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EXECUTIVE SUMMARY

BACKGROUND

South Africa is a water-stressed country facing increased dry spells and weather variability. From a climate
change adaptation perspective, the country needs to urgently increase its resilience specifically in the ability
to manage its water resources. The concept of the water-energy-food nexus concerns the pressures being put
on water resources by climate change and reduced water availability, brought about by economic development
including population growth and globalization. These are presenting communities and regulators with an
increasingly complex number of trade-offs and potential conflicts. Whilst the demand for water is increasing,
the global water cycle is changing (part of a wider phenomenon referred to as climate change), where the
effects are expected to vary across areas and seasons. The need to maintain a sustainable environment, for
economic growth and to increase agricultural production to meet global food requirements, has increased the
demand for the world’s water resources. This has raised concerns about increasing the efficiency of water use.
In the last decade, the number of countries facing the problem of water scarcity and insufficient water supply
has increased sharply. At the global level, while per capita water availability is declining, withdrawals are
projected to increase more rapidly, especially in developing countries.

AIMS OF THE PROJECT
The aims of the project were as follows:

1. To conduct a literature review to gather relevant information that would enable refinement of the
project methodology document and updating of the respective models.

2. To upgrade the SA Water SAM for inclusion of alternative supply sources specifically water reuse
and desalination to an Alternative Water SAM.

3. To develop an expanded computable general equilibrium (CGE) model which accommodates
stochastic elements to enable evaluation of certainty of supply and supply elasticity.

To develop a dynamic version of the CGE model to reflect the dynamic nature of economy.

To demonstrate the model as an assessment framework by conducting a scenario analysis for the
Berg River WMA.

6. To undertake modelling of tariff structures with parallel evaluation of opportunity cost and cost of
unserved water.

7. To undertake a National and regional/sectoral analysis by considering the impacts of different sets of
policy interventions.

APPROACH

The objective was to develop an assessment framework which would allow the evaluation of bulk water supply
investments and regulatory options required for demand-side management in a socioeconomic perspective
that captures the macroeconomic value of bulk freshwater. The assessment framework was to have a
particular focus on scenarios where conventional water resources have been fully subscribed and alternative
sources need to be considered as supply options in the face of current constraints and variability in supply.

The approach was to develop a standard methodology based on a country-wide water economy model with
specific consideration of the competition between municipal, industrial and agricultural water use, water
resource contributions and certainty of supply considerations. The country-wide model was proposed to be
demonstrated within the Berg River WMA (currently one of South Africa’s most stressed water management
areas which also includes the City of Cape Town Metropolitan Municipality) where the model was resolved to
a high level of detail and further developed to cater for different levels of supply certainty and resource
elasticity.



TECHNO-FINANCIAL EVALUATION OF ALTERNATIVE WATER SUPPLY OPTIONS

In this study, a number of alternative water supply options were considered, and a comprehensive analysis
was undertaken on the options shown in the table below. Cost comparisons and hydrological assessment of
alternative water supply options were carried out for the following: desalination, water reuse, aquifer recharge,
farming under netting, agrivoltaics, precipitation augmentation, and alien invasive plant removal. A cost of
supply was determined for each of the supply interventions for input into the economic analysis.

Intervention

Intervention/

under PV and not all crops can be cost
effectively provided with PV (different water
use reduction and different yield
improvements)

. . . volume ;
Modelling Scenarios Description WCWSS Total Sualttlernca(l)tls\:e(R)
Mm3/a pp y
Alternative Supply Options
Desalination
a) Municipal Desalination to supply municipal use 50 12.82
b) Agricultural Desalination to supply agricultural use 50 12.82
Water Reuse Water reuse for municipal supply (WCWSS 25 5.39
discharges most suitable to recovery of
potable water due to geographic location of
discharge)
Farming under netting | Different irrigation crops respond differently
under netting and not all crops can be cost
effectively provided with netting (different
water use reduction and different yield
improvements)
Citrus 6 6.49
Table Grapes 9 12.64
Pome 2 24.15
Alien Invasive Plant Removal of alien vegetation through labour 25 2.13
Removal intensive processes - increased availability to
municipal users
Agri PV Different irrigation crops respond differently 9.45 5.11




Summary of findings:

e Desalination was, one of the more expensive water supply alternatives. This expense may be justified
where the cost of unserved water is greater than the cost of water produced through desalination.

¢ Inthe farming under netting analysis, different irrigation crops responded differently under netting and
not all crops could be cost effectively provided with netting due to different water use reduction and
different yield improvements. Farming under netting was shown to be most cost effective for citrus
crops and least cost effective for pome.

o Removal of alien invasive plants was found to be the most cost-effective of the interventions.

The modelling indicated that the cost of water realised from AgriPV was similar to costs achieved for water
reuse. The water savings and electricity generation potential results potential are also significant enough to
warrant further exploration of the technology. Unlike the use of netting to protect farming under cover which
has already proven to be commercially viable in the production of a number of crops, we reasonably cannot
expect agricultural fields be covered by solar canopies anytime soon without a concerted effort to establish
commercial test utilities at scale and as integral to the production of specific crops. In order to provide the
necessary proof-of-concept before market entry, we need to compare further techno-economical applications
of AgriPV, demonstrate the transferability to other regional areas, and also realize larger systems.

ECONOMIC ANALYSIS OF WATER SUPPLY OPTIONS

a. Development Of The 2016 Water Social Accounting Matrix (SAM)

The SAM is a comprehensive, disaggregated, consistent and complete data system that captures the
interdependence that exists within a socioeconomic system. The SAM can be used as a conceptual framework
to explore the impact of exogenous changes in such variables as exports, certain categories of government
expenditures, and investment on the whole interdependent socioeconomic system, e.g. the resulting structure
of production, factorial and household income distributions. As such the SAM becomes the basis for simple
multiplier analysis and the building and calibration of a variety of applied general equilibrium models.

The basic structure of an agricultural and water-focused social accounting matrix (SAM) for South Africa that
was developed in 2002 was used as base to develop a Water SAM for 2016. The treatment of water within the
supply and use tables published by Statistics South Africa, as well as the national water accounts published
by the Water Research Commission, which forms the core data of a SAM, has changed since 2002, with the
implication that structural changes to the SAM were required. The 2016 SAM represents the nine 2012 water
management areas while retaining the more detailed former WMAs for the Western Cape, resulting in 11
WMASs in total. The developed 2016 water SAM was used to calibrate a static and a recursive dynamic
computable general equilibrium (CGE) model.

