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Abstract 
Is Karoo shale gas an economically viable option for providing the gas needed for the South African power 
grid? Dispatchable power generation is essential for the implementation of a renewable based electric grid 
system. Natural gas-fuelled generation is proposed to meet this need, with the gas being sourced from the Ka-
roo. However, no exploration has been conducted on this resource and it is not known if it can be produced 
economically. Based on information from shale developments in other parts of the world and using publicly 
available information, this analysis calculates the likely price that this gas would require to be economically 
viable. The likely steps in the process to get to commercial development would be a baseline survey period, a 
period of exploration and appraisal drilling, followed by a pilot development. The extensive exploration pro-
gramme would take about four years and likely cost over USD 450 million. This would be followed by a pilot 
production programme costing approximately USD 180 million. Once commercial development is achieved, a 
price for the gas of USD 13.67 per GJ would be required. There are a number of factors, including well recovery, 
well costs, royalties and operating costs that could add to this price and make this gas development less attrac-
tive.  
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Highlights 
• South Africa has significant shale gas potential in the Karoo. 
• Internationally, LNG delivered prices are currently below USD 10 per GJ. 
• South Africa shale gas breakeven price would be over USD 13.7 per GJ. 
• An extensive and expensive exploration programme is required prior to development. 
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Abbreviations and acronyms used 

2D two-dimensional [seismic study] 
3D three-dimensional [seismic study] 
BCM billion cubic metres 
CSIR Council for Scientific and Industrial Research 
DMR(E) Department of Mineral Resources (and Energy, from 2019) 
EIA [United States] Energy Information Agency 
GW  gigawatt 
IRP  Integrated Resource Plan 
LNG  liquefied natural gas 
mcf  thousand cubic feet 
MCM  million cubic metres 
MJ megajoule 
OCGT  open cycle gas turbine 
PJ petajoule 
TCF tera cubic feet 
TCM tera cubic meters 
TWh terawatt hour 
WWF World Wildlife Fund 

 

1. Introduction 

As indicated in the South African Integrated Re-
source Plan (IRP), the need for dispatchable power 
for the South African electric grid has been recog-
nised (SA DoE, 2018). In most countries, this dis-
patchable power is being supplied by natural gas-
fired generation (World Bank, 2018a). This is not 
the situation in South Africa.  

South Africa has effectively no local gas produc-
tion. The offshore gas production from fields in 
Mossel Bay supplying the PetroSA gas-to-liquids 
plant has been nearly depleted (Villiers, 2019). 
However, recent exploration success in the neigh-
bouring offshore block at the Brulpadda field has 
opened up the potential for further gas develop-
ment in that area (Clark et al., 2019). Here gas is be-
ing brought into the country by pipeline from 
Mozambique - with a capacity of 200 PJ/a (Rompco, 
2020). Some of the gas is used to generate electric-
ity at the border with Mozambique, with a genera-
tion capacity of 400 MW (Creamer, 2015).  

The majority of the dispatchable power gener-
ated in South Africa is fuelled with diesel, at a cost 
of approximately USD 16 / GJ.1 The cost of natural 
gas in the United States in May 2018 was USD 2.7 
/GJ (US EIA, 2018b), in Europe USD 6.9 /GJ 
(YCharts, 2018), and LNG delivered to Japan was 
USD 7.8 /GJ (Office of Director for Commodity 
Market, 2018).  

South Africa has the potential for natural gas 
production from shales in the Karoo, which could 
possibly supply all the dispatchable power needs in 
the country. However, this potential resource has 
yet to be confirmed and its commercial viability is 
unknown. In 2014, an analysis from the World 
Wildlife Fund reported that an unpublished analy-
sis from Wood Mackenzie quoted a breakeven cost 
of USD 11.4 /GJ (Fakir, 2015). The assumptions that 

were used by Wood Mackenzie are not known. This 
compares quite closely to the forecast from a recent 
study on the price required for shale gas develop-
ment in Europe of over USD 10 /GJ, not including 
tax and royalties (Saussay, 2018). This analysis will 
use publicly available information to assess the 
likely breakeven cost for shale gas in South Africa 
and the factors affecting that price. 

