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Mechanical Engineer

Joined Ramboll Energy at 2016

Working as a senior consultant in decentralised energy systems
Member of the Institution of Mechanical Engineers
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ROUTE TO A ZERO CARBON ENERGY SYSTEM

SMART CITIES
ROUTE TO ZERO CARBON

Smart technology is a key enabler in
achieving sustainable and liveable

societies enhancing well-being whilst
reducing costs and carbon emissions

v' Smart technical concepts

v" Smart technologies

v' Synergies
v Big data
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PTES basics (what is it?)

Water based thermal storage -
originally utilized in DH
systems with large solar

thermal plants to achieve high —— ' = TH
o : :

A water pit thermal storage in construction
L To user

solar fraction.

Either pump is active.
Offsetting summer/winter [% Vi,

production/demand profiles

80C
Solar collector field 77 :%_r \ Water pit seasonal
\ thermal storage

-

atur (Jahresmittelwert): 8°C (Neuminster)

PTES technology synthesize a
number of different :

engineering disciplines St
including design and AN
operation of large heat
storage tanks, establishing of
large landfill sites (geo/civil
work) and hydraulics.

Deckisolierschicht sys 9°C (MW: T, & Tg)

Dichtwand Dichtsole Geringste Bodentemperatur in 10-20m Tiefe: 10-12°C

http://sunstore4.eu/
Q P
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PTES BASICS
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MARSTAL SOLAR FIELD AND PTES LID SOLAR FIELD
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WHERE AND WHY WE APPLY PTES (SCOPE OF TECHNOLOGY)

Ensures high utilization ratio and cost effective production

in energy systems where efficient production or fluctuating Different applications

energy sources such as wind and solar are offset from

demand on a daily, weekly or seasonal basis. Large scale solar thermal in DH
(seasonal)

1200 140
120 ‘:
100
80

Off season surplus heat from CHP
1000 (seasonal/monthly/weekly)
800

600 Cooling for process in industry

(weekly/daily)

60
400 40

200 20

District cooling (seasonal/monthly/weekly
/daily)

January
February
March
April
May
June
July
August
October

September
November
December

Heat Pumps (subcooling)

Solar Radiation (W/m?) @ Heat Demand (kw)
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ECONOMY OF SCALE

MARGINAL COST (ABROAD/CASE SPECIFIC) £/M3 STORAGE

200
£/M3

160

B Steel tank

UK EXPIRIENCE:
mPTES

120

80

£600/m3 | £13/KWh

40

typical value of Steel tank

solution of 1,000-2,000 m3
| .

COST EFFICIENCY A KEY DRIVER
COMAPRING TO SIMILAR STORAGE
TECHNOLOGIES

RAMBGLL

M3

£24/m3 | £0.5/KWh

o I 35




- ~EEEICIENCY
Measured seasonal efficiencies

Mg, - above 60%

Number of charge/discharge
cycles is decisive in investment
planning due to direct link to energy
losses — few cycles increases heat
loss and decrease utilization factor

Annual efficiency increase over
the first years of operation

Q http://solarheatdata.eu/
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HEAT LOSS REDUCTION

Surrounding ground

heats up over operation

Seasonal variations on the
higher levels

Ground temperature build
up at lower levels

Temperature [°C]

Negative loses over winter
(heat flux from ground) if
lower stratification layers
are subcooled by heat pump

RAMBOLL From Solites: https://www.solar-district-heating.eu/wp-content/uploads/2019/10/Final-report-EUDP-64014-0121 2019.05.31.pdf




WHAT WE DO (SELECTED LANDMARK PROJECTS)
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2 X 500.000 M3 PTES, DESIGN PHASE AALBORG DK

The heat storage pit will be located at a
former waste disposal site, which has
formerly been used to deposit slightly
, contaminated soil. The facility will have
Signaturforidaring a magnitude of an impressive
e 2x500.000m3 with the possibility of

Nyt matrikelskel
———  Strandbeskytteiseslinje - falger licke skelbl

Tz s extending with an additional 500.000m3
at a later stage.

e Arealgraense, matrikelske|

EZ== Byoning, ca 3000 m*

The facility will equivalate to five times
the size of the thermal heat storage pit
that was established in Vojens,
Denmark approximately four years ago.
This makes it by far the world’s largest
heat storage facility, with an in- and
outlet capacity of 250-300MW and
pipelines in the size range of DN80O to

| FOREL@BIG 2020-03-03 D N 1 . 000 .

