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Abstract 

Expanding floating wind into new markets could support emission reduction targets in several national contexts. 
It furthers the need for adequate assessments to gain a full understanding of the technology’s potential in future 
markets. South Africa is a prime case study as it has seen limited industry and policy developments despite its huge 
technical potential for floating offshore wind (FOW). This paper assessed the locational potential of floating wind 
in South Africa through a three-phased approach that evaluated the key technical drivers/barriers of the technol‑
ogy, conducted a Geographic Information System analysis (GIS) using ArcMap 10.8 to exclude unsuitable sites based 
on a predetermined exclusion criteria (including marine protected zones, underwater cables, major oil and gas depos‑
its, etc.), and estimated the total harvestable capacity in the feasible sites. The study found that 2% (246,105.4 km2) 
of South Africa’s entire Exclusive Economic Zone (EEZ) is suitable for hosting floating wind turbines, with a potential 
to generate a maximum of 142.61 GW of floating wind power. Although the Western Cape province holds the high‑
est potential (80.52 GW) for floating wind in the country, the Eastern Cape region, with a locational potential of 20.04 
GW, is considered most suitable for early-stage developments due to the availability of grid connection points, limited 
marine traffic, and proximity to appropriate port facilities. Future work can conduct techno-economic assessments 
to evaluate the technical and economic implications of developing floating wind in distinct sites in the country’s EEZ.
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Introduction
Floating offshore wind turbines (FOWT) can unlock 
greater wind power generation in deeper and more dis-
tant waters, due to the presence of stronger and more 
stable mean wind speeds (Hannon et  al., 2019). As 
opposed to bottom-fixed structures, where founda-
tions like jackets, gravity-based structures and mono-
piles are utilised for turbine-tower mounting (IRENA, 
2016), FOWT utilises floaters (such as tension-leg plat-
form [TLP], semi-submersible, and spar-buoy), along 
with a station-keeping system (including moorings and 

anchors), for turbine mounting in water depths greater 
than 50 m (EWEA, 2013). Amidst the numerous floater 
typologies currently under development, the major float-
ing foundations include tension-leg platform (TLP), 
barge, semi-submersible, and spar (as displayed in Fig. 1) 
(Carbon Trust, 2015). The technology could facilitate 
better capacity factors and play a key role in the energy 
transition, as 80% of global offshore wind resources are 
in deeper waters (i.e. in water depths greater than fifty 
metres) (Wind Europe, 2017). In recent times, there has 
been an increased level of activity in the floating wind 
market, as the sector heads for full commercialisation 
around 2030 (GWEC, 2019). With more than 100  MW 
of capacity currently installed, the commercialisation of 
this technology will see it play a major part in the global 
energy mix with a projected capacity of 250 GW (2% of 
global power supply) by 2050 (DNV, 2020).
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Much of the movements in the floating wind indus-
try so far has been in Europe, with the UK and Nor-
way leading in both deployment capacity and supply 
chain activities. The first pilot scale floating wind array, 
30 MW Hywind Scotland Pilot Park, was commissioned 
by Equinor (Norway) off the North-East of Scotland in 
2017. This project recorded a capacity factor of 56% in its 
first two years of operation (Equinor, 2019), thereby fur-
ther validating the technical and commercial viability of 
FOWT. Countries or regions with suitable offshore wind 
sites limited to deeper waters and possessing capable 
maritime supply chains are considered key future mar-
kets in floating wind. They include Japan, South Korea, 
and the USA, who are expected to deploy 11 GW, 10 GW, 
and 9.8 GW of floating wind by 2040, respectively (Car-
bon Trust, 2020). Moreover, a study by ESMAP (2019), 
sponsored by the World Bank, also found huge technical 
potential for floating wind in the African continent, with 
South Africa and Morocco having possible deployment 
capacities of 589 GW and 178 GW, respectively—which 
are significantly higher than their technical potentials for 
bottom-fixed offshore wind (57 GW in South Africa and 
22 GW in Morocco). With no offshore wind deployment 
till date (IRENA, 2019), the viability of floating wind in 
these countries are in question.

Feasibility studies for floating offshore wind (FOW) 
development in future markets has received limited 
research attention. The Global Wind Energy Council 
(GWEC, 2022a) produced a report which assessed the 

potential for development in future floating wind mar-
kets. They ranked these markets based on technical, sup-
ply chain, and policy factors and provided snapshots of 
the drivers and constraints present in the highest-ranked 
countries, such as Ireland, Philippines, and USA (Cali-
fornia). There were no inclusions of the optimum zones 
for floating wind development in this study. In Umoh 
and Lemon’s (2020) work, the drivers and barriers associ-
ated with floating wind deployment in South Africa were 
assessed through a  conceptual framework that evalu-
ated the technical, economic, political, and social factors 
which could facilitate or hinder the development of the 
technology. The study relied on qualitative data and did 
not fully address key parameters in FOW development, 
including site conditions, port capability, and grid capac-
ity. ESMAP’s (2019) study assessed the technical poten-
tial of offshore wind development in emerging markets, 
including South Africa, Brazil, India, and Turkey. The 
study developed a framework for offshore wind feasibil-
ity studies that highlighted the importance of technical, 
locational, economic, and actual deployment assessments 
for bottom-fixed and floating offshore wind technolo-
gies; nevertheless, the scope of the paper was limited 
to analysing the technical potential of offshore wind in 
these emerging markets. Karamanski and Erfort’s (2023) 
work is closely related to the focus of the current paper, 
as they assessed offshore wind potential in South Africa’s 
coast via a methodology that considered the supply pro-
file of existing onshore wind farms along with electricity 

Fig. 1  Major floating foundations (Source: Acteon, 2024)
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demand in the country. The authors then evaluated the 
potential for offshore wind to meet current supply short-
ages by calculating the technical potential using a Vestas 
V164-9.5 MW turbine. Taking into account wake effects, 
electrical, and other losses, they found possible genera-
tion capacities of 64 GW and 764 GW for bottom-fixed 
and floating wind, respectively; however, the technical 
constraints associated with turbine siting and detailed 
analysis of the regional potentials for floating offshore 
wind power generation in the South Africa were not 
considered.

