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1 SOLAR DISTRICT HEATING

This fact sheet summarises the key technical information about the construction and principles
of operation of solar thermal that find an application in the district heat supply. The findings are
based on the experience from the Danish projects representing the Northern Europe market.

1.1 TECHNOLOGY DESCRIPTION

1.1.1 SOLAR COLLECTORS

Collecting energy from the sun using it to heat water is a technology, which has been in use
for many years. Today, more than 580 million m? of solar collectors are installed around the
globe, with a total installed capacity of 410 GW, (Danish Energy Agency 2020). Although the
majority of this capacity is used for small domestic hot water systems, the fastest growth rate
is for large systems (mainly for district heating).

Three different types of solar panels are used:

¢ Flate Plate Collectors (FPC)
e  Evacuated Tubular Collectors (ETC)
e Concentrated Solar Power (CSP)

FPC are the most common collector type for district heating in Denmark. ETC are more efficient
at higher temperatures than the FPC but are also more expensive. CSP can produce heat at
very high temperatures. The focus in this factsheet is on FPC, due to the applicability in the
context Danish district heating. As shown in Figure 1., the principle of flat solar panels in a
district heating system is to absorb the solar energy to heat a fluid.

Absorber sheet high selective coated Al cover strip

Solar glass Flange plate

-

Insulation 50 mm

Al back plate Cu outlets 1 %"

Al frame
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Figure 1 Basic principle of a flat plate collector (Danish Energy Agency, 2020)

Corrugated copper or aluminium-sheets serve typically as absorber, with the transfer-fluid
being circulated behind these. The absorbers are covered by a glass layer, protecting the
absorber from the surrounding environment. The back of the panel is insulated to reduce heat
loss, cf. Figure 1. The heat is transferred from the circulated fluid to district heating water via
a heat exchanger. The collectors are normally installed on the ground in rows connected in
series.

In a Danish system the solar collectors are connected to the return water on the district heating
system and forward flow is heated to the desired set temperature defined by the district heating
needs.

The ETC consist of multiple parallel transparent cylindrical glass tubes. These are connected
to a header pipe and supported by a frame. The glass tubes consist of a thick layer of glass
(outer tube) and the thinner layer (inner tube). The inner glass tube is covered by a specific
coating that absorbs solar irradiation meanwhile preventing heat loss. Inside each inner tube
there is a flat or curved absorber pipe consisting of aluminium or copper.

The tubes are made from borosilicate or soda lime glass thus these are very strong, high
temperature resistant and good for transmittance of solar irradiation.

Also, the tubes on the ETC are not filled with large amounts of water, which makes them
lightweight and ideal for roofs and other structures that have limited load-bearing capacity.

1.1.2 EFFICIENCY

The efficiency of the solar collector depends on the solar collector type, size, the solar
radiation, the temperature of the collector and the ambient temperature. The efficiency is
defined by efficiency parameters and these values are available in the Solar Keymark
Database. The efficiency of a solar collector depends on the temperature difference between
the ambient air and the average temperature of the fluids. The lower the temperature
difference, the higher the efficiency. Therefore, the thermal performance at a given radiation
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level is higher at lower temperature differences. The temperature depends on the flow, since
this is how the temperature difference is controlled. The dependency between efficiency and
temperature difference is illustrated in Figure 2.

Insclation on to collector

Optica! lusses
[ Refiections off the glass pane
Absorption in the glass pane
] Roflection off the absorber

3 Absorber heated by insolation level

Thermal losses
Tharmal conduction of the
collector material
Absorber heat radiation
m Convection
0%
80%
HH
70% T ——
Hh“-
60% T —
= lm".""""---..
D 5o S —
s B
L=l
& 40%
[¥9)

w
=]
ES

20%

10%

0%
0" 10° 200 30° 40° 50° 607 70° 80" 90  100°

Temperature difference (K)

Figure 2 Example of utilisation rate of solar energy and effects influencing the efficiency (to
the left). Efficiency as a function of temperature difference (to the right). (Danish
Energy Agency, 2020)

The specific thermal output of FPC is 300-600 kWh/m?/year, with an average at ca. 450
kWh/m?/year in Denmark. This is approximately a utilisation rate of 40 % (meaning 40 % of the
radiation is utilised.)
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1.2 TRL

Solar thermal is generally a well-known and mature technology (TRL 10) that has been widely
used for domestic hot water systems and district heating in many countries.

