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Vehicle consumption/emission modeling

In real vehicle:
. Cause: driver push gas or brake pedal
. Effect: vehicle increase/decrease/hold the speed (speed and acceleration can be controlled)

Often in fuel economy and emission simulations:
. Cause: predetermined speed and acceleration time series (sometimes also road grade)
. Effect: calculate for each time instant, how much force and speed that must come from the drive system
in order to sustain such speed and acceleration, use look-up loss maps of drive system components

. We need to link vehicle motion and drive system operation
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So, in a real vehicle, the cause is that the drive pushes the gas or brake pedal, and the vehicle reacts on that, and the effect is that it accelerates or decelerates, or neither

But when we want to calculate the energy or fuel consumption of a car, we instead often start from a predetermined speed profile, so called drive cycle, that is speed as function of time. The drive cycle then also contain information of acceleration.
So we can consider the speed and acceleration of drive cycle to be the cause, and then for each time instant we calculate the effect, that is how large the force and rotational speed from the drive system must have been, to sustain that speed and acceleration.
Then the efficiency of the drive system components are often pre-calculated, either as fixed values, or values that depend on the tractive force and speed, in so called look-up-tables.

So, we need to link the vehicle motion with the drive system operation. 

One way to do that is via this so called backward-looking approach, where we start from a predefined drive cycle, and step-by-step calculate backwards how much energy that has to come from the drive system in order to sustain the driving.
This is the method you use in the vehicle assignment.

In this case, the drive cycle must be followed exactly. 
If the operational limit of any component is violated, the simulation will stop.
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Vehicle consumption/emission modeling

Drive system loss modeling - BEV example
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Here is an example of how different efficiency maps could look like, as functions of speed and force.

Typically, each component is treated as a separate block in the simulation model
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Other loads in vehicles — auxiliary loads

* Systems for security, safety, comfort, lighting, information

* Air conditioning (AC) compressor
(conventionally driven via a belt from ICE, in HEV electrically), passenger cars ~4-6 kW, large bus up to 30kW

* Power steering, braking systems (air compressor), heaters, pumps, fans, etc (up to 100-1500 W each)
* Computers/controllers (30-100 micro controllers) (up to 500W)
* Head lights, wipers, radio, window elevators, seat heaters etc. (up to 500 W)

Low power loads are supplied by the 12V system

. How much power/energy do they use?
. Up to 30% of average power
. During acceleration >10%

Nielsen, F. (2016) Automotive Climate Systems - Investigation of Current Energy Use and Future Energy Saving Measures.
Goteborg : Chalmers University of Technology (Doktorsavhandlingar vid Chalmers tekniska hogskola. Ny serie, nr: 4080).

Brusokas, L. och Rajarathinam, N. (2015) Evaluation of Electrical Loads on 48 V Supply
in Future Mild Hybrid Electric Vehicles. Géteborg : Chalmers University of Technology
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Apart from the drive system, there are also many other energy consumers in the car, for things like
Security
Safety
Comfort
Lighting
Information

Perhaps the single largest of these is the air conditioning and heating system, it can be 4-6 kW in a passenger car, and 20-30 kW in a bus

The power steering, braking system’s air compressor, heaters, pumps, fas etc. can be 100-1500 kW each

Then there are 30-100 micro controllers that may need 500 W in total
 Finally, another 500 W may be used for head lights, wipers, radio, window elevators, seat heaters etc.

The low power loads are taken from the 12 V system

These types of loads may use up to 30% of the average power



Ways to reduce energy consumption

Egrive system — f( , driving, drive system efficiency, road, climate)

. ECO-driving
*  Smooth acceleration
. Low speed
. Efficient drive train components
*  Minimize losses
* Integrated components, gear & ICE, electric motor & inverter & gear
. Using the right component in the right time - maximize system efficiency = In case of Hybrid cars
. Power management of whole driveline
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Now, let’s get back to the energy consumption, what can we do to reduce it?

