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National foreword

This British Standard has been prepared under the direction of the Personal 
Safety Equipment Standards Policy Committee. It is the English language 
version of EN 28996:1993 Ergonomics — Determination of metabolic heat 
production, published by the European Committee for Standardization (CEN). 
EN 28996:1993 is identical with ISO 8996:1990 published by the International 
Organization for Standardization (ISO).
A British Standard does not purport to include all the necessary provisions of a 
contract. Users of British Standards are responsible for their correct application.

Compliance with a British Standard does not of itself confer immunity 
from legal obligations.

Summary of pages
This document comprises a front cover, an inside front cover, pages i and ii, 
the EN title page, pages 2 to 24, an inside back cover and a back cover.
This standard has been updated (see copyright date) and may have had 
amendments incorporated. This will be indicated in the amendment table on the 
inside front cover.
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Foreword

This European Standard is the endorsement of 
ISO 8996:1990. Endorsement of ISO 8996 was 
recommended by Technical Committee 
CEN/TC 122, Ergonomics, under whose competence 
this European Standard will henceforth fall.
This European Standard shall be given the status of 
a national standard, either by publication of an 
identical text or by endorsement, at the latest by 
April 1994, and conflicting national standards shall 
be withdrawn at the latest by April 1994.
The standard was approved and in accordance with 
the CEN/CENELEC Internal Regulations, the 
following countries are bound to implement this 
European Standard: Austria, Belgium, Denmark, 
Finland, France, Germany, Greece, Iceland, 
Ireland, Italy, Luxembourg, Netherlands, Norway, 
Portugal, Spain, Sweden, Switzerland and 
United Kingdom.
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Introduction
This International Standard is one of a series intended for use in the study of thermal environments. It 
covers the evaluation of metabolic heat production by determining the metabolic rate needed to evaluate 
comfort and thermal stress using the methods given in this series of International Standards.

1 Scope
The metabolic rate, as a conversion of chemical into mechanical and thermal energy, measures the 
energetic cost of muscular load and gives a numerical index of activity. A knowledge of metabolic rate is 
necessary to measure metabolic heat production for the evaluation of human heat regulation. Specifying 
methods for determination metabolic rate, this International Standard can also be used for other 
applications — for example: the assessment of working practices, the cost of specific jobs or sport activities, 
the total cost of activity, etc.

2 Normative references
The following standards contain provisions which, through reference in this text, constitute provisions of 
this International Standard. At the time of publication, the editions indicated were valid. All standards are 
subject to revision, and parties to agreements based on this International Standard are encouraged to 
investigate the possibility of applying the most recent editions of the standards indicated below. Members 
of IEC and ISO maintain registers of currently valid International Standards.
ISO 7933:1989, Hot environments — Analytical determination and interpretation of thermal stress using 
calculation of required sweat rate. 
ISO 9886, Ergonomics — Evaluation of thermal strain by physiological measurements1). 

3 Principle and accuracy
Since most of the energy produced by an organism is converted into thermal energy, the mechanical 
fraction — called the “useful work” (W) — can normally be neglected and the metabolic heat production can 
be equated with the metabolic rate (see ISO 7933).
Table 1 gives three approaches for determining metabolic rate.

Table 1 — Levels for the determination of the metabolic rate

1) To be published

Level Method Accuracy Inspection of the work place

I A — Classification according 
to kind of activity

Rough information 
where the risk of error is 
very great

Not necessary

B — Classification according 
to occupation

Information on technical 
equipment, work 
organization

II A — Use of tables of group 
assessment

High error risk Time study necessary

B — Use of estimation tables 
for specific activities

Accuracy: ± 15 %

C — Use of heart rate under 
defined conditions

Not necessary

III Measurement Risk of errors within the 
limits of the accuracy of 
the measurement and of 
the time study
Accuracy: ± 5 %

Time study necessary
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At level I, two methods are given for the estimation of metabolic rate. Method A is a classification according 
to the kind of activity, method B is a classification according to occupation. Both methods provide a rough 
estimate and there is considerable scope for error. This limits their accuracy considerably. At this level an 
inspection of the work place is not necessary.
At level II, using method A, the metabolic rate is determined by adding the basal metabolic rate to the 
metabolic rate for body posture, the metabolic rate for type of work and the metabolic rate for body motion 
related to work speed (tables of group assessment). Using method B the metabolic rate is determined by 
means of the tabulated values for various activities. The possibility that errors may arise is high. A time 
study is necessary to determine the metabolic rate of work which involves a cycle of different activities. 
Using method C the metabolic rate is determined by measuring heart rate. This method for indirect 
determination of metabolic rate is based on the relationship between oxygen uptake and heart rate under 
defined conditions.
At level III the metabolic rate is determined by direct measurement. A detailed time study is necessary 
during measurement.
The accuracy of each method is limited by several factors.
When looking at a single person performing a task at one time the main factors can be described as follows.
NOTE The accuracy values given in Table 1 take these factors into account.

