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Energiamnet vid
Hogskolan Dalarna

Ca 35 personer engagerade (ca 10
professorer och docenter, 5 doktorer, 15
doktorander, tekniker och gastforskare)

Energi, skog och byggd miljo ett av
Hdgskolans prioriterade forskningsomraden

Multidisciplinar energiforskning

Solenergiforskning sedan 1984
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Solenergiforskning pagaende forskningsprojekt

e ZEPHYR (EU)- kompakta loésningar for skogsplantor med solelférsérjning (PhD)

e Solel i Tanzania. Teknisk och social anpassning av sma hybridelnét for fornybar
energi (PhD)

e Solel och varmepump (PhD)

FoOretagsforskarskola Reesbe

e Joao Gomez, Solarus. PVT-solfdngare

e Mattias Gustafsson, Gavle Energi Energieffektivisering och solel inom
fjdrrvdrmendatet

e Gunnar Lennemo, WSP. Solvidrmesystem kopplade till fjGrrvdrmesystem)
e David Larsson, Solkompaniet. Solkraft i ett stadsperspektiv

e Olle Olsson Solarus, Provning och utveckling av PVT-solfdngare

e Elin Molin PPAM, Solceller fér bullerskydd och solskydd

e Martin Warneryd, SP. Affdrsmodeller fér solceller
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EKC, Energikompetenscentrum

e Utvecklar samarbetsformer mellan
naringslivet och Hogskolan Dalarna.

e Mindre stod till regionala SMF-foretag
mojligt. Seminarier, kompetens-
hojning (inte regelratt utbildning).
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Energiutbildningar |
pa HDa | ~

Master- och magisterstudenter i solenergiteknik som bérjade hosten 2015

e 1-3arig Magister i solenergiteknik (ESES)
e 2-3rig Master i solenergiteknik (ESES)

e Energiteknikerprogrammet, 120 hp

e Hogskoleingenjor Energiteknik, 180 hp

e Olika uppdragsutbildningar inom
bioenergi, solvarme och solel
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Var roll i samband med
Ludvikas solsatsning

e Partner i forsknings-och utvecklingsprojekt
e Studentarbeten i olika kurser

e Kompetenshojning, utbildning for myndigheter
och bestallare (kurs i Interregprojektet
Econlnside, HT17)

e Bollplank for nya idéer och koncept

ESES HOGSKOLAN
REGION DALHRNA 4 EHEIDNPEEEARNII\JSS Eéﬁom DALARNA




www.du.se

SolEl - Kyrkskolan
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ESES - European Solar Engineering School

Fran hela varlden

Mangfald

Erfarenheter

Hungriga

Potential
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Modellering — Simulering — Analys - Optimering

Normalized producti (per i

lled kWp): Nominal power 164 kWp

T T T T T T
. Lc : Collction Loss (Fv-array losses)

Ls : SystemLoss (inverter,

T T T
0.44 KWhikWp/day
0.05 KWh/kWpiday

)
1 : Produced useful energy (iverter output)  2.25 KWhikiWp/day

Jan  Feb  Mar  Apr  May Jun

Beam shading factor (linear calculation) : Iso-shadings curves

IShamng In.'lzs' 1% T

Shading loss: 5 %

_ Shading loss: 10 %
. Shading loss: 20 %
Shading loss: 40 %

T T T
Attenuation for diffuse: 0.024

and albedo: 0.319

T T
1: 22 june
2:22 may - 23 july
3:20 apr - 23 aug
4: 20 mar - 23 sep |
521 feb- 23 oct
6: 19 jan - 22 nov
7. 22 december |

A et 1M
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Resultat
Produktion SolEl: 135

&8 Mwh/ar
KOStnad: 80 Ore/kWh (inkl. moms)

Salj: 37 MWh/ar

TT

Kép: 231 MWh/ar
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230.8 MWh

From grid

932 kWhim?

902 kWh/m? * 889 m? coll,

efficlency at STC = 16.61%

148.1 MWh

1385 MWh

1.2%
2.8%
-3.8%
25%

Horizontal global irradiation
Global incident in coll. plane

Far Shadings / Horlzon

Near Shadings: imadiance loss

1AM factor on glabal

Soiling loss factor

Effective irradiance on collectors
PV conversion

Array nominal energy (at STC effic.)

PV loss due to irradiance lavel

PV loss due to temporature

Shadings: Electrical Loss detailed module calc
Module quality loss

LID - Light induced degradation
Module array mismalch loss
Ohmic wiring loss

Array virtual energy at MPP

Inverter Loss during operation (efficiency)
Inverter Loss over nominal inv. power
Inverter Loss due lo power threshold
Inverter Loss over nominal inv. vollage
Inverter Loss due to voltage threshold
Night consumption

Available Energy at Inverter Ouiput

Dispatch: user and grid reinjection
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Vaga tanka stort

For att na 7,5% SolEl:

- 12 GW,, (80000 st "Kyrkskolor”)
. 150 - 200 Miljarder SEK

. 5000 personer under 5 ar
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Design of a Grid-connected PV system for
Elderly House in Ludvika (Angsgarden)

Nader Zagout
Mohammad Azad
@ Fatemeh Johari
HOGSKOLAN
DALARNA
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v’ Slope of the Roof 10°
v' Azimuth 16° west

Available Roof Area

Roof G2

Roof G1

212 m? | 48 m?

