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. Bundesamt fiir Energie BFE
- Company Vela Solaris o Swiss Federal Office of Energy SFOE

« Research projects

Spin-Off in 2006 from SPF Institute of
Solar Technology, Rapperswil

Modern software development

professional support

Company versions

Distribution all over the world (>50% export)

Innovation projects with Universities of applied sciences,
ETH Zurich und Universities in the EU

Close partnership with ZHAW since 2016

swiss made
software
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http://www.velasolaris.com/

Polysun: PV as a part of energy system aZh Enginesring
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(1) PV-field S
(2) Inverter

(3) Electrical consumption profile
(4) Heat pump

(5) Floor heating

(6) Storage tank

(7) Hot water tap
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«Normal PV-System» - Polysun Wizard ...zh Enginecring
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Wizard helps you with choosing the right

template

u  Wizard: Template

Project | Templa:e]

Energy providers

Photovoltaics
Solar thermal
Boiler (oil, gas, wood, el.)
Heat pump

Chiller

Consumers [ Loads

Electric consumers
Domestic hot water
Space heating

Pool

System specification

System size
Collector/Generator field
DHW preparation method

Template source / Company

Zircher Fachhochschule
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Selection of template

Select a template from the list. Use the filter on the left side to reduce or to enlarge the
choice possibilities.

> Number of available templates: 68
Favorites a

All types A
L4 50a: Photovoltaics
All types A dard templates
Cooling systems
All types [ 7792 @nare heatinn and ronlinn fwaterwater heat niimn_ arannd-eonres Ina
EE R - e e
EEE i —
EEE —-
BEEE |/~
HO 50k: UPS with battery and PV r
- 50I: UPS with battery, generator and PV
| All types v _ ‘ N
HOl 500: PV with battery and forecast-based feed-in limitation
lA" types |_VJ HO) 50p: PV with battery and forecast-based limitation of load peaks
: YD) 50q: PV with battery and forecast-based limitation of load peaks and grid fee
| All types v v Photovoltaics (off-grid)
— HO 50n: Photovoltaic off-grid system for street lights in Rome
[NI types | 'J L0 50i: Photovoltaic off-grid system

Back

U0 50j: Photovoltaic off-grid system with generator

-@} Photovoltaics plus el. heat generation (,power to heat”)

|~ 52a: Space heating (heat pump + photovoltaics)

EAN J T

Cancel

-«
-t

Continue Accept
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«Normal PV-System» = Polysun Wizard Engineering
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g Wizard: Grid

[ Project I Template I Gn'd] PV generator field ] PV Bifacial [ PV design I PV cables I PV validation I Electric consumers ]

Electric Grid
Choose the grid type from the catalog.

Grid type
Electric Grid i | Three-phase (230V/400V, 50 Hz, WYE) | L)

Feed-in - Phases

Maximum phase load imbalance ... 46 [ ] Unlimited
cos 9 1 Limiting active power:
PV-system can maximum
::j"']”u::“:::’r‘;;”] — Tooltipp' ' 70% from the Peak-Power
Limnamm: S— ' as an active power supply in
— o> the electricity grid.

after consumption
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«Normal PV-System» - Polysun Wizard

@ Wizard: PV generator field )

[ Project ] Template I Grid I P'Vgeneratorﬁeld] PV Bifacia [ PV design I PV cables I PV validation ] Electric consumers ]

Photovoltaics: Generator field .
Define the generator field (module type, number of modules). M Od u IeS database .
I Photovoltaikforum

Module type [ [Photovoltaic module | =) :

e ; @ Hortonat moswe onennen | WMVW. phOtOVOItaikforum.com
Tilt angle 45

Roof width [m] 10

Roof depth [m) 8

Number of modules 10 (] calculate N (180%)

Module temperature

Minimum module temperature [*C] -10.7 [ calculate

Maximum module temperature [*C] 66
< E [+30°)

[ Back Jl Continue ] Accept Cancel
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Automated inverter layout
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@ Wizard: PV design JL

[ Project ] Template ] Grid T PV generator field ] PV Bifacia [ PV design ] PV cables I PV validation I Electric consumers ]

Photovoltaics: Design assistant
Get appropriate proposals for the inverter/strings layout (inverter type, number of inverters, number of strings).