2. Background 

From exploration wells drilled by Soekor in the Ka-
roo in the 1960s, it is known that shale gas exists 
there (Enslin et al., 2019). However, it is not known 
if it exists in commercial quantities or if it can be 
produced at prices competitive with other fuels 
(SAOGA, 2017). Shale gas could potentially provide 
South Africa with all the gas-fired dispatchable gen-
eration requirement that was identified in the IRP. 
This analysis will review what is happening with 
shale gas around the world and discuss how it re-
lates to South Africa.  

1.1 United States of America  
The USA is one of the world’s major natural gas 
markets, consuming about 2.2 BCM of gas per day 
(US EIA, 2018e). The electric generation capacity in 
the USA is about 1000 GW, of which about 450 GW 
comes from natural gas-fuelled facilities (US EIA, 
2018f), with total annual generation of about 4100 
TWh, of which 1300 TWh is from gas fuel (US EIA, 
2018a). Up until the 1990s, the USA gas market was 
mostly met with local gas production (US EIA, 
2018e). From then onwards, gas from conventional 
reservoirs failed to meet market needs. With this 
shortfall in domestic production, there was eco-
nomic pressure to develop additional production 
sources. With the application of hydraulic fractur-
ing (commonly known as ‘fracking’) and horizontal 
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drilling, gas production from shales grew and cre-
ated a large increase in domestic USA gas produc-
tion (US EIA, 2018d). Gas production grew enough 
to saturate the USA market. This has moved the USA 
from being an importer of gas to potentially becom-
ing the world’s largest gas exporter (International 
Gas Union, 2017).  

2.2 Global potential 
From a geological perspective, there is no reason 
for shale gas production to be confined to North 
America. Shale beds are spread throughout the 
world, with some larger than those found in the 
USA. In 2011, the US Energy Information Agency 
(US EIA) issued a report on the potential for shale 
development around the world (Kuuskraa et al., 
2011), and updated this analysis in 2013 (Advanced 
Resouces International, 2013). The first study indi-
cated that the potential resource of shale gas in the 
United States was about 25 trillion cubic meters, 
which increased to 33 TCM in the second analysis. 
The potential recoverable resources in the coun-
tries with the ten largest volumes identified in the 
2011 and 2013 reports are shown in Table 1. In the 
first analysis, China had the largest potential re-
source. To put these numbers into perspective, the 
amount of electric energy that could be developed 
from these resources is also provided in the table. 
For this calculation, generation efficiency of 0.01 GJ 
of natural gas per KWh (US EIA, no date) and an en-
ergy content of 37 MJ/m3 for natural gas (Tran, 
2002) were assumed. 

Table 1: International shale gas potential 
(Kuuskraa et al., 2011; Advanced Resouces 

International, 2013) 

Country 2011 
study 

2013 study 

 

Generation 
potential 

 TCF TCF TCM TWh 

China 1275 1115 32 116 800 

USA 820 1161 33 121 618 

Argentina 774 802 23 84 012 

Mexico 681 545 15 57 091 

S. Africa 485 390 11 40 854 

Australia 396 437 12 45 777 

Canada 388 573 16 60 024 

Libya 290 122 3 12 780 

Algeria 230 707 20 74 061 

Brazil 226 245 7 25 665 

 
South Africa sits at number five on this table 

based on the 2011 study, dropping to seventh in the 
2013 update. The 2013 study indicated a potential 
resource that could generate the 235 TWh per year 

currently being used in South Africa for 175 years. 
As will be discussed further, local estimates of the 
South African resource are significantly lower than 
the estimates from this general study, with expecta-
tions that the South African shale gas resource is in 
the range of 0.5 to 1.5 TCM.  

2.3 International experience 
Since the first report from the US EIA was pub-
lished, most of the countries mentioned have made 
attempts to develop their own shale gas resources. 
The experience of three of the major shale gas re-
source countries outside of north America will be 
reviewed below. 

2.3.1 Australia 
Australia is one of the major LNG-exporting coun-
tries, ranked second by production volume 
(International Gas Union, 2017). Most of the gas for 
LNG production is either conventional gas or coal 
seam methane (DEE, 2017). Australia has nearly 11 
TCM of shale gas resources in six basins. Explora-
tion and development of some of these resources 
had commenced by 2013 (Zuhairi, 2013) in basins 
with established infrastructure – specifically, exist-
ing offtake pipelines. A review of the production of 
the three gas sources indicated that shale gas would 
come at twice the cost of conventional gas. (Core 
Energy Group, 2015).  

