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1 PHOTO VOLTAICS

This fact sheet summarises the key technical information about the construction and principles
of operation of PV projects. The findings are based on the experience from the Danish projects
representing the North Europe market.

1.1 TECHNOLOGY DESCRIPTION

1.1.1 PHOTO VOLTAICS

A solar cell generates electricity when exposed to solar irradiation. The PV module are typically
1.6 — 2.1 m? in size and with a power density between 160-220 W, pr. M2 The focus in this
fact sheet will be in units installed in the field considering an area of 5-100 hectare.

A solar cell is built as a sandwich of two lays of silicon, that have been treated, to lead electricity
flow through them in a particular way. The lower layer is treated with too few electrons, called
p-type and positive-type silicon. The upper layer is treated with too many electrons, called n-
type or negative-type silicon. Electrons will not cross the barrier between the two layers before
the light shines on the sandwich panels, electrons will move from the p-type to the n-type layer
and flow around in a circuit producing electricity.

There are different kinds of PV modules, characterised according to the type of absorber
materiel used e.g., crystalline silicon (c-Si), thin film solar cells made with microcrystalline
silicon, monolithic IlI-V solar cells and perovskite material PV cells. The focus in this fact sheet
will be on ¢-Si PV modules, as they dominate the market being very cost-efficient.

The encapsulation on the front of typical PV modules is made to 2.5-3.2 mm thick
antireflective coated glass.

Tracking systems

There are different kind of tracking system for PV plants includes single axis and dual axis
tracking, shown in Figure 1. Single axis tracking has become the most common one in
southern Europe. The single axis tracking system allows the PV module to rotate around a
single axis. This is done by having an electric motor with a control system connected to the
module. It is most common to install long vertical single axis systems that allows rotation
from east to west during the day.

The dual axis tracking systems allows the PV module to both rotate horizontally and
vertically. This requires two motors for rotation of both axes. This solution can maximize the
generation, taking into consideration that the mounting structure can only usually support (10
kW, per tracker structure) and needs two separate motors the investment cost is significantly
higher than the single tracker systems.



Figure 1 Dual axis tracking system (to the left, Soltec, 2021) and single axis tracking system
(to the right, Magsun Solar, 2021)

In Denmark, the efficiency of the PV plants can increase by 10-15 % by using single axis
tracking with respect to fixed mount systems. And for dual axis tracking systems it is up to 25-
27 %.

1.1.2 EFFICIENCY

The average efficiency of commercially available monocrystalline solar cells has improved
since 2016, reaching almost 18 & in 2018. A recent (2021) status report from Fraunhofer ISE
shows an efficiency on monocrystalline solar cells up to 20 % (Figure 2).

20% -
19% A

18% A

13% -

12%

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

e MUItT s MONO = Blended Average

Figure 2 Efficiency of the different cell types from 2006 to 2018 (ISE Fraunhofer).
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Figure 3 Efficiency of the photovoltaic cells across different PV producers (ISE Fraunhofer).

1.2 TRL
Photovoltaics is a well-known technology and is vast growing market. Asia producers 95 % of
all c-Sl panels. This along with the installation speed has led to a large decrease in the module

price in the past 40 years, as seen in Figure 4.
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Figure 4 Price learning curve which includes commercially available technologies (ISE
Fraunhofer 2021).
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1.3 CAPEX AND OPEX NOW AND EXPECTED DEVELOPMENT

The investment costs (CAPEX) and maintenance costs (OPEX) for the PV plant depends on
the capacity and location.

The investment costs for heat pumps consist of the following overall parts:

e PV modules

e Inverters

e Transformer and grid connection
e Tracker system cost

¢ Installation

The following cost examples are based on PV plants with annual operating hours within a
range of 900 to 1,400 hours from residential to large scale.

The operational lifetime of 35 years for the system and 15 years for the inverters.

NORTHERN EUROPE

Table 1 Investment costs and operation costs per unit capacity of the technology in Northern

Europe.
PV type and size CAPEX (M€/MW) OPEX
(E/MW,ly)
Small residential systems — 8 kW 1.13 12,800
Medium sized commercial systems — 100 kW 0.80 10,400
Large scale utility systems — 8 MW 0.42 4,800
Large scale utility systems incl. single axis tracking 0.35 3,900

-8 MW

SOUTHERN EUROPE

Table 2 Investment costs and operation costs per unit capacity of the technology in Southern

Europe.
PV type and size CAPEX FIXED O&M VARIABLE
(MEMW) (€/MWlyear) O&M (€/MWh)
Roofs (< 20 kW) (0.8 -1.6) (20 000 — 30 -
000)
Covers (< 200 kW) (0.7-1.4) (20 000 - 25 -
000)
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Lands (> 200 kW) (0.6-1) (15 000 — 20 -
000)

NORTH AMERICA

Table 3 Investment costs and operation costs per unit capacity of the technology in North

America.
PV type and size CAPEX FIXED O&M VARIABLE O&M
M$(US)/MW $(US)/MWlyear $(US)/MWh[€/MWh]
[ME€/MW] [€/MWlyear]
Utility scale, single axis $1.2t0 $1.3 $22,000 to -
tracking (100MW) [€1.1 to €1.2] $23,000
[€20,000 to
€21,000]
Distributed Commercial scale, $1.5t0 $1.7 $17,000 to -
fixed-tilt, roof- mounted (300 [€1.4 to €1.6] $18,000
kW) [€16,000 to
€17,000]
Residential scale, fixed-tilt, $2.210 $2.6 $25,000 to -
roof mounted (5 kW) [2.1 t0 2.4] $28,000
[€23,000 to
€26,000]

REGULATION CAPACITY AND VELOCITY

The regulation ability of the PV modules decides on how the technology can by operated and
on which electricity markets it can participate. The generation reflects the yearly and daily
variation in the solar irradiation on the current location.