Filter

Minimum power ratio 0.78 [Z] Calculate
Maximum power ratio ' 1.05

Manufacturer [SMA Solar Technology AG 'J [_] Show only favorites
Max. inverter types |3 v

Layout concept [Slring inverters VJ

Layout variants

Select a line of the table to choose an inverter layout:

'fCJ 1 x Sunny Boy 1.5 [89%)]
=~ 1x Sunny Boy SB 1600TL-10 [94%]
*C3 1xSB 1500 [100%]

Refresh

Current selection
1 x Inverter 1300T

l Back Jl Continue ] Accept
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Manual inverter layout

u Photovoltaics Roof plan

278 A\
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@ | Name | Value | Unit |
" " ) Description Roof plan
= Photovaltalk: Ph - ppotovoltaics W Photovoltaic module
. Anzahl Module: - Manufacturer Anonymous
= Gesamte Mennl - Module type polycrystalline
. Austichtung (0= - Galvanic separation required No
. — Anstellwinkel (h - Nominal power STC 180 W
. . - Width 0 m
- Length 0 m
- Gross area 1.4 m*
Reference value forthe area ¥ Number of modules
_ Number of modules 42
¥ Anzah Number of modules (layout) 42
Gesal Total nominal power generator field 7.56 kW
Total gross area 58.8 m*
A Orientation (E=+90°, S=0°, W=-90%) 0 :
B Tiltangle (hor.=0%, vert=90%) 45 :
Tracking ~ No tracking
Wind fraction 50 %
Rear ventilation ¥ medium
Soiling 2 %
_ Degradation 05 %
?trnmnet. Dre Cable losses calculation ~ Loss factor
Ortliche Netzsy Cable losses 2 %
Mismatching . %
Wirkleistungsy  INverter lavout
Number of inverter types
Layout 1: Inverter i Inverter 2100
Layout 1: Number of inverters 3
Layout 1: A number of strings 2
Layout 1: A modules per string 7
| avaut 1- A Strinn fuse n A

Zircher Fachhochschule
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PV-inverter testing

g Wizard: PV validation

[ Project l Template l Grid ] PV generatorﬁeld] PV Bifacial [ PV design ] PV cables IPVvalidaﬁun I Electric consumers ]

Photovoltaics: Validation
Validation of electrical limits of the inverter/strings layout.

Overall validation o

Component | Validation | Value | Limit | Result |
Power ratio ,{
Inverter 1 Ratio between maximum DC power of the 83 % : o
Inverter 1300T inverter and total nominal power of the
generator field %
Max. input power [
T Input power of modules at maximum 1,841W - o val
Inverter 1300T - ) . err
radiation (Max. input power *C)
Inverter 1 Max. input voltage
Inverter 1300T Open curcuit string voltage (Max. input voltage °C) 2o = o
Inverter 1 Min. MPP voltage
Inverter 1300T MPP string voltage (Min. MPP voltage °C) oo ey a
Inverter 1 Max. MPP voltage
Inverter 1300T MPP string voltage (Max. MPP voltage °C) ZRv adadd o
Inverter 1 Max. input current
Inverter 1300T MPP current of all strings (Max. input current *C) 785A 12A o
Inverter 1 Minimum AC voltage
Inverter 1300T Local grid voltage 2 b B o
) 3
Inverter 1 Maximum AC voltage 220V 0EE FY v
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Results |