1.3 CAPEX AND OPEX NOW AND EXPECTED DEVELOPMENT

CAPEX and OPEX for the solar thermal depends on the type of solar collectors, transmission,
storage, and the local conditions.

The investment costs for solar thermal systems integrated in district heating typically consist
of the following overall parts:

e Solar collectors

¢ 50 m transmission pipeline incl. installation to the district heating plant

e  Thermal short term storage (tank) for diurnal storage

e Tank and collection tank for heat-transfer media (e.g. glycol/water)

e Heat exchangers, pumps, valves etc.

e Control and electricity work — integration with existing plant

e Design and project management, start-up regulation and documentation

The CAPEX above does not include land cost/rent. Due to cast of shadows, distance must be
kept between rows, resulting in space requirements of approximately 3 m? for each m? solar
collector under Danish conditions.

What is included in OPEX?
The operational lifetime is more than 30 years.

The estimate cost of tank storage (diurnal storage) is 135 €/m3. Where the typical storage size
is 0.2 m3m? thermal solar panels.

CAPEX and OPEX for the solar thermal vary also by location and typical average prices have
been collected in the tables below.
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Table 1: CAPEX and OPEX for solar district heating (2020 prices) (Danish Energy Agency

NORTHERN EUROPE

2020)

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

Europe.
Solar collector system CAPEX Variable OPEX
(€/MWh ou[put/year) (€/MWhoutput/year)
Total solar system excl. heat storage 395 0.21
Total solar system incl. diurnal heat storage* 452 0.21
CAPEX FIXED OPEX
(€/m? collector (€/m?lyear

area)

collector area)

Total solar system excl. heat storage

187

0.04

SOUTHERN EUROPE

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

Europe.
Solar collector system CAPEX Variable OPEX
(E/MWhoupulyear) (€/MWh,put)
Total solar system without heat storage 890 -
CAPEX FIXED OPEX
(€/m? collector (€/m?lyear

area)

collector area)

Total solar system without heat storage

400

1.4 REGULATION CAPACITY AND VELOCITY

The regulation ability of the solar thermal decides on how the technology can by operated and
on which electricity markets it can participate. Regulation with regards to electricity is not
relevant for solar thermal projects except in combination with electricity production or electricity
consuming units as CHP and heat pumps.
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The production from solar thermal systems is regulated by use of a thermal storage. Solar
production can be used to charge the storage in periods where the CHP plant or the heat pump
is producing heat and the storage can supply with heat in periods where CHP or heat pump is
not running. In typical Danish district heating systems electricity production is scheduled in a
24-hour period and the system is regulated by use of an accumulation tank covering 1-3 days
of summer consumption.

If the forward temperature exceeds the maximum temperature generated in solar collectors or
the heat is temporary stored in a seasonal storage also with the limited allowed temperature
(which is typically around 85°C-90°C for pit heat storages), then a peak heat source is used to
complement.

In case of systems without storage: regulation capacity with regard to supply temperature.

1.5 TEMPERATURES AND CAPACITIES

151 INPUT

The input for solar thermal is solar radiation. The highest solar radiation is perpendicular to the
beam, which is why the solar collectors in Denmark are placed with an angle of 30-40 degrees.

1.5.2 OUTPUT

In the circuit: Heated medium (for FPC typically water or glycol). This will then heat district
heating water (hence the heat exchanger).

1.5.3 TYPICAL CAPACITIES

The typical application of solar thermal plants for a Danish district heating system is 10-25 %
of the heat yearly demand. At 25% the solar plant can cover the summer heat demand of the
district heating system. It is possible to increase the capacity significantly by introducing a
seasonal heat storage as presented in section 1.7.1 in the demo example in Dronninglund
Fjernvarme, where the percentage is around 40 % of the heat demand.

1.6 SUPPLIERS

The largest solar flat panels manufacturers and suppliers popular in different parts of the world
are described below.

NORTHERN EUROPE

The solar collector producers common in the Danish market are
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e GREENone TEC

e Savosolar

e Ritter Energie (ETC, Germany)
e Viessmann

o Solid

There are also ‘turnkey’ type suppliers using the solar collector technologies from the earlier
listed producers. These include:

e Aalborg CSP
e AEA
o Tjeereborg

1.7 DEMO EXAMPLES

This section present examples for the installed and running systems with the large solar
collector projects in varying environmental conditions collected from experience in different
parts of the world.

