero then VehiceOut value will be zero .
Else it will be normal VehicleLevel values.
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Modeling Components - continued

Block Name Block Symbol Block Diagram Explanation

« |[f this flag is true then this added part in
vehicle pool will be active.

_ « [f the input time (in years)is greater or

» : equal to the conversion year then input at

. itch ' ul of switchl will be output of switch 1 and

startConversionSwitc added to the depletion number of vehicles,
simultaneously this number will also add in
the electric vehicles to balance the total
number .

 If Vehicles input are greater than zero then
normal vehicles growth rate and vehicles

> P depletion rate will pass and 0 will pass to
. > electrical Vehicles growth and depletion .
> o . « if vehicles input are less than or equal to 0
> I then incoming growth and depletion rate
c ionp " T~ will be added to electrical vehicles growth
wierslienFrole e > 7 and electrical vehicles depletion rate

respectively.
* And same time 0 will pass to vehicles
growth rate and depletion rate.
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Model Components — Model for Total Number of Vehicle at end of the Simulatior

Vehicles Electric Vehicles

VehicleLevel

GenerationRate VehicleNos VehicleLevel
e = Inftiall_ 1 g \—HMLD—D

<}
Total Number of x0 = InitialLevel
DepletionRate Vehicle Output
ﬁ port

GenerationRate

Generati...

DepletionRate

<
;. E (0]
()
Time )
&
(72
g =
T+ f
Input port 5-s 3R InGrowthRate
for Growth =1 23 Total Number of .
Rate and 2 2 Vehicle Output Q
Depletion switch1 greaterkq. . Start % port
= rt... [}
Rates _from /:4—-— = q S InDepletionRate
Combi-table . = p
~ Conversio... é’ : <l
realExpres... ‘0
o % e f
InDepletionRate 2 = * * anlét porth
<] = Total Vehicle Vehicles g : © chte ;?,V;t
> FAN Calculation Input Port To eV | Growth to Converted Vehicle S Dopletion
InGrowthRate [ s Electric from fossil to = Total Vehicle Rafes from
° Because of Electric Vehicle > /_\| Calculation Input Port Combi-tabl
<] Conversion Input Port 3 ombi-table
(@]
|_
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Model Components — Model for Growth Rate and Depletion Rate

 Rate model for Fossil Vehicle:

>

>

Input Growth Rate
and Depletion rate
Combi-tables

Symbol of Rate Model for

Rate model for Electric Vehicles:

Symbol of Electric Vehicle Rate

Growth and

Input Growth Rate
and Depletion rate
Combi-tables

nulationTime

>

StartSimulationTime

Sonamedh ’ Fossil Cars
’ Growth and
Depletion Rate
Switch Between
Combitable Switch Flag Combi-Table
realExpression
0.0 |> Growthrate
combiTable1Ds
—P % ' Switch For
Growth to
ombiFla switch . .
: ..F‘.g.; . \“ < _Batesuicy Electrical Vehicle
combiTable 1Ds1 I Ll I\
—» B J S— GrowthRatetoHlectricalVehicle
b > P
FossilBanYear switch1
combiTable1Ds3 o —
» B " _ > DepletionRate
switch12
combiTable 1Ds2 . '

StartSimulationTime

Depletion Rate
Switch Between

nulationTime

>

combiTable 1Ds1 Combi-Table
% Growth3witch G OWt h r at e
—
CombiFlag I
et
brTabl _l Combi-Table
Table 10 i
It Switch Flag
DepletionSwitch
- g
combiTable 1Ds3 ._|\-

.

»
L

==

com

biTable 1052

A A

DepletionRate

B

>
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Model Components — Parameter Operation Dialog Box For Rate Logic

 Rate model For Fossil Vehicles:

5
R

Symbol of Rate Logic for Fossil
Cars

 Rate model for Electric Vehicles:

Symbol of Electric Vehicle

Rate
d& JMEdit - Element Parameters - BioCarsRatel ogic in TransportationModel.Scenanos.Scenane | TranspertationHub | @ || =2 d DMEdit - Element Parameters - ElectricCarRatelogic in TransportationModel Scenanos.Scenano 1. TransportationHub [ ¥ ” =3 |
Parameters Parameters
General  Modifiers General Modifiers
Component Component
Name: BioCarsRatelogic Name: ElectricCarRateLogic
Class Class
Pate  amponatormol Lagcrio Rateloo Path:  TransportationMadel.LogicBox. ElectricVehiceRatelogic
Comment:
Comment:

Parameters

. Parameters
Growth |Modelica. Utilities. Files. loadResource("modelica: //Transpor tationModel /Resource /Case 1/BioCarsGrowthRate. txt”)

