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The LOGSTOR Group & global presence

LOGSTOR

Headquarters in Denmark 1,500 employees Annual turnover > 250 MEUR Owner: Triton Fund 1l

Sales

© Production »

8 plants in Europe, 1 in Asia, 2 mobile production units

© Mobile Plant

14 Sales units

(O Joint venture | . g
Joint ventures in China and Dubai

Distributors in more than 30 countries

More than 5,000 km pre-insulated pipes every year

More than 185,000 km LOGSTOR pipe supplied to date
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Agenda LOGSTOR

 Service life cost/Total Cost of Ownership (TCO)
 the most important design parameter

« Heat loss and service life cost at low temperature grids (55/25 °C)
« Example distribution pipe lines and service pipe lines
« Example distribution pipe lines

 Return of investments

* Alternative pipe materials



Focus on total cost of ownership (TCO) LOGSTOR

Compare Heat loss(MWhlyear)

B heat loss(MWhivear) B Saving

 Essential for a long life time is the right s @
choice of products and the right ol
system design

- Essential for the lowest TCO is the o
balance between the investment in 5
pipe system and installation and the
heat loss of the system over life time i

* Lowest heat loss is achieved on SaTe  Smcow  Secow  Sicem
systems with axial conti pipes with a s = e 3

diffusion barrier and low lambda value

Cyclopentane, A = 0.012 W/mK

* The diffusion barrier will secure the
low heat loss in the entire life time

CO,, A =0.017 W/mK

A= 0.027 W/mK




Service life cost/Total cost of ownership (TCO) LOGSTOR

Pipes + installation + heat loss + operation over 30 years

Twin S2 conti
w. barrier

Series 2 conti
w. barrier

Series 1 conti
w. barrier

Series - 1 pair
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no barrier
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Focus on total cost of ownership (TCO) LOGSTOR

Temperature System Parameters Finance COZ2-emission

Winter Summer Definition A PUR ' period avg. ~ Currency GBP e Fuel type Matural Gas v

Flow a5 75 calculating year 30 price / KWh 0.03 Efficiency [%] 85

Return [*C] 55 45 Soil cover (h) 700 Interest rate [%] a4 Operation 8760

Ambient [*C] 4 14 mm Time/Year
Days 215 150 Ambient soil (Normal) o

Certificate No
lambda

1 |~ i I
1! + (1LT151EN  Add pipe Delete pipe  Copy Project  Delete project

Return on Investment

cepxio0o M Pair(eq.) Steel Trad M Pair(eq.) Steel Conti o W/m Cost
No aon DN 100 Serie 1 DN 100 Serie 2 D2 Diff. Lambda Win. / Sum. MWh/year  Cost pipe  costinstall. operation  Compare
1350 ROI-13,8 Year
1 Sgg 200 0.027 3891 /27.12 298.41 108000 200000 25000 v
1.200
2 e 225 0.027  3197/22.28 245.17 124000 210000 25000
1.050
1.000
3 e 200 0.023  3152/21.97 241.69 117000 200000 25000
900
850
4 800 250 0.027  27.25/18.99 209.01 140000 210000 25000
750
700
5 50 225 v 0023  26.31/18.34 201.76 126000 205000 25000 v
550
500
450
400
350
300
250
200
150
100
50

0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Year




Low temperature grid project example

Liseborg Bakke

* Project in Viborg, 20 houses
* New build area

* Investigation of designing area for low
temperature DH

« Different pipe scenarios where investigated
« 55/25°C
* Distribution pipes
« 343 m DN20 — DN50, TwinPipe
* 7 m single pipe
* service pipes
« 185 m 20-16 AluFlextra Double pipe
« Comparison series 2 and series 3
* Budget prices all inclusive
 Total Cost of Ownership
* Return of investment

