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Abstract

The South African Renewable Independent Power Producer Procurement Programme selects bid winners
based on bid tariff (70% weighting) and various economic development criteria (30% weighting). Locating
renewable energy (RE) projects in areas with better resources increases their cost competitiveness. As a result,
most successful bids for wind and solar photovoltaic (PV) systems to date have been concentrated in the East-
ern Cape and Northern Cape provinces, respectively. Studies have shown that a wider geographic distribution
of wind and solar PV projects mitigates the impacts of the variability of wind and solar PV resources, eases grid
congestion and generally improves the power system’s operation. This paper conducts a literature review to
investigate the procurement methods used in different regions of the world to influence the placement of RE
plants, the results of which then inform proposals on adjustments to the current REI4P. The study finds that,
after congestion incidents due to concentration of RE plants, some regions implement location-based tariff,
where high-resource areas receive the lowest tariff and vice versa. Other regions prioritise on building trans-
mission infrastructure in high-resource areas, while others limit the size of RE installations in one area. Given
the current generation and transmission constraints in South Africa, it is important to encourage geographical
dispersion of RE plants and avoid RE curtailment, since this can escalate the cost of RE integration significantly.

Keywords: geographic dispersion; procurement policy; renewable energy; siting

Journal of Energy in Southern Africa 32(4): 58-68
DOI: https://dx.doi.org/10.17159/2413-3051/2021/v32i4a8397
Published by the University of Cape Town ISSN: 2413-3051 https://journals.assaf.org.za/jesa
This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International Licence
Sponsored by the Department of Science and Innovation

Corresponding author: Email: ndamulelo@sun.ac.za

58


https://creativecommons.org/licenses/by-sa/4.0/

1. Introduction

In South Africa, rising concerns about global warm-
ing, the inability of the current generation fleet to
meet the country’s energy needs, and rapidly falling
technology costs have resulted in the growth of re-
newable energy (RE). The Renewable Energy Inde-
pendent Power Producer Procurement Programme
(REIPPPP or REI4P) was introduced in 2011 to fa-
cilitate private sector investment into utility-scale
RE generation integrated into the national grid. In
this programme, independent power producers
(IPPs) are invited to submit bids for onshore wind,
solar photovoltaic (PV), concentrated solar power
(CSP), small hydro, biomass, biogas and landfill gas
projects (Eberhard and Naude, 2017). By the end of
2018, a total of 6 422 MW had been procured under
the REI4P from 112 preferred bids (GreenCape,
2020) (including 20 small-scale REI4P projects, ac-
counting for 99 MW). Of this capacity, 3 366 MW is
from onshore wind, 2 372 MW from PV, 600 MW
from CSP and 84 MW from small hydro, biomass
and landfill gas. In addition, the Integrated Re-
source Plan released in October 2019 proposed in-
creasing the capacity of utility-scale wind and PV to
17 742 MW and 8 288 MW respectively by 2030
(Department of Energy, 2019). If this plan is real-
ised, wind and PV (excluding small-scale embedded
generation) will contribute 33% of total installed
capacity in the country by 2030.

Wind and PV sources come with characteristics
that, if not managed appropriately, may affect the
reliability of the power system, as shown in Figure
1. Firstly, wind and PV are connected to the power
system through power electronic converters, which
reduce the rotating mass in the system (or inertia),
potentially causing frequency stability problems
when RE penetration levels exceed around 50%
(Mararakanye and Bekker, 2019). In addition, the
power output from wind and PV sources is variable
and uncertain in all time scales (seconds to years),
which can complicate balancing operations and re-
source adequacy planning once the instantaneous
penetration level exceeds around 20% (Marara-

kanye and Bekker, 2019). Furthermore, these
sources come in different sizes and are not always
installed near load centres, which can cause conges-
tion in distribution and transmission networks (re-
sulting in RE curtailment) once the instantaneous
penetration level exceeds around 10% (Marara-
kanye and Bekker, 2019).

