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A study on improvement of thermal insulation standard for mechanical
pipes with energy performance at the level of advanced countries for

zero energy building
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ct 0.041~0.046 30 45 60 45 60 90
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2} 0.047~0.051 40 55 35 50 50 65 100
*4°C o|gte] W ST Aldol| mE
Me, eluk By +2 4C 0|4 6C 0|2, FSE 30C 0|5t AUSE 75% o|et
Sluk BHY 42 6~15C, FYSE 30T 0I5t ASE 75% o|ot
Chs, M2 B £ 4C 0[4 6 0/7H, FSE 30C AT} T AHSE 75% 0|4t
Chs, 2Bk B $2 6~15C, FHUSE 30C &2 o AUEE 75% 0l

2) =2 &t SHEIIE
O 22 JIE2SZ2 ASHRAE 90.101 HMAIE SHSEHIL AS. JIE0 LH2X %2
&

A
=

Z28otc= of(H, JI=0 MAIE HEFH=E O
2 =l ©

Ol CHolA= HAAS MESHH HEFNE 4 Xl
S=24dPtE Des 202oz HMIHU HH2EQ 2E0t0 ZRA0sE = g 7 =
UCHD HAIGHD AS

- ofe JlE2 20104 JH&otH A= GUX ALE2l 30%E =017 et &t S otLZ 2t
HEQ HEENE SIAZ

- ASHRAE Jl=2 ZU=+=2 SR0 Ot H8EHs =HEMe 28 =S FHE MAIGHH 2=
= 89 UiA 2= 288 82 HEFNE MAlcte =W JIEd X0IE 2




<E 4> ASHRAE 90.1(2019)2 Hi& SEI|&E

Insulation Conductivity =Nominal Pipe or Tube Size, mm
Fluid
25 t 40 t 100 t
Operating Mean | <5 © ° ° | >200
. Rating <40 <100 <200
Systems | Temperature Conductivity,
and Usage ature, Insulation Thickness, mm
C
>177 0.046 to 0.049 121 115 125 125 125 125
Heating 122 to 177 | 0.042 to 0.046 93 80 100 115 115 115
d
an 94 to 121 | 0.039 t0 0.043 | 66 65 65 80 80 80
Hot—water
systems 61 to 93 0.036 to 0.042 52 40 40 50 50 50
41 to 60 0.032 to 0.040 38 25 25 40 40 40
Cooling 4to 16 | 0.030 to 0.039 | 24 13 13 25 25 25
systems <4 0.029 to 0.037 10 13 25 25 25 40
O 9=29 Building Regulation Part L2 XI& Non-Domestic Building Services Compliance Guide
= d= A382 UK €24 2F MEES E=xotel &30 I&EE A=F L IS HIOtE HE
Oof &dl &xl0o 28t XN&E=2 HSE




Heat loss (W/m)
Qutside pipe Low temperature Medium temperature  High temperature
diameter (mm) Hot waterl! heating™ heating®! heating®

= 295C 96'C to 120°C 121°C to 150°C

2 6.60 890 1334 792
213 713 9.28 B56 18.32
269 783 10.06 13.83 1870
337 8.62 .07 1439 19.02
424 972 12.30 1566 1925
483 0.2 1294 16.67 2007
603 57 1445 1825 2196
76l 1B.09 16.35 2042 242
889 458 179 22.09 2599
143 1720 2077 2531 2932
1397 19.65 3N 2823 24
168.3 2231 2689 3161 36.04
2191 2752 3254 3766 4216
=730 3240 38.83 4372 4848
Note

To ensure compliance with the maximum heat [oss criteria, insulation thicknesses should be calculated according to BS EN
150 12241 using standardised assumptions.

