Turpgaitas un atgaitas temperattru
optimizésana CSA un dzeséeSanai.

RTU

VASSI
Dzintars Jaunzems

| KeepWarm

Renewing district energy

ES “Horizon2020” programmas finanséts projekts “Centralizétas siltumapgades sistému darbibas uzlaboSana Centraleiropa un Austrumeiropa”
(KeepWarm), Granta Ligums Nr. 784966.
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RTU

Temu izklasts Vass

* levads
« CSA:

v’ Termodinamika
v'Hidraulika;

 Vadibas stratégijas;
» Optimizacija.
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|deala pasaule

Parvade

Energoefektivs

energijas
pateretajs

MAX pieejamo
AER
izmantoSana

Sadale

Vides aizsardzibas un siltuma
sistému institats

MIN un
energoefektiva
fosilo energijas

avotu
izmantoSana




RTU

Energoapgades modelis Vass|

Parvade un
sadale

Pateretajs
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4. paaudzes CCS un viedo tiklu
koncepts

Integréta zema patérina apkure, dzesésana un

_ . - Vieds un zemas temperaturas CSS tikls
karsta udens sistéma

Institucionalais ietvars,
ilgstpéjigai planosanai,
izmaksu, ieguvumu un
motivacijas elementi l ,r l u (s, o1

i:!‘w__m

S|Ituma parpallkuma izmantosana un AER
integrésana

Integreti viedas energosistemas un tikli
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Centralizéta siltuma (un
aukstuma) apgades sisteéma

RTU

VASSI
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Temperatiras reZzima pazeminasana

1. Relativie siltuma zudumi, ja patérétajs paliek
energoefektivaks;

2. lespéja izmantot un integrét citus energoavotus:
1. Atjaunigie energoresursi — saule, geotermala energija u.c.;
2. Siltumsuikni;
3. Liekais siltums;
4. Dumgazu kondensésana.

3. Samazinats CSA tiklu un carulu termiskais spriegums.
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Zemas temperaturas
CSA

Risinajumi zemakas atgaitas
temperattras sasniegSanai

RTU

VASSI
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CSA temperattru optimizacija

4 -3 ¥

Parvade &

e Tiklu inerce; h

¢ Siltuma akumulacijas
risinajumi;

* NepiecieSamie un vélamie
temperatdras rezimi.

R Generacija

14.11.2018

sadale

¢ Konfiguracija;
¢ Vadibas un kontroles
iespéjas.

\

(o Pieslegumi un cirkulacija;
¢ Vadibas un kontroles
iespéjas;
e |nerce.

\ Siltumpunkti un

siltummezgli

RTU EEF Vides aizsardzibas un siltuma sistému institlts

Pateretajs

¢ NepiecieSamais komforts;
¢ Siltumslodze profils;
e Lémumu pienemsana.

\
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Hidraulika

RTU

VASSI
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Siltumatdeve no caurules ar turbulentu
plismu atkariba no plismas atruma

1600

1400
= 1200
£ 1000
800
600
400
200

0

h_c*r(W/

0.05
0.15
0.25
0.35
0.45
0.55
0.65

Avots: L. LAAKKONEN. PREDICTIVE SUPPLY TEMPERATURE OPTIMIZATION OF
DISTRICT HEATING NETWORKS. Master of Science thesis. 2016.
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RTU

Pareiza hidraulika tiklos VASS

» Turpgaitas un atgaitas spiediens starp turpgaitas un atgaitas
magistraleém ir virs noteikta minimumam pie visiem ISM (tas
nozimé — izpildmehanisma varstam nav jabut pilntba atvertam,
lai nodrosinatu nepieciesamo siltumjaudu) un zem
maksimuma, kas var bat bistams varstiem;

* Neviena no tikla punktiem spiediens nenokrit zem globala
minimuma (gaisa infiltréSanas risks sistéma);

* Neviena no tikla punktiem spiediens neparsniedz globalo
maksimumu (bistami caurulvaud mehaniskajai izturibai).

Avots: Lesko, M., & Bujalski, W. (2017). Modeling of District Heating Networks for the Purpose of Operational Optimization with Thermal Energy Storage, Archives of Thermodynamics,
38(4), 139-163. doi: https://doi.org/10.1515/aoter-2017-0029
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RTU

VASSI

Pareiza hidraulika tiklos

» Jebkura laika momenta CSA darbiba, nepiecieSamas siltumneséja
plismas pie ISM un tikla konfiguracija nosaka optimalo cirkulacijas
un stknu darbibu (jauda un spiediens), lai nodroSinatu atbilstoSu
hidraulisko rezimu.

» Optimalo hidraulisko rezimu planu var atrast reallaika, jo nav
butiskas laika nobides.

- Siltuma generacijas plans un reZimi tiek ieguti, nemot véra ka bas
lespéjams nodrosSinat nepieciesamo siltumneséju plismu pie visiem
patéeretajiem.

 Praktiski hidraulika (sakuma) un pec tam termodinamika..

