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Executive Summary

The Water Research Commission Brine Workshop on the state of brine research in South Africa was
held on 22-23 January 2014 at the ESKOM Academy of Learning Midrand, Gauteng Province. The
workshop was hosted by ESKOM in collaboration with the Water Research Commission (WRC), and
was facilitated by the Council for Scientific and Industrial Research (CSIR). A variety of stakeholders
participated in this workshop; including representatives from industry, academics and science
councils and government departments.

The aim of the workshop was to provide, a sector perspective of the current state of brine research
in South Africa and the gaps that will define the future research portfolio and the priorities that the
partners can pursue over the next 10 years. This should enable the sector to consolidate, focus,

IM

support and drive relevant research initiatives with the aim of realising “real” solutions to the

current and future brine challenges.

The structure of the workshop was designed to facilitate participation; interaction and networking
between stakeholders to collectively discuss and formulate innovative solutions to the challenges
associated with brine research in South Africa. Prior to the workshop a blog was created to enable
participants to submit inputs to the topic under discussion.

The workshop was divided into different sessions; Session One of the workshop was on the future
desired state of brine in South Africa. Session Two took the form of introductory presentations from
different experts working with brine research. Workshop Session Three took the form of group
discussions and feedback from the different groups in plenary.

Participants were continuously encouraged to continue engaging each other in the blog and to also
submit additional inputs on the topics discussed during the day.

Day Two of the Workshop started off with reflections on Day 1 proceedings and proceeded to
Session Four of the workshop which was setting out the research priorities in terms of probing what
needs to be done. The last session of the workshop entailed crafting a road map on how should we
do in the short- and long term. Dr Valerie Naidoo gave a parting message at the end of the workshop
and thanked the participants for attending the workshop.

The proceedings outline the inputs from the participants in the following 3 main areas:

1. The Future Desired State and the gaps that need to be met to achieve a 5 to 10 year vision.
2. The Research priorities areas.

3. The practical steps that could be taken (roadmap).

The gap analysis was framed within the 4 areas of Knowledge, Technology, Capability and Practice.
Under the knowledge area there was a need to share, advance and benefit knowledge while the
gaps in technology was largely focussed on implementation, integration, collaboration, co-ordination
and funding. Capability gaps could be grouped into training, networking, regulation, markets and



innovation while practice was grouped into enable, measure and manage, learn and adopt and
support.

The research priorities could be grouped into 8 sub-clusters and 4 clusters:

1. Technologies
a. Review Technologies and Knowledge
b. Improve Technologies
c. Integrate Technologies
2. Waste
a. Beneficiate Waste
b. Waste Options
c. Eliminate Waste
3. Economics
4. Regulation

Finally, a 6-12 month action plan was looked at from the perspective of different role players, the
desired state topic areas, and a chronology of steps. The three perspectives are provided in the
report.
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Introduction

The Minister of Water and Environmental Affairs highlighted the importance of research at the WRC
Water Innovation Symposium, saying that we as a community of practice working in and for water
should be extremely proud of the achievements we have made, but that we must also remain
cognisant of the challenges that lie ahead. She further said that it requires continued dedication of
water researchers and scientists to ensure that our new water strategy results in genuine
improvement in the lives of South Africans and stressed that the growth of good and relevant water
science and technology is critically important for us to be able to achieve this (Mrs. Edna Molewa,
September 2013).

The Department of Water Affairs emphasises the centrality of water in the economy in its Strategic
Plan for 2013/14-2017/18 (DWA, 2013), stating that water runs through various sectors as an
enabler and bedrock for all future planning and development. The strategy makes specific reference
to the need to develop water reuse and desalination options to meet local needs. Van der Merwe et
al (2011) estimated that 534 739 ki of effluent is managed/discharged on a daily basis in the inland
environment, with mining (27.1%), power generation (24.7%), paper & pulp (16.6%), petroleum
(12.9%) and steel/metals processing (5.7%) discharging 87% of all effluent. The inland discharge
translates to 1 058 t/d of salt being discharged at inland locations. While desalination technologies
can contribute to local water security, it is also critically important to find sustainable solutions to
dealing with associated brine as a waste product. Desalination is becoming increasingly important to
sustain water quality in production processes and to protect the environment, therefore sustainable
brine disposal strategies has become critical, which requires new, innovative approaches (Van der
Merwe et al, 2011).

The 2-day workshop held on 22-23 January 2014
involved representatives from industry,

academia, science councils and government The objective of the workshop was to

departments and set out to establish the state of provide a sector-perspective of the state
brine research and define research priorities. The of brine research in South Africa and the
complete participant list is attached as Appendix gaps that will define the future research

portfolio and the priorities that partners
can pursue over the next 10 years.