Energy efficiency / temperature level

Digrict heating grid

St .
storage

1G: STEAM 2G:INSITU
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Large "build on site” stations
<200°C

e e R

Biomass
CHP Biomass

oo .
storage ]
; CHP waste
CHP coal CHP coal
CHP oil CHP oil

Coal J ‘ 2 Coal Jﬁ > Gas, Waste
Waste 1 ’a' Waste C] Oil, Coal

PV, Wave
Wind surplus | CHP
Industry surplus. Electricity biomass
Cold|
storage |
Heat F Heat . E Centralsed ._‘
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3G: PREFABRICATED 4G: 4th GENERATION
Pre-insulated pipe: Low energy demand:
strialised comy Smartenergy (optmum
substations (akso with insulation) interaction of erergy
Metering and monitcring sources, distibution
and corsumption)
2 DOH
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Liseborg Bakke, Distribution pipes and service pipes

Budget prices — all inclu

sive

\.

LOGSTOR

Liseborg B.; Distr. =350 m; serv. 20 stk = 185,0 m

m Pipe material
® Pipe work
m excavation

Liseborg Bakke;
104-142 Pipe trench dimension service pipe Investment cost (budget)
COITETICUOTIT
service pipe| connection
Materials pipe work excavation| material pipe work total
m kanal mm antal kr kr kr kr kr kr
TwinPipe/LOGSTOR 68,2 260,3-60,3/225 0 36.335 19.163 36.499 91.997
TwinPipe/LOGSTOR 43,1 248,3-48,3/180 2 38.473 18.557 23.622 1.894 3.663 86.212
TwinPipe/LOGSTOR 76,7 242,4-42,4/180 5 14.781 15.437 39347 | 4736 | 9.158 83.464
TwinPipe/LOGSTOR 25,6 233,7-33,7/160 2 10.148 9.273 13.133 1.894 3.663 38.114
TwinPipe/LOGSTOR 131,9 2926,9-26,9/140 11 33.916 30.481 67.665 10.419 20.148 162.640
AluFlextra_double pipe 185 920-26/125 25.774 6.793 72.927 105.494
Pair of pipes/LOGSTOR 15 288,9/200 2.336 3.847 770 6.953
Pair of pipes/LOGSTOR 3,2 260,3/160 2.896 2.666 1.642 7.204
535,2 20 164.659 106.217 [ 255.605 18.943 36.634 582.058




Heat loss calculation series 2 and 3 LOGSTOR

55/25°C

Temperature System Parameters Finance CO2-emission
Winter Definition A PUR | Awerage period w Currency DKK - Fuel type Natural Gas -

Flow 55 calculating year | 30 price / kWh 0.35 Efficiency [%] &5

Return 25 soil cover (h) 800 Interest rate (%] & Operation 8760

[*cl mm Time,Year

Amblent 8 Ambient soll, A= LEW/mK.......