Avots: Lesko, M., & Bujalski, W. (2017). Modeling of District Heating Networks for the Purpose of Operational Optimization with Thermal Energy Storage, Archives of Thermodynamics,
38(4), 139-163. doi: https://doi.org/10.1515/aoter-2017-0029
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Termodinamika

RTU

VASSI
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Vienkarsots CSA termodinamiskais

modelis (I)

Kur:

T, .— turpgaitas temperatura pie
siltuma avota;
1,— laika nobide starp T, ;un T ;

S,C?
T, . — turpgaitas temperatira pie
patérétaja;
T, .— atgaitas temperatira pie patérétja;

T, . — atgaitas temperatura pie siltuma
avota;

1.— laika nobide starp T, .un T, ;
m - masas pllisma;

®,,,¢ — siltuma avota siltuma jauda;
®4 — patérétaja siltuma slodze.

VASSI

e - e e — _._-—".'; :
T R e —— ] i
rs

m ir atkariga no @, un T, . un T__starpibas.
®D,oq ir atkariggnomun T, un T, .

Avots: L. LAAKKONEN. PREDICTIVE SUPPLY TEMPERATURE OPTIMIZATION OF
DISTRICT HEATING NETWORKS. Master of Science thesis. 2016.
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Vienkarsots CSA termodinamiskais o o
modelis ()

CSA tiklu topologija:
+ Caurulvadi (Dn20 ... 1200...)

» Sadalijums tiklu zonas/sekcijas, ko raksturo
vienads/I1dzigs:

caurulu Dn;

geometrija;

raupjums;

siltumizolacija;

siltumneséja masas caurplide. T,. e — Tre

. gblﬁ]ei(lglsklu zonas/sekcijas iedala dazados m ir atkariga no @de, - Ts,c - Tr,c starpibas.

Individualie siltummezgli; . - .
Siltumpunkti ®D,oq ir atkariggnomun T, un T, .

Varsti un noslégarmatara;
Siltumavoti;
Suknu stacijas;

Siltuma akumul&cijas iekartas; Avots: L. LAAKKONEN. PREDICTIVE SUPPLY TEMPERATURE OPTIMIZATION OF
Uc DISTRICT HEATING NETWORKS. Master of Science thesis. 2016.
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Vienkarsots CSA termodinamiskais &

VASSI

modelis (II)

m — hidraulikas
iespejas un

Tturpgaita -
Jasabalnse ar

siltumavota

ierobeZojumi. darbibas specifiku.

Tatgaita -jO
zemaka, jo labak

. — zem_é\k.a !oIUsma,
DDy M ¢y (T, — T )OI

kogeneracijas

efektivitati.

C, ir mainigs (ietekmé temperatura un spiediens):

4.18 kl/kgK @35 °C & 2 bar;
4.24 klJ/kgK @120 °C & 10 bar.
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Vienkarsots CSA termodinamiskais R
modelis (llI)

Turpgaitas Atgaitas  NepiecieSama | Turpgaitas Atgaitas |NepiecieSama | Turpgaitas Atgaitas |NepiecieSama
temperatura temperatura plusma temperaturajtemperatura plusma temperatura temperatura plusma
(°C) (°C) (litri/kW) (°C) (°C) (litri/kW) (°C) (°C) (litri/kW)
90 60 28.7 90 40 17.2 90 30 14.4
100 60 21.5 100 40 14.3 100 30 12.3
112 60 16.4 112 40 11.8 112 30 104
120 60 14.3 120 40 10.7 120 30 9.5
133 60 11.8 133 40 9.3 133 30 8.4
150 60 9.6 150 40 7.9 150 30 7.2
180 60 7.2 180 40 6.2 180 30 5.8

Stacionars reZzim S, konstanti un standarta a pst5 k! i. Avots: https://www.engineeringtoolbox.com/district-heating-temperature-capacity-d_1810.html
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Ja esosa CSA infrastruktira un & Thcs,
patérina profils ir nemainigs

» Ja samazina tiklu turpgaitas temperattru, obligati ir japanak
atgaitas temperatliras pazeminasanos, lai nepieaugtu plismas
atrums.
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Siltuma zudumi no caurulvadiem

Qzud.=z I'i g; (tc._ tvide)t
Kur:

L, — caurulvada garums [m];

g; — caurules siltumvaditspéjas koeficients [W/(mK)];
t. — caurules vidéja temperatara [°C];

t,iqe — apkartéjas vides temperatura [°C];

T — aprekinu periods h.
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& Vass|
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Pateretajs
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Tipisks patérétaja pieslegums CSA B hss

Neatkarigs individualais
siltummezgls:

 Lielaka siltumslodze ir
apkures sezona;

* No argaisa neatkarigi, CSA |
turpgaitas temperatira un - |
siltumslodze karstajam o
tdenim (KU) janodrosina 24/7
visu gadu;

- Kas ietekme atgaitas
temperaturu apkures un KU S
ko ntu ra pate reta] a p u Se 7 Avots: https://www.slideshare.net/siltinam/apkures-automtika-siltummezg|

AT
A
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Patérina profils — cik daudz, ko un

kad?

* Apkure;

« Karstais udens;
 Ventilacija;

* Dzesésana;

« Razosanas procesi;
* U.c.

Mx |

Supply temperature (C)

Measured customer | |
Modelled customer

measured suoply

IVW!W\ 'U | l“

ﬂ' f
W u!w WWW

|
Feb  Mar ﬁ-.pr My Ju Jul Ag Sp Oct MNov

Avots: L. LAAKKONEN. PREDICTIVE SUPPLY TEMPERATURE OPTIMIZATION OF

DISTRICT HEATING NETWORKS. Master of Science thesis. 2016.
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Patéeretaja apkures sistemas T
specifika

« Ka nodrosinat zemaku atgaitas temperatiiru pateretaja puse,
nodroSinot noteiktu iekStelpu komfortu?