First, we can make the cars
lighter, by making them smaller, and we can use light weight material like carbon fiber, or aluminum etc.
Reduce the air grad by a smaller frontal surface and a more streamlined shape
Reduce the rolling resistance by low friction tires

Driving:
Drive at lower speed
Use smooth accelerations

Use efficient components
Reducing the losses
Integrate the components, to reduce added weight

Use the right component at the right time! To maximize system efficiency – this is the main point of hybrid cars!
 -then you need a control system, i.e. power management for the whole drive line
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Why not just do it™!

For a manufacturer to increase vehicle efficiency it has to invest in changes to the car = higher cost
. Who should pay for the improvement?

. Are the customers willing to pay?
- Efficiency

- Acceleration
- Speed

- Design

- Comfort

- Safety

- Reliability
Lifetime

Is it possible to increase the vehicle’s efficiency and still maintain

. performance?
. comfort?

. safety?

. reliability?

. lifetime?
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So, why not just do it?

Well of course there are many other factors that play a role when selling cars to consumers., efficiency is just one of them.

Any change in the production and development will need investment cost. For passenger cars, the competition is very hard, and the margins slim. So each added cost must be carefully scrutinized.

So is it possible to increase the vehicle efficiency and still maintain:
Performance?
Comfort?
Safety?
Reliability?
Etc?

The car manufacturer must balance all these factors.
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https://webstore.iea.org/download/direct/2807 ?fileName=Global_EV_Outlook_2019.pdf

[ ]
C harg Ing =
plugs
= Loel3

curre“t -- Three_ DC
. . . . hase
. Current method: conductive, future method: inductive (wireless) -- e
< 3.7 kW > 3.7 kW and < 22 kW and < Currently < 400 kW
. AC charging (Level 1 & 2, Mode 1-3) —
. On-board and external chargers regular power outlet

. 2,0- 3.3-7.4 kW (1 phase), 11-43 kW (3 phase) — higher power = higher equipment cost
. Charging times roughly 30 min— 8 h

. DC fast charging (Level3/Mode4) — external charger stations
- CCS, 50-350 kW
«  CHAdeMO, 50-400 kW

Ongoing in Sweden, Gavle
. Tesla super chargers, 120-250 kW

Starting in Germany by Siemens Ongoing in Sweden, Slthlm-ArIanda

. Charging times roughly 10 - 30 min
. Nominal charger efficiency ~94%
. Electric roads?! —smaller batteries on board

. Over-head-lines — for specific type of vehicle

. Ground tracks - accessible by any kind of road vehicle
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Now we will briefly look at charging of battery vehicles. 
The dominating method so far is to use conductive charging. But there is a lot of research on wireless/inductive charging as well.
Charging at lower power levels is done by AC power from the grid. 
If you use the charger onboard the car, the peak power levels are usually 7 kW with one phase, and 22 kW with 3 phases. But there are examples up to 43 kW.
Generally, the higher the power, the higher the cost of the charger equipment.
For safety reasons it is generally not recommended to use the on-board charger with a regular power outlets, since the outlets are not dimensioned for that high currents over such long times. Instead it is recommended to invest in an external AC charger.
If you want to charge faster, you need to use higher transfer power. The highest power levels are delivered using DC voltage. 
There are three main systems, 
CCS Combined Charging System,  with power levels up to 350 kW
CHAdeMO initially from Japan,  power levels up to 400 kW, trying to reach 900kW
Teslas superchargers, up to 250 kW
Many different cars can use both CCS and CHAdeMO including Tesla cars, but so far only Tesla cars can use the superchargers
Another thing to look out for is that there are different plugs and connectors, so you need to check that you have the right equipment to be able to actually charge your car. We will no go into that here.
The nominal charging efficiency is roughly around 94% , but in practice it could be lower
An option to using large batteries, could be to reduce the battery size and instead electrify the roads or parts of the roads, either as over head-lines like this, but then not all types of vehicles could use them, or as tracks in the ground, then it would be accessible for different types of cars. There are some research projects going on about this.