The SAM contains 40 sectors/commodities assumed to be at national market level, including 17 agricultural
(including forestry and fishing), 15 industrial and 8 service sectors. Field crop production activities are further
disaggregated in the SAM into irrigated and rainfed production per crop, while all horticultural production
activities are assumed to be irrigated. All sectors are further disaggregated to capture production within each
of the 11 water management areas. Beside capital, labour, and land, the SAM also includes three types of
water (irrigation, bulk and municipal) per WMA as production factors. The institutions included in the 2016 SAM
are enterprises, one representative household per WMA and the government. Further disaggregation of
households were not possible due to lack of sufficiently detailed data. Irrigation water is incorporated in the
model through the estimation of the shadow price of water per crop irrigated. Non-agricultural water use, in the
form of bulk water and municipal water, is captured via the water distribution system. Irrigation and non-
agricultural water used by industries is treated as a factor of production and water used by households is
treated as a commodity.

b. The Static Computable General Equilibrium (CGE) Model And Key Results
CGE models are useful whenever we wish to estimate the effect of changes in one part of the economy upon
the rest. CGE models fit economic data to a set of equations which aim to capture the structure of the economy



and behavioural response of agents (industry, households, government). This provides a framework to
simulate policy changes and trace the impact on key economic variables, including income and expenditure
flows. The static dynamic computable general equilibrium model as developed by the International Food Policy
Research Institute (IFPRI) was used as base model and was adjusted for purposes of this project to allow for
policy options related to a water focus, notably the inclusion of water tariffs.

Change in irrigation water tariff — national level

Modelling of changes in irrigation water tariffs where water is not transferred to other users indicated minimal
indirect impact on the use of bulk water, municipal water used by industry and water used by households.
Irrigated field crops are most affected by a change in water tariffs since these crops can be more easily
switched to dryland conditions than horticultural products and field crops are often lower value crops and would
be moved out of irrigation more readily than horticultural products. In general the impacts of the irrigation water
tariff changes are small on a regional GDP level, but one can expect that the impact on individual irrigation
farms are much more pronounced. A 10% increase in the irrigation water tariff leads to national job losses of
1600. The biggest negative impact of the irrigation water tariff increase is on the exports of horticultural
products.

Change in municipal water rate — national level

The modelling of changes to the municipal water tariff rate showed that although municipal water use
decreases by up to 9.4% when the municipal water rates changes, there is little indirect effect on other water
usage. In general that the production of horticulture increases when municipal water rates increase, whereas
production of field crops decrease. This could be because an increase in municipal water rates has a
dampening effect on industry and since a larger share of field crops is used as intermediate product compared
to horticultural products, the demand for field crops is likely to decline. Changes in regional GDP for agriculture
and non-agriculture impacts are more pronounced compared to that of the changes in irrigation water tariff
rates. A 10% increase in the municipal water tariff leads to national job losses of 10 000.

Transfer of water from use in irrigation to municipal use for industries — national level

The transfer of 50 million m?3 from irrigation to municipal use resulted in a 0.6% decrease in irrigation water
used and a 4.6% increase in the use of municipal water, while household use increased by 0.8%. The 0.8%
increase in water used by households for domestic purposes reflects a positive impact on the economy as a
result of an expansion of industries and hence household income. There is also an increase in employment of
5 800 on a national level.

Reduction in water supply in the Berg - Olifants/Doorn WMA

The volume of water available in the Berg - Olifants/Doorn WMA was assumed to decrease as follows: irrigation
water by 50%; bulk and municipal water each by 40%. This led to a decrease in household’s use of municipal
water of 37%, which is endogenously determined, and therefore also captures some of the indirect impacts of
the reduction in water as part of the imposed shock; it also captures some of the effects of the general
contraction of the economy. In the Berg - Olifants/Doorn WMA the reduction in the volume of water available
for irrigation is reflected by a reduction in production output under irrigation that is more pronounced for field
crops (31.3%) than for horticulture (7.8%). GDP in the Berg — Olifants/Doorn WMA decreases by 0.35% and
the decrease in GDP at a national level is 0.22%, with similar but slightly smaller impacts on households.
Employment in the directly affected WMA decreases by 6 900 and on a national level 26 800 job opportunities
are lost.

Water transfer between sectors in the Berg - Olifants/Doorn WMA

The transfer of 25 million m?3 water from irrigation to bulk and municipal use and the transfer of a similar volume
of water from bulk and municipal use to irrigation in the Berg - Olifants/Doorn WMA was investigated. The
results of the two simulations are almost mirror images, but the magnitudes of the changes are slightly smaller
when the water is transferred from industry to irrigation.



When 25 million m3 irrigation water is transferred to industries, field crop production in the Berg - Olifants/Doorn
WMA decreases by 1.14%, while the use of irrigation water for field crops decreases by 2%. On a national
level results are small as it reflects only the indirect effects of the changes in the Berg - Olifants/Doorn WMA.
GDP increases by 0.036% in the Berg - Olifants/Doorn WMA and by 0.022% on a national level. Although
employment in agriculture is negatively impacted, the net effect is that 300 job opportunities are created in the
Berg - Olifants/Doorn WMA; and 2 440 job opportunities are created on a national level. Household income
increases by 0.034% in the Berg - Olifants/Doorn WMA and by 0.02% on a national level.

Desalination as alternative water supply option in the Berg - Olifants/Doorn WMA - same volumes,
different payment options

When an additional 50 million m?3 water is allocated to industry, the expansion in the economy is sufficiently
large to stimulate further use of water, as observed by the increased water use of all water categories in all
WMAs. It is only in the case where costs are recovered by users in the Berg - Olifants/Doorn WMA that there
is a reduction in the use of water by households of 13.8%, with a net negative effect of 0.49% on the WMA
level. Indirect effects on agricultural production, area and irrigation water use are small but positive throughout.
The net national impact is small but positive. It is only the Berg - Olifants/Doorn WMA that shows a decrease
in GDP because the cost of desalination is covered by either industries or users in this WMA. Tax on users
have a more positive outcome compared to when industries absorb the cost. All WMAs show an increase in
employment, with the exception of non-agricultural industry in the directly affected WMA. Households in the
Berg - Olifants/Doorn WMA are worse off, indicating that the benefit of the additional water is outweighed by
the cost thereof. Households are better off when the cost of desalination is recovered via a tax paid by users
of the water rather than by the industries.

Desalination as alternative water supply option in the Berg - Olifants/Doorn WMA - different volumes,
same payment option

Simulations were run in which additional desalination water of 25, 50, 75 and 100 million m3 was made
available to industries that use bulk and municipal water in the Berg - Olifants/Doorn WMA. In all four
simulations it was assumed that the users of municipal water (including households) cover the increased cost
of the more expensive desalination water and this is recovered as a tax on water.

When additional water is allocated to industry the expansion in the economy is sufficiently large to stimulate
further use of water. The exception is the reduction in the use of water by households in the Berg -
Olifants/Doorn WMA, which declines by between 6.5% and 37.4%. Households water use is endogenously
determined and it declines substantially because of the substantial cost increase. The cost that needs to be
recovered from water consumers (industries and households) for the additional desalination water at R12.8/Kkl,
amounts to between R320 million and R1.28 billion depending on the additional amount of water.

GDP of industry in the directly affected WMA decreases by between 0.03% and 0.13% and the positive impacts
on agriculture is not sufficient to offset it, giving a net negative impact on GDP in the Berg - Olifants/Doorn
WMA. Employment in the Berg - Olifants/Doorn WMA increases for additional desalination water volumes of
up to 50 million m3 but decreases for higher volumes, because at lower volumes that positive impact on
employment in the agricultural sector outweighs the negative impacts in industry. The GDP and employment
impacts in the other WMAs are however positive.