) Growth |Modeﬁca.UIi’1bTes. Files.loadResource("modelica: //Transpor tationModel /Resource [Case 1/ElectricCarsGrowthRate. txt”) |
Depletion |Modeica‘uﬁléih?es.Fdes‘ loadResource("modelica: //TransportationModel Resource /Case 1 BioCarsDepletionRate. tt”)

il [od o — = - depletion Lh_-_'lp_deica.utﬁﬁes.Fies.hadResowpg_(j@qdelica:f[i’_@sportabora-'lodelmesourc_e_l_c_g_s;_e_;,._{Elecu'icCarsDepleﬁonRg_tg_._pg_t_'] |
NewDepletion |""C-G delic Jumm iy |‘ : » J
FossiBanYear [TP.BiogasCarBanYear Newdepletion  [Modelc JoadResource'mo nmy. txt7) ]
CombitableFlag | TP.CarBiogasRateLogicFlag <] CombitableFlag | TP.CarElectricRateLogicFlag 7]

Cance [ ]| conee
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Model Components- Model for Total CO2 Emissions at end of the Simulation

 Energy Model Box For Fossil Vehicle:

>

Senames

> >

Symbol of Rate Logic for Fossil
Cars

>

Fossil CO2 emission and
efficiency Factor parameters
Combi-tables

NoOfVehicles

and FixedAveragekm

Flag to switch between variableAveragekm

VariableAveragekm

EnergyOutputBlock

>

FuelBIOComposition

keForedivers

.......

FueFassiComposton peeduct —Y 1 ks h1 product?
; L wrabiedvera b ’
>

mputrindy o
— B O == ®
I " | N

AverageM]

VehickPicencyFactor e
4 productd

k=FoedAvers.
> (%)

’ products product
[ KMSwitch »—
I(\X) - -_a ’_|\_ ‘_CJ\() 8
e ——

J—b

* Energy Model Box for Electric Vehicles:

Vehicle Efficiency
Factor combi-table
for Electric Vehicle

fossilCombustion

NoOfVehicles

>

Symbol of Electric Vehicle Rate

| VariableAveragekm

>

BioCombustion

Flag to switch

AveragekME

between
variableAveragek
m and
. FixedAveragekm
vehiclerffioencyFactor .,.| 'MW""F ’—\‘-
> InputFiag —
% },_ [~ |.: e EnergyOutputBlock
fossilCombustion

=1
|

k=FinedAveranekM

UpstreamBioCombustion

T ——>

KMSwitch?

" ®r |

product

B\

|

AveragekM2 [
e

-

E

UpstreamFossilC

UpstreamFossilCombustion
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Model Component — Equation used to calculate Energy and Emissions

» Emissions = (Energy use 6Wh/yr) * (6HE6 Emissions(grammes/kWh))

» Energyused 6Wh/yr = (kwh/km) * (efficient Factor) * Fuel Composition (as per energy) *
average milage /car(km) * Number of cars(Starting of the year + new registration- scraped)

NnOWTides

FuelFossilCom... product KMSwitch1 product2

parizbl...

>—|—. ThoutFla _|_\_ - FossilComb
Ayerag...
VehicleEffiden... _ )
| product3 BioCombu
% roductl KMSwitch2 Ra
' I e
FuEBIOComp. . :G}} syerag.. e 2
| S
% k=Fixe...
Time - UpstreamFossil]
FuelFossilCom ...
roducts h roducts
KMSwitch3
EE— E :»—P a Wvarizbl._ |- » ™
VehideFfficen ... E;rag... _|+_
roduct4 par=) roduct? i
> E k=Fixe... . o UpstreamBioCe
E:_}B _|_.Kl\"|5'n'|h:h4 @,
FuelBIOComp... _=\5_
erag... |
— H‘l o
k=Fixe...

1.Efficient factor and fuel composition comes from
combi table and multiplied

2. If fixed kilometer Logic is used, In gain block
calculates the (Averagekm*Energyperkm) and if
Variable averagekm is used, variableaveragekm
block will give the result.

3. At product 2,3,6,7, previous number are
multiplied by NoOf\Vehicles. Now you will get
Energy use GWh.

4. In environmental hub these numbers are
multiplied by a gain in which gramme/KWh stores
and produces emissions.

Vi
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Model Components- Parameter Operation Dialog Box For Energy Logic Box

Energy Logic Box For Fossil Vehicle:
>

’ Symbol of Energy logic box for

Fossil Cars

| —

of OMEdit - Element Parameters - BioCars in TransportationMadel. Scenarios.Scenario | EnvironmentalHub

Parameters

(e [=]

Genersl  Modifiers
Component

hame: BioCars

Class

Path: TransportationModel.LogicBox. EnergyLogicBox
Comment:

Parameters

FossiBanYear ‘TP.EiogasCarBanYear

EnergyperCarPerkM ‘TP.EnergyUSEByBioGESCarperm

ReducedPercentage ‘TP.ReducedPercentageForBioCars

Flag ‘TP.Ach'vateVariab\eAveragemperEioCar ™
FixedAveragekM

EffidencyFactor ‘Mode\ica.U‘nlih'es.Fi\es.IoadResource(‘modehca:,’,’T ransportationModel Resource fcase 1 BiogasCarEffidency. bt

FosgilComposition ‘Mode\ica.Unlih'es.Fi\es.IoadRescurce('modehca:,’,’T ransportationModel Resource fcase 1 Petrol_FossiCompositionFactor. txt?)

|
|
|
‘TP.AveragemBiogasCarRuns |
|
|
|
|
|

* Energy Logic Box for Electric Vehicles:

Symbol of Energy Logic Box
Electric Vehicle Rate

o OMEdit - Element Parameters - Electrical Cars in TransportationModel.Scenarios. Scenario EnvironmentalHub

Parameters

=]

General  Modifers
Component

Name; BlectricalCars

Class

Path:  TransportationMadel LogicBox.EnergyLogicBoxFarElectricalVenides

Comment;

Parameters

FixedAveragekM ‘TP.AveragemEIettricCarRuns
EnergyperCarPerkM ‘TP.EnergyUseByEIectricCarperl@‘I

ReducedAverageKMforElectriclehices | T ReducedPercentageForElctricCars

Flag ‘ TR, ActivateVariableAverageMperElectricCar

BioFuelComposition ‘Mode\ica.Uulih'es.Fi\es.IoadResource(‘modehca:fﬁransportaﬁonModeI;’Resourcefcasel;’PetmIBioComposmonFachr.txt‘) h
FossiCompositionlpstream | Modelica.Utities. Files JoacResource (' modelias {TransportationModel Resource case 1 Petral_FossiCompositionFactor. txt') EffidencyFactor ‘Modelica.Uﬁ\ih‘es.FiIes‘IoadResource{'modelica:fﬂransporhﬁonMode\,’ResourcefCaselelettricaICarEfﬁciency.txt“}
BioFuelCompositionUpstream ‘Mode\ica.Uﬁlih'es.Fi\es.IoadResuurce(‘modelica:fﬁranspurhﬁonModeI{ResourcekaselfPetmIBioCmposiﬁunFachr.txt‘)
- oK Cancel
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Transportation Library

hd |g| TransportationModel
o UsersiGuide
@| Interfaces
|I| lcons
% LogicBox

|:| Components

S Scenarios
hd ﬁ SystemDynamics

o UsersGuide

A FE| Interfaces

Bus
[>' SignalQutPort

h SignallnPort

|I| lcons

Interfaces—

* Bus- Itisan extensible Bus to
connect multiple components

» Single InPort — For input signals

» Signal OutPort — For Output signals

— Icons-
| | Interfaces i Carsl . .
— " Carsleon « Contains all the Icons used in the
| Auxiliary (&) Environmentlcon model for better representation
| | Functions @5+ Transportationlcon
|_| Levels j% Logiclcon
— M Trucklcon
| | Rates
— == Buslcons
|_| Seurces 4 Transportintegrator
.‘ IndustrialD}rnarnics S ScenariosPackage
P' PopulationDynamics + BusinessAsUsual
P' WorldDynamics \_/) Scenariod
P' IntroductoryExamples
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Transportation Library

v % LogicBox v |_ Components v S Scenarios

» E RatelLogic s VehiclePool Vv i Scenariol

M ElectricVehicleRatelogic ™= TruckPool #5-  TransportationHub

s EEnergyLogicBox == BusPool :_-&; EnvironmentalHub

» | EnergylogicBoxForElectricalVehicles o ElectricalVehiclePool £ TransportationParameter
M ConversionProgramme WEE ElectricTruckPool -} Transportationintegrator
& startConversionSwitch == ElectricBusPool v A Scenario2

=== VehicleOutput #&5- TransportationHub
T variableAverageKM ,:£:. EnvironmentalHub

£ TransportationParameter

-2} Transportationintegrator
v l-__JI Scenario3

#5-  TransportationHub

:;“.:: EnvironmentalHub

@ TransportationParameter

—{} Transportationintegrator
v Scenariod

&5+ TransportationHub

:_-&; EnvironmentalHub

£ TransportationParameter

-3 Transportationintegrator
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Scenario Models -TranspotationHub

TotalBuses
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Scenario Models- EnvironmentHub

&)

TotalCars
TotaiCars Total Vehicle Calculator §++
4/ T, )
+ [=
P TotalHeavyTruck
I+
TotalHeavyTruck fill{1, nu)
. + b TotallightTrucks
)+
1, rui) — fill{1, nu)
TotalLightTrucks g TotalBuses "
oo ! Iy:
1, ) a ﬁll(l’ nLI) : E
TotalBuses ¥ TofalC... . %
L AT, - E‘
1] + F - | 2
* L ) (, TotalCO2Emission
. . Hll{T, nu)
Total CO2 Emission By .
Energy Logic Box for Car r e
F(I)SS“ Yehide / TotalCombustionFos...
| |\ 5 -.,-,m_-ym‘// e 2 ’ TofaH... . +
* _/J - :‘ ;__‘ + 7] I‘xl) fi [-‘}—,... ﬁ“tLT&LQUpsh'eamFossil...
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e . _ E Tatal... . + P
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Scenario Model- TransportationParameter

%name

within TransportationModel.Scenarios.Scenariol;

record TransportationParameter
extends Modelica.Icons.Record;

//flag for cars
parameter Boolean
parameter Boolean
parameter Boolean
parameter Boolean

//Activate Variable
parameter Boolean
parameter Boolean
parameter Boolean
parameter Boolean
parameter Boolean

//Activate Variable
parameter Boolean
parameter Boolean
parameter Boolean
parameter Boolean
parameter Boolean