» Patérétaja energoefektivitates paaugstinasana?
* Lielakas virsmas sildkermeni?

* Nobalanséta siltumnesgja plisma patérétaja puse?
» Labaka gala lietotaja energoparvaldiba?

* Vai ta ir CSA operatora atbildiba?
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Dazadi elementi:
* Izpildmehanisms;

ISM darbiba

Varsts;
Siltummainis.

14.11.2018

h kv q P Jatiecas, lai

Actuator Valve Valtve authority Terminal Circuit
characloristc characleristic effect characlorislic characleristic
(inherent)

http://www2.imi-hydronic.com/Iv/zinanas-rki/tehniskie-raksti/aplikcija/mazu-pateretaju-vienibu-
balansesana-un-regulesana/

RTU EEF Vides aizsardzibas un siltuma sistému institlts

@ Vass|

1 I ; [Tkne P(u)
/ / / , batu lineara.
- » U » h s kv q A
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ISM esoSsie siltummaini (SM) — 1 @ ass

Temperature Temperature
letekméjosie parametri: | |
* SM logaritmiska vidéja
temperatiru starpiba (LMTD); T1
« SM termiskais garums (Q) —
apraksta, cik labi SM notiek AT
siltumapmaina.
T4 T2
AT2
MTD = AT1 - AT2 T3
In AT1
AT2

https://www.alfalaval.com/globalassets/documents/microsites/heating-and-cooling-hub/alfa_laval_heating_and_cooling_hub_the_theory_behind_heat_transfer.pdf
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ISM esosie siltummaini (SM) — 2 @ lass

« SM termiskais garums (@) —
apraksta, cik labi SM notiek

siltumapmaina. o e S
bt k . A ”GC]I.-I..-"'-.___“L ”C’L | T (o)
~) = . A | -
LMTD .

https://www.swep.net/refrigerant-handbook/1.-basic-heat-transfer/as1/

kur: &t — temperatiras starpiba viena SM pusé, [°C];
k — siltumparejas koeficients, [W/(mK)];

A — SM siltumparejas virsmas laukums, [m2];

m — masas plismas atrums, [kg/s];

C, — siltumneséja Tpatnéja siltmietilpiba, [kJ/(kgK)]
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ISM esosie siltummaini (SM) — 3 @ ass

Thermal length, NTU

* SM termiskais garums (©) — -

Expectations on new heat exchangers in Swedish substations

Tpasi batiski karsta Gdens 5 ]
sagatavosanai.
Lystrup, Danija: 3
4. paaudzes CSA: : '
- karsta 0dens t° rezims: 50-20/14-47 °C;  ° . o
« SM termiskais garums 7,6. . . H:szpt
—Linear (Heating)
Nakotné: [idz pat 8 NTU (Number of o . | !
Thermal UnItS) 1960 1970 1980 1990 2000 2010 2020
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Apkure

1. Parlieciba, ka €kas aréjas norobezojosas
konstrukcijas atbilst vismaz LBN 002-15
"Eku norobezojo$o konstrukciju
siltumtehnika".

Nodrosinat optimalu siltumatdevi no

sildkermeniem:

» Termostatiskie varsti un atbilsto$a diferenciala
spiediena nodroSinasana;

 1-caurulu sisttmam: apvads, atpakalplismas
ierobezosana utt.

Nobalanséta siltumneséja plisma:

* Mainiga siltumneséja plisma, atbilstosi
faktiskajai siltumslodzei;

» Automatiska stavvadu balanséSana
(temperatlra + spiediena starpiba).

14.11.2018

RTU

VASSI

Modulating

Coll

Induction unit

Batlie Active Alr Bafle

Passlve Alr B
Conling cetling .~ = | i )
T 2T T Aagrraagrigri]
~=—7 i) 7
Radiator
underfioor Heating =
o _‘:___ 'l
= |||l
on/off T

Haurs Lecands

http://www2.imi-hydronic.com/Ilv/zinanas-rki/tehniskie-raksti/aplikcija/mazu-pateretaju-vienibu-
balansesana-un-regulesana/
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VASS|

Radiators ar/bez termostatisko varstu

 Termostatiska funkcija,
letekmé caurpltdi;

« Termostatiskais varsts
lauj pazeminat
atgaitas temperatiru
no radiatora;

| return
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Karstais Gdens () @ Tiss

LBN 221-15 "Eku iek$&jais Gdensvads un kanalizacija“:
jaunblvéjamam vai rekonstruéjamam ékam:

« 55 - 70 °C izdales vieta;

» K& to savietot ar 4. paaudzes CSA?
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RTU

Karstais Gdens () =

Esosais risingjums:

 Janodrosina augsta
turpgaitas
temperatira CSA
puse; ‘

* KU patérin$ var [ dP /

nebdt patstavigs « ST €T«

(diennakts/nedélas S oo i

griezuma).

