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RO 1. Context
e Heat Loads in Buildings
&  UMONS * Exercise 1. Monthly heat Load for one building
i e Enerev SUbpl|
HERIOT /\’5 INTERNATIONAL gy pp y
EWATT g T e Solar Thermal (ST) Systems

* District Heating (DH) Systems

* Exercise 2. Monthly heat Load for one district. How to select plants
Roberto GARAY MARTINEZ

roberto.garay@tecnalia.com 2. Performance of ST systems
Tecnalia ]
Building Technologies Division ° TeChnOIC)gles

* Performance characterisation

* Exercise 3. Performance of ST collector technologies at various
temperatures

* Design of ST fields

=« Exercise 4. Calculation of Thermal Store. Effective volume & Heat
loss
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Index
3. District Heating Systems

Evolution
Temperature levels
Heat Production Structure
e Questions 1. Typical Full Time Operation Hours for Technologies.
Network structure

* Questions 2. Critical Spots for Damages/Failures. Next spots for
densification.

Design criteria

e Exercise 5. Changes in sizing of fan coil units from centralized boiler to
District Heating

Operation criteria
Integration of Renewables & Waste Heat Sources

4. Solar Thermal in DH

Large Solar
Storage

* Exercise 6. Storage heat loss for large volumes
Distributed Solar
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5. Solar Thermal in DH (cont.)
* Economic metrics
Investment decissions
Operational Criteria (high-RES)
Operational Criteria (low-RES)
Sizing
* Exercise 7. Plant Sizing, Energy & Economic performance

6. Wrap-Up
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1. Context
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1.1 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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MODE D'EMPLOI
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
7 & v \O’b O 7

© 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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Documento descriptivo climas de referencia
017

B.1 Severidad climatica de invierno

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

S5CT = cah~;—r+cci~ (%}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 = O TS
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 -

roberto.garay@tecnalia.com

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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EXERCISE 1

Heat Load for one building

For educational purposes only

Typical issues out of the scope of this exercises
* Monthly variation
e Variations in load profiles (e.g. vacations)
* Complex behavior in buildings
e Relationship with solar radiation
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* Space Heating load of a building
%RELOTED e Climate: 900 degree-days (~Bilbao)
* Coupling Coefficient 200 W/K 4800 W.h/K.day 4.8 kW.h/K.day
@ e Surface: 80 m2

* Total load 4320 kWh/year
tﬂ’ _MONS » Specific load 54 kWh/m2.year

Universidad  Euskal Herriko
del Pais Vasco  Unibertsitatea

HERIOT % nreanona .
SWATT Q}E HELLENC « Domestic Hot Water

% ;

UNIVERSITY * Residential use 28 |/day.pers
« 2 people, 300 days 16800 l/year 16.8 m3/year
Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com e Tsupply 55°C
Tecnalia « Tsource 149C
Building Technologies Division e AT 41°C
« Cp 4,2kJ/kgK 1.16 kWh/m3K
* Load 803.6 kWh/year
» Specific load ~10 kWh/m?2.year

» Total Load 64 kWh/m?2.year
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@ Final energy consumption in households by type of fuel
thousand tonnes of oil equivalent
EU (28 countries)
cobzyisl Gzt~ Universit de Mors | EU 28
HERIOT 2 | ok
’ INTERNATIONAL
ﬁ- WATT %2 Sr%léﬁ.'g?w 80 k1| 8O K
L\ IVERSITY
70 k TO K
60 k| Electricity (as green as generatio™ mix
Roberto GARAY MARTINEZ ylasg & )
. 50 k 1} 50 k
roberto.garay@tecnalia.com
Tecnalia 40 k1l 40 Kk
Building Technologies Division 30 k {| District Heating (>70% fuels), ,
20 k 1} 20 k
Renewables
10 k 1} 10 k
0 L0

3 %
EUROSTAT. Custommized quary to energy inventories h % % %
https://ec.europa.eu/eurostat/tem/graph.do?tab=graph&plugin=1&language= en&pcode ten00125
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thousand tonnes of oil equivalent
@ Spain
%2 IMONS SPAIN -

qoiiversded - Eustalbierio " Université de Mons 5.5k =
HERIOT '— INTERNATIONAL 3 K I[> K
SEWATT %\ UNIVERSITY 4.5k {14.5 Kk
-:]V UNIVERSITY
4k 1 4 K
3.5k — s
Electricity (as green as generation| ii&
Roberto GARAY MARTINEZ 3 k| y ( & & . )
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Tecnalia L'j 1
Building Technologies Division o District Heating (>70% fuels)| *
15 k 115k
1k Renewables [ 1K
500 - 500
0 . 0
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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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1.3 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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1.4 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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Kilometres
=
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o
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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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* Typical issues out of the scope of this exercises

?{RELOTED +  Size of district (energy)

» Size of district (distance) & geographic issues

e Type of fuels
O; * Need for redundancy

& UMONS
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ﬁv

Monthly heat Load for one district. How to select plants
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n2 of hours
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Power [kWh]

Base Technologies
>3-4000 h/year

Continous operation (>40-50% Full load)
along full days / weeks

n2 of hours
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* Basic energy concept

e \Jacuum tuve
Roberto GARAY MARTINEZ

roberto.garay@tecnalia.com * Parabolic concentrators (not covered)

Tecnalia

Building Technologies Division e Other high temperature systems (not covered)
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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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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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https://www.viessmann.es/es/edificios-de-
viviendas/sistemas-de-energia-solar/colectores-
de-tubos/vitosol-300tm.html
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Parabolic concentrators & other high
temperature systems

* NOT COVERED
* Mainly for industrial applications
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(@] Giovanardi, A., Integrated solar
cC thermal facade component for
(0] 0.8 building energy retrofit, Universita
Degli Studi di Trento, 2012
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HERIOT ’— INTERNATIONAL L
NAL [a B 0.5
WATT < TR
5/ UNIVERSITY 0.4 1 1 - Vacuum Tube
0 2 - Glazed Flat Collector —
Plate Collector
Roberto GARAY MARTINEZ 0.2 1 o
) 3 - Unglazed Swimming
roberto.garay@tecnalia.com 0.1 1 Pool Absorber
Tecnalia 0 N .
Building Technologies Division ~ CBIIector temperature
(Ti-Ta)/G, (m*°C)/W .
~INV Ambient Temperature
. # | R( ) |FR U (wmxc)
Qu. FH _ (fo) B FH ) UL ) (!rm — Tamb}
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
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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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* Typical issues out of the scope of this exercises

gSREI_O-I-ED e Logaritmic mean temperature calculations

e Self-shading
* Shading between arrays for flat roof/ground
mounted systems

‘h’ UMONS * Issues at plant level
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Performance of ST collector technologies at various
temperatures
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2 - Glazed Flat

Plate Coll

Fr U (Wim2oC)

1-2

3-8

10-20

~Vacuum Tube

Collector

Tamb} ]
Gr

(Ti-Ta)/G, (m*°C)/W
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AT
Tl=ao—31*T

a 0 A_ 1 W/m2K
Evacuated Tube Collectors 0,625 1,5
Glazed Collectors 0,725 5,5
Unglazed collectors 0,875 15
* Ambient temperature 5C 15°C 15°C
* Inlet temperature 409C 409C 352C
e OQutlet temperature 509C 50°C 402C
e Solar Irradiation 300W/m2 400W/m2  500W/m?2
* Mean collector temperature 45eC 45eC 37,5eC
o AT 40°C 302C 22,52C
 Performance ET 43% 51% 56%
 Performance G -1% 31% 48%
 Performance UG -113% -25% 20%
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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

Integrated connections

Sovlts e e clltorfor it betiog
nchstria inallatons s itegrated connection hoses
it the cotecion which shows mouting with 0

morc than 40 mm dtance betwoen colloctor (patent
perndng).