[1l Horizontal pipe at 60°C in still air at 15°C

[2] Horizontal pipe at 75°C in still air at 15°C

[3] Horizontal pipe at 100°C in still air at 15°C
[4] Horizontal pipe at 125°C in still air at 15°C

Recommended maximum heat losses for direct hot water and heating pipes

Outside diameter of steel
pipe on which insulation has

Heat gain (W./m)

Temperature of contents ["C)

been based (mm) =101 4.9 to 10.08 0 to 4.9
172 248 297 347
23 272 3 381
269 305 358 418
337 3f 400 4.60
424 3.86 453 51
483 41 4.82 545
603 478 548 617
761 551 630 670
889 617 690 777
1143 718 831 915
1397 852 949 1045
1683 9.89 1057 n.aé
palh| 1237 B.57 14.61
=2730 1474 16.28 1748
MNote

To ensure compliance with the maximum heat gain criteria, insulation thicknesses should be calculated according to
BS EN ISO 12241 using standardised assumptions:
[11 Horizontal pipe at 10°C in still air at 25°C

[2] Horizontal pipe at 5°C in still air at 25°C

[3] Horizontal pipe at 0°C in still air at 25°C

Recommended maximum heat

gains for cooled water supply pipes

[O8 4] =2 12 HH&

EM/EE J|IFS
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b

ct
=
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=
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Qutside Low surface finish (£ = 0.05)
g‘lzgl‘ezi:enf Low temperature heating services (< 95 °C) Medium temperature heating services (96 °C—120 °C) High heating services (121 °C - 150 °C)
onwhich t=75 =100 =125
thackniss has A= |A= (A= |A= [A= |A= |A= [Max |A= |A= |A= |A= |A= (A= |A= [Max |A= (A= |A= |A= |A= |A= (A= |Max
been based 0.025 |0.03 |0.035 (0.04 (0.045(0.05 |0.055 Ih::s( 0.025 |0.03 |0.035 (0.04 (0.045 [0.05 |0.055 Ih::sf 0.025 |0.03 |0.035(0.04 (0.0450.05 |0.055 P:;a;‘
(mm) Thickness of ion (mm) Wim) Thickness of insulation (mm) (Wi/m) Thickness of (mm) wrm)
172 12 17 n 30 39 51 66 B9 n 15 20 26 34 a4 56 |1334 |10 13 18 24 31 39 50 |17.82
213 14 20 26 35 16 59 75 928 |14 18 25 32 42 54 69 |1356 |12 17 22 29 38 48 &1 1832
269 16 2 il 38 49 62 78 10.06 (17 24 N 41 53 67 85 |13.83 |16 22 28 37 47 50 76 |187
337 18 24 3 40 51 64 79 1107 (1 28 37 48 62 8 98 1439 |20 27 36 48 59 74 93 |19.02
424 20 26 33 42 52 &5 79 123 4 32 41 52 &6 83 |103 |1566 |26 35 45 59 74 93 |117 |19.25
483 21 27 35 44 55 &7 82 1294 (25 33 42 53 &7 83 102 1667 |28 37 48 61 77 97 120 (2017
60.3 23 29 37 46 56 68 82 1445 |27 36 46 57 n 87 |106 |1B25 |31 41 52 66 83 102 |125 (2196
76.1 24 31 39 48 58 70 83 1635 |30 39 49 60 74 89 107 |2042 |34 45 57 7 88 107 |129 (2421
88.9 25 32 40 49 59 70 B2 17.91 |31 40 51 62 76 a1 108 (2209 |36 47 60 74 a1 110|132 |25.99
1143 27 34 42 51 &1 n 83 2077 |34 43 54 85 79 93 1110|2531 |40 51 64 79 9 |115 |136 (2932
139.7 28 35 43 52 61 n 82 2371 |38 46 57 68 82 96 112 |28.23 |43 55 B8 83 100 (118|139 |3247
1683 29 37 44 53 62 72 82 2689 |38 48 59 70 83 98 113 (3161 |46 S8 n 86 103 (21 141 36.04
219.1 30 38 45 54 82 72 B2 3254 |40 50 &1 72 85 98 1113|3766 |49 [73 75 a0 106 (124|144 (4208
13 31 38 46 54 62 IAl B0 3883 |42 52 63 74 &7 w0 |14 (4372 |52 B4 78 93 109 (127|145 |484B
Key

t=water temperature; standardized assumption for calculation purposes {°Q)
A = thermal conductivity at mean temperature of insulation (Wim - K)
& = emissivity of outer surface of insulated system

NOTE? Insulation thicknesses in this table have been calculated according ta BS EN IS0 122411998 using standardized assumptions: horizental pipe in still air at 15 °C at t °C, emissivity of outer surface of
insulated system as specified.