Studies have shown that variability, uncertainty
and network congestion can be reduced when the
installations are distributed over a larger area, cov-
ering wider ranges of microclimates (Knorr et al,,
2016; North American Electric Reliability Corpora-
tion, 2010; International Renewable Energy Agency,
2018; Lannoye et al., 2011; Imperial College and
NERA Economic Consulting, 2015). In essence, geo-
graphic dispersion of RE plants is one of the tech-
nical options for reducing the need for power
system flexibility. Other technical options available
for reducing the need for flexibility, or increasing
power system flexibility, include additional flexible
generation, transmission and distribution expan-
sion, energy storage, demand-side response and im-
proved operations; most of which require
significant investment (International Renewable
Energy Agency, 2018; Lannoye etal., 2011; Imperial
College and NERA Economic Consulting, 2015). To
achieve geographic dispersion and limit some of
these avoidable investments, there is a need for reg-
ulations that influence the location of RE installa-
tions.

In South Africa, the bids submitted to the REI4P
must first qualify for evaluation by meeting mini-
mum compliance requirements, after which they
are evaluated on price (bid tariff; 70%) and eco-
nomic development (30%) criteria. The IPPs can
comply with the economic development criteria by
creating local jobs, manufacturing locally, meeting
various black economic empowerment criteria, de-
veloping local communities etc. The bid tariff crite-
rion evaluates the lowest R/kWh value (time-of-
generation independent) proposed by the IPPs over
the term of the agreement. The lowest R/kWh value
is usually achieved when the proposed RE plant is
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Figure 1: Characteristics of renewable energy and its high-level impacts
(based on International Energy Agency, 2014).
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Figure 2: Spatial location of operational wind and PV plants and REDZs in South Africa
(Council for Scientific and Industrial Research, 2019; Energyblog, 2019).

located where the expected plant capacity factor is
high (grid connection cost being the other typical
major siting criterion) (Eberhard and Naude, 2017).
As a result, most approved bids for onshore wind
are concentrated in the Eastern Cape (high wind re-
source availability) while bids for PV are located in
the Northern Cape (high solar irradiation levels), as
shown in Figure 2. This indicates that the REI4P
needs to be adjusted to encourage the geographic
spread of RE projects.

In 2015, the Wind and Solar PV Strategic Envi-
ronmental Assessment, conducted by the Depart-
ment of Environmental Affairs, identified eight
Renewable Energy Development Zones (REDZs)
that are of strategic importance for large-scale wind
and solar PV development (Department of Environ-
mental Affairs, 2015). The main aim of REDZs is to
streamline the planning, approval and implementa-
tion processes associated with appropriate large-
scale wind and solar PV development in South Af-
rica. The factors taken into account when identify-
ing the REDZs included resource potential, infra-
structure availability, environmental suitability,
and socio-economic needs. In mid-2020, three more
REDZs were proposed, with two in coal-mining ar-
eas (Department of Environment Forestry and Fish-
eries, 2019), because RE projects there can signify-
cantly contribute to mine rehabilitation. In addition,
this will support just energy transition in areas
where significant number of coal power stations are
planned to be decommissioned by 2030. The spatial
location of eleven REDZs in South Africa is also
shown in Figure 2. REDZs have not been used in the
first four bidding windows, but they are applicable
going into the next bid windows. However, REDZs
were identified based on best data available and are
not sufficient to support project level decision-making

in terms of the National Environmental Manage-
ment Act. In addition, although the REDZs identify
priority areas for RE development, they do not pre-
vent development of RE projects in areas with good
wind and solar resource that are outside the REDZs.