//Activate variable
parameter Boolean
parameter Boolean
parameter Boolean
parameter Boolean
parameter Boolean

//Activate Variable
parameter Boolean
parameter Boolean
parameter Boolean
parameter Boolean

BiogasCars_flag = false;
PetrolCars_flag = false;
DieselCars flag = false;
PHeVCars_flag = false;

Average KM Flag for Cars
ActivateVariableAverageKMperPetrolCar = false;
ActivatevariableAverageKMperDieselCar = false;
ActivatevariableAverageKMperPHeVCar = false;
ActivatevariableAverageKMperBioCar = false;
ActivatevVariableAverageKMperElectricCar = false;

Average KM Flag for Light Truck
ActivateVariableAverageKMperLightPetrolTruck = false;
ActivatevariableAverageKMperLightDieselTruck = false;
ActivatevariableAverageKMperLightPHeVTruck = false;
ActivatevariableAverageKMperLightBioTruck = false:
ActivatevariableAverageKMperLightElectricTruck = false;

Average KM Flag for Light Truck
ActivatevariableAverageKMperHeavyPetrolTruck = false;
ActivateVariableAverageKMperHeavyDieselTruck = false;
ActivateVariableAverageKMperHeavyHydrogenTruck = false;
ActivateVariableAverageKMperHeavyBioTruck = false;
ActivateVariableAverageKMperHeavyElectricTruck = false;

Average KM Flag for Bus
ActivatevariableAverageKMperDieselBus = false;
ActivateVariableAverageKMperHydrogenBus = false;
ActivatevariableAverageKMperGasBus = false;
ActivateVariableAverageKMperElectricBus= false;

//flag for LightTruck

parameter Boolean
parameter Boolean

false;
false;

LightBiogasTruck_flag
LightPetrolTruck flag

» All the parameters are linked with the
Transportation Hub and Environment Hub as
required using inner and outer keywords

» All the parameters can be changed from a single
Model i.e., transportationParameter and reflect
everywhere in the Output screen.

[t makes the parameter manipulation easier and
fast.
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Scenario Model - Transportationintegrator

» This is the final Model of the package in each
scenario.

» The Model is annotated with the start and stop time
I.e., Start time = 2019 and the Stop Time = 2035.

» This Model should be Run for the simulation results

EnvironmentalHub

x = B

TransportationHub
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Four transition Scenarios for Sweden simulated for years 2019 — 2035

e Scenario 1 — Gradual transition with increase of electric vehicles

e Scenario 2 — Faster transition, with fossil ban year for fossil cars 2025,
similar for other vehicles

e Scenario 3 — Also doubling public transport like buses,
reducing fossil cars annual driving range. correspondingly

 Scenario 4 — Hardware conversion of remaining fossil cars to electric,
percentage per year
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Results Scenario 1 — Cars
Conversion Percentage -None, Average driving range km Reduction — None, FossilBanSwitch - False

EnvironmentalHub.DisplayHubPort. NumberOfCars EnvironmentalHub.DisplayHubPort.5001_BioCars

EnvironmentalHub.DisplayHubPort.5002_PetrolCars EnvironmentalHub.DisplayHubPort.S003_DieselCars

EnvironmentalHub.DisplayHubPort.5004_PHeVCars EnvironmentalHub.DisplayHubPort.5005_ElectricCars
TotalNumberofCars vs Time Car Fossil Ban Year
Se+0o
i Petrol 2100
de+06
i Diesel 2100
J Bio 2100
3e+06
N —_—|—|—|~_~‘—l—
5 | \ PHeV 2100
1S J
2 i
—qg] 28406 o,
5 : \ Vehicle Legends
E ] \
= ] B R Total Number of Cars
le+06 T Bio Gas Cars
] s S SR L e o] Petrol Cars
i Diesel Cars
o PHeV Cars
i Electric Cars
-le+06 1 T T T T T r r T T T T T
2020 2025 2030 2035
time (Year)
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Results Scenario 1 - Cars Growth Rate and Depletion Rate

— TransportationHub.BioCars.InGrowthRate ~ —— TransportationHub.ElectricCars.InGrowthRate
—— TransportationHub.PetrolCars.InGrowthRate —— TransportationHub.PHeVCars.InGrowthRate
—— TransportationHub.DieselCars.InGrowthRate

GrowthRateofCars vs Time
— TransportationHub.BioCars.InDepletionRate — TransportationHub.DieselCars.InDepletionRate

— TransportationHub.ElectricCars.InDepletionRate —— TransportationHub.PHeVCars.InDepletionRate

0.06 |
] /\ —— TransportationHub.PetrolCars.InDepletionRate
] DepletionRateofCars vs Time
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(5

-0.01 — . . . . . . . . . . . . . ; 0.01
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time (Year)
0 —_— .
-0.01 = . . . . . . . . . .
2020 2025 2030 2035

time (Year)
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Results Scenario 1 — Total Cars Fossil CO2 Emissions

EnvironmentalHub. DisplayHubPort. CarsFossil Combustion

CO2 emission of Cars (MTon) vs Time (Year)
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Results Scenario 1 — Total Cars CO2 Emissions incl Upstream and Biofuels

