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A delicate balance
Water scarcity in South Africa

Zachary Donnenfeld, Courtney Crookes and Steve Hedden

South Africa is currently overexploiting its renewable water resources. Moreover, withdrawals

are forecast to increase in all three sectors (agricultural, industrial and municipal). Meanwhile,
much of the country’s water infrastructure is in disrepair and dam levels are dangerously low.
This report presents a national-level forecast of water supply and withdrawals until 2035, before
exploring alternative scenarios. It is possible to restore stability to South Africa’s water system,
but it will take significant financial investment and political will.
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Recommendations

} Implement water

conservation and demand
reduction measures: South
Africa must use water

more efficiently. This can

be achieved through a
combination of infrastructure
repairs, the implementation
of new building codes,
incentives to install water-
efficient appliances and

a tiered pricing structure.
Policy measures should

be supplemented with
campaigns to raise
awareness about water use
and conservation.

} Increase the amount of

wastewater that is treated
and reused: About 40% of
South Africa’s wastewater
is untreated. Improving
wastewater treatment could
increase the quantity and
improve the quality of water
in the country.

} Increase groundwater

extraction: The DWS
estimates that South Africa
could significantly expand
the use of groundwater. This
is particularly important for
agriculture, where nearly two-
thirds of South Africa’s water
is allocated.

} Additional technologies

could play a role in the
future, but they are likely not
necessary now.

Introduction

Although the 2014-2016 drought has catalysed a national conversation and,
to some extent, brought water security into the policy debate in South Africa,
the drought did not cause water scarcity. What the drought did was highlight
existing vulnerabilities in South Africa’s water system, and properly frame the
magnitude of the challenge of ensuring water security for the country.

South Africa is a water-scarce country. Yet there are extant, affordable
technologies that government, business and private individuals could
employ to help realign supply and demand while ensuring water security for
future generations.

South Africa’s water picture has not appreciably stabilised since the African

Futures Project (AFP) — a collaboration between the Institute for Security Studies

(ISS) and the Frederick S Pardee Center (Pardee Center) for International
Futures — published the first national-level supply and demand forecast for
water in the country in 2014."

More than 60% of South Africa’s rivers are
currently being overexploited and only one-third
of the country’s main rivers are in good condition

At the same time, the International Futures (IFs) model — developed and
housed at the Pardee Center at the Josef Korbel School for International
Studies at the University of Denver — forecasts that demand will increase in all
three sectors out to 2035 (agricultural, industrial and municipal). This increase
in water demand is being driven by a combination of population growth,
urbanisation, rising incomes, irrigation expansion, non-renewable electricity
generation and a growing manufacturing sector.

Moreover, the Intergovernmental Panel on Climate Change anticipates a
decline in average precipitation levels in the western part of the country,

and that the entire south-western region of South Africa will be at increased
risk of severe drought throughout this century.2 While the January and
February rains of 2017 have offered a brief reprieve from the 2014-2016
drought, the fact is that South Africa is still overexploiting its renewable water
resources and, without additional interventions, will continue to do so for the
foreseeable future.

The 403 mm that the country received in 2015 was the lowest annual total on
record since the South African Weather Service began collecting rainfall data
in 1904. Moreover, the 2015 drought came on the back of three consecutive
years of below-average rainfall, making it the most severe and prolonged
drought since the 1940s.® This caused South Africa’s average dam levels

to plummet from around 93% in March 2014 to a low of 48% in November
2016.% At the national level, dam levels recovered in early 2017, but have
declined and are now considered ‘moderately low’ (they stood at about 59%
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in February 2018). However, dam levels are only part of
the story.

According to the Department of Water and Sanitation’s
(DWS) National Integrated Water Information System
(NIWIS), 146 of South Africa’s 565 rivers are categorised
as having ‘very low’ flows, while a further 105 are ‘low’
and another 88 ‘moderately low’, as shown in Figure 1.

Put another way, more than 60% of South Africa’s
rivers are currently being overexploited. According

to the Organisation for Economic Co-operation and
Development, only one-third of the country’s main
rivers are in good condition and one-quarter of its river
ecosystems are critically endangered.®

The consequences of overexploitation may not be evident
overnight but, ‘the ultimate losers are the exploited
aquatic ecosystems and the organisms (including
humans) dependent on them for survival and well-being’.6
Moreover, a national-level picture necessarily obscures
important regional differences, and some areas of South
Africa remain in a critical state.

The Western Cape is the most seriously affected area.
Average dam levels in the Breede-Gouritz catchment
were at 20% in February 2018 (considered ‘low’ for
the January/February season), while the Berg-Olifants
catchment was at 35% (considered ‘very low’). More

than 80% of rivers are being overexploited in those
two catchments.

The problem is not limited to the Western Cape though.
Dam levels have been plummeting in the Eastern Cape
as well, which is experimenting with the same level

of voluntary water restrictions as have been imposed

in Cape Town.” KwaZulu-Natal is also overexploiting
about 50% of the rivers in its main catchment (Pongola-
Mtamvuna), where dam levels are at about 52% (or
‘moderately low’ for this time of year).

Scope

This report builds on previous work from the AFP

on the future of water availability in South Africa.

The most recent publication in this series — Parched
prospects Il: A revised long-term water supply and
demand forecast for South Africa (hereafter ‘Parched
prospects 2’) — was released in March 2016.8 This body
of work has explored the future of South Africa’s water
sector using IFs.

In the IFs model, total water demand (withdrawals)

is disaggregated by sector and includes municipal,
industrial and agricultural withdrawals. Total water supply
is broken down by surface water, ground water, direct
use of treated municipal wastewater, desalinisation and
fossil water.

Figure 1: Rivers in South Africa categorised by average flows
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To enhance the precision of previous forecasts, the AFP
has endeavoured to improve the water model of IFs.
With funding from the Water Research Commission
(WRC), the AFP has enhanced each aspect of water
withdrawals (agricultural, industrial and municipal) in the
model. Each of these demand sectors is now driven by
related variables in the model. Moreover, the model now
also uses a price mechanism to equilibrate supply and
demand to create a more dynamic representation of the
way water systems evolve over time.® Table 1 gives a brief
overview of the main drivers of water demand by sector
as represented in the IFs model.