A. The workshop outcomes should enable the
sector to consolidate, focus, support and drive

relevant research initiatives with the aim of
realising real solutions to the current and future
brine challenges.

The Workshop programme hereunder included background presentations and participant inputs on
the future desired state, identification of gaps, determination of research priorities and the
development of a road map for the way forward. Although the workshop focussed on brine
management in inland contexts, the output from the workshop also has the potential to benefit
brine management in coastal contexts. It is also understood that the focus on research priorities
does not preclude inputs on the regulatory/enabling environment and recommendations to improve
coordination and networking in the sector.






Workshop Process

The workshop process followed
the framework hereunder, with
the difference between the
current state and future
desired state representing the
research gap. The gap in the
areas of knowledge,
technology, capability and
practice in five years and ten
years translate to research
priorities, which provides the
basis for the action plan.

Workshop Session One: Future desired state of brine research in South
Africa (what do they want to achieve in 5 to 10 years)

Alice: "Would you tell me, please, which way I ought to go from here?“
"That depends a good deal on where you want to go," said the Cat.
"I don't much care where--" said Alice.

"Then it doesn't much matter which way you go," said the Cat.

Alice’s Adventures in Wonderland (Carroll, 1865)

Session One of the workshop entailed participants responding to the following question by oral
and written inputs as well as making submission on the blog (wrcbrinews.blogspot.com) .

What do we want to achieve?
e In5years
e [n10years
The inputs were organised in thematic groups with the relationship between groups being indicated
with arrows (Figure 1a and 1b).



Figure 1a: Future desired state in 2019

Figure 1b: Future desired state in 2024



Workshop Session Two: Introductory presentations

The slides used by the presenters are provided in Appendix B, with a headlines of each presentation
provided hereunder.

Dr Jo Burgess: Brine Research and the WRC

e Trends
0 Brine volumes generated as a result of coal and gold mining probably represent the
most important challenge over the medium term.
0 Cumulatively, it is possible that brine volumes could be around 4000 t/d within 5
years, and as much as 15 000 t/d of brine within 20 years.
0 Location: in the short term (depending on future strategies to manage the West and
East Rand Basins) brine generation could be relatively evenly split between the
Johannesburg area, and the Witbank area;
0 The greatest increase in brine generation is expected (in the longer term) to be in
the area of the Witbank Coal Fields.
e Present strategies
0 Discharge to evaporation ponds;
Disposal to surface water bodies;
Disposal through pipelines to municipal sewers;
Deep-well injection;

O O O o

Concentration into solid salts;

0 Land application and irrigation of plants tolerant to high salinity (halophytes).
e What problems do we face?

0 It’'s wasteful (solutes recovery);

0 It'stemporary (ponds fill faster than brines evaporate);

0 It's wasteful again (water);

0 Sludges.
e What do we need to solve them?

0 Incremental improvements (enhanced evaporation rates);

0 Disruptive technologies (send it all to the moon for 1 c);

0 New mindset (what would make brine worth its weight in saffron?)

Dr Leslie Petrik (UWC)

e Dr Petrik gave an overview of brine research at UWC, which included:
0 Sulphate removal from neutral mine water using coal fly ash
0 Industrial Brine Minimization: Determining the Physical Chemical Parameters that
Affect Evaporation Rates on Multi-Component Hyper-Saline Effluents
0 Application of mineral carbonation processes for brine remediation
0 Treatment of mine water using a combination of coal fly ash and flocculants in a
jetloop reactor system



0 The Synthesis of Highly Selective Immobilized Ligands for Extraction of Toxic Metal
lons from Waste Water
0 Brine cleanup by carbonation with fly ash

Dr Marcos Rodriguez Pascual (UCT): State of the art of eutectic freeze crystallization

e The EFC process is in most cases still favorable from an energy point of view, with
typically savings in energy costs of about 50% compared to triple stage evaporation.

e Additional advantages of the EFC process are; high purity salt and ice crystals are produced
due to the highly selective crystallization reactions, no additional chemicals are required,
low temperatures results in less corrosion and the process is safe and easily controlled.

e Process has been proven on Pilot Scale of 250 litres/hour.

e EFCTechnology has less energy cost compared with existing technologies, such as 3 stage
evaporation, or Freeze Crystallization for desalination.

e EFCis environmentally friendly as it does not use added chemicals, and reduce to minimum
(or zero ) the waste disposal

e Co-products increase the economic profit.

e Crystallizer designs have been developed and implemented

e So, why it has not been applied yet to industrial scale?