D) m——

Avots: Schmidt, D., Kallert, A, Blesl, M., Svendsen, S., Li, H., Nord, N., & Sipila, K. (2017). Low Temperature
District Heating for Future Energy Systems. Energy Procedia, 116, 26-38. DOI: 10.1016/j.egypro.2017.05.052
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RTU

VASSI

Karstais tdens (ll)

Siltuma akumulacija

pirms patérétaja:

« Var samazinat CSA
piesléguma jaudu _I— ' g |
(caurulu Dn un » T ] "
caurplide). I- *

Avots: Schmidt, D., Kallert, A, Blesl, M., Svendsen, S., Li, H., Nord, N., & Sipila, K. (2017). Low Temperature
District Heating for Future Energy Systems. Energy Procedia, 116, 26-38. DOI: 10.1016/j.egypro.2017.05.052
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RTU

Karstais tdens (llI) VAss!
Ja zemas temperattras
CSA (vai art arpus DHW supply
apkures sezonas): £}
« Paaugstina T-] l

temperataru, lai ir et

atbilstoSi normativiem:; SH TER pump

— s DH ‘ —

» Iieg)e pelireile Supply ——1 X [0eW 7T Girculation

pusé Udens/tdens . ,. X

siltumsukni vai kadu Return

Citu ri S I n éj umul. Avots: Schmidt, D., Kallert, A., Blesl, M., Svendsen, S., Li, H., Nord, N., & Sipila, K. (2017). Low Temperature

District Heating for Future Energy Systems. Energy Procedia, 116, 26-38. DOI: 10.1016/j.egypro.2017.05.052
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Karstais udens (IV

Akumulacijas tvertne bez Akumulacijas tvertne ar
siltummaina siltummaini

P N

A Tank
B Electric heater .
B A Tank
1 Energy meter for substation B Eleciric heater
2 Sensor for energy meter AV — =+ .;_H.J;.: t'.,.-r;._ o
3 Thermaostatic valwe 1 [_.-.E,.p\. .1.-.I--|El: {or substaton
4 Energy meter of DH A "SEPH-:I-I |EI:EI';F"P\""‘-'E'I\
DH District heating A iTI'E:;I'r‘I:I'H'E-';l'r“ N
Il LIS LR | L3
SH Space heating 4 Energy meter of DH
DHW domestic hot water SH  SH B B
DOW domestic cald water Retum Supply
= b Tl s AN
SH SH 5+ W
Return Suppl) 1
PRy ’_’;, . F
= \_\_v_‘___-_.__._'_,.—'
DH 2 | ocw DH "
Supply——-— : 3 ! = [
3 3 2 Suppty y : 1 DHW
DH oH
Returnm ——TT —— T} DHW Return N — oy e n W
1 2 ”

Averfalk, H., Werner, S., Felsmann, C., Ruhling, K., Wiltshire, R., & Svendsen, S. (2017). Transformation Roadmap from
High to Low Temperature District Heating Systems: Annex Xl final report. International Energy Agency.
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Karstais tdens (V)

Akumulacijas tvertne un mazas
jaudas siltumsuknis lespéjamas temperaturas

A Micro heat pump unit
B Storage lank
C Heat exchanger

0 Girculation pump Condenser
1 Energy meter on consumer side 53°C
2 Sensor for energy meter " " DHW
3 Energy meter of DH ‘
. DH, .. i P 45°C
] e o = » .{u ¥ +DG— ..I.r A \
| A Y DH side Instantaneous
e | ‘ [ . } storage DHW preparation
| tank
cH P 1 DHopee " -.J. No Legionella risk
H -II_. A I'f_-'.l \ H _‘:_: 1'c - D‘Q‘ - ,_. —_—
Return Supply 0 1\ /;.' | ¢ B y J
-+  — | DCwW
DH —d
Supply——" ™ W + i < 10°¢
DH | e o ‘ M-
Return T Sy 1T 4'-—| Avots: V. MASATIN. Obstacles for Implementation of 4th
,U Generation District Heating for Large Scale Networks, TALLINN
'Q' UNIVERSITY OF TECHNOLOGY, 2018.

Averfalk, H., Werner, S., Felsmann, C., Ruhling, K., Wiltshire, R., & Svendsen, S. (2017). Transformation Roadmap from
High to Low Temperature District Heating Systems: Annex Xl final report. International Energy Agency.
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Karstais tdens (VI)

Elektriskais silditajs gan virtuvei,
Elektriskais silditajs tikai virtuvei gan sanitarajam mezglam.

A Electric heater
B Heat exchanger A Electric heater
1 Energy meterin the B Heat exchanger
SH SH | substation _ SH  SH 1 Energy meter for substation
R A1 2 Sensor for energ Kitchen use
eturnSupply gy Return Supply 2 Sensor for energy meter
meter % p 3 Energy meter of DH
3 Energy meter of DH :
DH A  DHW
DH ) | DHW Supply 1T
Supply | ) | - DH éﬂ DCW
SH _ 2]
ot {3 _2 {1 B oz} Return 2 B

Averfalk, H., Werner, S., Felsmann, C., Ruhling, K., Wiltshire, R., & Svendsen, S. (2017). Transformation Roadmap from
High to Low Temperature District Heating Systems: Annex Xl final report. International Energy Agency.
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Eka pirms un péc “siltinaSanas” —
bez apkures sistémas balanséSanas

& & 8

-9
Ln

Pt A L
[, ] ) L

Supply and return temperature (°C)
-
(=}

[l
=]

14.11.2018

o Supply temperature o Supply temperature

= Return temperature ' « Return temperature

Supply and reurn temperature (°C)
8

25
20
5 10 15 -5 0 5 10 15
Outdoor temperature (°C) Outdoor temperature (°C)

