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INTRODUCTION
This article attempts to highlight the 
influence of civil engineering (in its 
broadest term) on renewable energy 
development. Renewable energy is 
destined to become one of the fastest 
growing industries worldwide. This type 
of energy production encompasses solar, 
wind, hydro and biomass mostly, and 
many countries have pledged allegiance 
to the Paris Accord of 2015 to decrease 
greenhouse gas and carbon emissions 
over the decades to come. This can only 
be done by decreasing conventional 
forms of power generation (essentially 
fossil-fuel-based energy such as coal and 
gas) and increasing reliance on renewable 
energy – essentially saving the planet in 
the process.

This article concentrates on solar, 
because energy from the sun is the 
precursor of all other energies. The 
formation of coal (and more directly 
biomass) would not have been possible 
without sunlight to nurture the main 
ingredient – plants. Similarly, wind 
just does not occur without the uneven 
solar heat response on land masses and 
adjacent water bodies.

Due to the fast-tracked nature of the 
multibillion-dollar renewable industry, 
the facts, figures and projections used 
in this article have been gathered from 
a wide variety of sources and are in a 
constant state of flux. Therefore, whilst 
an article of this nature may evoke errata 
and addenda, an extensive bibliography or 
reference list would probably take up most 
of this publication, space and precious 
trees, and has therefore been excluded, 
but can be provided on request.

CHRONOLOGICAL HISTORY 
AND DEVELOPMENT OF 
RENEWABLE ENERGY

 Q Two million years ago the first homi-
nids harnessed the rays of the sun to 
warm and dry themselves and their 
possessions.

 Q Two thousand years ago the earliest 
windmills were used in ancient Egypt.

 Q The year 1888 saw the invention of the 
wind turbine to produce electricity.

 Q Circa 1941 saw the invention of the 
first solar panel.

 Q Recent decades have seen rapid devel-
opment of wind turbine blades from a 
mere 5 m length to over 75 m today.

 Q The future – researchers are consid-
ering harnessing the sun’s energy from 
a more reliable position above the 
atmosphere in space.

SOME TERMINOLOGY
PV  Photovoltaic, usually attributed 

to the flat, immovable solar 
panels either bolted into the 
ground (utility-scale PV) or 
mounted on roof tops.

CSP  Concentrated Solar Power, 
either pertaining to heliostats 
directing the sun’s rays to a 
200 m tower and storage in 
molten salt or to a focal line 
tube used in parabolic troughs.

Heliostat  A mirrored panel mounted on 
a tracking system usually in 
conjunction with a CSP tower 
receiver.

STE  Solar Thermal Electricity/
Energy usually by parabolic 
mirrored troughs with focal line 
tubes.

Tracking  Heliostats can be placed on 
automatic tracking systems to 
increase efficiency.

WHY RENEWABLE ENERGY?
The overwhelmingly positive aspects of 
renewable energy can be listed as follows:

 Q Cleaner environment with zero carbon 
emissions.

 Q Socially responsible banks will no 
longer fund traditional energy genera-
tion developments, and have already 
started identifying renewable energy 
projects as a long-term investment 
opportunity.

 Q Cheaper electricity. Solar costs have 
plummeted globally to $0.05/kW. 
By comparison, Kusile and Medupi 
provide electricity at R1.38/kWh and 
diesel/gas peaker power plants are 
rated at R6.91/kWh, not to mention 
the billions of rands in tax payers’ 
money to maintain these.

 Q No moving parts (for PV solar) and 
therefore lower maintenance.

 Q Between three and five times more 
employment opportunities than 
conventional fossil-based energy pro-
duction, and this will have a national 
footprint unlike the coal-fired industry 
that is restricted to Mpumalanga.

 Q Wind and solar can be developed as a 
co-location production facility, thus 
capitalising on land-use potential.

 Q The sun and wind are generally pre-
dictable, and renewable resources are 
manufacturing-intensive. South Africa 
is generally considered the second-best 
renewable resource on the planet, with 
abundant high-irradiation levels and 
an extensive coastline linked to windy 
conditions (see later).

 Q Solar panels are made from silicon, 
which is the second most abundant 
element on the planet and found in 
abundance at every seaside resort.

 Q Solar and wind have a very low water 
footprint, whereas coal-fired and 
nuclear use significant amounts of 
water (Eskom used 300 million m3 in 
the year 2005/2006, almost 1 million 
m3 per day). In standard terms that is 
a billion litres per day or 400 Olympic-
sized swimming pools.

 Q One hectare of land has the ability 
to yield 4GW of energy, and by 2030 
the entire planet could be driven by 
renewables on just 52 million hectares 
of land, or roughly the size of Spain.

