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EXECUTIVE SUMMARY

The National Water Research, Development, and Innovation (RDI) Roadmap provides a structured
framework to focus the contribution of RDI activity to the implementation of national policy, strategy and
planning in water resources management in South Africa. The vision of the roadmap is that South Africa is a
leader among middle income countries in the development and deployment of water management practices
and technologies. It competes with leading countries in providing sustainable solutions.

This has been achieved by means of a National Water Research, Development, and Deployment1 (RDD)
Programme focused on: delivery of at least one breakthrough technology every five years; increasing the
number of small and medium sized enterprises operating in the water sector; increasing access to water for
rural communities, including provision of sanitation for all in a sustainable manner. Together, this creates
significant economic, health, social and environmental benefit.

The contribution of RDD to achieving the vision results from a focus on four key objectives: Increase the
availability of water; improve the governance, planning and management of supply and delivery; enable
water and sanitation services to operate as a sustainable “business” and increase the efficiency and
productivity of water use.

The roadmap was developed through an exhaustive, structured process of eliciting staged responses from
the professional community, reviewing the inputs, and assessing their implications.

The roadmapping process included participation, input, review, and revision from key stakeholders in
industry, government and organisations within the National System of Innovation. The roadmap provides
strategic direction, a set of action plans and an implementation framework to guide, plan, coordinate and
manage South Africa’s portfolio investment for the next ten years in seven identified clusters of RDD activity.
The investment aspiration and potential return on investment is also mapped out.

The result of this process is a set of seven plans which over the period 2015-2025 develop out pathways to
progress from the 2015 situation to a much improved future state, by implementing interventions in research,
development, testing, demonstration, and deployment of new technologies and know-how, and
demonstration and deployment of emerging technologies.

The seven plans provide itemised, actionable tasks under the following headings:
1. Water supply

1.1. Increase ability to make use of more sources of water, including alternatives

1.2. Improve governance, planning and management of supply and delivery

1.3. Improve adequacy and performance of supply infrastructure

1.4. Run water as a financially sustainable “business” by improving operational performance
2. Water demand

2.1. Improve governance, planning, and management of demand and use

2.2. Reduce losses and increase efficiency of productive use

2.3. Improve performance of pricing, monitoring, billing, metering and collection

Developing, strengthening and embedding South Africa’s water RDD capability and capacity within and
between research institutions, academic institutions, industry and government, will enable faster and more
effective deployment of context-appropriate technologies and create opportunities for the export of know-how
and technology into the African continent and beyond.

This Water RDI Roadmap thus provides a set of Research, Development, and Deployment clusters (focal
areas) and associated high level action plans to guide investments over a ten year period, and it also lays
out an investment ambition to achieve these plans. This Roadmap is a high level planning tool that facilitates
and guides refocusing of research, reprioritization of funds, synergising of existing initiatives and ring-fencing
of new resources in order to facilitate a more optimal water innovation system.

'ie. Deployment of innovative technologies and new know-how.



Water Research, Development, and Innovation Roadmap

ACKNOWLEDGEMENTS

The project team wishes to thank the following individuals for their contributions to the project.

Reference Group

Ms R Muhlbauer
Ms S Clark

Mr J Beukes

Dr L Godfrey
Mr | Patel

Ms B Ting

Mr | Maredi

Mr R Sekwele
Mr M Bannister
Mr G Gericke
Mr S Moodliar
Mr M Padayachee
Prof J Maree

Dr C Sheridan

Anglo American Coal

BHP Billiton Energy Coal South Africa Ltd (BECSA)
Coaltech

Council for Scientific and Industrial Research (CSIR)
Department of Science and Technology (DST)
Department of Science and Technology
Department of Science and Technology
Department of Water and Sanitation (DWS)
Department of Water and Sanitation

Eskom

eThekwini Metropolitan Municipality

Rand Water

Tshwane University of Technology

University of the Witwatersrand

Mrs N Seetal WADER

Dr S Mpandeli Water Research Commission (WRC)
Mr B Madikizela WRC

Mr C Moseki WRC / DWS

Other work session / workshop participants, without whom this roadmap would never have existed:

Agri SA

Agricultural Research Council (ARC)

Amatola Water

Anglo American Coal

ARC-Institute for Soil, Climate and Water

BHP Billiton Energy Coal South Africa Ltd

Biomimicry SA

Chamber of Mines

City of Cape Town

City of Johannesburg

City of Tshwane

Coaltech

Coca Cola South Africa

Council for Scientific and Industrial Research

Department of Agriculture, Forestry and Fisheries

Department of Environmental Affairs

Department of Science and Technology

Department of Water and Sanitation

East Rand Water Care Company

EON Consulting

Eskom-Mining

Eskom-Research & Development

Eskom-Technology, Strategy, and Research
Management

Eskom-Water Resources

eThekwini Municipality

Exxaro

Federation for a Sustainable Environment

Golder Associates (Pty) Ltd

Grain SA

Johannesburg Water

Land Rehabilitation Society of South Africa

Limpopo Department of Agriculture

Midvaal Water Company

Mintails Ltd

National Business Initiative

National Planning Commission

Nelson Mandela Metropolitan Municipality

NEPAD Business Foundation

Nestlé

Rand Water

SA Association for Water User Associations

SA Irrigation Institute

SAB Miller

Sappi

Sasol

South African Local Government Association

South African National Biodiversity Institute

South African Weather Services (SAWS)

Stellenbosch University

Strategic Water Partners Network (SWPN)

Trans Caledon Tunnel Authority (TCTA)

Tshwane University of Technology

Umgeni Water

Umhlaba Consulting Group

University of Pretoria

University of the Witwatersrand

Water Technologies Demonstration Programme
(WADER)

Water Institute of Southern Africa (WISA)

Water Research Commission (WRC)

Western Cape Department of Agriculture

Wildlife and Environment Society of South Africa

Worldwide Fund for Nature SA



Water Research, Development, and Innovation Roadmap

CONTENTS

EXECUTIVE SUMMARY ...ttt ettt e sttt e e e ettt e e e e bt e e e e e attaeeeeastaeeesaataeaessnbseeaesbseeeeaaseaesasteeeessbanaesants i
ACKNOWLEDGEMENTS ......c.tiiie ittt s ettt e e st e e e e st e e e s asteeeeesstaeaeesteeeaeasseeeeaasseeaesasseeeesassaesansaneessnseneenans ii
L0701 I = 1 TSRS iii
[ S IO L [ 1 = PSS Vi
LIST OF TABLES ... ..ottt ettt ettt e e et e e e e et e e e e s bb e e e e e tae e e e eabeeeeeabeeeeensteeeeennres viii
ACRONYMS & ABBREVIATIONS .....ooiiiiiiieiiiiie ettt e sttt e sttt e e st e e e s satee e e s ensaeeeesssaeeeaassaeeesnssseeesanseeeannneneesn [
L@ S35 7 o SRR X
REPORT ARCHITECTURE ...ttt ettt ettt e e et e e e e snbee e e e enaee e e nees Xii
L0 o Y o It g T 010 11 8 I QT 1
CHAPTER 2: SOUTH AFRICA'S WATER RDI ROADMAP: 2015-2025.........cccirimmririnmrensne s s sssms e 5
21 STRUCTURE OF THE ROADMARP ...ttt ittt ettt et et e ettt e e s et e e e annbeeeeenntaeaeennnaeaeennnes 5

2.2 INCREASE ABILITY TO MAKE USE OF MORE SOURCES OF WATER, INCLUDING
ALTERNATIVES ...ttt ettt e ettt e e sttt e e e aste e e e e esteeeeesateeaesanteeeesanteeeeenseeaesanseeneens 6
2.21 Cluster definition, scope, and research initiatives...............eeeviiiiiiiiiiiiiiiis 6
2211 SeCtOr ODJECHIVE ..o e 6
2.21.2 Target RDD Outcome fOr 2025...........ooiiiiiiiiiiiiee e 6
2213 Research INtiatives .........ooo o 6
222 RDD RESPONSE: SOUICES ... ...eiiiiiiiieieiitiiee ettt ettt e et e e e sttt e e e st e e e e snbee e e e anbeeeeeanteeesanaeeeeannes 7
2.2.3  RDD IMPACE SOUICES ....eeiiiiiiiieiiiiie ettt ettt e et e e e e et e e e st e e e e anbeee s aneeeeennees 8
2.2.4  Strategic RDD Programme: SOUIMCES ........coccuuiieiiiiiieeiiieeeeeiiee et et e et e e e snbee e e s sbeeeeenneee 9
2.2.5 HCD Outline Plans per research initiative (Cluster: Sources) ..........ccccccveeeieiciiieeennnnn. 10
2251 INEEAS et e et e e e s e e e e arreeeeane 10
2252  POENLAL.....coii i ea e 12
2253  ENADIEIS... . 14
2.3 IMPROVE GOVERNANCE, PLANNING AND MANAGEMENT OF SUPPLY AND DELIVERY 16
2.3.1 Cluster definition, scope, and research initiatives.............cccoceeiiiiiiciiiieee e 16
2311 SeCtor ODJECHVE .......eeiiiiiiiee e 16
2.3.1.2 Target RDD Outcome for 2025..........coooiiiiiiiiiiiiiiiiiie e 16
2.3.1.3 Research INtiatives ..........oooo e 16
2.3.2 RDD Response: Governance, planning and management of supply...........ccccceevuneeen. 17
2.3.3 RDD Impact: Governance, planning and management of supply .........ccccccoeeeennnneen. 18
2.3.4  Strategic RDD Programme: Governance, planning and management of supply 19
2.3.5 HCD Outline Plans: Governance, planning and management of supply...................... 20

