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	DISCLAIMER
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Introduction

1.1 Scope

1.1.1 Purpose

The purpose of this document is to explain how to select the insulation material and thickness for a particular service, and how to specify the information on the Piping and Instrument Diagrams (P&IDs).

1.1.2 Scope of Application

This document applies to the following types of plants: ASU, Syngas, Cogen.

This practice covers the definitions and design requirements for types of insulation systems that are indicated by the type code on the P&IDs and other design documents.
This document does not treat insulation installation, which is covered in the W-GS-4-3-1, or cold box insulation covered by W-GS-4-3-2 and W-GS-4-3-3 specifications.

1.1.3 Special Service Requirements

Moisture may be retained by some insulation material installed on equipment and piping having a temperature cycling between 0 and 320°C (32 and 608°F), and equipment and piping operating between 0 and 120°C (32 and 248°F) whose temperature might drop below 120°C (248°F).

Aside from worsening the insulating properties of the material, the moisture may lead to corrosion under insulation (CUI). In these cases, the equipment and piping may be protected with coatings as specified in the specification A‑GS-4-2-1 and E-GS-4-2-2 for the particular service.

1.2 Definitions

	Insulation
	Material affixed to piping and vessels for the purposes of heat or cold conservation; noise, personnel, or freeze protection; or anti-condensation.

	F.E.F 
	Preformed flexible elastomeric foam rubber (closed cell)

	P.U.R/P.I.R 
	Polyurethane/Polyisocyanurate


1.3 Applicable Codes, Standards, and Air Liquide Reference Documents

1.3.1 Industry Codes and Standards

	PIP (Process Industry Practices) INEG1000
	Insulation Design and Type Codes


1.3.2 Associated Air Liquide Documents

	A-GS-4-2-1
	Painting and Protective Coatings 

	E-GS-4-2-2
	Painting and Coating Systems 

	W-DS-4-3-16
	Insulation – Distance Between Piping or Equipment and Cold Box Casing and Members 

	W-GS-4-3-1
	Piping and Equipment Insulation

	W-GS-4-3-2
	Cold Box Insulation-Expanded Perlite Loose Fill (P8)

	W-GS-4-3-3
	Cold Box Insulation-Mineral Fiber Loose Fill (P4)

	W-EP-14-2-9
	Winterization Design Philosophy


2 insulation Code specification

The insulation code consists of up to six characters:

a. The first two characters describe the service (see 2.1).

b. The third and fourth (and fifth) characters describe the material and service temperature range (see 2.2).
c. The fifth (or sixth) character describes the tracing where applicable (see 2.1.7).

2.1 Service Codes

2.1.1 AC, Anti-Condensation

Piping and vessels require anti-condensation insulation when, according to weather data, the ambient wet-bulb temperature is warmer than the fluid temperature for greater than 30 days in the year.
Table 1
	Service Code
	Temperature Range °C (°F)
	Insulation Material
	Application

	AC
	–30 to 30
(–20 to 86)
	P.U.R/P.I.R
	Cold vessels and piping outside cold box. Chilled water, nitrogen chiller tower, air line between the water wash tower and the adsorbers

	
	
	F.E.F
	


2.1.2 CC, Conservation of Cold
This code is for piping and vessels in which the process fluid is required to be colder than ambient temperature and is not in a warming operation. Conservation of cold insulation is designed to minimize heat ingress from the surroundings into the piping, vessels, and process fluids.

Table 2
	Service Code
	Temperature Range °C (°F)
	Insulation Material
	Application

	CC
	–268 to 20
(–450 to 68)
	Cell Glass
	Cryogenic vessels and piping, LOX, LIN, LAR, CO2, LNG, NH3

	
	–178 to 20 
(–289 to 68)
	P.U.R/P.I.R
	Cold vessels and piping outside the cold box, LNG. Not for use on piping with oxygen-rich fluid

	
	–196 to 320
(–320 to 608)
	Mineral Fiber Loose-Fill
	Cold box (duct) piping and vessels with components requiring access 

	
	
	Expanded Perlite Loose-Fill
	Cold box piping and vessels and annular space between shells of field erected storage tank


2.1.3 CH, Conservation of Heat
Insulation for conservation of heat minimizes heat loss to the surroundings from the process piping and vessels in which the process fluid is required to be maintained warmer than the outside temperature.
Table 3

	Service Code
	Temperature Range °C (°F)
	Insulation Material
	Application

	CH 
	120 to 649
(250 to 1200)
	Calcium Silicate
	Hot surfaces, Continuous service

	
	
	Mineral Fiber
	

	
	-5 to 320
(23 to 608)
	Cellular Glass
	Hot surfaces cycling service (e.g. regeneration circuit including heater). Does not promote corrosion under insulation


2.1.4 PP, Personnel Protection

Surfaces at temperature above 70°C (140°F) and accessible from normal working areas and access way shall be provided with personnel protection to a height of 2 meters above the walking level. The protection shall be restricted to a distance of not more than 0.8 meter horizontally from access walkways and normal working areas.