2.3.2 Argentina 
Argentina has a long history of oil and gas develop-
ment, with a well-established natural gas produc-
tion. In recent years, that market has shifted to the 
point where imports, in the form of piped gas from 
Bolivia and LNG from the international market 
(International Gas Union, 2017), have become nec-
essary to supply the market (Brandt and Gomes, 
2016). Development of a shale gas business has 
been slow, due to political considerations, but com-
menced with a change in government in 2015 
(Brandt and Gomes, 2016). One of the provisions 
that the new government used to encourage gas de-
velopment is a floor of price of USD 7.4 /GJ (Deloitte, 
2018). Shale gas production is now increasing, com-
ing from the Vaca Muerta region, where the infra-
structure for oil and gas development is in place 
(Deloitte, 2018). 

2.3.3 China 
China was identified in the US EIA 2011 study as po-
tentially having the largest shale gas resource at 
over 34 TCM. China has a significant gas market, 
with local production supplemented by imports. 
The Chinese government has committed to devel-
oping the shale gas resource, and state oil and gas 
enterprises have made a major push to do so (Oil 
Peak, 2013). It is expected that Chinese shale gas 
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will be a major contributor to the Chinese gas mar-
ket (Qun et al., 2017), but gas imports continue.  

South Africa 
With the large potential resource for shale gas in 
South Africa, there was initial excitement about de-
veloping this resource (Petroleum Agency SA, 
2013). The government allocated most of the Karoo 
basin for technical cooperation permits, whereby 
desktop studies and surveys could be conducted, 
but no exploration drilling (Van Der Spuy, 2013). It 
was expected that these technical cooperation per-
mits would last one year before licence-holders 
could apply to move into an exploration licence. As 
a result of concerns raised about the effects that 
drilling and fracking operations would have on the 
fragile Karoo environment, the move to the explo-
ration phase has been put on hold (DMR, no date). 
Only three licence-holders remain as indicated in 
the SAOGA Shale Gas Committee website (SAOGA, 
no date). 

2.4.1 Environmental concerns 
The concerns raised about the environmental risks 
of fracking mirror those of most countries consider-
ing shale gas developments (Netshishivhe, 2014). 
However, the specific conditions in the Karoo raise 
additional concerns (de Wit, 2011), given its ecolog-
ical sensitivity. The greatest concern is about the 
impact on the water resources in a desert area. 
Drilling and fracking operations involve the use of 
large volumes of water and sourcing it is an issue 
(ASSAf, 2016). In addition, there is concern about 
contamination of water used for drinking and agri-
culture from the chemicals used in fracking fluids 
and from water produced with the shale gas. The 
government commissioned a study from CSIR to ad-
dress the environmental issues and has created a 
task force with the South African Association of Sci-
ence and the Academy of Engineering to review the 
readiness of the country to proceed with shale gas 
development (ASSAf, 2016). These concerns have 
slowed the issuing of rights to exploration and have 
led to the development of stringent regulatory re-
quirements for these operations (DMR, 2015).  

2.4.2 In-activity 
The net effect of the concerns about these opera-
tions is a standstill on permitting exploration activ-
ities (Roelf, 2017). In addition, the government has 
decided that baseline surveys of water resources 
and other environmental aspects must be con-
ducted prior to exploration commencing 
(Odendaal, 2016). The government, through the 
Council of Geoscience, is undertaking this baseline 
drilling (Council for Geoscience, 2020). As of 2020, 
the potential exploitation of South African shale gas 
is still in limbo. All of these external activities slow 

the process of development and add costs; how-
ever, these activities do not address the fundamen-
tal question of the basic economic viability of shale 
gas development. Because the advent of US shale 
gas has lowered the price of gas as much as it has, 
there is an assumption that shale gas in South Africa 
would also be available at equivalent low prices. 
This is the assumption that was made by the plan-
ning in the 2016 IRP (SA DoE, 2016). As many of the 
premises associated with shale gas in the USA and 
other places are not relevant for South Africa, this 
assumption of low cost should be tested. 