2.3.5.1  Required research capacity: Governance, planning and management of supply.20

2.3.5.2  Current research capacity per research initiative within Cluster: Governance,

planning and management Of SUPPIY .....vvriiiieei i
24 IMPROVE ADEQUACY AND PERFORMANCE OF SUPPLY INFRASTRUCTURE.................
2.4.1  Cluster definition, scope, and research initiatives.............ccccveeiieii i,
A o g TS 1o (o] @ o) =Y (1Y Y PSSR
2.4.1.2 Target RDD Outcome for 2025..........oooiiiiiieiiiiiie e
2413 Research INatives ...
242 RDD Response: INfrastruCture.......... .o
2.4.3 RDD Impact: INfrastruCture ...........ooo e
2.4.4  Strategic RDD Programme: INfrastruCture............c.oooiiiiiiiiiiiiii e
245 HCD Outline Plans per research initiative: Infrastructure .............cccccovinien,
2451 Ecological Infrastructure (Infrastructure) ............ccooceiiiniiiiniic e
2.4.5.2  Built Infrastructure (INfrastruCture)...........cccooiiiii i
25 RUN WATER AS A FINANCIALLY SUSTAINABLE “BUSINESS” BY IMPROVING OPERATIONAL
PERFORMANCE ..ottt ettt e e e et e e e et e e e e e e e e asb e e e e e nsbeeeeansbeeeeennseeasnreeeeenres
2.5.1  Cluster definition, scope, and research initiatives.............ccceeeiiiii e 31
2511 SeCtOr ODJECHVE ... 31



Water Research, Development, and Innovation Roadmap

2.5.1.2 Target RDD Outcome for 2025..........oooiiiiiieiiiiiie ettt 31
2513 Research INatives ... 31
2.5.2 RDD Response: Operational performancCe .............coooo oo 32
2.5.3 RDD Impact: Operational performanCe ............cuueiiiiiii i 33
254  Strategic RDD Programme: Operational performance .............ccoovuieieiiiiiieiniieee e 34
2.5.5 HCD Outline Plans: Operational performance.............ocueeiiiiiiiiiiiiie e 35
2.6 IMPROVE GOVERNANCE, PLANNING, AND MANAGEMENT OF DEMAND AND USE.................. 36
2.6.1 Cluster definition, scope, and research initiatives...........cccuvviiieeiii e 36
2.6.1.1  SeCtOr ODJECHVE ... e 36
2.6.1.2 Target RDD Outcome for 2025...........ccoiiiiiiiiiiee et 36
2.6.1.3  Research INItIativVes ..........ooiiiiiiiie e 36
2.6.2 RDD Response: Governance, Planning, and Management of Demand ....................ccceuee. 37
2.6.3 RDD Impact: Governance, Planning, and Management of Demand..............ccccoeceeeeiiieennns 38
2.6.4  Strategic RDD Programme: Governance, Planning, and Management of Demand .............. 39
2.6.5 HCD Outline Plans per research initiative: Governance, Planning, and Management of
1T o 0 =T o o PP 40
2.6.5.1  Governance (Demand) ..........cccuieiiiiieeeiiiie et 40
2.6.5.2 Planning and Management (Demand) ...........cccceeiiiiiie i 41
2.7 REDUCE LOSSES AND INCREASE EFFICIENCY OF PRODUCTIVE USE .......cccccoeviiiieeeeieee e 43
2.71 Cluster definition, scope, and research initiatives.............ooooeiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeees 43
2711 SeCtor ODJECHVE ... e 43
2.7.1.2 Target RDD Outcome for 2025..........oooiiiiiiiiiiiiie e 43
2.7.1.3  Research INtiatives ........ccooi oo 43
2.7.2 RDD ReSpoNSe: ProdUCHIVE USE .........uviiiiiiiiiiiiiieiiee ettt e e e e e e e e e e e nnes 44
2.7.3 RDD Impact: ProdUCHIVE USE..........cccuiiiiiiiie ettt e e e e e e e ae e e e e e e e e eanes 45
2.7.4  Strategic RDD Programme: ProdUCtiVE USE ..........coiiiiiiiiiiiiiiiiieeee et a e 46
2.7.5 HCD Outline Plans per research initiative: Productive USe ............ccccceeeiiiiiiiiiiiiieeee e 47
A Tt B = Ter o o1 To== I o L PR 47
2.7.5.2 Deliberate DemMaNd..........cooui it 49
2.8 IMPROVE PERFORMANCE OF PRICING, MONITORING, BILLING, METERING AND
L0 ] I =l 2 I3 [ ] PSSR 51
2.8.1 Cluster definition, scope, and research initiatives.............ccceeeiiiiiiiiiiiii e, 51
2.8.1.1  SeCtor ODJECHVE .......eeiiiiiiie e 51
2.8.1.2 Target RDD Outcome for 2025..........coooiiiiiiiiiiiii e 51
2.8.1.3 Research INtiatives ..........ooo e 51
2.8.2 RDD Response: Pricing, Monitoring, BilliNg ...........coiiiiiiiiii e 52
2.8.3 RDD Impact: Pricing, Monitoring, BilliNg..........cccuiuiiiiiiiiie e 53
2.8.4  Strategic RDD Programme: Pricing, Monitoring, Billing ..........cccoiiiiiiii e 54
2.8.5 HCD Outline Plans per research initiative: Pricing, Monitoring, Billing..............ccccccceeeiinnn. 55
S R Tt N O o T S SRR 55
2.8.5. 2 VOIUME... .ttt et e e ettt e e ettt e e e et te e e e ente e e e e nnbeeeeenees 56
CHAPTER 3: RETURNS AND INVESTMENTS. .........cccciiiieirrriisseressssseesssssssessssssssssssssssssssssssesssssnsesssssnsessnsss 57
3.1 ANTICIPATED RETURNS ON INVESTMENT .....ooiiiiiiiiie ettt s 57
3.2 INVESTMENT REQUIREMENTS ...ttt ettt e et e e st e e s e e e s ennneas 61
CHAPTER 4: APPROACH AND PARTICIPATION ... ieiiccrerrrcmrersssmse s ssssmse e sssssne e s s ssmn e s ssssms e s snssmsensnsnns 64
4.1 WHAT DO CUSTOMERS WANT ? ..ottt ettt e e s et a e e st e e e e sba e e e s sbaeeeesbaeeaesnsneeaeans 64
4.1.1 [dentify CUSIOMEr NEEAS .........ueiiiiiiie et e e e e e e e e e e s e snnraaeeeaeeeanes 64
4.1.2 Review needs, and articulate interventions ... 64
4.1.3  Confirm clusters of needs and iNtErveNtioNS...........ccueiiiiiiiii i 66
4.1.4  Define Sector Performance MEASUIES..........cccuuiiiiiiiiie et e e e eneee e e 71
4.2 SOUTH AFRICA’S RDD RESPONSE .......cooiiiiiiiie ittt etee e et ee e s sntee e e s snteeeessnneeeeesneeeeeanns 73
4.2.1  Articulate and assess RDD Potential ... 73
4.2.2 Research capability Mapping........cooo i a e 77
4.2.3  Articulate strategic INTENT..........eeii i 81
424  Define RDD Programmes ..........ooiiiuiiieiiiiiee ettt ettt ettt e e ib e e s enbe e e s aabe e e e e b 82
4.2.5 Anticipate Programme IMPact..........coo i 82
4.3 SETTING UP TO DELIVER SUGCCESS ...ttt ettt ettt e e etae e e s svaeea e e 83