South Africa has a 589 GW technical potential for 
floating offshore wind technology, which is significantly 
larger than its 57 GW technical potential for bottom-
fixed offshore wind (ESMAP, 2019). The case for float-
ing offshore wind energy development in South Africa is 
validated by the country’s ageing coal-fired power plants 
and associated energy crisis (Bloomberg, 2022; National 
Planning Committee RSA, 2012). To address this issue, 
the government in the Republic of South Africa estab-
lished the Renewable Energy Independent Power Pro-
ducer Procurement Programme (REIPPPP) in 2011, 
which has facilitated the procurement of 6422  MW of 
renewable energy projects to date (Department of Min-
eral Resources & Energy RSA, 2019). This indicates a 
healthy appetite for renewable energy deployment, which 
could spur greater activity in the country’s floating wind 
market soon (Umoh & Lemon, 2020). More research can 
advise industry and policymakers on the technical and 
economic feasibility of FOWT in South Africa. Knowl-
edge of technical factors, such as grid infrastructure, port 
capability, and site conditions can help determine the 
techno-economic feasibility of the technology in distinct 
locations (GWEC, 2022a). For instance, the availability 
and lack of suitable grid connection points in various 
locations enabled or stifled the development of early-
stage floating wind projects in the UK (Carbon Trust and 
ORE Catapult, 2017). Ports also play a crucial role in the 
manufacturing, assembly, installation, and operations 
and maintenance (O&M) of floating wind components 
(Wind Europe, 2020), indicating that they must be devel-
oped strategically to facilitate the build-out of offshore 
wind farms (The Crown Estate Scotland, 2020). Similarly, 
site conditions ascertain what locations could best host 
floating wind turbines due to varying factors including 
seabed structure, water depth, and wind speed, which 
invariably affect the costs associated with developing a 
project (Carbon BVG Associates, 2019; Trust, 2015).

Although beyond the scope of this work, understand-
ing the financial implications of developing floating wind 
projects can stimulate market activity and improve inves-
tor confidence. Available cost models in the literature can 
be modified or applied directly to potential sites in future 

markets to calculate the relevant financial metrics in float-
ing wind development. For example, Castro-Santos et al. 
(2016) developed a methodology to calculate the internal 
rate of return (IRR), net present value (NPV), and lev-
elized cost of electricity (LCOE) of floating wind in the 
Galician region of Spain using the three major floating 
foundations. Following a technical analysis of the wind 
farm via a GIS software, the study concluded that the area 
situated between the Ría de Pontevedra and the Ría de 
Ribadeo was most suitable for floating wind development, 
with the possibility of achieving an LCOE value of €75.11/
MWh on a semisubmersible floating foundation. Ioannou 
et al.’s (2018) work can be considered an improvement on 
the previous study as it provided a more detailed break-
down of the capital expenditure (CAPEX), operational 
expenditure (OPEX), and decommissioning expenditure 
(DECEX) modules as well as applied the model from an 
investor perspective to reveal the implications of investing 
in FOW projects at different stages of its life cycle.

Other studies have sought to improve upon existing 
models by optimising cost criteria with models from both 
bottom-fixed and floating wind technologies (Maienza 
et  al., 2020) and developing cost assumptions with 
respect to literature and installed floating wind projects 
in Europe (Rinaldi et al., 2021; Diaz and Soares, 2023). A 
lack of agreement on the most cost-effective floating plat-
form and the novelty of the technology implies the need 
for continuous refinement of existing cost models, espe-
cially considering that some floater typologies (such as 
TLPs) are yet to achieve higher technology readiness lev-
els (Leimeister et al., 2018). It is worth noting that three 
turbines using SBM Offshore’s TLP design were installed 
in the South of France in October 2023, indicating a huge 
step towards the commercialisation of this floater typol-
ogy (SBM Offshore, 2023). However, adequate opera-
tional data are required to fully understand its technical 
characteristics and performance.

The identification of suitable zones for deployment 
represents a crucial first step in the initial stages of devel-
oping any floating wind project. It allows for the collec-
tion and analyses of information from regulatory bodies, 
marine spatial planning, maritime lease agreements, and 
other relevant sources (Diaz and Soares, 2020). This con-
tributes to the sustainable and strategic development of 
this technology, which considers key stakeholders in pro-
posed exploration zones. For instance, Taoufik and Fekri’s 
(2021) work considered six exclusion criteria (including 
submarine cables, shipping routes, bird migratory routes, 
and blue flag beaches) in relation to the technical and 
socio-economic factors of offshore wind development in 
Morocco. In the Philippines, local ferry routes, typhoon 
paths, and areas prone to earthquakes, were excluded 
from offshore wind considerations to reflect the specific 
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constraints present in the case study context (Maandall 
et al., 2021). This implies that conducting such feasibility 
assessments could provide a clearer picture of the loca-
tional potential of FOWT in countries with significant 
technical potential for the technology. Therefore, the 
principal aim of this paper is to study the main exclu-
sion criteria for prospective FOW deployment in South 
Africa. The significant contributions of this study include: 
(i) development of a new methodology for assessing the 
locational potential of FOW in new markets using Arc-
GIS and proposed exclusion criteria; (ii) providing an 
in-depth analysis of the most relevant technical aspects 
of FOW development in South Africa; (iii) conducting 
an advanced GIS analysis to exclude non-feasible zones 
from current considerations in FOW development in 
South Africa; and (iv) estimating the locational poten-
tial of FOWT based on the results of the GIS analysis. 
The outcomes of this study would be of great benefit to 
industry and policymakers as it will outline a systematic 
approach for a streamlined and sustainable development 
of FOW farms in South Africa and future markets.

The remaining sections of this paper are organised as 
follows: Sect.  “Materials and methods” discusses the 
material and methods; Sect.  “Case study: South Africa” 
provides a technical analysis of the major drivers and 
barriers of floating wind with respect to the study area; 
Sect.  “Exclusion criteria” performs a site exclusion anal-
ysis; Sect.  “Locational potential” is concerned with the 
locational potential of floating wind in South Africa; 
Sect.  “Discussions” discusses the main findings; and 
Sect. “Conclusions” concludes.

Materials and methods
Content analysis
This work adopts GWEC’s (2022a) framework for assess-
ing the major drivers and barriers of FOW development. 
The report asserted that site conditions, policy environ-
ment, support regime, permitting regime, supply chain 
and infrastructure (ports), and transmission grid were 
key drivers and constraints to the build-out of floating 
wind in follower markets (GWEC, 2022a). The approach 
was modified to limit data collection and analysis to the 
technical factors of FOW deployment, including site con-
ditions, port capability, and transmission grid. A focus 
on the technical factors represents the current state of 
development of FOWT in future markets, which is char-
acterised by limited market and policy developments. 
The approach sought to evaluate these technical factors 
in greater detail, when compared to similar studies in the 
case study context (Rae & Erfort, 2020; Umoh & Lemon, 
2020), in order to improve understanding on the actual 
deployment potential of floating wind in South Africa. 
Data were obtained from the wider FOW literature and 

relevant national agencies to ensure that analyses were 
representative of the current and future developments in 
the floating wind sector as well as relevant to the study 
area. The key technical drivers and barriers of floating 
wind development considered in this work are as follows:

Site conditions. Factors including wind speeds, bathym-
etry, geotechnical, and metocean conditions indicate the 
technical potential of offshore areas.

Port capability. Port capabilities, local industrial capac-
ities, and possible synergies from related sectors can 
influence site selection in FOW development.

Grid infrastructure. Grid capabilities and build-out 
plans that could determine the feasibility of potential 
sites.