3. Economic analysis 

In 2016 the CSIR prepared an extensive analysis of 
the impacts and risks for shale gas development in 
the Karoo (Scholes, et al., 2016). Chapter One of the 
report laid out the steps towards a steady state de-
velopment of the resource, as well as several devel-
opment scenarios, including a small gas develop-
ment and a big gas case (Burns et al., 2016). The 
first phase that CSIR identified was a period of stud-
ies to establish the baselines for air, water and en-
vironmental conditions prior to any drilling to en-
sure that effects related to shale gas drilling and 
production can be isolated. From the work pro-
gramme laid out in the study, the cost of these base-
line studies should be less than USD 10 million. 
None of these costs, though, can be projected with 
certainty.  

Exploration phase 
In the USA (as in other places with an established 
gas business) shale gas development did not go 
through an extensive exploration phase. Explora-
tion was incremental to the development, where 
wells could be brought on production almost imme-
diately. The Karoo would be a completely new de-
velopment area and the exploration efforts prior to 
any development would need to be much more ex-
tensive. This is largely because greater knowledge 
of the geological formation is needed before exten-
sive production drilling can begin. As discussed in 
the CSIR report, the process would consist of two-
dimensional (2D) seismic surveys, reported to be 
about 2 000 km in total length, followed by three-
dimensional (3D) seismic surveys over those areas 
of interest for production development. In the USA 
and Canada, a 2D seismic programme would cost 
about USD 10 000 /km (Hunt, 2015). For a once-off 
seismic programme in South Africa (along with all 
imported equipment), the cost would be more or 
less in the range of USD 15 000 /km (NETL, 2013). 
Based on these estimates, the cost of the 2 000 km 
programme would be approximately USD 60 mil-
lion.  

As indicated in the CSIR study, this 2D pro-
gramme would be followed by 3D analysis covering 
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the areas of interest in each leasehold area. The 
CSIR assumes that about 5% of the surveyed area 
would be considered for additional survey work. 
The 3D programme would be expected to cost in the 
range of USD 75 000 /km3 (NETL, 2013). Assuming 
that the area covered is 500 /km3 in each licence 
area of interest, this would imply a cost of USD 37 
500 000 for the second seismic programme for each 
leaseholder. 

Between data collection, data processing and 
analysis, these programmes would each take ap-
proximately one year. Therefore, it can be assumed 
that the seismic phase of the exploration pro-
gramme would take two years. 

The next step would be drilling exploration and 
appraisal of wells. Vertical wells would be drilled 
first, followed by wells with horizontal sections and, 
finally, wells with hydraulic fracturing. The esti-
mate is that 24 wells would be required for an op-
erator to delineate the shale resources in its lease-
hold and identify the ‘sweet spots’ for initial devel-
opment (Burns et al., 2016). The last phase of the 
exploration effort would be to conduct three to six 
production tests for a limited number of wells. The 
wells would be drilled, completed, and then at-
tached to temporary production facilities to burn 
off the produced gas. Production tests would nor-
mally last thirty to sixty days (SAOGA, 2017).  

The total time involved for this effort would be a 
minimum of four years. Assuming that the operator 
leases and imports a rig specifically for this pro-
gramme, it is estimated that the drilling cost will be 
USD 120 million per year (Rose & Associates, 2016). 
Given these assumptions, the exploration drilling 
and production programme would cost an operator 
a total of ± USD 450 million. Following this initial 
expenditure, the operator would know significantly 
more about the potential resource, including the 
size of the resource, drilling costs and initial pro-
duction rates for a typical well (Burns et al., 2016). 
Nevertheless, it must be questioned if this will be 
compelling enough to convince oil and gas compa-
nies to proceed with a full-scale development. In a 

presentation to the South African government, the 
South African Oil and Gas Alliance (SAOGA) indi-
cated that a pilot programme would be required be-
fore moving to full-scale development (SAOGA, 
2017), as laid out in Figure 1. 

3.2 Proof of concept and development phases 
A likely option is to move from the exploration 
phase to a ‘proof of concept’ or pilot-type develop-
ment. In this scenario, a group of wells – e.g. nomi-
nally six to ten (about one year to eighteen months 
of drilling) – would be developed, fracked and 
brought into production, with a local power plant 
generating ± 30 MW of base load power for con-
sumption by the local region. This development 
would establish the flow capabilities of the shale gas 
wells and their long-term production viability. The 
power plant would operate long enough for the op-
erator to become comfortable with the expected life 
of the shale gas wells. 