°cl .. H

PR, use e Serie 2 22,76 MWh/year

Days 385 certicate

1. Liseborg Bakke serie 2 [SUNEIN  Acddpipe  Deletepipe  Copy Project Delete project Serie 3 20' 20 MWh/year

No Type of system PipeSystem Length (m) C (mm) Series d1 d1 D1 Series d2 d2 D2 Diff. Lambda W/im MWh/fyear
1 TwinPipe v | steelConti  w 68 2 v = v 225 2 v| = v 25 ) 0023 6w -
2 | TwinPige v | | SteelContl o &3 2 | | a0 & 180 2 w| | 40 = 180 + o023 618 233
3 TwinPipe v | SteelConti  w 76 2 v 32 v 180 2 v| |3 v 180 v 0023 sm lase
4 | TwinPipe v | SteslConti ~ 25 2 v| [ v 160 2 v| |25 v 160 v 0023 _ _
5 TwinPipe v | SteelConti  w 131 2 v |20 - 140 2 w| |20 - 140 s 0023 ass sm
Compare Heat loss(MWh/year)
& | Double Pipe v Auflextra - 185 2 v |20 v 125 2 v| [ v 125 < 0022 las 68 ®
o B heat loss(MWh/year) I Saving
7 | paireq) v | steelConti 1 150 s v & v |200 3 v = v |20 v 0023 [108a o 2
25
g | Peideq) v | | SteelConti 3 150 5 v| =0 - ) 3 v| =0 ” 160 + 0.023 B To2a 2
e 23
Total MWh[year  22.76 gf
20
. - 19
2. LISEbDI’g Bakke Serie 3 Add pipe  Delete pipe  Copy Project Delete project 18
17
16
No Type of system PipeSystem Length (m) C (mm) series d1 d1 D1 Series d2 d2 D2 Diff. Lambda wi/m MWh/year 15
14
1 TwinPipe v Steel Conti v 68 3 v |50 v 250 3 v % v 250 v 0,023 s [s0 }g
11
2 TwinPipe v | SteelConti v 3 3 v @ v| 200 3 v [0 v |20 v 0023 sa 206 T
EE EE——— e
3 | TwinPipe v sweelConti v 76 3 v = ~| 200 3 v| 3 v |20 v 0023 fars | (a6 8
6
4 | TwinPipe v SteslConti 25 3 v |2 | |10 3 v [2s « |10 s 0.023 a0 losa g
A R :
5 TwinPipe v SteelConti v 131 3 v (2 v| 180 v |20 v |60 ’ 0023 EC [ae0 | z
1
6 | Double Pipe v AwFexrm v 185 3 v (2 v| 10 3 VIEF v |10 v 0022 N lem 0
S Liseborg Bakke serie 2 Liseborg Bakke Serie 3
7 | Paidea) v SteelConti v 1 150 E v & vl 200 s v @ v |0 s 0023 ‘1088 [lam
8 | pairieq) v | SteelCont v 3 150 3 v |50 v 160 3 v |50 " 160 v 0.023 EE loze

Total MWh fyear 20.20



Service life cost over 30 years, 55/25 °C LOGSTOR

Service Life Cost

DKK x 1.000 I Price pipe M Price Install B Cost heat loss

8507
8001
7501
7001
6501
6001
5501
5001
4501
4001

3501
3001
2501
2001
1501
1001
501
0

Liseborg Bakke serie 2 Liseborg Bakke Serie 3
719806,68 DKK 724570,13 DKK




Service life cost over 30 years, 80/40 °C LOGSTOR

Service Life Cost

DKK x 1.000 B Price pipe M Price Install M Cost heat loss

9001
8501
8001
7501
7001
6501
600 1
5501
5001
4501
400
3501
3001
2501
200
1501
100+
501

0

Liseborg Bakke serie 2 - 80/40°C Liseborg Bakke Serie 3 - 80/40°C
805899,6 DKK 801017,72 DKK

10% saving on total cost by going for lower
temperature if anything else is equal



Low temperature grid project example

Hedeskreenten

* Project in Viborg, 12 houses
* New build area

* Investigation of designing area for low
tempetaure DH

. Dlﬁerentplpe scenarious where
Investigate

« 55/25°C

« Distribution pipes (no service pipes)
» 268 m DN20 — DN40, TwinPipe
* 2 m single pipe

« Comparison series 2 and series 3

» Budget prices all inclusive

 Total Cost of Ownership

* Return of investment

Energy efficiency / temperature level

1G: STEAM
Staam system, steam pipes
ducts

Temperature < 200°C

LOGSTOR

2G:INSITU 3G: PREFABRICATED 4G: 4th GENERATION
Pressurised hot-water system Pre-nsulated pipes Low energy demands
Heavy equipment Industrialised compact Smartenergy (optimum
Large "build on site" stations substations (akso with insulation) interaction of energy
Metering and monitoring sources, distibution
and corsumption)

2-way DH

Steam .
storage
e J

Digrict heating grid

Heat Heat .
storage . ] storage i

e J
CHP oil

\.a» T -

Large scae solr RETEER

Biomass
CHP Biomass

Indlustry surplus &7
CHP waste
CHP coal
CHP oil

haxsx rage 7

]

o

*Iway g

hnd%ﬂ' =
Geothermal Heating

Q

=0 R .\
rage W 0| T district

-ooling plant

él n Centralised
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e oo | 0 B

W1 incinerat buildings
District

loolo ict Heating DsmaH ating DmctH ating

(District He -‘_,
. i ; Modofbshvalabl technology
1G/1880-1930 2G/1930-1980 3G /1980-2020 46/2020—2050