Water Research, Development, and Innovation Roadmap

4.3.1  Quantify impact and iNVeSTMENt............coiiiiii e 84
4.3.2  Design implementation frameWOrK.............cooiiiiiiiiiiiie e 84
APPENDIX A: WORK SESSION DATA ...ttt ittt ettt nae e st e e n e s e e naeennee e 86
APPENDIX B: ATTRACTIVENESS OF RDD OPPORTUNITIES ACCORDING TO EACH SECTOR, PER
L0 IO S I ORI 97
APPENDIX C: RESEARCH FOCUS AREAS AND THEIR UNDERLYING DISCIPLINES, MAPPED TO THE
SEVEN CLUSTERS OF NEEDS AND INTERVENTIONS ......cccoiiiiieiie e 104
APPENDIX D: DEGREE OF DIFFUSION IN RESEARCH FOCUS AREAS, CATEGORISED BY CLUSTER
AND SECTOR ...ttt ettt a et e e h e e bt e b et e s b et e sab e e et et e sar e e e eneeanreenaneeeas 114
APPENDIX E: LEVEL OF RESEARCH STRENGTH OF INSTITUTES, CATEGORISED BY CLUSTER AND
T = O O ] PPV PRP R PTPPPR 116
APPENDIX F: IMPACT ANTICIPATED, BASED ON FIVE IMPACT AREAS — SUMMARY .....cccccoviiiiinnnn 118

APPENDIX G: NATIONAL RESEARCH FOUNDATION VALUES FOR RESEARCH HUMAN CAPACITY .121



Water Research, Development, and Innovation Roadmap

LIST OF FIGURES

Figure 1: Organogram Of thiS FEPOIT ..........eii i e e e Xii
Figure 2: Structure and overview of the response for each CIUSIEN ...........coooiiiiiiiiiiiii e 5

Figure 3: Research Capacity required each year to carry out RDD Programme, for the Research Initiative
“Needs” within the SOUrCes CIUSTET.........cooiiiiiii e e 10

Figure 4: Research Capacity required each year to carry out RDD Programme, for the Research Initiative
“Potential” within the SOUIrCES CIUSIEN .........oooiiiiiieieeeeeeeee e aaarernees 12

Figure 5: Research Capacity required each year to carry out RDD Programme, for the Research Initiative
“Enablers” within the Sources CIUSTEr..........ooi i 14

Figure 6: Research Capacity required each year to carry out RDD Programme, for the two Research
Initiatives “Governance” and “Planning and Management” within the Governance, Planning and

Management Of SUPPIY CIUSTET ... e e e e e e e e e e e e e ennnaeeeeeas 20
Figure 7: Research Capacity required each year to carry out RDD Programme, for the Research Initiative
“Ecological Infrastructure”within the Infrastructure Cluster ... 27
Figure 8: Research Capacity required each year to carry out RDD Programme, for the Research Initiative
“Built Infrastructure” and “Planning and Management” within the Infrastructure Cluster.................. 29
Figure 9: Research Capacity required each year to carry out RDD Programme, for the Operational
L o]y o gF= Lot Y O 11 ] (=Y R 35
Figure 10: Research Capacity required each year to carry out RDD Programme, for “Governance” in the
Cluster, Governance, Planning, and Management of Demand ... 40
Figure 11: Research Capacity required each year to carry out RDD Programme, for “Planning and
Management” in the Cluster, Governance, Planning, and Management of Demand........................ 41
Figure 12: Research Capacity required each year to carry out RDD Programme, for “Technical Loss” in the
(O (V1) (= g o Yo [§ o3 (1YY U L1 YN 47
Figure 13: Research Capacity required each year to carry out RDD Programme, for “Technical Loss” in the
(O [01S) (= g o o [8 o3 (1YY U LT TR 49
Figure 14: Research Capacity required each year to carry out RDD Programme, for “Cost” in the Cluster,
Price, MONItOr, Bill ........ooo ettt e e e s e e as 55
Figure 15: Research Capacity required each year to carry out RDD Programme, for “Volume” in the Cluster,
(oI [ a1 (o g = 11| 56
Figure 16: Overview of the investment focus and returnS ............ooo i 57
Figure 17: Number of additional people entering water-related SET research via the ten year RDI
programme, categorised by research seniority...........cccco e 59
Figure 18: Investment requirement per year, by cluster, in ZARM..........cciiiiii e 61
Figure 19: Total investment requirement, proportion of investment per Cluster............ccccccoiiiiiiiiiiees 61
Figure 20: Investment requirement per year, by investment instrument, in ZARM .........ccccciiiiiiniiins 62
Figure 21: Total investment requirement, proportion of investment per instrument................occoovveiiiiiiinns 62
Figure 22: Funding by source as % of investment requirement, by year............cccoociiiiiiii e, 63
Figure 23: Funding by source in total, over ten years in R million (left) and as proportion of total investment
o UITa=T o g T=T ol (e | 1 PO PRTI 63
Figure 24: Flow chart of the approach and methodology of the road mapping process..........ccccccoeevvevevnunnen. 65
Figure 26: Evaluation Framework for RDD Potential .............ccuviiiiiiii i 74

Figure 25: RDD Potential by Nature and Stage in the innovation chain, expressed in % of needs per cluster,
= | IR To1 (o= TSSOSO PP POPOPPRRPPPPN 75

Figure 27: Mapping of capacity in underlying science (RFA) required to conduct research for the Cluster:
Operational Performance. An RFA in red indicates no capacity identified at academic units or in

resSearCh INSHIULIONS. ....... et e e e e e e e e e s e e e e e s neeees 80
Figure 28: Readiness to do RESEArCh ™ fTAMEWOTK. .........c.ovveeeeeeeeeeeeeeeeeeeeeee e eee e ees s eeee s ee e eseseeeesseees 80
Figure B1: Increase ability to make use of more sources of water, including alternatives...............cccccccoeeee. 97

Vi



Figure B2:
Figure B3:
Figure B4:
Figure B5:
Figure B6:
Figure B7:
Figure D1:
Figure D2:
Figure E1:
Figure E2:

Water Research, Development, and Innovation Roadmap

Improve governance, planning and management of supply and delivery ............cccccoevvieiennnnenn. 98
Improve adequacy and performance of supply infrastructure ............ccccooei i, 99
Run water as a financially sustainable “business” by improving operational performance........... 100
Improve governance, planning, and management of demand and US€ .............cccooiiieiiiiieeenee 101
Reduce losses and increase efficiency of productive USe ...........ccccueveiiiiiiiiiccien e 102
Improve performance of pricing, monitoring, billing, metering and collection....................c.......... 103
Degree of diffusion in water Supply CIUSTEIS ..........oiiiiiiiiii e 114
Degree of diffusion in water demand CIUSTErS..........ooouiiiiiiiiiii e 115
Level of strength in water SUPPlY CIUSIEIS .........ooiiiiiiiie e 116
Level of strength in water demand CIUSEEIS .........oooiiiiiiiiie e 117

Vii



Water Research, Development, and Innovation Roadmap

LIST OF TABLES

Table 1: Mapping of capacity in underlying science (RFA) required to conduct research into “Needs” ......... 11
Table 2: Mapping of capacity in underlying science (RFA) required to conduct research into “Potential”...... 13
Table 3: Mapping of capacity in underlying science (RFA) required to conduct research into “Enablers” ..... 15
Table 4: Mapping of capacity in underlying science (RFA) required to conduct research into “Governance”
[ESTUTo] o] 1Y) SRS 21
Table 5: Mapping of capacity in underlying science (RFA) required to conduct research into “Planning and
Y =TT [T o g =T o1 (S 18] o] 1Y (PO OPRPOTPI 22

Table 6: Mapping of capacity in underlying science (RFA) required to conduct research into “Ecological
INTTASITUCTU” ...ttt b et b e st e e sh e e et e e e abe e st e e e sabeeeneeas 28

Table 7: Mapping of capacity in underlying science (RFA) required to conduct research into “Built
INfrasStrUCIUIE ... ... 30

Table 8: Mapping of capacity in underlying science (RFA) required to conduct research into “Operational
PerformancCe’ ... 35

Table 9: Mapping of capacity in underlying science (RFA) required to conduct research into “Governance” 40
Table 10: Mapping of capacity in underlying science (RFA) required to conduct research into “Planning”.... 41
Table 11: Mapping of capacity in underlying science (RFA) required to conduct research into “Management”

.......................................................................................................................................................... 42
Table 12: Mapping of capacity in underlying science (RFA) required to conduct research into “Technical

