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1. Project description and tasks

This TIPCHECK aims to determine the potential energy savings in a steam pipe of 120m length
including valves and flanges:

The first task:

To identify the current energy losses through the current insulation system with 30mm of aged
insulation with steel spacers on the pipe and no insulation on the valves and flanges.

The second task:

To evaluate the difference between the new customer specifications for the pipe, flanges and valves
of 60mm Mineral Wool Mat material with the current situation (30mm/uninsulated).

Infrared technology was used to determine the surface temperature on the cladding (pipe) and on
the bare surfaces (flanges and valves). These measured surface temperatures were taken to
calculate the current heat losses.

Description of the investigated components:

Component 1 —1 Pipe: 120m @ 114,3 mm; comparison of installed 30 mm insulation with
60 mm insulation

Component 2 - 10 Flanges: @ 114,3 mm uninsulated Vs 60 mm insulation mattress

Component 3 — 4 Valves: @ 114,3 uninsulated Vs 60mm insulation mattress

2. Starting point of the appraisal

2.1 Calculation parameters

Component Operation Measured | Ambient Wind Insulation Cladding
Temp. Surface Temp. Speed
Temp.
Comp. 1 -1 Pipe 150°C 53 °C 10°C im/s 30mm Alu. Oxi.
Comp. 2 - 10 Flanges 150°C 150°C 10°C 1m/s non rusted steel
Comp. 3 - 4 Valves 150°C 150°C 10°C 1m/s non rusted steel

For others parameters and boundaries conditions for calculations, please consult Annex A.

2.2 Equipment

Anemometer

Thermometer

Infrared camera

TIPCHECK calculator software, v2.0.0.14
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3. Conclusions

3.1 Comparison of the existing situation with the corporate new standard of
60mm Mineral Wool Mat

Heat loss calculations based on the measured surface temperatures give an energy saving
potential of 2.517 MWh or 75.512, - TCC! during 10 years life time (considering an energy price of
0,03 TCC/kwh fix during 10 years and an annual operational period of 8760 h/a). CO, emissions
will be also cut by 4.455 tons along the 10 years life time.

The investment to install the proposed insulation solutions sums up to 5.123,- TCC (material and
installation without depreciation, maintenance or any other additional cost),

offering a payback shorter than 9 months:

Insulation Payback

Component Heat loss in W Savings Cost time
1|1 Pipe 28.794 8.281 179.696 | 5.391 3.533 239
2|10 Flanges 4.863 297 40.006 1.200 883 269
3|4 Valves 3.891 237 32.005 960 707 269

Total | 37.548 | 8.815 | 251.707 | 7.551 5.123 248

3.2 Evaluation of the corporate new standard of 60mm Mineral Wool Mat with
the most economic solutions

According to VDI 2055 for an expected 10 years life time and considering 1% annual energy price
variation, 1% interest rate and 1% for additional cost, the most economic thickness insulation is:

For component 1 — 1 Pipe: 120 mm Mineral Wool Mat insulation thickness instead of the specified
60mm. An additional investment of 1810 TTC will additionally save 249 MWh or 7470, - TCC
during 10 years life time. Reducing also CO; emissions by 108 tons.

For Component 2 and 3 — 10 Flanges and 4 Valves : The specified 60mm Mineral Wool Mat
insulation thickness represents the most economical solution for these components.

Insulation Payback time

Component Heat loss in W Savings Cost L EVE

1|1 Pipe 8.281 5.437 24.913 747 3.533 | 5.342 884 318

1 TCC = TIPCHECK Currency
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Annex A — Component description and boundary conditions used for

calculations.
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Annex B — Schematic drawing

Pos 1. 1 Pipe

NG—H
\V
Pa N
Pos 3. 4 Valves

X

Pos 2. 10 Flanges

Annex C - Digital and infrared pictures

Component 1 — Pipe

Pipe - Measured surface temperature — 53 °C (emissivity 0.13 aluminium cladding)