NOTE2 Heat Joss relates to the specified thickness and temperature.

NOTE3 The thicknesses in this table are applicable to pines serving commercial solar hat water panels.

Indicative thickness of insulation for non—domestic heating services to
control heat loss—Low emissivity outer surfaces

Qutside High emissivity surface finish (¢ = 0.9)
f‘i:;‘;‘l;r:' Low temperature heating services (< 95 °C) Medium temperature heating services (96 °C — 120 °C) High heating services (121 °C - 150 °C)
on which t=75 t=100 t=125
imuaton A= [A= [A= [A= [A= [A= [A= [Max [A= [A= A= [A= [A= [A= [A= [Max |A= |A=
g 0.025 |0.03 |0.035|0.04 |0.045 |0.05 |0.055 heat |0.025 0.0: 0.035 |0.04 |(0.045 (0.05 |0.055 |heat |0.025(0.03
loss loss
(mm) Thickness of insulation (mm) (] Thickness of insulation (mm) (W/m) ickness of insulation (mm) (W/m)
17.2 4 19 25 34 44 57 72 89 13 7 23 30 38 49 62 [13.34 |12 16 21 23 35 45 57 17.92
213 16 22 30 39 50 64 81 9.28 |16 21 28 36 a7 &0 75 |1356 |15 20 26 33 4z 54 67 1832
269 18 25 33 42 54 68 85 10,06 |20 26 35 45 58 73 92 [13.83 |18 24 32 41 52 66 82 |187
337 20 27 35 44 56 69 85 11.07 |23 n 41 53 67 B84 106 (1438 |23 30 39 51 64 81 100 (19.02
424 22 29 37 46 57 70 86 123 26 35 45 57 72 83 110 [1586 |28 38 49 63 80 |100 |124 ([19.25
483 23 30 3% 48 60 73 88 1294 |27 36 46 58 72 89 109 (1667 |30 40 52 66 83 |103 |127 (2047
80.3 5 32 41 51 82 74 89 1445 (30 39 50 62 77 94 13 (1825 |34 44 57 Il 88 |109 |133 (2196
76.1 27 35 43 53 64 7% 90 1835 (32 42 53 85 80 98 115 (2042 |37 48 61 76 94 |14 137 2427
88.9 28 36 44 54 64 76 90 1781 |34 44 55 68 82 98 116 (2209 |39 51 64 78 97 | 117|140 (2599
1143 30 38 47 56 66 78 N 2097 |37 47 58 n 85 100 |118 [2531 |43 55 69 85 [102 (122 |144 2932
139.7 31 39 a8 57 &7 78 90 2371 |39 50 61 74 88 103 |120 |2823 |46 59 RES 89 106 126|148 |32.47
168.3 33 40 43 58 68 79 a0 2689 |41 52 64 76 90 105|122 |31.61 |49 62 76 92 109 (129 |150 |36.04
2191 34 42 50 60 89 79 90 3254 |44 55 66 79 92 106|122 3766 |53 66 81 9% 114 132|153 |42.16
273 35 43 51 &0 69 kLl 89 3883 |46 57 68 81 94 108 123 (4372 |56 89 84 100 | 117 135|155 4848

Key

t=water temperature; standardized assumption for calculation purposes (°C}
A = thermal conductivity at mean temperature of insulation (Wim - K)

£ = emissivity of outer surface of insulated system

NOTE1 Insulation thicknesses in this table have been calculated according to 85 EN ISO 12241:1998 using standardized assumptions: horizontal pipe in still air at 15 *C at t *C, emissivity of outer surface of
insulated system as specifiel

NOTE2 Heat loss relates to the specified thickness and temperature.