CHALMERS

UNIVERSITY OF TECHNOLOGY

Charging stations

https://www.iea.org/reports/global-ev-outlook-2020

Private and publicly accessible chargers by country, 2019

BChina
Private slow chargers Publicly accessible slow chargers Publicly accessible fast chargers B Japan
6.5 million 598 000 264 000
o 1% 2%~0% BUnited States

B United Kingdom
OGermany
BFrance
ENorway
ENetherlands

m Other

Sources: IEA analysis based on country submissions, complemented by other sources. For more details, see figure
1.8 in the main report.

Sweden: Europa World CCS/combo
Tesla
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Here are a few links to fast-charging stations

It is perhaps good to look at such links when you are planning a longer trip with a battery vehicle.

http://www.uppladdning.nu/
https://ccs-map.eu/
https://www.plugshare.com/?combo_only=true&=SAE%20Combo%20CCS
https://supercharge.info/
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Useful relations:

Ca | Ccu |at| on exam ple 1 J=1 Ws= 1/3600 Wh= 1/(3600 -10%) kWh= 1/(3600 -10'2) TWh

How much fuel does the Swedish passenger cars consume each year? Q
. Number of passenger cars in Sweden at the end of 2015 cars'*: 4 669 063

. Total distance travelled?: 65 311 458 780 km.

. Average gasoline consumption of Swedish car fleet 2015°! : 8.0 liter/100km

Estimated fuel consumption: 65 311 458 780 km/100 km -8.0liter/100km=5.22-10" liter.
With gasoline density (820kg/m?3) and energy density (42 MJ/kg), the energy content of this fuel is 50.0 TWh.

What if all the Swedish passenger cars were electric...how much electricity would they use during one year?
. Assume all cars are large and consume 20 kWh/k100m : 65 311 458.780/(100km) * 20 (kWh/100km) =13.06 T Wh

How much would the Swedish electricity production then need to increase?
R * _ o 74.0 TWh 46.7%
13.06 (TWh) / 158.5 (TWh) *100=8.2% 16.6 TWh 10 5%
54.4 TWh 34.3%
0.1 TWh 0.06%
13.5 TWh 8.5%
158.5 TWh | 100%

Trafik analys, Fordon 2015, Korstrdckor 2015:
RUS 2015:

Elaret 2015;

Qil, coal, natural gas and peat.
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…read…


http://trafa.se/sv/Statistik/Vagtrafik/Fordon/
http://extra.lansstyrelsen.se/rus/Sv/statistik-och-data/korstrackor-och-bransleforbrukning/Pages/default.aspx
http://www.svenskenergi.se/Elfakta/Statistik/Elaret/
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Useful relations:

Ca | Ccu |at| on exam ple 1 J=1 Ws= 1/3600 Wh= 1/(3600 -10%) kWh= 1/(3600 -10'2) TWh

What if everybody want to charge at the same time, is the installed 40 GW capacity enough? Q

. Assume 3.5 kW charging power
. 3.5 kW * 4 669 063 cars = 16.3 GW (41% of installed capacity)

What if we use slow chargingand all 24 h ?

. A typical car runs 39 km/24 h in Véstar Gotalandsregionen

. 2 kWh for 10 km gives 8 kWh

. 2 kW can be charged from a 10 A fuse

. Every car needs to be charge4h/24h=1/6

. 2,0 kW * 4 669 063 cars = 9,4 GW (23% of installed capacity)

. Equal chare of time=1/6 gives 1,6 GW (4 % of installed capacity)
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…read…
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Calculation example

How much would the Swedish electricity production then need to increase?
. 13.06 (TWh) / 158.5 (TWh) *100 = 8.2 %