20,6 °C
20

15

10

5.9
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Component 2 — 10 Flange
Flange — Measured surface temperature — 150 °C (emissivity 0.8 rusted steel)

Component 3 -4 Valve
Valve — Measured surface temperature — 150°C (emissivity 0.8 rusted steel)
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Annex D - Insulation Material

Product Commerdal thickness
4 < B Pl * - a v 14 < B ‘ Bl * - a ‘ " 14 < L3 Bl * - a v
~ ~ | ~
PAROC P Mineral Wool Mat 4 30
ROCKWOOL 40
Saint-Gobain ISOVER 50
User Catalogue v v 70 v
Additional information
Measurement
- 0751-CPD. 2-005-0-02
Flat products (plates,mats) EN 12667, EN 12939, prEN 15548-1 hittp://dopki.com/T4305FP
50000
Cylindrical products (pipe sections, tubes) DIN 52613,150 8497 Al
Max. temperature °C 700,0 Apparent density kg/m? 100,0(
mue-value (-1 = no value) 0,00
Min. temperature °C 50,0 sd-value (-1 =no value; 0 = no facing) inm 0,00
Thermal conductivity Enter polynomial coeffidents = Thermal conductivity
. . X X § 1 E (Calculation)
Function (0=constant, 1=polynomial function, 2=<linear function) %
- — Coeffienta | 367663817663818E-0002 E 200 A
Temperature 1 50,00 | oc  Thermal conductivity 1 %042 WH(mK) < e -
— - ; 9,98262108262107E-0005 T ~
Temperature 2 200,00] «c  thermal conductivity 2 °/062 WH(mK) i ‘g 120 _,/'/
. 80 =i
- - ) IR 2E 975 S5 0 0E 3 -
Temperature 3 50000 | o¢  Thermal conductivity 3 0137 W) Coefficentc  8/53276353276355E-0008 T oo
S R X 5 3160883190883 1F-0010 2 0
Temperature 4 700,00 | oc  Thermal conductivity 4 7228 Wj(mK) Coeffidentd ~ 2719058315088315-0010 = 180 220 480 B840
Temperature

Example of an insulation mattress to be used for the valves and flanges:
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Annex E — Overview of results per insulation thickness