This technology rediuces heat loss since the connec
o hoses ane protectd by the coblectorsinsulation

Technical data

Pressure drop

Product mumber 450015

S0 156 pressure #rop

ik}
il
0.4
oz

i

20

r -Td

i fcipmcy curve for San 15 56

External Dimensions 6158 x 2591 x 157 men -
Gross area. 18.96m’ »o
12— ="
st oo o § —
Incdent sngle modifer  Ksg - 098
Key features Savo 15 SG collector —
Savosolar collector with Direct Flow MPE absorber , b 5.
* Direct flow MPE absorber with Abserber coating 3 layer highly seinctive MEMO
s hossons T ———
oy e fw skraan s, amcsbicd e g, Sevcnck 2 Coug dissogiin S
which s masedachined bom skl £ colaos by g e Quality
« Highly elfective, sedective VD MEMO MO profkes. gabvanied sted frames, mokded ¢ Su
v by T oy b byt o e and Casting ety s
kel where ft has do- oy w olar has been 15O 9001 certified since 2013 and =
i et cchanges e g F
st 50 s, s o b o hments, s e Concer
T — the S 15 SC collctr s tsed Termprod slr ety H
hay o et e Savasolar is the only producer of collectors for district =
g, v il ind e e sl el 05180 9004013 by S0 s Solar glass transmittance 95% esting s it spplcatons wkh FED modde §
‘et ot i e ek
transdor fusd. This leak to. iquid content. 28,0 Wers
ey B e s e ke Weight cmpty g
e,  marking Yo
* o 250070 i embo ko o — —
OIN, oy ~ I
* PED module A2 cestification E C\
acconding to directive 2014/68/EU
of the Furopean commission
&) P ©
8 |

Effichemcy acc. ta
Sorbar Meywark*

m:”-ir-‘- I'|=-:L'|ﬁ- q:ﬂ.ﬂlﬂ

Incident angle modifier K - (.98
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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
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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
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* 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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* Typical issues out of the scope of this exercises
%RELOTED * |Inperfect loading/unloading patterns

e De-stratification & mixing

* Actual values of insulation levels
O; :
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Calculation of Thermal Store. Effective volume & Heat loss
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Design of a thermal storage application for 200MWh
309C of Flow-return temperature difference

How much energy can be stored in 1m3?

e Cp= 4,2 kl/kgK
 Density= 1000 kJ/kg

* factor= 3600 kJ/kWh
 Answer?

 Depends on the temperature rise. Let’s calculate it for 12C
. 0,001166 MWh/m3K

How large should be the tank?
. 5714 m3

Height of tank with 20m diameter?
. 18,19 m
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Heat loss

Tank temperature: 70eC
Ambient temperature: 52C
AT: 652C

Coupling Coefficient

T Y T

4,3325
Wall 1150 0,3 22,425
Bottom 315 0,7 14,33
Total 40,85
Loss in 24h
. ~1 MWh

~0,5 % (over 200MWh)

Loss in 1 week

~7 MWh
~3,5 % (over 200MWh)

Loss in 1 month (31 days)

~30,5 MWh
~15 % (over 200MWh)
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3.1 Evolution

- Some historic references
- Roman Baths
- Chaudes-Aigues (France)

- 1st generation. Steam Based systems (xxx — 1930)
- Very high temperatures & presurized pipes
- Non-optimal efficiency, reliability & safety
- Still in use in Paris and New York
- For areas with large heat density
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3.1 Evolution

- Some historic references
- Roman Baths
- Chaudes-Aigues (France)

- 1st generation. Steam Based systems (xxx — 1930)
- Very high temperatures & presurized pipes
- Non-optimal efficiency, reliability & safety
- Still in use in Paris and New York
- For areas with large heat density
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conEdison % LT e

STEAM NETWORK

e

l Generating station
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3.1 Evolution

- 2nd generation. Overheated water (1930 — 1970)
- >100 2C
- Coal and oil-based systems

- 3rd generation. Hot water (1970- today)
- >55-60°C
- Increased efficiency/sustainability of heat sources
- CHP, Biomass, Industrial waste heat, etc.
- Increased insulation levels
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3.2 Temperature levels

- Stable conditions for mild weather and summer
- Compatible with DHW production
- In some cases, service is interrupted in summer

- Increased temperature levels with cold weather
- Increase capacity with same infrastructure

- Large Flow-Return AT to avoid large pumping costs
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3.3 Heat production structure

* One (or various) low cost producer. As BASE HEAT
PRODUCTION TECHNOLOGY

e CHP (with additional revenue from electricity
production)

* Biomass or waste incineration
e Industrial waste heat
* Large boilerplant (e.g. fuel-based)

* Peak producers activated if required

* Smaller & more expensive technologies
 Commonly gas-fired boilerplants
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Typical Full Load Operation Hours for Technologies.
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How many hours are there in a year? 8760h
Typical length of heating season?
e Serbia October-April, 7 months, ~5100h
 Spain November-March, 5 months, ~3600h
Max operating period of a plant? 11 months
(1 month for maintenance)
Meaning of Full Load Operation Hours?

FTOH (h)=Delivered energy (MWh)/Nominal power (MW)

Typical FTOH for base technology (e.g. CHP)? 4000-6000h
Winter at full load + partial load during summer
Typical FTOH of peak technology (e.g. Natural Gas Boiler)?
<1000h
Only certain moments during coldest periods
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Fortum Tartu. District Heating Network of Tartu, Estonia


mailto:roberto.garay@tecnalia.com

tecnalia ) sz

<RELQTED

&*  [UMONS

Universidad  Euskal Herriko i ité
del Pais Vasco  Unibertsitatea Universite de Mons

HERIOT AL INTERNATIONAL
%\ HELLENIC
W T I UNIVERSITY

=7 UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

Koormusgraafik august2015-juuli2016 (tunnipdhine)

240

220

Ier

' I

\w I

EKT] ®Pesur ®mAardla mAnne MTuglase

Fortum Tartu. District Heating Network of Tartu, Estonia

W Ropka M Tarkon ®Tulbi mJahutus

L
il Jw’“ “V\J LN |



mailto:roberto.garay@tecnalia.com

tecnalia ) smies

<RELQTED

o

& [JMONS

niver sida uskal
del Pais Vasco  Unibertsitatea
()] =, HELLENIC
ﬂﬂ\ UNIVERSITY

UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

3.4 Network Structure

 Small networks:

* One heat production facility
* Individual branches

* Large networks:
* One (large) heat production facility
* Individual branches
* Peak boilers installed in branches
* |n some cases, partially meshed system

* Very large networks
 Transmission lines & Meshed networks
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3.4 Network Structure

Fortum Tartu. District Heating Network of Tartu, Estonia
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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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[I] CTR astrict heating area
[ VEXS astrct heating area
[l V¥ increration arstrct heatng area
[[] KE steamn area
W AMV Armager Power Staton
..... . [l HCV HC Oersted Power Staton
B AVV Avedoere Power Station

https://dbdh.dk/dhc-in-denmark/characteristics/
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Critical Spots for Damages/Failures.

Next spots for densification.
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Plant 2
Large Capacity
Innefficient production

Plant 1
Largest Capacity
Most Efficient Production
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CLIENTES EN SERVICIO

O HOTELES/ RESIDENCIAS
O OFICINAS

O VIVIENDAS
O COMERCIAL

O CENTROS DOCENTES
O OTROS
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3.5 Design criteria (consumer-side)

* Deliver maximum heat at low (primary-side) Flow
* DHW sizing: temperature independent

* Space Heating sizing:
* For typical winter conditions (at low Temperature)
* For cold winter conditions (at high Temperature)

e Space Cooling sizing:

* At stable DC temperature. DC already quite cold. Need to
avoid frosting.

