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In order to compete in the world market, it is essential for any nation 
to improve the quality and reliability of energy supply. In order 
to attract foreign investment, and to make local manufacturing 

more efficient, countries have to improve power quality and make 
the electrical utility grid more reliable. The region around Mombasa, 
the second largest city in Kenya, regularly experienced blackouts 
which were affecting economic development in the area. As part of 
Kenya’s wider infrastructure development programme, Kenya Power 
was tasked with improving overall energy efficiency and limiting 
the frequent power outages. As the existing infrastructure was not 
automated, if a power failure occurred, Kenya Power technicians 
would have to locate the fault manually through on-site inspection. 
As a result, the average time to identify a fault or outage was high 
and could take up to several hours as significant effort and time were 
spent identifying fault location or points of outage. Furthermore, the 
time taken to manually restore power often led to extended periods 
of power outage. 

The challenges facing utilities in building modern electrical dis-
tribution networks is how to achieve reliable power delivery whilst 
lowering the capital and operational costs. Therefore, effective capital 
investment strategies are needed to maximise the asset life of the 
installed equipment and to add automation and control in a cost ef-
fective and timely manner.

For Kenya Power, the drivers for automating the network were 
environmental, regulatory (penalties for non-supplied energy) and a 
greater demand for better quality of supply. These issues were ad-
dressed through the deployment of the DAS.

In addition to maximising the profitability and efficiency through 
cost reduction, Kenya Power has benefited from time saving solu-
tions for fault location, network isolation and subsequent restoration. 
This in line with expectations that the introduction of this system 

would provide improvements in customer minutes lost (CML) and 
customer average interruption duration index (CAIDI), provide a 
better security of supply, and reduce any loss in revenue due to 
undelivered electricity.

DAS project

The project required the design and delivery of a bespoke DAS for 
an overhead and underground 11 kV and 33 kV distribution control 
system (DCS) in Mombasa and the surrounding areas within the 
coastal region.

Kenya Power worked in close partnership with Lucy Switchgear 
(referred to as ‘the company’ from this point) providing knowledge 
and expertise in overcoming the local conditions. This allowed the 
company to conduct a location survey ensuring the project delivered 
an effective and cost efficient solution, taking into account the ‘on 
the ground’ conditions. 

The survey’s recommendations formed the basis for the allo-
cation of work packages throughout the project’s life cycle. These 
included environmental and local risk assessments, detailed design 
and delivery strategies. The establishment of an agreed and clearly 
communicated strategy at the outset ensured Kenya Power was 
confident that the supplier would meet their requirements.

The scope of the solution developed by the supplier is illustrated 
on the map in Figure 1. This included the end-to-end design, manu-
facture, delivery and installation of the control centre at Rabai, two 
repeater stations and numerous secondary substations. The contract-
specified equipment included:
• 97 - 11 kV overhead line site installations using gas insulated 

isolator switches, remote terminal units (RTUs) and other ancil-
lary equipment

• 57 - 33 kV overhead line site installations using gas insulated 
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isolator switches, RTUs and other ancillary equipment
• 12 - 11 kV ground mounted site installations using ring main units 

and RTUs
• A control centre, radio base station and two radio control repeat-

ing stations using a SCADA system supplied and commissioned 
by the company

DAS system design

System design: The DAS was designed independently of the SCADA 
(Supervisory Control and Data Acquisition) and HMI (Human Machine 
Interface) platform, thus preventing it from being a relationship 
specific asset. Designing a power system control architecture using 
this approach affords Kenya Power engineers and system integrators 

the ability to upgrade the system without considerably changing the 
system architecture and database design [1].
SCADA software: The SCADA is inherently a software package, 
which runs on a hardware system with a supporting operating 
system. This part of the system can be referred to as a Client or a 
Workstation, depending on which functions it is performing as part 
of that DAS system.
SCADA hardware: The SCADA Hardware Architecture as illustrated 
in Figure 2, shows dual-redundant SCADA servers powered by an 
Uninterruptible Power Supply (UPS). The main function of these 

CAIDI  – Customer Average Interruption Duration Index
CML  – Customer Minutes Lost
DAS  – Distribution Automation System
DCS  – Distribution Control System
DNP  – Distributed Network Protocol
HMI  – Human Machine Interface
RTU  – Remote Terminal Unit
SAIDI  – System Average Interruption Duration Index
SCADA  – Supervisory Control and Data Acquisition
UHF  – Ultra High Frequency
UPS  – Uninterruptible Power Supply
VT  – Voltage Transformer

Abbreviations 

For Kenya Power, the drivers for automating the  
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(penalties for non-supplied energy) and a greater 
demand for better quality of supply. These issues 

were addressed through the deployment of the DAS.
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Figure 2: Overall System Architecture.

Figure 1: Map of the Mombasa region.
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SCADA servers is to bring data back from the remote sites and to 
affect remote control of these sites. 
HMI: The data from the remote sites is presented on the HMIs (HMI 
Station 1 and HMI Station 2) in the control room in both tabular forms, 
such as Alarms and Event Lists; as well as in graphical form, such 
as dynamic single lines of the power system network. Kenya Power 
engineers manage the network from the workstations, as shown at 
the Rabai Coast Regional Control Centre in Figure 3.

Training workstation: A training workstation was set up, as a  
client to the SCADA. This is available for simulation and analysis of 
the network off-line. This also gave the Kenya Power engineers the 
ability to modify the DAS database in a safe environment.
Radio communications system: The backbone of the DAS is its 
communications infrastructure, as illustrated in Figure 4. Due to the 
local terrain a UHF radio system based on 368 MHz was used, com-
prising a UHF base station, a repeater station and UHF radios for all 
of the remote sites.