In essence, geographic dispersion of RE plants
has been shown in the literature to reduce the need
for power system flexibility, thereby allowing
higher shares of RE to be integrated into the grid.
Such geographical dispersion has so far not been ex-
plicitly encouraged in South Africa. This paper aims
to inform decision makers in South Africa on policy
adjustments that could be made to the REI4P to-
wards increased geographical dispersion, as the
country moves towards a decarbonised future. This
is achieved by presenting a literature review on
how different international policies and incentives
(or their lack) influenced the siting of RE plants. The
review focuses on the change in policies of different
regions as the penetration of RE increased, and on
what influenced those changes. The paper primarily
considers wind and solar PV systems, since these
are the most common RE sources in South Africa, as
confirmed by the 2019 Integrated Resource Plan.

Section 2 reviews policy changes that were im-
plemented by Denmark, Germany, China, Spain, Ire-
land, Texas, Karnataka and Argentina, acknowledging
geographic dispersion. These regions were selected
because their respective instantaneous penetration
level of wind and PV has increased significantly
over the past decade and their policy responses
hold potential lessons for South Africa, both on
what to do and what not to do regarding the siting
of RE (International Renewable Energy Agency,
2019). Section 3 summarises the conclusions from
this literature review, while section 4 discusses the
implications for South Africa.
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2. Review of international procurement

policies influencing RE siting
2.1 Denmark
Denmark was a pioneer in wind turbine develop-
ment between the 1970s and 1980s (Toke, 2015).
During this period, wind turbines were typically in-
stalled onshore, but a shortage of land started to be-
come a problem (Nielsen, 2017). Consequently, in
1985, the government directed the power utilities
to engage in large offshore wind generation in east-
ern and western Denmark. Wind development in
these geographically different areas ensured that,
amongst other things, variability of wind genera-
tion was reduced through smoothing effects. There
had been an even distribution of offshore wind be-
tween eastern and western Denmark until the
country introduced feed-in-tariffs (FITs) in 1993
(Danish Energy Agency, 2015). The FITs encour-
aged wind plant developers to install wind turbines
in high wind-yield onshore areas, since this was the
most profitable (International Renewable Energy
Agency and Global Wind Energy Council, 2013). In
addition, RE generation was allocated priority in
electricity supply scheduling, causing transmission
congestion in the late 1990s and forcing the trans-
mission system operator (Energinet) to curtail
wind generation to ensure efficient and stable oper-
ation of the grid. In 1999, the country started set-
ting out prescriptive locations for future
installations based on broader categories of re-
strictions informed by municipal planning. This re-
sulted in a decline in onshore wind installations,
since the prescribed locations negatively influenced
project economics (Albizu et al., 2018).

RE auctions were introduced in 2005, limited to
the procurement of offshore and near-shore wind
projects (Toke, 2015; Kruger et al., 2018). The Dan-

ish Energy Agency (also called Energistyrelsen) de-
termines the specific size of the project and the ge-
ographical location for which interested developers
can participate in the tender (Ropenus et al., 2015).
Sites are chosen based on, amongst other things, av-
erage wind speeds, environmental concerns and
technical grid limitations (Danish Energy Agency,
2015; Ram et al,, 2017). In addition to auctions,
Denmark allows land-based wind developers to
submit unsolicited application for a licence to gen-
erate in areas of their own choice. These projects
are compensated based on a nominal feed-in pre-
mium that is above the spot market price for the
first 22 000 full-load hours (Vitina et al.,, 2015).
These projects should still meet minimum require-
ments in terms of size and number of turbines, and
cannot be placed in areas that have already been
designated for wind farms as part of the tendering
procedure (Ropenus et al,, 2015). Figure 3 summa-
rises the policy changes and their impacts on geo-
graphic siting of RE plants in Denmark.