NORTHERN EUROPE

1.7.1 DRONNINGLUND

Figure 3: The solar collectors and large heat pit storage at Dronninglund District Heating
(Dronninglund 2015)

Dronninglund Fjernvarme as originally natural gas-fired based district heat plant decided to
convert the system and implement RES over time. Where many Danish district heating
companies installed solar thermal plants covering 20 % of the yearly heat demand,
Dronninglund Fjernvarme wanted to take it a step further introducing the largest solar thermal

~~~~~~~~~ 5 i
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plant in the world when it went into operation in 2014. This was possible by introducing a
thermal heat storage containing 60.000 m® water.

The solar thermal plant consists of almost 3,000 solar panels or 37,573 m? from Arcon
Sunmark — (how GREENone TEC). The maximum power of the fields is 26.3 MW. Each row
of solar panels has 31 panels connected in series, where the cold water is heated gradually.

The heat production from the solar panels was 16,505 MWh in 2020 (Solvarmedata, 2021), or
40% of the consumption. In the summer period, the solar collectors produce more energy than
the consumers of Dronninglund District Heating consume. The surplus heat is stored in a
seasonal storage, which is cooled down in the autumn by the district heating return
temperature as well as a heat pump. The integration of the heat pump increases the capacity
of the storage, reduce heat losses and increases the efficiency of the solar panels.

SOUTHERN EUROPE

1.7.2 SDH ENERGY - VARESE RISORSE

Figure 4: The solar thermal plant on ground, heating up the large storages (2 x 215 m3)
connected to the DH grid

Varese Risorse operates a 16 km grid since 1992 in Italy, providing heat to roughly 2.6 million
m? of residential, tertiary and industrial buildings (150 users) in Varese. Heat is generated
through a gas fired cogeneration unit and 5 natural gas boilers. At Varese hospital premises a
further cogeneration engine is installed for electricity, steam and cold production (through 4
absorption units).

The following table shows the main capacity and energy-related figures of Varese Risorse grid,
according to the annual report of AIRU:

IEA DHC ANNEX TS5 RES IN DHC
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Table 4. Capacity and energy-related figures of Varese Risorse grid.
Type Value Unit
Central Gas turbine electrical 5 Mwe
plant capacity
Gas turbine thermal 11 MWth
capacity
Recovery boiler 4 MWth
capacity
Total gas boiler 30 MWth
capacity
Hospital Cogeneration engine 1 Mwe
plant electrical capacity
Cogeneration engine 1 MWth
thermal capacity
Compression chillers 3 Mwcold
capacity
Absorption chillers 9.9 Mwcold
capacity
Central + Yearly electric energy 26.4 Gwhe
hospital production
plants Yearly thermal energy 77.9 GWhth
production (hot water)
Yearly thermal energy 26.3 GWhth
production (steam)
Yearly cooling energy 12.7 Gwhcold
production

The grid is operated at 90°C forward temperature and 65°C return temperature (nominal
values).

The planned modernisation of the system includes heat production units based on renewable
energy sourced. The solar thermal plant will be partly installed on ground (seven out of eight
collector rows) and partly on the roof of a new technical facility to be constructed (one collector
row).The plant will contribute to both heating up the large storages (2 x 215 m?®) connected to
the DH grid and the smaller storage for water replenishment (1 x 75 m3). The latter has a
monthly energy need of 15 MWh at low temperature (freshwater inlet is at about 10°C), thus
offering an optimal use for solar energy especially in winter. Such energy would otherwise be
lost, since at winter conditions it is hardly possible to reach high temperature requested by the
DH grid.
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The following table shows the main design and energy-related data of the solar thermal plant
(Varese Risorse/SDH Energy).

Table 5: Design and energy-related data of the solar thermal plant.

Component/physical Value Unit Comments
parameter
Solar collector field 990 m? Gross area, 8 rows of 7 to 11
collectors in parallel each
©
§ Solar collectors 73 - Each 13,57 m? gross area,
=Y manufactured by Arcon Solar
‘©
8 Collector slope 35 °
Available yearly solar 1.332 kWh/m? Measured on horizontal (source:
irradiation Centro Geofisico Prealpino di
Campo dei Fiori —Varese)
Yearly solar energy yield 450 MWhtn Guaranteed value
] Average solar fraction 0,6 % Share of DH energy need covered
3 by the solar plant
©
Q
© Summer solar fraction 3,3 % Share of DH energy need covered
() .
T by the solar plant in the summer
