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A combination of heavy engineering thinking and substation 
integration breaks the shackles of the conventional approach to 
the building of substations - offering true, cost-effective off-site 
turnkey solutions for large electrical plants.

Why is it that we persist with the construction of brick and mortar 
substation buildings and transformer bays, often in hostile and remote 
locations? Conventional thinking is constrained by the idea that the only 
substitutes for brick buildings are shipping containers. This could not 
be further from the truth.

Having spent a large portion of my career at the tail end of projects 
trying to compensate and correct for delays caused by poor interfacing 
and the sequential reliance on other disciplines, I needed a fundamen-
tal change to the traditional electrical and control and instrumentation 
(C&I) execution strategy. My approach was to do as much work as 
possible off-site, but the primary barrier to this method was designing 
and developing mega mobile housings that met the criteria of all the 
specialised equipment installed in them, followed by the logistics of 
getting these buildings to site.

The answer came while I was stuck behind a 12 m wide, 50 ton 
Komatsu 960 iron ore bucket destined for the Sishen Mine just outside 
Kathu (in South Africa’s northern Cape province). It dawned on me that 
if a load nearly five times wider than an ISO (International Standards 
Organisation) shipping container could find its way from the West Rand 
of Johannesburg to the Northern Cape, my logistical issues were not 
as daunting as I had envisaged. As it turned out, the very company that 
fabricated the bucket held the key to this mobile building problem and 
unlocked massive positive spin-offs for the project of which I was part.

Not working on site - advantages
Having come off the back of a challenging mega iron ore project, my 
team and I were given the blank canvas of a greenfields project to re-
define the electrical and C&I execution strategies. Armed with lessons 
from the shortcomings of the previous project, we were determined 
to change the sequential reliance on other disciplines. Our primary 
objective was to reduce our exposure to site-based inefficiencies and 
poor productivity.

The Achilles-heel was the brick and mortar building as this was the 
starting point for all site-based work. That traditional first concrete pour 
condemned every other aspect of the electrical and C&I installation to 
serving a two to three year sentence on site. There are a number of 
fundamental issues with site-based work, site-based health and safety 
policies, site access, poor productivity and the logistics associated with 
the remoteness of most site work.

Health and safety
In a world where health and safety has rightly become the number one 
priority on site, all other aspects of projects have had to accommodate 

its requirements, resulting in increases in construction time and costs. 
The reason for health and safety having become so onerous is that 
large construction sites are, by nature, hostile and hazardous environ-
ments. Health and safety policies accommodate all disciplines and all 
circumstances, which makes them extensive, cumbersome and  
complicated. The obvious solution would be to find a way of doing as 
much work as possible off-site, in purpose-built facilities where there 
are substantially fewer hazards, making health and safety far easier to 
manage.

Access to site
Access to site and access to work are becoming bigger and bigger 
issues. The process of getting personnel and equipment onto sites is 
extremely expensive and time-consuming. A number of companies 
recommend that contractors allow at least two months to obtain the 
relevant safety files, site personnel medicals, inductions and equipment 
certification before any work is carried out. With so many different 
types of specialised equipment needed within substations or Motor 
Control Centres (MCCs), a large number of equally specialised person-
nel is required to install, test, integrate and commission this equipment. 
If the substations or MCC buildings are built on site, all this follow-on 

Mobile substations – the sensible alternative
By W Jackson, Efficient Power

Why not simply specify your substation and have it delivered to site? 
Fabricating the entire substation off-site has numerous advantages – 
one of them being the working conditions under which the system is 
built. This allows rapid deployment of substations to remote sites and 
even across borders.
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work has to be carried out in the remote, harsh and difficult conditions 
that site-based work demands.

Access to work
By its nature, site-based work is sequential; there is no real way of 
completing a particular task until all the items preceding that task have 
been completed. This often involves numerous other disciplines with 
battery limits that are seldom clearly defined or understood and inter-
facing that is difficult to manage. A classic example of this is the civil 
contractor having to build a substation or MCC. Within the scheme of 
the civil contractor’s responsibilities, these buildings are often low 
priority and there is little understanding of the complexity of the equip-
ment the buildings will house. Another of my professional concerns is 
a disregard for the specification for medium voltage switchgear floor 
tolerances; these are seldom met, making for difficult electrical instal-
lations.

Remote locations
A final problem with site-based work is that it often takes place in remote 
locations and there is an attendant cost. To install all electrical and C&I 
equipment in buildings on site, the equipment – and the personnel 

responsible for installing it – must travel to site, access the site and 
stay near the site. This has time and monetary implications resulting 
in extortionate Provisional and General (P&G) costs, numerous delays 
and logistical nightmares for any project manager or engineer.

The reality is that site-based work is expensive, unproductive and 
always takes longer than expected.