0 USRS 48
Table 13: Mapping of capacity in underlying science (RFA) required to conduct research into “Technical

0 LRSS 50
Table 14: Mapping of capacity in underlying science (RFA) required to conduct research into “Cost” .......... 55
Table 15: Mapping of capacity in underlying science (RFA) required to conduct research into “Volume” ..... 56
Table 16: Anticipated RDD Outputs, by Objective and INdiCator .............ccooviiiiiiiiiie e 58
Table 17: RDD Productivity ASSUMPLIONS. ........ciiiiiiiiiiiie et ee ettt e e e e e s e e e e e s e s naeeeaeaeeeaannnes 58
Table 18: Significant Impact anticipated on five dimensions — Summary ...........ccccccceev e 60
Table 19: Clustered needs identified by the four sectors, and their summarised interventions...................... 66
Table 20: Example Performance Measures created by the water community..........cccoocoeviiiiiiii e, 71
Table 21: Sector Objectives and Performance MEASUIES...........ccceeiiiiuiiiiiiie e e 72
Table 22: Taxonomy of Research FOCUS Areas (RFAS).....cooiiiiiiiiiii e 77

Table 23: Numbers of different research group members found in average Small, Medium, and Large
Research Groups defined according groups described in WRC proposals received from 2009 to

2O SRR 84
Table 24: Total investment plan for the Water RDI ROAdMaPp..........ccooiciiiiiiiieeii i 85
Table A1: Statements of need (unabridged) and interventions provided during work sessions with the four

sectors of the water COMMUNILY. ..........ooiiiiii e 86
Table A2: Statements of need grouped into clusters, indicating which sectors expressed which needs. ...... 92

Table A3: Assessment of RDD potential according to the stage and nature of each identified opportunity... 93
Table A4: Assessment of RDD Performance Measures according to the seven Clusters of Needs,

Interventions, and RDD POtENLIAl...........coooiieiiii et 95
Table F1: Impact assessment: Water SCArcCity ..........ooouiiiiiiiiii e 118
Table F2: Impact assessment: ECONOMIUC. ......cccocieiiiiieie e 119
Table F3: Impact assessment: HEalth ... e 119
Table F4: Impact assesSSMENt: SOCIELY.......cooiiiiiiii e 120
Table F5: Impact aSSeSSMENt: SOCIELY.......coiiiiiiiiii e 120

viii



Water Research, Development, and Innovation Roadmap

ACRONYMS & ABBREVIATIONS

ARC
ASSAf
CoC
CoE
CSIR
DAFF
DHS
DoH
DST
DWS
HCD
HEI

KG
M&E
NBI
NEPAD
NGO
NIPMO
NPC
NRF
NSI
NWRS2
PSP
R&D
RDD
RDI
RFA
RP
SALGA
SANBI
SAWS
SET
SOE
SWPN
TAC
TCTA
TIA
TRP
WADER
WCDM
WDCS
WESSA
WHO
WRC
WUA
WUE
WWEF-SA

Agricultural Research Council

Academy of Science of South Africa

Centre of Competence

Centre of Excellence

Council for Scientific and Industrial Research
Department of Agriculture, Forestry and Fisheries
Department of Human Settlements

Department of Health

Department of Science and Technology
Department of Water and Sanitation

Human Capacity Development, or Human Capital Development
Higher Education Institute

Knowledge generation

Monitoring and evaluation

National Business Initiative

The New Partnership for Africa's Development
Non-government organisation

National Intellectual Property Management Office
National Planning Commission

National Research Foundation

National System of Innovation

National Water Resources Strategy 2
Professional service centre

Research and development

Research, development, and deployment
Research, development, and innovation
Research focus area

Research programme

South African Local Government Association
South African National Biodiversity Institute
South African Weather Services

Science, engineering, and technology
State-owned enterprise

Strategic Water Partners Network

Technical assistance centre

Trans Caledon Tunnel Authority

Technology Innovation Agency

Targeted research programme

Water Technologies Demonstration Programme
Water conservation and demand management
Waste discharge charge system

Wildlife and Environment Society of South Africa
World Health Organization

Water Research Commission

Water Users’ Association

Water use efficiency

Worldwide Fund for Nature South Africa
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GLOSSARY

Centre of Pre-commercialisation instrument positioned downstream in the NSI of a CoE, and
Competence immediately before commercialisation.

Centre of CoEs are physical or virtual centres of research that concentrate existing research

Excellence excellence and capacity and resources to enable researchers to collaborate across

disciplines and institutions on long-term projects that are locally relevant and
internationally competitive in order to enhance the pursuit of research excellence
and capacity development.

Cluster definition

A definition of the Cluster with its constituent Research Initiatives, together with the
associated water sector objective and RDD Outcome for 2025, in support of the
Cluster objective.

Customer and
Partner
Relationship
Management

Recognises that the need to engage with customers, partner and investors — to
engage, understand needs, secure buy-in, participation and commitment to
collaborate, invest or commercialise requires explicit resource that is other, or
incremental to those that are principally involved in conducting research itself. This
may require a dedicated function, such as a desk

Customer needs

Statements of need expressed by ‘Customers’, who in this context were members
of the water community of professionals, which were divided into four sectors:
Agriculture, Industry, The public sector, and Environmental protection.

HCD Outline Plan

A summary of the research capacity required for each Cluster — at the level of
Research Initiative — as well as the current level of competence in the associated
Research Focus Areas (RFAs). This indicates the potential for realisation of the
intended RDD Programme. It also provides a basis for more detailed investigation
of requirements for HCD interventions.

Human Capacity
Development, or
Human Capital
Development
(HCD)

Honours and graduate students (not Masters or PhDs) supported as part of building
a pipeline of RDI Capacity. In the investment model, masters and doctoral studies
are catered for under Research Capacity because these students contribute to
research activity as part of Research Groups. Investment is also required in the
Bachelors and Honours part of the pipeline. This is provided for in the HCD
component of the Investment Model.

Impact Assessment

The Impact Assessment Framework used required assessment of anticipated

Framework impacts in a set of nine sub-areas in five broad areas: Water Scarcity, Economic,
Health, Society, and Environment.

Interventions Actions required or corrective measures that can be taken to satisfy a need, without
prescribing a solution in terms of how, or when, such action could be taken.

Knowledge The extent to which knowledge about a specified topic has diffused from research

Diffusion into practice. The degree of KD is estimated on a scale of 0 (initial research, no

implementation), through field testing and pockets of implementation, to 5 (research
translated into full adoption).

Professional
Service Centre
(PSC)

A PSC is a market-facing unit that delivers services or technical offerings to a
defined set of customers, on a commercial basis (though not necessarily as a for-
profit enterprise).

RDD Impact

A high level summary of the potential impact anticipated, based on successful
performance of the RDD Programme, in relation to five areas defined in the Impact
Assessment Framework.

RDD Opportunity

An identified set of actions which would allow RDD activity to provide for
interventions to satisfy needs.
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RDD Outcome

Describes our ambition, i.e. what — ideally — will have been achieved at the
successful conclusion of the Programme.

RDD Potential

The potential that resides in South Africa to undertake RDI and RDD activity, as a
product of current research capability and strength, and existence of opportunities.

RDD Programme

Defined in immediate, short-, medium-, and long-term timeframes. The immediate
phase is typically time-limited to one year in which to explore and further clarify the
RDD Opportunity and plan an appropriate research response.

RDD Response

A high level summary of the planned RDD Programme planned for each Cluster
based on identified Customer Needs and the opportunity to develop and deploy
solutions in satisfaction of such needs through R&D.

RDI / RDD
Objective

RDD Objectives distil and summarise the Needs and Interventions documented.
Sets out at a high level the ambition and focus of the RDI Programmes that
underpin the contribution of RDI to achievement of the vision.

RDI Infrastructure

Facilities and equipment required to perform RDI activity

RDI Success Factor

Success Factors are things that are required to enable achievement of the RDD
Objectives.

Research Capacity

Research Groups, whether at a particular location or in the form of a distributed
network, including masters and doctoral students that are associated with, and
supervised by this Research Capacity. Capacity Outline Plan: forward needs
summarised.

Research Chair

Research Chairs may be publicly or privately funded. They are held by a university
in partnership with a private partner or a public research institution. The main goal
of Research Chairs is to strengthen and improve research and innovation capacity
of public universities for producing high quality postgraduate students and research
and innovation outputs. The South African Research Chairs Initiative (SARChI) is
designed to attract and retain excellence in research and innovation at South
African public universities through the establishment of Research Chairs at public
universities in South Africa with a long-term investment trajectory of up to fifteen
years.

Research Focus
Area

Areas of research expertise were defined both by the underlying academic
discipline (e.g. microbiology) and the research focus area (RFA), or area of interest
(e.g. potable water quality). The full list of RFAs is shown in Appendix C.

Research Strength

The number of people active in an RFA, with recognition of their length experience
and depth and breadth of their capabilities. Research Strength is gauged on a
scale of 1 to 8. The ideal situation is one in which 20% of research groups in a
certain focus area are below level, 50% at levels 5-6, and 30% at level 7 or 8.

Sector Objective

The Target Objective for a sector.