Table 1: Drivers of water demand, by sector

Water sector Core drivers

Agricultural Area of irrigated land (+),

Industrial Size of manufacturing
(+), amount of generation
capacity from non-
renewable sources (+)

Municipal™ GDP per capita (PPP)

(+), number of piped
water connections (+),
urban population size
(+), portion of population
living in urban areas (-)

In other words, IFs now has a water model that interacts
with the other models in the IFs system — including the
models for demographics, economics, agriculture, energy
and the environment."" This will allow users to interrogate
the implications of various development strategies and
how policy goals compete with or complement each
other with respect to water scarcity.

Implications of model development

Because water supply and demand now interact in the
model in a dynamic way over time, water demand can
be either constrained or enabled by available supply.
Likewise, supply will be affected by changes in demand.
In other words, the model has built-in ‘rebound effects’.
In a water-scarce system where constraints are imposed,
these rebound effects can manifest as efficiency
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measures, but others will come at the cost of reduced
agricultural yields.

The two demand scenarios shown in Figure 2 represent
two potential futures for South Africa. The first scenario
(from Parched prospects 2) is a future where South Africa
continually overexploits its water resources with truly
unknowable consequences for people, wildlife and the
general ecological sustainability of the country’s major
surface water systems — the ‘Unconstrained Scenario’.

This revised forecast comes at the cost of
decreased agricultural production, which
could threaten food security over the long run

The second scenario, from the revised water model with
equilibrating dynamics, is a future where economic and
human development are constrained by water scarcity
—the ‘Constrained Scenario’. This second scenario
represents a more plausible future, but also a much more
challenging one.

While it may appear to be ‘good news’ that South
Africa’s overexploitation seems less severe in this revised
demand forecast, that improved water balance will have
to be achieved through incredibly aggressive efficiency
measures. This more balanced forecast will also come
at the cost of decreased agricultural production, which
could make the country more vulnerable to international
commodity shocks and threaten food security over the
long run.

IFs now makes an assumption that a country will
recognise that it is overexploiting its renewable water
resources and will implement measures to reduce
demand and force convergence with the exploitable
limit over time." This new forecast assumes that

South Africa will be able to reduce demand by about
1.2 km® in 2035 (relative to the previous forecast). This
amount is equivalent to nearly three-quarters of the total
withdrawals of the industrial sector in 2016. A decrease
of this magnitude would not be without historical
precedent, but would the exception, rather than the rule,
for upper-middle-income countries. '

In the Constrained Scenario, municipal water demand
per capita is reduced by 7.5% by 2035, compared to



Figure 2: Change in demand forecast after model revisions
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Source: IFs v. 7.31 initialised from Aquastat data and supply forecast based on authors’ estimates of
planned reconciliation strategies.

2015 values. These efficiency measures are imposed despite over 16 million
additional people moving to urban areas, about 4.5 million additional people
gaining access to piped water connections, and average incomes rising
by 33% by 2035. Achieving this will take a combination of water-saving
technologies and behaviours, as well as a reduction in non-revenue water. '

The Constrained Scenario is a future where South Africa
responds to increased water scarcity through better
water conservation and demand management policies

Likewise, in the Constrained Scenario, the agricultural sector will need to
become more efficient. In the Constrained Scenario the model assumes a
reduction in the amount of water per hectare of irrigated land of 2% by 2035,
compared to 2015 values (i.e. water use in agriculture becomes 2% more
efficient in this scenario). This could be driven by more advanced irrigation MUNICIPAL WATER DEMAND
technologies, as well as a shift away from water-intensive crops. PER CAPITA IS REDUCED BY

The Constrained Scenario is a future where South Africa responds to
increased water scarcity largely through better water conservation and
demand management policies. Irrigation expands by about 180 000 hectares
by 2035, leading to an increase in agricultural water demand, although water

per irrigated hectare decreases. In addition, all of the supply interventions BY 2035 COMPARED TO
in Figure 2 are implemented on time and to specification. If supply does not 2015 VALUES IN THE
increase based on those plans, then the demand forecast will be lower and CONSTRAINED SCENARIO

the efficiency measures and effects on irrigation will be more severe.
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Alternatively, the government could choose to pursue

an expansion of irrigation, but that would require either
further supply increases or more efficiency increases. That
scenario (Agricultural Trade-offs) is explored in detail in the
sections below.

So, even with a dynamic model where withdrawals are
constrained based on available supply, South Africa is
forecast to continue to overexploit its water resources
throughout the duration of the forecast. This can

have devastating effects for water ecosystems and
could ultimately impact the quality of water throughout
the country.™

Consequences of overexploitation

When water is extracted from river systems at
unsustainable levels, it reduces the overall amount of
water flowing downstream, which affects the ability of
the river ecosystem to properly absorb the by-products
associated with human life (e.g. industrial discharge

or fertilizer run-off). When effluent discharges occur
downstream of the point where water is extracted for
human consumption, and there is an insufficient volume
of water in the river to dilute the chemicals and microbials
present in the (raw and treated) effluent discharge, the
ecosystem can begin to deteriorate.® This imbalance
between effluent discharge and river flows can manifest
as water temperature increases, higher concentrations of
chemicals and microbials, or changes in dissolved oxygen
and pH levels.'”

When water resources are overexploited for a prolonged
period of time, this interaction between human activity
and deteriorating water quality is amplified. Other things
being equal, adding more people to a community that

is overexploiting its renewable resources will not only
exacerbate the impact on water levels (i.e. cause the
level of overexploitation to increase) but those additional
people will also engage in other activities that add more
effluent to the hydrological system.'® In other words, there
are more pollutants being added to less water, making

it increasingly difficult for the water system to efficiently
dilute those particulates and regenerate itself.

