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Engineering Equipment and Materials 
Users Association

About EEMUA

The Engineering Equipment and Materials Users Association is usually known by its initials, 
EEMUA. EEMUA is governed by a Council of members. This Council is responsible for the policies, 
financing, membership, and strategy of the Association. Any organisation that is a substantial user 
or purchaser of engineering products may apply to become a member of EEMUA. Membership is 
subject to the approval of Council.

EEMUA Aims

EEMUA aims to improve the safety, environmental and operating performance of industrial 
facilities in the most cost-effective way, pursuing and promoting leadership in industrial asset 
management by sharing engineering experiences and expertise, and by the active, enlightened 
promotion of the distinct interests of users of engineering products. These aims are achieved by 
various means, including:

• Providing the organisation within which networking, information sharing and collaboration 
among users on non-competitive technical matters can take place.

• Influencing the way written regulations are interpreted and applied in practice.
• Promoting and presenting members’ views, and encouraging the application of good sound 

engineering practices. 
• Developing user guides, specifications, training and competency schemes. 
• Facilitating members’ participation in national and international standards making. 
• Influencing relevant national and European legislation and regulation.

The income and resources of EEMUA are applied solely towards the promotion of the aims of 
the Association. No profit is transferred by way of dividend, bonus or otherwise to members. The 
work of the Association is mainly carried out by members’ representatives on EEMUA Technical 
Committees, Working Groups, and Forums, supported by EEMUA staff.

Incorporation, Membership and Other Information

For the purposes of conducting its business, EEMUA is incorporated in England and Wales 
as a company, limited by guarantee, not having share capital. All usual aspects of company 
management and business administration are dealt with by the EEMUA Executive Director, 
including policy implementation and leadership of the Executive team (the staff).

A list of EEMUA publications for sale is given at the end of this Publication. The full list is also on the 
Association’s website, including details of on-line shopping facilities.

To enquire about corporate Membership, write to enquiries@eemua.org or call +44 (0)20 7488 0801.
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Legal Aspects

All rights, title and interest in this Publication belong to EEMUA. All rights are reserved. No part of this 
Publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any 
means: electronic, mechanical, photocopying, recording or other, without the express prior written 
agreement of the EEMUA Executive Director. Infringement of copyright is illegal and also reduces the 
Association’s income thereby jeopardising its ability to fund the production of future publications.

It has been assumed in the preparation of this Publication that: the user ensures selection of those 
parts of its contents appropriate to the intended application; and that such selection and application 
is correctly carried out by appropriately qualified and competent persons for whose guidance this 
Publication has been prepared. EEMUA and the individual members of the Work Group that prepared 
this EEMUA publication do not, and indeed cannot, make any representation or give any warranty or 
guarantee in connection with material contained herein. EEMUA and the individual members of the 
Work Group that prepared this EEMUA Publication expressly disclaim any liability or responsibility 
for damage or loss resulting from the use or reliance on this Publication. Any recommendations 
contained herein are based on the most authoritative information available at the time of writing 
and on current good engineering practice, but it is essential for the user to take account of pertinent 
subsequent developments and/or legislation.

Any person who encounters an inaccuracy or ambiguity when making use of this Publication is asked 
to notify EEMUA without delay so that the matter may be investigated and appropriate action taken.

Consultation and Feedback 

EEMUA encourages constructive comments on this Publication from both Members of the 
Association and others. 

Comments should be sent on the standard feedback form, a copy of which is provided towards the 
end of this Publication.  An electronic version of the feedback form is available from EEMUA:

e-mail your request for a copy to:
enquiries@eemua.org

or telephone your request to:
+44 (0)20 7488 0801

or download the form from the EEMUA website at:
www.eemua.org.

Submit comments by e-mail (preferred) or post.

Comments are considered by the relevant EEMUA Technical Committees and may be incorporated 
in future editions of this Publication. New editions are publicised on the EEMUA website.