Seeding Covers investments made at the Exploratory Phase, as well as investment to
enable a change in state in the course of the overall timeframe
Target Objective The Target Objective sets out an intended end-state, in terms of a capabilities,

products, and state of commercialisation for these key areas or contribution.

Targeted Research
Programme (TRP)

A Research Programme (RP) designed specifically to satisfy a particular Need or
Cluster of Needs.

Technology
Development

Human resource investments associated with the development of technology (and
service) components, platforms, systems, process improvements

Xi
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REPORT ARCHITECTURE

This report does not present the roadmap in chronological order.

It contains the ten year roadmap for water research, development, and innovation (RDI) itself, in Chapter 2,
and additionally contains the rationale (Chapter 1), the level of investment in water RDI required to carry out
the plans set out in Chapter 2 (Chapter 3), and finally an explanation of the methodology used to create the

roadmap (Chapter 4).

The diagram below depicts the architecture of the document.

Chapter 1 Chapter 2
Context: the case —> National Water Research, Development &
for action Innovation Roadmap 2015 - 2025
Section 2.2 Section 2.3 Section 2.4 Section 2.5 Section 2.6 Section 2.7 Section 2.8
Water supply Water supply Water supply Water supply Water demand Water demand Water demand
Increase ability Improve Improve Run water as a Improve Reduce losses Improve
to make use of governance, adequacy and financially governance, and increase performance of
more sources planning and performance of sustainable planning, and efficiency of pricing,
of water, management of supply “business” by management of productive use monitoring,
including supply and infrastructure improving demand and use billing, metering
alternatives delivery T, N operational and collection
= = “, performance

Chapter 3
Investment ask, and
returns anticipated

Chapter 4
Methodology and
assumptions
|
Appendices
Supporting data

—>

Figure 1: Organogram of this report

Xii
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CHAPTER 1: CONTEXT

1.1  CONTEXT

The context within which the RDI roadmap was created is one of increasing water scarcity. Numerous
international bodies, including the Water Resources Group 2030 (WRG2030), and the World Economic
Forum (WEF) have identified water as a priority concern.

For four years, WEF Global Risk Reports have identified water as one of the three most important challenges
worldwide; in 2015, for the first time, it has moved to the top, as the biggest societal and economic risk for
the next ten years (WEF, 2015)2. The report assesses risks that are global in nature and have the potential
to cause significant negative impact across entire countries and industries.

Risks from water overuse and shortage, poor water infrastructure and management came out on top — not as
future problems outlined by models and simulations, but as facts today which are rapidly worsening.

Water is key for life, central to societal development. Water risks affect industrialised and developing
economies alike; repercussions of its overuse and increasing shortage are multiple and complex,
widespread and severe.

Water for people: according to the World Health Organization (WHQO) there are still more than 700 million
people without access to so-called ‘improved’ water — here the trend is positive: the proportion of the world’s
population with access to improved drinking water sources increased from 76% to 89% globally between
1990 and 2012. But ‘improved’ is by no means ‘safe’. An article by Gérard Payen, former chairman of
Aquafed and Member of the United Nations Secretary General’s Advisory Board on Water and Sanitation,
states that close to 2 billion people use water that is unsafe and dangerous for their health, while 3.4 billion
people use water of doubtful quality, at least from time to time. And these problems are getting worse, due to
insufficient investment in water infrastructure, in low income, middle income, and high income economies.

Water for food: WEF (2015) reported seeing the first problems in regions where natural buffers have been
exhausted in times of normal rainfall. The public and the media tend to see natural drought as the problem,
but droughts come and go. The real problem is that we destroyed the ‘natural’ safety nets by overusing
groundwater. So without a change in the way we use water, the global growth in population and prosperity
are rapidly leading us into massive shortfalls in global cereal production.

In the past water was mostly abundant — at least up until the 1990s — so we have forgotten how important it
is for socioeconomic growth. Some occasions in India, South Africa, and the USA when power generation
in thermal plants had to be slowed down because of lack of cooling water may be interpreted as early signs
for more widespread problems ahead.

There is a transboundary, and increasingly geopolitical dimension, e.g., in the Crocodile and Orange, to
mention but two cross-border basins.

Water for the environment: this is about urgently needed wetlands, about biodiversity. But drying rivers
also destroy human livelihoods, and sinking groundwater tables threaten human settlements.

Based on rising population, economic growth projections, scarcity of resources as well as current use and
efficiency levels, South Africa will demand 17% more water than exists by 2030. The net deficit between
supply and demand could grow to between 2.7 and 3.8 billion m?®. In addition, it is crucial to recognise that
South Africa’s water supplies are already almost fully allocated. This means that new businesses and
industries will find it increasingly difficult to access water licenses, particularly in more overdrawn
catchments. Also, where licenses are allocated, increasing strain will be placed on the natural systems to
produce a good quality and quantities of water.

This reality places renewed emphasis on the need for innovative solutions, technologies and processes as
well as highly skilled individuals that will be able to rise to the challenge of navigating these complexities
going into the future. It is this area of innovation and associated skills needs that the Water RDD Roadmap
responds to.

2 WEF (2015) Global Risks 2015. http://reports.weforum.org/global-risks-2015/ (Accessed 12 February 2015)
1
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1.2 ALIGNMENT WITH NATIONAL AND INTERNATIONAL STRATEGIC OBJECTIVES

The list below was developed in collaboration by all three of the WRC, DST, and DWS. The DWS paid
particular attention to the alignment of the Roadmap with their strategies, especially with the National Water
Resources Strategy 2. The Water RDI Roadmap will serve as the basis for the implementation of the
NWRS2, especially Chapter 14 (Research and Innovation) and Chapter 15 (Water Sector Skills and

Capacity).

The list provides, from left to right, the name of the national initiatives with which the RDD Programmes
presented in Chapter 2 of the Roadmap align, the objectives which are shared by the named national
initiatives and the RDI Roadmap, and finally the sections of the Roadmap which are aligned with the named

national initiatives.

National initiative(s)

Strategic objectives of national
initiatives and RDI Roadmap

Roadmap contribution to national initiatives

Outcome 2 (Job creation)
Outcome 4 (Employment)
Outcome 12 (Public service)
New Growth Path

National Water Resources Strategy
(NWRS2) Chapter 14, Chapter 9
(9.4.3), and Chapter 6 (6.4.3)

DST Grand Challenges: Adapting
the Way We Live and Innovation for
Sustainability

NWRS2 Chapter 4: 4.1.4 —
reconciliation strategy, 4.1.2 —
urban development, 4.1.6 job
creation

Provision of equitable and
sustainable water services of
acceptable quantity and quality

Constitutional right to Free Basic
Water

e Improve and increase the skills
pool and build competencies in
the DWS and within the sector

e To articulate the need for aligned
qualifications development with
DHET and EWSETA and build
into RDD programmes

e To maintain @ minimum number of students

supported in water research

To enhance human capital development by
supporting SMMEs in Water R&D domain
Knowledge dissemination and training will form part
of the functions of the PSPs and TACs within the
RDD programmes

e Implement programmes that
create job opportunities

To facilitate positive relationships with communities
through active community participation in RDI

To maintain the minimum number of students
supported in water R&D

o Improve water resources and
water services information

To increase water knowledge by initiating new R&D

To provide the country with supportive knowledge
via completed projects

To improve knowledge

To promote the uptake and communication of
research in the form of manuals, guidelines, and
other supporting materials

To engage the sector in knowledge-sharing events

o Ensure effective performance of
water management and services
institutions

Provision of PSCs and TAC will support
performance of WSAs and WSPs

o Ensure the availability of/access
to water supply for environmental
and socio-economic use

To increase water knowledge by initiating new R&D
that addresses the identified knowledge gaps

To provide the country with supportive knowledge
via completed RDI

To improve knowledge dissemination

To promote the uptake and communication of R&D
in the form of manuals, guidelines, and other
supporting materials

To engage the sector in D& via knowledge-sharing
events through public dialogues and workshops

NWRS2 Chapter 7: 7.4.3, Chapter
8: 8.6, and Chapter 9:9.4.8

o Appropriate tariffs and effective
economic regulation

The Price. Monitor. Bill. cluster provides for
determination and review of pricing and tariffing
best practices.