When the ability of a river to effectively absorb potentially
harmful particulates is diminished, there are substantial
consequences for human development including an
increased risk of contracting a waterborne disease.'®

A DELICATE BALANCE: WATER SCARCITY IN SOUTH AFRICA

Contaminated water is a significant driver of diarrheal
disease, which alone is responsible for roughly 1 600
dead children per day, according to UNICEF.2

Even when children survive a bout of diarrheal disease,
they may suffer from undernutrition or stunting. Stunting
has negative consequences for both physical and
cognitive development, and can hinder people’s ability
to progress through school and inhibit the productivity
of the workforce over the long term.2! Poor water quality
may also result in an increase in vector-borne diseases
from mosquitoes, tsetse flies and ticks, particularly when
the water is so polluted that it is not disturbed by humans
and where the eggs of insects can survive for extended
periods in a dormant state.?

Also important to the South African context is that
overexploitation in one area can have negative impacts in
downstream communities that are not overexploiting their
local resources.

In the past year, the City of Cape Town in
the Western Cape province has twice had
to invent new levels of water restrictions

As shown earlier, certain areas of the country are suffering
from far more severe water stress than others, and if any
province or municipality were to completely run out of
water, it would quickly become a national emergency. Many
parts of the country remain drought disaster zones, with the
hardest-hit areas being the Karoo and the western coast.?®
In the past year, the City of Cape Town in the Western
Cape province has twice had to invent new levels of water
restrictions. These now stand at level 6b, and residents are
limited to 50 litres of water per day.

Moreover, there has been a fairly consistent decline in dam
levels around the Cape Town metro area. The province is
gravely concerned about the loss of its water supply, with

a near panic erupting around a possible ‘Day 0’, when the
province could potentially run out of water completely.?*
This would indeed be a crisis, but even tightly constrained
water supplies could result in unmet basic needs, continued
deterioration of water quality and negative environmental
consequences.® Also, if some residents from Cape Town
were to leave, that would place enormous stress on already
overexploited water systems in other parts of the country.



Finally, water systems that are overexploited for a substantial period of time
become more vulnerable to the impact of external shocks such as droughts,
floods and other extreme weather events. Although droughts in South Africa
are inevitable — and likely to become more prominent and severe in the south-
west of the country in the future — the gravity of their impact can be mitigated
by efficient management of the water system.2®

Current withdrawals and supply

To forecast water withdrawals, IFs relies on data from the United Nations
Food and Agriculture Organization’s (FAO) Aquastat database, which has
data for South Africa from 2013 on withdrawals in all three sectors. IFs uses
Aquastat data to ensure that data are standardised across countries, and
also because Aquastat withdrawal categories are mutually exclusive, so
withdrawals are neither double-counted nor underrepresented. Agricultural
withdrawals are defined by the FAO as including ‘self-supplied water for
irrigation, livestock and aquaculture purposes’, while municipal withdrawals
consist of the total water withdrawn from the public distribution network.?”
Industrial withdrawals are defined as self-supplied consumers that are not
connected to the public distribution network.?®

In line with global trends, the agricultural sector is the largest consumer

of water in South Africa, using approximately 9.7 km? (about 63% of total
withdrawals) in 2015. The FAO estimates that, globally, about 70% of total
available freshwater is used by the agricultural sector, although that figure
varies fairly dramatically by region.?® The next largest user of water in South
Africa is the municipal sector, which used about 4.2 km?* (about 27% of

total withdrawals) in 2015. Finally, the industrial sector accounted for about
1.6 km? (about 10% of total withdrawals) of consumption in 2015. Figure 3
shows total withdrawals by sector in South Africa, against the global average.

Figure 3: Total withdrawals in South Africa and the world by sector

South Africa World

. Municipal

. Industrial

. Agricultural

Source: IFs v. 7.31 and FAO Agquastat data.

SOUTH AFRICA'S WATER
CONSUMPTION IS ABOUT

LITRES PER CAPITA PER DAY.
THE GLOBAL AVERAGE IS

LITRES PER CAPITA PER DAY
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About

(OR NEARLY 1.5 KM?)
OF MUNICIPAL WATER
CONSUMPTION IN SOUTH
AFRICA WAS NON-REVENUE

A 2012 WRC study found that, at about 235 litres per capita per day (I/c/d),
per capita water consumption in South Africa is above the global average of
approximately 175 I/c/d.*° One driver of high consumption is the high level of
non-revenue water in South Africa.

Non-revenue water refers to the ‘difference between the amount of water put
into the distribution system and the amount of water billed to consumers’.®!
Non-revenue water can generally be categorised as falling into one of

three categories: real or physical losses that occur because of leakage
owing to poor operation and maintenance; commercial losses caused by
meter manipulation or other forms of water theft; and unbilled authorised
consumption, which includes water used by the utility for emergency
purposes such as firefighting.

Although the level of non-revenue water in South Africa
Is on par with the global average, it is significantly
higher than in other water-stressed countries

According to the latest (2012) DWS data, approximately 36% (or nearly 1.5 km?)
of municipal water consumption in South Africa was non-revenue.® Of that

1.5 kmé®, approximately 70% was from real or physical losses and another 17%
from commercial losses.

Although the level of non-revenue water in South Africa is on par with the
global average, it is significantly higher than in other water-stressed countries.
For example, Australia has limited its non-revenue water to roughly 10%.% If
South Africa were to accomplish a similar feat, it could reduce total withdrawals
in the country by 1.1 km?® — or approximately 75% of total estimated industrial
withdrawals in 2017.

Forecast of withdrawals and supply

While agriculture is forecast to remain the sector responsible for most of South
Africa’s total water withdrawals, the most significant increase is expected in the
municipal sector. By 2035 the municipal sector will account for roughly 32% of
total withdrawals, against 28% in 2017, whereas the agricultural and industrial
sectors will account for about 58% and 10% respectively. The increase in
municipal consumption is driven by South Africa’s growing and rapidly urbanising
population, rising incomes in the country and an increase in the percentage of
the population with access to piped water. Figure 4 shows a snapshot of the
evolution of water withdrawals by sector in 2017 and 2035 respectively.

Although the municipal sector is expected to account for the majority of
additional withdrawals, water demand is forecast to increase in all three sectors.
In absolute terms, municipal water demand is forecast to increase by 1.3 km?,
industrial demand by 0.2 km?, and agricultural demand by about 0.5 km?® from
2017 levels by 2035 in the Current Path forecast.