Assuming the proof of concept phase indicates 
the wells to be economically viable and gives the go 
ahead for full-scale development; the next phase 
would be to implement a continual steady state de-
velopment. This would likely start out somewhat 
smaller than the CSIR defined “small gas case” - a 
550 well development scenario indicated in the 
CSIR analysis (Burns et al., 2016), but would still 
need to be large enough to keep a drilling rig occu-
pied continuously. This is necessary to avoid the 
time and cost of rig mobilisation and importation 
for each drilling programme. If six wells per year 
are assumed for one drilling rig, at USD 20 million 
per well, the annual cost would be USD 120 million 
for drilling and completion (Rose & Associates, 
2016). Assuming a first year average daily produc-
tion rate of 5 000 GJ per well, based on the expected 
ultimate recovery (EUR) per well of 114 MCM 
(Burns et al., 2016), this would imply production of 
24 PJ per year of gas, enough to produce 2.4 TWh of 
electricity in an open cycle gas turbine plant. If  this 
power is to be used in a dispatchable mode, buffer 
storage for ten or more days’ use, or at least 600 TJ,

 

 
Figure 1: Process of achieving full-scale development of the shale gas industry (SAOGA, 2017). 
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must be included in the cost structure. Full develop-
ment of the shale gas would indicate that some mul-
tiple of this steady state development be imple-
mented. The CSIR small gas case assumes that three 
of these modules would be implemented (Burns et 
al., 2016). 

3.3 Individual well economics 
The production profile of a typical shale gas well 
shows a high rate of production for some months 
after completion, followed by a very rapid decline, 
in the range of 70–80%, in the first year or two (Guo 
et al., 2016). The production rate then moves into a 
tail period that continues along a less significant de-
cline that lasts for ten to twenty years (Murphy, 
2016). From an economical perspective this is an 
attractive profile, as it leads to quick recovery of 
costs and a maximisation of the time value of money. 
However, the production profile is not one condu-
cive to fuel for power generation. If the profile for a 
well is regulated to steady state over a ten-year pro-
ductive life, the economics of a well would become 
unacceptable. This effect is indicated in Figure 2.  

3.4 Economics of steady state development 
The economics of shale gas production would not 
be optimal until it gets to the scale where a drilling 
rig is being utilised full-time (avoiding significant 
mobilisation costs) and wells are immediately put 
into production when they are completed. The de-
velopment must also be large enough to allow the 
wells to be produced to their full extent and have 
their production replaced by new wells as they de-
cline. Assuming a timing of two months to drill and 
complete a well, one rig would drill about six wells 
per year (US EIA, 2016). This should bring steady 
state production to 24 PJ per year by the eighth year 
of the development and the plateau would be main 

tained as long as the pace of drilling keeps up with 
the displacement of depleted wells. Figure 3 shows 
a 20-year development programme, after which 
production drops off quickly. Assuming an ultimate 
recovery per well of 114 MCM, with a first-year pro-
duction rate of 5 000 GJ per well, the breakeven in-
come required for this steady state development 
programme would be in the range of USD 13.7 /GJ, 
assuming a cost of capital of 8.2% (Figure 4). If the 
ultimate recovery per well was 100 MCM and initial 
rate lowered proportionally, this would raise the 
breakeven price from USD 13.7 /GJ to USD 15.5 /GJ. 
Due to the risks associated with oil and gas devel-
opments, no investor is likely to invest in a project 
that only returns the cost of capital. For oil and gas 
developments, a breakeven price assuming a 15% 
discount factor is the norm in the industry. This 
would raise the required breakeven price from USD 
13.7 /GJ to USD 14.7 /GJ, as shown in Figure 5. The 
operator must also make provisions to recover the 
sunk costs that have occurred through the explora-
tion and pilot development phases. This compares 
to a 2014 estimate by Wood Mackenzie of a breake-
ven cost of USD 11.87 /GJ (Fakir, 2015). Unfortu-
nately, Wood Mackenzie did not publish their as-
sumptions or indicate if a sensitivity analysis had 
been performed. 