NWRS Chapter 8: 8.5.2

NWRS2 Chapter 9: 9.4.9

¢ Regulatory coordination

¢ Coordinate regional and global
water research cooperation

e Correct planning and
management of resources and
revenues

Through the Governance, Planning, and Demand
clusters, enhance the relevance of South African
water research locally and globally by coordinating
strategic local and international partnerships,
knowledge-sharing agreements or partnership
agreements with knowledge-sharing institutions




South Africa’s Research, Development, and Innovation Roadmap

National initiative(s)

Strategic objectives of national
initiatives and RDI Roadmap

Roadmap contribution to national initiatives

Equitable and sustainable
provisioning of raw water

Outcome 2 (Job creation)
Outcome 6 (Infrastructure)
NWRS Chapter 7

New Growth Path

National Development Plan (NDP)

o Improve equity and efficiency in
water allocation

e Strengthen and implement
strategies for water management

o Improve water use efficiency

o Achieve an efficient, competitive
and responsive economic
infrastructure network

¢ TRPs leading to RDI successes in the governance,

planning and management of water allocation, and
in productive use of water

TRP to support water availability by finding solutions
to problems related to bulk water supply and
assisting the development of appropriate
regulations regarding water quantity, quality, and
usage

Outcome 9 (Local government)

DST Grand Challenge: Water
Security for South Africa (Adapting
the Way We Live)

o Support the water sector

To improve the dissemination of water R&D
products

Protection of freshwater ecosystems
(5.4.5and 54.9)

NWRS2 Chapter 5 (5.4.1)
Outcome 10 (Environment)

DST Grand Challenge: Conserving
Biodiversity and Ecosystem
Services (Reducing the Human
Footprint)

o Improve the protection of water
resources and ensure their
sustainability

o Achieve protection and
enhancement of the country’s
environmental assets and natural
resources

The Water RDI roadmap supports this outcome
through research aiming to improve basic services,
with special emphasis on delivery of water and
sanitation services

NWRS2 Chapter 15

National Skills Development
Strategy

NWRS2 Chapter 7: 7.4.8 and 7.4.9

o Stakeholder mapping

e Strengthen linkages between
research organisations

e Increase water services-relevant
offerings at HEls, including
undergraduate pipeline

Research focus area capability mapping

To increase water knowledge by initiating new
research

To provide the country with supportive knowledge
via completed R&D, from fundamental research,
through applied research, to demonstration via
WADER, to implementation

To improve knowledge dissemination

National Desalination Strategy
National Strategy for Water Re-use
National Groundwater Strategy

NWRS2 Chapter 4: 4.4.10, 4.4.11,
44.12,44.13 and 4.4.14, Chapter
7:7.4.1 and 7.4.2, and Chapter 9:
9.4.5)

DST Grand Challenge: Doing More
With Less (Reducing the Human
Footprint)

e Increase the use of desalinated
water sources, including
wastewater, mine water,
brackish water, and seawater

e Increase the volume of
wastewater being reused and /
or recycled

o Maximise use of rain water
harvesting, groundwater and the
artificial recharge of
groundwater/ aquifers

Through the Sources cluster, to diversify the mix of
water resources in use

DST Grand Challenge: Earth
observation and monitoring
(Understanding a Changing Planet)

e Improving resource management

e Increased expertise in techniques such as GIS,

remote sensing, to be utilised in the Supply
Governance, Planning and Management cluster.

o Such information underpins virtually all public policy

decisions, from public health to water resource
management, to protection of the ecosystem
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National initiative(s)

Strategic objectives of national
initiatives and RDI Roadmap

Roadmap contribution to national initiatives

NWRS2 Chapter 9 and Chapter 8:
8.5.12

¢ Research into amendment of
legislation (9.4.1)

o Through the governance clusters, research into
policy amendments to provide for evidence-based
policy and regulation

* Increase capacity and capability related to water law
and public administration

Outcome 7 (vibrant, equitable and
sustainable rural communities)

DST Grand Challenge: Food and
Fibre Security for South Africa
(Adapting the Way We Live)

Department of Rural Development
and Land Reform: Vibrant,
Equitable and Sustainable Rural
Communities and Food Security for
all

o Achieve vibrant, equitable and
sustainable rural communities
and food security for all

o TRP addressing water utilisation in agriculture, as
well as in informal settlements and peri-urban
communities.

o The use of water by small-scale farmers
(smallholders) and water allocation reform will be
addressed in the clusters, Sources, Supply
Governance, and Productive Use.

o The RDI roadmap will continue to support the wise
use of water for agriculture, specifically to reduce
water demand from irrigation.

International and Regional
Initiatives

Strategic objectives of
International and Regional
initiatives and the RDI Roadmap

Roadmap contribution to international and
regional initiatives

Convention on the Law of the Non-
navigational Uses of International
Watercourses: equitable and
reasonable use of shared water
resources

e Use, development and protection
of international watercourses
shall be undertaken in an
equitable and reasonable way.

o Water course states shall employ
their best efforts to process,
develop and collect data and
information in @ manner that
facilitates equitable and
reasonable use.

o Two roadmap clusters focus on governance,
planning and management that address the
hydropolitical, transboundary, regional and
international aspects of water innovation.

o The cluster focused on pricing, monitoring, billing
and metering is essential to responding to the data
and information sharing requirements of
international legislation.

Revised Protocol on Shared
Watercourse in the Southern African
Development Community: Research
and appropriate technology
development (Article 2E)

e Research and technology
development, information
exchange, capacity building, and
the application of appropriate
technologies to shared
watercourses management.

o The SADC protocol emphasises aligning national
legislation and policy to the regional treaty. The
Water RDI Roadmap responds to this by putting a
clear RDI investment and HCD strategy in place for
the next 10 years. This clear plan also facilitates
regional partnership as needs are clearly
articulated.

SADC Regional Indicative Strategic
Development Plan (RISDP):
Environment and Sustainable
development, Science and
Technology

¢ Science and technology and
Environment and Sustainable
Development (to which water is
linked) are highlighted as priority
intervention areas for SADC.

o This roadmap responds to the regional call for
targeted and strategic investment into science and
technology and water-related environmental
challenges.

Science, Technology and Innovation
Strategy for Africa 2024: sustainable
management of natural resources
and environments to secure the
interest of future generations

e Eradicate hunger and achieve
food security.

o Protect our space - knowledge
of the water cycle, river systems
and basin management.

e Live together and build society -
urban hydrology and urban
waste management.

o The Cluster on reducing losses and increasing
efficiency of productive use has important synergies
with the agricultural sector.

o The cluster focusing on water infrastructure
(including ecological infrastructure) is essential to
knowledge on river systems.

o The clusters on running water as a business,
improving operational performance and
infrastructure directly support urban hydrology and
waste water management innovation.
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CHAPTER 2: SOUTH AFRICA'S WATER RDI ROADMAP:
2015-2025

21 STRUCTURE OF THE ROADMAP

This chapter presents the end results of the roadmapping process — i.e. the roadmap itself. Explanations of
how the information in this chapter was derived are provided in Chapter 4. Definitions of the specialised
terms used may be found in the glossary and list of abbreviations on pages vi-vii.

The reader should be aware that in order to fully understand the methodology and assumptions that
underpin the conclusions of the roadmapping process presented in Chapter 2, s/he will need to read, or at
least refer to, Chapter 4.

In brief, a comprehensive workshopping and reiterative review and rebuild process was adopted to create a
list of the needs of the water community. The water community as a whole was divided into four sectors:
Agriculture, Industry, Public Sector, and Environmental Protection.

Each sector then identified Interventions in order to provide lists of recommended actions that would satisfy
each need. The needs and interventions could be categorised into seven Clusters, around each of which a
ten year programme of action and investment was created. The process is described in full in sections 4.1 to

4.3.

The seven Clusters are divided into supply and demand side needs and interventions, as follows:

Water supply

1. Increase ability to make use of more sources of water, including alternatives
2. Improve governance, planning and management of supply and delivery
3. Improve adequacy and performance of supply infrastructure

4. Run water as a financially sustainable “business” by improving operational performance

Water demand

5. Improve governance, planning, and management of demand and use
6. Reduce losses and increase efficiency of productive use
7. Improve performance of pricing, monitoring, billing, metering and collection

Sections 2.2 to 2.8 present the programmes of RDD Responses designed for each

illustrates the way in which sections 2.2 to 2.8 have been structured.

Cluster. Figure 2

Cluster

Definition R

RDD Impact

A definition of the
Cluster with the
constituent
Research Initiatives,
together with the
associated water
sector objective and
RDD Qutcome for
2025, in support of
this objective

A high level summary of the
planned RDD Programme
planned for each Cluster
based on identified
Customer Needs and the
opportunity to develop and
deploy solutions in
satisfaction of such Needs
through R&D

Drawing upon the more
detailed Programme plans
as well as on work from
preceding phases of the
project, these Responses
set out: the focus and
evolution of RDD activity,
knowledge generation and
exploitation, building of
research capability and the
implementation of the
required research
infrastructure, as well as
the key customer and
partner relationships

Figure 2: Structure and overview of the response for each Cluster

A high level summary
of the potential Impact
anticipated on
successful performance
of RDD Programme, in
relation to five areas
defined in the Impact
Assessment Framework

» contribution to
reduction of water
scarcity

» economic value,

» improvements in
health

» societal benefit

» support for
environmental
sustainability

5

Strategic RDD Programme

Defined in immediate, short-, medium-
and long-term timeframes.