If personnel protection is required, physical barriers such as open mesh guards, metal sheeting/screen may be used instead of insulation if the surface process temperature is less than 250°C.

For surfaces temperature above 250°C, insulation shall be used for personnel protection.

For pipes insulated for heat conservation, the thickness is determined either in regard of the energy and insulation cost or in order to have a surface temperature of 70°C maximum with the external ambient temperature of 25°C, a wind velocity of 1.m/s and emissivity of 0.1 (conditions for personnel protection). With this method, only small diameter pipes insulation thickness is determined by the surface temperature.

Table 3
	Service Code
	Temperature Range °C (°F)
	Insulation Material
	Application

	 PP 
	120 to 649
(to 1200)
	Calcium Silicate
	Hot surfaces, Continuous service

	
	
	Mineral Fiber
	

	
	70 to 320
(140 to 608)
	Cellular Glass
	Hot surfaces cycling service


2.1.5 NP, Noise Protection

Acoustic insulation is generally constructed using a metal outer layer or cladding (steel or aluminum) without any rigid connection with the pipe between the outer layer and the piping wall. A porous layer is generally provided (glass or mineral fiber) or open cell plastic foam
Acoustic insulation is often associated with hot or cold insulation. If hot insulation is required as well as for acoustic insulation, the same material may be used, if it is a fibrous material. For cold insulation and noise protection, first install the cold insulation without cladding and then install the acoustic insulation on top on a secondary vapor barrier. A primary vapor barrier shall be installed on the outside of the acoustic insulation, then the cladding.
Table 4
	Service Code
	Temperature Range °C (°F)
	Insulation Material
	Application

	NP
	
	Mineral Fiber
+Cladding
	


2.1.6 FP, Freeze Protection

Freeze protection insulation is designed, as a function of local climatic conditions, to prevent fluid in the process piping and vessels from freezing during a plant outage. The fluids at risk of freezing include water, wet air, and sulfuric acid.

Table 5
	Service Code
	Temperature Range °C (°F)
	Insulation Material
	Application

	FP
	–30 to 30
(–22 to 86)
	F.E.F
	Water circuit, small chemical treatment, eye wash and shower lines. 

	
	–40 to 30
(–40 to 86)
	P.U.R/P.I.R
	


2.1.7 E, Electric Tracing
In cases where moisture in the process is in very small lines or stagnant segments, electric tracing is applied to prevent freezing.
NOTE: Steam tracing S is now usually replaced by electric tracing. If steam tracing is selected or if heat tracing shall maintain high temperature in process, specific material selection shall be made.
It is common to use mineral fiber with electric tracing, but this system does not protect the piping against moisture ingress and corrosion under insulation.
Table 6
	Service Code
	Temperature Range °C (°F)
	Insulation Material
	Application

	FP
	–30 to 30
(–22 to 86)
	F.E.F
	Water circuit, small chemical treatment, eye wash and shower lines with electric tracing


2.2 Material Codes

An insulation material may be used in different service applications. The unique combinations of insulation materials and temperature ranges have been assigned material codes from P1 through P14.
Bold = recommended material

Table 7
	Material Code
	Insulation Material
	Temperature Range, °C (°F)
	Service Code
	Application

	P1
	Cellular Glass
	–268 to 50
(–450 to 120)
	CC
	Cryogenic vessels and piping, LOX, LIN, LAR CO2, LNG, NH3

	P3
	P.U.R/P.I.R (Polyurethane/
Polyisocyanurate)
	–178 to 50
(–289 to 120)
	AC
CC
	Cold vessels and piping outside cold box. Not for use on piping with oxygen rich fluid

	
	
	
	FP
	Large water lines without tracing

	P4
	Mineral Fiber Loose-Fill
	–196 to 320
(–320 to 608)
	CC
	Cold box (duct) piping and vessels with components requiring access