INDTEGNING AF
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WORLDS LARGEST PIT HEAT STORAGE IN VOJENS, DK

e Facts and figures o e :
e Consumer owned DH L e
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e 64,000 MWh produced/year (~50% solar) o i
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DESIGN IMPROVEMENTS

1,5 mm HDPE Geomembrane.
Hypernet
B0 mm insulstion abeve edge

Extrusion welding 7 ‘-\
J_.'. \\\\ ‘\\‘\“
,Igm_,i_,,,u,ﬁr N\

Hypernet / Yy
2 mm HDPE Geomembrang —a— Va4
2,5 mm HDPE Geomembrane 4 /r’

Geotextile 500 g

Pipe 12 mm HDPE

Hypernet

‘Welding
Collar in 2 mm HDPE membrane
Flange 8 mm HDPE plate
Lining of 2 mm HDPE membrane

Welding between pipe and flange — \“

Welding A
1,5 mm HDPE Geomembrane — |\,

Vacuum valve

Clamp

weling o NN
1,5 N
bl \ \\ ‘\\_ \

i
Insullation 3 layers Nomalen 80 mm
Hypernet

2 mm HDPE Geomembrane

RAMBGLL

Thermally insulated Lid

Majority of heat losses associated to
the lid

Weighted with steel pipes
Lid ventilation is critical

Improvements on handling drainage
and drying of lid/insulation




THERMAL STRATIFICATION

X

A
ZY Temperature (C)
T 400 475 550 = 62.5 70.0

Solution Time 90617 (s)
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THERMAL STRATIFICATION

X
Z Y Temperature (C)
e 40.0 47.5 55.0 62.5 70.0 77.5 85.0

Solution Time 7901.05 (s)
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THERMAL STRATIFICATION

Fosition[x] (m)

T T T T T ™ T T T T 1
35 40 45 50 55 60 65 70 75 80 85 g0

Temperature (C)

Charge 250 MWw, V, = 0.4 m/s (D, = 6600 mm)

RAMBGLL

Thermal Stratification is crucial to
store heat while minimising heat

losses

Velocities on the magnitude of 0.4 m/s

Aim is to avoid turbulence around diffusers

Diffusers at multiple locations to facilitate
charging/discharging at different conditions




_ WHERE WE'RE HEADING (A IWAIﬁT OUTLOOK)

MARKET DRIVERS 04

01 _ ) Huge advantage of storing water based thermal
Need for robust, flexible energy systems with large energy. Significantly higher than electric

storage capacity requirement. Expected to increase batteries for the foreseeable future(currently >
20:1)

50,000 m3) surpass heating within few years, expanding
03 application opportunities

RAMBOLL Electrification of heat pushes for smart elec/heat
storage interfaces

while the RES share rises




WHERE WE'RE HEADING (A MARKET OUTLOOK)
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MEET RAMBOLL'S PTES TEAM
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QUESTIONS?
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WATER OUTLETS
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3 MONTH LATER
STILL FILLING

RAMBJLL - =










COST BREAKDOWN (CASE SPECIFIC)

50.000 M3

RAMBGOLL

mland

B Pit, excavation.
HlLiner

m Diffusor.

m Water

m Cover. Insulation and top cover.

m Consultancy service etc.

m Contingency

100.000 M3

‘a

mland

H Pit, excavation.

Hliner

m Diffusor.

m Water

m Cover. Insulation and top cover.
m Consultancy service etc.

m Contingency



COST BREAKDOWN (CASE SPECIFIC)

150.000 M3

RAMBGOLL

®Land

B Pit, excavation.
Hliner

m Diffusor.

mWater

m Cover. Insulation and top cover.

m Consultancy service etc.

m Contingency

200.000 M3

mland

H Pit, excavation.

Hliner

m Diffusor.

m Water

m Cover. Insulation and top cover.
m Consultancy service etc.

m Contingency



