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Index (Day 1)

1. Context
* Heat Loads in Buildings
e Solar Thermal (ST) Systems
* District Heating (DH) Systems

2. Performance of ST systems
* Technologies

* Performance characterisation
* Design of ST fields
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Index (Day 2)

3. District Heating Systems
4. Solar Thermal in DH
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Index (Day 3)

5. Solar Thermal in DH (cont.)
6. Wrap-Up
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1. Context
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1.0 Heat Loads in Buildings

* Energy balance of a building (Space Heating)
* Heating/Cooling Degree Days

* Domestic Hot Water preparation

* Energy Supply to EU households

* Need for renewables
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LESOSAI S
Calcul du ne

People, appliances: >

LESOSAI 5. Mode de Emploi. 2002.
https://docplayer.fr/57528916-Lesosai-5-calcul-du-bilan-thermigue-d-une-construction-sia-380-1-en832-et-minergie.html

Energy balance of a building (Space
Heating)
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Heating/Cooling Degree Days

* Heating & Cooling loads are correlated with
outdoor temperaturas

* Degree-Day Methods compute negative/positive
deviations of daily mean ambient temperatures vs
a reference temperature

» Reference temperatures (typical)
* Heating Degree Days: 152C
* Cooling Degree Days: 232C
* Reference temperatures are building dependent

* NZEB. HDD temp. ~10-122C
* Glazed building. HDD temp. ~202C
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Figure 5: European heating degree days map (EUROSTAT method)

Figure 6: European cooling degree days map (ASHRAE method)
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Trend in heating and cooling degree days in Europe in the period 1981-2014

HDD/year
R 1o ieslEm Significant change
ST T T v [ Outside coverage
R, - S 7
'\9‘ ,\Q ’(0 0 500 1000 1 500 km

COD/year

coimmimmieml |
LN ~ b B
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© European Union 2016, source: Joint Research Centre

European Environmental Agency, Observed trends in heating & cooling degree days 1981-
2017 https://www.eea.europa.eu/ds resolveuid/f2a5588e42b543d4be499359c34cabl?
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IDAE. Guia técnica Condiciones climaticas exteriores de proyecto. 2010

s~ =] https://www.idae.es/uploads/documentos/documentos 12 Guia tecnica condiciones climaticas exteriores de proyecto e4e5b769.pdf
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';'h”j ‘Secrelaria de Eslada de Infeestucturas, Transporie y Vivende
ZW¥2 piracsion Ganar: ay Siein

Documento descriptivo climas de referencia
017

B.1 Severidad climatica de invierno

La severidad climatica de invierno se obtiene mediante la siguiente expresion:

SCT = cah~;—r+r;|:i~ (%}2 +e (8)

donge
e es la suma de los grados-dia de invierno en base 20 para los meses que van desde octubre
a mayo.
n/N es el cociente entre niumero de horas de sol y el numero de horas de sol maximas, sumadas

cada una de pllas por separado para los meses que van desde octubre a mayo.
a, b, ¢, d, e son los coeficientes de regresion, cuyos valores se indican en la Tabla 1

Tabla 1: Coeficientes de regresion para la severidad climatica de invierno (SCI)

a b c d e
3,546E-04 -4,043E-01 8,304E-08 -7.325E-02 -1,137E-01

Tabla 3: Intervalos para la zonificacion de invierno

o A B Cc D E

SCI<0 0<SCI<0,23 0,23<SCI<0,5 05<SCI[<0,93 0,94<SCI<15 SCI>1,51

CTE Documento de Apoyo. Documento descriptivo climas de referencia
https://www.codigotecnico.org/images/stories/pdf/ahorroEnergia/20170202-DOC-DB-HE-0-Climas%20de%20referencia.pdf
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Domestic Hot Water preparation

e ~ Stable heat load (+-20%)

* Calculations defined in building codes
* Water Flow
* Supply temperatura

* Source temperatura defined by climate. Stable ~8-
182C
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Business Tabla 4.1. Demanda de referencia a 60 °C'"
Criterio de demanda Litros/dia-unidad unidad
Vivienda 28 Por persona
Hospitales y clinicas 55 Por persona
Ambulatorio y centro de salud 41 Por persona
Hotel **+* 59 Por persona a y_ p e rS O n
Hote| i [ =C= Dnr norenma
@ Hotel *** . EE
@ Hotelhostal ** Dwelli NgSs