A DELICATE BALANCE: WATER SCARCITY IN SOUTH AFRICA



Figure 4: Water withdrawals by sector in South Africa in 2017 (left) and
in 2035 (right)

. Agricultural . Industrial . Municipal

Source: IFs v. 7.31 and FAO Agquastat data.

One potential reason for the failure to sufficiently plan for increased water
demand is that there are some fairly significant discrepancies between the
assumptions behind the forecast in IFs and those of South Africa’s National
Development Plan (NDP). The first distinction to highlight is that the IFs
population forecast is quite a bit higher than that of the NDP. The NDP
outlines five potential demographic futures, with a mean population size of
about 59.3 million people in 2030. In contrast, the IFs Current Path population
forecast for South Africa is approximately 62.6 million people by 2030.%*

Not only will these 3.3 million additional people require water for personal
use, but the enhanced demand for food and electricity caused by this larger
population will also place further stress on the food, water, energy nexus.

The enhanced demand for food and electricity
caused by this larger population will also place
further stress on the food, water, energy nexus

Part of the reason for this difference is that IFs initialises its population
forecast from a higher total fertility rate (TFR) than envisaged in the NDP. While
IFs assumes that the average woman in South Africa had roughly 2.5 children
in 2011, the assumption of the NDP is that the TFR was 2.3 births per
woman in 2011. That may seem like a trivial distinction, but a 0.2 difference

in TFR in a country the size of South Africa would result in about 2.7 million
fewer (or additional) children being born.

There are also other incongruities between the IFs forecast and the NDP. For
example, IFs forecasts that roughly 80% of South Africa’s citizens will live

THE IFS CURRENT PATH
POPULATION FORECAST
FOR SOUTH AFRICA
IS APPROXIMATELY

PEOPLE BY 2030
COMPARED TO THE NDP’S
MEAN POPULATION SIZE OF
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Nearty

OF SOUTH AFRICA'S
WASTEWATER TREATMENT
FACILITIES ARE IN A
‘CRITICAL STATE’

in urban spaces by 2035, while the NDP expects that figure to be more like
70%.% A difference of 10 percentage points would be about 6 million additional
people living in cities — based on the IFs population forecast. IFs also forecasts
that South Africa will add an additional 4.5 million new piped water connections
between 2017 and 2035.

Finally, the Current Path forecast assumes that South Africa will remain heavily
dependent on coal. Thermoelectric power generation is a large driver of
industrial water demand (mostly for cooling) and the Current Path forecast is
that coal will remain the dominant fuel source for South Africa until 2035. IFs
forecasts that thermoelectric power generation will become more water efficient,
however, owing to the implementation of dry-cooling technologies by 2035.

A separate issue with coal in South Africa is that many power stations are
situated in catchment areas that are under water stress.*® This makes them
vulnerable to overexploitation, as well as highly sensitive to any potential
contamination resulting from industrial activity.>” A recent report found that the
Mokolo Dam Crocodile River Water Augmentation Project — which is intended
to supply water to the Medupi power station — will divert more than 80% of its
water for power generation and mining and could ‘pose significant risks to the
population’s right to food, water and health’.*® Moving the country away from
a coal-based energy profile and increasing the share of renewables will reduce
industrial water demand and free up water for use in other sectors.

Moving the country away from coal-based energy and
increasing the share of renewables will reduce industrial
water demand and free up water for use in other sectors

Parched prospects 2 included a water supply forecast that was constructed
by combing through the National Water Resource Strategy 2 (NWRS2), along
with every large-scale reconciliation strategy published by the DWS. This
forecast includes all publically available information at the time of writing about
any additional plans, delays or cancellations of prior plans (for details on these
updates see annex A), in a slightly revised supply forecast shown in Figure 5.

Those strategies do not cover the whole of South Africa, but they do address
all the major urban centres and sources of supply (i.e. the country’s major
rivers). The vast majority of these plans are large-scale infrastructure projects
aimed at increasing the supply of surface water in the country.

The outcome of all these interventions is that the total water system is
forecast to yield approximately 17.8 km® in 2035, against a revised withdrawal
forecast of roughly 17.9 km?. It is important to emphasise though, that this
supply forecast depends on the ability of South Africa to implement — on time
and to specification — every planned reconciliation strategy identified above.

The end result of the modelling improvements and adjusted supply forecast is
that — despite a demand reduction of about 1.2 km?® from the Unconstrained

A DELICATE BALANCE: WATER SCARCITY IN SOUTH AFRICA



Figure 5: Planned increases in yield extracted from all published large-scale reconciliation strategies
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Scenario — South Africa continues to see a period of
prolonged overexploitation before supply and demand
begin to reconcile.

Potential solutions to South Africa’s
water challenges

Although South Africa’s water challenges seem
daunting, there are available, affordable solutions to
some of the most pressing problems posed by water
scarcity in the country today. So far, the overwhelming
majority of proposed solutions in South Africa have
focused on increasing the overall level of surface water,
mainly through large infrastructure projects such as the
construction of new dams.

However, as previous research from the AFP has
indicated, even those strategies, if implemented
on time and to scale, are insufficient to meet South
Africa’s growing water needs in the absence of
demand constraints.

In other words, without a combination of existing plans,
additional strategies to access previously underused
sources of water and some measure of demand

[ Richards Bay
Vaal
| Western Cape

[ Existing yield

management, the water sector will begin to constrain the
country’s ability to meet other development objectives.

Wastewater treatment

According to the latest Aquastat data (from 2009), South
Africa only treats about 54% of its municipal wastewater.*®
Furthermore, its existing wastewater treatment
infrastructure requires substantial investment. The 2014
Green Drop Report concluded that nearly a quarter of
South Africa’s wastewater treatment facilities are in a
‘critical state’, defined as needing urgent intervention,
while roughly another quarter are defined as ‘high risk’.*!