3.5 Timing of steady state development 
With a one year pre-exploration programme, as 
well as four years of exploration work and at least 
three years of a proof-of-concept test development, 
the earliest that one could expect the steady state 
development to begin would be at least ten years 
from the programme commencement. However, 
with the expected review and approval processes, 
each phase of the exploration and development 
would probably take much longer (SAOGA, 2017). 

 

Figure 2: Shale well economics 

 



89    Journal of Energy in Southern Africa • Vol 32 No 1 • February 2021 

Figure 3: Steady state production profiles (colours represent year of well start).  

Figure 4: Shale gas net present value at 8.2%. 

Figure 5: Shale gas net present value at 15%. 
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Figure 6: Shale gas sensitivities. 

4. Risk factors 

There is significant variability in some of the fac-
tors, which could have a major impact on the eco-
nomics of the development of this resource. As 
there is no actual information from the Karoo about 
the current resource, what can be assumed is based 
on experiences from other shale developments – 
particularly those in the USA. There is potential for 
major differences that could impact the local analy-
sis. For this sensitivity, the following parameters 
were reviewed: 
• Well cost – USD 15–25 million.  
• Expected ultimate recovery – 100 to 128 MCM.  
• Opex – 5–15% of well cost per year. 
• Royalty – 5–30%. 
As can be seen in the tornado diagram in Figure 6, 
each of these parameters has a major impact. 

4.1 Recovery per well – expected ultimate 
recovery 
The amount of production that can be derived from 
each well will be one of the major factors in the eco-
nomic performance of shale gas development. Nev-
ertheless, as the performance of a typical well will 
be established, due to geological variability the pro-
duction from a particular well will not be known un-
til it is drilled. The CSIR assumed 114 MCM per well 
production, based on the averages attained for the 
Barnett and the Marcellus shales in the USA (Burns 
et al., 2016). While there is no proof that the geology 
of those basins is comparable to the Karoo shale ba-
sins, there is a good base of data for calculating 
costs due to the large number of wells drilled there. 
If the EUR per well is reduced to 100 MCM, the 
breakeven price is raised by over USD 1.00 /GJ. 

The USA shale gas production history offers sig-
nificant inferences into what might be expected. 
While production per well has increased over time, 
this has only come after a large number of wells 
have been drilled. In the Marcellus shale fields, over 

14 000 wells have been drilled. Expected EURs per 
well have increased to above 114 MCM (Murphy, 
2016). In an analysis in 2013, the US EIA showed an 
average range in shale basins from 30–90 MCM 
(Smythe, 2017). 

4.2 Cost per well 
Because of the large numbers of wells that must be 
drilled to maintain shale gas production, the cost of 
each well is a critical factor in the economics of 
shale gas production. The estimate used for this 
analysis was USD 20 million per well for drilling and 
completion (including fracking costs) (Rose & 
Associates, 2016). In the US, these costs have been 
reduced to less than USD 10 million per well in most 
shale basins. This is mostly due to reductions of 
drilling and completion times, benefitting from the 
experience of the large number of other wells being 
drilled and completed. It is estimated that over 130 
000 oil and gas wells had been drilled in the USA be-
tween 2010 and 2017 (Meko and Karklis, 2017) 
with about 95% of them being fracked and over half 
of these into shale formations (US EIA, 2018c). In 
the USA, the costs are also minimised by the drilling 
rigs and the fracking setups being optimised for the 
given location (US EIA, 2016). This is possible due 
to the large number of drilling rigs and fracking 
equipment available on call for any operation. In 
smaller markets, it is necessary to use a rig and have 
equipment to meet whatever might arise or to limit 
the output of the well to what can be achieved with 
the equipment used. 

Costs to drill and complete wells is also a func-
tion of depth plus the length of horizontal section, 
with the size for the completion related to the 
length of the horizontal section. The cost/depth re-
lationship is not linear but increases with depth 
(Lukawski et al., 2014) as shown in Figure 8. As the 
target for the South African shales is in the 2 000–
3 500 m range and the intent is to maximise produc- 
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tivity per well (implying longer horizontal sec-
tions), higher well costs can be expected. In Argen-
tina, drilling and completion costs are about twice 
those of the costs in the USA (Deloitte, 2018). In 
Australia, similar costs were seen (Zuhairi, 2013). 
These are both areas with an established oil and gas 
business.  