Component 1 -1 Pipe

Avenue du Mont-Blanc 33, 1196 Gland, Switzerland,

+41 22 99 500 70, tipcheck@eiif.org

Insulation thickness mm 0 50 60 70 80 90 100 110 120 130,00 140,00
Cost heat loss €/(m-a) 2672 214 19,0 17,2 15,8 14,7 13,8 131 12,5 11,9 11,4
Cost invest €/(m-a) 0,0 3.1 3.4 3.7 40 43 46 49 52 6.5 6,9
Cost total €/(m-a) 267,2 24.5 224 20,9 19,8 19,0 18,4 17,9 17,6 18,4 18,3
Cost heat loss €/(m*a) 7442 31,7 25,8 215 18,4 15,9 14,0 12,5 11,2 10,1 9,2
Cost invest €/(m?a) 0,0 46 46 46 4,6 46 46 46 46 56 56
Cost total €/(m?a) 7442 36,4 304 26,1 230 20,5 18,6 171 15,8 15,7 14,8
Surface temperature °C 1498 225 205 19.0 17,9 17,0 16,3 157 153 148 145
Heat flow rate W/m? 27088 1155 93,8 78,3 66,8 58,0 51,0 453 40,7 36,8 336
Longitudinal heat flow rate W/m 9727 77 69,0 62 6 576 53,6 50,3 47 6 453 433 416
Heat loss \i 116721 9329 8281 7506 6907 6430 6039 5713 5437 5199 4991
Max. rel. humidity %
Payback time d 231 239 250 262 276 289 303 318 399 416
CQO2 Emission t/(m-a) 3,64 0,29 0,26 0,23 0,22 02 0,19 0,18 017 0,16 0,16
Coefficient hi W/(m?K)| 100000| 100000, 100000, 100000 100000| 100000| 100000( 100000| 100000( 100000| 100000
Coefficient hse W/(m?K) 19,4 9.3 9,0 8,7 8,5 8,3 8,1 7,9 7,8 76 7.5
h radiation W/(m?K) 8,0 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7 0,7
h convection W/(m2K) 11,4 85 8,2 8,0 7.8 76 74 72 71 6,9 6,8
L ambda-design (mean valug) |W/(m-K) 0,06 0,06 0,06 0,06 0,06 0,06 0,08 0,08 0,06 0,06
Component 2 — 10 Flanges
Insulation thickness mm 0 30 40 50 60 70 80 90 100 110 120
Cost heat loss €/(m-a) 340,8 271 21,9 18,7 16,4 14,8 13,6 12,6 11,8 11,2 10,6
Cost invest €/(m-a) 0,0 152 16,9 18,7 20,4 222 239 257 27,4 29 1 30,9
Cost total €/(m-a) 340,8 42,3 38,9 37,3 36,9 37,0 37,5 38,3 39,2 40,3 41,5
Cost heat loss €/(m?a) 9490 496 359 27.7 223 18,6 15,8 13,6 12,0 10,6 95
Cost invest €/(m?a) 0,0 27,7 27,7 27,7 277 27,7 27,7 27,7 27,7 27,7 27,7
Cost total €/(m?a) 9490 77.3 63,6 55,5 50,1 46,3 435 414 397 38,4 37.3
Surface temperature °C 1498 194 17,0 15,6 14,6 13,9 13,4 13,0 12,6 12,4 12,2
Heat flow rate W/m? 34545 180,4 130,7 100,9 813 67.5 57.4 496 43,5 38,6 346
Longitudinal heat flow rate W/m 1240,5 98,8 79,8 67,9 599 54,0 495 459 43,0 40,6 38,5
Heat loss W 6202 494 399 340 299 270 247 229 215 203 193
Max. rel. humidity %
Payback time d 160 175 191 208 224 241 258 275 292 309
C02 Emission t/(m-a) 485 0,37 0,3 0,25 0,22 0,2 0,19 0,17 0,16 0,15 0,14
Coefficient hi W/{m2K) 100000| 100000 100000/ 100000| 100000( 100000| 100000( 100000| 100000 100000| 100000
Coefficient hse W/(m2K) 247 193 18,7 18,2 17,7 17,4 17,0 16,7 16,5 16,2 18,0
h radiation W/(m2K) 8.0 51 5.0 5.0 50 49 49 49 49 49 49
h convection W/(m2K) 16,7 142 13,6 13,2 12,8 12,4 12,1 11,8 11,6 11,3 11,1
Lambda-design (mean value) W/(m-K) 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05 0,05
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Component 3 - 4 Valves

Avenue du Mont-Blanc 33, 1196 Gland, Switzerland,
+41 22 99 500 70, tipcheck@eiif.org

Insulation thickness mm 0 30 40 50 60 70 80 90 100 110 120
Cost heat loss €/(m-a) 3408 271 21,9 18,7 16,4 14,8 13,6 12,6 11,8 11,2 10,6
Cost invest €/(m-a) 0,0 152 16,9 187 204 222 239 257 27 4 291 30,9
Cost fotal €/(m-a) 3408 423 38,9 37,3 36,9 37,0 37,5 38,3 39,2 40,3 41,5
Cost heat loss €/(m?a) 949.0 496 35,9 27,7 22,3 18,6 15,8 13,6 12,0 10,6 9,5
Cost invest €/(m?a) 0,0 27,7 27,7 27,7 27,7 27,7 27,7 27,7 27,7 27,7 27,7
Cost total €/(m?a) 949 0 773 63,6 55,5 50,1 463 435 414 397 384 37.3
Surface temperature °C 1498 19,4 17,0 15,6 146 13,9 13,4 13,0 12,6 12,4 12,2
Heat flow rate W/m? 3454 5 1804 1307 1009 813 67.5 57 4 496 435 386 346
Longitudinal heat flow rate W/m 12405 98,8 79,8 67,9 59,9 54,0 49 5 45,9 43,0 40,8 38,5
Heat loss W 4962 395 319 272 239 216 198 184 172 162 154
Max. rel. humidity %