Reuse as alternative water supply option in the Berg - Olifants/Doorn WMA

In this scenario an additional 25 million m3 reuse water is made available for industries and households, with
either industries paying, or all users of the water (including households) covering the additional cost. Economic
benefits tend to be larger when all the users of water cover the additional cost. Also, since the cost is borne
only by users in the directly affected Berg - Olifants/Doorn WMA, the net positive impact on GDP in this WMA
is smaller compared to the positive indirect impact on GDP in the other WMAs.



When an additional 25 million m? reuse water is made available for industries, the bulk and municipal water
use within the Berg - Olifants/Doorn WMA increases by 7.28% and 6.79% respectively regardless who covers
the cost. Household use increases by 5.54% when households are not responsible for the cost of the treatment
of water, but when households cover the cost of water treatment via a tax, their use of water increases by only
0.77%. This effect also drives the national results. The effects of the additional reuse water on WMAs not
directly affected are small positive indirect effects.

Alien invasive plant removal for additional water in the Berg - Olifants/Doorn WMA

In this scenario there alien invasive plant removal provides an additional 25 million m?3 for industries that use
bulk and municipal water in the Berg - Olifants/Doorn WMA. It is assumed that the users of municipal water
(including households) cover the increased cost of the alien invasive plant removal and this is recovered as a
tax on water.

Summary

Within the Berg - Olifants/Doorn WMA total volume of water used increased by 2.29%, but indirect effects in
the other WMAs are minimal. The positive impact of additional water available to industry outweighs the
negative impact of the regional tax to cover the cost, leading a small positive impact on GDP in the Berg —
Olifants/Doorn WMA. Employment in the directly affected WMA increases by 390 job opportunities and on a
national level by 3 170. Impacts on the directly affected Berg - Olifants/Doorn WMA is relatively small because
it covers the cost of the plant removal, whereas the expansionary effects of the increase in water availability
to industries has a positive indirect effect on a national level.

c. The Dynamic Computable General Equilibrium (CGE) Model And Key Results

In order to be able to assess the impact of water policies over time a dynamic recursive model was configured
along-side the static version. The dynamic version would provide the capability to evaluate policy options
relating to water supply volume and tariff adjustments. However, it requires calibration of economic variables
and parameters that go beyond the static version’s requirements. The dynamic recursive model produces time
series information which can be used in the techno-economical evaluation of proposed supply-side projects.
In order to demonstrate its capability, the recursive dynamic model was configured to simulate three scenarios
over a 9-year period following on the base year of 2016:

o Determine the compound impact of annual increases in the price of irrigation water,
e Determine the compound impact of annual increases in municipal water tariffs, and

¢ Estimation of the compound impact of annual increases in the transfer of water between application
sectors.

Irrigation Water Tariff Increase

A 5% annual increase in the irrigation water tariff will eventually lead to a 15% reduction in irrigation water
consumption by 2025, with minimal indirect impact on the use of bulk (~ 0,09%) and municipal water (~
0,005%). There is a negative impact on GDP in the long term.

Municipal Water Tariff Increase

An annual increase of 10% in municipal water tariffs would result in a 39% reduction in expected consumption,
with a slight increase in irrigation water consumption (~0,34%), supplied from a transfer from the municipal
sector. The bulk water consumption is expected to be reduced indirectly by ~2,1%. There is a negative impact
on GDP in the long term. Although crop production is expected to increase, a reduction in municipal water
consumption affects both households and industrial consumption rates, and the economic losses in industrial
economic activity will more than offset the slight gains to be made in agriculture.



Volume transfer of water between the application sectors

The annual transfer of water from irrigation to municipal consumers, beginning with a volume of 50 million m3
in the first year, and increasing by 50 million m3 in every subsequent year, results in a significant reduction
(~17%) in irrigation consumption (against the BAU case) while municipal consumption increases by 146% from
the expected BAU case. A slight indirect increase (~0,9%) can also be expected for the bulk water
consumption. There is a negative impact on GDP in the long term.

Climate Change Simulation

An attempt to simulate water availability subject to drought cycles was thought to be a useful test to further
demonstrate the dynamic model capabilities. The model was forced to accept a hypothetical “drought-normal-
drought” cycle spanning a 10-year period, in order to observe changes in water availability and costing, macro-
economic conditions, employment and household income. The imposed drought cycle was built on the recent
dry spell of 2015 to 2017 experienced in the Western Cape Water Management Areas (WCWMAS). The
hypothetical test scenario commences in 2016, which was right in the middle of the Western Cape drought
period.

The drought cycle was introduced to two water management areas (WMAS) only, i.e., Breede—Gouritz and
Berg—Olifants/Doorn; these being representative of the WCWMAs. No water availability impingement in any of
the other WMAs was allowed. The dynamic general equilibrium model was allowed to generate economic
balances subject to constrained water availabilities. The outcomes correlated well with the actually recorded
GDP and employment impacts of the drought experienced in the WCWMASs.

It became evident that, although water volume changes and pricing can be substantial, it does have a rather
subdued impact on the macro-economic measures of GDP, employment and household income. This is
manifested due to the overwhelming role of non-agricultural activity in the South African economy.

CONCLUSIONS AND RECOMMENDATIONS

The project developed an assessment framework to allow for the evaluation of bulk water supply investments
and regulatory options required for demand-side management in a socioeconomic perspective. The majority
of the project aims were achieved. Notably a literature review related to project methodology and updating of
the respective models were conducted; the SA Water SAM was updated and modified to allow for analysis of
impacts of alternative supply sources, amongst other water reuse and desalination; a computable general
equilibrium (CGE) model was expanded to accommodate different supply options; a dynamic version of the
CGE model was developed to reflect the dynamic nature of economy; scenario analysis for the Berg River
WMA was conducted; the impact of different irrigation and municipal water tariff were modelled, although
different tariffs for household could not be modelled at a detailed level; the impacts of different sets of policy
interventions at national and regional/sectoral level were analysed and presented.

The greatest challenge with regard to SAM development is the availability of up to date and detailed data at
the level of disaggregation that is required. For the 2016 water SAM this was no exception since very little data
in the public domain is published on a water management area level. Detailed agricultural and household data
proved particularly difficult to find and time consuming to construct. In the case of household the level of detail
in the data that would have allowed for more interesting institutional results was simply not available.

Cost comparisons and hydrological assessment of alternative water supply options were carried out for the
following: desalination, water reuse, aquifer recharge, farming under netting, agrivoltaics, precipitation
augmentation, and alien invasive plant removal. The estimated costs of some of these augmentation strategies
were subsequently used in the analysis of policy interventions using the CGE static model to ensure that the
cost recovery of additional water supply is taken into account in the analysis. Interventions that were not
considered further in the economic analysis (Part B) were AgriPV and farming under cover as these are better
suited to be modelled on a farm-level basis. Economic impacts from these interventions would be lost due the
granularity of the model being at WMA level. The dynamic CGE model analysis focused on estimating the



impacts of changes in municipal water tariffs and transfers of irrigation water to industry on a national level, as
well as cyclical droughts due to climate change in the Western Cape over a ten year period.

