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Hvorfor lagre varme?

For at reducere de samlede omkostninger til
opvarmning

Lagre billig varme til senere brug,
hvor den kan erstatte dyrere varme

For at reducere andelen af fossile braendsler til
opvarmning

F.eks. ved at lagre solvarme fra dag til nat,
eller fra sommer til vinter (saesonlagring)
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Fjernvarmebehov vs. solvarmeproduktion

B Naturgas

Sol 1+2

Varmeproduktion / [MWh/maned]
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Hvad koster det at lagre varme?

Qua = Qing = Quap
C)~ind = Clager |\Icykler =P Vlager Cp AT I\lcykler
Specifik investering: SI = Investering / V| .,

Samlede omkostninger: SO =
Q.4 * varmeproduktionspris (VPP) + investering + renter + D&V

Varmepris ab lager: VAL=SO / Q4
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Eksempel med korttidslager

Forudseetninger
Vandlager (p = 980 kg/m> og c, = 4,19 kJ/kgK)
AT =50K
Ingen varmetab (Q,,, = 0)
Neyier = 50 / &r * 20 ar = 1.000
VPP =200 kr./MWh
Sl =1.000 kr./m3 (svejst staltank)
Ingen renter
Ingen D&V

O~ind =P Vlager Cp AT Ncykler =37 MWh/m3 * Vlager

VAL = SO / Q4 = (Qjnq * 200 kr./MWh + V.. * 1.000 kr./m?) / Q4
=200 kr./MWh + 18 kr./MWh



FPlanEnergi

Eksempel med saesonlager

Forudseetninger
Vandlager (p = 980 kg/m> og c, = 4,19 kJ/kgK)
AT =50K
Ingen varmetab (Q,,, = 0)
Neyer = 1/ ar * 20 &r = 20
VPP =200 kr./MWh
Sl = 250 kr./m3® (damvarmelager)
Ingen renter
Ingen D&V

Qind =P Vlager Cp AT Ncykler = 1'14 MWh/m3 * Vlager

VAL = SO / Q.4 = (Qjnq * 200 kr./MWh + V... * 250 kr./m3) / Q4
=200 kr./MWh + 219 kr./MWh
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Varmelagertyper (kilde: soLies)

Tank thermal energy storage (TTES) Pit thermal energy storage (PTES)
(60 to 80 kWh/m?) (30 to 80 kWh/m?)

:

Borehole thermal energy storage Aquifer thermal energy storage
(BTES) (ATES)
(15 to 30 kWh/m?) (30 to 40 kWh/m?)

=T - s
,l '

L
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Pilot-borehulslager

| Braedstrup
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BTES med 48 borehuller — Jordvolumen ca. 19.200 m3
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Borehullerne etableres

.’
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BTES samlebrgnd og isolering
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Faerdigt borehulslager
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BTES — Malinger og simuleringer
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Figure 8: Comparison of measured and simulated values for 2014 and 2015. Brown = measured
flow [m3/h], blue = measured and orange = simulated outlet temperatures [°C], lower pink =
measured and green = simulated storage temperatures [°C], and grey = measured and upper pink
= simulated accumulated charging and discharging [MWh]. The first month is used for
preheating the model, and is therefore not a part of the comparison.
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Damvarmelagre
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Koncept for damvarmelagre
_—Vold ~ =

Lag Ind- og udigb
* Jordbalance, dvs. at den opgravede jord
genindbygges i en vold omkring hullet.
* Flydende lag med isolering.

* Lageret anvendes pa samme made som en
traditionel, vandfyldt staltank.
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Damvarmelagre i DK (og i Verden!)