Eskom — Gerhard Gericke, Dheneshree Lalla, Ken Galt

e Impact of deteriorating raw water quality
0 Reduced runs on demin plant, increased regeneration, increased effluent production
0 Reduced cycles of concentration on CW system, increased blowdowns, increased
effluent production
0 Outside the design base of dosing systems
0 Ageing plant struggling to cope with water within design base, aggravated by inferior
feed water quality
e Water pinch strategy (process integration)
0 Study at 2 Eskom power stations
0 Aim: to determine whether water usage and process requirement (quality) is
optimal
0 What water can be used for what purpose?
0 How much water is needed for what purpose?
0 To what extent can water be re-used?
0 What impact will this have on raw water intake and impurity concentration?
e Impact of legislation on the way forward
0 To what extent will co-disposal (water/salt) on ash be regulated?
0 At what point will industry be forced to employ re-use and treatment processes for
re-use within its operations? What is the impact on waste generation?
0 Liner systems are already enforced, but what is the minimum requirement and at
what cost to industry and consumer?
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0 Achange in operating and water management philosophies might be required to
meet future regulatory and legislation requirements.

Ritva Muhlbauer (Anglo American): The brine challenge

e Selective integrated mine water remediation to produce valuable products with no waste
disposal
0 JIA-Coaltech initiative: Laboratory scale and piloting work on
= Eutectic Freeze crystallization — potential for pure salt production
=  HybridICE — mixed salt product
0 Demonstration plant planned at Optimum Colliery
= 2.5ML/d New Vaal Colliery brine treatment plant under construction
e NaSO04 product = ~10% of SA NaSO4 production
e Mixed salt waste
0 Future Technology Development
= Short to medium term
e Implementation of current available brine treatment technologies
e Incremental improvement in brine treatment technologies
e Alternative product generation to increase sustainability
= longterm
e Zero waste approach to lower infrastructure and lifecycle costs
e Socio-economic development opportunities
= |mplementation of DWA Hierarchy of Controls: “Pollution Prevention”

Workshop Sessions Three: Four corner discussions - Gap Analysis

In this session the participants were divided into four groups that were representative of the
different affiliations present at the workshop.The participants discussed the following
guestions in break-away groups and provided feedback in plenary. The inputs were
organised under the headings of knowledge, technology, capability and practice, labelled
as “desired state” (blue boxes in Figures 2a-d) “gap” (red boxes in Figures 2a-d) and

clustered.
What is the future desired state of knowledge, technology, capability and practice?

What is the gap compared to current state of knowledge, technology, capability and
practice?



Figure 2a: Future desired state and gaps for Knowledge.

Figure 2b: Future desired state and gaps for Technology.



Figure 2c: Future desired state and gaps for Capability.

Figure 2d: Future desired state and gaps for Practice.



Day Two of the workshop

Workshop Session Four: Research priorities

Facilitator Marius Claassen

The participants discussed research priorities, based on the gaps above and gave feedback in
plenary. Each group presented their top 10 priorities (listed hereunder), with additional priorities
also listed. Weights were assigned to the research priorities by giving every participant a number of
stickers. The numbers in brackets after each research priority are the number of votes each research
priority received.

1.1 Thermodynamic analysis of Brine systems and potential processes (15)

1.2 Review of SA Brines (chemistry, mass, geo-location) and Treatment technologies (8)

1.3 Low water use substitution (linked to 1.1 & 1.2) e.g. cleaner production, dry cooling, etc. (8)
14 Beneficial product identification and process route development (9)

1.5 Development of appropriate model for salt flows (9)

1.6 Develop and refine separation and concentration technologies (6)

1.7 Organics source identification, chemistry & removal (10)

1.8 Economic assessment of TDS to the economy (7)
1.9 Framework for full evaluation of demonstration projects & baseline studies (9)
2.1 Extend “brine” classification to “saline” waters to map against appropriate technology and

influence fit-for-purpose regulation (6)

2.2 How do we use existing mine voids and working for long term storage of water and brines
with limited impact to the environment (6)

2.3 Determine the capital and operating costs of the available demonstration technologies (7)

2.4 Undertake research to determine the downstream markets for brine and its derivatives and
their economic value (7)

2.5 Do we know how to integrate the different technologies available and develop an
appropriate model (Energy/volume/cost)(21)