3 season
]
h CO:z emission reduction 108 tly

The control strategy of the collector field will be based on measured solar irradiation, aiming
at providing DH grid with a constant temperature: the speed of the primary loop pump is
therefore determined by available solar irradiation, through the calculation of the expected
thermal output. Such calculation occurs basing on the usual collector efficiency equation and
using Arcon’s collector specific parameters, basically obtaining the instant expected power
output, which in turn can be converted into the optimal flow rate to reach the desired output
temperature form the collectors. A further correction to the actual flow rate can be applied by
the control system thanks to the measurement of the actual output temperature. Such control
strategy for the primary solar loop can guarantee a desired temperature level for feeding heat
in the grid, avoiding at the same time an unnecessary increase in collector temperature which
may cause worsening of efficiency and even stagnation.

The company SDHEnergy, which will be responsible for the whole project, has signed with
Varese Risorse “Guaranteed Solar Results” contract, basically guaranteeing a minimum yearly
solar energy yield of 450 MWhy,.. According to some boundary conditions (e.g. the real solar
irradiation year by year and the real return temperature of the DH grid) such value can be
reduced, since boundary conditions can greatly influence solar collectors’ efficiency.
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NORTH AMERICA

1.7.3 DRAKE LANDING SOLAR COMMUNITY
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Figure 5 Drake Landing Solar Community aerial view and schematic.

Drake Landing Solar Community (DLSC) consists of solar district heating system with 52
detached homes in Okotoks, Alberta, Canada (latitude 50.73° N, longitude 113.95° W). Each
home has a detached garage behind the house, facing onto a lane. Each garage has been
joined to the next garage by a roofed-in breezeway, creating 4 continuous roof structures. On
those roof structures, 2293 m? (gross) of flat-plate solar collectors were installed
(CanmetENERGY).

IEA DHC ANNEX TS5 RES IN DHC
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Drake Landing is unique as it supplies more than 90% of the space heating load through solar
thermal, either directly or through the BTES seasonal storage.

The houses are located along two streets running east-west. Six different house models were
available to buyers, with an average above-grade floor area of 145 m2. The houses were built
to meet Canada’s R-2000 performance standard, with upgraded building envelopes, including
higher insulation, low-e argon filled double panel windows and improved air tightness and
construction details. An integrated air handler and heat recovery ventilator, incorporating fans
with electronically commutated motors and a large water-to-air heat exchanger, supplies
forced-air heating and fresh air. Anindependent, 2-collector, solar domestic hot water system,
backed-up with a high-efficiency gas-fired water heater, supplies service hot water. The
specially designed air-handlers and separate water heating systems allow the district heating
system to operate at low temperatures, leading to increased effective storage capacity and
higher collector performance. Typically, the supply temperature for the district heating system
is below 40°C, and return below 30°C.

A seasonal borehole thermal energy storage (BTES) field was installed under a corner of a
neighborhood park and covered with a layer of insulation beneath the topsoil. The BTES is
composed of 144 boreholes, each 35 m deep and radially plumbed in 24 parallel circuits, each
with a string of 6 boreholes in series. Each series string is connected in such a way that the
water flows from the center to the outer edge of the BTES when storing heat, and from the
edge towards the center when recovering heat, so that the highest temperatures will always
be at the center.

Most of the solar district energy system mechanical equipment (pumps, controls, auxiliary gas
boilers, etc.) is in a dedicated building, which also houses two short-term thermal storage
(STTS) tanks with a combined water volume of 240 m3. The STTS acts as a buffer between
the collector loop, the district loop, and the BTES field, accepting and dispensing thermal
energy as required. A 22-kW photovoltaic array was installed on the roof of the energy center.

Table 6: General information for Drake Landing Solar Community.

General information

Location (longitude and latitude): Okotoks, Alberta, Canada (113.95 W, 50.73 N)