NOTE2 The thicknesses in this table are applicabie ta pipes serving commercial solar hot water pansis.

Indicative thickness of insulation for non—domestic heating services to
control heat loss—Low emissivity outer surfaces
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Materials : Insulation

Pre—requisite

—_

. Roof

AWM

Any new insulation specified for use within the following building
elements must be assessed:

. External walls

. Ground floor

. Building services

O LEEDS| Z2 2MHOZ IHE B0l SEHD Y AR ASS 0S5 MES 54N 202 U
Hol & 720X AR $2O2 2R60) WIS MME. LEEDUAS BREEAMDI 20| TS Hot
20l A% 220l 48 LEED BD+COIAE 2E=O BT S JIE0 18 $2S FANCZ =
B6tD UK @S, J2ALt UK 85 SFAES s JIHLH PR DA LR FEOE &
5t D US

E 8> LEED v4.19| Z4E MA ¥ HAM(LEED BD+C)

LEED Credit

| LEED Requirement

Energy and Atmosphere (EA)

Prerequisite 2:
Minimum Energy Performance

10% performance improvement for new buildings or 5%
better performance for renovated existing buildings, with
baseline building performance rating calculated per
method in  Appendix G of ANSI/ASHRAE/IESNA
Standard 90.1-2007 for whole building simulation.

Improve building performance rating compared with the

Credit 1:

Optimize Energy Performance
(1-19 points)

Credit 1.3:

Optimize Energy Performance
(HVAC)

(5—10 points)

baseline building performance rating, calculated per
Appendix G of ANSI/ASHRAE/IESNA Standard
90.1-2007 a whole project simulation model, with

points awarded per energy cost savings in LEED table.

O & LEED Residential
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F 9> LEED v4.19] &H A 2 HM(LEED Residential)

LEED Credit

LEED Requirement

Energy and Atmosphere (EA)

Efficient hot water distribution system

Option 1. Efficient Hot
Water Distribution

Design and install an energy—efficient hot water distribution system, based
on either maximum pipe length requirements (Path 1) or maximum pipe
volume limits (Path 2). The source of hot water is assumed to be a water

, heater, boiler, circulation loop piping, or electric heat—traced piping.

(1 point) Multiple water heaters and multiple distribution systems may be used to
comply with this credit. All heat traced piping must be insulated.

Install at least R—4 insulation on all domestic hot water piping, including

subslab pipes. Insulation on all piping elbows and tees must adequately

Option 3. Pipe insulate changes in direction. Run buried piping in a slab or below grade

Insulation through a protective, waterproof raceway, channel, sleeve, or path whose

(1 _point) internal dimensions and changes of direction are large enough that the

piping and insulation can be removed and replaced without damaging the
piping’s dimensional integrity

<¥ 10> LEED v4.1 Residential DB+C<2| =C{f ufz Zlo]