Although seven of the 10 reconciliation strategies
analysed for this report set targets for increasing the
use of treated wastewater, those interventions amount
to roughly 0.22 km?, or less than one-quarter of the
projected gap between supply and demand in the
Unconstrained Scenario in 2035. While the proposed
interventions are a step in the right direction, there is
surely a larger role for treated wastewater in South
Africa than currently envisioned in the major
reconciliation strategies.

SOUTHERN AFRICA REPORT 13 | MARCH 2018

11



12

Box 1: Water conservation

There is a misconception that water restrictions are
draconian measures reserved for near-emergency
situations such as those in the Western Cape or in
California in 2014-2015. However, examples from
other communities demonstrate that conservation
need not compromise quality of life. Tucson, Arizona is
a city with a population of about 500 000 that receives
about 30 cm of rainfall a year. The municipality began
to run out of groundwater in the 1970s and adopted

a multifaceted policy response that has enabled the
city to reduce per capita consumption by roughly
one-third (from just over 700 litres a day in 1989 to
less than 500 litres a day in 2015).%? This multipronged
approach involved instituting tiered water pricing
(higher rates for larger consumers), implementing new
building codes (reducing irrigation for landscaping and
mandating efficient utilities in commercial spaces),
encouraging the collection of rainwater and offering

a slew of incentives for private individuals to invest

in water-efficient appliances.*® The result is that total
consumption in the city is roughly the same as it was
in the late 1980s, despite its population growing by
about 25% over the same time period.**

Israel is an oft-cited example of a country that

has used supply-side measures (i.e. desalination
technology) to reconcile its national water sector.
However, water conservation has been a critical part
of Israel’'s water strategy as well. The Israel Water
Authority has said that ‘water conservation and
efficient usage of it is the cheapest most available
source of water’, adding that ‘savings campaigns
carried out in the past have shown, without doubit,
that 10-20% of [the] total consumed in the municipal
sector may be saved, while making sure not to affect
the consumer’s welfare’.*® This last part is perhaps
the most important. It is possible to decrease water
consumption on a large scale, without significant
sacrifices in the day-to-day lives of South Africans.

THE GOVERNMENT’S
‘WAR ON LEAKS’ CAMPAIGN
AIMS TO REDUCE THE LEVEL

OF NON-REVENUE WATER
BY EMPLOYING

AS PLUMBERS AND
ARTISANS BY THE END
OF 2018

Between May and June 2017, the non-governmental organisation AfriForum
tested the water sewage systems in 88 towns and found that two-thirds (59)
did not meet national quality standards.*® This is an increase of more than
100% relative to 2016 (when 26 plants did not meet minimum standards) and,
according to AfriForum, could ‘pose a threat to human health, food security
and the environment’.*”

This increase in the number of insufficiently operated or maintained water
sewage treatment plants points to some available strategies for municipal
water authorities to improve water quality and potentially increase supply.
Moreover, the poor quality of water treatment plants is just one indication of
the country’s deteriorating water infrastructure, in addition to the issue of non-
revenue water discussed earlier.

Non-revenue water

While the amount of non-revenue water is roughly on par with the global
average, South Africa is considered a ‘high’ water-stress country by the World
Resources Institute, and cannot afford to let its water infrastructure fall into
further disrepair.*® The South African government has committed to a ‘War

on Leaks’ campaign that aims to reduce the level of non-revenue water in
South Africa by employing 15 000 South Africans as plumbers and artisans
by the end of 2018. Although the campaign is being implemented unevenly
throughout the country, most of the focus seems to be on KwaZulu-Natal and
the Eastern Cape.*®

A DELICATE BALANCE: WATER SCARCITY IN SOUTH AFRICA



Groundwater

Parched prospects 2 pointed out that groundwater was
likely an underutilised resource in South Africa. Since

then, the DWS has published estimates of how much
groundwater could potentially be available in the country,
and suggests that utilising groundwater more intensively,
particularly in the agricultural sector, could be a fruitful
source of additional water.*® The DWS estimates that
close to 85% of the country’s groundwater aquifers are
under-allocated, and that there could be as much as

4.8 km?® worth of exploitable groundwater in South Africa.®!

Nobody can say with any certainty if that groundwater
estimate is accurate or not, because the kind of in-
depth, scientific study necessary to establish a reliable
figure has yet to be completed. Further, groundwater is a
delicate resource and needs to be managed cautiously.
Nonetheless, the DWS estimate does suggest that a
modest increase in groundwater use, provided that it was
done in a sustainable way, could act as one prong of a
strategy to improve water security in South Africa.

Water Conservation and Water Demand
Management (WCWDM)

South Africa must price water more deliberately. In fact,
WCWDM strategies may be the most important element
of its effort to ensure stability in its water sector. However,
the legacy of apartheid and the extreme levels of structural
inequality require a delicate and nuanced approach to
water pricing.

Tiered water pricing is a well-established system of
water conservation that has proven its effectiveness

in other parts of the globe. Tiered pricing works by
charging customers based on how much water they
use. Customers who use more than the level deemed
necessary for human consumption pay a higher rate for
that additional water.

Nelson Mandela Bay has already begun to implement
tiered pricing. In that municipality, customers pay R14.57
for the first 1 000 litres per day, R29.46 (per 1 000 litres)
for the next 3 000 litres and R58.92 (per 1 000 litres)

for anything up to 8 000 litres per day.®® Customers
using more than 8 000 litres per day pay R196.41 per

1 000 litres. Research from Stanford University suggests
that ‘increasing block price schedules provide strong
incentives for consumers to conserve water’.5

Santa Fe, New Mexico began implementing tiered, or
block, pricing more than a decade ago and has seen per
capita water use drop by almost 30%.% Total municipal
water withdrawals have decreased by about 20%,
despite the city’s population growing by more than 10%.
The advantage of tiered pricing is that it ‘offers a balance
between fairness and efficiency’, according to a 2014
study from the University of California, Riverside.*® The
study found that introducing tiered pricing in residential
communities reduced demand by at least 18% in just
over three years.%®

Tiered pricing is beneficial because it does not rely on
government regulation or forbid anyone from using
additional water. The idea is that water meant for basic
human consumption is as affordable as possible, while
water used to maintain a swimming pool or extravagant
landscaping is relatively expensive. As Santa Fe’s director
of public utilities commented, ‘for some people a lawn

is important, and if they want to spend their money on
irrigation, they can’.%’