Modul temperature: maximum value

60
a0
40 |
< 30 |
20 |
10
Jahr Jan Feb Mrz Apr Mai un Jul Aug Sep Okt Mow Dez
[ Electric Grid T Electric consumers 1 I Photovoltaics Roof plan T Weather data ] '
Results Photovoltaics Roof plan
Name | Symb... | Unit | Year | Jan |Feb | Mar | Apr |May | Jun | Jul |Aug | Sep |Oct |Nov | Dec
Radiation onto module area Esol kKWh 17365 752 1014 1472 1785 1993 1966 2175 2056 1759 1,181 667 544
Maximum value (Power) w 16,340 11,920 14461 14937 14817 16340 14444 16194 15410 16,053 14293 12594 11,909
Module temperature °C 139 27 49 10.3 14.2 199 232 2456 2456 19.1 13.2 6 3.1
Minimum value RE -107 -107  -91 -4.3 24 2 5.8 9.1 96 47 -04 -6 -8.2
Maximum value *C 58.6 342 386 48 461 545 58.2 58.1 58.6 579 484 36.6 359
Efficiency module 0.109 0104 0112 0114 0113 0108 0109 0109 0108 0109 0109 0105 0.105
Maximum value 0.135 0135 0133 0.13 0129 0126 0123 0122 0122 0126 0.13 0.131 0.133

Maximum value (Power) w 1,744 1439 1656 1583 1634 1744 1488 1650 1622 1617 1550 1463 1362
Efficiency inverter 0.785 0658 0763 0815 0821 0796 0832 0829 0815 0804 0786 0704 0678
Maximum value 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92

Energy production AC Qinv KkWh 1,708 78 105 149 178 194 188 209 196 172 117 67 55
Maximum value (Power) w 1,500 1313 1500 1440 1485 1500 1356 1499 1474 1469 1411 1334 1245
Specific annual yield kKWh... 949 433 58.2 828 991 108 105 116 109 95.7 64.8 37.2 30.4
CO2 savings kg 916 418 56.2 80 95.7 104 101 112 105 924 62.6 35.9 293
Cable losses Qcbl kwWh 22 1 1 2 2 = 2 3 = 2 1 1 1
Maximum value (Power) w 41 28 37 34 36 41 30 36 35 35 32 29 25
Overall inverter efficiency gnv_... % 90.6 90.1 90.6 90.8 90.8 90.6 90.7 90.9 90.9 90.9 90.4 896 89.3
Derating inverter Qderi kWh 0.1 0 0.000.. 0 0 0.1 0 0 0 0 0 0 0
Maximum value (Power) w 80.7 0 43 0 0 80.7 0 0 0 0 0 0 0
Derating losses Qder kwWh 01 0 0.000.. 0 0 0.1 0 0 0 0 0 0 0
Maximum value (Power) w 80.7 0 43 0 0 80.7 0 0 0 0 0 0 0
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— Radiation onto module area

— Energy yield AC

g 90a: Photovoltaik - Grafische Auswertung E— Outdoor temperature x
? & @ AR

14'000
13'000
12'000 15
11'000
10'000 10
9'000
2'000 _
2 7000 s
6'000
5'000 0
4'000
3'000 =
2'000
1'000
g VA AR T .10

March 7th March 8th March 9th March 10th
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@ Wizard: Hot water

Project | Template | Hot water | Buildin Heat generator | Grid | PV generator field SIMULATION
[ Project | Tempiate | | Buitding | Heat generator | Grd | Pv g J i

Hot water demand
You have selected a system with hot water. Now define the energy demand.

Domestic hot water

Computation base [Hot water demand | 'J
Number of persons 4

Temperature [°C] 50

Is the annual demand known? () Yes @ No

Daily hot water demand [I] 200

Absences Never | U

swissuniversities
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PV and self-consumption optimization

@ Wizard: Building

| Project | Template | Hotwater | Buildinig Heat generator | Grid | PV generator field | # Bitacial

Building specification
Here you can parameterize the building model.

Space heating

Computation base LBuilding dimensions JJ
Building Imily house, low-eneray building | | __ |
Length of building [m] -10‘7

Width of building [m] 7

Number of floors 2

Heated/air-conditioned living area [m?] 149.8

Heating setpoint temperature - day [°C] 19

Heating loop

Convector (inletreturn temperature) Floor heating | u

Zircher Fachhochschule
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SIMULATION
SOFTWARE
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B, . IMULATION
g Wizard: Heat generator OFTWARE

[ Project ] Template ] Hot water I Building I Heat ganaiator[ «Complete»
heat pump Database:
Heat generator Data for heat pumps from