Averfalk, H., Werner, S., Felsmann, C., Ruhling, K., Wiltshire, R., & Svendsen, S. (2017). Transformation Roadmap from
High to Low Temperature District Heating Systems: Annex Xl final report. International Energy Agency.
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RTU

Eka ar un bez apkures balansésana. =

60 60
o Supply temperature

o Supply temperature
55

< Return temperature = Return temperature

o o
m —
550 £ 50
: :
a 45 a 45
: ;
£ 40 T 40
- 2
35 2 35
°
& &
> 30 = 30
o =
o -9
A 25 a 25
20 20
-5 0 5 10 15 -5 0 5 10 15
Outdoor temperature (°C) Outdoor temperature (°C)

Averfalk, H., Werner, S., Felsmann, C., Rihling, K., Wiltshire, R., & Svendsen, S. (2017). Transformation Roadmap from
High to Low Temperature District Heating Systems: Annex XI final report. International Energy Agency.
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“Siltinata” €éka ar un bez apkures m
sistemas balansésanas

g o Supply temperature o Supply temperature
55

un
un

x Return temperature

= Return temperature

50

45

Supply and reurn temperature (°C)
8

Suplpy and return temperature (°C)
8

35 35 X % x
% n .
30 30
25 25
20 i - | 20 - _
-5 0 5 10 15 5 0 5 10 15
Outdoor temperature (°C) Outdoor temperature (°C)

Averfalk, H., Werner, S., Felsmann, C., Rihling, K., Wiltshire, R., & Svendsen, S. (2017). Transformation Roadmap from
High to Low Temperature District Heating Systems: Annex XI final report. International Energy Agency.
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Ekas apkures sistémas temperatiras
lIknes

Averfalk, H., Werner, S., Felsmann, C., Ruhling, K., Wiltshire, R., & Svendsen, S. (2017). Transformation Roadmap from
High to Low Temperature District Heating Systems: Annex Xl final report. International Energy Agency.

T,,=20°C  T,=22°C
v N
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Touldoor l.c}

o] new windows 20°C

e nON-renovated 20°C w——dye extensive renovation 20°C
=@ ++ non-renovated 22°C
- «p= = non-renovated 22°C LT radiators

s + non-renovated 22°C HIGHFLOW
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Parvade &
sadale

Siltumpunkti un
siltummezgli

CEREEIE
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CSA attistibas variant urbanizacijas o o
apstaklos L@ ey

(a) Izkliedéti; e o Boler __f:f%; -
(b) Izkliedéti ar atzariem; e - i
(c) Gredzenveida/Aplveida; o T >
(d) Jaukta konfiguracija. et

M. Vesterlund, A. Toffolo. Design Optimization of a District Heating Network Expansion, a 2 —] . \ Amd
Case Study for the Town of Kiruna, 2017. > \ : .
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RTU

Tradicionalais CSA tikls Vass|

« Dazads caurulu garums; =
« Patérétajiem, kas ir tuvak I (o] [owe] [owe
siltuma avotam ir lielaks | S— '1—1
diferencialais spiediens:
- Jabalansé tikls (jaregulé varsti), ol L
lai vienada plisma visiem
patérétajiem. onr| lonel [oHe
_|_| i
AB1 AB2
M. Vesterlund, A. Toffolo. Design Optimization of a District Heating Network Expansion, a (2}

Case Study for the Town of Kiruna, 2017.
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RTU

Gredzenveida CSA tikls Vass

* lespéjams, tikai tad, ja visur =
Ir neatkarigais pieslégums; I

* IzITdzinats diferencialais (o i
spiediens;

» Labak nobalanséta sistéma;

* Vienmérigaka CSA tikla == =E =

darbiba (nav vairakas zonas B | —
utt.). | ‘

M. Vesterlund, A. Toffolo. Design Optimization of a District Heating Network Expansion, a {h}
Case Study for the Town of Kiruna, 2017.
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CSA tiklu un temperaturas o
dinamika

Jo lielaka CSA sistéma, jo
lielaka nobide starp:

« Tosun T .
) Tr’C un Tr’s ¥ _— ;bill

Tr,s e — — Tr,c
TO ietekme ari pateret_a-la Lai risinatu CSA sistémas turpgaitas temperatiras
siltuma SlOdZG, turpgaltas optimizacijas uzdevumus, nepiecieSams precizi
temperatira un attalums. O

1. Atgaitas temperatiru;
2. Siltumneséja masas plismu;
3. Siltuma slodzi.
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CSA turpgaitas un atgaitas vadibas o
stratégijas

» Relativi augsts temperatiras rezims, atkariba no sezonas;

+ Temperatiras rezims atkariba no argaisa temperatiras;

Nav nepieciesams prognozét patérétaja siltumslodzi. Vajag rezerves siltuma jaudu, lai vajadzibas
gadijuma nosegtu lielaku siltuma slodzi.

Turpgaitas temperatdrai jabdt ar rezervi, attiecigi siknu jaudai jabut pietiekoSai negaiditu silumslodzes
piku nosegSanai.

« Temperatiiras reZims, kas izmanto tiklu spéju akumulét energiju;

ilé_ﬁpéj prognozeét pika siltumslodzes, nemot véera laikapstaklus un siltuma piegades nobides
aika.

« Temperaturu optimizacija.