Israel is another example of a country that has used
tiered pricing to reflect scarcity.® That country also treats
more than 80% of its wastewater and has employed a
dynamic approach to water security that has allowed

the country to move from continually overexploiting its
renewable resources during the 1980-1990s to a space
where the National Water Authority is now able to reduce
prices.® In South Africa, the DWS has been investigating
an increase in tariffs, but does not appear to be publically
advocating for a national tiered pricing structure.®®

Introducing tiered pricing in residential
communities reduced demand by at least
18% in just over three years

Pricing water more responsibly should help create

a culture of conservation, and avoid more onerous
regulations such as the level 6b water restrictions currently
in place in the Cape Town metro area.®" The best way for
other areas of South Africa to avoid having to deal with
the harsh measures being implemented in the Western
Cape is to start using water more consciously now.

There are also other demand reduction campaigns
being implemented by DWS. In the Northern Cape, the
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WATER USE PER HECTARE
OF IRRIGATED LAND IN THE
AGRICULTURAL TRADE-OFFS
SCENARIO IS

LOWER IN 2035 THAN IN
2015, AGAINST A

REDUCTION IN THE
CURRENT PATH

department has issued 50 000 water-saving blocks for users to drop in their
toilet cistern, to reduce the average flush by about 2 litres. The department
hopes the ‘drop-a-block’ campaign will save over 100 000 litres of water

per year.?? DWS has also started the Clear Rivers Campaign, which calls on
citizens to get involved in their communities and assist with river rehabilitation.®
These are not national campaigns yet, but could be built upon to encourage a
more introspective conversation about water use in South Africa.

The best way for other areas of South Africa to avoid
the harsh measures being implemented in the Western
Cape is to start using water more consciously now

What is clear is that South Africa must implement a combination of strategies
to restore balance to its national water system. The following section explores
some alternate futures of water use in South Africa.

Scenario analysis

South Africa’s water sector hangs in the balance. Yet, as shown, stability

is not out of reach. As other areas of the globe facing severe water stress
have demonstrated, there are solutions available to cultivate a more secure
water future for South Africa. These include implementing a combination of
WCWDM strategies, increasing the amount of treated wastewater and using
groundwater more frequently in areas where its longevity can be ensured.

This section will explore the likely future of South Africa’s water sector and
introduce some alternative scenarios. A first scenario (Agricultural Trade-offs)
is intended to highlight the constraints that water scarcity can place on other
development priorities. A second scenario is presented (Closing the Gap) to
demonstrate how a comprehensive, robust response to the water challenges
faced today could lead to a more secure water future in South Africa.

Agricultural Trade-offs

South Africa’s NDP envisions a ‘substantial investment in irrigation
infrastructure’ and loosely suggests a 50% increase over a 10-year period
as the first pillar of the country’s national agriculture strategy.®* South Africa
currently has an estimated 1 670 000 ha equipped for irrigation in 2015, of
which about 1 365 000 is actually irrigated.®®

Both the NWRS2 and the Department of Agriculture, Forestry and Fisheries
(DAFF) subsequently questioned if that increase was possible, or even
desirable, given current water constraints.® The DAFF believes that

145 000 ha would be a more reasonable target, which it has established as
its target for the national Agricultural Policy Action Plan.®”

This scenario will explore some of the implications of increasing the amount
of land under irrigation by roughly 145 000 ha by 2025 compared to the
Current Path.
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There are clear benefits to increasing irrigation. A well-
executed expansion of irrigated land in South Africa could
increase yields, decrease dependence on erratic rainfall
and improve the overall resilience of the agricultural
sector. However, like the municipal sector, an expansion
of irrigation in South Africa will have to be conducted
‘primarily through more efficient use of existing water
resources’.® If South Africa hopes to efficiently increase
the amount of land under irrigation and get ‘more

crop per drop’, it will have to exercise careful water
management in the agricultural sector.®

Put bluntly, ‘in conditions of increasing water shortage,
further development of irrigated agriculture production is
impossible without improving the methods of cultivation
of agricultural crops, primarily irrigation technology’.”

If an expansion of irrigation is considered, it should be
reserved for soils with a higher nutrient content to achieve
the desired increase in yield. If this is accomplished, it
should increase food production in the country and also
leave more water for the municipal and industrial sectors.

In the Agricultural Trade-offs scenario, the land equipped
for irrigation increases from its current (2017) level of

1 688 000 hectares to 1 910 000 by 2025 and then
1987 000 by 2035. This leads agricultural water
demand to increase from 9.8 km? (in 2017) to 11.1 km?3
by 2035 (compared to the Current Path forecast of

10.4 km? in 2035).

In the absence of other supply enhancement and
demand reduction interventions, increasing the amount
of land equipped for irrigation will be challenging, and

will almost certainly have diminishing returns. As South
Africa’s population continues to grow, incomes continue
to rise and the country seeks to expand its manufacturing
sector, it will become increasingly difficult to allocate
additional water to the agricultural sector.”

In the Agricultural Trade-offs scenario, municipal water
demand still increases slightly, but only to 5.3 km? by
2035, compared to 5.6 km? in the Current Path.
Crucially, municipal demand per capita is about 12%
lower in the Agricultural Trade-offs scenario in 2035 than
in 2015, compared to an 7% decrease in the Current
Path. Industrial water demand is constrained as well,
growing to just 1.77 km? rather than 1.86 km? in the
Current Path.

The agricultural sector will also need to be more efficient
— water use per hectare of irrigated land in this scenario
is 4% lower in 2035 than in 2015, against a 2% reduction
in the Current Path. In this scenario, South Africa has
less water to distribute to individuals, less water available
to grow its manufacturing sector or increase the supply
of thermoelectric power, and less water per hectare of
irrigated land.

In other words, if the South African government hopes
to achieve the irrigation target in the NDP, it will need to
offset the additional withdrawals in the agricultural sector
by either increasing supply through alternative sources
(i.e. large investments in treated wastewater, additional
groundwater extraction), or reducing demand through
conservation measures or infrastructure improvements.
It will very likely involve some aspects of both supply
enhancement and demand reduction.