 Serviceability issues
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3.5 Design criteria (consumer-side)

mdis’rriclimo
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Acometidas, subestaciones y circuitos interiores
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Minimo 90 °C

Maximo 60 °C

Contractual

DH Utility

CONTROL
SYSTEM
DH Utility

Contractua

Consummer

Recomendado <85 °C

==p- |da

Red Secundaria
Instalaciones
Internas

--== Retorno

Recomendado <55 °C
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Exercise 5

For educational purposes only
Typical issues out of the scope of this exercises
* Many issues regarding fan coil unit selection

Changes in sizing of fan coil units from centralized boiler to
District Heating
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Caracterizficas generales
Datos tépnioos
MOOELD T T 20 an %0 50 [ 0 1wa | 1ze
@ Welmiz.| w | 10 | 100 | oo | 2eo0 | ssno | 4poo | sooo | s | meso
Pateaciz fripesitica ™ Vel med_ w SED 1200 1250 2450 =00 E550 4350 2300 [.a[=-]
R VeLmin | w y7o | eso | 14s0 | 1eee | zseo | zEse | seon | 44se | sooo
Caudal #e agea m | 1za 1 | =m sgz | sas pe | san | 4 | s
v U M O N S idn mix. vel. pn | =z | ars | s pso | 7o go | oo | meo | nese
Universidad  EuskalHerrko  —— Université de Mons FErdita de t=2rpa lade agsa kFa | 24 e | wo | ez | 1a0 13 i e | ws 123
del Pais Vasco  Unibertsitatea welmis. | w | zsoo | seso | ssoo | msoo | 7moo | swoo | weseo | vseno | 1sese
Pabeacia tmica & Welmed. | w | 2400 | 2250 | 400 | eooo | semo | seoo | mson | emes | toome
HERIOT . weLmin | w | 100 | 2250 | s400 | 2000 | semo | seee | mson | eeen | toomo
Ay INTERNATIONAL Caudal de agsa ] 4 314 473 B a7 B0E | o7s | 1231 | 1Ese
e &) MTT %\ HELLENIC Pérdiga de targa lade agea Wa | 2% TR ETEEEEEEEE TR
UN]VERSITY Pateaciz 1Enmica = w 1700 2050 200 2850 4500 5100 7200 ET00 DEDD
UNIVERSITY Pérdida de carga lade agea WFa | @ EH £ s | 1mn | was | o 20 03
Welmiz.| w | 1250 | 1ese | isso | miso | sesn | swo | soso | emee | soso
Pobencia trmica baferia unrango @ Nelmed | W | 1070 | 1420 | 2110 | 2Ban | 235D | Zdn | 4sen | szoo | m1ee
welmin. | W | #20 | man | iwso | mse | zaan | zess | sssn | 4aso | esoo
Caudal agsa wn | e 142 2 m | s gz | 434 | sus
RO be rtO GARAY MARTI N EZ Pinia.f ll_:ll-'“l.'..-u:l- _ Wa | 17 20 28 1ws | =o a3 a2 12.3 [
Pabeacia Emica w | so0 | soo | 1500 | 1see | 2200 | 2eee | 2200 | smee | zeoo
. Welmdn. | m'= [ 213 20 | 4w ses | oms e | wso | qzoo | rese
ro be rtO.ga raV@teCI’la | 1a.com Caudal ire Velmed. | mie [ 170 10 &0 o | s poo | =0 | em | wome
. veLmin. | m'm [ 10 140 | 230 200 | aso i | s | s | wmo
Tecnalia - e [ 7 | = [ = [ = [ = [ = [ ¢
. . . ... Welmix. | dEiay [ 52 = 30 an 44 “ 4 50 52
Building Technologies Division presn senas wmes [ | | m | m | | w [ w | e e | w
Velmin. | B8y [ 19 22 28 % 23 26 35 EH 0
Pabeacia mizima meter W 35 28 55 78 75 ES 182 3 | =zom
Caneriéa bateria principal - [ 22 3 Bt an &L £ 30 B0t
Canexién bat. suplementaria un range - 1z 2 2 w2 13 w2 2 1z 2
ida agaa bat. an ranga 1 paz | ozz | cse | oas | oso | ose | oso | ees | ome
ida agaa bat. tres rangas 1 psz | o2 | 1oe | vz | ovme | vss | owme | zen | na
safita ge mm | 18 15 10 1% i 1 i n 15
WOTAZ:
I.IIrIEl'hlII!_: 280-1-50 [V-F-Hz}
(2] Calefaccaan

Temp. amteent= 20°C

Tamp. apua =n anirada T, A agua W€ 3 |z mdcma velocidad ventilador, para mediay mirema velocidad ventitador caudal de agus comes =n B maxima
valocidad. . B

(3] Terme. agua en entrada 68°C caudal @2 agua coma en rednperacion.

Wekcigad vestilador mar.

1] Refrigaracidn

Tamp. 3ire ambiente 37°C BE, 18°C BH

Tamp. apua &0 sAtraga: 7€ At agua BC 3 l3 maxima vsocidad ventistor; pars media y minima veiocidad ventizdor caudal agua como sn 13 mixima
valocidad.

Wekcigad vessilador mix.

(4] Presadn sonora =n amhisngs g2 100m® con temps de reverberacion de 0.5 seg.

(E} Diatos ceridicades EURDWENT.
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Caracterislizas generales

Datos tEonioos

MODELD Uz 16 20 L] B BD 20 A0 120

Wel.mdxz. L1 1100 1400 2EDD 2400 400D @00 §on Besl

Pabeacia frigerifica Nl med. L SED 1200 2450 00 550 4350 5500 - lec]
Velmin L Lrie] @aso 1000 1390 2RO 2800 4400 5000

Caudal d2 ages L} 1249 121 452 538 BEE 243 T04q T3
Deshumiditicacidn man. vel. o'l =50 75 B50 750 T @20 1180 1250

PErdida de carga lada agea

Pabeacia 1Enmica =

Perdida de carga lade agsa

Pabeacia 1Enmica i W 1700 aos0 ZESD 4500 5100 7I00 ETig D0
Pérdida de carpa lade agea &kFa ) 2 152 12.0 14.8 121 £0 10
Welmdx. 1350 1650 3120 LU 4100 sOs0 100 ooso
Pabeacia iErmisa balera un rango Nl med. jlenyi] Tzl o840 £150 LD 4380 53040 [ Ri=e]
Vel.min. 2150 I3an ZEID 2420 4350 2200

Pabeacia fEnmica resisiencia eléctnica e
Nelmdz. | m'e 215 p:1] ELE &5 =2 1050 1200 1250
Caudal aine Welmed_ | mlir 170 10 400 =10 Lauh] E50 =r o
VEl.mim. | m'n 1o 140 280 as0 410 570 -1yt TaD
W™ wentiladeres Ld 1 1 2 I z 2 ] B
Nelmdx. | dEJA) E4 a5 1 44 44 2 0 EH
Presiés senara el med. | dEJA) 4 I L ar T a5 48 a7
VEl.milm. | dEJA) il iz 2B 22 as a5 = ]
Patencia m3zima metor W = 23 Th b ES Tel a3 =00
Caneriéa bateria principal B a4 e e a4 20 a2 2 e
Caneriéa bat. suplemeaiana un ango * Tz w2 [ 172 e 1z Tz e
Canbenida agua bat. un ranga | iz a2 k] .50 0=a o.50 g LK.
Cantznida agua bat. tres rangos | e n.e2 125 .28 133 1.BE 241 142
Caneriéa salita de sondessados mm " L] h[-] ! " 18 n L]

WOTAE:

Alimestacidn: ZE0-1-50 [V-F-Hz)
(2] Calefaccidn

Tamp. ambs=rrie 20°C

Temp. agua =0 antrada TEE, A1 agua P0ME 3 | mdxima vekcidad ventilador, gara media y minma welccidad vertilador candal de aguz come =n la maxims

welpridad.

(2] Tere. 2gua =n enfrada G970 caudal 82 QUs coms B redriperacion.

Velscigad yestiadon mar.
1) Refrigeracidn
Tamp. aire am b= 27°C BE, 18°C BH

Temp. agua =n snirada: T At agua G a la mdxma veinodad venblador; para media y minima velocidad ventilador cavdal agua come #n la maxima

walotidad.
Velocigad yersiador mar.

(4] Fresidn sonora on smbisnse 8= 100m* con tamps de reyerheracion de 0.5 sag.

[E} Dabas ceriificases EURDVENT.