Some key results from national policy interventions using the static CGE model are mentioned here. The
biggest negative impact of the irrigation water tariff increase is on the exports of horticultural products. When
municipal tariffs increase changes in regional GDP for agriculture and non-agriculture impacts and job losses
are more pronounced compared to that of the changes in irrigation water tariff rates because the agricultural
sector is substantially smaller and less integrated with the rest of the economy compared to industry. For the
same reason, additional water (regardless the source) to industry rather than irrigation agriculture, typically
lead to greater economic benefit in terms of GDP.

Different alternative water supply options with different cost recovery options were also simulated using the
static CGE model. The CGE modelling provided valuable insight that can be used to inform policy with regard
to who is best placed to pay for desalinated water. When additional water is allocated to industry the expansion
in the economy is sufficiently large to stimulate further use of water, as observed by the increased water use
of all water categories in all WMAs. The exception is the reduction in the use of water by households in the
Berg - Olifants/Doorn WMA.

Modelling of desalination as an alternative supply option in the Berg - Olifants/Doorn WMA by varying the
supply volumes with the cost of the water borne by the municipal users (including households) and the
additional water made available to industry indicated negative impacts on GDP and these negative impacts
became more pronounced as the desalination supply volumes increased. A positive effect was observed for
employment numbers at lower supply volumes coming from the industries that benefit from the additional
water. However, there was a tipping point between 50 million m3 and 75 million m3 when the impact to
employment numbers became negative due to the increasing costs to produce the additional water for industry,
which started to outweigh the indirect benefits to the agricultural industry in the directly affected WMA.
Therefore, care should be taken in the sizing of a desalination project.

The idea to provide additional water to agriculture by means of desalination and having other users paying for
it would not be sound policy and those costs will not be recovered from the rest of the economy as the
agricultural sector is somewhat insular. In terms of payment options impacts on the economy tend to be more
positive when the consumers of municipal water (industry and households) pay for the desalinated water
compared to when only industry absorbs the cost.

With regard to the water supply options such as reuse of water and alien plant removal, the positive impacts
of the additional water availability is often subdued due to the additional costs that need to be recovered, hence
the macro-economic impacts in terms of GDP, employment and household incomes are generally small but
positive.

The recursive dynamic model enables the testing of the impact of policy options affecting water regulation over
time. Despite this, the Western Cape economy is quite diversified and although agriculture features highly in
the economy, there is a level of resilience in the economy and the dynamic CGE model may not always be the
best model to model the economic impact of a longer and severe drought, where the drought is of such a
dimension that it eclipses the inherent resolve of the communities in making do with the bare minimum of
water.

Itis evident from the climate change simulation, as well as from the actually recorded historic macro-economic
measures, that although water volume changes and pricing can be substantial, it does have a rather subdued
impact on the macro-economic measures of GDP, employment and household income.
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PART A:

TECHNICAL AND FINANCIAL EVALUATION OF
WATER SUPPLY OPTIONS



CHAPTER 1: BACKGROUND

1.1 INTRODUCTION

South Africa is a water-stressed country facing increased dry spells and weather variability. From a climate change
adaptation perspective, the country needs to urgently increase its resilience specifically in the ability to manage
its water resources.

The concept of the water-energy-food nexus concerns the pressures being put on water resource by climate
change and reduced water availability brought about by economic development including population growth and
globalization. These are presenting communities and regulators with an increasingly complex number of trade-
offs and potential conflicts. Whilst the demand for water is increasing, the global water cycle is changing (part of
a wider phenomenon referred to as climate change), where the effects are expected to vary across areas and
seasons.

The need to maintain a sustainable environment, economic growth and to increase agricultural production to meet
global food requirements has increased the demand for the world’s water resources. This has raised concerns
about increasing the efficiency of water use. In the last decade, the number of countries facing the problem of
water scarcity and insufficient water supply has increased sharply. At the global level, while per capita water
availability is declining, withdrawals are projected to increase more rapidly, especially in developing countries.
Generally, water scarcity raises two questions:

e to what extent can water resources be efficiently, equitably and sustainably allocated and used?

o what are the possible ways and means by which water scarcity can be alleviated or mitigated in support

of further development?

The answers to these questions enable water managers to design appropriate water development policies and
allocation strategies.

The ultimate objective of the project was to develop an assessment framework which would allow the evaluation
of bulk water supply investments and regulatory options required for demand-side management in a socio-
economic perspective that captures the macro-economic value of bulk freshwater. The assessment framework
had a particular focus on scenarios where conventional water resources have been fully subscribed and
alternative sources need to be considered as supply options in the face of current constraints and variability in

supply.

1.2 PROJECT AIMS
The following were the aims of the project:

1. To conduct a literature review to gather relevant information that would enable refinement of the project
methodology document and updating of the respective models.

2. To upgrade the SA Water SAM for inclusion of alternative supply sources specifically water reuse and
desalination to an Alternative Water SAM.

3. To develop an expanded computable general equilibrium (CGE) model which accommodates stochastic
elements to enable evaluation of certainty of supply and supply elasticity.

4. To develop a dynamic version of the CGE model to reflect the dynamic nature of economy.



5. To demonstrate the model as an assessment framework by conducting a scenario analysis for the Berg
River WMA.

6. Toundertake modelling of tariff structures with parallel evaluation of opportunity cost and cost of unserved
water.

7. To undertake a National and regional/sectoral analysis by considering the impacts of different sets of
policy interventions.

1.3 SCOPE OF THIS REPORT

The project aimed to develop an assessment framework which would allow the evaluation of bulk water supply
investments and regulatory options required for demand-side management in a socio-economic perspective that
captures the macro-economic value of bulk freshwater.

The approach was to develop a standard methodology based on a country-wide water economy model with
specific consideration of the competition between municipal, industrial and agricultural water use, water resource
contributions and certainty of supply considerations. The country-wide model is proposed to be demonstrated
within the Berg River WMA (currently one of South Africa’s most stressed water management areas which also
includes the City of Cape Town Metropolitan Municipality) where the model will be resolved to a high level of detail
and further developed to cater for different levels of supply certainty and resource elasticity. In this respect, it is
worth noting that although traditional water supplies are characterised as highly uncertain and inelastic (a finite
resource) whereas alternative supply options, such as seawater desalination, have significantly higher certainty
levels and are elastic in supply potential.

For this study, various interventions in groundwater utilisation, conventional run of river and dam infrastructure,
water reuse, desalination, as well as demand-side management that supplement the effort to minimise non-
revenue water interventions were considered. The intent was to develop a standard methodology, which will not
be limited to the Berg River WMA case study, but which may be applied as standard to evaluate alternative water
resources in all WMAs, and indeed bulk water on a national scale. The standardised methodology will provide
due consideration to cost, the certainty of supply and supply elasticity.