2.2 Germany

In 1991, Germany introduced the Act on the Sale of
Electricity to the Grid (also known as StromEinspG)
(Vitina et al., 2015). This obliged the public energy
utilities to purchase electricity from renewables,
based on stipulated FITs. With this tariff structure,
wind farms located in high wind yield areas are
more profitable as compared to those in low yield
areas. As a result, most wind farms were installed in
the German coastal regions with high wind-yield
(Ateghang, 2016). This caused an imbalance in the
transmission grid, as a high capacity of electricity
was transmitted from the coast to the inland areas
(Bechberger and Reiche, 2004). To remedy this
shortcoming, StromEinspG was replaced by the

Decline in onshore installations

Transmission curtailment and
congestion

Wind development in high
resource areas

Even distribution of offshore wind
between Eastern and Western
Denmark

| Land shortage problems

| Onshore installations |

70 ‘ ‘85‘ 93 ‘09 05 Present
*Beginning *Utilities forced to engage in *FITs introduced *Prescribed *RE auctions introduced
of wind large offshore wind projects in *RE generation prioritized locations for future *Limited to offshore and

development Eastern and Western Denmark

installations based
on municipal
planning

nearshore projects
*Size and location
determined by DEA
*Unsolicited land-based
projects also allowed

Figure 3: Overview of policy changes and impacts on geographic siting of RE plants in Denmark.
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Figure 4: Overview of policy changes and impacts on geographic siting of RE plants in Germany.

Renewable Energy Act (also known as Erneuerbare
Energien Gesetz or EEG) in 2000 (Vitina etal., 2015;
Bechberger and Reiche, 2004; Lauf et al.,, 2018).

The EEG aimed to incentivise inland-based wind
energy installations, by introducing the reference
yield model (Bechberger and Reiche, 2004; Ohl-
horst, 2015), which enabled the installation of wind
farms throughout the federal territory by remuner-
ating projects at different rates, depending on loca-
tion (Tews, 2018). The EEG tariff structure included
a high initial payment rate for the first five years of
operation, after which the payment was to drop to
the base rate for the subsequent 15 years (Vitina et
al, 2015; Beckius and Magnusson, 2013). Wind
farms in very high-yield sites (mostly coastal) re-
ceive no more than five years of the initial tariff and
15 years of the basic tariff. Wind farms in low-yield
sites (mostly inland) get an extension of the claim
duration for the high initial tariff up to 20 years (Vit-
ina et al,, 2015). Even though the reference yield
model partly levelises regional differences in prof-
itability, the overall profitability of investments still
increased with the wind yield (Lauf et al.,, 2018). As
a result, the coastal sites remained the more attrac-
tive choice for investors. The reference yield model
therefore had no significant impact on the distribu-
tion of wind power in the federal territory. It just al-
lowed a larger number of sites to become
economically viable (Ohlhorst, 2015). Generation of
wind has thus seen strong growth in northern Ger-
many since 2000 and internal grid bottlenecks in-
creasingly exist (Laufetal.,, 2018; Peter etal., 2015).
Figure 4 summarises the policy changes and im-
pacts of those changes on geographic siting of RE
plants in Germany.

2.3 China
Between 1986 and 1994, China mainly consisted of
small-scale demonstration wind farms, primarily fi-

nanced by foreign donor countries and loans (Wang
et al,, 2016). From 1994, the government, through
the Ministry of Electric Power, started supporting
wind power by mandating provincial utilities to fa-
cilitate grid connection and purchase of energy gen-
erated from wind farms. In 2003, the government
introduced a tender scheme with the aim of meeting
RE capacity targets set by the country (Wang et al,,
2016). The provincial utility companies purchased
the electricity generated from the winning projects
at the bid price. Subsequently, the country intro-
duced the Renewable Energy Law (REL) in 2005, of
which the first implementation rules were issued in
2007. The law included, amongst other things, RE
targets, FITs and a special fund for RE development.
Both auctions and FITs encouraged developers to
install most wind farms in the northern region
where there is high wind yield (and hence more
profit). This caused severe transmission bottle-
necks, especially considering the fact that the coun-
try’s load centres are located on the eastern coast
(International Renewable Energy Agency and
Global Wind Energy Council, 2013; Wang et al,
2016; Liu etal., 2013).

