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The drive behind the idea of a smart grid by utilities is to deliver 
reliable, cost effective and economic power to their consum-
ers through the use of digital technology. This means that all 

the equipment and plant in the power system needs to be ‘smart’ in 
terms of function and operation. The utilities with ordinary electrical 
grids have to ensure correct working of equipment and plant as a 
step towards ‘smart’ technology. The individual equipment and plant 
of the power system’s grid have to be in good condition so as to at-
tain the global objective of power delivered at best cost and quality. 

The ever advancing technology in intelligent systems that is being 
applied in all fields of human life demands interruption-free power, 
as all aspects of daily life have been made to rely on at least one of 
the many digital technologies. The figures available on the impact 
of power interruption [1] estimate that power interruption cost to 
the United States of America (USA) economy exceeds US$ 45 bil-
lion per annum. In order to improve on this, utilities have intensified 
condition monitoring and asset management programmes, including 
online condition monitoring of essential plant. This comes with the 
classification of critical and non-critical equipment and plant which 
is necessary for the formulation of attention levels allocated to each 
unit of equipment and plant. In this classification by utilities, surge 
arresters have often been classified as non-critical, as compared to 
circuit breakers, but they both perform a crucial role in the protection 
of the power system. Liebech-lein et al [2] have documented that 
surge arresters are often overlooked even though they have severe 
consequences when they fail. They explain that surge arresters are 
considered passive and less expensive hence the overlook. How-
ever Kanashiro et al [3] researched surge arresters that had served 
between 15 to 20 years in the Brazil Power Network, mainly target-
ing the gapped silicon carbide type; they discovered data showing 
deterioration to the extent of requiring replacement. This implies that 
in some utilities, there has not been an evaluation of surge arresters 
with more than 20 years of service, risking the potential hazard of 
unprotected plant and increased system losses. 

In the study by Seymour (2002) [4], which focuses on classification of 
power interruptions and their possible remedies, there is a category 
of interruptions which can be solved through application of surge 
protective devices (SPDs), one such device being the surge arrester. 
The SPD must be applied correctly and be in a ‘confirmed’ working 
condition in order to give this protection. Therefore overlooking surge 
arresters not only increases cases of preventable power quality issues 
but also contributes to system losses.  

Understanding how surge arresters perform their role is vital, 
in the selection and identification of the type of arrester necessary, 
for maintenance purposes. The Kenya power transmission system 
consists of 33 primary substations with inter-connecting transmission 
lines of 132 and 220 kV. There are hundreds of station class surge 
arresters and thousands more distribution class arresters. The focus 
of this article is on the station class arresters installed on the national 
grid, which consists of transmission lines and associated substations, 
due to their impact on power quality. 

Operating principle of surge arresters

Surge arresters are required to achieve insulation coordination in a 
power system equipment network. Voltage rise in the power system 
has to be regulated in order not to exceed the withstand voltage 
levels of equipment. This averts any stress in the insulation of any of 
the equipment and hence the principle behind the protection offered 
by the surge arrester. In other words they provide a low impedance 
path to the ground for the current resulting from an overvoltage. The 
sources for overvoltage in a power system, as documented in IEEE 
1313.2-1999 [5] are classified as follows: 
•	 Temporary	 overvoltages	 caused	 by	 faults,	 load	 rejection,	 line	

energising, resonance conditions, ferro resonance, or by some 
combination of these factors.

•	 Switching	voltages	that	are	caused	by	switching	operations,	fault	
initiation or by remote lightning strikes.
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•	 Lightning	 overvoltages	 that	 are	 caused	 primarily	 by	 lightning	
strikes but can also be caused by some switching operations and 
fault initiation. 

•	 Very	fast	front	overvoltages	that	are	the	result	of	switching	op-
erations or faults and are usually associated with a high voltage 
disconnect switch operation. 

It is with this background that Hinrichsen (2001) [6], in the guide on 
fundamentals of metal oxide arresters, depicts a graphical representa-
tion of the function of surge arresters in the power system. This is an 
enhanced illustration from IEC 60071-1 [7]. Figure 1 shows the graph 
of per unit magnitude of system voltage against the time duration. 
The per unit magnitude is the phase to ground peak to peak voltage 
given as:  1p.u = √2Us/√3  (crest voltages per phase).

 
Figure 1: The magnitude of voltages and over voltages in high voltage elec-
tric power system versus duration of their appearance (Hinrichsen, 2001).

There are three basic types of surge arresters defined in IEEE 1313.2: 
1999, section 3.2.1 [5]: 
•	 Gapless	metal	oxide	surge	arresters	
•	 Gapped	metal	oxide	surge	arresters	
•	 Gapped	silicon	carbide	surge	arresters	
The three types are further classified into four classes on the basis 
of the voltage range in which they are applied:
•	 Station	class
•	 Intermediate	class
•	 Distribution	class	(heavy,	normal,	and	light	duty)
•	 Secondary	class	(for	voltages	of	999	V	or	less)
Gamblin	et	al	 (2009)	[8]	 in	their	study	of	arresters	state	that	while	
silicon carbide and gapped arresters are being replaced, many are 
still in service. They carried out tests on arresters which had been in 
service for more than 15 years and the results showed a 75% sam-

ple degradation. The degradation analysis showed that moisture 
ingress was the major cause and was largely inherent in the design. 
The station class arresters installed in the transmission network are 
from various manufacturers and are of different types. The first task 
is to identify all the types in order to relate them to their historical 
background and be able to draw a test programme with appropriate 
technology for testing each type. 