Kombiné prognozésanu un optimizéSanas algoritmus, lai precizi noteiktu temperatiras rezimus.
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Tradicionala CSA kontroles stratégija

+ Diferencialais
s_ﬁledlens dazados
tikla posmos tiek
kontroléts mainot
cirkulacijas suknu
jaudu;

* Turpgaitas
temperatura ir
funkcija no ara _
gaisa temperaturas
un tiek mérita
dazados tiklu
pOSMOsS;

* Turpgaitas
temperatira tiek
nodrosinata mainot
siltuma avota
jaudu.

b

Supply Water
Temperature

RTU

VASSI

y

Outdoor
Temperature

Khalid Tourkey Atta & Wolfgang Birk. Utilizing generic consumer modeling in planning and optimization of district heating and cooling systems.

Lulea University of Technology - Department of Computer Science, Electrical and Space Engineering - Division of Signals and Systems.
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Tradicionala CSA kontroles stratégija

Nemot véra tiklu
inerci un siltuma
transportésanas
procesu, patéerétajs
var atseviskos
brizos nesanemt
Visu nepiciesamo
siltumu;

Turpgaitas
temperatira {guztur
mazliet augstaka,
lai nosegtu
straujakas ara _
gaisa temperaturas
Izmainas;

Esosa siltuma
izstrade balstas
tikai uz Sibriza

b

Supply Water
Temperature

RTU

VASSI

y

Outdoor
Temperature

temperaturu * Khalid Tourkey Atta & Wolfgang Birk. Utilizing generic consumer modeling in planning and optimization of district heating and cooling systems.

Lulea University of Technology - Department of Computer Science, Electrical and Space Engineering - Division of Signals and Systems.
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Mérijumu punktu daudzums

Averfalk, H., Werner, S., Felsmann, C., Ruhling, K., Wiltshire, R., & Svendsen, S. (2017). Transformation Roadmap from
High to Low Temperature District Heating Systems: Annex Xl final report. International Energy Agency.

CSA sistema
Middelfart, Danija
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RTU
&

Tris caurulu magistralie tikli VASS

A. Dalla Rosa, i, S. Svendsen, Method for optimal design of pipes for low-energy district heating, with focus on heat losses, Energy,
Volume 36, Issue 5, 2011, Pages 2407-2418, ISSN 0360-5442, https://doi.org/10.1016/j.energy.2011.01.024.

: : : -
» 2 turpgaitas caurules + 1 atgaitas; "~ ,
c - - . ! DHW e
 Turpgaita cirkulé pa 2 turpgaitas | 3 Ll TN
caurulém, ja ir loti zema | / 7\
patérétaja siltuma slodze; 2 | / /(D retum)
. . ) b [ i |
» Netiek izmantoti apvadi; oo
. . A . . \ < | & I
» Atgaita netiek uzsildita vai I \ Recic. | supply /
sajaukta ar turpgaitu. S | A
‘f e ey
,-"{

4GDH-3P

Heat
supply

Helge Averfalk, Sven Werner, Novel low temperature heat distribution technology, Energy, Volume 145,
2018, Pages 526-539, ISSN 0360-5442, https://doi.org/10.1016/j.energy.2017.12.157.

Network House & Apartment
50-55°C O-I District NIy =225
i cibotation

ICT o LR s S o e NTU=6-8 | 45°C _'R 5




Optimizacijas metodes

RTU

VASSI
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RTU

VASSI

Laika nobides i1zkliede

Balstita uz tikla geometriju un konfiguraciju, ka art generacijas un
patérina datu apstradi.

Nosaka CSA tiklu siltumneséja un siltumparvades dinamiku,
nosakot vidéjo turpgaitas temperatiru, balstoties uz vésturisko
turpgaitas temperattru, nemot véra laika nobidi ka funkciju.

14.11.2018 RTU EEF Vides aizsardzibas un siltuma sistému institts 53



N/ latitude

6.9769

6.9768

6.9767

6.9766

6.9765

6.9764

6.9763

6.9762

6.9761

6.976

VASSI

=
6.9725 |- L (U i

N TR 1. CSAtikls ir korekti
SIEANTE projektéts, t.i. _
sarzf S 5, N siltumneséjs sasniedz
A patérétaju pa iespé&jami
|sa|ko (vai tuvu tam;
celu.

Melnie punkti ir patérétaji,
Melnas linijas - _
magistralie caurulvadi;

Sarkanas linijas —
vienkarsots tuvakais
A savienojums

e magistralajiem

f .

caurulvadiem.

Avots: L. LAAKKONEN. PREDICTIVE SUPPLY TEMPERATURE
OPTIMIZATION OF DISTRICT HEATING NETWORKS. Master of

N [ |atitude

6.97156 7]

6.971

Science thesis. 2016.
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RTU

Laika nobides izkliede Vass|

Pier,]emot, ka Si|tumneséjs netiek Katra patérétaja patérins un attalums lidz silumavotam
saspiests — laika nobide ir
atkariga no attaluma, caurulu
diametra un pretéji
proporcionala siltumnesgja
masas plismai.