In 2009, the government published an Amend-
ment to the REL, whereby new FITs were proposed.
Under these, the country is divided into four re-
gions, each with a different tariff. Areas with high
wind-yield received lower tariffs, which resulted af-
ter 2009 in a minor spread of wind farms towards
the south of the country. However, the development
of wind farms in high wind-yield northern regions
continued to grow beyond the level that could be ac-
commodated by the grid, resulting in curtailments
(International Renewable Energy Agency and
Global Wind Energy Council, 2013; Wang et al,
2016). In addition, the 2009 FITs reflected the pro-
duction cost at that time, and did not consider the
fact that the production cost has decreased ever
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since. This further increased the financial burden
on the government. In 2013, as a result, the govern-
ment reduced the level of the FITs payable to wind
farms, with the exception of those located in Zone
IV, the area of weakest wind resource and lowest
levels of project development (Du and Takeuchi,
2020). The projects in Zone IV became financially
viable, resulting in more wind farms being devel-
oped there. In 2016, the tariff rates for all the zones
were reduced as production cost of wind farms con-
tinued to decrease (Du and Takeuchi, 2020). How-
ever, the rate for Zone IV was reduced by a lower
margin than were rates to the other three zones.
Figure 5 summarises the policy changes and im-
pacts of those changes on geographic siting of wind
plants in China.

Solar PV development followed a similar policy
trajectory as wind development. In 2011, the gov-
ernment introduced uniform FITs for grid-tied so-
lar PV. This encouraged solar PV developers to
install most farms in the western regions with rich
solar resources. As a result, the government intro-
duced the differentiated FITs. Under the new FITs,
the country is divided into three regions, each with
different tariffs based on the construction and pro-
duction cost of solar PV. In 2016, the government
reduced the rates in all regions as the construction
and production cost continue to decrease (Du and
Takeuchi, 2020).

2.4 Spain

In 2007, Spain introduced the FIT scheme, which
led to a significant increase in installed capacity of
renewable energy (Montoya et al,, 2014). The site
designation of a wind project is determined using
the legislation of the specific autonomous commu-
nity where the project is based. There are 17 auton-
omous communities in the Spanish State and each
has its own legislation in terms of RE plants siting
(Gabald6n-Estevan et al., 2018). Due to high FITs,
most RE development were based in areas with the
most resources, in order to maximise profit. From
2010, the FITs were significantly reduced, leading

to a period of limited RE development (Montoya et
al,, 2014; Gabaldén-Estevan et al., 2018).

Spain is currently aiming to rapidly meet its RE
obligations through auctions (Albizu et al., 2018).
The first RE auction was held in 2016, without any
limits in terms of project size. The auctions are geo-
graphically neutral and evaluation is based solely
on price per kWh. Project developers continue to
site RE plants in areas with the most resources. Cur-
tailment has already resulted in a loss of approxi-
mately 70 million euros between January and
March 2013, and furthermore, curtailment is ex-
pected to increase to 2.3 TWh per year in 2020, as
there are no restrictions on site specifications in the
auctions (Kies etal., 2016). Figure 6 summarises the
policy changes and impacts of those changes on ge-
ographic siting of RE plants in Spain.

2.5 Ireland
In 1994, Ireland launched the competitive tender-
ing system called the Alternative Energy Require-
ment (AER) (O Gallachéir et al, 2005). In this
system, the prospective generators were invited to
compete based on price per kWh of electricity. The
lowest bids were preferred, and these were usually
located on the country’s west coast, where the wind
yield is highest (Renewable Energy Strategy Group,
2000). One of the main challenges of AER was that
planning permission of wind projects was not given
significant weighting during the bidding phase. As a
result, most winning projects were delayed due to
difficulty in obtaining planning permission. The
AER was replaced by a FIT scheme in 2006. The
wind developers were still able to place their plants
anywhere, but land zoning and the highly dispersed
nature of rural settlements limited the area of land
that could be used for individual wind project de-
velopment, resulting in diversity in terms of tech-
nology types and scales of investment (Vitina et al,,
2015).