Site exclusion
This stage entails an analysis of literature and second-
ary data to determine the technical, socio-economic, 
and environmental constraints relevant to FOWT in the 
study area. Wind speed is a critical component of floating 
wind development (Carbon Trust, 2015) and considering 
that current wind turbines are planted with hub heights 
greater than 100 m (IRENA, 2019), it is difficult to antici-
pate future deployments at lower hub heights. Moreover, 
sites above 6  m/s are commercially viable for offshore 
wind development (ESMAP, 2019). Floating platforms, 
including semisubmersibles, spars, and TLPs, can be 
installed in water depths between 50 and 1000 m (Carbon 
Trust, 2015). In the context of environmental sustain-
ability, factors including marine protected areas and bird 
migratory routes must be considered to promote sustain-
able development of floating offshore wind farms (Taou-
fik & Fekri, 2021; van and Fthenakis, 2011). Oil and gas 
development zones and underwater cables are other key 
technical factors that have been defined as constraints 
to offshore wind development by extant research (Diaz 
and Soares, 2020; Maandal et al., 2021). In addition, the 
Exclusive Economic Ezone (EEZ) of desired national con-
texts should be regarded as the study area, as sovereign 
states have control over resources in this zone. ArcMap 
10.8 can be used to enable visualisation of the study area. 
This software enables the representation and analysis of 
geographic information in the form of layers and other 
elements in a map, which provides a robust platform for 
evaluating the exclusion criteria of a study area.

Wind generation
To determine the locational potential of FOWT, it is 
necessary to calculate the actual energy available in the 
feasible sites. This implies calculating the wind power 
density of the identified locations and evaluating the total 
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harvestable capacity with respect to each province and/
or for the entire EEZ.

To compute the wind power density (WPD) that meas-
ures the moving power of wind, theoretical literature 
(Francis et al., 2012) uses the following formula:

where ρ is the constant air density value (1.225 kg/m3), V 
is the average wind speed, and A is the swept area of the 
turbine (Francis et al., 2012).

To estimate the possible generation capacity, this work 
considered the current project data of floating wind 
farms from 4C Offshore (2023). 4C Offshore is the lead-
ing market intelligence organisation targeting global off-
shore renewable energy markets. Their Global Offshore 
Wind Farm Database and Intelligence service provides 
data on offshore wind projects all over the world. Infor-
mation including the turbine swept area, power curve, 
site area, and average area per wind turbine were sourced 
and contributed to approximating the locational potential 
of FOWT. The possible impacts of moorings and anchors 
on turbine spacing were also considered, as floating 
wind turbines are expected to have extended footprints 
when compared to bottom-fixed offshore wind technol-
ogy (Carbon Trust and ORE Catapult, 2017). Besides, 
the relatively larger area per wind turbine (5.3 km2/

(1)WPD = 0.5ρV 3
A,

turbine) in semisubmersible floating wind farms when 
compared to spars (3.3 km2/turbine) (4C Offshore, 2023), 
can be explained by the lesser turbine footprint in spars 
when compared with semisubmersibles (Carbon Trust 
and ORE Catapult, 2023). Consequently, Vestas’s (2023) 
V164-8.0 MW turbine, which has a 164 m rotor diameter 
and a swept area of 21,124 m, was selected for analyses in 
this work. The locational potential was derived using the 
formula below (Myhr et al., 2014; Nie & Li, 2018):

where AS is the geographical area available for floating 
wind deployment; AT is the average area per wind tur-
bine: WPD is the wind power density; 16/27 is the Betz 
limit; and L represents losses, including electrical array 
losses, aerodynamic losses, wind farm availability and 
other losses—modelled as 18% (Myhr et  al., 2014). The 
methodology is summarised in Fig. 2.

Case study: South Africa
South Africa’s onshore wind energy market has seen 
steady growth since the installation of the Darling 
Wind Farm in the Western Cape region of the coun-
try in 2008. The 5.2  MW rated wind farm generates an 
average of 8.6 GWh annually and helps power about 

(2)WPloc =

AS

AT

∗WPD ∗

16

27
∗ (1− L),

Fig. 2  Methodological approach
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700 households in South Africa (Kruger Africa, 2008). 
The total onshore wind capacity in South Africa cur-
rently stands at 2495 MW as of the end of 2020, follow-
ing the installation of 515  MW of new capacity in that 
year (GWEC, 2020). This growth can be attributed to the 
government’s Integrated Resource Plan (IRP), which was 
launched in March 2011 as an electricity infrastructure 
development plan aimed at developing 39,730  MW of 
new capacity and reducing its energy sector’s GHG emis-
sions (Department of Mineral Resources & Energy RSA, 
2019). The plan facilitated the REIPPPP, which has ena-
bled the procurement of 6422 MW of renewable energy 
projects (Department of Mineral Resources & Energy 
RSA, 2019). Over 50% (3357 MW) of this capacity have 
been procured for onshore wind projects (Department 
of Mineral Resources & Energy RSA, 2021). Despite 
the recent increases in installed onshore wind capacity 
Africa, as spearheaded by South Africa, the region is said 
to be exploiting only 0.01% of its wind energy potential 
(GWEC, 2022b). South Africa could take advantage of 
its vast wind resources to tackle its energy crisis, meet its 
GHG emission reduction targets, and establish itself as a 
global hub for wind development.

Limited research has assessed the feasibility of off-
shore wind (bottom-fixed and floating) in South Africa 
despite the potent wind resources in its offshore wind 
region. A study by Rae and Erfort (2020) found offshore 
wind potentials of 44.52 TWh and 2387.08 TWh in water 
depths below 50 m and between 50 and 1000 m, respec-
tively, in South Africa’s offshore EEZ. The abundance 
of wind energy in deeper waters implies that deploying 
floating platforms could maximise the technical potential 
of offshore wind in the region. Elsner (2019) furthered 
that huge technical potential for offshore wind develop-
ment in deeper waters calls for an integrated deployment 
approach amongst coastal states in the southern African 
region. Such endeavours require multidisciplinary studies 
that assess the major factors associated with the develop-
ment of the technology. Moreover, the levelized cost of 
floating wind-generated energy, which is currently dou-
ble the cost of bottom-fixed (Wind Europe, 2017), could 
deter investors, industry actors, and policymakers from 
current and future floating wind development efforts.

Site conditions
Marine region characteristics such as wind speeds and 
water depths are major determinants of site choice 
and platform selection in FOW development (Carbon 
Trust, 2015). Sites with mean wind speeds over 6  m/s 
and water depths between 50 and 1000  m are consid-
ered technically feasible zones for the deployment 
of floating foundations (The Crown Estate Scotland, 
2020). Figure 3 shows the area with technical potential 

for FOW development in South Africa with mean wind 
speeds at 100  m hub height ranging from 6 to 12  m/s 
and water depths between 50 and 1000 m. Wind speed 
data, as obtained from the Global Wind Atlas (2022), 
are based on a long-term reference data (2008–2017) 
of ERA5 (a climate dataset developed through the 
Copernicus Climate Change Service) reanalysis data. 
Data showing water depths were sourced from the 
General Bathymetry Chart of the Oceans’ (GEBCO) 
(2022) gridded bathymetry data. The resulting area has 
a total size of 335,673.8 km2, which is over 5% of the 
country’s EEZ. Nevertheless, the suitability of various 
floater typologies varies with respect to water depth. 
Spar buoys require water depth above 100  m; semi-
submersibles can be utilised in water depths as low as 
50  m; TLPs are appropriate for water depths greater 
than 60 m (IRENA, 2016).