Define the heat generator (boiler / heat pump). testing center Buchs NTB
and other sources

Heat generator /

Air-water heat pump Heat pump 10 kW | U

swissuniversities
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- Battery storage
— Battery capacity in KWh S
— Maximum charge-/discharge currents L T
— Control strategy must be defined with Charge controller

Battery-catalog

electrical consumers and PV-System [} =
. N .
 Thermal storage and/or heating Loadm
— Storage tank for warm water §
and heating
— Sizing the storage tank 5 ﬁ ==
g g : ) i -T—a

swissuniversities
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| Project | Template | Hotwater | Building | Heat generator | Grid | PV generatorfield | ~ &iacial [ PV design | PV cables | PV validation [ Electric consumers ]

Electric consumers
Add up to 10 electricity consumption profiles and let Polysun calculate the self-consumption.

Electric consumers

Number of electricity consumption profiles [1 .VJ
Consumption profile 1 x Residential profile | U Annual consumption [KWh] | 3,500
@ Profile - Catalog X
? % i B W [ ] Show only favorites
Catalogno. | Name | Profile type | File name
Residential profile Electricity consumption
22 Standard load profile BDEW Electricity consumption % 61.csv
27 Residential profile: 2 families Electricity consumption 2 60-2.csv
28 Residential profile: 3 families Electricity consumption % 60-3.csv
29 Residential profile: 4 families Electricity consumption % 60-4.csv
30 Residential profile: 5 families Electricity consumption 2 60-5.cav
A Load profile HO1: couple, aged under 30, both working Electricity consumption % eload_H01_|
32 Load profile HOZ: couple, aged 30 - 64, both working Electricity consumption % eload_H02_|
33 Load profile HO3: couple, aged 30 - 64, 1 working, 1 athome Electricity consumption [ eload_Ho3 |
34 Load profile HO4: family, 1 child, both parents work Electricity consumption % eload_H04 |
35 Load profile HO8: single working mother with 2 children Electricity consumption % eload_HO08_|
36 Load profile HO9: single working woman, aged 30 - 64 Electricity consumption [ eload_Ho9 |
37 Load profile H10: single man, aged 30 - 64, shift worker Electricity consumption % eload_H10_
a9 I nad nrafila H4141- chuidant Flartricity rancenimntinn Q alnad H414

swissuniversities
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Name | Symbol | Unit

Yield Photovoltaics AC Qinv KWh 7,196.9
Self-consumption Eocs kWh 14816
To external grid Eteg KWh 57153
From external grid Efeg kKWh 20184
. . Heat generator energy to the system (solarthermal energ... Qaux kKWh 11,576
Ove rV| EW Total energy consumption Quse kKWh 10,816
Energy deficit Qdef kWh 56.2
Primary energy factor eP 0.
l} Total fuel and/or electricity consumption of the system
1,000 ’
~ 500
5 I !
R
-500

Year Jan Feb Mar Apr May Jun  Jul Aug Sep ©ct Nov Dec

Typical optimization in hybrid systems:
* PV self-consumption < Degree of self-sufficiency

* Investment costs < Operating costs
swissuniversities
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Results aZh B g

Name | Symb... | Unit | Year ' Jan | Feb | Mar | Apr | May ' Jun

Self-consumption fractlon Rocs % 20.6 249 238 243 207 18.9 18.8

Feed-in ratio Rocsp % 794 751 76.2 75.7 79.3 81.1 81.2

Self-consumption Eocs kKWh 1,482 821 105 153 155 155 149

. . 840 768 690 617

Degree of self-sufficiency 153 155 155 149

100 840 768 690 617

243 207 18.9 18.8

80 475 596 662 645

o &0 5503 5714 6,016 526¢

40 173 136 120 97.3

3 . 856 734 660 516

- il | [

0 : : : : : : : : : : : : : 6,080 6273 6,688 571¢

Jahr Jan Mo Dez 325 292 275 246

Aimum value (POwer W 129 168 160 150 144 137 131

Self-consumption ggg :gg ‘j‘fg 3373

100 4756 4756 4756 4758

- 325 292 275 246

150 144 137 131

2 60 856 768 690 617

40 |
- | '\I\I \I\I\IHI
Bl | |
Jahr Ja Mo Dez

swissuniversities
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Energy flow diagramm azﬁ Enginearing