One factor that has not been addressed in any of 
these cases is the cost of water for well drilling and 
fracking operations. In an analysis of the replication 
of the USA experience to Europe and China, Minh-
Thong Le found that the cost of water was one of the 
most significant cost issues, with water being ten 
times more expensive in shale drilling in Europe 
than in the USA (Le, 2018). While there is significant 
experimental work being done in waterless frack-
ing operations around the world, water-based 
fracking is the standard. 

4.3 Operating cost – water disposal 
Direct operating costs for gas wells in the USA are 
in general between USD 1 /GJ and USD 2 /GJ (US 
EIA, 2016) or USD 4–8 million over the life of a well. 
However, the cost of disposal of produced water can 
be quite significant. In a study for the US EIA, it was 
estimated that the cost of water disposal averaged 
about 42 % of the overall operating costs of wells in 
the USA (US EIA, 2016).  

Water produced along with shale gas is of signif-
icant concern (Dunne, 2017)(Veil, 2015). A study by 
Duke University of oil and gas production in the USA 
indicated that the production of water from gas 
wells averages 0.6 L/m3 of gas (Kondash et al., 
2016). Assuming the EUR of 114 MCM of gas from a 
well, this would imply a production of 62 000 m3 of 
formation water from an average well. For the de-
velopment analysed here, one hundred and twenty 

wells would require the disposal of about 7.4 x 106 
m3 of water, equivalent to almost 3000 Olympic-
size swimming pools. The few exploration wells 
drilled into the shales in the Karoo have found sig-
nificant levels of deep saline water reservoirs in the 
areas where shale gas should be produced. Given 
this, there is every expectation that shale gas pro-
duction in South Africa would also contain high sa-
linity formation water that follows fracking, as has 
been the experience from the USA so far. (Enslin et 
al., 2019). 

The latest results from deep drilling by the 
Council for Geoscience has indicated that there is 
likely a deep freshwater aquifer in the Karoo which 
must be taken into account in fracking considera-
tions (Council for Geoscience, 2020). While fracking 
operations will not likely have any effect on shallow 
freshwater zones, deep zones might require a dif-
ferent analysis. 

4.4 Royalty or government share 
The economic dynamics of shale gas production in 
South Africa will also be influenced by carry and 
royalty policy being considered for the oil and gas 
sector (the legislative framework has not yet been 
finalised). The industry views the proposed carry 
and royalty regime as being onerous and has indi-
cated that the current proposals will make shale gas 
economics unworkable. As can be seen from Figure 
6, the royalty rate is one of the major factors in de-
termining the cost of developing shale gas with a 
range of over USD 3 /GJ between no royalty and 
20% royalty. Government carries vary from 5 – 40 
% of the production around the world (Daniel et al., 
2017). In the USA, they are generally in the 10 – 15 
% range, as indicated in Table 2. In Canada, a sliding 
scale royalty is preferred.  

 

Figure 7: Well costs vs measured depth, USA 2009 (adapted from (Lukawski et al., 2014)) 
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Figure 8: World Bank gas price forecast (World Bank, 2018b) 

 

Table 2: Royalty rates (adapted from  
Daniel et al., 2017). 

Country /   
region 

State / country Royalty 
(%) 

USA North Dakota 16 

Oklahoma 18.75 

Pennsylvania 12.50 

Texas 20 

Canada Alberta 5–40 

Saskatchewan 0–40 

International Algeria 5 

China 11 

United Kingdom 0 

Australia 10 

 
Finding a balance between an equitable govern-

ment share and one that does not discourage in-
vestment is a major challenge for a potentially suc-
cessful shale gas business. One further considera-
tion likely to boost the cost of gas production is that, 
while the government owns the subsurface rights, 
the surface rights are held in private hands. Negoti-
ating with each landowner for access will increase 
transaction costs.  

5. Continued interest of participants 

Delays in approving licences for the exploration 
phase and the changed conditions in the gas market 
raise some doubt about whether there is as strong 
an appetite for pursuing this shale gas opportunity 
as there was when the licences were first issued. 