«1p* Histogram of distances from production to consumers

12

pLd?

m

Referense consumption (MWh)

T =

Avots: L. LAAKKONEN. PREDICTIVE SUPPLY TEMPERATURE OPTIMIZATION OF

-2 0 2 4 5 8 10 12 14
DISTRICT HEATING NETWORKS. Master of Science thesis. 2016.

distance from production to customer (km)

14.11.2018 RTU EEF Vides aizsardzibas un siltuma sistému institts 0o



RTU

Laika nobides izkliede Vass|

 Pate rétéj us Atsauces patérin$ + Dc4(t) Dca(t) D (t)
sagrupé atkariba masas plisma Mea(t) Mes(t) M. (t)
no laika nobides;

o Attéloti x
patérétaji, kas
sagrupéti atkariba
no attaluma lidz
Siltuma avotam.

Avots: L. LAAKKONEN. PREDICTIVE SUPPLY
TEMPERATURE OPTIMIZATION OF DISTRICT
HEATING NETWORKS. Master of Science thesis. 2016.

Tss(t)

Heat
supplier

Talt)
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Varbutibas sadalijums (vektors) atbilstosi:
1) dazadiem generacijas planiem;
2) dazadam masas plismam tiklos.

0.16 [

014

012

o
y

probability (-)

o
£

0.04

0.02 |

14.11.2018

Distributions according to different production plans

S0MW load

150MW load
200MW load

250MW load |

300MW load

100MW load |

0.08

prolbabilitylﬁ-)

Delay time steps (k)
Avots: L. LAAKKONEN. PREDICTIVE SUPPLY TEMPERATURE OPTIMIZATION OF DISTRICT HEATING NETWORKS. Master of Science thesis. 2016.
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Delay time steps (k)
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RTU

VASSI

Laika nobides i1zkliede

Papildus tiek noteikti:
« [patnéjie siltumzudumi;
» Siltumneséja transportéSanas energija.
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RTU

Neironu tikla metode Vass|

Galvenokart prognoze lietotaja:
1. siltuma slodzi;
2. atgaitas temperatdru.

» Abas atkarigas no laikapstakliem;
» Cikliskas un ietekmé cilvéku paradumi;

* Atgaitas temperatiras tendences vieglak prognozeét, bet kopéjas izmainas ir
daudz nebutiskakas ka siltuma slodzes gadijuma.

- Siltuma slodze ir vairak atkariga no klimata apstakliem un diennakts cikliem;
 Cilvéku paradumu ietekmé siltuma slodzi (nedélas un diennakts griezuma).
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Siltuma slodzes
prognozesanas
neironu tikls.

Tiek mérita
atgaitas
temperatura.

14.11.2018

Hidden layer

Input layer /

\
\
b

Heat load (t= 0 h)

Heat load (t=-24 h)

%;///
4
N
\\%\\\

Output layer

X
N
N

% (>
S\

N

O

/,_
\

measurement (t= 0 h)

_. K £77

Heat load (t = -48 h) SRR z’@?g;;f }_J\/
Heat load (t=-6d) (//_\ - %‘%év E‘% \ 2
Average heat load ﬂ‘%&ﬂv’ﬁx’&.&éﬁ s =

( -@%@(F‘%‘w \ Heat load predict
(t=-24->0h) \;;ggéamx_ﬁxﬁrx\ p

< RN Ry (t=+24 h)
Outdoor temperature / 3 4}{@%&.3% L
forecast (t= +24 h) ?zzﬁ %‘\\\%
Outdoor temperature [~ \\%‘\\\ G

N3

/
(

/

Avots: L. LAAKKONEN. PREDICTIVE SUPPLY TEMPERATURE OPTIMIZATION OF DISTRICT HEATING NETWORKS. Master of Science thesis. 2016.
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Piespiedu optimizesana
| Brute force optimizer

Butiba Optimizacijas mainigie

Aprékina noteikto alternativu izmaksas;

Turpgaitas temperatura tiek grognozéta
nakosSajam 24h ar laika soli 0,5h;

* Lietotaju siltuma slodzes
prognozes;

Siltuma zudumu un siltumneségja ol = :
tarnsportéSana tiek modeléti, inmaksas LletOtaJa atgaltas

aprekinatas un alternativa ar zemakajam ¥ .
Zmaksam tiek izvéleta; J temperaturas prognozes;

Nosaka labako turpgaitas temperatiras  Turpgaitas vésturiskie dati;
rezimu nakosSajam Z4h ar zemakajam ’
ekspluatacijas 1zmaksam,; « Kurinama izmaksas:
olpéimiziécijati tie_{< izg(nantota ts_iltuma ‘ ’

slodzes un atgaitas temperaturas o T I :
8rogpbose, Iai%praksﬁtu pCSA sistémas Elektronenergljas |zmaksas,
arbibu.
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Optimizacijas
blokshéma

Fuel and
electricity
price

Process history data Toutdoor forecast

Neural network customer return

temperature (T, ¢) and customer
heat load (@) predictor

Tr,c and @, predictions

Delays

v

Optimization of T, using brute force search.

U Iterati
Tem pe raturas Optimizer calculates the costs for each trajectory Iozra =
trajektorijas P
aprékins Additional 24 hour plan OfTs,s

Avots: L. LAAKKONEN. PREDICTIVE SUPPLY
TEMPERATURE OPTIMIZATION OF DISTRICT
HEATING NETWORKS. Master of Science thesis. 2016.
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Delays are calculated according to mass flow
and compared to delays in last iteration.
Optimization is ready when delays stabilize.

I

Final 24 hour plan ofTS‘S

62
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Brute force optimizer: Temperaturas ™o
trajektorijas aprekins
Tiek noteiktas visas iespéjamas

turpgaitas temperatiras
nakosSajiem laika soliem.