There is increasing pressure to prioritise water allocation between urban residential and rural agricultural
consumers. The issue is exacerbated by increased water demand due to a significant urbanization drive,
increasing living standards, as well as industrialization. An appropriate general equilibrium model was developed
to address the fairness of such resource allocation.

The disaggregation of different supply sources, costs and certainty of supply profiles will be key factors to consider
when optimising water source allocation and tariff design. It will ultimately inform water resources management
and policy institutions appropriately. Accordingly, the economic model needed to be resolved to account for the
water, agricultural, industrial and domestic water consumption. Such resolution was achieved by means of a
computable general equilibrium (CGE) model which was calibrated by a suitable social accounting matrix (SAM).

In order to be able to assess the impact of water policies over time and to allow lifecycle-based techno-economic
evaluations of proposed supply-side infrastructure, the static CGE was converted to a dynamic general equilibrium
model that could generate impulse response functions. Such a variant will enable the tracking of the evolution of
economic parameters over time.

The assessment framework will be demonstrated within one of South Africa’s most stressed water management
areas, the Berg River WMA which includes the City of Cape Town Metropolitan Municipality, with specific
consideration of the competition between municipal and agricultural water use. For this study, we will consider



various interventions in ground water utilisation, dam infrastructure, water re-use, desalination, as well as demand-
side management that supplement the minimisation of non-revenue water interventions. The intent is to develop
a standard methodology, which will not be limited to the Berg River WMA case study but which may be applied
as standard to evaluate all WMA'’s, and indeed bulk water on a national scale.



CHAPTER 2: WATER MANAGEMENT AREA SCENARIO
ANALYSIS

21 WATER MANAGEMENT AREAS AND AREAS UNDER IRRIGATION

The Department of Water and Sanitation (DWS) previously divided the country into 19 Water Management Areas
(WMAs), each containing a large river system (DWAF, 2004). The Berg River catchment supplies areas outside
of its natural boundaries (Cape Town for example), and the boundary of the Berg WMA includes the supply area,
and several smaller catchments. With the second revision of the National Water Resources Strategy (DWA, 2013),
19 WMAs were reduced to nine through an amalgamation of areas. As such, the Berg no longer constitutes an
individual WMA and is now part of the Berg-Olifants WMA. The changes to the WMAs are shown in Figure 2-1.
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Figure 2-1: Changes to WMAs 2004-2012

While irrigated agriculture is certainly the main user of surface and groundwater resources in South Africa, the
estimations of the area of irrigated crops are outdated and vary greatly. In a study conducted by Stellenbosch
University for the WRC, the volume of water used by irrigated agriculture has been estimated to be between 51%
and 63% of total water available (WRC, 2017). The study irrigation data was used in conjunction with National
Landcover 2000 (NLC 2000) data to determine the area under irrigation for the new WMAs. Table 2-3 shows a
comparison between the 2004 and 2012 WMAs, and indicates the areas under irrigation as of 2012 with which
the Thurlow Hassan model was updated from the 19 2004 WMAs to the current nine WMAs via their common
elements.



Table 2-1: Area under irrigation — comparison old and new WMAs
Old WMA 2004 Common elements New WMA
Area irrigated | Total Area Area irrigated Area irrigated Irrigated Total Area
ha 2012* Irrigated ha ha 2012* ha 2012* Sugarcane Irrigated ha
Area 1
Area 2a
Area 3a

Area 4a
Area 5a 31 844.4 Inkomati-Usuthu
Usutu to Mhlatuze Area 5b 2 631.9

Usutu to Mhlatuze 38 433.1 130 758.8 | Usutu to Mhlatuze Area 6
Area 7
Area 11

Upper Vaal Area 8 45 396.7

Upper Vaal
Middle Vaal Area 9 42 884.4 100 421.6 | Middle Vaal

Area 12
Fish to Tsitsikamma Area 15 116 684.4 138 130.5 | Fish to Tsitsikamma Area 15
Upper Orange Area 13 98 291.5 169 504.3 | Upper Orange Area 13 98 291.5 Orange 172 388.2 260 711.9
Area 14 74 040.0
Area 16 44364.1 Breede-Gouritz 152 362.9 176 403.2
Breede Areal8 107 998.7 Breede Area 18 107 998.7
Area 17

1212 607.6 1950 546.1 1212 665.4




2.2 CURRENT STATE AND PLANNED WATER SUPPLY OPTIONS OF BERG BREED RIVER
WATER MANAGEMENT AREAS AND WESTERN CAPE WATER SUPPLY SYSTEM

The DWS planning scenario (based on high water requirement growth, 50% success of water conservation
and water demand management measures and no impact of climate change) indicated that the WCWSS’s
water requirements would exceed the system yield in 2019. The first possible supply augmentation scheme
(Voélvlei Augmentation Scheme) will increase the system yield by 23 million ms/a, and may come online in
2021 (due to the current drought, this scheme has been prioritised and may be online earlier than previously
reported). However, as this brings the system yield to 605 million ms/a, the system will still be over-allocated.
Thereafter, several new supply schemes will need to be implemented to meet the continued growth demands
of the system. Feasibility studies are underway by the City of Cape Town (CoCT) for large-scale desalination,
water reuse and groundwater use, and implementation of one of these schemes would have to commence
imminently. Short-term schemes are being planned by the City of Cape Town that are effectively piloting the
Table Mountain Aquifer Group and large-scale reuse schemes, yet also form part of the City’s drought
emergency supply schemes. (GreenCape, 2017)
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Figure 2-2: WCWSS reconciliation of supply and demand for the Planning Scenario (GreenCape,
2017)

The WCWSS is therefore highly constrained according to existing allocations (Figure 2-2 and Figure 2-3). New
supply options largely rely on non-surface augmentation (excluding Voélvlei) and are therefore expected to be
far more expensive to develop than previously built dams
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Figure 2-3: WCWSS reconciliation Strategy — Scenario Planning (GreenCape, 2017)

2.3 ALTERNATIVE WATER SUPPLY OPTIONS AND THEIR INVESTIGATION

In the past, the Western Cape Water Supply System (WCWSS) has almost exclusively relied on rain-fed dams
for its water supply. Cape Town’s water supply will become more resilient through the development of diverse
water sources including groundwater, water reuse and desalination. In combination, a mix of sources will be
more reliable and more resilient in the context of climate change. The City of Cape Town, the system’s largest
water user, will build substantial water supply schemes of its own, as opposed to relying almost entirely on the
WCWSS. Moreover, water schemes with very different costs and technical characteristics (for example,
desalination plants and artificial aquifer recharge) now need to be considered for the first time.

2.3.1 Alternative water supply options considered

Given the changes in technologies, costs, and relationships between users, it is necessary to consider what
arrangements would be best suited to manage the WCWSS and its interface with other bulk water production
and storage systems, such as those that the City plans to build, in the future.