Rated power
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MODELD U4z, [ =0
r = 1
| veimdn. [ w || 3300
Pabeacia 1Emica = Velmed. | W 3404
el min W 2410d
Caudal de apea I L'k 473

(2] Calefaccidn
Tamp. ambe=riz 20°C

Tamp. apua =0 =ntrada TIFE, A1 agua TEME 3 |2 mdoma veicigad vertilzdor; para media y minma melicidad verdilador casdal de dgua coms =n I maxima

velooidad.

e AmbientT

* |Inlet Water T

* Water AT

* Mean Water T
 Water-Amb AT

* H(W/K)
* Power
° Cp

e AT

* Flow

* Reduction (%)

= 20°C
=70°C
=10°C
= 652C
= 45°C
= 5500/45 = 122W/K .

=4270 W
= 4.2 kl/kg.K = 1,16 W.h/I.K
=302C
= 122I/h
=15%

5%

Ambient T
Inlet Water T
Water AT
Mean Water T
Water-Amb AT

H(W/K)

Power(W)
Reduction (%)

122W/K
=35%122 =4270W


mailto:roberto.garay@tecnalia.com

tecnalia ) s

<RELQTED

“o

& UMON

Universidad  Euskal Herriko
del Pais Vasco  Unibertsitatea

HERIO I &/\’g INTERNATIONAL
e HELLENIC
% M I I %t\ UNIVERSITY

./ UNIVERSITY

Université de Mons

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

3.5 Design criteria (consumer-side)

mdis’rriclimo

GUIA TECNICA DEL CLIENTE

Pagina 4

Acometidas, subestaciones y circuitos interiores

Revision 10 -03/11/16

DISTRICLI

Retorno =

Maximo 5,5 °C

Contractual

DH Utility

CONTROL
SYSTEM
DH Utility

Contractual

Consummer

Recomendado > 7 °C

=i | ]

Red Secundaria
Instalaciones
Internas

=== Retorno

Recomendado > 15,5 °C
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3.5 Design criteria (consumer-sic

* Materials & layouts standardized for the fu
network

* Meters standardized.

* Data to be provided varies with capacity
* Small buildings. Total Heat. Even manual reading
 Large buildings/factories. Automated Reading.
* |nstantaneous power
* Total heat
* Instantaneous Flow
e Total volumen
* InletT
e QutletT
e Secondary-side values
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3.5 Design criteria (consumer-sic

* Materials & layouts -> standardized for the ful
* Thermal insulation
* Operational Pressure & Temperature
* Homogeneous devices across network

* Meters -> standardized.

* Data to be provided varies with capacity
* Small buildings. Total Heat. Even manual reading
 Large buildings/factories. Automated Reading.
* Instantaneous power
e Total heat
* |nstantaneous Flow
e Total volumen
 InletT
e QutletT
e Secondary-side values

e)

network
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oisTRICLIMA  cLeEnTE  Heat Meter

RESTACIN

PRIMARIA &

ED

T

X

Pressure
regulation

B waLvus DE MISLAMENTD lIJ POZO TEMPERATURA E

Temperature ‘

vALvuLa DE +Eregu IatLQm:- CE RECULACION

BE FOTENCE DE PRESKN

@Tﬁiﬂﬂdlﬂﬂﬁ DE TEMFPERATURA
P
(\OPT|TRANSWISOR DE PRESKSN DFERENCIAL

-~
|@THJMIIISDR DE FRESISN RELATIVA

3.5 Design criteria (consumer-side)

RED
SECUNDARIA

<

MEDIPDR DE Causl

VALVULA DE VACIDO (DN 20)

VALVULA DE REGULACKON DE CAUDAL MININGD

ELECTROVALVLLA
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3.6 Presure diagram

— 0.75 - 1.5 g
—-=___________.1_—
Pressur
B - Mmiaintaine
Dlﬂ:'E rEﬂtlal ACTOSS m:[
of Risa
Pressure |

075158 _ fep=

Transport

* Materials specified for greatest AP

* Presure regulation valve delivers
only AP under contract

* Otherwise Flow/energy to last building
in the line would be limited

I VALVULA CE REGULACION
DE PRESKIN
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@
e Guarantee heat suppl
£ UMON : “PPY

doliiversidad - Euskal Herriko Universite de Mons o D H W te m p e rat U re | eve I S (S U m m e r)

HERIOT o peugrow * Weather-dependent temperature levels (Winter)
WATT %k UNIVERSITY

UNIVERSITY

e Heat production with lowest posible cost

Roberto GARAY MARTINEZ * Income from electricity production in CHP

roberto.garay@tecnalia.com . .
Tecnalia * CO, emission taxes

2200
o1 . - w00 2016/2017
Building Technologies Division 1 Amin (<) o |
105 160,0
\ 1400
N
\ 100 1200
95 1000
N —
80,0 . o .
\ 9 Biomass Boiler
\\ -1 |
85 “ 1
(I
~N N ||
\= A.“q-c‘\MG?OJP\W"\O’\m-—tr\mva;’dV\""O-'OQ;jl;;;L\‘;
75 NONOANBRO MNP ONONINMOIATOONHAIRNANTINO NG
T (oc) HEHEHEANANNANNNONNTLTTTNNNDNOOOONNNNO®
IIIII _ L

-30 -25 -20 -15 -10 -5 0 5 Fortum Tartu. District Heating Networ k of Tartu, Estonia
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3.6 Operation criteria

e Reduce network loss
* Lowest posible distribution T

L
=

e PO el gt w3 v e wabe
- TOR0 O W RiE TOSALDAT L. WY W
=a=d0 700 heaing perna ot s wiser

e X0 parts o pecies

| |
|
30 | r

Heat Losses of Heat Distribution [94]

— —

Bainad om hasa) e 90 N S Anase Mt

T +——
0.0 0.5 1.0 1.5 2.0 2.5 1.0 35 4.0l
Cannemcm Density [MWh {y m]

J. Good etAI Conference on Biomass for Energy, Industry and Cllmate Protection, Rome 2004
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Questions 3

Network loss
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tecnalla)- mspiring Typical distribution heat loss in 3G DH networks? ~7-15%

(90/70C)
?{’RELOTED * Loss reduction due to change to 3.5-4G DH networks? 5-10%
(70/402C)
* * Loss in dense urban environments? ~5%
© . : 3 _20No
{‘é} Loss in small towns: 15-30%
4 —
:-9—_‘;5 0 e TOHE . prmaml comerubam ouE v wialey
E;§ - TOU G Swus LAl EL. WY Wt
g * » =a=40 700 headng perna . W wser
gg‘m e 0 garis & pacies
2 ¥ ¥ ¥ ¥ : 2 —y
gg * Istemperature level relevant for very dense networks?  Not too much
DL‘ * And for low density areas? It is critical
@ ¢
O 5 el . -
x= lz Conclusions? Steam networks still in
E’é operation in Paris and New
8: York
T
oz 10 Low Temperature DH concepts
=K . are de [
= — veloped in suburban
%g — *— —-—_? areas
il v _ |
0.0 5 1.0 T 2.4 2.5 3.0 3.2 .0
Connection Density [MWh / y m]
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& Waste Heat Sources
MONS * Industrial waste heat
HERIOT_ * Solar thermal Systems
I RTRuonal
& WAL T - tviicin * Low grade heat (heat pumps)

e Geothermal
Roberto GARAY MARTINEZ ° La kES/RiVEFS
roberto.garay@tecnalia.com

Tecnalia * Exhaust from cooling applications ( ~20-302C)
Building Technologies Division e Air-driven heat pumps

 \Waste to heat
* CHP systems (?)
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* Process cooling.
"..1’ JMONS  Commonly reject heat goes to atmosphere.