5.1 Saturated world gas markets 
In 2011, the world gas market appeared to need ad-
ditional production to be balanced. World gas 
prices were high and there was a growing differ-
ence or arbitrage between US gas prices due to 

shale gas development and other markets that de-
pend on LNG imports or piped gas (US EIA, 2018e). 
This difference peaked in 2009, with LNG delivered 
to Japan at USD 15 /GJ and the US Henry Hub price 
of less than USD 3 (British Petroleum, 2017). Since 
that time, sixteen LNG export projects have been 
constructed, adding 75 MTPA to the market 
(International Gas Union, 2017). World LNG prices 
have come into reasonable alignment along the 
lines of Henry Hub pricing plus liquefaction and 
shipping (Pedersen, 2017). Bloomberg concluded 
that the world gas market is currently over-sup-
plied by 29% (Bloomberg New Energy Finance, 
2018). The World Bank forecasts that the market 
will be over-supplied until at least 2030 (World 
Bank, 2018b). The World Bank gas market forecasts 
are shown in Figure 8. 

5.2 Resource challenge  
Several local studies were performed in an attempt 
to further define the resource size for Karoo shale 
gas. The studies have concluded that the US EIA es-
timate may be quite optimistic due to local geologi-
cal conditions, and that the likely resource size is 
more on the order of 0.8–1.4 TCM (Scholes et al., 
2016). Further studies have indicated that the re-
coverable shale gas from the Karoo could be as low 
as 0.37 TCM (De Kock et al., 2018). While this is 
likely to be on the low end, based on pessimistic as-
sumption, many questions remain about the size 
and commerciality of this resource.  

6. Conclusion 

There has been significant negative pressure from 
environmental groups and Karoo farmers’ associa-
tions, along with other groups, against shale devel-
opment in the Karoo. In addition, there are ques-
tions about the readiness of South Africa to proceed 
with shale gas development (Scholes et al., 2016; 
ASSAf, 2016). While a cautious approach is being 
taken by the South African government regarding 
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shale gas development, there is some merit in al-
lowing trial exploration efforts to proceed, in order 
to establish the value of the potential resource, as 
this can only be defined after some exploration. 
However, an aggressive pursuit by companies is un-
likely. The earlier interest in shale gas development 
decreased, given global prices and the potential 
high cost of production in the South African context. 
International gas prices are currently below USD 10 
/GJ and are expected to stay below this price 
through at least 2030 (World Bank, 2018b). Unless 
costs are found to be significantly lower than ex-
pected, and the resource per well much larger than 
estimated, it is unlikely that activities will move be-
yond exploration.  

For long-term planning purposes, it cannot be 
assumed that South African shale gas will ever be a 
factor in the supply of gas to the local or interna-
tional power market. The timing of a potential de-
velopment would be too far into the future for it to 
be considered. In addition, the potential for the cost 
of the gas to be economically competitive is too low 
to depend on this resource. For planning purposes, 
this must be considered as a strictly contingent re-
source.  

For dispatchable power generation in South Af-
rica there are potential gas sources that could meet 
needs, rather than shale gas development, and 
likely at significantly lower costs (Clark et al., 2020). 
In Mozambique, there has been an offshore gas dis-
covery that is one of the largest in the world. This 
gas can be brought into South Africa, depending on 
market development, as LNG or by pipeline. In ad- 

dition, in 2019 a gas discovery was made in the wa-
ters off Mossel Bay, in the Brulpadda field. The 
group of fields in this area is estimated to contain 
resources around 170 BCM of gas, plus conden-
sates. While the cost per well for that development 
will likely be five times the cost of shale wells, the 
production per well should be more than 90 times 
the production from a typical shale well. Therefore, 
the economics of this gas should be much better 
than shale gas development (Clark et al., 2019). The 
value of the condensates from these wells also im-
proves their economics. These gas supply alterna-
tives will make shale gas development less attrac-
tive.  

Notes 
1. The price for diesel for power generation in South Af-
rica is the basic fuel price (BFP) plus approximately ZAR 
0.4 per liter to cover customs & excise plus a pipeline duty 
(OECD, 2018). BFP is based on international oil price plus 
refining and delivery costs (Motiang and Nembahe, 
2017). Using 13% above Brent oil price of USD 80 /barrel, 
this gives a BFP price of approximately ZAR 9 /L (as com-
pared to the road use price of ZAR 15 /L). With an energy 
content for diesel of 0.38 GJ/L. the cost of diesel is ± ZAR 
230 /GJ or USD 16 /GJ. 
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