Space heating energy
Heat pump consumption

heat source
DHW energy consumption

Heat pump _
electricity Heat loss to indoor room
consumption

Pump energy From external grid
consumption

From external PV self-consumption

Jit Cable losses
Inverter losses
Battery losses
PV yield (DC)

To external grid

swissuniversities
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System diagram 52a: Space heating {he%pump + photovoltaics) - Simulation analysis

Simulation time: January 26, 3:00:01 AM (2170801s, 603h)

(- |0

Simulation step: 11312

|

(=)
[#%]
WL

)

===
EEE
ow

Simulate ! Close
ow

* Every time-step is reflected
Zircher Fachhochschule SW! S s u n !Ve rs ! t ! e s
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Example: PV self-consumption
In Polysun
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Very often there is no good agreement between electrical Po|gsun®

consumption and PV-generation CMULATION
SOFTWARE
10000
2'000
’g 2000
< 7000
g &'000
[}
2
@ 5'000
@ 4000
o \
(C =000
U 2'000
1'000
0
] fir] ] ] ] m m m ] ] ] ] o o o m m ] ] fir] ]
= = = = = = = = = = = = = = = = = = = = =
- - - I I I I I I ] ] ] o] o] o] ] ] ] ] o] o]
[ [ [ [ [ [ [ [ [ o) o o =} =} =} =) =) o) o) o) o)
g oo ¢© ¢ ©o g ©o ©o ©o ©§ ©o g @ o o o o o o o g
o o o o o o o o o o = = =] =] =] [} [} o o o o
] i o i = o i o o = o =& ) o () 0 = T e o o
=] =] — — — — — =l ™l o ] ] L] L] — — — — — (| (|
Zeitachse

—Warmepumpe: Brennstoff- und Strom-Verbrauch — Photovoltaik Boof plan 1: Energieproduktion AC — Elektrische Werbraucher: Elektrischer Werbrauch

May 7th May 8th
Time
swissuniversities
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Example: PV self-consumption
In Polysun
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A heat pump operates normally at night PO|gSUﬂ®

SIMULATION
SOFTWARE
10'000
9'000
£'000
~
; 7'000
X 6'000 ‘l
2 5000
‘O 4000
g 3'000 \
8 2'000
1'000
0
] ] ] ] ] m m m ] ™ ™ ' ' ' m m ] ] ] ]
= = = = = = = = = = = = = = = = = = = =
S O O e 6 o o © o o o @ @& o @ o
[ [ [ [ [ [ [ [ = = = [} [} [} [ [ = = = =
o o o o o =] =] =] =] 1= 1= o o o o o o o o o
= = = = = = = = = = = L} L} L} = = = = = =
& &@ S & % © & o S 6 £ © @ & & +* § & o 6
] ] — — — — — =] ] ] ] L] L] — — — — — [ [

Heat pump Zeitachse

=—'Warmepumpe: Brennstoff- und Strom-Verbrauch — Photovoltaik Roof plan 1: Energieproduktion AC — Elektrische Yerbraucher: Elektrischer Werbrauch

May 7th May 8th
Time
swissuniversities

Zircher Fachhochschule



Gircher ule
flr Angewandte Wissenschaften

. School of
Controller in Polysun Engineering

g Polysun 6.0 - Simulation Software - DESIGNER

Projekt Variante Resultate Kataloge Ewtras ?