HERIOT ez nermonn  Complex systems which require maintenance & consume
WATT jﬂ\ UNIVERSITY B .
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* Potential (almost) free heat source for DH
Roberto GARAY MARTINEZ

roberto.garay@tecnalia.com ° (Some examp|ES)

Tecnalia
Building Technologies Division
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AUTO-
CLAVE

Process

EXISTING SYSTEM

Comnfort
cooling

Industrial waste heat

Water from autoclove

.37

K
(warm water)

55
tank 30m3
; N [o-] | (het water) Seace heating 70/50
25 Q ALTER NV > Y4

HP keeping
temperature at tank

78..30° 3 1
<> 60/75 e s~ s >eo/?5/105

Hodtpane:

HP keeping temperature Pump keeping D H N et
6..8C after Hﬂ . temperature
P keeping at cendencer sidel
temperature at tank

<> 8.12 £ 35..65/75°

g
E_@) % to OH network  DH net
% = 4@ 45 557 (FORTUN TARTU)
. 45.60°
Pump keeping level ot HP keeping temperature Pump keeping
bretk tank B..EC after HP temperature
(werking if <0C) at cendencer sidel

Process cooling & DH injection
2 stage process (2 heat pumps)
800 kW


mailto:roberto.garay@tecnalia.com

tecnalia ) s
<RELATED
O,

“®

E*  UMONS

Universidad  Euskal Herriko Université de Mons
del Pais Vasco  Unibertsitatea

HERIOT ,\’g INTERNATIONAL
= 5] %\ HELLENIC
WAT T 45 e,

4/ UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

Industrial waste heat

PRINTING FACTORY CASE

(re—use of heat from hot gases)

<90°C (glycol /water)
> 250kW

YV /N

<

Hot gases from
drying process @ 3FS

to DH network

HVAC
space cooling

o~
()

[ | }60..63'

Y : 45..55°

9..12" 14°...20° : O‘

Process

cooling 14 24"

DH return

DH Supply



mailto:roberto.garay@tecnalia.com

tecnalia ) s

<RELOTED  |ndustrial waste heat

. . S L.,;.;.a,:.u...sm
b S (4= ] I owy, e i
&g UMONS il s | s e e
le Vdad EkatH“k Université de Mons c : - e . .
HERIOT e rpom |
INTERNATIONAL - — -~
= %‘\ HELLENIC mug (T I i i S
WATT UNIVERSITY T I _ ) ;
ﬂ? UNIVERSITY o I :
Fesu - LA,
(s AaE | '-nlhm
Roberto GARAY MARTINEZ . -_“IF, ‘+‘J ‘ o J—— . L
. - L o . DR | LAGHGR =
roberto.garay@tecnalia.com tess W T . _ ——
Tecnalia f A —
Building Technologies Division :M i .

1. Direct heating of economizer water
2. Indirect heating of economizer water -

3. Indirect heating of fresh water G

a bza® |1l e

from BO|Ier
: System : v
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<RELOTED  Heat Pumps

RO

* Typical applications.
t‘-" UMONS * Deep Geothermal
HERIOT PR . Sf.\allo.w Geothermal
[\/\\Ifﬁﬁ;l;”llj 24" UNIVERSITY e Air Driven
e Performance
Roberto GARAY MARTINEZ  Good COP levels at ~“55-652C DH Flow
;Zt’re];tl;'gara\’@tec”a“a'com * Economic performance requires on electricity mix
Building Technologies Division ] Sma” DH networks
* Fairly economic
e Escalable

* Only requires electric supply (virtually everywhere in EU)
* Typical heat source in new DH networks
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<RELOTED  Heat Pumps
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* DH network in Vinge (DK)
t"? UMONS * New town. Presently ca 100 hab.
HERIOT |z prmyrone * To be populated up to 20.000 hab.
W{iﬁ;l‘;?l; jﬂ\ UNIVERSITY PY 559C FIOW T.

* Portable Heat Pump System
Roberto GARAY MARTINEZ * |n container.
roberto.garay@tecnalia.com ¢ Composition
Tecnalia e % HP

Building Technologies Division
g 8 e Sotorage tank

* In-line heater for peak loads
e Additional containers to be installed in the future

* To be superseded by larger heat source when town grows
* Eventually biomass boiler/CHP
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Heat Pumps
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v UI\/IONS * [nnovative uses
s Sy * Reject heat from supermarket cooling applications
HERIOT R prEmyow * Reject heat from data centres

% WATT UNIVERSITY

/ UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division
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COPyp ()
O = M W B L ooy a0
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-15 -10 -5 0 5 10

5H Supply Line
T GC axmit = 35 [C] 5H Return Line

DH Return Line D'H Supply Line
Heat Pumps [ 0=t 1 11
Gas cooler SH Desuperheater DH Heat Exchanger

High-stags
COMprassor
F

e Supermarket

Medium temperature
room
Booster
COmPressor

Low temperature
Foom (freezer)

—+—SH Only —8—DH (SH Priority) —@—DH Only

Heating cost Ch (€MWh)

-15-14-13-12-11-10 9 8 -7 6 5 4 3 -2 -1 01 2 3 4 5 6 7 8 9 10
Outdoor temperature (°C)

Qutdoor temperature(°C)

Adrianto, HeatRF Heat Recovery from CO2 Refrigeration System in Supermarkets to District Heating Network, 2018
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* Reject heat from data centres
%* UMONS .
| Uniersisad  EustalHerro Université de Mons ° FGH Zurlch.

%< INTERNATIONAL

Ry * Housing Community

* Various housing blocks, each with specificities (insulation &
heating system)

Roberto GARAY MARTINEZ .
roberto.garay@tecnalia.com * Close to 2 main datacentres (Central DCs for Bank &

Tecnalia Insurance companles)
Building Technologies Division -

. Credit Suisse
~. Uetlihof
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Building Technologies Division

Heat Pumps
* FGH Zurich.

e “Cold” DH network @ 20-30¢C

* Heat pump in each block
* Space heating T according to specific Flow T for buildings

e DHW T according to standards
* 1 heat pump (buildings with SHT >DH T)
e 2 heat pumps (buildings with SH T < DH T)
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CHP

456+486=942% |
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CHP

Hot water circuit {calculated with Glycol 37%)

Recoverable thermal output = 31345 KW
A w e e VS ARE AR e DM iAg f'lq-.m'lﬂ'lllﬂﬂ-]

Hot water flow rate "' 161,0 m*h '

T00°C |
W Losmaw | CRIT LI 1w
Y
- mc;l 12“: H]'!.Ei:ll::zil' g LT Exhaust gas 1 .
" !
309 kW AB4 KW I I
J_ M o00ec !
" Lube oil Engine fp=——— = | = 4 @ lte=s=e=es ‘
|
P, A L B O O O s B O ~ 3G T
e el rH'H'E h a4 i [ 11~u'cJ!
BT ™ J’ mu.‘LJ-C b
- H-?I:w :
Intercoolk < lube ol .
Low temperature circuit (calculated with Glycol 37%) |, | 5=5e" |- ‘r'-i,;.;.,' .
N i "“h,,;
Heat to be dissipated = 207 KW Mo | u,r-l:h : YL
(AW aHemtoE 5 A pEre B ORHing uqunumtnu-] lmimemims | - s e
Cooling water flow rate "| Bo0mYh | max. 30 °C ‘
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CHP

SnTPV [MW]
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Building Technologies Division

CHP

* Nikola Tesla Power plant
 (Belgrade, 300,000+connetions)
* Presently electric power plant
* Conversion to CHP
* Connection of condenser to DH netork

* Within a wholistic plan
e Reduction of carbon footprint by 45%

Chinese company to build heating
pipeline in Belgrade

Serbia | June 8, 2017 | Commen ts: 0 | Author: Balkan Green Energy News |

Mali said the EUR 200 million project is very important both because it brings annual savings of about EUR 43
million or about one third of the EUR 140 million which the Belgrade district heating company spends for gas

imports.
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4. Solar Thermal in DH
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<RELOTED 4.1 Large Solar

RO

: * DHs

e Large & continous heat loads
tﬂ’ UMONS * Large energy bills
HERIOT | nrevwmona: e ST
GWALT - twssin  Discontinous heat production

* Free heat

Roberto GARAY MARTINEZ e (isolated systems) non optimal heat usage
;Zt’re];tl;'garaV@teC”a“a'com * (isolated systems) expensive to set up & mantain
Building Technologies Division ° Oportunity

* Optimal heat usage
* Lower (specific) upfront & maintenance costs

e Drawback

* Higher temperature levels (than in isolated systems)
* Transmission losses
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4.1 Large Solar