Payback time d 160 175 191 208 224 241 258 275 292 309
C02 Emission v(m-a) 485 0,37 0,3 0,25 0,22 0,2 0,19 0,17 0,16 0,15 0,14
Coefficient hi W/AmM2K) 100000| 100000| 100000| 100000 100000 100000| 100000| 100000| 100000| 100000 100000
Coefficient hse W/(m2K) 247 19,3 18,7 18,2 17,7 17,4 17,0 16,7 16,5 16,2 16,0
h radiation W/AmM2K) 8.0 51 5.0 50 50 49 49 49 49 49 49
h convection W/(m2K) 16,7 14,2 13,6 13,2 12,8 12,4 12,1 11,8 11,6 11,3 11,1
Lambda-design (mean value) W/(m-K) 0,051 0,051 0,051 0,051 0,051 0,050 0,050 0,050 0,050 0,050
www.eiif.org TIPCHECK pg. 11/17
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Annex F — Detailed overview of results per component

Please see the following pages.

Component 1 -1 Pipe

TIPCHECK™

Object TIPCHECK Report GA
Customer General Assembly
TIPCHECK engineen/CertMr. Luis —

Date 18018

Component  1.Pos Pipe - 150 C pipe

Insulant Mineral Wool Mat
Duter diameter mm 114,30 Heat price €kWh 0,0300
Length m 120,00 Annual operation peniod hia BTE0
Medium temperature *C 150,00 Expected semvice of lifz a 10,00
Ambient temperature °C 10,00 Interest rate a 1,00
Sanpport constrection Witm-K) o Annual price vanation %/a 1,00
Owientation horizontal Maintenance and general cost %/a 1,00
Emissivity 0.12 Price variation factor 1.05
Airvelocity mis 1.00 Capital service factor 3a 0,12
Alowable surface termp. °C
Max heat flow rate Wim
Measured surface temp. *C 53.00
48B4
46.08
432 W == Sum Cost
455 W — Energy cost
W B = Irvesteest
= Dayhack time
i F =] Re;leren-:e
33.28 ) D Effcignt
i [ I Ecenoms
3 2516 ™ O Customer
N 266
1im
0 4B
1T.82
16.38
128
1024
.58
512
2.66
D~
i] &0 100 &0 200

Thizkmezs eflayar mn
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Component: 1.Pos Pipe - 150 C pipe

Avenue du Mont-Blanc 33, 1196 Gland, Switzerland,

+41 22 99 500 70, tipcheck@eiif.org

TIPCHECK Report GA
(General Assemibly

| [ Uit |Reference  |Economic  |Efficient  [Customer  [Bare surface |
[Insulstion thickness [ mm [30.00 [ 120,00 [210.00 50,00 0,00

| Cost heat loss €limra) |es.a2 [12.45 [0.28 [ 15,81 [267.22

| Cost mest |&(ma) | [5.15 0.31 EEE |

| Cost total |&/(ma) T [17.58 [1a.58 [12.20 |267.22

| Cost heat loss EE [ 120,28 [11.18 552 [18.25 [744.18

| Cost nvest £(na) | 482 555 482 |

[ Cost total £(ma) [ 120,30 [ 15.81 [11.07 [22.07 [744.18
[Surface temperaturs E |52.00 [15.25 [12.28 [17.80 [140.84

[ Hest fow rate | wim® 42321 [40.70 |20.00 | 66,70 | 208,78
[Longitudinal heat flow rate | Wim 220,05 [48.21 [33.72 |57.58 |e72.67