] Campin .
. Host;fpgensién . Hos P ital 20

K UMONS entr pemtenciar Health centre 41

Universidad  Euskal Herriko
del Pais Vasco  Unibertsitatea Universite de Mons NDETQUE,‘

Vestuarios/Duchas cole

HERIOT ,— INTERNATIONAL Escuela sin ducha HﬂtE" il EFE

W Q TT {1%\5%1(;” Escuela con ducha
s‘
’ Cuarteles LE S L

2/ UNIVERSITY Hoiel 29

Fabricas y talleres
Oficinas

Gimnasios HﬂtE" ek 'q- 1
Restaurantes = T OT PCTSOTTE
Roberto GARAY MARTINEZ Restauren | 1 T
roberto.garay@tecnalia.com
Tecnalia .
Building Technologies Division Tabla 4.2. Minimum ocupancy in residential buildings for DHW calculation
Rooms | 1 2 3 4 5 6 26
People ‘1,5 3 4 5 6 6 7

CTE Documento Basico HE 4. Contribucidn solar minima de agua caliente sanitaria
https://www.codigotecnico.org/images/stories/pdf/ahorroEnergia/DBHE.pdf
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v UMONS Q=m*Cp * (T _sup—T netw)

s Suatento — Univrsie de * m as defined in CTE HE4
HERIOT A INTERNATIONAL ° o *
TWATT % B, Cp =4,18 kI / (I*K)

2/ UNIVERSITY ° T_Sup = 60 QC

* T source as per local climate
Roberto GARAY MARTINEZ -
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Tabla B.1 Temperatura diaria media mensual de agua fria (°C)

Tecnalia Capital de provincia Ene | Feb | Mar | Abr | May | Jun | Jul | Ago | Sep | Oct | Nov | Dic
Building Technologies Division A Corufia 0 [0 1[] B [14]6]16 15 ]14] 12 [11
Albacete 7 8 17 1 19 13 9 7
Alicante/Alacant 11 12 0 13 12
Almeria 12 12 ? 14 12
Avila 6 6 B I I b a O 9 1 7 C 8 6
Badajoz 9 10 12 9
Barcelona 9 10 | 11 12 17 [ 19 | 19 17 15 12 | 10
Bilbao/Bilbo 9 10 | 10 | 11 13 15 | 17 | 17 16 | 14 | 11 10
Burgos 5 6 7 9 11 13 | 16 | 16 14 | 11 7 6
Céceres 9 10 | 11 12 | 14 18 | 21 | 20 19 [ 15 | 11 9
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@ Final energy consumption in households by type of fuel
thousand tonnes of oil equivalent
EU (28 countries)
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EUROSTAT. Custommized quary to energy inventories :
https://ec.europa.eu/eurostat/tem/graph.do?tab=graph&plugin= 1&Ianguage en&pcodé=téﬁ10@125

Energy Supply to EU households

Final energy consumption in households by type of fuel
thousand tonnes of oil equivalent
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Need for renewables

e Scarcity of fossil fuels

e Mitigation of climate change
 Security of supply

* Price stability

* Competitive industries/society in an energy
intensive world
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1.1 Solar Thermal (ST) Systems

 Basic Configuration(s)
 Collector Technology
* Requirements in Building Codes
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Basic Configuration(s)

Solar collector

e Collector field
e Thermal store

* Backup heat source

e Heat load

To taps

Controller ;

-

W,  ——

& ] Cold water feed
Pump

https://www.therenewableenergycentre.co.uk/solar-heating/
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Tecnalia =>  Concentrating Collector
Building Technologies Division

Space heating, 45-70 2C
DHW pre-heating 20-452C

| |Advanced Flat-plate Collector, Evacuated Collector

Flat-plate Collector, CPC-Collector

Swimming pool heating ~302C Applications
Plastic Absorber ' ildi
Other low-grade app. ~202eC in buildings
0°C] ' [50°C| [100°C | [150°C | | 200°C | | 250°C

http://www.eai.in/ref/global/ae/sol/soltherm/solar thermal.html
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Requirements in Building Codes

* 30-70% of heat needs for DHW production and
swimming pool heating (Spain)

 Thermal store: 50-180 |/m?
* No requirement fo space heating
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1.2 District Heating (DH) Systems

* Basic Configuration
* Relevance in EU heat supply
* EU Strategy on Heating and Cooling
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CLIENTES EN SERVICIO

O HOTELES/ RESIDENCIAS
O OFICINAS

O VIVIENDAS

O COMERCIAL

O CENTROS DOCENTES
O OTROS

http://www.districlima.com/districlima/uploads/descargas/presentaciones%20y%200tros%20documentos/2019