Silke‘ org

Radisson|Blu Hotel

7\
® scandic Silkeborg Rapirfabrikken, Silkebo.
= pI

Hvinningdal 195

Silkeborg SDH system

http://arcon-sunmark.com
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4.1 Large Solar e
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HELIOS, SDH conference Graz, 2018
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Building Technologies Division

4.1 Large Solar

* Specific ST panel systems (~15m?)
e Systems installed over ground

* Large panel arrays

* Relevant use of land

e Substantial energy savings

* Substantial economic saving
e Cost of heat ~20-30 €/MWh
* (vs 40-50 €/MWh with fossil fuels)
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<RELOTED 4.2 Storage

@)

e |

- MONS * SDH without storage
Rl  Limited to periods with relevant solar input (summer)
HERIOT & o * No production during night periods
EWATT s G, _ .p o g night p

* Sizing limited to summer loads
Roberto GARAY MARTINEZ * Storage
roberto.garay@tecnalia.com e Increase solar fraction
Tecnalia

Building Technologies Division o Heating by night
* Heating during autumn & Winter

e Other benefits in peak shaving
e Can store heat from other producers even without solar input
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Building Technologies Division

4.2 Storage

* Day/week storage
e Stratified tanks

thermal solar plant

2.000 m2 - 1st phase
(10.000 m?2 - final stage)

VaVaVaVid

landfill
o—6—6—6—0

- landfill gas

~ gas (reserve)

renewable power by
I Solar Graz

-
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roberto.garay@tecnalia.com E e C Se 6
Tecnalia X r I

Building Technologies Division

Storage heat loss for large volumes
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Roberto GARAY MARTINEZ
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Building Technologies Division

Exercise 4

200MWh

* Now something 100 times larger. 20GWh
309C of Flow-return temperature difference

Size 5714 m3
* Now?
Heat Loss @ 652C AT in 1 month. 15%

Pit storage (lets asume that is cubic)

Square floorplan
e Side
e Surface?
Height?
Heat Loss @ 652C AT?

=571400 m3

=150 m

=22 500 m2
=25,4m

~1700kW =~1,7MW

n Bt Lo winat_Ja

22500
Side 15240 0,7
Bottom 22500 0,5

Total

Heat Loss @ 652C in one month?

~295
~693
~731
~1700

~ 1,28 GWh
~ 6,4 % of 20 GWh
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4.2 Storage

e Seasonal storage
* Pit storage

o

-

SILID

solarinstallation+design

Solar

- 450.000 m?

‘ 250 MW

Reference project in progress — Solar district heating:

Seasonal Storage
1.800.000 m*

Feasibility Study BIG Solar Graz

Graz

Fakkrchen bel Graz

e \\ 0°C © // ]L =
LJ = __&«, o c b / m Gasboile
\\\ 2'-)'[' .{” 41 MVV “ 55 MW 450 3
: ) GWH 217 GWh 3
t Yy 25C | Healpumps w—f‘;’.w..ﬁ_—iﬂ
- e L 96MW | 383 GwWh 1
.‘.‘ml{"./‘}l- =8 ‘\lm/ r— Aon— —

D580 T M6
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Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

planenergi.eu

Dronninglund District
Heating; 37,573 m2 of
solar collectors and
62,000 m3 pit heat
storage

~2m3/m?2

ramboll.com
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Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

planenergi.eu

Dronninglund District
Heating; 37,573 m2 of
solar collectors and
62,000 m3 pit heat
storage

~2m3/m?2

ramboll.com


mailto:roberto.garay@tecnalia.com

tecnalia ) s
<RELOTED

g*  UMONS

Universidad  Euskal Herriko Université de Mons
del Pais Vasco  Unibertsitatea

HERIOT
WATT

L\I\ ERSITY

%< INTERNATIONAL
HELLENIC
UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

4.2 Storage

e Seasonal storage
* Pit storage

Investment cost** per m* water equivalent* [€/m®yg]

400
1 \ *) water equivalent volume: A Tank (TTES)
Hanover . LAT,
1 \ V=V - oM p.SM TS :
350 Y — WETVSM o e w - ATw + Pit (PTES)
1 . Hamburg SM: storage medium " Borehole (BTES)
] W: water
300 ‘ AT usable temperature difference  ® Aquifer (ATES) —
] N **| monetary value 2017 Others
4 Munich
250 1 :
)
1 ‘ " Friedrichshaflen
200 1 Eggenstein-# /' |
Chemnitz- /Nerkarsulrl‘l 1
150 Crailsher
Marstal.1, DK+ \[Okotnk‘s. C|A
100 1= Attenkirche 1\ 1 e 2| LAbr DK
1 T y Marstal-2, DK
] ~| H T Toftlull'ld.DK
50 Braedstrup, DK—S———=—— DK
] [ | < | ;7/—:1,[?'11 ~Vojens, DK
Rostock @ R ] ‘
) 111 1
1000 10 000 100 000 1000000

https://backend.orbit.dtu.dk/ws/files/141970828/Untitled 2.pdf

Storage volume in water equivalent” [m?yg]

https://www.solarthermalworld.org/news/seasonal-

pit-heat-storage-cost-benchmark-30-eurm3
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<RELOTED 4.2 Storage

@ * Some tricks with heat pumps
e Storage temperature not enough (~ by 10-152C)
E*  UMONS « Heat pump can be use at VERY LARGE COP
ol S * Primary-side: storage
HERIOT /%K INTERNATIONAL * Secondary-side: DH
WAL L3 oo * Increased use of solar heat
* Tank not sufficiently stratified
Roberto GARAY MARTINEZ * Heat pump can be used to better stratify tank

roberto.garay@tecnalia.com
Tecnalia
Building Technologies Division

* Primary-side: bottom of tank /outlet to ST

» Secondary-side: top of tank / inlet from ST
* Increased performance of ST field (lower inlet T)
* Increased stratification & better use of heat in DH

e Storage temperature not enough (~ by 202C)
* Heat can be injected in return line of DH
* Onlyin low share (<25% of total load)
* Only if hydraulic design of network allows
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<RELOTED 4.2 Storage

RO * Some tricks with heat pumps
e Storage temperature not enough (~ by 10-152C)

E‘.—,i QMON * Heat pump can be use at VERY LARGE COP
HERIOT &/\’8 INTERNATIONAL Prlmary-SIde: Storage

WATT 47 UniveRsiTy » Secondary-side: DH
./ UNIVERSITY
* |ncreased use of solar heat

Roberto GARAY MARTINEZ

Sciersborg
roberto.garay@tecnalia.com 2
Tecnalia 5 v |remmmw
Building Technologies Division DOFOTI TN T ‘ 20 MW I
3 120 MW
1.800.000m* 4~ e | -
we o 7 | 160 Mw 2
M°C “,/ §
: 20 Heatpumps
l—v A
~d 96 MW
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<RELOTED 4.2 Storage

@ e Some tricks with heat pumps
» Storage temperature not enough (~ by 202C)
tﬂ’ - UMONS * Heat can be injected in return line of DH
dlf_IVERIOT 5 p * Onlyin low share (<25% of total load)

GIWAT'T - R * Only if hydraulic design of network allows

/ UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com Supply-Supply  Return-Supply  Return-Return

Tecnalia (premium) (standard) (low grade)
Building Technologies Division

o]

https://www.idae.es/uploads/documentos/documentos_Las_grandes_redes_de_Barcelona_337872ef.pdf
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4.3 Distributed Solar

* Connection of Building Integrated ST systems to DH

* Advantages

e Greater heat production (than Isolated systems)

e Lower transmision loses (than Large Solar)
No need for storage (if ST in less tan 1/3 of buildings)
Injection in return line substantially increases heat production

Maintenance costs can be reduced (compd to Isolated
systems) if performed by DH company

* No need for land (compd to Large Solar)

e Disadvantages
* More complex & expensive than Large Solar
* Only small solar fractions are achievable without storage
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4.3 Distributed Solar

e ST systems in facades

* (unglazed systems, mainly connected

to return line)

e When ST needs to be installed

* Connection to DH cheaper than
isolated systems

* No need for backup heat source

* Negative Operational costs

* DH purchases heat at a fraction
of DH heat cost

€80.000

€70.000

€60.000

€50.000 -

€40.000 -

€30.000 -

€20.000 -

€10.000 -

€000 -

-€ 10.000

.llll.‘!...

aT e
1 e
IR R R
Bl

[ ...‘-.I | B | M“'
EEmiareimneiiee

B RIS
L L

I B B T

M Investment costs (€)

m Operational cost
(€/year)

Gas boilers Joule  Geothermic ST wi

H ST without

Heating heat pump

DH

M. Lumbreras, et Al. Unglazed solar thermal systems for building integration, coupled with district heating systems... Journal of Facade Design and Engineering, 2018
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@ e Technical issues to be considered
Prelimi tudy. To be refined
* rFrelfiminar stuay. 10 be retrine
'«‘ai‘ UMONS L .
s S S5 ce Mo » Systematic injection in return line
E\ﬁ%% £ Do * Only valid for low solar fractions

& oxiveisis * Only valid for a limited number of

connections
Roberto GARAY MARTINEZ

roberto garay @tecnalia.com * Business issues to be considered
Tecnalia ] . ] ]
Building Technologies Division * Economic performance varies with DH heat price

* DH operators make their business* on Heat production
& Distribution. ¢ Will they allow this kind of systems?