HOW CAN CIVIL ENGINEERS ENHANCE 
RENEWABLE ENERGY PROJECTS?
The role of civil engineering in renewable 
energy development is in the planning, 
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execution, design and construction 
supervision, and the civil engineer is 
reputedly the busiest person at a solar 
power plant. Science, together with 
engineering, has the ability to investigate 
what is (the science of the site condi-
tions) and provide solutions to overcome 
inherent problems and optimise avail-
able resources (the engineering). The 
various aspects can be described in more 
detail below:

Detailed desktop study
 An advanced desktop study can provide 
essential qualitative and semi-quantitative 
information on potential geotechnical 
constraints that may affect the foundation 
and earthworks design and cost of the 
most appropriate engineering solution at 
pre-feasibility level. The GCS-REU (see 
box on page 33) has, for example, devel-
oped a useful geotechnical constraint 
cost matrix that assists developers in early 
planning.

Intrusive geotechnical investigations
 Apart from the significant static loads 
generated by a 200 m CSP tower and the 
cyclic-dynamic ground forces generated 
by a wind turbine, a utility PV solar instal-
lation does not impose significant bearing 
pressures. However, the foundations of 
PVs need to resist the occasional uplift 
forces due to 140 km/h winds that may 
occur. A shallow intrusive investigation 
is usually sufficient to obtain definitive 
ground and soil/rock parameters via 
test pitting to 3 m, supplemented by 
penetrometer and geophysical surveys. 
Deeper, more intensive investigations 
(such as drilling and geophysical surveys) 
are essential for the wind turbines and 
CSP towers which are more load-settle-
ment-sensitive structures. Certainly, for 
utility-scale PV solar developments, vast 
tracks of land need to be investigated and 
construction is a major civil engineering 
exercise. For example, a 200 MW facility 
will require upwards of 500 ha of land and 
about 50 000 foundation posts.

Construction materials
 Whilst the majority of PV developments 
comprise manufactured solar panels, 
there will still be a need for construction 
materials for conventional foundations 
(concrete, sand, steel and water), power 
house buildings (bricks, mortar) and 
access roads (all-weather gravel-wearing 

course). The location and provision of 
these resources can be determined by 
identifying suitable materials during the 
geotechnical investigation, local borrow 
pit investigations or identification of 
closest commercial sources as part of the 
construction planning report.

Topographic surveys
 This is an essential survey that will assist 
the engineer with the considerable earth-
works (sometimes up to 1 million m3) 
required to provide long, level platforms 
for PV installations, and localised level 
platforms for wind turbines. The execu-
tion of these surveys has been enhanced 
by the use of drone technology.

GIS and Visual Impact Assessment
 This specialised service can also be 
offered by the GCS-REU so that layered 
information can be collated and presented 
for ease of reference. The VIA also dove-
tails into the requirements of the EIA, 
especially in the case of CSP solar and 
wind farms.

Hydrology
 The identification and quantification 
of any flood risks that may affect the 
site can be assessed at an early stage 
using available published data, and more 
detailed analyses can be completed with 
accurate topographical data if a flood risk 
is highlighted.

Hydrogeology and water supply
 Most of the PV solar sites that have been 
developed in the Northern Cape Province 
of South Africa have purposely been 
located close to a major source of water 
(in most cases the mighty Orange River). 
A good supply of water is essential in this 
parched province, not only during con-
struction, but also for maintenance and 
cleaning of PV panels over their 30-year 
life span. However, in the more remote 
areas, a geohydrological survey can as-
sist in determining the availability and 
quantity of groundwater for this supply. 
Application for a Water Use Licence 
(WULA), Groundwater Assessment 
(GA) and Stormwater Management 
Plan (SWMP) can be provided by the 
GCS-REU.

Environmental engineering and legislation
 The South African Department of 
Environmental Affairs (DEA) has 

identified eight renewable energy develop-
ment zones (REDZs) so that only the 
minimum environmental basic assess-
ment (BA) needs to be completed (and 
pre-empts authorisation requirements), 
thus saving time and costs on project de-
velopment. Elsewhere, full environmental 
impact assessments (EIAs) are required, 
which are essential but can delay a project 
considerably.

Construction planning report
This can be provided by a body like the 
GCS-REU during the high-level feasibility 
investigation, and is particularly advanta-
geous to overseas developers and EPCs 
who sometimes do not have the time 
or resources to complete this function. 
Information can be gathered on acces-
sibility, existing services, land ownership, 
availability of commercial sources of 
construction materials, local contractors 
and many other aspects that can be fed 
into the cost feasibility matrix.