An important consequence of the constraint that water
scarcity places on agricultural production is that South
Africa is forecast to become a significant net food
importer by the late 2020s. This new future could have
serious implications for food security, and make the
country more vulnerable to droughts and other external
shocks going forward.

To achieve the irrigation target in the NDP,
government will need to offset the additional
withdrawals in the agricultural sector

Additional irrigation schemes will increase agricultural
yields and resilience over the short run, but the amount
of water devoted to agriculture is still restricted by the
structural constraints of the water sector. Increasing the
amount of land equipped for irrigation will mean that, over
the long run, each hectare of farmland in South Africa
receives less water than it otherwise would have without
that additional irrigation. Moreover, as additional land is
irrigated and agricultural water demand increases, the
municipal and industrial water sectors will be even more
constrained than in the Current Path.

Closing the Gap

There are a plethora of policy options available to South
Africa to reconcile supply and withdrawals in its water
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IN THE CLOSING THE GAP

SCENARIO, PER HECTARE

WATER USE IS REDUCED
BY NEARLY

oy 2035

RELATIVE TO THE
CURRENT PATH

sector. The critical question is, what combination of penalties, incentives,
investments and technologies should it embrace?

The Closing the Gap scenario is a future where water supply increases
through higher levels of treated wastewater and renewable groundwater
withdrawals. Irrigation does not expand at the same rate as in the Agricultural
Trade-offs scenario, although it does increase in line with the Current Path.
Water efficiency measures are put in place in the municipal, industrial and
agriculture sectors. Renewable energy increases as a share of the national
energy mix, leading to lower industrial water demand for coal-fired power
plants. And finally, all of the planned supply interventions from all the
reconciliation strategies are implemented on time.

Supply-side interventions

There are various combinations of policies that could deliver a sustainable
solution to South Africa. But, deciding which will ultimately provide the largest
return on investment requires detailed work at local and catchment level by
experts with an intimate knowledge of the relevant conditions and constraints
in their respective water systems.

Deciding which combination of policies will ultimately
provide the largest return on investment requires
detailed work

At a national level however, this research has pointed to broad areas that

the South African government can focus on: increasing the amount of
wastewater that is treated and reused, minimising non-revenue water or
otherwise increasing efficiency in the municipal sector, increasing the intensity
of groundwater use in areas where it is sustainable, and increasing the share
of renewable sources in the national energy mix.

This section presents a scenario where the level of treated wastewater that

is recycled through the system is increased by about 0.72 km?® by 2035, and
the amount of renewable groundwater extracted increases by about 0.3 km?.
Moreover, in this scenario these interventions occur in addition to all of the
planned interventions outlined in the major reconciliation strategies. In other
words, this represents efforts well above and beyond what the government is
currently planning.

In the Closing the Gap scenario, South Africa ambitiously implements the
above recommendations. These interventions begin from 2018, occur over
five years and are then maintained until the end of the forecast. Figure 6
shows that if South Africa can implement ambitious water policies, it is
feasible to bring the water sector back into relative balance in a fairly short
period of time. However, in this scenario South Africa still toes the line of
overexploitation for the next decade and a half, remaining vulnerable to
drought and other external shocks.
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Figure 6: Closing the Gap scenario (supply-side) relative to total supply on the Current Path and a revised

withdrawals forecast
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Source: IFs v. 7.31 and authors calculations.

Demand-side intervention

Figure 6 gives the impression that it will be reasonably
straightforward for South Africa to restore balance to its
water sector, but it is worth restating the magnitude of the
demand reduction implicit in this new forecast. Figure 6
represents an assumed reduction in demand of 1.2 km?,
compared to the forecast from Parched prospects 2.

So, if South Africa cannot quickly become more water
efficient — in the agricultural, municipal and industrial
sectors — then the country’s economic growth and
human development prospects could be constrained by
water scarcity.

In the Closing the Gap scenario, the agricultural sector
becomes more water efficient. Per hectare water

use is reduced by nearly 7% by 2035 relative to the
Current Path. Likewise, the municipal water sector is
more efficient, but less so than in the Current Path or

in the Agricultural Trade-offs scenarios, owing to the
supply-side increases. Per capita municipal water use
only decreases by 2% between now and 2035 in this
scenario, compared to 7% in the Current Path and 12%
in the Agricultural Trade-offs scenario.

This savings could be achieved in a number of ways.
Reducing the level of non-revenue water by expanding
the ‘war on leaks’ — along with other awareness

== Current Path supply
=== (Closing the Gap

=== Constrained Scenario

campaigns — is an important part of the solution.
WCWDM can also be implemented in the agricultural
sector, by employing more efficient irrigation technologies
or growing less water-intensive crops. Perhaps most
importantly, more conservative use of water must be
encouraged through a tiered pricing structure and other
incentives for consumers to use more water-efficient
appliances — tax rebates for purchasing water-efficient
fixtures are a possible option.

More conservative use of water must be
encouraged through a tiered pricing structure
and other incentives for consumers

However, even with a basket of interventions that
effectively increase the available supply of water by more
than 1 km? by 2035 — along with a reduction of 1.2 km?
on the demand side — South Africa does not restore
balance to its water sector until after 2030.

Together with the supply-side recommendations, this
scenario represents a comprehensive push from the
South African government to stabilise the water sector
and would necessarily involve a delicate combination of
incentives and deterrents.
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SOUTH AFRICA CANNOT
AFFORD TO DELAY THE
IMPLEMENTATION OF MORE
AGGRESSIVE WATER POLICIES

If the government begins to aggressively implement measures to enhance
supply and curtail demand, then it is on the edge of possible to restore
sustainability to South Africa’s water sector without resorting to extremely
punitive restrictions. But, if the government fails to respond to the situation,
the country could be forced to endure a situation similar to the recent energy
crisis, which nearly paralysed the economy.