The immediate phase is typically time-
limited to a one year period in which to
explore and further clarify the RDD
opportunity and plan an appropriate
research response.

» A“Node”, “Network” or “Research
Group” may reside in a single
institution, but may equally comprise
a specialists from across institutions

» A CoE is a Centre of Excellence
» A CoC is a Centre of Competence

» A Professional Services Centre
is a market-facing unit that delivers
services or technical offerings to a
defined set of customers, on a
commercial basis (though not
necessarily as a for-profit enterprise)

HCD OQutline Plan

A summary of the
research Capacity
required for each
Cluster - at the level of
Research initiative —
as well as the level of
the current
competence in the
associated Research
Focus Areas (RFAs).

This indicates the
potential for
realisation of the
intended RDD
Programme.

It also provides a basis
for more detailed
investigation of
requirements for HCD
interventions.
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Each section begins by defining the Cluster, then provides the RDD Response, the anticipated impact of
responding, an RDD programme which sets out actions over a ten year period, and finally an HCD plan for
each research initiative within the RDD Programme.

The RDD Response plans each provide identification of national and international partners to be engaged,
for each Cluster (for example, the Sources Cluster RDD Response is shown on page 7). This is important, as
it informs decisions around co-funding, such as which donors may have overlapping priorities, and around
internationalisation of the research outputs. Water is a major research and innovation theme that is central to
Africa’s development, and an area in which international co-operation is essential.

The impacts that would be made by implementing each ten year plan were assessed using the methodology
set out in section 4.2.4. The appropriate instruments to implement each ten year plan were identified, and
the costs estimated, based on sets of assumptions which are explained in detail in sections 4.2 and 4.3.

2.2 SUPPLY CLUSTER 1: INCREASE ABILITY TO MAKE USE OF MORE SOURCES OF
WATER, INCLUDING ALTERNATIVES

2.21 Cluster definition, scope, and research initiatives

2.2.1.1  Sector Objective

Increase ability to make use of more sources of water, including alternatives.

2.2.1.2 Target RDD Outcome for 2025

Technology development for utilisation of diverse water sources at catchment level, with source
localisation and exploitation driven by fitness for use is a key point of excellence in South African
practices.

Focus on local resources and appropriate technologies, with strategic consideration of leverage potential and
location opportunity from the adaption of inbound technology; explicit emphasis on deployment and uptake.

2.2.1.3 Research Initiatives

The Sources Cluster contains three research initiatives, which are:

Need Define requirement to identify and make
use of alternative sources of water supply;
create basis for evaluation of localised
source potential; monitor ongoing viability
and changes in sources of supply

Potential Evaluate potential value and feasibility of
alternative approaches, including fitness for
purpose and requirements on treatment.
Improve systemic ability to make use of
alternative supplies —technology
management systems, capability

Enablers Initiate and drive dialogue, research and
programmes involving producers, users and
consumers to increase social acceptance of
recycled water
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South Africa’s Research, Development, and Innovation Roadmap
2.2.5 HCD Outline Plans per research initiative (Cluster: Sources)

The Research Capacity required to carry out RDD Programme, per year (i.e. number of people in each year,
not a cumulative number) is presented graphically for each of the research initiatives.

The RDD Capacity by Research Initiative is also presented as a table indicating which research focus areas
(RFAs) are relevant to the Research Initiative, and mapping the existing capacity in each RFA required to
conduct research within the RDD programme set out in the preceding section.

Capacity has been identified at four levels using a scoring system for each research group (Emerging 0,
Building 4, Established 7, Mature 10 ) based on composite score on a scale of 0-10 based on number and
seniority of people, budget, publications and products, and technical services.

2.2.5.1 Needs Research Initiative (Sources)

80
70
B N B B B BN B BN
60
50
40
30

20

10

1 2 3 4 5 6 7 8 9 10
Year 1 2 3 4 5 6 7 8 9 10
Research Chairs 0 0 0 0 0 0 0 0 0 0
Project leaders 0 3 3 3 3 3 3 3 3 3
Principal researchers 0 3 3 3 3 3 3 3 3 3
Senior researchers 0 6 6 6 6 6 6 6 6 6
Researchers 0 15 15 15 15 15 15 15 15 15
Doctoral students 0 17 17 17 17 17 17 17 17 17
Masters students 0 26 26 26 26 26 26 26 26 26

Figure 3: Research Capacity required each year to carry out RDD Programme, for the Research
Initiative “Needs” within the Sources Cluster
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South Africa’s Research, Development, and Innovation Roadmap

Table 1: Mapping of capacity in underlying science (RFA) required to conduct research into “Needs”

<t (= "]
Oraanisi Lol RQIER B8 cl8c8R-EB888sa8E22
rganisation

Agricultural Research Coundil

ARC

ARC Infruitec-Nietvoorbij

ARC-INstitute for Soil, Climate and Water
ARC-ISCW

ARC-Plant Protection Research Institute
AU/NEPAD Southern African Network of Water
Centres of Excellence

Cape Peninsula University of Technology
Central University of Free State

Council for Geoscience

CSIR

Durban University of Technology

Mintek

Monash South Africa

Nelson Mandela Metropolitan University
North-West University

NRF

Rhodes University

SASRI

South African Environmental Observation Network
South African National Parks

South African Sugar Associatioon

South African Sugarcane Research Institute
(SASRI)

South African Weather Service

Stellenbosch University

Tshwane University of Technology

UNISA

University of Cape Town

University of FortHare

University of Johannesburg

University of KwaZulu-Natal

University of limpopo

University of Pretoria

University of the Free State . .
University of the Western Cape

University of the Witwatersrand

University of Venda

University of Zululand

Vaal University of Technology

Wildlife and Environment Society of South Africa

Key: | Emerging | Building | Established . Mature

Source: Mutualfruit Readiness to do Research'" 2014 survey, data analysis. n=209 RDD units

Note: RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity
identified at any academic units or research institutions.
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South Africa’s Research, Development, and Innovation Roadmap

2.2.5.2 Potential Research Initiative (Sources)

80 -
70
60 -
50
40 -
554 B B B B B B B B
20

10 A

44 44 44 44 44 44 44 44 44
52 52 52 52 52 52 52 52 52
79 79 79 79 79 79 79 79 79

Researchers
Doctoral students
Masters students

1 2 3 4 5 6 7 8 9 10
Year 1 2 3 4 5 6 7 8 9 10
Research Chairs 0 0 0 0 0 0 0 0 0 0
Project leaders 0 9 9 9 9 9 9 9 9 9
Principal researchers 0 9 9 9 9 9 9 9 9 9
Senior researchers 0 17 17 17 17 17 17 17 17 17

0
0
0

Figure 4: Research Capacity required each year to carry out RDD Programme, for the Research
Initiative “Potential” within the Sources Cluster
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South Africa’s Research, Development, and Innovation Roadmap

2.2.5.3 Enablers Research Initiative (Sources)

80

70 -

60 -

50 -

40 -

30 -

20 -

10 -

1 2 3 4 5 6
Year 1 2 3 4 5 6 7 8 9 10
Research Chairs 0 0 0 0 0 0 0 0 0 0
Project leaders 0 1 1 1 1 1 1 1 1 1
Principal researchers 0 1 1 1 1 1 1 1 1 1
Senior researchers 0 3 3 3 3 3 3 3 3 3
Researchers 0 7 7 7 7 7 7 7 7 7

lDoctoraI students 0 9 9 9 9 9 9 9 9 9
Masters students 0 13 13 13 13 13 13 13 13 13

Figure 5: Research Capacity required each year to carry out RDD Programme, for the Research
Initiative “Enablers” within the Sources Cluster
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Table 3: Mapping of capacity in underlying science (RFA) required to conduct research into

[13 bH
Enablers
=T O M D W
o Lone2@IICRB8BBRE58sccsc2e8
Organisation
Agricultural Research Counal
ARC

ARC Infruitec-Nietvoorbij

ARC-INstitute for Soil, Climate and Water
ARC-ISCW

ARC-Plant Protection Research Institute
AU/NEPAD Southern African Network of Water
Centres of Excellence

Cape PeninsulaUniversity of Technology
Central University of Free State

Council for Geoscience

CSIR

Durban University of Technology

Mintek

Monash South Africa

Nelson Mandela Metropolitan University
North-West University

NRF

Rhodes University

SASRI

South African Environmental Observation Network
South African National Parks

South African Sugar Association

South African Sugarcane Research Institute
(SASRI)

South African Weather Service

Stellenbosch University

Tshwane Universityof Technology

UNISA

University of Cape Town

University of FortHare

University of Johannesburg

University of KwaZulu-Natal

University of limpopo

University of Pretoria

University of the Free State ]
University of the Western Cape

University of the Witwatersrand

University of Venda

University of Zululand

Vaal University of Technology

Wildlife and Environment Society of South Africa

Key: « Emerging  Building | Established . Mature

Source: Mutualfruit Readiness to do Research'™ 2014 survey, data analysis. n=209 RDD units
Note: RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity
identified at any academic units or research institutions.