38 m?

117 m2

66 m?

481 m?
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Date : 21/06/17 03h15
Sun height : 2° Shading factor (linear): 0.471
Sun azimuth : -138° Shading factor according to strings: 0.493 South
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SMA Sunny
Tripower T
Orientation#l '
Sub #1 — Sub| #2,43
I W] i
=| o e > 9 9 o9
Power
Subarrays | Arrangement Inverter model
y g kWp olo|w u-[n mlele|elelelslslels |
sub #1 4x15 20.4 20000TL I e S T e W L ‘ 5
sub #2,3 1x17, 1x16 11.22 10000TL s[eleletaaials o le ot o[ [ e w et W oo e et | |
subtt4 2x12 8.16 - | _ letetestetatas
20000TL Sub 5 Stio—#7
sub#5 3x15 15.3 Sub| #4 .. ﬂ ==
sub#6 2x12 8.16 I=y:= | L
25000TL , ,
sub#7 3x19 19.38 Orientation#2

ESES HOGSKOLAN

ENGINEERING SCHOOL DALARNA




www.du.se

Normalized productluns (per installed kWp}: Nominal power 82.6 kWp Performance Ratio PR
7 | | | T T T | T T T 1.0 T , T T T
Le : Collection Loss (PV-array losses) 0.27 kWh/kWp/day PR Pefiomande Raio /¥ T 0872
Ls : System Loss (inverter, ...) 0,06 kKWhkWplday 1
¥ : Produced useful energy (inverter output) 2.22 kWhikWpiday

S on

L]

Mormalized Energy [KWh/kKWpdday]
Performance Ratio PR

L]

F M A M I A N
Jan  Feb Mar Apr May Jn  Ju  Aug  Sep Ot MNov Dec dan - Feb  Mar  Apr May Jun o Ju ug  Sep Oet Nov  Dec

Total production: 66.85 MWh (809 kWh/kW)

ES HOGSKOLAN
ENGINEERING SCHOOL DALARNA

.y
NS
1




www.du.se

Cost Evaluation

Modules 486,000 SEK
Inverters 140,280 SEK
v Interest Rate, 4% \I\//IVlrmg' 5 2BE0” 251
v Inflation, 1% 1 °“”|t|'”9 an 67,628 SEK
v Discount Rate, 3% nstallation :
v Useful Life of the Project, 25 years Electrical Installation 33 814 SEK
Material !
Total 777,7222 SEK
LCOE = 0.87 SEK/kWh (exKiI.
VAT and engineering profit)
otherwise 1.02 SEK/KWh)
ESES HOGSKOLAN
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System Design

« “Option B” - System design that covers as
much as possible of load demand (356
MWh).

ESES HOGSKOLAN
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Results and Economic Evaluation

. The annual produced energy will cover 51% of yearly demand.
. Each module costs 1700SEK, inverters costs vary based on its capacity. 5% of total equipment cost is for electrical

installation material while installation and mounting cost 10% of total equipment cost.

Produced
Performance
Roof Modules Energy Ratio (%)
(kWh/year) 0
Roof G 277 63,161 87.55
Roof A 136 30,980 87.78
Roof B 22 5937 87.34
Roof D 197 45,838 87.84
Roof F 166 38,291 87.92
Total 798 184,207 -
Inverter Price | Quantit Total Price
(SEK) y (SEK)
Sunny Tripower
25000TL 45,000 x1 45,000
Sunny Tripower
20000TL 35,000 x8 280,000
Sunny Tripower
15000TL 30,000 x1 30,000
Sunny Tripower
11000TL 25,000 x1 25,000
Sunny Tripower
2000TL 20,000 x2 40,000
420,000

Modules 1,356,600 SEK
Inverters 420,000 SEK
Wiring 150,000 SEK

Mounting and Installation

192,660 SEK

Electrical Installation Material

96,330 SEK

Total 2,215,590 SEK
Interest rate 0.04 Useful life 25
Inflation rate 0.01 Annual O&M!1 10,503 SEK
Discount rate | 0.029703 ACC! 120,234 SEK
Produced Energy

CRF 0.057238 (After Loss) 184,207 kWh/yr
Total Costs 2,2é2k590 LCOE 0.709 SEK/kWh

VAT 25% Engineering Profit 20%

ACC? 180,350 SEK Annual O&M?2 15,754 SEK

LCOE = 1.064 SEK/kWh
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