EnvironmentalHub.DisplayHubPort. TotalCarCO2Emission

TotalCO2EmissionbyCar(MTon) vs Time(Year)
18

16

TotalCO2Emissionby Car(MTon)
= o =

| N
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time (Year)
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Results Scenario 2 — Cars
Conversion Percentage -None, Average driving range km Reduction — None, FossilBanSwitch - True

— EnvironmentalHub.DisplayHubPort. NumberOfCars — EnvironmentalHub.DisplayHubPort.5001_BioCars
— EnvironmentalHub.DisplayHubPort.5002_PetrolCars —— EnvironmentalHub.DisplayHubPort.5003_DieselCars
— EnvironmentalHub.DisplayHubPort.S005_ElectricCars EnvironmentalHub.DisplayHubPort.5004_PHeVCars

TotalNumberofCars vs Time

Car Fossil Ban Year
Se+06
- __‘—_‘_—_—_‘—‘—l—__
1 Petrol 2028
4e+06
] Diesel 2025
i Bio 2030
3e+06 —
E ] \ PHeV 2028
g i
é 2e+06 = /
% i Vehicle Legends
A ] Total Number of Cars
tex0e / Bio Gas Cars
. _— Petrol Cars
i _______,/// Diesel Cars
0 —— Electric Cars
i PHeV Cars
-le+06 ] . . . . . . . . . . . .
2020 2025 2030 2035
time (Y ear)
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Results Scenario 2 - Cars Growth

and Depletion Rate

— TransportationHub.BioCars.InGrowthRate

—— TransportationHub.ElectricCars.InGrowthRate —— TransportationHub.PHeVCars.InGrowthRate

— TransportationHub.DieselCars.InGrowthRate

— TransportationHub.BioCars.InDepletionRate

— TransportationHub.DieselCars.InDepletionRate

— TransportationHub.ElectricCars.InDepletionRate —— TransportationHub.PHeVCars.InDepletionRate

— TransportationHub.PetrolCars.InDepletionRate

DepletionRateofCars vs Time

0.06
— TransportationHub.PetrolCars.InGrowthRate ]
GrowthRateofCars vs Time 0.05 -
0.08 ]
- 0.04 \ Pm— —_—
0.06 ""/\ -:"3 0.03 |
2 0.
/ 3 ]
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qé 0.01
E 7 -
& ] ]
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] ) 0.01 : ; : :
] 2020 2025 2030 2035
0 R— time (Year)
2020 I I 2025 2030 2035
time (Year)
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Results Scenario 2 — Total Cars Fossil CO2 Emissions

—— environmentalHub.DisplayHubPort. CarFossilCombustion

CO2 emission of Cars (MTon) vs Time (Year)
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Results Scenario 2 — Total Cars CO2 Emissions incl upstream and biofuels

environmentalHub.DisplayHubPort. TotalCarCO2Emission

TotalCO2EmissionbyCar(MTon) vs Time(Year)

18

16

] T~
T~

5 N

-
s

—
(=]

N
5 RN
5 ot

6 S

/

TotalCO2Emissionby Car(MTaon)
1

[==]

2020 2025 2030 2035
time (Year)

Vi

32 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY Moo EL"CA



Results Scenario 3 — Cars- Average driving range km Reduction — 2%

EnvironmentalHub . DisplayHubPort.NumberOfCars EnvironmentalHub. DisplayHubPort. 5001 _BioCars EnvironmentalHub. DisplayHubPort, 5002_PetrolCars

EnvironmentalHub. DisplayHubPort. 5003 _DieselCars EnvironmentalHub. DisplayHubPort. S004_PHeVCars EnvironmentalHub. DisplayHubPort. S005_ElectricCars
TotalNumberofCars vs Time Vehicle Fossil ban Year
Se+06
BioGas 2030
0106 Diesel 2025
Petrol 2028
ses5 — PHeV 2028
% _ \
8] |
o _
E 2e+06 [
£
5 \ \ Vehicle Legends
'_
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Electric Cars
-le+l6 —
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time (Year)

33 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY MO U/E:L: “c A



Results Scenario 3 — Number of Cars Growth and Depletion Rate

— TransportationHub.BioCars.InGrowthRate — TransportationHub.DieselCars.InGrowthRate
— TransportationHub.ElectricCars.InGrowthRate —— TransportationHub.PHeVCars.InGrowthRate

— TransportationHub.PetrolCars.InGrowthRate

GrowthRateofCars vs Time
0.08
— TransportationHub.BioCars.InDepletionRate — TransportationHub.DieselCars.InDepletionRate
/\ — TransportationHub.ElectricCars.InDepletionRate —— TransportationHub.PHeVCars.InDepletionRate
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Results Scenario 3 — Total Cars CO2 Fossil Emission 2019 - 2035

environmentalHub. DisplayHubPort. CarFossilCombsution

CO2 emission of Cars (MTon) vs Time (Year)
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Scenario 3 — Total Cars CO2 Emission incl upstream and biofuels

environmentalHub.DisplayHubPort., TotalCarCO2Emission

TotalCO2EmissionbyCar(MTon) vs Time(Year)
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Results Scenario 3 — Car Growth and depletion rate
— Ex: BioGasCar — Fossil Ban Year -2028, Average driving range km Reduction — 2% per year