	P5
	Calcium Silicate
	120 to 650
(250 to 1200)
	CH

PP
	Hot vessel and piping, steam lines. Not for cycling service below 320°C (608°F)

	P7
	Mineral Fiber
	120 to 650
(250 to 1200)
	CH

PP

FP
	Hot vessels and piping. Not for cycling service below 320°C (608°F)

	
	
	
	NP
	Acoustic insulation with metal cladding

	P8
	Expanded Perlite Loose-Fill
	–196 to 320
(–320 to 608)
	CC
	Cold box piping and vessels and annular space of field erected cryogenic storage tanks

	P11
	F.E.F (Closed-Cell Elastomer)
	–30 to 50
(–20 to 120)
	AC
FP
	Chilled water, cold gas vessels, and piping.
Piping with electrical heat tracing

	P12
	Cellular Glass
	50 to 320
(120 to 608)
	CH

PP
	Hot vessels and piping discontinuous or cycling service (e.g. regeneration circuit). Does not promote corrosion under insulation.

	
	
	50 to 120
(120 to 250)
	
	Hot vessels and piping


2.3 Main Insulation Material Based on Applicable Process Temperature
Table 8
	Temperature Range 
°C (°F)
	Cycling Service *
	Continuous Service
	

	<–178°C
	Cell Glass (P1)
	

	–178°C to –30°C
	Cell Glass (P1) OR P.U.R/P.I.R (P3)*
	*P.U.R/P.I.R not for fluid oxygen reach

	–30°C to +50°C
	Cell Glass (P1)
	F.E.F (P11) Or P.U.R/P.I.R (P3) or Cell Glass (P1)
	

	50°C to 120°C
	
	Cell Glass (P1)
	

	120°C to 320°C
	
	Mineral Wool (P7)
	

	320°C to 650°C
	Mineral Wool (P7)
	Calcium silicate (P5) can also be used when fire or mechanical abuse protection is required

	>650°C
	Specific Material (dual ceramic mineral fiber or others)
	


* Cycling service means temperature varying between service temperature (temperature range) and a colder temperature lower than 120°C for instance ambient temperature.
2.4 Ranking of Insulation Material

2.4.1 Materials for Hot Insulation
All things being equal, selection of hot insulation materials may be based on the criteria listed in Table 9 (Design Criteria: 1 = Best).

Table 9
	Insulation Material
	Fire Protection
	Mechanical Abuse
	Moisture Absorption
	Installed Cost

	Calcium Silicate
	1
	1
	3
	2

	Cellular Glass
	2
	2
	1
	3

	Mineral Fiber
	3
	3
	2
	1


2.4.2 Materials for Cold Insulation
The preferred material for Conservation of Cold (CC) service is cellular glass. All things being equal, selection of cold insulation materials may be based on the criteria listed in Table 10 (Design Criteria: 1 = Best).
Table 10
	Insulation Material
	Fire Protection
	Mechanical Abuse
	Moisture Absorption
	Installed Cost
	Vibration
	Permeability

	Cellular Glass
	1
	1
	1
	2
	2
	1

	Polyurethane/Polyisocyanurate
	NA
	2
	2
	1
	1
	2


3 insulation design

3.1 General

Design of AC (anti-condensation) insulation shall be based on the normal operating temperature and local climatic conditions. See Table 11 for factors influencing the design of insulation for AC service.

Table 11
	Factor Change
	Thickness
	Effect of Change

	Increase relative humidity
	Increases
	Strong

	Increase jacketing emissivity (e.g., change from metal to polymeric) 
	Decreases
	Strong

	Increase wind speed
	Decreases
	Moderate

	Increase pipe service temperature
	Decreases
	Moderate

	Increase ambient temperature
	Decreases
	Weak

	Increase pipe diameter
	Increases
	Weak


Design of CC (cold conservation) insulation shall be based on control of heat gain and limiting surface condensation when the operating temperature is below ambient.
Design of CH (heat conservation) insulation shall be based on local average ambient climatic conditions and project economics.

Design of PP (personnel protection) insulation shall be based on summer dry bulb temperature and low wind velocity to reflect a worst-case condition. Personnel protection insulation shall be required on all piping and equipment with operating or cycling temperatures above 70°C (158°F), and if the surface is in an area accessible to personnel performing duties other than maintenance during plant shutdown.

Insulation for NP (noise protection) shall be custom designed for the particular application.
Design of FP (freeze protection) insulation shall be based on local climatic conditions.