Table 3.2 Share of electricity consumption attributable to EVs by region and scenario,

2030
inabl

. Stated Policies Sustainable )

Country/region . Development Scenario,
Scenario, 2030
2030

China 1.2% 3% 3%
Europe 0.2% 4% 6%
India 0.0% 2% 3%
Japan 0.0% 1% 2%
United States 0.1% 1% 4%

Sources: Electricity demand from EVs was evaluated with the Mobility model (IEA, 2020); total final electricity
consumption from (IEA, 2020) and IEA (forthcoming).

https://www.iea.org/reports/global-ev-outlook-2020
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…read…

In our calculation example, we would need to increase the production by 8%

Just to compare, IEA has estimated that EVs could stand 1-6% of the electricity consumption in different countreis by the year 2030, depending on differnet scenarios.
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Calculation example

What if everybody want to charge at the same time, is the installed 40 GW capacity enough?

. Assume 3.5 kW charging power
. 3.5 kW * 4 669 063 cars = 16.3 GW (41% of installed capacity)

Figure 5.1 Global average weekday load profiles in an evening charging case and a night
charging case by vehicle type in the Sustainable Development Scenario, 2030
300
Evening charging case:
50 g 250
15 |:> == Two/three-wheelers
e 200
= 10.0 - == Trucks
o a
:l; 150 ——Buses
g 100 EmLCVs
[ |
U .ﬂ 50 ==PLDVs
- o o o o o O = ] - =
= H - :'d ild‘ 6 N '*’ o ':Iﬂl d o - 0 =——Night charging case
o o E O 0O = = T = T & o ™ 00:00 06:00 12:00 18:00 23:59
Time of Da Y Note: PLDVs = passenger light-duty vehicles; LCVs = light-commercial vehicles. EV load curves are aggregated at the
global level. They are not accounting for varying time zones and might not be representative of regional patterns.
They are representative of an assumed typical weekday.

https://www.iea.org/reports/global-ev-outlook-2020
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…read…

Typically, the highest electic consumption is during evenings, so then it would be necessary to postpone the vehicle charging to later during the night.
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QSS Electric car modelling and simulation

w_whesl

MOdel bIOCkS Divide Display1
» Drive cycle

* Vehicle chassis

dw_wheel

dv

T_whesl

_ Battary Model - SPPT -
ehicle Simple Transmission Electric Mator Display4
Driving Cycle - SPPT modified - - SPPT modified - - SPPT modified -

Digplay2

+ Gear box (fixed speed reduction) - SPPT modifed S
» Electric machine and inverter, incl. auxiliary power load (W) | Gain
+ Battery NEW NISSAN LEAF
— PDM
Not included components: [
+ Cables L T

« Battery 12V, dc/dc converter
» Charger

Battery

Nissan Leaf
battery pack

Grid

—
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QSS Electric car modelling and simulation

Electric machine and inverter block:

Working principle: A .3 D Displayi
+ Electric machines (EM) converts between R R
- Battary Model - SPPT - Display2

electric and mechanical power
using electromagnetics
* Inverters convert DC to AC voltage
« Both EM and inverter conversions are reversible

Vehicle Simple Transmission Electric Mator Display4
Driving Cycle - SPPT modified -
- SPPT modified -

- 8PPT modified - - SPPT modified -

113

Gain

4 quadrant Operation 300 Generating (brake) mode /- Motoring mode
—p -reverse - forward
200
QSS model:
dw 100 -

Mech.toelec.  Elec. to mech.

Tey = Tgear + Tinertia = Tgear + JE E

newm: machine and inverter efficiency f(Tgy, Ngy)

Elec.tomech.  Mech. to elec.