Scenarios considered in the technical analysis include the following alternative water options:

e Desalination
(a) Colocation cost benefit
(b) Yield implications

e Water Reuse
(c) Treatment to potable standards and offset of raw water and water treatment
(d) Treatment to industrial standards and offset of raw water and water treatment
(e) Yield implications

o Aquifer Recharge
() Recharge with stormwater



(9) Yield implications

e Precipitation Augmentation
(h) Glaciogenic processes
() YVYield implications

e Improved irrigation efficiency
()) Farming under cover
(k) Yield implications

e Removal of alien vegetation
() Areas invaded
(m) Yield implications

2.3.2 Cost comparison of alternative water supply options

The committed programme of CCT (Table 2-2) as set out in the Water Management Strategy ( (City of Cape
Town, 2020)) is designed to balance risk and cost. The proposed accelerated supply schemes implemented
between June 2018 and December 2019 is shown in Table 2-3 (City of Cape Town, 2020).

Table 2-2: CCT committed new water programme over ten years — provisional costs (2018 costs)

Intervention + First Effective yield Total Unit Capex Operating
Water Capex ++ Cost +++
Ml/day Million klpa R million Rm /MLD R/KI
Demand Management 2019 70 26 410 6 3
Alien Vegetation Clearing 2019 55 20 ~1-2
Management of WCWSS N/A 27 10 ~0.2-0.5
Cape Flats Aquifer P1 2020 20 7.3 800 40 5
Table Mountain Group P1 2020 15 55 375 25 5
Cape Flats Aquifer P2 2021 25 9.1 1200 48 9
Atlantis Aquifer 2021 10 4 290 29 8
Table Mountain Group P2 2022 15 55 335 23 5
Table Mountain Group P3 2022 20 7.3 326 16 2
Berg River Augmentation 2023 40 15 ~3-5
Water Re-Use P1 2024 70 26 1360 20 5
Desalination Phase 1 2026 50 18 1650 33-40 9
Total including WDM 417 154 6746
Total new supply 347 128 6336

Notes: +Timing and capital and operating costs are best available engineering estimates. All schemes subject
to outcomes of ongoing investigations (to determine optimal yield, siting and timing) and relevant approvals.
++ Rounded to the nearest million Rand. +++ Rounded to the nearest Rand.



Table 2-3: Proposed accelerated supply schemes — to be implemented June 2018 to December 2019

(Yield . First
Scheme Mi/day) Detail Cost Water
Available
TMG Aquifer 10 Incremental expansion of the wellfields RO9OM  Jun-18
constructed as emergency scheme
Seawater
Desalination 25 Expansion of the emergency plant package plant. R30m Jun-18
Package Plant Primarily for sea water quality data acquisition
Wastewater Re-Use Treatment qf eﬁlggnt f.rom. Zandvliet WWTW for
(Drinking Water) 10 direct or indirect injection into bulk water supply R120m Jun-18
system
Cape Flats Aquifer 5 Incremental drilling of boreholes abstracting water  rgaom  Jun-18
from the aquifer in Mitchells Plain / Khayelitsha
Intensification of demand management measures:
» Water restrictions,
* Pressure management,
WC/WDM Strategy 100 . water saving incentive schemes, R10m  Jun-18
* Regulation of plumbing fittings and water using
appliances,
* informative water billing,
* communication
Voelvlei
Augmentation 60 DWS Scheme - Pumped transfer of water from R275m Dec-19
(Phase 1) Berg River to Voelvlei Dam
2.3.3 Hydrological assessment of alternative water supply options

A myriad of data sources and associated models exist to support this analysis of which the following are a few

key examples:

e Western Cape Water Supply System Reconciliation Strategy - DWS, 2018.

e Cape Town Water Strategy — January 2019

e City of Cape Town Water Outlook 2018 - December 2018

e The Assessment of Water Availability in the Berg Catchment by means of Water Resource Related
Models — Groundwater Model — Cape Flats Aquifer Model — DWS, 2008.

e The impacts of different degrees of alien plant invasion on yields from the western cape water supply
system — Aurecon/CSIR, 2016s

Three models were used as sources of data during this assessment, i.e. the WRSM2000-Pitman hydrological
model, the Water Resources Yield Model (WRYM) and the Water Resources Planning Model (WRPM) as
configured for the WCWSS (Figure 2-4). The WRSM2000-Pitman was used to assess any impacts on the
hydrological flow regime or water use patterns that certain alternative water supply options will have. The
WRYM & WRPM was used to assess the assured yield and water balance impacts of the system. The primary
tool for assessing the impacts during this assessment was the WRYM model. The latest version of the WRYM
configuration for the WCWSS was sourced from consultants that made recent improvements to the model.

As far as possible, the WRYM model was improved to include variable demands, and not the typical fixed
annual demands, to include the impacts of higher demands in drier periods and vice versa. The yield from the
system will also be constrained by the current and future projected treatment plant and transfer capacities.
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CHAPTER 3: TECHNO-FINANCIAL EVALUATION OF
ALTERNATIVE WATER SUPPLY OPTIONS

3.1 DESALINATION

The main benefit of implementing desalination as an alternative source of bulk water or potable water supply
is that it is rainfall independent. It does not rely on rainfall for assured supply and can be used to supplement
traditional water supplies that are rainfall dependant. This is true for all types of desalination.

Desalination is, however, one of the more expensive water supply alternatives. This expense may be justified
where the cost of unserved water is greater than the cost of water produced through desalination. What this
would mean is that the cost of the desalinated water, which is more expensive than water from traditional bulk
water supplies, would be justified by the fact that the economic costs associated with not having access to
water are significantly more. For example, the Western Cape has substantial tourism and agricultural sectors
with the capacity to pay different prices for water; their willingness to pay will vary substantially, with agriculture
best placed to forego water and wait through the drought rather than to be faced with higher water costs. The
tourism sector is the exact opposite and may be willing to pay a higher cost for assured water supply, provided
through desalination.

It is likely that the desalination technology that would be implemented in South Africa is seawater reverse
osmosis (SWRO) due to limited access to free, waste energy in the form of heat that would make MED cost
effective. The most significant potential threat to this is the interruption of electrical power supply to the facility,
which would result in the inability to run the facility and produce water.

Numerous recommendations regarding desalination plants have been made to the City of Cape Town. The
following salient points are agreed upon in this regard:

e The need for construction of three separate seawater desalination plants of capacity between 100 and
150 MLD, for the following reasons (Water Globe Consultants, 2017), (Water Consultants
International, 2018):

o Environmental impacts — the concentrated discharge of large volume of brine in one location
may pause a significant threat to the surrounding aquatic environment.

o The total capital cost for construction of three 150 MLD plants will be lower than that of the
construction of one 450 MLD plant due to diseconomy of scale associated with construction
of plants larger than 200 MLD.

e The three construction sites are proposed to be at Table Bay Harbour (due to the pre-existence of the
site), False Bay (due to lower salinity levels caused by cape flats aquifer’s discharge into the bay) and
on the Atlantic coast at or near Koeberg (to utilise existing infrastructure) or at another location in the
vicinity of existing large fresh water delivery pipeline in order to avoid construction of water supply
infrastructure in highly urbanized environment (Water Globe Consultants, 2017).