M. Lumbreras, et Al. Unglazed solar thermal systems for building integration, coupled with district heating systems... Journal of Facade Design and Engineering, 2018
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ZRELOTED 4.3 Distributed Solar e

s 7 cmasta b at ot Bl |

. . * Analisis de potencial 4
* Integration of ST fields over y:voﬂu?jd%desde .
o g integracion de %
existing DH networks (2) maels
t“’ UMQHS in Barcelona
Eﬁ%% ) BEEENE * Large ST fields (over factories)

A/ UNIVERSITY

* Connection of Building

Roberto GARAY MARTINEZ Integrated ST
roberto.garay@tecnalia.com
Tecnalia * Different DH heat price in each network

Building Technologies Division

https://www.idae.es/uploads/documentos/documentos_Las_grandes_redes_de_Barcelona_337872ef.pdf
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https://www.idae.es/uploads/documentos/documentos_Las_grandes_redes_de_Barcelona_337872ef.pdf

4.3 Distributed Solar

 Large Solar in Ecoenergies network (biomass)

e Profitable Return on investment if solar fraction <~30 %

10% -

% +

2

TIR (20 afios)
o
b

§

-15%

i S IS SO
0.00% 20.00% 40.00% 60.00%

Fraccion solar (%)
¢ Base » Favorable a Desfavorable
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@  Large Solar in Ecoenergies network (biomass)
Er
* Levelized Energy costs increase if Solar Fraction >30-35 %

5y UMONS

dd Euskal Herriko Université de Mons
celPal Vas  Unberitaen e —
HERIOT '— :?E{ilég,?gl()NAl_ *
WATT UNIVERSITY 0.25
L\I\ ERSITY » .
* ¢:‘:
— 1 0. 1 SRR E—— :
Roberto GARAY MARTINEZ S .. :;
roberto.garay@tecnalia.com «-‘;. 0,15
Tecnalia = oo * o 0
L
Building Technologies Division S 010 b e
R ’ . P P *
*
¢
0,05 |t ewetdd S0 T
D,Dﬂ T T T |
0% 20% 40% 60% 80% 100%

Fraccion solar (%)

https://www.idae.es/uploads/documentos/documentos_Las_grandes_redes_de_Barcelona_337872ef.pdf
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@ * Large Solar in Districlima network (waste
En . . .
£3  LUVON incineration)

"ai' = Uniersté e Mors * Not profitable due to low cost of heat

HERIO I &/\’8 INTERNATIONAL
=T ) HELLENIC
%’ M I I %k UNIVERSITY

UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

https://www.idae.es/uploads/documentos/documentos_Las_grandes_redes_de_Barcelona_337872ef.pdf
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i"fE’EELOTED 4.3 Distributed Solar

O * Building Integrated Solar in Districlima network

(waste incineration)
%* UMONS

s Egaento  Unersié ce Vons * Heat production doubles when compared to isolated
HERIOT /\'g INTERNATIONAL SyStem
EWATT % S

UNIVERSITY Rad. Produccién | Aport. Aport. solar

{kWh) solar solar solar interna (red Apnrt.' s .re'd
S . . rer de distrito
incidente campo consumo interior edificio)
I
Roberto GARAY MARTINEZ 128.812 52.879 50.374 24,605 25.769
roberto,garay@tecnala.com
Tecnalia
. . . 7.000
Building Technologies Division —

5.000
4.000
3.000
2,000 1
1.000

Eneragia {kWh)

& p £ F & 2 F
L o
S § & ¥ ¥ 5 5

https://www.idae.es/uploads/documentos/documentos_Las_grandes_redes_de_Barcelona_337872ef.pdf
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4.3 Distributed Solar

* Building Integrated Solar in
Districlima network (waste incineration)
* Project costs include only connection to DH
* Positive internal return rate in many projects
e (even for low cases with low cost of heat)

https://www.idae.es/uploads/documentos/documentos_Las_grandes_redes_de_Barcelona_337872ef.pdf

Nomenclatura

SCH1TIP1CAS1
SCH1TIP1CAS2
SCH1TIP3CAS1
SCH1TIP3CAS2
SCH2TIP1CAS1
SCH2TIP1CAS2
SCH2TIP3CAS1
SCH2TIP3CAS2
SCH3TIP1CAS1
SCH3TIP1CAS2
SCH3TIP3CAS1

3,20%
6,20%
4,30%

14,60%

6,30%

3,90%

1,10%

SCH3TIP3CAS2 12,50%
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5. Economics of Solar
Thermal in DH
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5.1 Economic Metrics

* (almost) all projects in a competitive environment are funded based on
economic metrics.

e Each firm has its own criteria to accept or reject projects.

e Typical criteria include:

* Profitability of Project

 (internal) Return Rate, IRR. Value deemed by the Project at a yearly basis in [%/year] *

* Return on Investment, ROI. Value deemed by the Project in total [% or UNITS]
Value of Project

* (discounted) Net Present Value, (d)NPV. Present value of project [€ or UNITS]
Value of money

* Interest rate, (i). [%/year] *
* Risk

* Payback period. PB, time until investment is recovered [years]

» Discount rates [%/year], wich incorporate risks (country, currency, custommers) *
Ambitions

» Desired revenue of projects. [%/year] *

« Commonly all items under * are valued in a compound discount rate
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5.1 Economic Metrics

Revenues
A

Payback period

[y

»
L

Energy savings

Initial investment:
- | Design
Materials

Investment/costs

Cumulated
Cash Flow

Time (years)
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5.1 Economic Metrics

Cn
NPV =) ETT

NPV
ROI = 7 x 100

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com

Tecnalia Pan, Where van > O

Building Technologies Division
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5.1 Economic Metrics

* Typical values (non-profit DH company):

* Profitability of Project
* (internal) Return Rate, IRR. > loan interest + ¥ 5 %

Vi

Value of Project
* discounted Net Present Value, dNPV. >3-4
Value of money *
* |Interest rate, (i). Typically very low. ~0,5-1 %
Risk *
* Payback period, PB. < 5-10 years (**,**%*)
+ Discountrates{%/year]
Ambitions
(*) DHs are stable systems with low risk, but depends also on reliability
of each company

(**) Can be longer for very large investments
(***) Can be <1 year in some cases. If so, they are decided “on the go”.
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5.2 Investment Decission

* |ssues to be considered at DH level

* Heating mix

* Multi-year evolution of heating loads

* Facility commissioning / de-comissioning cycle
Status of other investments

e Space & Funding availability
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Issues to be considered at DH level

* (for the introduction of SDH)

* Heating mix
* Number of different producers
* Classification under Peak, Intermediate, RES & base
production systems
* Base production

» Systems with full load operational hours exceding 3000-
5000 h

* Very efficient heat production systems, CHP or large
boiler systems

* Heat production systems which require >3h of startup
time


mailto:roberto.garay@tecnalia.com

tecnalia ) s

<RELQTED

“®

E*  UMONS

Universidad  Euskal Herriko
del Pais Vasco  Unibertsitate:

HERIOT y/\’g INTERNATIONAL
WATT 2" UNIVERSITY

UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

Issues to be considered at DH level

* Intermediate production

e Systems with full load operational hours in the range of 1000
to 3000 h

Efficient, medium-size systems
Commonly at part load (Winter and intermediate season)

Commonly as base generation technology when larger
producers are stopped for maintenance (summer)

Typically biomass/natural gas boilers & heat pups

* RES
 Renewable energy systems
* Industrial waste heat systems
* In some cases, without possibility to difer heat production
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Issues to be considered at DH level

* Peak & Backup production
* |nexpensive systems

 Activated under peak conditions (coldest days in the
year)
* Or due to failure/non-availability of other systems
* Typically natural gas boilers
* Heat pumps not optimal for very cold days.
* Typically geographycally distributed

* Redundancy for pipeline failure cases
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Issues to be considered at DH level

* (for the introduction of SDH)

* Multi-year evolution of heating loads
* |s load stable?
* Load increase due to densification of network
* Load increase due to extension to new neighborhoods
* Locally deployed systems?