06%20Presentaci%C3%B3n%20est%C3%A1ndar%20Districlima%20(CAST).pdf
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Basic Configuration

https://passivehouseplus.ie/magazi
ne/insight/district-heating-and-
# passive-house-are-they-compatible

B http://www.districlima.com/districl
ima/uploads/descargas/presentaci
ones%20y%200tros%20documento
s/2019 06%20Presentaci%C3%B3n
%20est%C3%A1ndar%20Districlim
a%20(CAST).pdf
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10,000 |

5,000 -+

United Kingdom J

Denmark
Lithuania
Czech Republic
Slovakia
Romania
Bulgaria
Hungary
Slovenia
Germany
Croatia
France
Italy
Netherlands
Switzerland
Norway I
Spain
Cyprus
Ireland
Malta

Trench length DH - 2012

COMMISSION STAFF WORKING DOCUMENT
Review of available information Accompanying
the document Communication from the
Commission to the European Parliament, the
Council, the European Economic and Social
Committee and the Committee of the Regions on
an EU Strategy for Heating and Cooling

SWD/2016/024 final
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U heat supply

Werner S, Persson U. Halmstad University District

~, heating and Cooling Database. Halmstad University,

2013.

European cities with
district heating systems

(Population]

Sk - 80k
* 80k - 500k
® >500k

Eva27

Non EU27
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https://ec.europa.eu/energy/sites/ener/files/documents/1 EN ACT partl v14.pdf

EU Strategy on Heating and Cooling

* Heating and cooling consume half of the EU's energy and
much of it is wasted.

* 75% of the fuel ... comes from fossil fuels (~ half from gas)

* Renewable energy sources (RES) share of energy used in
heating is highest in Baltic and Nordic Member States
(ranging from 43% in Estonia to 67% in Sweden)

* Europeans spend 6% of their consumption expenditure
on heating and cooling

* 11% cannot afford to keep their homes warm enough in
winter
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https://ec.europa.eu/energy/sites/ener/files/documents/1 EN ACT partl v14.pdf

EU Strategy on Heating and Cooling

* Some industries generate heat as a by-product. ... could be ...
sold to heat buildings nearby. ... waste heat from power
stations, the service sector and infrastructure such as metros

* The barriers ... lack of heat networks; and lack of cooperation
between industry and district heating companies.

 District heating can integrate renewable electricity (through
heat pumps), geothermal and solar thermal energy, waste
heat and municipal waste.

* |t can offer flexibility to the energy system by cheaply storing
thermal energy, for instance in hot water tanks or
underground.
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Basic energy concept

rain, wind,

AL/ snow
™ -
;Q:- reflection JJJ

convection insulation

convection

glass cover

availahle
heat

ahsorber

https://www.volker-quaschning.de/articles/fundamentals4/index.php
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https://www.roth-spain.com/es/Captador-solar-para-piscinas-Rothpool.htm
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Foumitures Energie
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Solaire SA

https://www.energie-solaire.com
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Unglazed

Esnek paslanmaz gelik hortum

Sivi kanal

SolarThermie paneli

Isi yalitimi

Alt tarafta koruyucu kap

Flat Plate

SolarGeoThermie 2Q

Klipsli sistem latasi

Gegmeli toplayici borular

https://www.rheinzink.com.tr/ueruenler/cat
i-sistemleri/solar-sistemler/quick-stepr-
solarthermie/tedarik-programi/
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https://www.viessmann.es/es/edifici
os-de-viviendas/sistemas-de-energia-
solar/colectores-planos/vitosol-200-
fm_msm_moved.html
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Glazed Flat Plate

https://savosolar.com
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iif:l?|5|_C)-|-|':|3 Vacuum tuve

https://www.viessmann.es/es/edificios-de-
viviendas/sistemas-de-energia-solar/colectores-
de-tubos/vitosol-300tm.html



mailto:roberto.garay@tecnalia.com
https://www.viessmann.es/es/edificios-de-viviendas/sistemas-de-energia-solar/colectores-de-tubos/vitosol-300tm.html