3.1.1 Desalination Technology

The process of desalination can be broken down into two main types, namely; thermal / multi-effect (MED)
distillation and reverse osmosis (RO). There are variations of both, but the general principals can be described
as follows:



3.1.1.1 Thermal / Multi-effect distillation (MED)

Multi-effect distillation is a process consisting of multiple stages or “effects” (Figure 3-1), where the input/feed
water is heated by an external heat source causing it to evaporate and leave the undesirable salts and
impurities behind. In subsequent stages, the steam produced in the previous stage is used to heat and
evaporate more input feed water. This occurs at successively lower pressures and temperatures at each stage;
the lower pressure resulting in a lower temperature required for the feed water to boil. This reuses energy from
the previous stage and aids in increasing the energy efficiency of the process. This type of desalination is often
coupled to an industrial process where the heat required can be sourced directly.
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Figure 3-1: MED Schematic (Bushnak, n.d.)

3.1.1.2 Reverse osmosis (RO)

Reverse osmosis is a process where the input/feed water is forced through a semi-permeable membrane at
high pressure, removing the salts and undesirable impurities (Figure 3-2). This is the reverse of the natural
process of osmosis whereby solvent molecules will move from a less concentrated solution to a more
concentrated solution through a semi-permeable membrane.

t il &
& b l
Figure 3-2: RO Principal (Pacific Northwest Laboratory, 2013)

Reverse osmosis membranes prevent the passage of dissolved solids, but are susceptible to fouling by
suspended solids and organics in certain instances. Pre-treatment of the feed water may therefore be
necessary, depending on the feed water quality (Figure 3-3).
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Figure 3-3: RO Pre-treatment (Pacific Northwest Laboratory, 2013)

3.1.2 Desalination Costing

The below costing (Table 3-1) is assumed for modelling of the reference case facilities of 100 Mé/day,
standalone plants.

Table 3-1: Reference Case cost estimates - 100 Me/day facility

SWRO MED/Thermal
Overnight capital costs, ZAR/M{/day | 21 000 000 24 500 000
EPC costs 72.5% 84.5%
Owner's costs 15.5% 8.0%
Contingencies 12.0% 7.5%

Source: GWI, Desaldata, Almar Water and author’s calculations

Capital costs for RO and MED are comparable, but the cost of RO has dropped to below MED costs and the
market share of RO has subsequently increased, as illustrated in Figure 3-4.
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Figure 3-4: Desalination plant capital cost breakdown for reverse osmosis and multi-effect
distillation




Capital costs were found to be fairly insensitive to scale for plants larger than 50 Mi/day, except when
diseconomy of scale occurs as a result of excessively large equipment and piping, and increased construction
windows. This typically occurs with plants with capacity larger than 200 M{/day (Water Globe Consultants,
2017).

3.1.2.1 Desalinated Water Cost Breakdown for Reverse Osmosis and Multi-effect Distillation

Unitary water costs are reported in Table 3-2 for the 100 M{/day reference case facilities, including SWRO,
natural gas-fired MED, and MED using waste heat.

Table 3-2: Unitary water costs for 100 Mel/day reference case facilities

Project type SWRO, with MED - waste MED/MSF, heat
energy recovery heat, free from natural gas
device at 56 ZAR/GJ

(4 USD/GJ and
14 ZAR/USD)

Capital costs, ZAR/m?3 7,97 8,96 8,96

Total operating costs, ZAR/m3 4,86 3,70 12,77

Thermal energy costs 0% 0% 71%

Electrical energy costs 47% 62% 18%

Other operations and maintenance costs | 53% 38% 11%

Thermal energy consumption, kWhw/m3 | O 45 45

Electrical energy consumption, kWhe/m3 | 2,7 1,75 1,75

Unitary charge, ZAR/m3 12,82 12,66 21,73

Source: GWI, Desaldata, Veolia, Almar Water and author’s calculations
The calculations in Table 3-2 assume an average electricity cost of 0.85ZAR/kWh.

In the case of MED, the sensitivity of desalinated cost to the cost of energy is illustrated in Figure 3-5. It is
shown that at scoping level, RO is essentially more cost-effective than MED, unless a free source of low-grade
waste heat is used as the thermal energy input.

MED is more prevalent in MENA due to the availability of large amounts of associated natural gas production
at low gas prices. In MENA it is often applied as part of the bottoming cycle of an integrated power and water
generation facility. South Africa currently does not have access to low-cost natural gas. MED may be an option
for South Africa in future if paired with low-grade waste heat from e.g., solar-thermal and nuclear power
generation plants. However, solar-thermal/MED is not yet cost-competitive with grid/RO desalination because
of the cost of thermal energy storage and the need for MED to operate at high load factors.
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Figure 3-5: Influence of energy cost on desalinated water cost, multi-effect distillation

3.1.2.2 Benefits of co-location with existing seawater intakes and outfalls

Co-locating the seawater intakes and outfalls of desalination plants with coastal power plant cooling systems
may be beneficial and result in reduced water production costs. Apart from the obvious benefit of shared
infrastructure, a new design could carry the added benefit of utilising lower grade waste heat for e.g., RO water
preheating or hybrid MED-RO desalination, which can reduce energy consumption.

A qualitative analysis was conducted based on a co-locational capital cost benefit of 15%. On this basis, the
impact on water cost is given in Table 3-3.

Table 3-3: Impact on water cost

Scenario Water cost, ZAR/m?®
Reference case SWRO plant, standalone 12.82
Reference case SWRO plant, co-located intake and outfall 11.78

The analysis is hypothetical based on a typical intake/outfall cost contribution and shared costs between co-
located developments. Intake and outfall construction costs vary significantly and are highly site-specific and
dependent on brine disposal and other environmental requirements.

Co-location of desalination with e.g., gas-to-power and nuclear energy at a coastal location should be
considered, ideally during the planning stages of these projects.

3.1.2.3 Desalination and Water Storage, including Aquifer Recharge

Natural water supply is intermittent and variable. Its additional buffer capacity (classically dam and groundwater
storage) allows for a smaller reserve margin between water supply and demand. Pairing desalination with
appropriately sized and cost-effective storage in theory makes it possible to provide more dispatchable water
per unit of desalination capacity (implying a relatively smaller desalination plant).

Desalination requirements should be determined considering existing raw and bulk water storage capacity,
future water storage potential and the ability to integrate with storage, as well as raw water treatment and
purification capacity and the load factor.



Such an analysis has to be conducted on a case-by-case basis within a specific water management area and
is beyond the scope of this study.

3.1.3 Hydrological modelling of desalination

The interplay between treated wastewater, stormwater, desalinisation and aquifer recharge was built into the
WRYM for different scenarios to assess the impact on supply reliability. Implications such as reduced reuse in
times of restrictions will have to be considered.

3.2 WATER REUSE

Water reuse is the process by which wastewater, or effluent, is treated and repurposed. It should be noted that
this is planned reuse of water from an erected treatment plant rather than indirect water reuse that is already
prevalent in the agricultural sector. The use of this technology has been steadily increasing in recent years
and has almost doubled since 2010 (IDA, 2018-2019) as shown in Figure 3-6.