By 2007, the average size of wind project in Ire-
land ranged between 10 MW and 17 MW, with own-
ers ranging from individuals and community groups

Wind developmentin
Zone IV

Wind development continues
in high resource areas

| Transmission congestion and curtailment |

| Wind development in high resource areas

‘03

05 |

*RE auctions
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*RE targets set

*Renewable Energy Law introduced
*FITs and special fund for RE
development introduced

*Amendment of RE Law
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*Country is divided into 4 regions
with different tarrifs

09 Present

‘13| ‘16

*FITs reduced for
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*High resource areas receive low tariff

Figure 5: Overview of policy changes and impacts on geographic siting of wind plants in China.
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Figure 6: Overview of policy changes and impacts on geographic siting of
renewable energy plants in Spain.

RE mostly installed in the midlands of Ireland
where suitable land is still available.

Diversity in terms of technology types and scales of investment

Transmission constraints in local networks and curtailment

RE development in high resource areas

‘94 ‘85

*RE auctions
introduced
*Evaluation based
on price/lkWh

*FITs introduced

‘14 Present

Figure 7: Overview of policy changes and impacts on geographic siting of
renewable energy plants in Ireland.

groups to utilities. As the turbine capacity rating in-
creased, a few large wind plants, ranging between
40 MW and 60 MW, were installed between 2008
and 2011. The connection of wind turbines in the
western part of the country have, however, caused
transmission constraints in local networks, result-
ing in wind energy curtailment (Kies et al.,, 2016;
EirGrid Group, 2013). As of 2014, most wind tur-
bines are installed in the midlands, where suitable
land for wind project development is still available.
These areas do not have high wind-yield, as com-
pared to the coastal areas, and therefore may re-
quire larger wind turbines to ensure financial
viability. Figure 7 summarises the policy changes
and impacts of those changes on geographic siting
of RE plants in Ireland.

2.6 Electric Reliability Council of Texas

In 1999, Texas introduced the Senate Bill 7, which
included the first renewable portfolio standard
(RPS) of the region. RPS obliged electricity provid-
ers of the region to meet certain targets of new RE
capacity by 2009 (Drew, 2019; Staine, 2014). RPS
also included a Renewable Energy Credit trading
program that enabled electricity providers that do

not own or purchase enough RE capacity to pur-
chase credits instead of capacity from utilities with
excess credits (Drew, 2019). Wind developers in
Texas placed wind turbines in areas with high
wind-yield in order to maximise profit, in this case
the south-west of the state (Staine, 2014). However,
the region started experiencing transmission con-
gestion. As a result, the Electric Reliability Council
of Texas (ERCOT) had to curtail wind farms period-
ically and wind plants could not provide the power
that they were contractually obliged to provide.

In 2003, ERCOT started building transmission
lines in those areas with high wind resources, in or-
der to address the transmission congestion prob-
lem (Staine, 2014). In addition, legislation (Senate
Bill 20) was passed in 2005 in an effort to improve
transmission infrastructure and thus encourage RE
production. The legislation required the Public Util-
ity Commission of Texas to designate Competitive
Renewable Energy Zones (CREZs) and required
electric transmission infrastructure to be con-
structed (Drew, 2019; Staine, 2014). Five CREZs
were identified in a planning process between the
wind developers, the utilities and the regulators
(Drew, 2019; Staine, 2014). The developers were
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Figure 8: Overview of policy changes and impacts on geographic siting of RE plants in Texas.

assured that transmission network would be ex-
panded appropriately to accommodate both exist-
ing and future developments (Staine, 2014;
Fischlein et al,, 2013). The CREZ investments were
paid for by the taxpayers of Texas, regardless of
whether they would directly benefit from the lines
being built. The completion date for most projects
was the end of 2013 (Staine, 2014). Since then, ER-
COT has managed to reduce RE curtailment rates
from 17% in 2009 to less than 4% in 2012 (Staine,
2014). Figure 8 summarises the policy changes and
impacts of those changes on geographic siting of RE
plants in Texas.