An assessment of the geotechnical conditions of poten-
tial development zones is also necessary to inform devel-
opers on choice of anchors for floating platforms (Carbon 
Trust, 2020). Geotechnical surveys, which investigate the 
soil composition of offshore sites, usually begin at least 
five years before the commissioning of a wind farm and 
costs around £2.5 million for a 1 GW rated wind farm 
(BVG Associates, 2019). Its prohibitive cost implies that 
early-stage development could benefit from readymade 
geotechnical datasets from suppliers such as Fugro, Hori-
zon, and G-tec. Current specifications for anchor deploy-
ment were discussed in Carbon Trust’s (2015) work. 
They stated that drag-embedded anchors and suction 
piles were more appropriate for soft soils, while gravity 
anchors and driven piles were preferred for tougher soil 
conditions. Anchors may lead to heightened sedimenta-
tion (due to scour) and could trigger stressors to deep-
sea benthic communities (DNV, 2020). This implies that 
early projects should be sited in less environmentally sen-
sitive areas to mitigate the impacts of FOWT on marine 
habitats.

Met-ocean conditions can influence the design of float-
ing platforms, installation activities, and O&M planning. 
Greater extreme wave heights indicate the need for con-
servative substructure design as floating platforms would 
require the optimal weight to counteract wave loading in 
these areas. Although the potential for improved com-
ponent design and the integration of wave cancelling 
functionality in wind turbine controllers have been dis-
cussed in Lemmer et al.’s (2020) paper, their implication 
for FOW deployment is increased CAPEX and LCOE 
costs, which are undesirable in early-stage technology 
demonstrations. Besides, project cost overruns due to 
the inaccessibility of floating wind sites could negate the 
technical and commercial viability of this technology 
in future markets. Carbon Trust (2015) provided wave 
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height recommendations for various platform types. For 
example, installation activities for TLPs should be limited 
to wave heights of around 1.5 m, while semisubmersible 
platforms can be installed in wave heights of up to 2 m. 
The ERA5 climate dataset which has been developed 
through the Copernicus Climate Change Service (2018) 
provides historical data of significant wave heights in 
some offshore sites in South Africa. An assessment of 
such data could enable a better planning of installation 
and O&M activities in these zones.

Port capability
In offshore wind development, factors such as quay load-
bearing capacity, port depth, proximity to site, quay 
length, and potential for expansion are crucial to opti-
mum site selection in relation to installation, and O&M 
activities (Ozturk and Karipoglu, 2021). Port require-
ments for installation generally include a minimum of 
8 hectares appropriate for laydown and pre-assembly of 
components; water access capable of receiving vessels 
with a 140 m length, 45 m beam, and 6 m draft, and with-
out tidal or other entry restrictions; and overhead clear-
ance of 100  m and above (Carbon Trust, 2015). Wind 
farm developers will usually secure long-term leases 

for quayside services with port owners to ensure a suit-
able base for O&M activities (Carbon Trust, 2015). The 
Crown Estate Scotland (2020) conducted a port capability 
assessment for FOW deployment in Scotland. Although 
the specific port requirements for this novel technology 
is uncertain, they concluded that proximity to site as well 
as extra specialist port facilities are of great significance 
with respect to future floating wind endeavours in the 
country. For instance, semisubmersible floaters would 
require 20 to 25  m water depth for turbine mounting 
at quayside, while spars may require an 80–90  m water 
depth or availability of a sheltered locations offshore for 
horizontal float-out installation operations (The Crown 
Estate Scotland, 2020). The additional port requirements 
for floating wind development entails the need for ade-
quate collaboration between key stakeholders, includ-
ing wind farm owners, regional policymakers, and port 
operator, to map out strategies to ensure a sustainable 
and cost-effective approach to building out FOW farms 
in South Africa.

Figure  4 displays the major ports in South Africa and 
their respective sizes. The largest port, Port of Durban, 
represents the busiest port both in South African and 
sub-Saharan Africa (National Ports Authority, 2022). 

Fig. 3  Technically feasible zones for FOW development in SA (data sources: GEBCO, 2022; Global Wind Atlas, 2022)
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It is equipped with 8 tugboats, 2 pilot boats, 2 pilot 
boats, 2 pilot helicopters, 1 floating dock, and 1 passen-
ger vessel; nevertheless, the bulk of its services are con-
centrated on container haulage and storage (National 
Port Authority, 2022). The Prince Edward Dry Dock 
(350.52  m × 33.53  m × 12.5  m), which is situated in the 
Port of Durban, has seven cranes with capacities ranging 
from 4 to 50 t and a quay depth of 8 m (National Ports 
Authority, 2022). Although the region boasts of excel-
lent wind resources (as seen in Fig. 2), the Port of Dur-
ban specifications may be unsuitable as a marshalling and 
installation base for early stage floating wind projects due 
to its limited dry dock width, shallow draft, and its low 
crane lifting capacity. For instance, turbines mounted on 
the semisubmersible floating foundations may require a 
port area with 90 m and draft of up to 14 m (Crowle & 
Thies, 2022). Similarly, crane lifting capacity requirement 
is 550 tonnes for all foundation types (Carbon Trust and 
ORE Catapult, 2017). As large port size does not neces-
sarily translate to port suitability, a timely and extensive 
engagement with port suppliers is essential to under-
standing the suitability of the existing ports for specific 
floating wind projects or the extent of upgrades required 

to accommodate construction, marshalling, or O&M 
activities.

On the other hand, the Cape Town region has the 
most potent wind resources in South Africa’s EEZ (see 
Fig. 3) as well as potentially suitable ports for the instal-
lation and maintenance of turbines mounted on all 
existing floater typologies (Umoh & Lemon, 2020). The 
multipurpose Duncan Dry Dock (1800  m × 600  m), 
located in the Victoria basin of the Port of Cape Town, 
has a 180-m-wide entrance and 12.9  m depth, which 
could facilitate the mating of turbines to floating sub-
structures before they are transported to potential off-
shore sites (Umoh & Lemon, 2020; World Port Source, 
2022). In addition, its 253 hectares of laydown area and 
appropriate quay lengths (World Port Source, 2022) indi-
cates adequate port area for the storage and assembly of 
commercial scale wind farm components such as tower, 
nacelle, blades, and substructures. Moreover, the Nor-
Sea Stordbase, which facilitated the storage and assembly 
of five Hywind spar floating units boasts of a 10-hectare 
base area and 120 m quay lengths (Norsea Group, 2023).