* Load reduction
* Climate change?
* Increase in building insulation levels
* Better heat supply alternatives
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Issues to be considered at DH level

* Facility commissioning / de-comissioning cycle
* Are some old facilities expected to be de-commissioned?
* How will this impact in the production mix?
* Are new facilities to be constructed?

e Status of other investments

* Viability of investments not yet paid back need to be
guaranteed

* Or discounted from newer investments
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Space & Funding availability

* Space
* Land availability within DH plants (if VERY large)

* Space for ST fields can be found in the viccinity of DH plants.
* Not relevant ST capacity when compared to DH plant.

* Towns < 5-20,000 hab.

 Commonly reasonably-priced land is available.
* Industrial areas

* Roofs, parking areas, etc.
* Large cities

* “imaginative” solutions

* Building integrated, etc.
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http://solarheateurope.eu/2018/06/18/big-solar-graz-the-largest-solar-district-heating-plant-is-moving-ahead/
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SDH project


mailto:roberto.garay@tecnalia.com

tecnalia ) s

<RELQTED

8
KO,

& UMONS

ds.d E le k
le V Université de Mons

HERIOT % INTERNATIONAL
@WATT UNIVERSITY

UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

Space & Funding aailability
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Drake Landing Solar Community (CA)
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Space & Funding availability

* Funding

e Own funds.

* Commonly limited to investments < 5 % of yearly turnover.
* Low impact at large scale

* Multi-party agreements
* For all large-scale investments
* Funding from Banks & Investment funds
* Subsidies from National & Regional government
* Guarantees
* Multi-year heat purchase agreements at ~fixed Price

* Feed-in tariffs & subsidies (e.g. CHP electricity)
* (stability of normative framework)
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5.3 Operational Criteria (high-RES)

* SDH plant is “systemic”

* Produces a relevant share of heat in a given period (e.g.
>20%)

» Stable heat production capacity

» Substitutes other heating technologies (e.g. other plants are
stopped for maintenance)

* Criteria
* Meet DH Flow temperature levels

* Stabillize production, with at least daily/weekly thermal
storage

* Incorporate backup heat production system


mailto:roberto.garay@tecnalia.com

tecnalia ) smies

<RELQTED

O;
&
E*  UMONS

Universidad  Euskal Herriko
del Pais Vasco  Unibertsitate:

HERIOT &/\’g INTERNATIONAL
WATT 2" UNIVERSITY

UNIVERSITY

Roberto GARAY MARTINEZ
roberto.garay@tecnalia.com
Tecnalia

Building Technologies Division

5.4 Operational Criteria (low-RES)

e ST produces some free heat

* Small share heat production (e.g. <5%)

* Variable heat production
* Excedentary heat from a building/factory

* Criteria
* Preferrably, production at DH Flow temperature level

* Lower Flow temperature accepted (e.g. -5-102C).

* Injection to return level is posible (in some systems)

* Much higher performance, but higher heat los & lower price of
heat

* No storage or backup heating
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5.5 3S5izing

e Collector field

e Optimal orientation: ~South

* Optimal slope: 30-40¢
* Storage

* |Inertia/short-term
* Daily
e Seasonal

<0,05 m3/m?
~0,3 m3/m?
~ 2m3/m?

(vertical tank)

(borehole/pit storage)
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EXERCISE 7

For educational purposes only
Proper design requires
Basic engineering of ST plants
Transient load & production andlisis (e.g. hourly)
CFD analisis of storage tanks
Detailed control loops
Cost analysis

Plant Sizing, Energy & Economic performance
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* Turning point for a collector (perf >0)

* DH temperature levels: 60/302C
* Collector mean Surface temperature: 45 °C

 Ambient temperature: 5 eC

« AT: 40 2C
 perf =0,853 - 2,71*(AT/I) - 6,0046*(AT*/1
e | where perf>0: 127 W/m?

e Performance at 300 W/m? 49 %
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e Solar energy yield
"a’ UI\/IONS
P SRR * Average collector performance: 35%
HE\%&(T)% 4 pamEgrow: KWh/m?2
* Monthly solar energy
* July: 5.3 kWh/m?.d -
Roberto GARAY MARTINEZ ® DaVS in mOnth 120
roberto.garay@tecnalia.com 100
Tecnalia 31 80
Building Technologies Division e Available solar energy 60
164 kWh/m? '
° Input to DH 1 2 3 4 5 6 7 8 9 10 11 12

57,5 kWh/m?
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e Total DH load: 1625 MWh

e Desired solar fraction: 40 %
e Required solar input to DH

* Yearly solar energy yield: 1,2 MWh
* Average collector performance: 35%
e Required collector Surface

e Land-to-collector surface ratio: 3
* Required Surface for collector field

650 MWh

1547 m?

4642 m?
~0,5 ha
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* Load & production patterns

* Storage size
« ~60 MWh? NoO
* 90 MWh? No
e “250MWh ? Yes
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e Storage capacity: 250 MWh
e Cp: 4,1 kl/kg.K
 density: 1000kg/m3
e AT: 30 2C
e 1kWh =3600 kJ
* (effective) storage volume:

* Vertical tank
* Diam 20 m / floorplan 314 m?

e Height:

7300 m?

23 m
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* Collector Surface: 1547 m?2
"a"" UMONS » Unit cost: 300 €/m2
HERIOT G pmgpon * Storage volumen: 7300 m3
WAL L3 o e Unit cost;: 300 €/m3
* Total investment 2. 654.100 €
Roberto GARAY MARTINEZ _ ,
roberto.garay@tecnalia.com * Service life: 15 years
;icilnda;lr:z Technologies Division * Yearly heat prOdUCtion: 667 MWh
e Cost of heat: ~265 €/MWh

* Is this profitable? ~ No (should be ~20-30 €/MWh
* Reasons? Small field & large tank
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* Collector Surface: 1547 m2
_&* UMONS

e Unit cost: 200 €/m?2

HERIOT y/\’g INTERNATIONAL . .
EWATT 4 S +_Storage-volumen—/300-m3 (instantaneous supply to network)

UNIVERSITY

2 Unitecost: 300-£/m3
Roberto GARAY MARTINEZ ° I
roberto.garay@tecnalia.com TOtal Investment 309400 €
Tecnalia ° : FA .
Building Technologies Division SerVICe llfe' 15 years
* Yearly heat production: 667 MWh
* Cost of heat: ~30 €/MWh

* |s this profitable? Yes
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6. Wrap-Up
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Topics discussed

B w e

Context

Performance of ST systems
District Heating Systems
Solar Thermal in DH
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Key Issues

* Energy sector is a fast evolving system

e De-carbonisation, sustainability & security of supply are
key issues

* DHs are a relevant heat supply technology

* There is an increasing need for renewables in DHs

* Solar systems are increasingly common in DH networks
 Solar systems can de-carbonize DH networks

e Solar heat is substantially cheaper than other
technologies

 Sustaniability & economic performance need to
complement each other
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Thank you!

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 768567
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