Project website http://www.dlIsc.ca

Size of the town: Okotoks has about 29,000 inhabitants, DLSC covers a
community of 52 houses and approximately 160
inhabitants

System Owner: Drake Landing Company

System Operator: ATCO

In operation since: 2007
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Table 7: DH system information for Drake Landing Solar Community.

Information on dh system

Heat generation equipment

2007: 2,293 m2 (gross), flat plate collector (single glazed),
2 x natural gas boilers (352 kW, 469 kW)

2012: Modulating natural gas boiler 112 kW max

Storage size and type [m3]:

Seasonal Borehole Thermal Energy Storage: 144
boreholes, 35m deep, 35m diameter field, insulated at the
top

Short Term Thermal Storage: 2 STTS tanks, total volume
240m3

Total heat generation per year ~695 MWh
from all sources [MWh]
DH Supply temperature [°C]: 37-55°C

DH Return temperature [°C]:

28 — 32 °C, differential pressure controlled

Solar fraction in the DH network ~90%
on yearly base [%]

Solar fraction in the DH network 100%
in the highest production month

(%]

Network length (main pipes) 1.6
[km]:

Network density [kWh/y/m]: 434
Thermal loss [%]: 18%

Number of users:

52 households

Remarks:

4t Generation network operating at low supply and return
temperatures (typically 37°C/28°C). DHC does not support
DHW loads, only space heating loads.

Table 8: Solar system information for Drake Landing Solar Community.

Information on solar system

Annual Total Irradiance on tilted / 1544 /1284
horizontal surface [kWh/y/m?2]:

Annual Direct Normal Irradiance ~1700
[kWh/y/m2]:

Plant capacity [kW]: 1605
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Yearly Solar heat production ~520
[kWh/y/m2gross]:
Solar Collectors ~798 collectors (Enerworks, flate plate, single glazed)
Mounting On garage roofs
Slope and orientation of 45° South
collectors
Overall gross area [m?]: 2293
Heat transfer fluid: Glycol Water Mixture (50%, Tyfocor L)

The key lessons learned in this project include following:

e Use of unique components such as expansion bellows between collectors make future
maintenance difficult as parts are no longer available.

e O-rings for sealing solar collectors’ interconnecting bellows are failing and creating
added maintenance costs. Not a good solution for roof-integrated collectors.

e With limited progress in local solar thermal market, finding trained local labour for solar
collectors maintenance can be challenging (CanmetENERGY).

ASIA

1.7.4 SHD SYSTEM IN CHINA, TIBET

Figure 6: Site Picture.

The project of 22,275 m? solar heating plant in Langkazi in Tibet is the first largest solar heating
installation for purpose of supplying DH. It is coupled with 15,000 m® PTES which maintain

........
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excess solar heat to be discharged into the district heating network when solar energy is not
available (StateOfGreen 2022).

The plant was designed to supply 90 % of the heat demand of the new district heating network
in Langkazi via a 65 °C supply line and a 35 °C return line, the grid reportedly supplies thermal
energy for 82,600 m? of residential floor space. The joint venture of
Arcon-Sunmark Large-Scale Solar Systems Integration Co., Ltd and Aalborg CSP in Denmark
manufactured and delivered the storage and collectors and supervised the installation of the
SDH plant which was commissioned in 2018. 3 MW electric boiler guarantees backup energy
in times of low irradiation (SDH Solites 2018).

The solar system and storage were placed at 4,600 m above sea level and costed 15.4 million
EUR and was funded by China’s central government (SolarThermalWorld 2019). The project
is part of a larger endeavour to popularise renewable heating in Tibet. Feasibility studies have
been conducted in over 20 of the region’s counties and cities, and Tibet’'s local government
has approved funding for five of them. Arcon-Sunmark has installed a second similar plant in
2019 in in Zhongba with 35,000 m? of solar collectors and 15,000 m® PTES storage
(StateOfGreen 2022) at total investment cost of 22.3 million EUR.
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SYMBOLS, ABBREVIATIONS, INDIZES

ABBREVIATIONS

Abbreviation Meaning

CAPEX investment costs

CsSP Concentrated Solar Power
DH District Heating

ETC Evacuated Tubular Collectors
FPC Flate Plate Collector

M million

OPEX maintenance costs

SDH Solar District Heating

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

Specific collector output Heat production pr. Gross collector area (e.g. kWh/m?/a)
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