The coast of Cape Town’s high shipping traffic (see 
Fig. 5) implies a reduced suitability for turbine sitting in 
the area due to an increased risks of collision with marine 

Fig. 4  Ports in South Africa (data source: World Port Source, 2022). Sizes: 1 = small; 2 = medium; 3 = large



Page 9 of 21Umoh et al. Sustainable Energy Research           (2024) 11:12 	

traffic. Navigational safety is key priority in the context of 
sustainable site selection in offshore wind development 
(Rawson & Rogers, 2015). The deployment of offshore 
wind farms in sites with frequent passenger or cargo ves-
sel traffic could trigger conflicts amongst relevant marine 
users (Vagiona & Kamilakis, 2018). This makes sites and 
ports with less marine traffic preferable for turbine sitting 
and project development activities. Industry and poli-
cymakers could further assess the potential for expan-
sion of the Port of Ngqura, due to comparatively limited 
marine traffic (see Fig. 5) and suitable facilities. The port 
has an entrance channel of 300 m width, total land area of 
1307.77 hectares, and quay depth of 18 m (National Ports 
Authority, 2023). Development plans currently include 
the establishment of a ship repair facility and an energy 
hub, to take advantage of its vast available land area and 
complement the energy sector development which is 
underway in the Coega Special Economic Zone (National 
Ports Authority, 2023).

The existing port or supply chain capabilities in South 
Africa can be evaluated by exploring potential syner-
gies with the country’s burgeoning offshore oil and gas 
and related sectors. For instance, Scotland’s position as a 

global leader in FOWT has been facilitated by its long-
standing experience in the North Sea oil and gas indus-
try (The Crown Estate Scotland, 2020). The transition 
from fixed to floating foundations for deep water oil and 
gas exploration in the 1970s prompted the design, con-
struction, and installation of the platform, moorings, and 
anchors, which have been adapted for use in the offshore 
wind sector (Carbon Trust, 2015). Although the Hywind 
and Kincardine floating wind turbines were manufac-
tured and preassembled overseas, the projects have ben-
efitted from the UK’s existing supply chain capabilities in 
installation, operations, and maintenance services (Han-
non et al., 2019).

A report by ORE Catapult (2021) has also highlighted 
how the UK could deploy floating wind to power its oil 
and gas platforms for decarbonisation and supply chain 
development purposes. The relevance of the UK case 
study to South Africa is the huge possibilities within 
the joint development of the country’s offshore oil and 
gas and floating wind sectors, which could facilitate the 
upgrade of port facilities with respect to the needs of both 
sectors. Data from the Petroleum Agency SA (2023) indi-
cate high offshore oil and gas activities in South Africa’s 

Fig. 5  Shipping density in South Africa’s Exclusive Economic Zone (data source: Halpern et al., 2013) Port sizes: 1 = small, 2 = medium, 3 = large; 
shipping density range: low (1)–high (5)
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EEZ, with most areas currently under application for 
exploration or having obtained exploration rights. It rein-
forces the nascent state of these sectors and the potential 
for collaboration between oil and gas players and float-
ing wind developers. The Ports of Saldanha, Ngqura, 
and Richard’s Bay, which were identified as viable for 
facilitating a zero-carbon South African shipping sector 
(Ricardo, 2022), could be upgraded to meet the instal-
lation, operations, and maintenance activities of South 
African floating wind farms. Synergies between the float-
ing wind industry and shipping sector also exist in that 
the desired adoption of zero-carbon fuels in the country’s 
shipping sector could drive investments in renewable 
electricity to meet the local and global demand of green 
fuels (Ricardo, 2023), such as floating wind-generated 
green hydrogen.

Table  1 summarises the capabilities of the ports in 
South Africa. They have been qualitative evaluated using 
data provided by National Ports Authority (2022, 2023) 
and World Port Source (2022).

Transmission grid
The availability of suitable grid connection points was 
key to the selection of the Buchan Deep region as host 
of the Hywind Scotland floating wind farm (Carbon 
Trust and ORE Catapult, 2017). This can be seen in the 
extant literature, where sufficient grid capacity and prox-
imity to grid connection points have been noted as key 
factors in FOW development (Diaz and Soares, 2020; 
Maandal et  al., 2021). For instance, due to economic 
and logistical reasons, Diaz and Soares (2020) limited 
the areas under consideration for FOW development in 
the European Atlantic Coast to sites within 200 km from 
the local electricity grid. Similarly, sites with distances 
greater than 120  km were excluded from consideration 
due to high uncertainties associated with transmission 
costs in the Philippines (Maandal et al., 2021). It follows 
that high priority must be assigned to current grid capa-
bilities and future development plans in the study area. 
Eskom’s (2021) recent Generation Connection Capacity 
Assessment report revealed a total available connection 
capacity of 30 GW in South Africa’s grid, with its coastal 
regions (Northern Cape, Western Cape, Eastern Cape, 
and Kwazulu-Natal) having an available connection capa-
bility of around 8.5 GW.

Plans are underway to expand the grid network to 
accommodate the 9.8 GW and 17 GW of generation 
capacity expected to be connected by 2025 and between 
2026 and 2030, respectively (Eskom, 2021). Although 
there was no mention of floating or bottom-fixed offshore 
wind in this report, the Transmission Development Plan 
revealed an inclination towards renewable integration 
as well as capital constraints in relation to current and 
future grid expansion proposals (Eskom, 2022). Eskom 
(2021) further reported the current supply area capac-
ity of the provinces in South Africa. The total generation 
connection capacity in the coastal regions are as follows: 
Northern Cape: 0 MW; Western Cape: 1100 MW; East-
ern Cape: 1740 MW; Kwazulu Natal: 5640 MW.

Northern Cape
The Northern Cape zone currently has no generation 
connection capacity (Eskom, 2021). This is a common 
trend in the Greater Cape region (consisting of Northern 
Cape, Eastern cape, and Western Cape networks), as they 
require significant upgrades to accommodate substantial 
added generation capacity (Eskom, 2022). With a num-
ber of onshore wind and solar projects in the pipeline 
procured under the REIPPPP, the Northern Cape prov-
ince has a total of 3.8 GW committed capacity, which 
significantly exceeds the local peak load (Eskom, 2021). 
The current transmission network consists of 220 kV and 
400 kV lines, which enable power transfer to Kimberley 
and Upington, where economic activity is concentrated 
in the province (Eskom, 2021). Current transmission pro-
ject plans include the strengthening of existing lines and 
construction of new substations and new transmission 
lines to facilitate the integration of procured renewable 
power plants in the province (Eskom, 2022).