2.6 What are the drivers leading to the selection of appropriate brine technologies “Brine
economy” (8)

2.7 How do we beneficiate waste products including saline, brine and gypsum to create
economic value (5)

2.8 Is waste volume minimisation at high concentrations better or large volume with low
concentrations (7)

2.9 Design a process (incl. management system) that leads to zero brine production (12)
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2.10
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
3.10
4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

If brine becomes encapsulated is it inert? (10)

What is the energy efficiency of brine treatment? How can it be improved? (7)
How do we scale up brine treatment technologies from lab scale? (7)

Full scale Economic evaluation (CapEx and OpEx)? (2)

Are there alternative products that can be derived from brine other than salts? (8)
Market assessment of products generated and NPV (0)

What is limiting interaction and collaboration between brine stakeholders? (4)
How do we address compliance with waste regulations in 20217 (10)

How do we treat multi-component brine? (4)

How do we integrate technologies effectively to achieve appropriate outcome? (6)
What is the effect of organics on brine treatment? (6)

Investigate practicality of selling by-products of brine treatment (size of market, price, etc.)
(9)

Invent water and wastewater treatment and commodity production that didn’t create brine
and other wastes (6)

Undertake research to determine and document the limits within which our existing
treatment processes work (5)

Compare existing processes ito effectiveness energy efficiency CapEx, OpEx, etc. to create a
publically available impartial technology selection tool (11)

Independent international assessment of new technologies being produced, the technical
requirements of industry and the difference between the two + a public catalogue of brine
R&D (7)

Investigate how process trains that maximise resource efficiency and minimise waste can be
constructed by integrating the technologies from different groups (8)

Using 1669/1/09 as starting point identify brine prevention opportunities in different
industries to eliminate brine production (7)

Undertake a national total impact assessment/prediction of the consequences of using the
brine disposal options available as a catchment/national community (not case-by-case) (11)

These priorities were clustered to identify key areas of future research. The clusters hereunder also

indicate the combined weight (priority) of each area.
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Workshop Session Five: Road Map

The first step in the road map process was to identify practical steps that could be taken. This was
done in break-away groups and reported in plenary. The list of suggested steps is provided
hereunder.

1. Groupl
1.1. Linked-In group “Brine networks”
1.2. International Brine conference in SA
1.3. Formulation of a Brine-dedicated group within WISA & WRC (+ from group 3)
1.4. Centre of Excellence in Brine at a University
1.5. Collaboration between industry and research centres and government to develop and build
business case to leverage funding
1.6. International collaboration to source funding
1.7. Levy (environmental) from government to fund demonstration scale (technology)
1.8. Tolling the brine produced
1.9. Private investors
1.10. Social funds by incorporating the community
1.11. Charity foundations, e.g. Gates Foundation
2. Group 2
2.1. Create coordinated research plan
2.2. Find and collate sources of funding on the WEB, with links

12



2.3. Companies to document their problems and advertise them to researchers

2.4. Annual progress report from each stakeholder to rest of Brine Division

2.5. Ministerial and Policy briefs on policies & best practice

2.6. Brine Division to write motivation statement, saying why funding brine research is good
value for money

2.7. Brine Division to collate and provide links of publications to funding bodies (to see what is
done or will be done)

3. Group3

3.1. (Vehicle possible through WISA) — Need to have agreement on continuation of interaction
with Workshop participants (Blogspot, etc.)

3.2. How to promote industry/academia partnerships

3.3. Build collaborative network for large projects with ring-fenced co-funding and sharing of
information

3.4. International funding, e.g. H2020

3.5. Dissemination of information through the Division but also through WIN-SA

3.6. Ensure that networks are kept alive and grown (spread the word)

3.7. DST/NRF conference budget

3.8. WRC docs that currently exist needs to be fully Google-searchable

4, Group4

4.1. “Vehicle” is required

4.2. Centre of Excellence model —since it is a global problem — allow one to concentrate funds
(“don’t spread funds too thin”)

4.3. Having a steering committee with people that are directly affected

4.4, Should have dedicated project management function, incl finance (e.g. H2020)

4.5. THRIP, but review terms and conditions of THRIP funding

4.6. WRC funds in total should be increased so that they can be a central coordinator

4.7. Look at Coaltech model

4.8. Need high-profile champion

4.9. Need to shorten concept to execution

4.10. Bringing more engineering and commercial partners in at research question phase (e.g.

“research by tender”
4.11. Venture capital

The next step in the road map process was to record the learning from past experiences
(implementation of similar programmes). The lessons learnt were as follows:

e Copy HISA/Biotech model
0 Champion/discipline
0 Against terms of reference
e No funding issue national — solved before ToR
e Steering committee comprising of stakeholders
e Dedicated project management, incl. financial (EU model FP7)
e Don’t spread funding too thin (Centres of excellence)
e More engineering/commercial in research (research by tender)