— TransportationHub.BioCars. InGrowthRate

GrowthRateofBioCars vs Time
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Results Scenario 3 — Light Trucks- Average driving range km Reduction — 2%

EnvironmentalHub. DisplayHubPaort. 5006 _LightPetrolTrucks EnvironmentalHub. DisplayHubPort.MumberofLightTrucks

EnvironmentalHub . DisplayHubPort. S008_LightPHeVTrucks

EnvironmentalHub. DisplayHubPort. 5007 _LightDieselTrucks

EnvironmentalHub. DisplayHubPort. S009_LightBioGasTrucks EnvironmentalHub . DisplayHubPort. 5010_LightElectricTrucks

TotalNumberofLightTruck vs Time
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Results Scenario 3 — Light Trucks-Growth Rate and Depletion Rate

— TransportationHub.LightBioGasTrucks.InGrowthRate —— TransportationHub.LightDieselTrucks.InGrowthRate

— TransportationHub.LightElectricTruck.InGrowthRate —— TransportationHub.LightPHeVTrucks.InGrowthRate

— TransportationHub.LightPetrolTrucks.InGrowthRate
LightTrucksGrowthRate vs Time

0.1

— TransportationHub.LightBioGasTrucks.InDepletionRate —— TransportationHub.LightDiesel Trucks.InDepletionRate
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39 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY MO D/E:L: ‘cA



Results Scenario 3 — Light Trucks — Fossil CO2 Emissions

LightTruckFossiCombustion(inMTon)

environmentalHub. DisplayHubPort. LightTruckFossilCombustion

LightTruckFossilCombustion(inMTon) vs Time(Year)
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Results Scenario 3 — Light Trucks — CO2 Emissions including upstream and biofuels

environmentalHub.DisplayHubPort. TotalLight TrucksCO2Emission

TotalLightTruckCO2Emission(InMTon) vs Time(Year)
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Results Scenario 3 —Total Number of Light Trucks
— Ex: LightBioTruck — Fossil Ban Year -2030, Average driving range km Reduction — 2% per year

——— EnvironmentalHub.DisplayHubPort. 5009 _LightBioGasTrucks

TotalNumberofLightBioTruck vs Time
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Results Scenario 3 —Growth and Depletion Rates of Light Trucks

— Ex: LightBioTruck — Fossil Ban Year -2028, Average driving range km Reduction — 2% per year

GrowthR ateofLightBioGas Truck

— TransportationHub LightBioGasTrucks. InGrowthRate

GrowthRateofLightBioGasTruck vs Time

—_—
—— TransportationHub. LightBioGasTrucks. InDepletionRate
DepletionRateofLightBioGasTruck vs Time
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Results Scenario 3 — CO2 Emissions of Light Truck
— EX: LightBioGasTruck — Fossil Ban Year -2030, Average driving range km Reduction — 2% per year

EnvironmentalHub.LightBioGasTruckCO2Emission

LightBioGasTruckCO2Emission vs Time
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Results Scenario 3 — Heavy Truck
Average km driving distance Reduction 2% per year

EnvironmentalHub. DisplayHubPart. MumberofHeavyTrucks EnvironmentalHub. DisplayHubPort.5011_HeavyPetrolTruck EnvironmentalHub. DisplayHubPort.5012_HeavyDieselTruck

EnvironmentalHub. DisplayHubPart.5013_HeavyHydrogenTruck EnvironmentalHub. DisplayHubPort.5014_HeawyBioGasTruck EnvironmentalHub. DisplayHubPart.5015_HeawyElectricTruck

TotalNumberofHeavyTruck vs Time
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Results Scenario 3 — Heavy Truck - Growth and Depletion Rate

TransportationHub. HeavyBioGasTruck. InGrowthRate

TransportationHub.HeavyHydrogenTruck. InGrowthRate

TransportationHub . HeavyDieselTruck. InGrowthRate

TransportationHub.HeavyPetrolTruck. InGrowthRate

HeavyTruckGrowthRate vs Time

TransportationHub, HeavyElectricTruck. InGrowthRate
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Results Scenario 3 — Total Number of Heavy Trucks
— Ex: HeavyDieselTruck — Fossil Ban Year -2025, Average driving range km reduction — 2%

EnvironmentalHub. DisplayHubPort. 5012_HeavyDieselTruck

TotalHeavyDieselTruck vs Time
9e+04

Be+04 \
Je+04 \\
o \

O 50404 M

- \
3e+04 \

2e+04

TotalHeavyDiesel Truck

le+04 —

2020 2025 2030 2035
time (Year)

47 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY MO D/E:L: “cA



Results Scenario 3 - Growth and Depletion Rates of Heavy Truck-
Ex: HeavyDieselTruck — Fossil Ban Year -2025, Average driving range km Reduction — 2%

—— TransportationHub.HeavyDieselTruck. InGrowthRate

GrowthRateofHeavyDieselTruck vs Time
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Results Scenario 3 — CO2 Fossil Emissions of Heavy Truck
— Ex: HeavyDieselTruck — Fossil Ban Year -2025, Average driving range km Reduction — 2%