[ M. red humidity [% | | | | |

|Payback tme a | |0.87 [142 [0.72 |

| o2 Emission |titm-a) |00 [o.17 [0.13 [0.22 2.4

| Coefficient hi |wim¥)  [w0000000 10000000 [100000.00  [100000.00  |100000,00
| Coefficient he [ i) [10,19 [7.75 |6.30 [5.48 [12.25

|In radiation [wim®)  |0.83 |00 |08 [0.70 [7.20

| corvection [wim¥)  [2.36 [7.08 [6.12 [7.78 [11.37
|Larrbda-de-5ig" [mean vahus) |w;-:rn+<: |cu.nea-5 | 0,0605 | 0,0604 | 0,0807 |

- - - - - - -

| Heat loss |w |28784.34  |542562 |4045.72 | 8ape.a1 | 196720,85
[ Heat losses money saving &= |Base [- [- | s752.02 [-
|Tma|c:cr515rn:ney saving |€.‘a |Ease |- |- |555=4.BB |-
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Component 2 — 10 Flanges

TIPCHECK™

Object TIPCHECK Report GA
Customer (General Assembly
TIPCHECK, engineer/Certhr. Luis —

Diate 18112018

Component  2.Pos 10 flanges - non insulated

Insulant Mineral wool mat

Owrter diameter mm 114,30 Heat price £k\Wh 00300
Length m 0,50 Annual cperation penod hia BTED
Mediem temperature "C 150,00 Expected service of life a 10,00
Ambient temperature “C 10,00 Interest rate %/a 1,00
Support constrection Wilm-K) Annual price vanation 9%/a 1,00
Orientation horizontal Maintenance and general cost %/a 1,00
Emissivity 0.4 Price variation factor 105
Air velocity mis 1.00 Capital service factor /a 0,12
Alowable surface temp. °C

Mau. heat flow rate Wim

Measured surface temp. *C

56.32

E3.TS
512 W = Sum Cost

W = Energycost

W == Irvestoost

46.08 [~ == Paybacktime

4352 ™ @ Reference

4095 ™ @ Effcient

[ I Ecenomic

™ O Customer

45.54

34
3584
128

£ ma)

28.16
258
1504
20.48
1752
16.36 -
128
10,24 -

o Ll 40 ED a0 00
Thizkmazs eflayar mm
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Avenue du Mont-Blanc 33, 1196 Gland, Switzerland,

+41 22 99 500 70, tipcheck@eiif.org

' Cibject TIPCHECK Report GA
TIPCHECK® = ==
Component:  2.Pos 10 flanges - nen insulated
| [ umit |Reference  |Economic  |Efficient  [Customer  [Bare surface |
[ Insulation thickness [ mm |o.00 |80.00 [ 100,00 |60.00 0,00 |
[ Cost heat loss (mra) | 26722 [ 16,22 [11.75 [18.22 267,22 |
[ Cost invest &(mra) | [2042 [27.20 [20.42 | |
|-::c.5t total lima) |26? >3 | 3871 | 30,14 | 36,71 |2&.‘-.22 |
|Cu5t heat loss £limfa) |?4A 16 | 7213 | 11,80 | 2213 |?44. 16 |
|c:.st mvest ima) | | 7774 | 27,74 | 2774 | |
| Cost total |&(ma) |744.16 |42.57 [ 36,54 |48.87 |744.16 |
[Surtace temperature E [ 142,84 [ 16.02 [13.52 | 16.00 [ 148,84 |
[ et fiow rate | wirm® |za7e  [s056 [43.20 EE 270878 |
[Longitudinal heat flow rat= | Wim |eT267 |52.20 [4275 [ 5830 |a72.67 |
[ o oy | | | | | |
[Payback tme E | [074 [0.87 [0.72 | |
|02 Emission |tim-a) [284 [n.22 [0.18 [0.22 EED |
| Coefficient hi |wim¥)  [w0000000  [100000.00 10000000  [100000.00  [100000.00 |
| Coefficient he [witm)  [10.35 [13.22 [12.20 [13.22 [19.35 |
|In radiation |wiim®)  |7.00 | 5.00 [+.82 [ 5.00 |7.20 |
| corvecsion [wim®) 1137 [s.22 [737 [8.22 [11.37 |
| Lambda-esign (mean vaius) | Wit} | | 0.0508 [0.0504 | 0.0506 | |
- - - - - - - |
[Heat loss [w |4883.27 22650 [213.78 | 208,50 |4a83,37 |
[Heat Iosses maney saving &= [Base [- [- | 200,17 - |
[ Total costs money saving &= |Base [- [- [ 115253 - |
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Component 3 — 4 Valves