3.2 Insulation Thickness

Typical insulation thickness values are indicated for each material code in section 4.
These values have been determined for the listed design conditions, and they shall be verified for the project specific design conditions.

The thickness of insulation on equipment heads shall be the same as the thickness on the cylindrical sections of the vessel.

The thickness of insulation on pipe fittings, valves, and flanges shall be the same as the thickness applied on the adjoining pipe.

The thickness of insulation for protruding parts shall be based upon the fluid temperature of the pipe or equipment to which the part is attached and the part size determined as follows.

a. For cylindrical attachments, use the nearest pipe size corresponding to the diameter of the attachment.

b. For structural shapes, use the nearest pipe size corresponding to the longest dimension of the nominal section size. For example, a 250 x 100-millimeter (6 x 4-inch) angle is equivalent to a DN 250 (NPS 6) pipe.

4 insulation thickness values

4.1 Cold Conservation – CC

4.1.1 Design Conditions

a. Jacket surface emissivity = 0.1 (oxidized aluminum jacket)
b. Average wind velocity = 12 km/h (7.5 mph)

c. Ambient temperature = 32°C (90°F)

d. Maximum heat flow = 28.35W/m2 (9 btu/ft2 h)
4.1.2 CC Cellular Glass
Table 12: Cell Glass (P1) Cold Conservation 
	Temp.
°C (°F)
	Nominal Pipe Size or Equipment Diameter, mm(in)

	
	15 (½)
	20 (¾)
	25 
(1)
	40 (1½)
	50 
(2)
	80 
(3)
	100 (4)
	150 (6)
	200 (8)
	250 (10)
	300 (12)

	–60(–80)
	65 (2.5)
	80 
(3)
	80 
(3)
	90 (3.5)
	90 (3.5)
	100 (4)
	100 (4)
	115 (4.5)
	115 (4.5)
	125 (5)
	125 (5)

	–100 (–148)
	90 (3.5)
	100 (4)
	100 (4)
	100 (4)
	115 (4.5)
	125 (5)
	140 (5.5)
	150 (6)
	150 (6)
	165 (6.5)
	165 (6.5)

	–130 (–202)
	100 (4)
	115 (4.5)
	115 (4.5)
	125 (5)
	140 (5.5)
	140 (5.5)
	150 (6)
	165 (6.5)
	175 (7)
	190 (7.5)
	190 (7.5)

	–160 (–256)
	115 (4.5)
	125 (5)
	125 (5)
	140 (5.5)
	150 (6)
	165 (6.5)
	175 (7)
	190 (7.5)
	200 (8)
	215 (8.5)
	215 (8.5)

	–180(–290)
	125 (5)
	125 (5)
	140 (5.5)
	150 (6)
	165 (6.5)
	175 (7)
	190 (7.5)
	200 (8)
	215 (8.5)
	225 (9)
	240 (9.5)

	–200(–330)
	125 (5)
	140 (5.5)
	150 (6)
	150 (6)
	175 (7)
	190 (7.5)
	200 (8)
	215 (8.5)
	225 (9)
	240 (9.5)
	250 (10)


4.1.3 CC P.U.R/P.I.R (Polyurethane/Polyisocyanurate)
Table 13: P.U.R/P.I.R (P3) Cold Conservation (not for oxygen reach fluid)
	Temp.
°C (°F)
	Nominal Pipe Size or Equipment Diameter, mm(in)

	
	15 (½)
	20 (¾)
	25 
(1)
	40 (1½)
	50 
(2)
	80 
(3)
	100 (4)
	150 (6)
	200 (8)
	250 (10)
	300 (12)

	–60(–80)
	50 
(2)
	50 
(2)
	50 
(2)
	50 
(2)
	50 
(2)
	65 (3.5)
	65 (3.5)
	65 (3.5)
	65 (3.5)
	80 (3)
	80 (3)

	–100 (–148)
	65 (3.5)
	65 (3.5)
	65 (3.5)
	65 (3.5)
	80 
(3)
	80 
(3)
	90 (3.5)
	90 (3.5)
	90 (3.5)
	100 (4)
	100 (4)

	–130 (–202)
	65 (3.5)
	65 (3.5)
	80 
(3)
	80 
(3)
	90 (3.5)
	90 (3.5)
	100 (4)
	100 (4)
	115 (4.5)
	115 (4.5)
	115 (4.5)