If the government fails to respond to the situation, the
country could be forced to endure a situation similar to
the energy crisis, which nearly paralysed the economy

Based on the research presented in this report, these targets appear to be
within the realm of possibility — at least in terms of South Africa’s physical
resources. Whether or not the South African government possesses the
political will — or sufficient finances — to proactively address the problem, is an
entirely separate question.

Conclusion and recommendations

The prevailing conclusion of this report is that it is possible for South Africa to
reconcile its national-level water system by using available technologies and
policies. This research indicates that the country can bring demand in line
with available supply through policies that incentivise efficiency (including
tiered pricing), improve the quality of the country’s water infrastructure
(including wastewater treatment plants) and increase the amount of
groundwater used. However, as new technologies (such as desalination and
renewable energy) become increasingly affordable, there are other solutions
beyond what has been outlined here that could help close the gap between
supply and demand.

That said, South Africa cannot afford to delay the implementation of more
aggressive water policies. To avoid a state of national panic — similar to that
which occurred during the energy crisis of 2014-2015 — the government will
have to act immediately. In order to align its water sector, South Africa must:

e Implement water conservation and demand reduction measures: The
country must do more to improve the efficiency of water use. This can
be done through a combination of infrastructure repairs (to address non-
revenue water), new building codes, incentives to install water-efficient
appliances and a tiered water-pricing structure. Policy measures should be
supplemented with campaigns to raise awareness about high levels of per
capita water use and the inherent value of water conservation in a water-
scarce country.

¢ Increase the amount of wastewater that is treated and reused: About 60%
of the country’s wastewater in untreated and a survey of 88 municipalities
found that more than two-thirds of the wastewater treatment facilities
examined did not meet minimum quality control standards. A failure to
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efficiently address wastewater treatment and reuse
could have devastating consequences for people, the
environment and the economy. Progress here will not
only improve the quality of South Africa’s water but also
increase the supply.

Increase groundwater extraction: Groundwater is likely
an under-used resource in South Africa. Although there
are no precise estimates of how much groundwater is
available and where, the DWS estimate suggests that
there is potential to significantly expand the amount of
groundwater extracted. This could be particularly useful
for the agricultural sector, where nearly two-thirds of
South Africa’s water is used.

Based on the research presented
In this report, these targets appear
possible — at least in terms of South
Africa’s physical resources

Explore new technologies: This report stresses that
there are available, affordable solutions to South Africa’s
water problems. However, it did not explore more
advanced technologies in as much detalil.

» Desalination: Currently, desalination technology is
prohibitively expensive for South Africa, except in
very large, coastal metropolitan areas such as Cape
Town, Durban and Nelson Mandela Bay (desalination
currently accounts for less than 1% of South Africa’s
total water demand). As the cost of desalination
decreases, it will likely become an increasingly viable

option for these major municipalities. However,
desalination will not be able to address water scarcity
in South Africa’s inland areas and will have a limited
impact on the agricultural sector, and so likely will
only play a small part in South Africa’s water future.

* Renewable energy: South Africa is almost entirely
dependent on coal for its electricity needs. These
thermoelectric power plants require large amounts
of water for cooling and threaten to further harm
the country’s water ecosystems. Increasing the
amount of energy generated from renewable sources
will reduce industrial water demand, lower carbon
emissions and minimise water contamination from
industrial activity related to coal production.

In 2002, UNESCO adopted General Comment No.

15, which states that ‘the human right to water is
indispensable for leading a life in human dignity. It is a
prerequisite for the realization of other human rights.’?
As the forces of climate change, population growth,
urbanisation and industrialisation collide in South Africa
it is vital that policymakers take aggressive measures to
restore balance to the water sector.

However, it is equally critical that those policies are
implemented with the understanding that the country

is still working to overcome decades of systemic
oppression. Finding the right balance between promoting
general conservation among those who can afford it,
while working to expand access to clean water for

those who do not currently have it, will be difficult. That
said, it is hard to think of a more important or worthy
policy goal.
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e | HWP Phase Il, had slight delays due to the unrest
in Lesotho after their national elections and a new
government coming into power. That notwithstanding,
the project is proposed to be finished in the original
timeline by 2025.7¢ The main structures will be the
building of the Polihali Dam and the tunnel that would
join Polihali to the Katse Dam now in operation.”™

Kalahari East Water Scheme in Northern Cape,
construction of a 21 million litre storage reservoir,
not competed.”

e Greater Mthonjaneni Bulk Water Supply Project
in Kwa-Zulu Natal. In Phase 2, goal of eradicating
water backlogs by 30 percent with a yield of
14.6 million m®/year, expected to be completed
by 2018. Includes upgrading booster pumps,
refurbishment of raw water reservoirs and pipeline
networks, using Lake Phobane as a water source.”

Vaal Gamagara Water Scheme in Northern Cape
launched on 23 June 2016. To Augment water supply
in the Northern Cape up to 2040. For mining and
agricultural activities and six municipalities and

22 villages. Involves pipeline construction and drilling
of boreholes.”

A DELICATE BALANCE: WATER SCARCITY IN SOUTH AFRICA

Annex A - Updates to large scale reconciliation strategies

e Mopani Intervention Project in Limpopo province is
set to be completed in June 2017. Project consists
of a pipeline network, borehole refurbishment and
upgrading Waste Water Treatment Works (WWTW)
and construction of a new WWTW that will provide
water to 55 villages.’®

e Thukela-Goedertrouw Tranfer Scheme upgrade in
Kwa-Zulu Natal. Richards Bay area water supply is
running low and therefore the upgrade will double
current yield from the Tugela River.”

e Mzimvubu Water Project in Eastern Cape is soon
to finish the design phase. It consists of two dams;
Ntabelanga Dam on the Tsitsa River with a storage
capacity of 490 million m® and the Lanleni Hydropower
Dam which will generate between 35 and 180 MW of
power. The project will include a distribution pipeline
and an irrigation network.®°

e James Kleynhans Bulk Water Supply in the Eastern
Cape, Phase 1: augmentation and upgrading has
commenced and will increase water treatment works
from 3.65 million m%/year to 7.3 million m3/year. Upon
completion, the project will help meet water demand
requirements till 2035.8!
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