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THE RENEWABLE ENERGY AND IN PARTICULAR WIND ENERGY
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A SMART INTEGRATED ENERGY SYSTEM IN THE CITY
DEMAND RESPONSE LIKE A BATTERY- A VIRTUAL BATTERY
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THERMAL VIRTUAL ELECTRICITY STORAGE (LIKE A BATTERY)

e Baseline

Small heat pumps without
storage or gas boiler back-up

Can-not adjust consumption to
the fluctuations of the wind

e The virtual electricity storage

DH&C grids

Large heat pumps, to be interrupted
Electric boilers, only at low price
CHP plants, only at high price

Hot and cold water storage

Can adjust consumption, regulate and
provide back-up

RAMBGOLL

-y Aty v
guwuio’
vovde

TIBIT

-~
ow

Ringkobing Distnct Heating, Sunday, 2019-01-13 to Monday, 2019-01-14

oot pivce
- Rrgulating powey prce, Up
Erguianng powes pice, Down

- Reat CONMVITERIOn

@ solar Collecron
@ et purp
B Cas tngew

Gt tene
- bedhey
8 Cai-bodeny
— S0 AQe CONTenT
= Wt aQr Capacity

22 anan 8 Sovied sod sweaeed 3 OV pecamen A




THE SIMPLE HEAT STORAGE TANKS
PRESSURE-LESS AND DIRECT CONNECTION

o All CHP plants have heat storage tanks in Denmark CH,,,,,am. "
e Optimize operation of the CHP plant > 8 max load hours _l_ll o Heat
e Can integrate surplus heat from waste, solar, wind etc. .
e Optimize the operation of the DH system [ ]

Heat consumers

an

Forward
water

e Maintain the pressure
e Provide peak capacity the coldest day

e Fjernvarme Fyn at Fynsvaerket power plant, Odense

e 75,000 m3
e Direct connection
e Maximum temp 95°C. 90/40

e Storage capacity, 3,6 GWh, e.g. 300 MW in 12 hours

e An increasing interest from other countries
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ADVANCED HIGH TEMPERATURE HEAT STORAGE TANKS
PRESSURIZED AND PRESSURE SECTIONED

e Temperature above 100 °C can be necessary due to b

consumer needs (poor heating installations), i

Heat

e But - the larger temperature - the larger investment. m T *

e Pressure sectioning can be necessary due to the
pressure level in the DH grid and due to necessary
pressure variations at a specific location

e Pressure sectioning increase costs, but is cheaper and
more efficient than a heat exchanger connection

e Avedgre CHP plant, Copenhagen

e 2x 24,000 m3

e Maximal temp 120 °C actual temp. 105/50
e Pressure diff: 10 Bar

e Storage capacity 2,400 MWh, e.g. 300 MW in 8 hours
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HEAT STORAGE PITS
PRESSURE-LESS AND SECTIONED BY HEAT EXCHANGER

e Heat storage pit, an innovative combination of:
¢ Landfills for establishing liners to a water proof pit
e Heat storage tank for diffusers
e Off shore technology for diffusers and pipes

¢ A floating cover (newly developed, Plastic foam og leca)

Impossible to avoid oxygen in the water, therefore
sectioned by heat exchanger

Maximal temp 85 °C up to 90 °C

Storing weekly or monthly fluctuations

The driver for this development in Denmark has been
to increase share of solar heat up to 60%
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HEAT STORAGE PITS
PRESSURE-LESS AND SECTIONED BY HEAT EXCHANGER

e Test plants with subsidy
e 10,000 m3 Test plant in 2010 in Marstal
e 70,000 m3 Full-scale test plant 2012 in Marstal
e 62,000 m3 Full-scale test plant 2014 in Dronninglund
e Commercially, without subsidy, new floating cover
e 125,000 m3 Gram district heating 2015

e 200,000 m3 in Vojens district heating 2015
e 70,000 m?3 in Toftlund district heating 2017