Maximum pipe or tube length
Nomina | Hot water source is a water heater or boiler | Hot water source is
| pipe | with no circulation loop or heat traced pipe | a circulation loop or
size or in multifamily buildings a central heat traced pipe
(mm) circulation loop or heat traced pipe serving a single unit
(meters) or house (meters)
6 15 5
8 15 5
9 15 5
13 13 5
16 10 4
19 6 2
22 5 2
25 4 2
32 2 1
38 2 1
50 < 1 0.3
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2 HAF0AE AN SEZUE HIEeZ i =8 2 H 252 H206I0 == 22 AI2d
OldES AAIE. AIEd0IA == Star CCM+(2019 Build 14.04.011)& o|l2¢&
—Shaft-up Temp[°C] —Shaft-down Temp[*C]—B1-C Temp[“C] B1-E Temp[°C] B1-S —B2-C Temp[-C]
—B2-E Temp[°C] —B2-S Temp[“C] —B3-C Temp[°C] B3-E Temp[°C] B3-S Temp[°C] —oOut
(,;H% 10
s - /
[O™ 38] MIIS20] UEIY 2/4~2/6 2==d 21}
22U 222 AEI|HEHISAF ESABHUMH HAZH A= 23 100A0 st J1& H24=(61
T ~ 90 C)o RRF0l 75 CE =g&. 282 0.036 W/m-K2 DU 22 2
E 33> AlE8old gt
Category Input Modeling image
Length 10m
i t |
Pipe Size(external, 4 50 x (113 4mm. 94mm)
internal)
Metarial Stainless steel
. Domestic KCS 31 20 05 : 2018
Y hroad ASHRAE 90.1 : 2013
Heat insulating Thickness 40T, 50T
material Metarial Mineral wool
Temp. 75 C
Water velocit 2 m/s (KDS 31 25 25 :
Y 2016)
Outside air Temp. -22 C

E 34> AEdo|M HolA

Standard Water temp. Thermal conductance Thickness
mineral wool

KCS: 2018 75 C 40
(0.036 W/m-K) mm

ASHRAE 75 C 0.036 W/m-K 50 mm




~
o O

O

O

<¥ 35> AlEE0o|Md HT

Water
temp.

Input Output
Temp. temp.

Standard Thickness location

Water 75 C 699 C

KCS 40mm

f f
surface of o2 446 ©
insulation

_ Water 75 C 69.9 C
Low temp.
(75 C)

ASHRAE 50mm

f f
Sur acg © 38.7 C 37.7 C
insulation

=L KCS 31 20 05:2018 JI&E2 22 HEM HBE2E= |SF0A 45.7 C, =720 KA 44.6
T2 UES2M, ol?l ASHRAE JIE2 3% HEMN HBE2Lse |RYFA0HAM 38.7 C, REF0
M 37.7 T& LIEtE

ASH0IE 2 2 JI=0HA SE ZEHSTIF 40C 0lat22 LIEHLE 88 D=0 HHRE
40C OlatE StFotAl =2&. U a2l ASHRAE JIZEWHAM SHETH ZEH2EIF 40C 0latE2 L
EfLF 88l J|EQ HH2E 25 40 T O|otE 2HEE
(etd =W S SH2 JIE2 AL SEEE0] €2 MZ2 AZEW 22 Ber 2
g AOo2 AlZE. T3 MA A2 OUX 5= ZEHHA el ¥H J|E L350t BQs
Aoz mHE
HEQUS JIEOT B HIB SHIIE RO HY
POIHER! JIedIE, [EE 101224 MEIIE0 ASHRAE 90.12 =4 S J1=0 O
ol SLXAH0AN 2L S HlWE
SNECE2S B2 S2E2Z 2 U W S2U8tES AME5tL, RE=AH = BS 5422:200900 Lt
2 YUMol HIo| X AgHO0.02)2 XIH2t(0.95)8 & 1ol gtHst
<HZ 36> EHYAIEZ(e)-BS 5422:2009
Material € Material €
Aluminium, bright 0.05 || Fire brick 0.75
Aluminium, oxidized 0.13 | Galvanized steel, blank 0.26
Aluminium foil, bright reinforced 0.05 || Galvanized steel, dusty 0.44
Alumini i
ym|n|um foil, polyester faced 0.40 | Paint, black 0.95
reinforced
Alu-zinc 0.18 || paint, other colours 0.90
Austenitic steel 0.15 || paint, white 0.85
Brass, dull tarnished 0.61 paint, aluminium weathered 0.55
Brass, unoxidized 0.035 || paint, aluminium new 0.30
Cast iron (and iron) 0.35 || Roofing felt 0.94
Cast iron, rusted or oxidized 0.65 || Rubber, black 0.95
Chrome, polished 0.10 || Rubber, grey 0.85
Cloth 0.90 | Steel 0.35
Copper, commercial scoured 10 | 7 | gi001 plack painted 0.90
a shine
Copper, oxidized 0.70 || Steel, oxidized 0.80
Copper, polished 0.02 || White lacquer 0.95
ASHRAE J|&=2 280 Ot -8 HRE Fotl AN KCS JIED X0IE 2. 2
£2 HILE fth 2U+28 RHOZ JIES HE50 Hat