Rammed pile load testing
The GCS-REU has collaborated with 
Geopile, who have adapted their 
environmentally friendly and low-
carbon-footprint ductile iron tubular pile 
which is ideally suited to sub-tropical 
environments and ground conditions. 
The advantages over conventional 
concrete pad foundations are zero water 
and concrete demand, the use of recycled 
ductile materials, speed of construction 
and zero spoil/waste since the pile type 
is full displacement. The popular “C sec-
tion” used in Europe and the USA can 
be adapted for the coupling from the 
foundation post to the panel. To date, 
Geopile alone has installed over 50 000 
piles at many PV solar sites, mostly in the 
Northern Cape.

Soil aggressiveness
Due to the harsh, dry and acidic envi-
ronment normally associated with hot 
sub-tropical climates, the development 
of pedocretes (specifically calcrete) 
can be aggressive to both concrete and 
reinforcing steel elements (if conventional 
pad foundations are prescribed). The use 
of rammed ductile iron piles preempts 
this problem.

Soil resistivity for cabling
The purpose of renewable energy is to 
provide clean, renewable electrical power 
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as an alternative to conventional fossil fuel 
supplies through a buried cabling system 
from the wind turbine or PV panels to a 
battery storage or directly into the grid.

HEROES AND ZEROES
The little central American country of 
Costa Rica leads the way with almost all 
electricity requirements by renewables 
(mostly hydro) and joins Spain, Germany, 
most Scandinavian countries and Iceland 
as leaders in this field.

Germany and Chile recently created 
a free market by creating a surplus of 
renewable energy.

China has long been one of the biggest 
culprits in terms of pollution, but with 
an end goal in mind (so they say) – to 
produce enough wealth to clean up the 
pollution (counter-intuitively) by investing 
in renewables by becoming the world’s 
leading producer of solar panels.

Spain is making a concerted effort 
to achieve 75% electricity by renewables 
by 2030, and 100% by 2050, by providing 
3 000 MW/year over the next ten years. 
They have closed most of their coal mines 
and stopped issuing licences for oil and 
gas exploration, and are also running 
down their nuclear programme. Workers 
on traditional fossil fuel generation 
are being retrained in renewable 
energy production and environmental 
restoration.

South Africa, in comparison, has had a 
love affair with an abundant supply of coal 
reserves and an almost total disregard for 
the environment up until now.

CONCLUSIONS FROM A SOUTH 
AFRICAN PERSPECTIVE
The current electricity demand in Africa 
is 700 TWh (projected to be 2 300 TWh 
in 2040), and renewable energy can assist 
in fulfilling the promise of energy for 
everybody everywhere.

The South African government in their 
Integrated Resource Plan (IRP of 2019) 
have pledged to provide 3 000 MW of solar 
and wind power in the next 12 months. 
That is equivalent to thirty Solar 1 CSP 
plants (just completed in Upington).

The CSIR is making leaps and bounds 
in research, and Mintek is engaging in 
practical research to assist all role players. 
Many international EPCs, such as juwi, 
Abengoa, METKA, Enel and Solar Reserve 
have a strong presence in South Africa, 
and have completed many solar and 
wind projects that are already supplying 
electricity to the national grid. The Centre 
for Renewable Studies at the University of 
Stellenbosch is evidence of the commit-
ment shown by the research organisation 
to renewable energy.

Exxaro has recently bought a stake 
in Cennergi who acts as an independent 
power producer to smooth the transition 
from mining to renewable energy.

South Africa is blessed with abundant 
sunshine (1 700 to 2 300 kWh/m2 and 
2 500 hours of sun every year), vast tracks 
of flat, undeveloped land and an extensive 
coastline of 3 000 km (suitable for wind 
power). With burgeoning and growing 
unemployment numbers this clearly leads 
to a renewable solution.

It is also interesting to note that, 
although solar energy requires the sun, 
heat can be a hinderance (deserts are less 
than ideal), with efficiencies peaking only 
at a modest and temperate 25°C. This 
places South Africa, with our sunny yet 
temperate climate, in a most enviable 
situation. It has also been said that the 
amount of coal formed in a year is being 
consumed in a minute and is a finite re-
source. Renewable energy, by definition, is 
everlasting, and we as civil engineers are 
committed to clean, everlasting solutions 
for humanity. 

GCS-REU AND RENEWABLE ENERGY
The GCS Renewable Energy Unit (GCS-
REU) comprises the unique combined 
expertise and aspects of geotechnics, 
project management, environmental 
impact assessments and legislations, 
geohydrology, hydrology, construction 
planning reporting and rammed 
pile-load testing. This specialised unit 
has been created to assist the client/
developer with all the essential feasibility 
and design investigations required for 
any renewable project. The GCS-REU 
is able to offer these services partially 
or as a total package. The latter has 
become increasingly popular due to the 
elimination of multiple appointments 
and the streamlining of administration. 
To use political parlance, the GCS-REU 
can be considered the combination of 
a Special Purpose Vehicle (SPV) and a 
Special Investigation Unit (SIU). 
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