	–160 (–256)
	80 
(3)
	80 
(3)
	90 (3.5)
	90 (3.5)
	100 (4)
	115 (4.5)
	115 (4.5)
	125 (5)
	125 (5)
	140 (5.5)
	140 (5.5)

	–178(–289)
	90 (3.5)
	90 (3.5)
	100 (4)
	100 (4)
	115 (4.5)
	115 (4.5)
	125 (5)
	140 (5.5)
	140 (5.5)
	150 (6)
	150 (6)


4.1.4 Mineral Fiber Loose-Fill

Refer to W DS-4-3-16.
4.1.5 Expanded Perlite Loose-Fill

Refer to W DS-4-3-16.
4.2 Anti-Condensation – AC

4.2.1 Design Conditions

a. Jacket surface emissivity = 0.1 (oxidized aluminum jacket)

b. Average wind velocity = 12 km/h (7.5 mph)

c. Ambient temperature = 32°C (90°F)

d. Relative Humidity = 85%

4.2.2 AC P.U.R/P.I.R (Polyurethane/Polyisocyanurate)

Table 14: P.U.R/P.I.R (P3) Anti-Condensation 
	Temp.
°C (°F)
	Nominal Pipe Size or Equipment Diameter, mm (in)

	
	15 (½)
	20 (¾)
	25 (1)
	40 (1½)
	50 (2)
	80 (3)
	100 (4)
	150 (6)
	200 (8)
	250 (10)
	300 (12)
	600 (24) 
	Flat

	15 (59)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	25 (1)
	25 (1)
	25 
(1)

	6 (43)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	25 (1)
	25 (1)
	25 
(1)
	25 (1)
	25 (1)
	40 (1.5)

	–7 (20)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	25 
(1)
	25 (1)
	25 (1)
	25 
(1)
	25 (1)
	25 (1)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	50 
(2)

	–30 (–22)
	25 (1)
	25 (1)
	25 (1)
	25 
(1)
	25 (1)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	50 
(2)
	50 (2)
	65 (2.5)
	80 (
3)

	–60 (–80)
	25 (1)
	25 (1)
	25 (1)
	40 (1.5)
	40 (1.5)
	50 (2)
	50 
(2)
	65 (2.5)
	65 (2.5)
	65 (2.5)
	80 (3)
	90 (3.5)
	100 (4)


4.2.3 AC F.E.F (Flexible Elastomeric Foam)

Table 15: F.E.F (P11) Anti-Condensation 
	Temp.
°C (°F)
	Nominal Pipe Size or Equipment Diameter, mm (in)

	
	15 (½)
	20 (¾)
	25 (1)
	40 (1½)
	50 (2)
	80 (3)
	100 (4)
	150 (6)
	200 (8)
	250 (10)
	300 (12)
	600 (24) 
	Flat

	15 (59)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	25 
(1)
	25 
(1)
	40 (1.5)
	40 (1.5)

	6 (43)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	50 
(2)

	–7 (20)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	50 
(2)
	65 (2.5)
	65 (2.5)

	–30 (–22)
	25 
(1)
	25 
(1)
	25 
(1)
	40 (1.5)
	40 (1.5)
	50 
(2)
	50 
(2)
	65 (2.5)
	65 (2.5)
	65 (2.5)
	80 
(3)
	90 (3.5)
	100 (4)


4.3 Personnel Protection – PP

Design Conditions

a. Jacket Surface Emissivity = 0.1
b. Average Wind Velocity = 3.6 km/h (2.25 mph)

c. Maximum Surface Temperature = 70°C (160°F)

d. Ambient temperature =25°C (77°F)
4.3.1 PP Mineral Fiber
Table 16: Mineral Fiber (P7) Personnel Protection
	Temp.
°C (°F)
	Nominal Pipe Size or Equipment Diameter, mm (in)

	
	15 (½)
	25 (1)
	40 (1½)
	50 (2)
	80 (3)
	100 (4)
	150 (6)
	200 (8)
	250 (10)
	300 (12)
	400 (16)
	600 (24) 
	Flat

	149 (300)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	25 
(1)
	25 
(1)

	204 (400)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	40 (1.5)
	40 (1.5)

	260 (500)
	15 (0.5)
	15 (0.5)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	50 
(2)
	50 
(2)

	316 (600)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	40 (1.5)
	40 (1.5)
	50 (
2)
	50 
(2)
	50 
(2)
	50 
(2)
	65 (2.5)
	65 (2.5)
	80 
(3)