Western Cape
The transmission infrastructure in the Western Cape 
province is made up of 400 kV and 765 kV assets and an 
available connection capacity of 1.1 GW (Eskom, 2022). 
The REIPPPP has contributed significantly to the pro-
curement of around 1.5 GW of Independent Power Pro-
jects in this province, which has seen the commissioning 
of 589  MW of wind and solar energy projects (Eskom, 
2021). With power demand in its three customer load 
networks (Peninsula, Outeniqua, and West Coast) 

Table 1  Summary of port capabilities

Port Capability Remark

Port of Durban Low Limited dry dock width, shallow draft, high vessel traffic

Port of Cape Town Medium Suitable depth and dock entrance, sufficient laydown area, but high vessel traffic

Port of Ngqura High Relatively low vessel traffic, large port laydown area, suitable quay depth, prime for expansions
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expected to increase by 24% in the coming decade, major 
reinforcement plans were initiated to guarantee sup-
ply of the projected load as well as enable integration 
of additional generation capacity (Eskom, 2021). For 
instance, the Komsberg Substation was commissioned in 
2021 to accommodate the procured 6.6 GW of new wind 
and solar PV generation in the province. There are also 
plans to establish two 765 kV lines to connect the Mer-
cury and Sterrekus substations by 2031 (Eskom, 2021). 
Thus, floating wind farms may be connected through the 
planned 765 kV line in Cape Town, which passes through 
the Sterrekus, Kappa, and Gamma Substations. This can 
facilitate power transmission to Northeast region of the 
country, where power demand is huge (ESMAP, 2019). 
Besides, the Cape Town region experiences the strongest 
average wind speeds ranging from 9.5 m/s to 12 m/s (see 
Fig. 2).

Eastern Cape
The development of floating wind in the Eastern Cape 
coast can benefit from the substantial substation trans-
formation and transfer capacity in the area (Eskom, 
2021). Potential FOW farms can connect to the electric-
ity grid via the Grassridge and Dedisa stations due to 
their proximity to the technically suitable areas for float-
ing wind development as well as their sufficient connec-
tion and transfer capacities. The planned reinforcement 
of the coastal grid in relation to the construction of a 
765 kV line, which connects the Grassridge substation to 
the Gamma substation in Western Cape, would provide 
additional transfer capacity when it comes online in 2024 
(Eskom, 2022). Due to its potent wind resources and 
associated procurement of 1.5 GW of wind energy pro-
jects in the Eastern Cape province since the introduction 
of the REIPPPP, this region may require further strength-
ening to facilitate the integration of new capacity from 
independent power producers in the period 2022 to 2031 
(Eskom, 2022).

Kwazulu‑Natal
The Kwazulu-Natal grid consists of four customer load 
networks, including Newcastle, Pinetown, Ladysmith, 
and Newcastle, which currently have 5640  MW of 

generation connection capacity (Eskom, 2021, 2022). 
The proximity of 275 kV and 400 kV connection points 
in the Durban and Richard’s Bay offshore regions of 
South Africa can enable the transfer of floating wind 
power to load centres in the Northeast region of the 
country (ESMAP, 2019) as well as facilitate industrial 
and commercial activities in the Pinetown and Empan-
geni local areas—the two major load centres in the net-
work, which are expected to experience significant load 
growth in the period 2022 to 2031 (Eskom, 2022). Much 
of this increase could be attributed to the commission-
ing of the Richard’s Bay Industrial Development Zone, 
which is poised to attract investors in the ICT, marine, 
renewable energy, and manufacturing sectors (Provin-
cial Government of South Africa, 2022; RBIZ, 2022). 
Besides, GenesisHexicon, a floating wind joint venture 
in South Africa, have identified a site off the coast of 
Richard’s Bay for the development of an 800 MW float-
ing wind farm (Hexicon Group, 2022). Major network 
reinforcements have been planned and proposed to 
accommodate the integration of new generation capac-
ity, such as the large-scale gas-to-power plants in Rich-
ard’s Bay (Eskom, 2022).

Table 2 summarises the availability of grid connections 
in South Africa, which have been assessed qualitatively 
with respect to data published by Eskom (2021, 2022).

Exclusion criteria
Data and approach
Section  “Site conditions” excluded sites with water 
depths less than 50 m and above 1000 m and with aver-
age wind speeds below 6  m/s, which represent zones 
technically feasible for floating wind deployment (Car-
bon Trust, 2015). Other exclusion criteria included 
technical and environmental factors which could 
impact the development of the technology in South 
Africa. They were selected by assessing the relevant 
floating wind literature and marine-related policies and 
regulations in the case study context.

Data were obtained from various reputable sources as 
displayed in Table 3. They were collected in varying for-
mats (such as raster, shapefile, data points) varying for-
mats (such as raster, shapefile, data points) with respect 

Table 2  Summary of grid availability

Zone Availability Remark

Northern Cape Low Grid constraints due to a lack of generation connection capacity and need for substantial network reinforcements

Western Cape Medium Requires reinforcement of its transmission network to accommodate procured and future generation capacity

Eastern Cape High Availability of grid connection points in the Grassridge and Dedisa substations

Kwazulu-Natal High 275 kV and 400 kV connection points in Durban and Richard’s Bay. Current network reinforcements may offer 
more connection options
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to their availability on secondary data repositories. 
Layers were manually included on ArcMap 10.8 using 
the WGS 1984 Geographic Coordinate System, which 
was used as the basis of this work. The lack of access 
to data from primary sources such as the South Afri-
can Maritime Safety Authority, South Africa Weather 
Service and Petroleum Agency SA, also informed the 
use of secondary documentation. Moreover, similar 
studies have utilised data from the sources in Tables 3 
and 4 (Diaz and Soares, 2021; Taoufik & Fekri, 2021). 
Data analysis was conducted using the ArcGIS ArcMap 
software.

GIS analyses were conducted on ArcMap 10.8 to 
exclude unsuitable areas for floating wind develop-
ment in SA based on technical, socio-economic, and 
environmental constraints. All layers were converted to 
raster format and same cell size to ensure consistency 
of results. The BUFFER function was deployed to cre-
ate buffers around some exclusion criteria. For instance, 
offshore wind farms should be installed at least 5  km 
away from the radius of oil and gas installations (Maan-
dal et  al., 2021). The RECLASSIFY tool was deployed 
to designate the unsuitable areas as “0”, while the suit-
able areas were assigned “1”. Based on Boolean logic, 
the AND, CON, and SETNULL tools were utilised to 
permanently exclude unsuitable areas using the RAS-
TER CALCULATOR function. Furthermore, provincial 
offshore zones in the case study were digitised using the 
CREATE FEATURES tool and with respect to the inland 

boundaries on OpenStreetMap (within the ArcGIS Arc-
Map software). The CLIP data management function 
was then used to segment relevant raster layers for fur-
ther analysis.