Identification of surge arresters

Surge arrester type identification is one of the basic steps that can 
determine if the testing design is the correct one. This can be a sim-
ple or complicated task depending on information available at hand. 
The most basic is when the arrester has a nameplate indicating the 
type; the next is when the surge arrester has a manufacturer and 
serial number without indication of type; and the last is when no 
nameplate is available. 

Documentation available focuses on gapless metal oxide arrest-
ers with little available on the predecessors, hence complicating the 
identification. In data that was collected from some main substations 
in Mombasa and one in Nairobi, most of the surge arresters are of 
the metal oxide type with a diversity of rating and design. During the 
identification, it was seen that the overall diameter of surge arrester 
housing, which is a factor of the diameter of the zinc oxide blocks used, 
varied from one manufacturer to the other, as well as the information 
included in the nameplate. The specification of the information to be 
displayed is an in-house issue as well as the fact that the material to be 
used is deterioration-free. Common information is the serial number 
and rated voltage, and the manufacturer’s name.

Figure 2: Examples of diversity in nameplate information.
(Please note: In these examples, the manufacturers’ names have been 
deliberately blurred. Editor).

The manufacturers have changed mergers and acquisition of com-
panies and standards have been improved, in particular changing of 
class naming from use of alphabets in IEC 60099-1 [9] to IEC 60099-5 
[9] to the use of rated short-circuit current as class. The documenta-
tion available on installed surge arresters is limited to data on the 
nameplate.	The	IEC	60099-4	section	8	[9]	gives	the	routine	tests	and	

The current status of the incoming tee-off supplying Mabati Rolling 
Mills. Disconnected surge arresters at Mariakani 132 kV substation.
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acceptance test that should be carried out and certificates that should 
be available to show the obtained results. Identification has been 
reliant on the nameplate but some nameplates are no longer legible 
(see Figure 2). The two points to be carried from the identification 
are the adequacy and rating. 

•	 Adequacy

It is good practice to have surge arresters installed at the terminating 
end of a long transmission line before getting into the substation and 
next to the plant being protected, like power transformers. This is to 
divert to ground any travelling wave generated by overvoltage so 
as not to damage protected plant. Some of the earlier design power 
system layouts, which are still in use, omitted this factor and are still in 
use. An example is Juja Road 132/ 66 kV substation, built in the 1950s, 
where the 132 kV switchyard consisting of seven power transformers 
and six termination powerlines, is protected by only two sets of thyrite 
magnetic valve surge arresters. Figure 3 gives the single line layout 
of the substation indicating the only location of surge arresters with 
respect to transmission lines and step down transformers.

Figure 3: Juja Road - 132 bus bar layout showing surge arresters.

The first note is on the inadequacy of the number of surge arrester 
sets used, then the positioning relative to the target protection and 
finally the technology used by the arrester.

•	 Rating

The rated voltage for the arresters in one substation at the same 
system voltage varies by more than 12 kV and the MCOV by up to 
14 kV. The information obtained was gathered from the nameplates 
and in most cases some lacked vital details. This raises the ques-
tion on the design for the insulation coordination of the substation 
equipment and plant. 

Selection of surge arresters 

The inadequacies are addressed by having a proper selection of 
surge arresters for application in the protection of equipment and 
plant. These should be the last of the equipment to be designed 
after all the parameters of plant have been fixed. The guideline in 
IEC 60099-5 [9] on the selection for application of metal oxide surge 
arresters, gives the flowchart for the selection of surge arresters. An-
nex	G	of	IEC	60099-4	[9]	gives	all	the	data	and	system	characteristics	
required in order to carry out the selection. The three basic system 
characteristics to cover are:
•	 Maximum	continuous	operation	voltage	(MCOV)
•	 Rated	voltage
•	 Fault	current	levels	

•	 MCOV

Maximum continuous operation voltage (MCOV) is obtained by 
considering the highest system operating voltage and, depending on 
the type of earthing used, determining the level of temporary over 
voltages expected – and its duration.                         

In the case of a 132 kV system voltage, with the maximum rated 
equipment voltage of 145 kV, the MCOV for a phase to ground ar-
rester is given by: 

MCOV≥ 1.05 Us/√3
Where Us  is the highest system rms voltage and 5% is provision for 
harmonics. 

This	translates	to	89	kV.