	371 (700)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	50 
(2)
	50 
(2)
	65 (2.5)
	65 (2.5)
	65 (2.5)
	65 (2.5)
	80 
(3)
	90 (3.5)
	100 (4)

	427 (800)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	50 
(2)
	65 (2.5)
	65 (2.5)
	80 
(3)
	80 
(3)
	90 (3.5)
	90 (3.5)
	100 (4)
	100 (4)
	125 (5)

	482 (900)
	50 
(2)
	50 
(2)
	65 (2.5)
	65 (2.5)
	80 
(3)
	90 (3.5)
	90 (3.5)
	100 (4)
	100 (4)
	115 (4.5)
	125 (5)
	140 (5.5)
	150 (6)

	538 (1000)
	65 (2.5)
	65 (2.5)
	80 
(3)
	80 
(3)
	90 (3.5)
	100 (4)
	115 (4.5)
	125 (5)
	140 (5.5)
	140 (5.5)
	150 (6)
	165 (6.5)
	190 (7.5)


4.3.2 PP Cell Glass (Cycling Service)
Table 17: Cell Glass (P12) Personnel Protection (Cycling Service)

	Temp.
°C (°F)
	Nominal Pipe Size or Equipment Diameter, mm (in)

	
	15 (½)
	25 (1)
	40 (1½)
	50 (2)
	80 (3)
	100 (4)
	150 (6)
	200 (8)
	250 (10)
	300 (12)
	400 (16)
	600 (24) 
	Flat

	149 (300)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	15 (0.5)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)

	204 (400)
	15 (0.5)
	15 (0.5)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	25 
(1)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	50 
(2)

	260 (500)
	25 (1)
	25 (1)
	25 
(1)
	25 
(1)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	50 
(2)
	50 
(2)
	50 
(2)
	50 
(2)
	65 (2.5)
	65 (2.5)

	316 (600)
	25 
(1)
	25 
(1)
	40 (1.5)
	40 (1.5)
	50 
(2)
	50 
(2)
	50 
(2)
	65 (2.5)
	65 (2.5)
	65 (2.5)
	80 
(3)
	80 
(3)
	90 (3.5)


4.4 Conservation of Heat – CH

4.4.1 Design Conditions

a. Jacket Surface Emissivity = 0.15

b. Average Wind Velocity = 5.4 km/h (3.75 mph)

c. Ambient temperature =10°C (50°F)
d. Energy cost= 0.0138€/kWh*
e. Return on investment=5 years

f. Cost of insulation DN200 (8in) thickness 100mm (4in) =100€ (equivalent to 7200kWh)*
*These economical conditions are those of northern Europe in 2006. It is recommended to consider the following insulation thickness values as a reasonable minimum
For conditions significantly different, the calculation method is detailed in Annex A (section 5).
4.4.2 Mineral Fiber Insulation (CH) for Permanent Service (8800H/Year)
Table 18: CH – Mineral Fiber (P7) for Heat Conservation Permanent Service 
	Temp.
°C (°F)
	Nominal Pipe Size or Equipment Diameter mm (in)

	
	<20 (¾)
	25 (1)
	40 (1.5)
	50 (2) 
	80 (3)
	100(4)
	150(6)
	200(8)
	250(10)
	300(12)
	350(14)
	400(16)
	450(18)
	500(20)
	600(36)
	Flat

	150 (300)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	40 (1.5)
	50 (2)
	50 (2)
	65 (2.5)
	65 (2.5)
	80 (3)
	80 (3)
	80 (3)
	80 (3)
	90 (3.5)
	90 (3.5)
	90 (3.5)
	90 (3.5)

	200 (390)
	40 (1.5)
	50 (2)
	50 
(2)
	50 (2)
	65 (2.5)
	65 (2.5)
	80 (3)
	90 (3.5)
	100 (4)
	100 (4)
	100 (4)
	100 (4)
	115 (4.5)
	115 (4.5)
	125 (5)
	125 (5)

	250 (480)
	50 (2)
	65 (2.5)
	65 (2.5)
	65 (2.5)
	65 (2.5)
	80 (3)
	90 (3.5)
	100 (4)
	115 (4.5)
	115 (4.5)
	115 (4.5)
	125 (5)
	125 (5)
	125 (5)
	125 (5)
	125 (5)

	300 (570)
	50 (2)
	65 (2.5)
	65 (2.5)
	65 (2.5)
	80 (3)
	90 (3.5)
	100 (4)
	115 (4.5)
	125 (5)
	125 (5)
	140 (5.5)
	140 (5.5)
	140 (5.5)
	150 (6)
	150 (6)
	150 (6)