The requirements to join the spot or regulation electricity markets vary from country to country,
therefore PV plants will not satisfy all of them and run-on equal conditions in different locations.
PV plants may be possible to provide down- and upregulation when they are generating and
not generating at maximum capacity.

1.4 INPUT/OUTPUT AND CAPACITIES

1.4.1 INPUT

Solar radiation is the input of PV panels. The solar irradiation on the PV module is depended
on the solar energy resource at the specific location, the shading condition orientation. The
average annual horizontal solar radiation in Denmark is 1,068 + 33 kWh/m?/year.
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1.4.2 OUTPUT

PV modules generate DC electricity as an output, which means an inverter is needed to convert
to AC. PV modules can be bought as AC modules, with an integrated inverter, but this is mainly
used in residential PV modules, as they are more costly.

Overall, the power generation from PV modules depends on many factors, such as; the amount
of solar irradiation received on the module, installed capacity, losses related to converting DC
to AC, grid connection and transformer losses and cable length and overall quality of
components.

1.4.3 TYPICAL CAPACITIES

PV systems are available from a few Watts to Gigawatts depending on the context. PV systems
are scalable and built-in cascade this means that a large plant is same technology as a small
residential plant.

Residential units are normally in the range 250 and 300 W,/panel whereas utility units are in
the range between 350 — 500 W,.

Utility scale PV systems will normally be ground mounted and range in size from 0.5 MW and
beyond. Most recent plants in Denmark are between 20 — 60 MW, in 2019. The largest PV
plant in Denmark is 163 MW,.

1.5 SUPPLIERS

The largest PV manufacturers and suppliers popular in different part of the world are described
below.

NORTHERN EUROPE

The direct component for PV plant producers common in the Danish market are

e Mounting: Solar Nordic, Profiness
e |nverter: Huawei, Fronius, Fimer
e Transformer: ABB

¢ PV modules:

Turnkey suppliers:

e Better Energy
e European Energy
e BeGreen

L IS S Sy S STI0 IOUUON DO P~ (0 S S FRESES S e P S S PR OO P LA i - S RS N P TS Sy N T B OO (i FE - S RS e




ADHC

SOUTHERN EUROPE

e 3SUN (Catania): factory of multi-junction thin-film photovoltaic panels (a:Si), born from
a Joint Venture between Enel Green Power, STMicroelectronics and Sharp. 3SUN
started industrial scale production in December 2011 and has since produced more
than 4 million panels, equivalent to 500 MW of power. Enel Green Power took over the
shares of Sharp and STMicroelectronics, each equal to one third of the company's
share capital, on March 6, 2015, thus becoming the sole owner of 3SUN.

e MegaCell (Padua): which recently acquired Helios Technology, focuses on the highly
efficient and competitively priced N-type BiSoN (Bifacial Solar N-type) bifacial cell,
produced at the Carmignano di Brenta (Padua) plants with a production capacity of 80
MW per year.

e TRE Tozzi Renewable Energy (Ravenna): company that deals with the experimental
development of semi-transparent DSSC modules on a glass substrate for future
marketing.

e Consorzio DyePower (Rome): a public/private company with mixed capital (the
Universities of Rome "Tor Vergata", Turin and Ferrara participate) that deals with the
scale-up in the production of DSSC and PSC photovoltaic panels, specially designed
for use in construction and in the BIPV sector.

NORTH AMERICA

Specifically for the Canadian PV market, leading technology suppliers include:

e Jinko Solar
e Trina Solar
e Canadian Solar

There are four PV module manufacturers in Canada:

e Canadian Solar

e Heliene
e Silfab
e Stace

1.6 DEMO EXAMPLES

This section present examples for the installed and running systems with the PV in varying
environmental conditions collected from experience in different the part of the world.
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NORTHERN EUROPE

1.6.1 ASSENS FJERNVARME

Vedvarende kraftvarme \‘ Solar Nordic

Projekt Assens Fjernvarme
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Figure 5. Assens Fjernvarme diagram for new RE capacity.

In 2021 Assens Fjernvarme installed a 7.5 MW air to water heat pump and a 12,000 m? PV
plant. The PV plant consists of 12,000 panels, each 0.5 times 2 meters, and has an installed
capacity of 5.4 MW.

As seen in Figure 5 the PV panels, in combination with biomass CHP and wind power, supply
the heat pump with electricity.

The system consists of PV modules provided by the Spanish producer Eurener, inverters from
Huawei and a transformer from ABB. The mounting of the PV panels and design of the park
was carried out by Solar Nordic.

The stationary panels are tilted towards east west, which is unconventional. Most PV modules
are tilted towards south, which gives peak production at 12 am. According to Solar Nordic, the
east west tilted panels are 22 % more efficient, producing 1.1 MW/ha compared to 0.8 MW/ha
for a conventional south tilted PV plant. Furthermore, they state that energy production is more
stable throughout the day at an east west plant, which is a better fit for the energy demand.
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SYMBOLS, ABBREVIATIONS, INDIZES

ABBREVIATIONS

Abbreviation Meaning
C-Si Crystalline silicon
PV Photovoltaics

IEA DHC ANNEX TS5 RES IN DHC
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DEFINITIONS

The following table includes terms that are uncommon and require a definition for precise
understanding.

Term Definition

Irradiation Refers to the object being exposed to radiation.

Peak capacity P The maximum capacity of solar panels under the best possible
radiation

Radiation An emission/transmission of energy in the form of waves or
particles
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