Marine protected areas
The National Environmental Management Protected Areas 
Act 2003 (South African Government, 2003) was instituted 
to protect and conserve ecologically viable areas which 
represent South Africa’s biological diversity and its natural 
landscapes and seascapes. Therefore, excluding protected 
areas from sites considered for floating wind development 
could ensure the environmental sustainability of these 
projects in the country. Data deployed in this study were 
obtained from the World Database on Protected Areas col-
lated by the UN Environment World Conservation Moni-
toring Centre (UNEP-WCMC), in association with actors 
from government, non-governmental, academic and indus-
try institutions. A 3 km buffer was included to these areas, 
as consistent with the literature (Maandal et al., 2021). Fig-
ure 6 displays the marine protected areas in South Africa’s 
EEZ along with the 3 km buffer.

Underwater cables and pipelines
The presence of submarine cables and pipelines could 
constrain the development of FOW farms, especially 
due to the potential for damage during construction 
and maintenance activities. Taoufik and Fekri (2021) 
included a buffer of 500 m to submarine cables in their 
GIS-based analysis of offshore wind development in 
Morocco. Similarly, Diaz and Soares (2020) incorporated 
500  m and 750  m buffers on each side of power cables 
and telecommunication cables in their GIS assessment 
of suitable sites for floating offshore wind farms in the 
Atlantic continental European coastline. In Maandal 
et  al.’s (2021) assessment of offshore wind development 
in the Philippines, the authors incorporated 5 km buffers 

Table 3  Exclusion criteria

Component Criteria Source Format

Wind speed @ 100 m < 6 m/s Global Wind Atlas Raster

Water depth < 50 m and > 1000 m GEBCO Raster

Exclusive Economic Zone Study area Marine Regions Shapefile

Marine protected zones 3 km buffer UNEP-WCMC and IUCN Shapefile

Underwater cables 3 km buffer Koordinates Shapefile

Oil and gas fields 5 km buffer Petrodata Shapefile

Bird migratory routes 1 km buffer Birdlife International Shapefile

Blue flag beaches 2 km buffer Department of Forestry, Fisheries and the Environment Data points

Table 4  Other data sources

Component Source Format

South African Ports World Port Source GPS coordinates

Shipping density Halpern et al Shapefile

Africa transmission grid World Bank Group GeoJSON
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to submerged cables to prevent damage to cables dur-
ing wind farm development. A conservative approach is 
relevant to FOWT due to the presence of anchors and 
mooring lines which imply greater footprint for floating 
offshore wind farms, when compared to bottom-fixed 
offshore wind (Carbon Trust and ORE Catapult, 2017). 
Also, due to the lack of offshore wind experience in 
South Africa’s supply chain, it may be useful to restrict 
early-stage developments to areas with limited marine 
constraints to facilitate the sustainable development of 
these projects. Following an absence of specific marine 
regulations for submarine cables in South Africa, a 3-km 
buffer was added for underwater cables and pipelines in 
this study to represent a conservative approach to site 
selection as well as to maximise the locational potential 
of floating wind in South Africa (as displayed in Fig. 7).

Oil and gas deposits
South Africa’s burgeoning offshore oil and gas sector 
has attracted interests from several big players includ-
ing Shell PLC and Total Energies (Petroleum Agency 

SA, 2023). A recent notice by the Minister of Mineral 
Resources has suspended the awarding of new permits 
for technical co-operation, exploration, and production 
rights (Department of Mineral resources, 2023). This 
was intended as a licensing strategy to accelerate cur-
rent exploration activities, as advised by section  2(d) of 
the Mineral and Petroleum Resources Development Act 
28 of 2002. Nevertheless, the potential for exploration 
is higher in sites with significant hydrocarbon reserves. 
PetroData (2009) provides GIS data of oil and gas fields 
around the world. A 5-km buffer was included the major 
oil and gas zones in South Africa’s EEZ (as shown in 
Fig. 8) to mitigate future conflicts with stakeholders from 
the oil and gas sectors and support licensing and permit-
ting in early floating wind development.

Bird migratory routes
Due to its nascent nature, the impacts of floating wind 
farms on bird migration are unclear. Wind farms may 
have significant negative impacts on birds throughout 
its lifetime (from planning to operation) (Masden et al., 

Fig. 6  Marine protected areas in South Africa’s EEZ (data source: UNEP-WCMC & IUCN, 2022)
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2009). The risk of bird collision with wind turbines was 
considered in the environmental impact assessment of 
FOWT on the Brazilian continental shelf due to the pres-
ence of migratory birds such as the such as the Magel-
lanic penguin and the yellow-nosed albatross (Ferraz and 
Bruno, 2022). South Africa’s location on the map entails 
a limited risk of bird collision, especially as a result of the 
migratory behaviour of visiting birds—which fly from 
Asia and Europe to southern Africa and back every year 
(South Africa, 2023). Bird Life International’s (2022) 
dataset also show a limited presence of migratory birds in 
South Africa’s offshore region. A 1-km buffer was added 
to the migratory routes of the Falco amurensis and Mil-
vus aegyptius, which migrate near South Africa’s coastal 
areas (as displayed in Fig. 9).

Blue flag beaches
South Africa’s Integrated Coastal Management Act 24 
of 2008 was established to “ensure that development 
and the use of natural resources within the coastal zone 

is socially and economically justifiable and ecologically 
sustainable” (p.2) (South African Government, 2008). 
To that effect, the Department of Forestry, Fisher-
ies, and the Environment (2022) have listed blue flag 
beaches as areas for consideration in relation to pro-
moting biodiversity in South Africa’s zones. The data 
points of over 50 blue flag beaches were identified via 
the Off-Road Vehicle Decision Support Tool and dig-
itised using the ArcGIS software. Offshore wind farms 
can have negative socio-economic impacts on regions 
which are considered tourist destinations. Voltaire et al. 
(2017) found that the presence of wind farms influenced 
tourists’ beach choices—as they preferred beaches with-
out wind farms—and resulted in significant loss in tour-
ism revenue. Lilley et  al. (2010) also discovered, from 
a survey of more than one thousand participants, that 
at least 25% of beachgoers would switch beaches if an 
offshore wind farm was installed within 10  km of the 
shoreline. These studies emphasise the need to consider 
beaches during wind farm planning. Thus, a 2-km buffer 

Fig. 7  Underwater cables is South Africa’s Exclusive Economic Zone (data source: Koordinates, 2022)
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zone was added around blue flag beaches in South Afri-
ca’s coastal zones, as consistent with Taoufik and Fekri’s 
(2021) study. Figure  10 shows a subset of the blue flag 
beaches in South Africa along with the stated buffer 
zone.

Figure  11 provides an overview of the sites excluded 
from consideration for floating wind development in the 
case study context.