	350 (660)
	65 (2.5)
	65 (2.5)
	80 
(3)
	80 (3)
	90 (3.5)
	100 (4)
	115 (4.5)
	125 (5)
	125 (5)
	140 (5.5)
	150 (6)
	150 (6)
	165 (6.5)
	165 (6.5)
	165 (6.5)
	165 (6.5)

	400 (750)
	65 (2.5)
	80 (3)
	90 (3.5)
	90 (3.5)
	100 (4)
	115 (4.5)
	125 (5)
	140 (5.5)
	150 (6)
	165 (6.5)
	165 (6.5)
	165 (6.5)
	175 (7)
	175 (7)
	190 (7.5)
	190 (7.5)

	450 (840)
	80 (3)
	90 (3.5)
	100 (4)
	100 (4)
	115 (4.5)
	125 (5)
	140 (5.5)
	150 (6)
	165 (6.5)
	165 (6.5)
	175 (7)
	175 (7)
	190 (7.5)
	190 (7.5)
	200 (8)
	200 (8)

	500 (930)
	90 (3.5)
	100 (4)
	100 (4)
	115 (4.5)
	115 (4.5)
	125 (5)
	150 (6)
	165 (6.5)
	175 (7)
	190 (7.5)
	200 (8)
	200 (8)
	200 (8)
	215 (8.5)
	215 (8.5)
	215 (8.5)

	550 (1020)
	100 (4)
	100 (4)
	115 (4.5)
	115 (4.5)
	125 (5)
	140 (5.5)
	165 (6.5)
	175 (7)
	200 (8)
	200 (8)
	200 (8)
	215 (8.5)
	215 (8.5)
	225 (9)
	225 (9)
	225 (9)

	600 (1110)
	115 (4.5)
	115 (4.5)
	125 (5)
	125 (5)
	140 (5.5)
	150 (6)
	175 (7)
	190 (7.5)
	200 (8)
	215 (8.5)
	225 (9)
	225 (9)
	250 (10)
	250 (10)
	250 (10)
	250 (10)

	650 (1200)
	115 (4.5)
	125 (5)
	125 (5)
	125 (5)
	150 (6)
	165 (6.5)
	175 (7)
	190 (7.5)
	215 (8.5)
	225 (9)
	250 (10)
	250 (10)
	250 (10)
	250 (10)
	260
	260


NOTE: In the past, the insulation was usually determined to keep a thermal flow of approximately 200W/m2 whatever the temperature of the pipe. With this up-to-date approach, one obtains for a DN200 approximately 100W/m2 for 250°C,150W/m2 for 450°C and 200w/m2 for 650°C.
4.4.3 CELL GLASS INSULATION (CH) FOR CYCLING SERVICE
In particular for regeneration of F.E.P., the service time is, for instance, 1 hour heating up to 150°C over a cycle time of 2.5 hours. In this case, the optimization indicates insulation with smaller thickness than for the permanent service. The exceptional regeneration (e.g. 290°C) is not considered for the determination of the thickness; the heat losses and sheeting temperature is only verified.
Table 19: Cell Glass (P12) Heat Conservation for Regeneration (Cycling Service)

	F.E.P. Regeneration Pipe Normal Regeneration 150°C Exceptional Regeneration 290°C

	DN mm (in)
	200 (8)
	300 (12)
	400 (16)
	500 (20)
	600 (24)
	1000 (40)
	>1000

	Insulation thickness mm(in)
	60
(2.5)
	60
(2.5)
	60
(2.5)
	60
(2.5)
	60
(2.5)
	60
(2.5)
	60
(2.5)

	Heat losses in regex
W/m2
	213
	224
	230
	234
	237
	243
	

	External temperature in regex
°C
	34
	37
	38
	40
	41
	44
	


4.5 Freeze Protection – FP

For guidelines, refer to W-EP-14-2-9.
4.5.1 Freeze Protection without Heat Tracing
At an ambient temperature of –18°C (0°F) and –34°C (–30°F), 50mm thickness of polyurethane insulation shall provide protection for water lines against freezing for the following periods of time.
Table 20: P.U.R/P.I.R (P3) Freeze Protection, Piping Without Heat Tracing
	Nominal Pipe Size, mm(in)
	50 (2)
	100 (4)
	400 (16)

	Insulation Thickness
	P.U.R/P.I.R 50mm (2 in)