\iaﬁia@nﬁmqm

Projekt
25 Projekt 1 - Variante Due Plus System RLA

-I%P rojekt 1

@ Projekt-Ube
Inputs / Sensors 11, 12, 13, |4 ﬁ o / leg
| | == (] ]

Slgnal to the outputs (previous tlmestep) PO1, POZ ,%JQU

el

| {(PO1=0) AND [(11>5) AND (13<45)} %E- " [ e
i 1= Y =i
{(PO1=1) AND [(14=45) AND (I1=-3)]} | > Output O1

| JJ%J I M0 i, [
\ [T O [T]

| {(PO1=0) AND [(11>5) AND (I3<45)]} =]

OR % e o 11
{(PO1=1) AND [(14<45) AND (11=-5)} [ 3 output 02

| Jlx;—-

= = = J
Erdwatmesnonde: Erdkollektor Volumen: 2501
Sandenlange: 3 m Hihes 17
E 1:8and -
frsERIE EsEE Speicher Thermosalar Solespeicher

Projekt 1

Zircher Facl
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Example: PV self-consumption az& Stz

In Polysun

Load adjustment: the heat pump operates when energy is PO|gSUﬂ

generated from PV-field
SIMULATION
SOFTWARE
10'000
9'000 \"L
2'000
N L
; 7000
¢ B'000 ‘l
N’
5'000
U [ {N]]
CU 2000 \
Q.
(T 2000
U 1'000
0
o o o o o o o o o ™ ™ ™ ™ ™ o o o o o 1]
= = = = = = = = = = = = = = = = = = = =
r~ r~ r~ I r~ r~ r~ r~ o o o o o o o o o o o o
= = = = = = = = = = = = = = = = = = = =
S § © § S § § § § ©§ § § § § § § § § § §
=) =) =) L] o o o =) =) =) =) =) =) =) =) =) =) =) =) =)
o] o] o] ] ] ] o I o] o = o] e, o] [ = e o] o I
o [ — — — — [l (] = (] o o o — — — — — l [t}
Heat pump with load adjustment

May 7th May 8th
Time
swissuniversities
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ICP Institute of
Computational Physics

Example: PV self-consumption az& Stz

In Polysun
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Load strategy: Where shall PV-energy be transferred?

1) el. consumers 2) battery 3) grid
swissuniversities
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. School of
Polysun «Smartgrid» azﬁ Epsilecis

Local load-management polysun’

M

* Linking heat pump
and PV production

* Modulated heat
pump

- Battery storage

« Co-generator

» Ground-source loop
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Computational Physics

School of
PV + Battery + Heat pump azﬁ Engineering

Possible control strategies. Goal: to avoid peaks in the el. grid
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Warmepumpe: WPL 13 basic
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a ICP Institute of
Computational Physics

I Power limitation
Direct consumption

I Battery charge

T Pv-Capacity
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Cooperation with inverter-producer SMA

SUNNY DESIGN WEB

Select the type of project you wish to design:

Projects
Welcome |

& New project PV proiect

From your persona
Design PV system without self-consumption

- Inverter producer SMA —

PV project with selficonsumption

S u p po rts PV_ Design PV system with self-consumption @
self-consumption ——

PV project without grid connection

Design an off-grid system

ate overview »

* Polysun is used for the
simulation of PV hybrid project
DHW preparation, e
thermal storage, building - e
and heat pump — B

heating.
swissuniversities



SMA Sunny Design

¥ PV arrays
Name Manufacturer / PV module / module level
power electronics
_ SMA
1 Pvaray1 SMA Demo Poly 240 i Q

PV self-consumption

[ Heat pump for heating and DHW
y ;;; Capacity: 2,68 kW

Electricity demand: 3.106,99 kWh
Building: Passive house
Heating area: 200 sg.m
Warm water: 400 I/d

Zircher Fachhochschule

Number of PV modules/Peak

Orientation/Mounting type
power
66 PV n Distribution of PV energy
15.84
Energy yield Grid feed-in
6.837 kWh ’ 4117 kWh

R '
Self-consumption

o Purchased electricity
2.720 kWh A

5.387 kWh

Degree of self-sufficiency
EXNs

PV sel-consumption

swissuniversities



Vela Solaris, Stadthausstr. 125,
Winterthur
www.velasolaris.com

All in one tool.

EXPO 2017 ?évt;ifzsaﬁaﬂé% 2017
Polysun Workshop

- Future Energy -

AStaﬂa KazakhStaﬂ Qngreas.v\\//\f)l:évelasolaris.com
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