About this Publication

https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf


IV

Management of ageing electrical assets Publication 227

EEMUA Copyright © 2021 The Engineering Equipment and Materials Users Association

Preface .............................................................................................................................................. VIII

Abbreviations/Acronyms used in this Guide ....................................................................................IX

1    Introduction ......................................................................................................................................1

1.1 Purpose .......................................................................................................................................................................................1

1.2 Scope ............................................................................................................................................................................................2

2   General management of ageing assets ..........................................................................................3

2.1 Usual references/resources ..............................................................................................................................................3

2.2 Benefits of replacement and updating .....................................................................................................................3

2.3 Other considerations ...........................................................................................................................................................4

2.4 Obsolescence ...........................................................................................................................................................................4

3   Uninterruptable Power Supplies and Battery Systems .................................................................5

3.1 Technology introduction ..................................................................................................................................................5

3.2 Typical Failure modes ..........................................................................................................................................................6

3.2.1 UPS ......................................................................................................................................................................................6

3.2.2 Batteries ............................................................................................................................................................................6

3.3 Condition monitoring techniques ...............................................................................................................................7

3.3.1 Temperature measurement ..................................................................................................................................7

3.3.2 Battery cell voltage measurement ....................................................................................................................7

3.3.3 Ripple current measurement ...............................................................................................................................8

3.3.4 Connection resistance measurement .............................................................................................................8

3.3.5 Capacity test ..................................................................................................................................................................8

3.3.6 Battery impedance measurement ....................................................................................................................8

3.4 Expected/accepted values ...............................................................................................................................................8

3.5 Assessing risk of failure .......................................................................................................................................................9

3.6 Life extension methods ......................................................................................................................................................9

3.6.1 UPS ......................................................................................................................................................................................9

3.6.2 Batteries ............................................................................................................................................................................9

3.7 Equipment specific useful extras/examples ........................................................................................................ 10

Contents

https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf


V

Management of ageing electrical assetsPublication 227

EEMUA Copyright © 2021 The Engineering Equipment and Materials Users Association

4   Electrical drives ............................................................................................................................. 11

4.1 Technology introduction ............................................................................................................................................... 11

4.2 Typical Failure modes ....................................................................................................................................................... 11

4.3 Condition monitoring techniques ............................................................................................................................ 12

4.4 Expected/accepted values ............................................................................................................................................ 12

4.5 Assessing risk of failure .................................................................................................................................................... 13

4.6 Life extension methods ................................................................................................................................................... 13

4.7 Equipment specific useful extras/examples ........................................................................................................ 13

5   Electrical protection devices ........................................................................................................ 14

5.1 Technology introduction ............................................................................................................................................... 14

5.2 Typical Failure modes ....................................................................................................................................................... 14

5.3 Condition monitoring techniques ............................................................................................................................ 15

5.4 Expected/accepted values ............................................................................................................................................ 15

5.5 Assessing risk of failure .................................................................................................................................................... 15

5.6 Life extension methods ................................................................................................................................................... 15

6   Power cables .................................................................................................................................. 17

6.1 Technology introduction ............................................................................................................................................... 17

6.2 Typical Failure modes ....................................................................................................................................................... 17

6.2.1 Cabling environment ............................................................................................................................................ 17

6.2.2 Cable UV degradation ........................................................................................................................................... 18

6.2.3 Degradations associated with cable trays ................................................................................................. 18

6.2.4 Moisture ingress ....................................................................................................................................................... 18

6.2.5 Placticizer migration............................................................................................................................................... 19

6.2.6 Oxygen degradation .............................................................................................................................................. 19

6.2.7 Water Treeing............................................................................................................................................................. 19

6.2.8 Electrical treeing ....................................................................................................................................................... 19

6.3 Condition monitoring techniques ............................................................................................................................ 19

6.4 Expected/accepted values ............................................................................................................................................ 20

6.5 Assessing risk of failure .................................................................................................................................................... 20

6.6 Life extension methods ................................................................................................................................................... 20

https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf


VI

Management of ageing electrical assets Publication 227

EEMUA Copyright © 2021 The Engineering Equipment and Materials Users Association

7   Switchgear (HV and LV) ................................................................................................................ 21

7.1 Technology introduction ............................................................................................................................................... 21

7.2 Typical Failure modes ....................................................................................................................................................... 21

7.3 Condition monitoring techniques ............................................................................................................................ 21

7.4 Expected/accepted values ............................................................................................................................................ 22

7.5 Assessing risk of failure .................................................................................................................................................... 22

7.6 Life extension methods ................................................................................................................................................... 22

7.7 Equipment specific useful extras ............................................................................................................................... 22

8   Transformers ................................................................................................................................. 23