*RELATED Parabolic concentrators & other high
temperature systems

* NOT COVERED

* Mainly for industrial applications
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Building Technologies Division ~ CBIIector temperature
(Ti-Ta)/G, (m*°C)/W .
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. # | R( ) |FR U (wmxc)
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Gr - A, ' Gr 1 10.5-0.75 1-2 Depends on tube spacing
2 |065-0.8 3-8 Depends on # of covers and absorber coating
3 |0.8-0.95 10 - 20 Depends on wind speed



mailto:roberto.garay@tecnalia.com

tecnalia ) smies

<RELQTED

@
& [JMONS

nIver sidar UsKal
del Pais Vasco  Unibertsitatea
3] !”ﬂl HELLENIC
MI I 2~ UNIVERSITY

UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

2.2 Performance characterisation

e Simple collectors perform best for low AT
* Greatest Surface and solar apertura

* Insulation level is increasingly relevant
* High temperature applications
* Low ambient temperature

e Relevant Standard: EN 12975

e http://www.estif.org/fileadmin/estif/content/projects/Q
AiST/QAIST results/QAiIST%20D2.3%20Guide%20t0%20E
N%2012975.pdf

AT AT?

* Performance curve  n=aj—aj * — — by *—
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2.3 Design of ST fields

* Collector Datasheet

* Design Temperature levels

* Thermal Storage Sizing

* Heat Injection into Thermal Storage
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Savo 15 SG collector
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Collector Datasheet

Collector Model No a, a,
Type
Unglazed KOLLEKTOR AS 0,897 10,91 2,31
Glazed VITOSOL 200-F 0,813 3,416 0,021
Evacuated |ENERTECH 0,608 1,14 0,012
Tube ENERSOL HP 70-8
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Design Temperature levels

e Space heating (hydronic)
* Radiators
* Low temperature Radiators
* Underfloor heating

* Air heating
* Fan coil systems & Air Handling Units

* Swimming pool heating

* Domestic Hot Water
* Service
* Pre heating
* (intake)

70-90°2C
50-60°2C
30-352C

45-552C
30-352C

50-802C
~30-452C
~5-159C
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* Smooth operation
* Intra-daily storage
* Inter-daily storage

* Seasonal

Thermal Storage Sizing

 Storage sizes depend on purpose

small ammount of water
50-100 1/m2
>200 1/m2


mailto:roberto.garay@tecnalia.com

tecnalia ) smies
<RELQTED
O,

“®

E*  UMONS

Universidad  Euskal Herriko
del Pais Vasco  Unibertsitatea

HERIOT &/\’g INTERNATIONAL
WATT 2" UNIVERSITY

UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

Serial connection

Increased AT

 Desired outcome
* to be limited

according to heat usage

Increased AP
* Greater pumping costs

Increased heat loss

* Lower performence

Commonly 3-6 units in series

Rendimiento[%]

100

80

60

40

20

o -

Collector arrays are arranged in series to increase
output temperature.

Caudal.nominal.N
Caudal.doble
Mitad.del.caudal

|
0

20

40

|
60

I I I I
60 100 120 140

Numero de colectores

I I I
160 180 200
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Thermal Storage Sizing

https://partner.nibe.eu/Products/Accumulator-

https://ramboll.com/media/rgr/two-ramboll-projects-

tanks/NIBE-VPA--VPAS/

among-the-eight-most-efficient-district-heating-and-

cooling-systems-in-the-eu



mailto:roberto.garay@tecnalia.com
https://partner.nibe.eu/Products/Accumulator-tanks/NIBE-VPA--VPAS/
https://ramboll.com/media/rgr/two-ramboll-projects-among-the-eight-most-efficient-district-heating-and-cooling-systems-in-the-eu

tecnalia ) s
tRELOTED  Heat Injection into Thermal Storage

* District heating plant at Helsinge (DK)
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Principles of Thermal Storage
- Thermal buoyancy

- Flow to ST field at low T

- ST return to storage at T > storage
- Flow to load at high T

- Return from load at T< storage
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Heat Injection into Thermal Storage

* Heat Exchange (Coil or heat exchanger)
e Commonly cross Flow

* If ST is only backup,
coil at lower 1/3 of tank

* Many designs have been tested over

Tank upside down!

- T P> R _ -
Metro Therm production
plant at Helsinge (DK)
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Heat Injection into Thermal Storage

* Open systems
* Direct systems. Same fluid in tank and ST system

(O | I | S N S |
— -
1) -

Thermocline

Cool Water Return

m Diffuser
| — E— R R E—

https://mechartes.com/case-study-thermal-energy-

storage-tank https://www.pacifictank.net/tes-tanks/
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Heat Injection into Thermal Storage

* Open systems
 Also, injection at intermediate temperature levels
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Timo Herrmann et Al. SDH Graz 2018
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