Torque (Nm)
o

-100 |
Inverter efficiency: 200 -
* Peak inverter efﬁCienCy ~97%-98 % Motoring mode Generating (brake) mode
« High efficiency in a large operating area >90% 300 --reverse : -forward :
+ Mainly speed dependent 5 10 -5 0 5 10 15

+ It can be modeled as a constant in system studies Speed (krpm)
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Machine speed torque domain < gear < Vehicle speed force domain

Motor power (kW)

Ideal motor, fixed gear ratio

Ideal motor
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The fixed gear ratio gives the same max torque profile in motor speed-

torque plane as in vehicle speed-force plane
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QSS Electric car modelling and simulation

Battery block:

» Battery characteristics and modelling in next lecture e
H H ivide Display1
* Your task: implement a battery model from an article - o
dv Twheel " Digplay2
Worklnq prlnClp'G: _S[;";_}"ﬁ::_zfd_ fSP;[e:igjmed— SE”;%T::;EH;:??" ‘ 75E;i,c;ri’s‘m’?1:.z:]7
Stores electric power as chemical energy | s
Gain

Key terms:

E0 =3.7348, R =0.09, K = 0.0087662, A = 0.468, B = 3.5294
5

o . - (0]
SOC' State Of Charge 0 100 A) 4 ghargeCoEditigws: C\é%wzz\;\an;S.G.CSCmAcul-oﬁatZE“C
. ischarge Conditions: CC to 2.75V at 25°C
V... No-load voltage, V., terminal voltage Resigance. bty AL 0
. . . B + 4 :A‘
* R: Internal resistance/impedance ":Qt
+ C-rate: Charge/discharge rates . & Vit fes =
>
) i
Block oytgut: =Et,_g0€7r+.m,,<_g.,,,’»‘t_ |
* Terminal voltage (V) - \ =+ Wodel urves
. 25 -
* Net discharged energy, Energy (Wh) T L
. Efﬁciency (%) —can be |g nored Fig. 7. Lithium-lon battery 3.6V 1Ah
° SOC ((y) O. Tremblay, L. Dessaint and A. Dekkiche, "A Generic Battery Model for the Dynamic Simulation of Hybrid Electric Vehicles,
° 2007 IEEE Vehicle Power and Propulsion Conference, Arlington, TX, 2007, pp. 284-289. doi: 10.1109/VPPC.2007.4544139
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Micro hybrid vehicles

» ‘“stop-start” is already very common in passenger cars
* 12V battery must supply el-loads during “ICE-stop”...
* ...possibly also when ICE work at low efficiency

« Utilize regenerative braking

* Need battery with lower resistance and longer life

+ Est. CO, reduction ~ 5-10%

» Possible to replace both start motor and alternator with a single
e-machine that do the same + regenerate braking energy

Micro HEV
Fuel cut-off (sandard today) X Fuel tank —  IGE
IC engine stop/start X
Brake energy recovery X
Electric motor assist Battery Start motor
Pure electric drive & generator

https://theicct.org/sites/default/files/publications/ICCT_Pocketbook_2018_Final_20181205.pdf

Market share, vehicles with stop-start technology (in %)
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| Opel

_+ Fiat

Fig. 4-13

Passenger cars:
Market share,
vehicles with stop-
start technology
by brand



Series hybrid operating modes

E-motor only connection to wheels: it has to be large enough to manage all driving situations for the car

Traction modes of operation

» E-motor + battery

» E-motor + ICE&gen, + battery

» E-motor + ICE&gen + charging battery
» E-motor + ICE&gen, no battery
Braking mode of operation

= Need control strategy
“Energy management”

» E-motor can work in generator mode and charge the battery

Advantages:

* ICE is decoupled from drive train — it can operate at optimal efficiency for the delivered power level
» Simple speed control since only one power source towards the wheels

* No need for multiple step gear transmission since E-motor

* ICE can be down-sized
Draw backs:

* Many energy conversion result in rather low average system efficiency

* Need 2 E-machines & converters which cost money

Example vehicle:
* BMW i3 range extender

ICE Gear

Fuel tank

—
— e d

Gen.