	Protection with ambient –18°C (0°F)
	2.5 days
	One week
	One month

	Protection with ambient –34°C (–30°F)
	1.5 days
	3.8 days
	2.5 weeks


This shows clearly that water lines with small diameter must be heat traced to avoid freezing.
With F.E.F insulation material, the above mentioned duration are reduced by approximately 40%.
4.5.2 Freeze Protection with Heat Tracing
In order to avoid freezing of small line for an extended period of time, insulation over electric heat tracing shall be provided.
With a wind of 6.66 m/s (15 mph) and temperature difference of 28°C (50°F), the following F.E.F insulation thicknesses allow installing 20W/m electrical heat tracing sufficient to avoid freezing.
Table 21: F.E.F (P11) Freeze Protection, Piping with Electrical Heat Tracing

	Nominal Pipe Size, mm(in)
	Up to 100 (4)
	150 (6)
	200 (8)
	250 (10)
	300 (12)

	F.E.F insulation thickness mm(in)
	25 (1)
	40 (1.5)
	50 (2)
	65 (2.5)
	80 (3)


4.6 Acoustic Insulation – NP

4.6.1 NP- Mineral Fiber and Metal Cladding
Table 22: Mineral Fiber (P7) and Metal Cladding – Acoustic Insulation 
	Insertion Loss, dB

	Thickness/Cladding
	Octave-band centre frequency, Hz

	
	500
	1000
	2000
	4000

	50mm (2 in)/0.7mm aluminum
	5
	10
	15
	20

	100mm (4in)/0.7mm steel
	10
	20
	25
	30

	100mm (4in)/1.3mm steel
	15
	25
	30
	35


5 annex a: METHOD to optimize INSULATION THICKNESS for heat conservation
5.1 Insulation Material for Heat Conservation
The calculation here exposed uses formulae giving the thermal conductivity of the mineral wool versus the mean temperature
5.2 Method

The insulation thickness shall be determined by means of the following formulae.
	(I x CC) + E = minimum
	(1)


in which
	
	I
	=
	Insulation cost per unit (m2 for flat surface or m for pipe length) including material and labor cost at the time of the installation.

	
	CC
	=
	Capital charge % based on required return on invested capital.

	
	E
	=
	Annual operating cost i.e., the cost of heat loss per unit of flat surface or unit of pipe length


The thickness of hot insulation shall be calculated on the basis of local insulation cost, energy cost and capital charge factor. If, for process reasons the allowable temperature drop is limited the required insulation thickness shall be calculated separately and should not be less than the economic insulation thickness.

For small pipe diameters, the outer surface of the insulation may be over 70°C with the economic calculation thickness. In this case, personnel protection must be considered if the surface is accessible from normal working area.

Heat loss per meter of pipe

q= PI (Ti-Te)/((1/2LB) LN((D+2 t)/D) + 1/ H (D+2t))

	[image: image1.wmf]
	(2)


	
	q
	=
	heat losses per meter of pipe W/m

	
	Ti
	=
	pipe temperature °C

	
	Te
	=
	ambient temperature °C

	
	LB
	=
	insulation conductivity (mineral wool)
LB=((Ti+Te)/2) (0.000214) + 0.0269 W/m°C

	
	D
	=
	pipe external diameter

	
	t
	=
	insulation thickness m

	
	H
	=
	convection and radiation external exchange coefficient W/m2°C


	E = q (hy)(k)(Energy cost)
	(3)


	
	hy
	=
	hours of duty per year, 8800 if no shutdown

	
	k
	=
	efficiency coefficient, if piping is downstream boiler k=1.18

	
	Energy cost
	=
	euro/Th, euro/kWh, US$/BTU


5.3 External Surface Exchange Coefficient
The convection and radiation coefficient is very dependant on the wind velocity and does not vary much with pipe temperature.

Based on aluminum sheeting which in its oxidized condition, the order of magnitude of the external coefficient (radiation and convection) is 10 W/m2°C with wind velocity of 1.5m/s and is 20 W/m2°C with wind velocity of 5m/s.
6 entity specific amendments

The following is a list of specific engineering entity requirements that differ from those given in this standard.
These requirements are only applicable to the engineering entity(ies) for which they are listed.

	Entity Specific Amendments 

	Entity
	Section
	Description

	A
	1.1.2
	Scope of application does not apply to HYCO plants in ALPC.


Table of Revisions

	Section
	Description

	All
	Multiple
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