Locational potential
Figure  12 displays the locational potential of floating 
offshore wind technology in South Africa with respect 
to provinces. ESMAP (2019) define locational poten-
tial as “a portion of the technical potential […] where 
developers can obtain consent to build [due to being] 
available and suitable for offshore wind development” 
(p.10). This area has a total size of 246,105.4 km2, which 
is approximately 2% of South Africa’s EEZ. Sites with 
average wind speed ranging from 6.5  m/s and 11  m/s 
(considering the wind speed bins in Fig. 12) have wind 
power densities of 165 W/m2 and 799 W/m2 per unit of 

swept area, respectively. Considering the Vestas V164-
8.0  MW turbine, with available power of 3.5  MW for 
average wind speeds of 6.5  m/s and 7  MW for mean 
wind speeds of 11  m/s, there is a potential to gener-
ate 142.61 GW or 89.08 GW of floating offshore wind 
power in South Africa using spar and semisubmersible 
foundations, respectively. This could translate to 1249 
TWh or 780 TWh of annual electricity generation, 
which covers South Africa’s annual power consump-
tion (Global Data, 2023). Western Cape was found to 
have the highest harvestable capacity (80.52 GW), 
while Kwazulu Natal held the least potential with a 
generation capacity of 9.97 GW with semisubmersible 
floaters. Although this may advise industry and policy-
makers on key areas for floating wind development, it 
necessary to further assess the suitability of these areas 
in relation to other technical factors discussed in previ-
ous sections of this work.

Figure  12 shows the locational potential of FOWT in 
South Africa. This was generated on ArcMap 10.8 by 
excluding sites that are not feasible for floating wind 

Fig. 8  Oil and gas deposits in South Africa’s EEZ (data source: Petrodata, 2009)
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development. Data sources for the non-feasible sites are 
listed in Table 3.

Table 5 summarises the power generation capacities in 
South African provinces.

Discussion
Having applied the exclusion criteria to the study area, 
the results shows that over 246,105 km2 of offshore area 
in South Africa’s EEZ could potentially host floating wind 
turbines. This represents over 2% of South Africa’s EEZ 
spanning across the Northern Cape, Western Cape, East-
ern Cape, and Kwazulu-Natal provinces of the country. 
There is a potential to harvest 142.3 GW or 89.08 GW of 
floating offshore wind power in South Africa using spar 
or semisubmersible floating foundations, respectively. 
These are significantly lower than the technical potential 
reported in the literature [589 GW in ESMAP (2019) and 
764 GW in Karamanski and Erfort (2023)] as a result of 
marine constraints and technical considerations in wind 
energy production. It provides a realistic estimation of 

the development potential in the coastal regions of the 
country to assist policymakers and industry actors.

With the bulk of the available area concentrated in the 
Western Cape province, the total harvestable capacity in 
the region was found to be over 80 GW, which, if har-
nessed, could significantly address the country’s energy 
crisis. The availability of suitable grid connection points 
in the area is contingent on current transmission rein-
forcement plans which is targeted at already procured 
generation capacity (Eskom, 2021). Sites in the Eastern 
Cape province, with a total harvestable capacity of 20.04 
GW, may dominate early consideration for floating wind 
projects due to better grid connection and transforma-
tion capacities and limited oil and gas sector activities. 
Nevertheless, there is a need for major port upgrades 
in this region to meet the requirements of floating wind 
farms at various stages of their life cycle, including instal-
lation, operations, and decommissioning. Port of Ngqura 
in the Eastern Cape province, which has been designated 
as an Industrial Development Zone (Ricardo, 2022), 

Fig. 9  Bird migratory routes in South Africa’s coastal area (data source: Birdlife International, 2022)
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can be exploited due to its suitable laydown area, dock 
entrance width, and quay depth for the marshalling of 
wind farm components (National Ports Authority, 2023). 
However, port expansion endeavours are capital-inten-
sive (Carbon Trust, 2015), thus may benefit from cross-
sector collaboration, such as between the floating wind 
industry and the oil and gas, and shipping sectors.

The potential of generating approximately 143 GW 
of floating wind power presents a wonderful opportu-
nity for not just South Africa, but the Southern Afri-
can Power Pool (SAPP). Elsner (2019) called for an 
integrated and strategic development of offshore wind 
energy among the six coastal states (Angola, D.R. 
Congo, Mozambique, Namibia, South Africa, and Tan-
zania) of the SAPP to counteract increasing energy 
demand. This implies that the possibility of reach-
ing 1249 TWh of annual energy production via float-
ing offshore wind turbines, which could meet more 
than two times the energy demand in the SAPP (2023), 
should spur increased floating wind market activity in 

the region. A coordinated approach to developing this 
technology potentially addresses its current high lev-
elized cost of energy (Wind Europe, 2017), for example, 
in the area of local supply chain development where a 
timely availability of materials, components, and ser-
vices could drive down the cost of energy (Balanda 
et al., 2022). It could also serve as a basis for adequate 
engagement with key stakeholders, such as in the ship-
ping sector where issues surrounding shipping density 
and heavy lift vessels availability are crucial to its sus-
tainable development of FOWT (Carbon Trust, 2022; 
Rawson & Rogers, 2015).

This study is not without its limitations. For example, 
calculating the locational potential entailed assumptions 
regarding wake effects, a lack of buffer for neighbouring 
floating wind farms, and deploying non-standardised 
measures for turbine spacing, which implies that only 
a portion of the locational potential can be harnessed. 
However, the inclusion of the Betz limit and the result-
ant generation capacities points to the viability of floating 

Fig. 10  Blue flag beaches in South Africa’s coastal zones (data source: Department of Forestry, Fisheries and the Environment, 2023)
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wind power generation in the case study. There was lim-
ited focus on the economic implications of developing 
FOWT in South Africa, especially considering its high 
development costs. Wind energy critics in the African 
context may decry the technology’s variability or empha-
sise on the need to achieve energy security through fos-
sil-based sources; but the benefits of FOWT could span 
beyond the energy sector and yield significant economic 
benefits, including the potential for local supply chain 
development and creation of jobs in the region (GWEC, 
2022a).

Further research can conduct technical assessments in 
relation to turbine spacing in floating offshore wind tech-
nology to enable a better quantification of the locational 
potential of the technology in new markets. Studies can 
also delve into the economic or techno-economic assess-
ments of floating wind in distinct sites in South Africa. 
This could provide a better view of the technical or eco-
nomic factors that may support or hinder the develop-
ment of the technology in the country.

Conclusions
This paper developed a methodological framework for 
assessing the locational potential of floating wind, provided 
an analysis of the most relevant technical aspects of FOW 
development in South Africa, conducted a GIS analysis to 
excluded non-feasible zones from current considerations 
in FOW development in South Africa, and estimated the 
total locational potential of the technology in the case study 
context. Despite the highest locational potential for float-
ing being found in the Western cape province, the Eastern 
Cape region is more appropriate for early-stage develop-
ment due to the availability of grid connection points, lim-
ited marine traffic, and proximity to appropriate port 
facilities. Industry and policymakers could target integrated 
port expansion initiatives to ensure the suitability of port 
for project development, operations, and decommission-
ing activities. A greater potential lies in the possibility of a 
regional-scale development where countries in the South-
ern African Power Pool could collaborate to establish the 
region as a global renewable energy hub.

Fig. 11  Overview of excluded areas
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Table 5  A summary of the power generation for all potential 
zones
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