•	 Rated	voltage	

For	a	solid	earthed	neutral	system	used	in	the	Kenyan	system,	Wad-
hwa [10] gives a graphical chart using the sequence values as shown 
in Figure 4.	 From	 experiments,	 the	 voltage	 rating	 of	 the	 arrester,	
therefore, ranges from 105 to 125% of the MCOV.

Figure 4: Maximum line-to-ground voltage at fault location for grounded 
neutral system under any fault condition [10].

Ur max  = 1.25 .  1.05 Us/√3
Implying a maximum of 124 kV 

•	 Fault	current

This is obtained from the short circuit calculation of the installation 
considering all necessary operating conditions. Considering the in-
stalled rating of arresters, unavailability of type test reports, routine 
test and acceptance reports, make it difficult to have a more objective 
case.	Further	complication	arises	from	the	absolute	technology	with	
no standard. This refers to the standards used for magnetic valve 
arresters and gapped silicon carbide. Regardless of these, much has 
been done in the in service testing of arresters. 

Case studies  

All equipment and plant have a limited lifespan stated at manufac-
ture if used as per specification. The routine maintenance aims at 
maximising	the	useful	lifespan	before	replacement	is	done.	Failures	
before expected end of useful life are an indication of either improper 
application or laxities in the maintenance or in manufacture inherent 
defects. The documentation on the service test includes monitoring of:
•	 10	kV,	50	Hz	watt	losses
•	 Voltage	to	produce	1	mA	resistance	current
•	 Spark	over	operating	voltage	(gapped	arrester	only)
•	 V-I	Characterisation
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In addition to physical inspection, use of infrared is also deployed as 
a preliminary. The following case studies are taken from the transmis-
sion network to show failures before the end of the expected lifecycle.  

•	 Mariakani		132	kV	substation	

The switching substation was built in the 1990s to supply power to 
Mabati Rolling Mills tee-off from a 440 km line connecting Juja road 
to Rabai substation. During the regular infrared inspection in 2009, a 
heat band was noticed on one of the arresters and had a temperature 
gradient of more than 5°. The surge arrester failed by rapture a week 
after taking off the line a phase to ground fault. The fault was sustained 
until the remaining two arresters were removed from service. The 
arrester nameplate had no year of manufacture and no records were 
available for either acceptance, commissioning report or routine test. 

•	 Rabai	132	kV	substation	

The	substation	initially	constructed	in	1981	had	undergone	several	
modifications and upgrades. One of the eight transmission line termi-
nations at the 132 kV switchyard is the Juja 132 kV line. In 2009, the 
line tripped and locked out on a phase to ground fault. It took three 
days to identify the faulty switchgear surge arrester at the line take-off, 
unlike in the previous case, the arrester had failed but had remained 
intact. The arrester had been in service for eight years but, as in the 
previous case, there was no commission report, no acceptance report 
and no routine test available. No service testing had been carried out. 
The faulty arrester was removed and the other two were left in service. 
A 1994 surge arrester protecting a 132/33 kV transformer burnt almost 
at the same period creating a phase to ground fault; only the faulty  
phase was removed and the other was left in service. 

•	 Other	substations	

A	1989	company	XYZ	surge	arrester	protecting	a	132/33	kV	trans-
former at Kilifi substation blew up in 2009, a week after the infrared 
image showed signs of localised heating. The other two phases are 
still	in	service.	At	Bamburi	substation,	the	same	1989	arrester	was	
decommissioned after showing similar localised heating on infrared 
scanning. The other remaining two phases are still in service. 

Conclusion 

Lack of adequate documentation requirements and testing facilities 
have been a hindrance in the purchase, commissioning, maintenance 
and decommissioning of surge arresters in the transmission network. 
The company has acquired two important machines towards this 
commitment to having good lifecycle management of surge arresters 
in the power systems. 

For	this	article	a	base	survey	was	undertaken	to	determine	the	
situation of surge arresters and outline the desired steps required to 
remedy the current situation. The suggestions follow: 
•	 Have	all	surge	arresters	in	the	system	tested	and	a	record	created	

for the basis of continuous monitoring of the trend and replace-
ment of deteriorated pieces. 

•	 Re-assess	the	insulation	coordination	of	the	installed	equipment	
with the aim of ensuring that surge arresters are properly rated.

•	 Carry	out	a	simulation	study	to	verify	the	adequacy	and	appro-
priateness of surge arrester location in the power system. 

•	 Revision	 of	 the	 standards	 for	 surge	 arresters	 to	 incorporate	
polymeric as housing, specification of the MCOV as different 

manufacturers determine it differently, give the cantilever force 
requirements and the metal oxide varistor residual voltage per 
millimetre to achieve uniformity and inter- exchangeability of 
arresters of same system voltage.

•	 The	company	should	drive	a	policy	on	surge	arrester	maintenance	
as well as a commissioning and retirement procedure, in order 
to have it done uniformly across the entire power system. 

The current protection offered by surge arresters is in doubt and 
insulation can be challenged. The improvement of power quality is a 
combination of all factors affecting the quality of the power system. 
The identification of SPDs as neglected equipment is the first step 
towards the contribution that this research intends to make. 
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