13



e Review terms and conditions of THRIP funding
e Increase WRC funding to be central facilitator
e Model for large vs. small research (Coaltech)
e Shorten time from concept to execution

High profile champion

Some practical next steps were identified for short term action. These were:

e Set up community of practice
e Communicate outputs of the workshop
e Set up LinkedIn/Blogspot & Brine networks
e Set up coordination vehicle
0 WISA division: Brine
0 Evaluate potential for volunteers
e Annual workshop: Knowledge sharing
e Make info more easily accessible
e Match-making session: Funds and partnerships
e Water network optimisation seminar (PAMSA)
e Facilitate an aquatic chemistry training course for industry and students (UFS)
e International brine conference in South Africa
e Establish a Centre of Excellence for brine at a University
e Develop collaboration between industry, research and government
O Build case to leverage funding
e International collaboration to source funding
e Environmental levy from government to fund demonstration scale technology
e “Tolling” the brine produced

The 6-12 month action plan was looked at from the perspective of different role players, the desired
state topic areas, and a chronology of steps. The three perspectives are provided hereunder.
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Appendix A: Participant list

Attendance Register: Brine Workshop
Workshop 22-23 January 2014

Name Affiliation Email Address
Mr Jay Bhagwan WRC jay@wrc.org.za
Dr Valerie Naidoo WRC valerien@wrc.org.za
Dr Shauna Costley DAE SCostley@environment.gov.za
Mr Mpho Morudu DAE Mmorudu@environment.gov.za
DR Henry Roman DST Henry.Roman@dst.gov.za
Dr Leslie Petrik uwc Ipetrik@uwc.ac.za
Tabani Mthombeni — Rep TUT Mtombeni@tut.ac.za
Dr Marcos Rodiriguez UCT Marcos.rodiriguezpascual@uct.ac.za
Prof Fritz Carlsson TUT Fritz.carlsson@gmail.com
Kerry Slatter-Christie Kalao kslatter@mweb.co.za

Solutions

Mr 1. W van de Merwe Proxa wimpie@proxa.co.za
Kelly Whitehead ESKOM whitehk@eskom.co.za
Tshitso Tamane ESKOM tamanet@eskom.co.za
Dorian Mokhonoana ESKOM Dorian.mokhonoana@eskom.co.za
Justin Varden ESKOM VardenJ@eskom.co.za
Bathandwa Cobo ESKOM CoboBL@eskom.co.za
Peter Phochana ESKOM Eng phocham@eskom.co.za
Dhelia Raman ESKOM Eng ramand@eskom.co.za
Ruvesh Govender ESKOM Eng GovendRv@eskom.co.za
Renisha Lutchminarian ESKOM LutchmR@eskom.co.za
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Trivesh Moodley ESKOM moodlet@eskom.co.za

Nishad Aboobaker ESKOM abooban@eskom.co.za

Dheneshree Lalla ESKOM lallad@eskom.co.za

Ken Galt ESKOM galtlaj@eskom.co.za

Mr Noddy McGeorge BHP Billiton Noddy.mcgeorge@bhpbilliton.com

Antonio Cruz Anglo Gold APSdaCruz@AngloGoldAshanti.com

Peter Thompson Umgeni Water | Peter.Thompson@umgeni.co.za

Ritva Muhlbauer Anglo Ritva.muhlbauer@angloamerican.com
American

Jenny Reeves ESKOM Jenny.reeves@eskom.co.za

Chris Buckley UKZN buckley@ukzn.co.za

Vivian Moller Prentec vivianm@prentec.co.za

Ishmal Mooketsi SASOL Olebogeng.mookets@sasol.com

Christian Teffo Chamber of cteffo@chamberofmines.org.za
Mines

Mula Phalanndwa ESKOM Phalanm@eskom.co.za

Jennifer Molwantwa WRC jenniferm@wrc.org.za

M Masenga ESKOM masengam@eskom.co.za

Winile Masangane CSIR wmasangane@csir.co.za

Marius Claassen CSIR MClaasse@csir.co.za
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Appendix B: Introductory Presentations

WRC - Dr Jo Burgess
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UWC - Dr Leslie Petrik
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UCT - Dr Marcos Rodriguez Pascual

30



31



Eskom - Gerhard Gericke, Dheneshree Lalla, Ken Galt
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Anglo American - Ritva Muhlbauer
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