Figure 4: Communications architecture.

Radio survey: The company was responsible for a comprehensive 
radio survey, including submission of a report to Kenya Power detail-
ing recommendations to ensure that adequate radio communications 
links could be established from each site to maintain communication 
with the Kenya Power Control Centre. The company designed the 
communications system and with assistance from Kenya Power 
obtained type test approval for the equipment from the Communica-
tions Commission in Kenya.
Communications Protocol: DNP 3.0 was selected to be the SCADA 
protocol. The DNP3 or Distributed Network Protocol is primarily used 

for communications between a master station and RTUs. DNP3.0 
supports multiple-slave, peer-to-peer and multiple-master commu-
nications, and it supports the operational modes of polled and report 
by exception. The latter mode is suitable for RTUs located in very 
remote locations because they can report back to the central control 
when they are re-energised after an extended outage. 
Efficient allocation of control points: Reliability improvement 
in the distribution network is proportional to feeder segmentation 
and the degree of automation. However, there is a balance between 
performance expectations and cost. It was not essential to control all 
points on a network because of diminishing returns. 
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Figure 5: Improvements in SAIDI.

Although there will be a reduction in CAIDI, the benefits will not 
increase proportionally with the penetration of automation [2]. 
Therefore it was more appropriate to automate the key points on the 
network. This is illustrated in Figure 5 which, although it shows the 
reduction in SAIDI, this can be considered as a proxy for CAIDI for 
this illustration. The chart shows that as more points are automated 
the improvement in reliability does flatten out. 

DAS installation

The DAS system was installed in less than 18 months and was suc-
cessful due to the working relationship and strong project manage-
ment of both the company and Kenya Power. As well as the up-front 
assessment and design, an important factor contributing to the suc-
cess of the project delivery was managing the isolation and earthing 
of the installed equipment.

• Installation of secondary switches: Kenya Power ensured 
that every site was in a serviceable condition thus allowing the 
company to install, without delay overhead switches, surge  
arrestors, drop out fuses and VTs (voltage transformers) including 
all cables and accessories onto H poles. This is shown in Figure 6.  
It should be noted that the company’s RTU (remote terminal unit) 
was mounted on a fixing bracket, below the antennae, and the 
RTU power supply taken from a VT mounted below the switch.

• Surge arrestors: In order to protect the secondary equipment, 
surge arrestors were installed on both sides of the 11 kV and 33 kV  
overhead switches. The reason for using dual surge arrestors 
was because of the inter-connected nature of the Kenya Power 
network. The electrical power could be supplied from either side 
of the switch, hence it was deemed more appropriate to use two 
sets of surge arrestors.

• Earth survey: Kenya Power defined the earthing requirements 

Figure 3: RABAI Coast Regional Control Centre - photograph taken during 
commissioning.
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using local knowledge of the terrain and soil, and provided the com-
pany with a compliant earth reading.

• Earthing works: Kenya Power carried out all earthing works, 
including drilling 25 mm holes up to 20 metres deep to achieve 
the specified earth value at each site. The company was provided 
with a bonded earth cable at the top of the pole.

Conclusion

There are some clear direct and in-direct benefits as a result of this 
project: 
• Improved response: When network events occur the DAS has 

allowed Kenya Power to provide an improved response to the 
situation.

• Better planning: It is expected to see a reduction in costs as-
sociated with operational staff and transport as the DAS affords 
a reduction in the number of inspection visits and in crew travel 
time because of the availability of information and the ability to 
affect remote control. This will also allow Kenya Power to target 
‘rogue circuits’ because of the greater access to information.

• Energy related savings: Due to the installation of the DAS, there 
is a reduction in energy not supplied. While final figures are yet 
to be confirmed, the expected revenue savings for Kenya Power 
are in the region of 80% with the deployment of the DAS. 

• Reducing customer minutes lost: The DAS was established at 
the RABAI Coast Regional Control Centre. This enabled the techni-
cal teams to remotely monitor the electrical distribution network 
and locate faults within seconds, rather than the hours incurred 
by manual fault detection. These faults were then isolated from 
the control centre via the RTUs so that they could be rectified 
with minimal interruption to the distribution network. Table 1  
summarises the improvements provided by the new system. 
As can be deduced, there are some clear time related savings 
from identifying faults and outages to performing switching and 
isolation for planned outages with the net result of reducing the 
customer minutes offline due to outages.

• Customer related benefits: There is now an enhanced cus-
tomer service through better restoration times. This will also lead 
to a reduction in the number LV complaints because the network 
can be managed better. Customer perception of Kenya Power as 
an energy supplier has improved.

• Further expansion: Following the successful implementation 
of this project, Management of Kenya Power has approved ad-
ditional installation of more sites to cover the remaining areas 
of the Coast Region.

• Asset database: The availability of data from the remotes sites 
now provides Kenya Power with a source of data from which to 
construct an asset database. Due to the nature of the DAS system 
it is possible to export this data.
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Table 1: Observed benefits of reducing outages.

Average time Before DAS After DAS

Identifying a fault/ 
outages

Between 1 - 2 hours Less than 30  
seconds

Performing  
switching / isolation 
for planned outages

Between 2 - 3 hours 2 to 5 minutes

Customer minutes 
offline due to  
outages 

Between 1 to 2 
hours (for transient 
faults)

Less than 20  
seconds (for  
transient faults)