o = o =
2= 90T o|st, F#I2X 30T o3t
THASE, FRSAST 0.02/0.95
=27 £ 7t HH=8 | 0032 | By 20°C
TE =3 15A 20A 25A 32A 408 50A 65A 80A 90A 100A 125A 150A
EESM |ASHRAE-Z 23 25 25 25 40] 40 40| 40 40 40 40 40
2y |7lIEE-7 20| 20| 20| 20 20| 35 35 35 35 35 35 45)
ASHRAE-Z}0.02) 8.56) 2.82] 11.04] 12.84 10.95 12.58] 1463 16.33] 17.88 19.56] 2275 26.06
dwEe Z1871E-7H0.02) 2.40 10.86 1229 14.40 1579 13.54 15.82 17.70 19.43 2130 24.86 2404
ASHRAE-ZH0.95) 9.53] 10.93 12.40 14.48 11.90 1371 1607 17.98] 19.72 21.60 25.19 28.90
71521 %-7H0.95) 10.69 1243 14.12 16.62 1827 14.91 17.56 19.70 2167 2378 27.83 26.43]
S A101(0.02) 9% 10%) 10% 1% 31%) 7% 7%| 8% 8% 8% 8% -8%
Y= X0l0gs) 12% 13% 14% 15% 54% 9% 9%| 10%| 10% 10% 10% -9%)
H2T| £ [} SHEE [ 00375 | BUF2 90°C
= EXE] 15A 20A 25A 32A 404 50A 65A 80A 90A 100A 125A 150A
SEEM |ASHRAE-LE 40 40| 40 40 50 50) 50/ 50 50 50 50 50)
ciE PleZIE-u 25 25 25 25 25 40| 40 40| 40 40 40 50
ASHRAE-L}(0.02) 8.15] 3.20] 10.20| 1167 11.30 12.88] 1486 16.49] 17.98 19.58] 2263 2578
ez [718715-LH0.02) 2.81 1124 12.63] 1467 1601 14.49| 16.83 18.77) 2055 2247 26.12 2578
ASHRAE L}0.95) 8.82] 9.99) 11.13 1277 1220 13.04 1621 18.03] 19.69 2147 2488 2840
Z1&71E-1LH0.95) 11.05 1273 1437 1677 18.35] 15.94 18.68 20.89 2291 25.09 28.25 28.40]
=Y Afoli0.02) 17%] 18%) 10 20% 20% 11%] 129%| 129 13% 13%] 13% 0%,
LY Aoloss) 25% 27% 28% 3% 50%) 14% 15% 16% 16% 17% 18% 0%|
HE2T o o FHEE | 0.0435 | U2 90°C
= B 15A 20A 25A 32A 40A 50A 65A 80A 90A 100A 125A 150A
HETM |AsHRAE-CE 40 40| 40 40 50 50| 50/ 50 50 50 50 50
zig |ZIg?IE-T 30 30 30 30 30/ 45 45 45 45 45 45 60
ASHRAE-C}{0.02) 231 10.50 11.65) 1330 1292 14.72] 1697 18.82] 2051 2233 2580 2937
aurzey 71&718-THo.02) 1038 1181 13 20 1522 1655 1553 17.96 19.97 2180 2378 2755 26.12]
ASHRAE C}H0.95) 1017 11.52 1281 1470 14.06 16.07 18.67 2076 2267 2473 28.64 3269
ZI&71E - 00.95) 11.62] 13.29 1491 17.28 18.84 1710 19.94 2223 2432 2657 3087 28565
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