2.7 Other case studies

Karnataka leads India in solar capacity, with over
6 000 MW installed capacity by the end of 2019
(Balachandar, 2019). The state is also home to Pav-
agada Solar Park (with 2050 MW installed capac-
ity), which was the largest solar farm in the world
at the end of 2019. As a result of Pavagada, a lack of
aggregation exists in solar generation within the
state. A cloud passing through Pavagada causes
power surges and drops in the state, which became
a challenge to the system operator (Fairley, 2020).
As a preliminary response to this problem, Karna-
taka capped subsequent solar farms at 200 MW,
thereby forcing dispersion through policy changes
(Fairley, 2020). This response, however, did not
align with government policy favouring fast, cheap
and larger installations, and Karnataka is consider-
ing other strategies, which may include building ad-
ditional transmission lines.

In Argentina, the RenovAr programme was
launched in 2016 to increase the country’s share of
RE generation (AURES 1], 2019). RenovAr held RE
auctions supported by risk mitigation methods and
credit enhancement measures. The first two auc-
tion rounds, held in 2016 and 2017, awarded a total
of 3.1 GW of wind energy projects. The maximum
capacity that could be connected in a specific region
was set by the system operator (Compaifiia Admin-
istradora del Mercado Eléctrico Mayorista S.A.)

based on the transmission capacity of that region
(AURES 11, 2019). This was done to limit RE curtail-
ment due to transmission congestions. As a result,
the onshore wind projects were mostly based in the
southern half of Argentina, where there is adequate
transmission capacity. The problem with this siting
is that high wind resources and cheap land is found
in rural areas of Argentina where there is a lack of
transmission infrastructure (Oliver, 2016). Cur-
rently, the country has not presented plans to build
transmission networks in rural areas or to allow
private RE developers to include the cost of building
transmission lines in power purchase agreement
prices (Oliver, 2016).

3. Summary of the literature

The literature review in the preceding section fo-
cused on how different international policies and
incentives influenced the siting of RE plants. The re-
view can be summarised as follows.

During the initial stages of the respective RE
programs that was reviewed, either FITs or compet-
itive bidding was introduced, with projects evalu-
ated solely based on price per kWh. As a result, RE
developers typically installed RE plants in areas
with the best resources in order to realise the best
return on investment. However, RE resources are
not distributed equally throughout the region and
therefore most of these early installations were
concentrated in a few locations with high resource
yield. This caused local transmission congestion,
which resulted in energy curtailment in these re-
gions.

After several congestion incidents, these regions
started acknowledging the need for geographical
dispersion of RE plants. Different strategies were
used, depending on specific conditions within the
region. Denmark determined the sizes and geo-
graphical locations for which interested developers
could participate in a tender programme. In addi-
tion, land-based projects in Denmark were remu-
nerated with premiums above the spot market for a
defined number of hours per year. Argentina offers
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an example where the location of RE projects was
prescribed to areas where existing transmission in-
frastructure could support the development. Ger-
many remunerated RE generation depending on the
location, to ensure that installations in low wind-
yield areas are financially viable. Similarly, China
defined different FITs for various regions within the
country, with regions in high wind-yield zones re-
ceiving the lowest FIT.