— environmentalHub. DisplayHubPort, HeavyTruckFossilComposition

HeavyTruckFossilCombustion(inMTon) vs Time(Year)
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Results Scenario 3 — CO2 Emissions of Heavy Truck incl upstream and biofuels
— Ex: HeavyDieselTruck — Fossil Ban Year -2025, Average driving range km Reduction — 2%

— environmentalHub. DisplayHubPort, TotalHeavyTrucks CO2Emission

TotalHeavyTrucksCO2Emission(InMTon) vs Time(Year)
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Results Scenario 3 — Bus New Combi-table Data - True

EnvironmentalHub. DisplayHubPort. 5017 _GasBus EnvironmentalHub. DisplayHubPort, 5018_HydrogenBus EnvironmentalHub.DisplayHubPort, 5019_ElectricBus

EnvironmentalHub. DisplayHubPort. 50 16_DieselBus EnvironmentalHub. DisplayHubPort. MumberofBuses

NumberofBuses vs Time
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Results Scenario 3 — Number of Buses Growth and Depletion Rate

TransportationHub. DieselBus. InGrowthRate TransportationHub ElectricBus. InGrowthRate

GrowthRateofBus vs Time
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Results Scenario 3 — Bus CO2 Fossil Emissions

environmentalHub.DisplayHubPort.BusFossilCompaosition

BusFossilEmission(in Mton) vs Time(Year)
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Results Scenario 3 — Bus CO2 Emissions incl upstream and biofuels

environmentalHub. DisplayHubPort., TotalBusCO 2Emssion

TotalBusCO2Emisiion(InMton) vs Time(Years)
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Results Scenario 4 — Cars
Conversion start Year - 2025 , Average driving range km Reduction — 2%, annually

— environmentalHub.DisplayHubPort.NumberOfCars ~ —— environmentalHub.DisplayHubPort.S001_BioCars
— environmentalHub.DisplayHubPort.S002_PetrolCars —— environmentalHub.DisplayHubPort.S003_DieselCars
— environmentalHub. DisplayHubPort.5005_FlectricCars environmentalHub.DisplayHubPort.5004_PHeVCars
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Results Scenario 4 —Cars Growth and Depletion Rate

TransportationHub. BioCars. InGrowthRate TransportationHub. DieselCars. InGrowthRate TransportationHub. ElectricCars. InGrawthRate

TransportationHub. DieselCars.InDepletionRate TranspartationHub. ElectricCars. InDepletionRate TransportationHub. PHeVCars. InDepletionRate

TransportationHub.PHeVCars. InGrowthRate TransportationHub.PetrolCars. InGrowthRate

TransportationHub. PetrolCars. InDepletionRate TransportationHub.BioCars. InDepletionRate
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Scenario 4 — Total Car CO2 Fossil Emission including upstream and biofuels

— environmentalHub.DisplayHubPort, TotalCarCO2Emission

TotalCO2EmissionbyCar(MTon) vs Time(Year)
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Scenario 4 — Total Car CO2 Fossil Emission

—— environmentalHub. DisplayHubPort. TotalCarCO2Emission

TotalCO2EmissionbyFossil(MTon) vs Time(Year)
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Results Scenario 4 — Total Number of Cars BioGas
— Ex: BioGasCars — Fossil Ban Year -2028, Conversion Year — 2025, Conversion percentage — 4.5%,

Average driving range km Reduction — 2% per year

EnvironmentalHub. TransportationHubPort. S001_BioCars

TotalBioCars vs Time
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Results Scenario 4 — Car Growth and depletion rate
— Ex: BioGasCars — Fossil Ban Year -2028, Conversion Year — 2025, Conversion percentage — 4.5%,
Average driving range km Reduction — 2%,

= TransportationHub.BioCars.InGrowthRate ——— TransportationHub. BioCars. InDepletionRate

GowthRateBioCars vs Time DepletionRateBioCars vs Time
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Results Scenario 4 — Car CO2 Emission BioGas
— Ex: BioGasCars — Fossil Ban Year -2028, Conversion Year — 2025, Conversion percentage — 4.5%,

Average driving range km Reduction — 2%,

= EnvironmentalHub. BiogasCarCO2Emission. y
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Results Scenario 4 — Light Trucks-

Hw Conversion start Year — 2025 , Average driving range km Reduction — 2%, annually

EnvironmentalHub. DisplayHubPort. MumberofLightTrucks
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Results Scenario 4 — Light Trucks-

Growth and Depletion Rate Conversion Percentage — 1%, Average driving range km Reduction — 2%

TransportationHub LightPetrofTrucks. InGrowthRate TransportationHub LightPHeVTrucks. InGrowthRate TransportationHub. LightElectricTruck. InGrowthRate
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Results Scenario 4 — Light Trucks CO2 Emissions

— EnvironmentalHub. DisplayHubFort. TotallightTrucksCO 2Emission

LightTruckCO2Emission vs Time
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Results Scenario 4 — Total Number of Light Trucks

— Ex: LightBioTruck — Fossil Ban Year -2028, Conversion Year — 2025, Conversion percentage —1%
Average driving range km Reduction — 2% annually