Hedeskraenten, only distribution network

Budget prices — all inclusive

Hedeskraenten 85-107

m Pipe material

m Pipe work
m excavation
Hedeskranten 85-
107 Fipe trench dirnension zervice pipe |lnvestrment cost [budget]
katerial cost pipe work, excavation
m karnal rmm artal kr kr kr

TwinFipelLOGSTOR A @48,3-48 3180 1] 31.909 14.036 40.447
TwinPipelLOGSTOR 67 @d2,4-42 4130 1] 13.240 9,926 21708
TwinPipelLOGSTOR 581 @33,7-33. 7160 1] 1260 9,374 18.824
TwinFipelLOGSTOR 3.3 @2E,9- 26,9140 1] 12.454 9,447 28,838
Fair of pipeslL OGSTOR 1 @133, 7280 1] 4 B7Z 5.219 1187
Fair of pipesfl OGSTOR 1 a26, 9125 1] 1531 3034 B21
2709 7h.0RE 51.090 M.E25

LOGSTOR



Heat loss calculation series 2 and 3

55/25°C

Temperature
Winter Summer

Flow -1 55

Return 25 25

e

Ambient | g 8

r'a

Days 365 a

1. Hedeskraenten serie 2

Mo Type of system PipeSystem
1 Pair(eq.) w  Steel Conti

2 Paireq.) ~  Steel Cont

3 TwinPipe w  Steel Conti

4 TwinPipe ~  Steel Cont

5 TwinPipe ~  SteslConti

& TwinPipe ~ | | Steel Cont

2. Hedeskreenten; serie 3

Mo Type of system PipeSystem
1 Pair(eq.) w | Steel Conti

2 Paireq.) ~  Steel Conti

3 TwinPipe w | Steel Conti

4 TwinPipe ~  Steel Conti

5 TwinPipe w  Steel Conti

& TwinPipe ~ | | Steel Cont

System Parameters

Definition A PUR

calculating year

Soil cover (h)
mm
Ambient
PUR, use A
certicate
Dataset
Length [m) C {mm}

1 150

1 150

73

Lt

67

70

Length [m) C {mm}

1 150

1 150

73

&g

67

70

Average period w

El
=]

soil, A= 1.6 W/mK
Mo

LOGSTOR-3 e
Series d1 dl

3 » 20

3 w 125

2 » 20

2 ~ a5

2 w 32

2 ~ 40
Series d1 dl

3 » 20

3 w 125

3 » 20

3 ~ 25

3 w 32

3 ~ 40

D1

125

280

140

160

180

120

D1

125

280

180

180

200

200

Finance
Currency DKK
price / KWh 0.35

Interest rate [3)] 4

Series d2

Series d2

d2

d2

D2

125

280

140

160

D2

125

200

200

LOGSTOR

CO2-emission

Fuel type Matural Gas ~
Efficiency [%] s
Operation 760

Time/Year

Serie 2 12,44 MWh/year

Serie 3 11,03 MWh/year

Addpipe  Delete pipe  Copy Project  Delste project

Diff.

d

Diff.

d

A

Lambda W/m MWh/year
o | mm DpEmm
0.023
- - Compare Heat loss(MWh/year)
0.023 - - s W heat loss(MWh/year) [ Saving .
oz | EEEE EEN -
13
T .
1
Total MWh/fyear  12.44 »
10
9
9
ddpipe Delete pipe  Copy Project Delsts project 8
8
7
Lambda W/m WWhfyear ;
6
5
a
0.023 4
Eln =l :
3
0.023 2
R 257 2
1
0.023 - - 1
- desks deskree
Hedeskraenten serie 2 Hedeskraenten; serie 3

Total MWh/fyear 1103



Service life cost over 30 years, 55/25 °C LOGSTOR

Service Life Cost

DKK x 1.000 I Price pipe M Price Install B Cost heat loss

3601
340+
3201
3001
2801
2601
240+
2201
2001
1801
160
140
120
100
801
601
401
201
0