e Several more in the pipeline:

e May be 100 in DK in 2030 ?
e First project outside DK, increasing interest
e Similar storages for cooling in the pipeline
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FORSTE DAMVARMELAGER UDENFOR DANMARK
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ECONOMY OF SCALE
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ECONOMY OF SCALE FOR HOT WATER STORAGES
EUR/MWH HEAT STORAGE CAPACITY

e One family house, 0.16 m3 300,000

e Large building, 4 m3 40,000 L,
e DH tank, 160°C 7,000 : — P
e DH tank, < 95°C 4,000
e Storage pit, 150,000 m3 800
e Pit alone, 100,000-200,000 m3 500
e Marginal extension of the pit 200

e Sources: Henrik Lund and Ramboll
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DE FORSTE
FJERNKOLELAGRE I DK

e Fjernkglebetontank I drift i Carlsbergbyen
med vandteknologi, gode erfaringer

e Fjernkglestaltank pa vej i Tarnby med
fjernvarmeteknologi, senere suppleres
med ATES

e Vi har de fagrste ATES anlaeg i bygninger
og Fjernvarme/fjernkgleanlaeg

e Mange fjernkgletanke og ATES anlaeg i
udlandet
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PERSPEKTIVERNE FOR VARMELAGRING OM 5, 10 OG 20 AR -
OG I 2050

Jaevn udvikling mod maksimal udbygning i 2035
e I samspil med fjernvarme og fjernkgl den vigtigste komponent i integrering af fluktuerende VE
e Booster den danske eksport i fjernvarme og fjernkgl

e Positiv afsmitning pa vindmglleeksport, da udfordringen for vindmgllekunderne er at kunne
bruge vindenergien

e Fordobling af tanklagerkapacitet

e Fra 5 til 100 damvarmelagre

e 100 fjernkglelagertanke

e 100 ATES anlaeg til fjernvarme/fjernkgl
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HVILKE UDFORDRINGER ER DER, OG HVAD SKAL DER FORSKE I ?

e Information om betydningen af det virtuelle batteri
e Langere levetid af plastic liner ved 80 grader

e At male lagtykkelse af leca uden at lave huller I lineren (et kusteskaft I stedet for en
landmalerstok)

e At 2+2 <4 m3 leca
e Lavtemperaturbygninger
e “"Smart grid” eltariffer, som fremmer det smart energisystem og brug af det virtuelle batteri

e “smarte energiafgifter” som giver incitement til fleksibelt elforbrug
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HVILKE DEMONSTRATIONER OG FORRETNINGSUDVIKLINGER
ER DER BRUG FOR? OG KOMMERCIELLE MULIGHEDER

e Power2gas er det manglende link i det virtuelle batteri hvis vi skal vaere helt uafhaengig af
fossile braendsler

e DTU Campus er allerede et fantastisk demonstratorium: samkgring med det
storkgbenhavnske kraftvarmesystem med lokalt varmelager, kraftvarme og elkedel,
fiernkgling — og indenfor 10 ar kommer varmepumpe, kglelagertank og ATES

e Mere frihed til fjernvarmeselskaberne til at producere og lagre varme og kgl optimalt

e Vi vil styrke vores fgrerposition pa verdensmarkedet

e Tvivlsomt om borehulslagre og hgjtemperatur lagre, kan blive kommercielt baeredygtige under
danske forhold set i forhold til de anlaeg, som virker I dag, savner overbevisende
forskningsresultater med focus pa gkonomi og marked

RAMBGOLL



THANK YOU FOR YOUR
ATTENTION!

AD@RAMBOLL.COM

WWW.RAMBOLL.COM
HTTP://BLOG.RAMBOLL.COM/URBANENERGYSOLUTIONS/

SEE OUR CLIMATE SOLUTIONS AT
HTTP://WWW.STATEOFGREEN.COM/PROFILES/RAMBOLL
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