Spain does not necessarily acknowledge the
need for geographic dispersion, so RE curtailment
is expected to continue increasing. Texas prioritised
transmission network expansion in order to reduce
the congestion problems that were being experi-
enced. In Ireland, the land zoning and the highly dis-
persed nature of rural settlement limits the area of
land that could be used for individual RE projects.
As a result, individual RE plants are small in terms
of capacity, which helps in spreading them across
the region. In Karnataka, the size of installations in
one location was capped below a threshold, to force
geographic dispersion of RE plants, while in parallel
the transmission network of the region was ex-
panded.

4. Implications for South Africa
As discussed earlier, South Africa’s REI4P selects
bid winners primarily based on price per kWh. This
practice is causing concentration of wind and PV
plants in the Eastern Cape and Northern Cape prov-
inces respectively. If this practice continues, the in-
ternational experience reviewed above shows that
transmission congestion and RE curtailment is
likely to follow. However, the consequences may be
even more severe for South Africa as compared to
other regions, due to the following:

e South Africa does not have adequate reserve
margins to meet the load demand under vari-
ous contingencies, as confirmed by the rolling
blackouts that are being implemented. In addi-
tion, the country has limited mid-merit genera-
tion or flexible generation that can respond to
variability and uncertainty introduced by wind
and PV. In comparison, each of the countries re-
viewed above has adequate reserves as well as
some strategy to maintain flexibility, as high-
lighted in Mararakanye and Bekker (2019). The
strategy can be based on pumped storage, hy-
dro, combined-cycle gas turbine, combined
heat and power, or interconnections, all of
which are limited in South Africa.

e Transmission constraints are also a problem in
South Africa. This is linked to a lack of mainte-
nance and inappropriate investment criteria
applied in the past (Newbery and Eberhard,
2007). The available transmission capacity in
areas with good RE resources is depleting
quickly. This challenge will continue in future

bid windows, particularly given that transmis-
sion expansion has longer lead times than RE
installation. Therefore, there is a need to spread
RE sources throughout the country, to ensure
the existing transmission infrastructure is uti-
lised while the necessary transmission expan-
sion is implemented in regions with high RE
resources.

Based on the case studies above, congestion and
balancing operation may be a problem for South Af-
rica before the instantaneous penetration levels of
wind and PV exceed 10% and 20% indicated in the
introduction above, respectively. If that happens,
RE curtailment might be the only solution available
for the system operator, which will come at a cost.
Firstly, South African IPPs are compensated fully,
whether or not the energy is curtailed. Secondly, the
lost energy due to congestion-based curtailment
must be replaced by other resources in the system
that may be non-renewable and carry additional
cost penalties: in South Africa, for example, electric-
ity generation using fossil fuels and nuclear sources
is subject to environmental levies and a carbon tax.

The above highlights the importance of encour-
aging geographical dispersion of RE plants and
avoiding RE curtailment, given that this can escalate
the cost of RE integration significantly. South Africa
is already well positioned to do this: its REI4P pro-
vides an effective and proven procurement frame-
work within which to implement RE siting policies;
well-researched REDZ locations already exist, de-
fined around existing/planned transmission corri-
dors; and a growing body of research has been
published aimed at informing the optimal place-
ment of RE sites within these existing REDZs to-
wards optimally supporting grid-balancing oper-
ations. For example, research published by Janse
van Vuuren and Vermeulen (2019) categorises dif-
ferent regions within South Africa’s already defined
REDZs according to their predicted average daily
and seasonal generation profiles.

Informed by the international experiences re-
viewed in this paper, and South Africa’s unique con-
text as discussed above, the REI4P should consider
explicitly addressing geographical dispersion and
the future curtailment of RE through adding RE sit-
ing considerations as part of its evaluation criteria
and FIT model. It can do this in a variety of ways, for
example by implementing varying FITs, although
this might be difficult to model and complicated to
implement. Potentially more quickly implementa-
ble adjustments might include not permitting RE
siting outside of the already defined REDZs, and im-
plementing quotas per bid window defined accord-
ing to the daily and seasonal generation profiles of
the procured RE sites required to optimally support
grid-balancing. In essence, the country should move
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