DCT

12V | Battery

C DC

Gear




Series hybrld - simple energy management strategy

Simple energy management strateqy:
1. Battery provide propulsion power until energy is low

Start ICE [ ICE @=%

2
3. ICE&gen charge battery + provide propulsion power
4. When battery energy is high; turn ICE off Buellank 12V e | Battery

T

Advantage: Simple

Disadvantage: not optimal, does not consider effect of driving Battery state of charge
50
High energy

3 40 P\‘ P\\ .P‘l\ .r\ n\\ AP]\L Ah lni lpl. )
o \F Low energy
2 30 H
o3
E Trace
€ 20 ——soc
g 10

0 2000 4000 6000 8000 10000 12000 14000
Time (s)
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Parallel hybrid operating modes

Both E-motor and ICE are attached to the wheels
Traction modes of operation

- Only ICE

* Only propel the wheels

 Also charge the battery via the E-motor in generating mode
ICE can work at higher efficiency, since higher loaded!

* Only E-motor
* Both E-motor and ICE can propel the wheels (el. Boost)

Braking -
» Motor can work in generator mode and charge the battery

Advantages:

» Fewer energy conversions are possible (compared to series)

* No need for extra generator

» Can downsize both engine and electric motor which reduces cost

Draw backs:

* Choice of ICE operating points is less “free” since attached to the wheels
Example vehicles -_ —

* Volvo hybrid bus "Ihﬂ‘ '-ﬁl‘

Need control strategy

Volvo 7900 Hybrid

“Energy management”

Electric
motor/generator

Fuel tank

Vridmoment

A

Elmotor och
dieselmotor

Dieselmotor

Elmotor

P varv/min

Komponenter i Volvos hybridsystem

1. Dieselmotor 2. EImotor/generator (I-SAM)

3. Vixellada 4. Elektrisk styrenhet

5. Energiomvandlare DC/DC 600V/24V 6. Batterier
7. Elektriska hjalpsystem
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Power Electronic Converters

Working principle: c \ \ \
Converts input voltage source to desired voltage (DC, AC, magnitude, frequency, number of phases) E—
» DC/DC in electric cars: between high and low voltage dc-buses
* AC/DC in electric cars:

- motor inverter between 3 phase AC motor and battery dc-bus Va2 | | |

« charger between high voltage dc-bus and grid) DC battery
- Using semiconductor devises as switches ( MOSFET or IGBT transistors and diodes in parallel) Voltage
Losses AC 3phase

motor Mach
* on-state losses voltage
» Switching losses (depend on frequency ~motor speed)
. Output AC phase voltage & fundamental
Cooling s N / %o w
- Oftenliquid cooled 9 \ / \ ‘ i o, fondamentsl =(V Ac)]
ox Rosion . -

-+ tgwion, —» -+ tsyjoFF) —
Pay k

T
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Electric-Car Boom
Models by style and range available through 2020
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https://about.bnef.com/blog/long-range-ev-market-set-get-crowded-2020/

New Energy Finance



CHALMERS P-HEV BEV market

Figure 1.2 Passenger electric car sales and market share in selected countries and
regions, 2013-19
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https://www.iea.org/reports/global-ev-outlook-2020
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Likstomsmaskiner finns i alla
storlekar och har funnits sedan
slutet pa1800-talet. Innan om-
riktarna var det den maskin som
var lattast att varvtalstyra ’

DC-motor 12VDC
43,3A 2020rpm ...

7 337.00 kr
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Figur 4.28 En principbild av en likstrémsmaskin (i motordrift).
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Kommutatorns funktion

+ |~ + Il_
Kommutatorn byter riktning pa &4 Kommutatorn byter riktning pa &
sirdmmen genom rotorns lindningar. sirdmmen genom rotorns lindningar.