1o~ T T T T _I T T T

Dabiski tiek minimizéta tikos
akumuléta energija.

Laika solis 0,5h — pietiekosi Tss =
salidzinot ar laika nobidi. e

Temperatiras trajektoriju izmainas:

* Nelielas 0 °C/At +1 °C /At o |- |
» Videjas £2 °C /At;
» Ekstréemas +5 °C /At. |

] | | 1
38 39 40 41 42 43 44 5

Avots: L. LAAKKONEN. PREDICTIVE SUPPLY TEMPERATURE OPTIMIZATION OF DISTRICT HEATING NETWORKS. Master of Science thesis. 2016.
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Piemers: laika nobides un temperaturas
Krituma meritjumi pie siltumavota un pie 2 i

ISM

80 -

100
Veicot vairaku mérijjumu
virkni, pie dazadiem o
apstakliem, ir iespgjams % o,
matematiski aprakstit ~ §
transportéSanas laiku £
un temperatiras ‘_3. 85
kritumu pie katra g
svariga patérétaja. =
Svarigi: nav
nepiecieSama CSA tiklu -

topologija un
aksonometrija.
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1

3

5

ATsup

A 4

s
W

tdelay

7 9 11 1315 17 19 21 23 25 27 29
time [h]

===Tsup at the heat
source

Tsup at substation 1

= Tsup at substation 2
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RTU

Avots: Lesko, M., & Bujalski, W. (2017).
Modeling of District Heating Networks for
the Purpose of Operational Optimization
with Thermal Energy Storage, Archives of
Thermodynamics, 38(4), 139-163. doi:
https://doi.org/10.1515/aoter-2017-0029
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Salidzinajums pie
gandriz maksimalas
siltumavota
siltumjaudas.

Laakkonen, L., Korpela, T., Kaivosoja, J., Vilkko, M., Majanne, Y., &
Nurmoranta, M. (2017). Predictive Supply Temperature Optimization of District
Heating Networks Using Delay Distributions. Energy Procedia, 116, 297-309.
DOI: 10.1016/j.egypro.2017.05.076
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 Turpgaitas
temperaturu
samazinaja 1,1-
2.8 C;

» Ekspluatacijas
iIzmaksas
samazinaja 1,2 —
1,5 %.

Laakkonen, L., Korpela, T., Kaivosoja, J., Vilkko, M., Majanne, Y.,
& Nurmoranta, M. (2017). Predictive Supply Temperature
Optimization of District Heating Networks Using Delay
Distributions. Energy Procedia, 116, 297-309. DOI:
10.1016/j.egypro.2017.05.076
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Zemas
temperatiras/potenciala
energijas izmantoSana
mazas CSA sistémas
gadijuma

RTU

VASSI
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Dazadie siltumapgades risinajumi

mazai CSA sistémail

Energoefektivs
patéerétajs:
45 kWh/m?2 gada

14.11.2018

Scenario Solar Heat pump CHP
0 LNG gas boiler - - -
800 m?
| | Solar Thermal (100%) - .
1.2 Heat Pump - 60 kW -
1.3 CHP - - 60 kW
Solar Thermal + Heat 200 m?
7 ~\\/ -
21 Pump (20 %) Sk
200 m*
M9 \ : - i _ W
2.2 Solar Thermal+ CHP (20 %) 60 kW
23 Heat Pump + CHP - 60 kW S5kW
Solar Thermal+ Heat 350 m?
3 15 kW M0 W
“ Pump + CHP (40%) TN 2N

Avots: Heiselberg, P. K. (Ed.) (2016). CLIMA 2016 - proceedings of the 12th REHVA World

Congress: volume 10. Aalborg: Aalborg University, Department of Civil Engineering.
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Scenariju salidzinajums:
nav integréti ekonomikas un klimata faktori

n g = C mm
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No eksergijas viedok|a — jaspéj izprast visus energijas Avots: Heiselberg, P. K. (Ed.) (2016). CLIMA 2016 - proceedings of the 12th REHVA World
pé rveides un pérvades procesus Congress: volume 10. Aalborg: Aalborg University, Department of Civil Engineering.
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1. Open bypasses — it seems that every scheme we look at has bypasses left open
somewhere in the network. Often these represent a significant portion of total network
flows. As a result, return temperatures are much higher than the?_()should be, leading to
high losses and ancillary issues (such as inability to operate CHP)

2. Missing insulation, particularly on the terminal run from the laterals into the flat. This is
a major contributor to losses and overheating in flats and corridors

3. HIUs not commissioned or poorly commissioned. In particular, DHW and/or space
heating temperature set points are too high. This results in high return temperatures and,
in some cases, can lead to the HIU effectively acting as a bypass in the system

4. Space heating return temperatures too high, typically due to poor (or non-existent)
space heating circuit commissioning — for example, non balancing of radiator circuit. This
results in very high return temps during space heating operation, with consequent impact
on system performance

5. Poor (or absent) pump controls, resulting in pu_m{)s operating at full capacity. In_
combination with open bypasses, this can result in the whole network operating with close
to a 0°C delta-T and very high pump electricity costs.

https://www.cibsejournal.com/technical/on-a-mission-using-
data-to-optimise-heat-networks/
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In the future all existing currencies are abolished. The
“mega-watt-hour”’ becomes the universal unit of

exchange.
Sir Arthur C. Clarke, 2001
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