Hedeskraenten serie 2 Hedeskraenten; serie 3
313027,2 DKK 312746,62 DKK




Service life cost over 30 years, 80/40 °C LOGSTOR

Service Life Cost

DKK x 1.000 B Price pipe M Price Install B Cost heat loss

4201
400+
3801
3601
3401
3201
3001
2801
2601
2401
2201
2001
180+

160
1401
1201
1001
801
601
401
201
0

Hedeskraenten series 2 - 80/40°C Hedeskraanten; series 3 - 80/40°C
360062,32 DKK 354439,52 DKK

12% saving on total cost by going for lower
temperature if anything else is equal



Simple return of investments series 2 vs series 3

Tilbagebetalingstid

DKK x 1.000
115

Il Dobbeltrgr AluFlextra
DN 20 Serie 2

l Dobbeltrer AluFlextra
DN 20 Serie 3

110
105
100

ROI 11,7 Ar

/

2

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Ar

LOGSTOR

Return on Investment

l Hedeskraenten serie 2
DKK x 1.000

B Hedeskraenten; serie 3

ROI 16,8 Year

Year

01 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Return on Investment

DKK x 1.000

H Liseborg Bakke serie 2 H Liseborg Bakke Serie 3 .

-/

B ann R

RQOI 22,5 Year|

01 2 3 45 6 7 8 9 10111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Year




Conclusions heat loss at 55/25 °C LOGSTOR

Service Life Cost

TG W Price pipe M Price Install W Cost heat loss. .
« The heat loss is between 17-25% of the life cycle cost s
*  The design of the trench has huge influence
*  The length of the service pipes has huge influence Pt
« There is a potential in optimizing on pipe work and excavation
e There is too much "that is how we are used to work” -
« With an energy price of 350 Dkk/MWh or more series 3 is getting e
interesting
. . - . - - . W Dobbeltrer AluFlextra W Dobbeltrer AluFlextra .
* Return of investment is shortest at service pipe lines where dimensions are T oumswer oNamsmes
small

« Use service pipe lines that are diffusion tight against water vapour diffusion
(steel, coppar or Alupex) -
«  Secures that insulation proporties is not getting worse over time z

» Use diffusion barrier in the casing
*  Secure that the insulation gasses stay in the foam
* Insulation proporties will remain the same over life time

0 1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

* In the hydraulic calculation the maximum effect for house connections must

be evaluated
«  Secure that sevice pipes are not over sized
. Eco-showers or Waterfall showers




Comparison Pex vs Steel as distribution pipe line LOGSTOR

+ PexFlextra, Twin 63 x 63 mm

« Limited in casing pipe diameter and higher insulation M Price pipe M Price Install M Cost heat loss @

series DKE = 1.000

1700
* More expensive than steel 16007
150049
14001

» Flexibility when there are a lot of branches????

 Steel, Twin 60,3, series 1,2,3 13001
1200

» Possible to make system with much lower heat loss 1.1001
than PexFlextra in coils 1000

» Higher insulation series are possible 900
B0

» Assumptions for the calculation 700

L0
5001

» Base case on installation cost is TwinPipe steel 400
where pipe material is 30%, pipework is 25% and 200
excavation is 45% 200l

* Actual material cost

* Installation of PexFlextra 5% cheaper than TwinPipe 100
steel series 1 )

. lati f TWInPi | ies 2 and 3 is 5% PexFlextra 63 mm Steel 60x50/200 Steel 60x60/225 Steel 60x60/250
nstallation ot TwinPipe steel series 2 and 3 Is 5% 1515087,36 DKK 1289215,83 DKK 1252003,17 DKK 1253811,65 DKK

more expensive per increase of series

Pipes in coils in bigger dimensions will only be
competitive when there are no branches or fittings



Service pipe lines LOGSTOR

« Chose a media pipe with no water vapor
diffusion to the PUR foam

* Alupex
* Steel

Cyclopentane, A = 0.012 W/mK
CO2, A =0.017 W/mK

» Coppar

A= 0.027 W/mK

* Chose a Pre insulated pipe with diffusion
barrier in the casing

 To secure the low heat loss during entire life time
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