Why so much on-site work?
So why do we continue to do so much work on site? Why are we not 
building and commissioning electrical and C&I equipment for site in 
our main business centres, thereby removing our exposure to site-based 
issues and risks? The obvious answer to this is the size of the buildings 
that are often required to house electrical and C&I equipment. Conven-
tion says that we are constrained by standard transport loads, which 
means we persist with brick buildings.

Customised mega mobile buildings
We have been building simple mobile substations for many years, but 
it has largely been for the wrong reasons and in the wrong types of 
mobile structures. They have been makeshift or temporary solutions 
and have not embraced what is possible if the off-site philosophy is 

When challenging convention, the alternative  
choice should be superior, and cost and time effective.
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truly followed. ISO shipping containers are for transporting goods at 
sea or, at a stretch, for temporary site offices, but not for substations.

Complete off-site fabrication needs companies with facilities and 
skills to design and fabricate customised mega mobile buildings that 
out-perform traditional substations and MCCs in every sphere. Once 
fabricated, the mobile building needs to be equipped, test-integrated 
and have every possible piece of equipment commissioned in the same 
facility so that the building leaves for site 100% operational, ‘from 
mouse to motor’. This approach makes it possible to have a substation 
with MV switchgear, an MCC and a C&I room fully operational within 
a week of arriving on site. This completely changes the extent of site-
based commissioning. If off-site thinking is carried out correctly, the 
saving to the project can be orders of magnitude greater than the total 
cost of the buildings themselves.

Truly off-site approach
The solution lies in the unusual marriage between electrical and C&I 
requirements and heavy engineering thinking offered by the company 
that built the Komatsu 960 bucket I was stuck behind on that trip to 
Kathu. The company, Efficient Engineering, has been building massive 
equipment and buildings for sites around the world for the past 40 
years. The company is not constrained by what convention would say 
is a large load for transport. It is this ‘nothing is too big to make or move’ 
when it comes to building bespoke mega structures for land transpor-
tation that unlocks the electrical and C&I engineers’ ability to have total 
control of their aspects of the project. Importantly, this approach allows 
for a parallel construction path, removing the majority of the sequential 
reliance on site-based execution.

The key is to have buildings that are custom built around the 
equipment they will house and not to try to force or squeeze equipment 
into a standard building container. Clearances should not be compro-
mised and every combination of equipment requires a bespoke solution. 
When challenging convention, the alternative should be superior, and 
cost and time effective.

Custom designed base frames
The heart of these buildings is the custom designed base frames that 
are made to match the equipment to be installed in them, and accom-
modate the deflection criteria of MV switchgear and their tolerances 
for floor levelness. The buildings are designed for over thirty years of 
service and have a track record to back this up. Specific attention is 
given to explosion venting, fire detection and suppression. Lux simu-
lations are done for each room to ensure that statuary lux levels are 
met or exceeded. Rooms are positively pressurised and HVAC systems 
are designed around the heat outputs of the equipment installed in the 
buildings.

The thermal performance of the buildings is designed to be supe-
rior to that of brick and mortar, with the possibility of passive buildings 
(no net heating or cooling requirements) being dependent on the pri-
mary equipment installed. The pre-fitted walkway hand rails and stairs 
are part of the standard offering with the option of self-lifting buildings 
that remove the need for site cranes.

The most important benefit is that all electrical and C&I installation 
and commissioning can be carried out in large business centres rather 
than in hostile site environments.

Mega mining project
The following costs are based on the rounded numbers from a mega 
mining project on which I was the lead engineer. The project’s basic 
approved budget for the electrical and C&I delivery was a little over 
R500 M with a provision for R11 M for substations and MCC buildings 
(only 2% of the budget). By making use of large custom modular 
buildings built off-site and moved to site post-installation and commis-
sioning of all equipment internal to the buildings, the overspend on the 
‘traditional brick’ building budget was a little over R3 M.

However, by removing the requirement for any of the electrical 
and C&I contractors to travel to site to install, integrate, test and com-
mission the more than R100 M worth of equipment designed for those 
buildings, there was saving in the total budget of more than R80 M. 
This was mainly through the removal of almost all of the associated 
P&G, reduction in commissioning time and not spending any of the 
contingency budgets. Perhaps, more significantly, the project was 
operational five months ahead of schedule. The early delivery alone 
realised more than 1,4 million tons of additional iron ore for the mine 
and early closure of the construction site. This had financial benefits 
for the company that exceeded R1 billion. I ask again, why is it we 
persist with working on site when there are other simpler, more cost 
effective solutions that merely require a logical mindshift?

Conclusion
The question arises once again - why is it that we persist with working 
on site when there are other simpler and significantly more cost effec-
tive solutions that merely require a logical mindshift?

Acknowledgement
The author wishes to acknowledge the contribution of his team – Fran-
cois Booyens, Kevin van Blommestein, Percy Nxumalo and William 
Visagie – to the development and success of the Off Site Philosophy, 
as well as the valuable input from the teams of Kumba C&I, Hatch SSP 
and BVI SSP.