In the case of the tables, differences between the observers and their level of training mainly influence the 
results. Using method C of level II, the accuracy of the relationship between oxygen uptake and heart rate 
because of existing other stress factors, which cannot be neglected, must be taken into account.
Cultural differences also influence the results. At level III, the measurement accuracy (determination of 
gas volume and oxygen fraction) will determine the degree of error.
In case of standardization of the results — for example a general statement relating to work places — other 
factors such as

— individual variability
— differences in work equipment
— differences in work speed
— differences in work technique

influence the possible accuracy of each method (see 4.6.2).
Thus the accuracy of the results and also the costs involved increase from level I to level III. Direct 
measurement gives the most accurate values. As far as possible the most accurate method should be used.

4 Tables for the estimation of metabolic rate
4.1 Classification of metabolic rate by kinds of activities

The metabolic rate can be estimated approximately using the classification given in Annex A. Here the 
metabolic rate for a given activity is classified into one of five classes (resting, low metabolic rate, moderate 
metabolic rate, high metabolic rate, very high metabolic rate). The examples given in Annex A, Table A.1, 
include short rest pauses and illustrate the classification.

4.2 Table for the estimation of metabolic rate by occupations

Annex B, Table B.1 shows the metabolic rate for some different occupations. The values are mean values 
for the whole working time, but without considering longer rest pauses, for example, lunch time. 
Significant variation may arise due to differences in technology, work elements, work organization, etc.

4.3 Tables for the estimation of metabolic rate by task-components

The metabolic rate of a man at work may be estimated by adding its various components. An inspection of 
the work place is usually necessary for this purpose.
The metabolic rate is analytically determined by adding the values of the following:

a) basal metabolic rate;
b) the component for body posture;
c) the component for type of work;
d) the component for body motion related to work speed.
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The basal metabolic rate is the metabolic rate of a person lying down at rest under defined conditions.
The basal metabolic rate (BM) is a function of weight, height, age and sex. As these factors have little 
influence on BM, values of 44 W/m2 for men and 41 W/m2 for women can be used as a good approximation. 
In order to give comparable values, the values in this International Standard refer to a standard person, 
defined in Annex C, Table C.1.
In Annex D, Table D.1 gives the metabolic rate for body posture, Table D.2 the metabolic rate for different 
types of work and Table D.3 the metabolic rate for body motion related to work speed. Table D.4 and 
Table D.5 give some examples of the use of this method.

4.4 Table indicating the metabolic rate for typical activities

Values of metabolic rate may be obtained from Annex E, Table E.1. These values are based on 
measurements.

4.5 Metabolic rate of a work cycle

To determine the overall metabolic rate of a work cycle it is necessary to carry out a time and performance 
study which includes a detailed description of the work. This involves classifying each activity, and taking 
account of factors such as the duration of each activity, the distances walked, heights climbed, weights 
manipulated, the number of actions carried out, etc.
The metabolic rate for a work cycle can be determined from the metabolic rate of the respective activity and 
the respective duration from the equation

where
M is the average metabolic rate of the work cycle, in watts per square metre;
Mi is the metabolic rate of the respective activity, in watts per square metre;

T is the duration, in seconds, of the considered work cycle;
ti is the duration, in seconds, of the respective activity.

Annex F gives an example.

4.6 Requirements for the application of metabolic rate tables

4.6.1 Standardization of values

Values have been standardized with respect to the standard person defined in Annex C to allow a 
comparison of values from different sources.
This is necessary for particular activities which require a movement associated with the body weight, for 
example walking upwards or lifting weights.

4.6.2 Variation of values

The values indicated vary within certain limits due to the influence of the following factors:
a) work technique;
b) work speed;
c) differences between the work equipment.

For the same work and under the same working conditions the metabolic rate can vary from person to 
person by about ± 5 %.
For someone used to the activity, the variation is about 5 % under laboratory conditions. Under field 
conditions, i.e. when the activity to be measured is not exactly the same from test to test, a variation up 
to 20 % or more can be expected.

4.6.3 Influence of climate

The metabolic rates given in this International Standard apply to moderate thermal environments. In a 
hot or cold environment the metabolic rate may increase.
In hot conditions a maximum increase of 5 W/m to 10 W/m2 may be expected due to increased heart rate 
and sweating.

. . . (1)
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