_— mentalHub. DisplayHul bPort. 5009 _Ligl hiBioGasTru cks
NumberofLightBioGasTruck vs Time

1e+04

8000 \\
% \
> 6000
[ \
w
(134 |
L]
o
= i
-
=
=
S 1
@
0
% 4000
=

2000 \

u]

2020 2025 2030 2035

65 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY MO D/E:L: “c A



Results Scenario 4 — Growth and Depletion Rates of Light Trucks

— Ex: LightBioTruck — Fossil Ban Year -2028, Conversion Year — 2025, Conversion percentage —1%,
Average driving range km Reduction — 2%

— TransportationHub LightBioGasTrucks. InGrowthRate
—— TransportationHub.LightBioGasTrucks.InDepletionRate
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RrResults Scenario 4 — CO2 Emissions of Light Trucks
— Ex: LightBioGasTruck — Fossil Ban Year -2028, Conversion start Year — 2025,

Conversion percentage —1%, Average driving range km Reduction — 2% annually
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Results Scenario 4 — Heavy Trucks
Conversion Percentage -1% , Average driving range km Reduction — 2% annually

Total Heavy Truck vs time

EnvironmentalHub, DisplayHubPort.5014 HeavyBioGasTruck

EnvironmentalHub. DisplayHubPort,5015_HeavyElectricTruck EnvironmentalHub. DisplayHubPort, 5013 _HeavyHydrogenTruck

EnvironmentalHub. DisplayHubPort. 5012_HeavyDieselTrudk EnvironmentalHub. DisplayHubPort.5011_HeawyPetrofTruck

le+05
1 L Car Conversion % Fossil Ban Year
Be+04 ] \\

] \ Petrol 1 2028
L Diesel 1 2025
S / \ Bio 1 2028
% 4e+04 —

5 | ] H2 1 2028
% i
g .
Ze+04 \
- \
-2e+04 —;

2020 2025 2030 2035
time (Years)

68 Copyright © Open Source Modelica Consortium Usage: Creative Commons with attribution CC-BY MO D/E:L: “c A



Results Scenario 4 - Heavy Truck Growth and Depletion Rate

GrowthRateofHeavyTruck vs time
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Results Scenario 4 — Total Number of Heavy Truck
— Ex: HeavyDieselTruck — Fossil Ban Year -2028, Conversion start Year — 2025,

Conversion percentage —1% , Average driving range km Reduction — 2% annually

HeavyDieselTruck vs Time
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Results Scenario 4 — Growth and Depletion Rates of Heavy Truck-

Ex: HeavyDieselTruck — Fossil Ban Year -2028, Conversion start Year — 2025,
HW Conversion percentage —1%, Average driving range km Reduction — 2% annually

= TransportationHub, HeavyDieseTruck. InGrowthRate
= TransportationHub.HeavyDieselTruck. InDepletionRate
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Results Scenario 4 — CO2 Fossil Emissions of Heavy Truck
— Ex: HeavyDieselTruck — Fossil Ban Year -2028, Conversion Year — 2025,

Conversion percentage —1%, Average driving range km Reduction — 2%

— environmentalHub. DisplayHubPort.HeavyTrucksFosilCombustion

HeavyTruckFossilCombustion(inMTon) vs Time(Year)
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Results Scenario 4 — CO2 Emissions of Heavy Truck incl upstream and biofuels
— Ex: HeavyDieselTruck — Fossil Ban Year -2028, Conversion Year — 2025,

Conversion percentage —1%, Average driving range km Reduction — 2%

= environmentalHub, DisplayHubPort, TotalHeavyTrucksCO2Emission

TotalHeavyTrucksCO2Emission(InMTon) vs Time(Year)
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Results Scenario 4 — Buses -
Conversion Percentage — 0.01 (1% per year) , New Combi-table Data for Growth Rate

Total Bus vs time
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Results Scenario 4 — Bus Growth and Depletion Rate

GrowthRateofHeavyTruck vs time
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Results Scenario 4 — Bus CO2 Fossil Emissions

environmentaHub.DisplayHubPort.BusFossiCombustion
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Results Scenario 4 — Bus CO2 Emissions including upstream and biofuels

environmentalHub. DisplayHubPort. TotalBusCO 2Emssion

TotalBusCO2Emisiion(InMton) vs Time(Years)
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Conclusion

- Atransportation library for simulating the transition from fossil to electric has
been developed. It is very adaptable, and available as open source, OSMC-PL license

Four transition Scenarios for Sweden simulated for years 2019 - 2035

« Scenario 1 — Gradual transition increase

« Scenario 2 — Faster transition, with fossil ban year for fossil cars 2025, similar for other vehicles
« Scenario 3 — Also doubling public transport like buses, reducing fossil cars correspondingly

* Scenario 4 — Hardware conversion of remaining fossil cars to electric

 Not enough with gradual transition, government plan (Scenario 1)
 Not enough with new fossil car sales ban year 2025 (Scenario 2)
 Not enough with new fossil car sales ban year 2025 + double bus/train (Scenario 3)

« Only when adding hardware conversion of fossil cars, we get down to zero CO2
emission from cars 2035 (Scenario 4)
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