Ottrupgaard 1,500 m3

Marstal, SUNSTORE 2 10,000 m3
Marstal, SUNSTORE 4 75,000 m3
Dronninglund, SUNSTORE 3 60,000 m?3
Vojens 203,000 m3
Gram 122,000 m3
Toftlund 70,000 m3

1995
2003
2012
2013
2015
2015
2017
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Dronninglund — Principdiagram

Lunderbjerg Sgndervangsvej
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Dynamisk simuleringsmodel i TRNSYS
GUI af de hydrauliske forbindelser i modellen

e %, €¢

Varmebehov Shunt *- Tee-2
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Beregnede lagertemperaturer (ar 2)
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Temperatures Heat transfer rates / [MW]
— T_loop_1 — T_max Q_loop_1 — Q_tab_top
—T_loop_2 Q_loop_2 — (Q_tab_side
—T_loop_3 —T_min — Q_loop_3 — Q_tab_bund
T_loop_4 —T_sf_ud — Q_loop_4 — Q_solfanger
— T _ loop & —Q loop 5 — Q_varmebehov
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Simulation Time =17520.00 [hr]

Heat transfer rates / [MW]
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Etablering af PTES i Dronninglund

Udgravning afsluttet. Etablering af linere
Ind- og udlgb etableret i bund og sider
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Etablering af PTES i Dronninglund

Lager naesten fyldt med vand Laget naesten faerdigt
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Faerdigt lager i Dronninglund
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Malte lagertemperaturer i Dronninglund
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Malte energiflow i Dronninglund

Heat [MWh]
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Hybridlager

Anlzegsveert spges!
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Hybridlager (Kilde: ZAE Bayern)

top insulation layer grass well for piping

H duct storage ring

| concrete wall without |/
insulation and liner |
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Nedgravet betontank — 1

Exsist. terrain
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Nedgravet betontank — 2
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Nedgravet betontank — 3

Exsist. terrain —.
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Nedgravet betontank — 4
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Borehulslager omkring betontanken

Min. slope: 2 %

Excavated soil 50 cm >
Geo textile
Gravel 5cm —=—= > _— Drainage matt 2 cm
S Semi permeable roof foil
‘ Geo textile
Mussels shells 25 cm ~—

Semi permeable foil
Mussels shells 25 cm

™ Pex tubes

Original soil — |

— Borehole
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Hydrauliske forbindelser i TRNSYS-model
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Temperatures
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Beregnede lagertemperaturer

Heat transfer rates

— BTES_circulation — Tank_T_avg — Tank_T_avg
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Varmepriser

Uden stgtte - 25 ar

600 \\
< 500
S
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< 300 w2, 1+ 18.000 m3 lager
(7]
05). 200 «==73. 2 + borehulslager
§ el 3+ varmepumpe
S 100
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0

0% 10% 20% 30% 40% 50% 60% 70%
Solvarme-daekningsgrad
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CHESTER

Horizon 2020-projekt
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CHESTER

* Compressed Heat Energy Storage for Energy from Renewable sources

'_Cl;arg;iné ————— ' Thermal Energy Storage "~ 5isgha;gi,;g:
| TStorage '
I I
: Compressor @ Eg Turbine .
Wehargng i j ' W Discharging
—
' | \L | jl:
1A - M

él/\f _____ . v

Q Charging Q Discharging
Tcharging Thischarging

Figure 2: Basic concept of thermo-mechanical energy storage
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CHESTER

* Op- og afladning

charging cycle. e.g. 8 h discharging cycle e.g. also 8 h
CHEST ncept - CHEST concept

¢ wind/PV thermal storage \ 4 thermal storage =~ consumer

! heat pump 130..180°C 1 : 130..180°C ORC
E : ] T
; m ; : N E |

B smw,,

' o =

: \\ \\ ' ’ A 90°C u ‘ J ,
o Y/ pr mug
E solar thermal, biomass, seasonal thermal energy district solarthermal, biomass, ~ seasona I thermal energy :iS"iCt

| waste heat storage heating 1 waste heat torag eating

Solar District Heating

* Cycle trip efficiency (P2P) op til 100% (eller mere)
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TES brochure

LONG TERM STORAGE AND
SOLAR DISTRICT HEATING

A presentation of the Danish pit and borehole thermal energy
storages in Breedstrup, Marstal, Dronninglund and Gram

*  https://issuu.com/planenergi.dk/docs/sol til fiernvarme brochure oplag 2
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Tak for opmaerksomheden

nf@planenergi.dk M +45 2064 6084

www.planenergi.dk T +45 9682 0400
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