Cumulative contracted and installed reuse capacity by year, 1990-2018
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Figure 3-6: Cumulative contracted and installed reuse capacity world-wide (

The standard to which the water is treated for reuse depends on what the treated water is intended to be used
for. This can broadly be broken into the following two categories:
¢ Potable use (water for fit for human consumption).

¢ Non-potable use such as agricultural irrigation or the recharge groundwater after extraction (aquifer
recharge).

In addition to this, the manner in which the water is used can also be broken down into two categories:
e Direct use: where the treated water is directly used as potable water and fed directly from the output
of the reuse treatment facility to the “tap”.
e Indirect use: where the treated water is used as raw feed water to an existing potable water treatment
facility.
At present the direct use of reuse water is limited. In most cases the reuse water is blended with “conventional’
potable water supplies being made available for consumption.
Typically, the input water intended to be reused has already undergone treatment at a WWTP or equivalent.
The City of Cape Town has identified numerous WWTW'’s as possible feed water sources for reuse. Table 3-4
details the sites as well as their potential yields and uses.



Table 3-4: Potential yields for use of treated effluent from selected CCT wastewater treatment works (million m?a)

Identified Potential Yield*
Total
Rated Average identified
Hydraulic | annual Irrigation/ Local Commercial Aquifer potential Existing
WWTW Capacity flow?® Industrial® | agriculture® | Agriculture’” | recharge® | Potable® yield re-use
Bellville 19.9 19.6 4.7 0.0 0.0 0.0 0.0 4.7 2,110
Kraaifontein 6.4 2.7 0.5 2.0 0.0 0.0 0.0 2.5 2.3
Scottsdene 4.4 2.8 0.5 1.8 0.0 0.0 0.0 2.3 1.9
Athlone 38.3 30.4 10.2 0.0 0.0 0.0 0.0 10.2 15
Cape Flats 73.0 54.6 25 0.0 0.0 0.0 40.0 42.5 0.8
Borcherds Quarry 12.8 10.2 3.4 0.0 0.0 0.0 0.0 3.4 0.0
Parow 0.4 0.6 0.3 0.0 0.0 0.0 0.0 0.3 0.2
Gordons Bay 1.1 0.9 0.3 0.0 0.0 0.0 0.2 0.3 0.0
Macassar 19.7 13.7 2.2 0.0 1.8 0.0 8.9 13.0 0.6 1%
Zandvliet 22.6 175 0.8 0.0 3.3 0.0 16.3 20.4 0.0
Mitchell's Plain 17.5 11.3 1.1 0.0 0.0 0.0 9.3 10.4 0.0
Melkbos 2.0 0.7 0.7 0.0 0.0 0.0 0.0 0.7 0.4
Potsdam 11.7 11.7 6.5 4.1 0.0 0.0 0.0 10.6 1712
Wesfleur (Domestic) 2.9 2.2 0.0 0.0 0.0 2.1 0.0 2.1 0.6
Wesfleur (Industrial) 2.2 1.8 0.4 0.0 0.0 0.0 0.0 0.4 0.0
Simons Town 1.8 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Wildevoél Viei 5.1 3.1 0.9 0.0 0.0 0.0 0.0 0.9 0.0
Total 242.8 171.9 35.1 7.9 5.1 2.1 74.6 124.7 11.6

8 This represents the true potential yield as opposed to the identified potential yield.

4This represents yields of schemes that have already been identified and therefore does not equal the average annual flow.

5 The source of information for the identified potential for local irrigation and industrial use in the Bvi Study "Investigation into the Distribution of Treatment
Effluent" of 2003/04. However, where the industrial potential as determined in the IWRPS exceeds that determined in the Bvi Study, the greater value has been
used.

6 The source of information for the potential for local agriculture is based on the Bvi study (small-scale) agricultural demand).




7 The source of information for the potential for commercial agriculture is based on the IWRPS study by CCT. These are large-scale stand-alone schemes.

8 The source of information for the potential for aquifer recharge is based on the Bvi Study.

9 The source of information for the potential for potable use is based on the work undertaken in the Reconciliation Strategy Study. Based on comments recently
received, the range for potable use varies from 22 million m3/a to 70 million m3/a. This differs from the figures in the table because they are based on average
summer return flows as opposed to annual average flows. The figures in the table are effluent volumes (not reclaimed/portable water volumes) and there is
usually a loss in volumes due to the need to treat the effluent.

10 A project to use treated effluent from the Bellville WWTW, for industrial purposes, has just been completed. Current usage is however unknown at this stage.
11 A project to convey treated effluent from the Macassar WWTW, to a proposed housing development (old AECI property), has recently been initiated.

12 A project to use treated effluent from the Potsdam WWTW, for agricultural and industrial purposes, has just been completed. Current use is unknown at this
stage.

Source: (Ninsham Sahnd Consulting Services; UWP Consulting, 2007)



3.21 Water Reuse Technology

Reuse is the process of treating wastewater bound for a typical wastewater treatment works (WWTW) and
rather than treating it in the conversional manner, treating it to potable or raw water standards depending on
whether its purpose is direct or indirect use. It therefore has the advantage of being rainfall independent but
does rely on a consistent wastewater supply as feed water. If this supply of wastewater was to decrease for
any number of reasons, the ability of the reuse facility to produce treated water for either direct or indirect
consumption would also decrease. For this reason, reuse cannot be considered an assured water supply.
The cost of production of reuse water depends largely on the quality of the waste feed water, but it is typically
significantly less expensive than desalinated water.

The major concern associated with reused water is the perception that it may not be safe for human
consumption. The result of this being a general negative public view of the technology and potentially a
reluctance to consume the water. Both wastewater and water reuse represent areas of the water value chain
where Public Private Partnership (PPP) potential is high. However, it is also the case that most municipalities
in South Africa are not PPP suitable at present. Implemented correctly, wastewater is a business that has a
number of revenue streams. Revenue options include treatment charges, the use of nutrients in fertilisers, the
generation of biogas and opportunities for water reuse. The challenge with addressing wastewater is thus not
largely a financing issue. Rather, the key challenges are centred around infrastructure, governance and
institutional capacity.

There are substantial opportunities to finance wastewater infrastructure through securing purchasing
agreements with industrial and agricultural users for reuse water. There are also good cost savings and
revenue flows to be found in improved energy efficiency and biogas production at wastewater plants.

Due to the variable nature of the effluent, which is intended to be treated, numerous treatment options are
available, depending on the intended use of the output water.

For the CCT, one benefit of a water reuse initiative making use of membrane treatment by ultrafiltration (UF)
to produce either potable water or raw water that could be delivered to surface drinking water plants (provided
the input water is of adequate quality), is that this could be implemented faster than desalination plants. These
indirect or direct water reuse projects have the potential to deliver 20 to 50 MLD to the City of Cape Town
(Water Globe Consultants, 2017).

If reverse osmosis and advanced oxidation treatment of the effluent is necessary after UF in order to produce
water of 