(rott ar strom in i planet,
blatt ar strom ut ur planet)


https://sv.wikipedia.org/wiki/Likstr%C3%B6msmotor
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Modell av likstromsmaskin N S NI
V. | Armature voltage (V) AnkarSp?nmng v P " Wq
ia | Armature current (A) AnkarStrO_m "\
R. | Armature winding resistance (ohm) Ankar_reSIStanS
L, | Armature winding inductance (H) Ankarinduktans
En | Induced voltage (back emf) (V) Inducerad spénning
w, | Rotor speed (rad/s) Varvtal
n, | Rotor speed (rpm, rotations per minute) _
no= . 2 Em_kvmwa
a a 21

V,=R,i, +E,, =R,i, + k,, w,
Stationara varden=U=L*di/dt=0 .
Te — kitla

where ky, [mzfs] and ki [%] are electric machine constants that depend on flux density (in this case magnet

strength), number of turns of the armature winding etc. T, [Nm] is the electrodynamical torque.
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Power balance

Jw
Thec — Ter = ]E

T..ec = Mechanical torque from the turbine,
T, = electric torque from the generator
J = inertial from rotating electrical machines
w = rotation speed of the generator

= frequency of the voltage
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1 .
] dt - {_Te - Ti'.nternal and) - Texterna! load — Tsha.ff: — lexternal load

where J [kgm?] is the rotational inertia of the system, Tinternai 10aa 1S the internal mechanica| losses in the
motor mainly due to friction, Tgpq ¢ is the net output torque on the motor shaft, and finally Texternai 10aa
represent the torque required to run the applied load.
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Kort om solkraft infor Jan-Olof Dalenback



Solar cell - Semiconductor

= Photons (light) carries energy down in the cell to the
electrones that make them jump/move ..

= A curcuit will guide the electrones .. a current is created ..

A
Vg e
QOD’ Size: 1 dm?2
& b Voltage: 0,5V
e Current: 2 A
Power: 1 W
G_.TQOn'_lmT
kiselskiva Ldopad sida (underskott av elektransr)
. ~ 10 %
I T Y P n
1 kWh/ain SE

1 m2: ger 100 W, solen lyser under 1000 timmar/ar, 100 kWh/ar




PV characteristics

eU - open circuit voltage
— not dependant on solar 4 Strom{A)
radiation intensity .. ” 1000 Winy

«I__- short circuit current - p
proportional to solar 0 K
radiation intensity .. e LR AR

*R__ - resistance/load for

optimum energy output .. | .
1“ Spidnning (V)
'J-tr-:?




CHALMERS
UNIVERSITY OF TECHNOLOGY Totalt |nSta”erat 8900 W

Solceller vilket ger 8000 kWh/ar

Solceller
hos Ola

=T "L
2 x 11 celler mot SW,
280 W/cell

1 x 11 celler mot SO
250 W/cell

L

Energimatare for
T = grona certifikat

Max effekt A
omriktare 5500 W@«
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En solpanel kan besta av 72 solceller och ger
48 V i tomgang, 35 V i fullt lastad, 8A och 280 W.

Kopplas i serie for att hoja spanningen 11 st ger 528 V i tomgang.
| Olas fall 3 strangar med solceller. Detta for att undvika skuggning

av en strang, skuggning av en panel kan hindra strommen
genom alla panelerna
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400-600 Vdc Systemutformning for

11 serie- |———| Dc/Dc- Icellsanla nin
orpnee | |Omieare| ] 700vdc  SOICElISaNIaggning
solpanler | For MPPT 400 VaC
11 serie- Dc/Dc- .
kopplade | Ocr;nrilftare DC till AC Elnat
solpanler For MPPT omriktare
11 serie- Dc/De-
kopplade Omriktare
solpanler 3

For MPPT

MPPT = Maximun Power Point Tracking
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Weekly report Power

Vassingso: 9/15/2014 - 9/21/2014
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Weekly report Power
Vassingso: 11/10/2014 - 11/16/2014
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