8.1 Technology introduction ............................................................................................................................................... 23

8.2 Typical Failure modes ....................................................................................................................................................... 23

8.3 Condition monitoring techniques ............................................................................................................................ 24

8.3.1 On Line Testing ......................................................................................................................................................... 24

8.3.2 Other On-Line Tests ................................................................................................................................................ 25

8.3.3 Off-line tests ................................................................................................................................................................ 25

8.4 Expected/accepted values ............................................................................................................................................ 26

8.5 Assessing risk of failure .................................................................................................................................................... 26

8.6 Life extension methods ................................................................................................................................................... 27

8.7 Equipment specific useful extras/examples ........................................................................................................ 28

9   Generators and motors ................................................................................................................. 29

9.1 Technology introduction ............................................................................................................................................... 29

9.2 Typical Failure modes ....................................................................................................................................................... 29

9.3 Condition monitoring techniques ............................................................................................................................ 30

9.3.1 Stator Winding Off-Line Tests ........................................................................................................................... 31

9.3.2 Stator Winding Insulation Resistance and Polarisation Index ........................................................ 31

9.3.3 Loss Angle and Winding Capacitance ......................................................................................................... 31

9.3.4 Partial Discharge Testing from Machine Terminals .............................................................................. 32

9.3.5 Partial Discharge Location Detection ........................................................................................................... 32

9.3.6 Winding DC Resistance ........................................................................................................................................ 32

9.3.7 Winding AC Impedance ....................................................................................................................................... 32

9.3.8 Generator Stator Core Tests ............................................................................................................................... 33

9.3.9 Remote robotic inspection ................................................................................................................................ 35

https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf


VII

Management of ageing electrical assetsPublication 227

EEMUA Copyright © 2021 The Engineering Equipment and Materials Users Association

9.4 Expected/accepted values ............................................................................................................................................ 35

9.5 Assessing risk of failure .................................................................................................................................................... 35

9.6 Life extension methods ................................................................................................................................................... 36

Appendix A Example inspection templates .....................................................................................37

Appendix B Equipment Assessment Process ...................................................................................56

Appendix C Examples of ageing-related failures ............................................................................62

References  .........................................................................................................................................63

Bibliography.......................................................................................................................................65

EEMUA Publication: Feedback Form ................................................................................................66

Tables

Table 1: Vented lead acid (VLA) battery ‒ common causes of failure ............................................................6

Table 2: Valve regulated lead acid (VRLA) battery ‒ common causes of failure .......................................6

Table 3: Nickel cadmium battery ‒ common causes of failure ..........................................................................6

Table 4: Battery degradation..................................................................................................................................................7

Table 5: Battery design life by type ....................................................................................................................................9

Table 6: Frequency of UPS maintenance ........................................................................................................................9

Table 7: Frequency of battery maintenance .............................................................................................................. 10

Table 8:  Transformer life expectation ............................................................................................................................ 26

https://www.elecenghub.com/EEMUA/197918481/EEMUA-227?src=spdf


VIII

Management of ageing electrical assets Publication 227

EEMUA Copyright © 2021 The Engineering Equipment and Materials Users Association

Preface

The idea of ‘Asset Management’ has been around for a long time. EEMUA itself was originally 
founded in 1949 with the tagline “Leadership in industrial asset management” and has been 
instrumental in promoting good practice ever since. More recently however, it has developed 
into an engineering discipline in its own right, with increasing emphasis on the systems used by 
organisations to manage their assets over their full lifecycle.

To that end, plenty of guidance has been written that outlines general good practice, and some 
(including the Health and Safety Executive Research Report 823 Plant Ageing Study) has been 
published that specifically focuses on the management of ageing assets. Over time however, the 
members of EEMUA’s Electrical Engineering Committee (ELC) found themselves discussing issues 
related to ageing electrical assets more and more frequently. With increasing UK regulator focus on 
the topic, it was clear that guidance more tailored to specific equipment types was required, not 
only to help improve standards across industry but also to help agree on accepted good practice.

This publication does not therefore aim to cover old ground but rather focus on equipment 
specific details such as failure rates, maintenance regimes and life extension techniques.

I hope you find this guidance useful and if you would like to contribute to future editions as we 
plan to expand the number of equipment types covered, please do get in touch.

Huw Jones
Chairman, EEMUA Electrical Committee
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