TIPCHECK™

Object TIPGHECK. Report GA
Customer (General Assemibly
TIPCHECK engineer/CiertNr. Luis —

Diate 18112016

Component  3.Pos 4 valves - non insulated

Insadart Mineral wool mat

Owrter diameter mm 114,30 Heat price £%Wh D0,0300
Length m 1.00 Annual operation period hia ETE0
Medium temperature “C 150,00 Expected service of lifie a 10,00
Ambient temperature “C 1000 Interest rate 'a 1,00
Support construction Wi{m-K) Annual price vanation %/a 1,00
Orientation horizontal Maintenance and general cost Wa 1,00
Emissivity 0.4 Price variation factor 1,06
Air velocity mis 1.00 Capital service factor t/a 0,12
Alowable surface temp. °C

Mau heat flow rate Wim

Measured surface temp. °C

56,32

E3.TE
512 W == Sum Cost

W = Energy cost

B == |mvazteest

+6.08 [~ Pyhark time

4357 I B Refererice

058 I [0 Efficient

[ M Esonomc

I~ O Custemer

45.54

a4
3504
1326
.72

E{ma)

2B.16
25E
1304
20.48
17482
16.36 1
128
10,24 -

o LI 40 ED 80 100
Thickriaas oflayar ma
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TIPCHECK “

Avenue du Mont-Blanc 33, 1196 Gland, Switzerland,

+41 22 99 500 70, tipcheck@eiif.org

' Oiject TIPCHECK Report GA
TIPCHECKY = ==
Component:  3.Pos 4 valves - non insulated
| | Unit |Reference  |Economic  |Efficient | Customer  |Bare surface |
[ Insulation thickness [ mm |0.00 |60.00 [ 100,00 |60.00 0,00 |
[ Cost heat loss [€ima) | 26722 [ 16,28 [11.75 [18.22 267,22 |
| Cost nvest |&/(ma) | [2042 [27.20 [20.42 | |
[Cost total &(mra) |267.22 [28.71 EX [28.71 |267.22 |
|-::c.5t heat loss €lima) |?4A 16 | 7213 | 11,89 | 2213 |?44. 16 |
|Cu5t nvest £limfa) | | 7774 | 27,74 | 2774 | |
|c:.st total |‘—:'.'[rr'=a] |?4A 16 |4£'.ET | 30,64 |4n.a? |?44. 16 |
| Surface temperature = | 142,84 [ 16,09 [ 1252 | 16.08 | 148,24 |
[ et fiow rate | wirm® |zoa7e  [s056 [43.20 | 5058 270876 |
[Longitudinal heat flow rate | Wim |eT267 |52.20 [4275 | 5830 |a72.67 |
[ M. red. humidity % | | | | | |
[Payback tme E | [074 [0.87 [0.74 | |
|02 Emission |tim-a) [2.64 [n.22 [0.18 [0.22 2,84 |
| Coefficient hi |wim¥)  [w0000000  [100000.00 10000000  [100000.00  [100000.00 |
| Coefficient he |wim3)  [10.35 [13.22 [12.30 [1322 [18.25 |
[In radiation [witm)  |7.00 |5.00 [4.82 [5.00 [7.20 |
| comvection |wifm) [ 11.37 |B.22 [7.37 [5.22 [11.37 |
[ Lambda-design (mean vaiue) | Wit} | | 0.0508 [0.0504 | 0.0506 | |
- - - - - - - |
[Heat loss [ w |2800.82 |237.20 [171.01 237,20 | 220,50 |
[Heat Iosses meney saving &= [Base [- [- [ 260,14 - |
[ Total costs money saving &= |Base [- [- 822,02 - |
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