15
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2.3 SUPPLY CLUSTER 2: IMPROVE GOVERNANCE, PLANNING AND MANAGEMENT OF
SUPPLY AND DELIVERY

2.3.1 Cluster definition, scope, and research initiatives

2.3.1.1 Sector Objective

Improve governance, planning and management of supply and delivery.

2.3.1.2 Target RDD Outcome for 2025

The new DWS water allocations map (2016) is implemented by nine functional Catchment
Management Agencies. The map includes groundwater, seawater, and wastewater.

This enables optimised reallocation and distribution of supplies and an improved ability to manage water
flows. Focus on improved quality and resilience of planning for the future — ability to respond to changes,
including climate change.

2.3.1.3 Research Initiatives

This cluster contains two research initiatives, which are Governance, and Planning and Management:

16
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South Africa’s Research, Development, and Innovation Roadmap
2.3.5 HCD Outline Plans: Governance, planning and management of supply

2.3.5.1 Required research capacity: Governance, planning and management of supply

80 1
70 A
60 -
50 -
-, HEBHEHEBENEBE®BRDMN
30
20 A - - - - - - - -
10 -
0
1 2 3 4 5 6 7 8 9 10
Year 1 2 3 4 5 6 7 8 9 10
Research Chairs 0 0 2 2 2 2 2 0 0 0
Project leaders 0 2 2 2 2 2 2 2 2 0
Principal researchers 0 2 2 2 2 2 2 2 2 0
Senior researchers 0 4 4 4 4 4 4 4 4 0
Researchers 0 10 10 10 10 10 10 10 10 0
[ Doctoral students 0 12 12 12 12 12 12 12 12 0
Masters students 0 17 17 17 17 17 17 17 17 0

Figure 6: Research Capacity required each year to carry out RDD Programme, for the two Research
Initiatives “Governance” and “Planning and Management” within the Governance, Planning and
Management of Supply Cluster
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South Africa’s Research, Development, and Innovation Roadmap

2.3.5.2  Current research capacity per research initiative within Cluster: Governance, planning and

management of supply

Table 4: Mapping of capacity in underlying science (RFA) required to conduct research into
“Governance” (Supply)

RFA

Organisation

Agricultural Research Council

Albany Museum

ARC

ARC Infruitec-Nietvoorbij

ARC-INstitute for Sail, Climate and Water
ARC-ISCW

ARC-Plant Protection Research Institute
AUINEPAD SA Network of Water CoEs
Cape Peninsula University of Technology
Central University of Free State
Council for Geoscience

CSIR

Durban University of Technology

Mintek

Monash South Africa

Nelson Mandela Metropolitan University
North-West University

NRF

Rhodes University

SASRI

South African Environmental Observation Network
South African Sugarcane Research Institute (SASRI)
South African Weather Senice
Stellenbosch University

Tshwane University of Technology
UNISA

University of Cape Town

University of FortHare

University of Johannesburg

University of KwaZulu-Natal

University of limpopo

University of Pretona

University of the Free State

University of the Western Cape
University of the Witwatersrand
University of Venda

University of Zululand

Vaal University of Technology

Wildlife and Environment Society of South Africa

103
104
105
106

-, O DN TNONMTHMNT =D N
N gmEOOOFT oDt n 222

Key: Emerging Building Established . Mature

Source: Mutualfruit Readiness to do Research'” 2014 survey, data analysis. n=209 RDD units
Note: RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity

identified at any academic units or research institutions.
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South Africa’s Research, Development, and Innovation Roadmap

2.4 SUPPLY CLUSTER 3: IMPROVE ADEQUACY AND PERFORMANCE OF SUPPLY
INFRASTRUCTURE

2.41 Cluster definition, scope, and research initiatives

2.4.1.1  Sector Objective

Improve adequacy and performance of supply infrastructure.

2.4.1.2 Target RDD Outcome for 2025

Increased volume and adaptability of storage capacity for raw water and treated effluent is available.

This has increased the levels of protection and reliability of ecological infrastructure, and the ecological
reserve is sufficient.

2.4.1.3 Research Initiatives

This cluster contains two research initiatives, which are:

Ecological Increase the ability and practice of making
and implementing informed choices related
to improvements in the performance of
ecological infrastructure, including through
rehabilitation and mitigation measures.

Infrastructure

The decision basis is sound socio-economic
evaluation of the benefits and impacts of
introduction or changes to environmental
goods and services

Built Evaluate performance of built infrastructure
in respect of suitability, availability,
capacity, flexibility.

Infrastructure

Support development and implementation
of plans to optimise investment in supply
infrastructure, including with tools for
investment decision-making and integrated
approaches to asset management
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South Africa’s Research, Development, and Innovation Roadmap

2.4.5 HCD Outline Plans per research initiative: Infrastructure

2.4.5.1  Ecological Infrastructure (Infrastructure)
80
70
60
50
40

30

——
. T T T s e
10
0
1 2 3 4 5 6 7 8 9 10
Year 1 2 3 4 5 6 7 8 9 10
Research Chairs 0 1 1 1 1 1 0 0 0 0
Project leaders 0 1 1 1 1 1 1 1 1 0
Principal researchers 0 1 1 1 1 1 1 1 1 0
Senior researchers 0 2 2 2 2 2 2 2 2 0
Researchers 0 5 5 5 5 5 5 5 5 0
Doctoral students 0 7 7 6 6 6 6 6 6 0
Masters students 0 10 10 9 9 9 9 9 9 0

Figure 7: Research Capacity required each year to carry out RDD Programme, for the Research
Initiative “Ecological Infrastructure” within the Infrastructure Cluster
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Table 6: Mapping of capacity in underlying science (RFA) required to conduct research into
“Ecological Infrastructure”

oo,

-— o - - 0T OO —WDWODHIMmOD™Mwo
TN NMOTOLIDOOOOO~~M~aoo

101
102
106

RFA

Organisation

Agricultural Research Council

ARC

ARC Infruitec-Nietvoorbij

ARC-INstitute for Soil, Climate and Water
ARC-ISCW

ARC-Plant Protection Research Institute
AU/NEPAD SA Network of Water COEs
Central University of Free State
Council for Geoscience

CSIR

Durban University of Technology
Mintek

Monash South Africa

Nelson Mandela Metropolitan University
North-West University

NRF

Rhodes University

SASRI

SAEON

South African National Parks

South African Sugar Association

South African Sugar Association

South African Weather Service
Stellenbosch University

Tshwane University of Technology
UNISA

University of Cape Town

University of FortHare

University of Johannesburg

University of KwaZulu-Natal

University of Limpopo

University of Limpopo

University of the Free State

University of the Western Cape
University of the Witwatersrand
University of Venda

University of Zululand

Vaal University of Technology

Wildlife and Environment Society of South Africa

Key: . Emerging | Building | Established . Mature

Source: Mutualfruit Readiness to do Research'" 2014 survey, data analysis. n=209 RDD units
Note: RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity
identified at any academic units or research institutions.
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2.4.5.2  Built Infrastructure (Infrastructure)
80 1
70 A
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50 -
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[$)]
o
~
¢
©

10

Year
Research Chairs
Project leaders
Principal researchers
Senior researchers
Researchers
-Doctoral students
Masters students
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Figure 8: Research Capacity required each year to carry out RDD Programme, for the Research
Initiative “Built Infrastructure” and “Planning and Management” within the Infrastructure Cluster
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South Africa’s Research, Development, and Innovation Roadmap

2.5 SUPPLY CLUSTER 4: RUN WATER AS A FINANCIALLY SUSTAINABLE “BUSINESS”
BY IMPROVING OPERATIONAL PERFORMANCE

2.5.1 Cluster definition, scope, and research initiatives

2.5.1.1  Sector Objective

Improve operational performance and run Water as a sustainable “business”,

2.5.1.2 Target RDD Outcome for 2025

The financial sustainability of the water services system is secured.

Pricing is equitable and the attribution of water use is accurate. Non-revenue water is below 15% and
revenues are collected punctually. Operational efficiency has been gained and >90% of water and
wastewater treatment works have Blue Drop / Green Drop status.

2.5.1.3 Research Initiatives

This cluster contains three research initiatives combined into one:

Policy, Improve the ability to monitor and evaluate
the public sector system and its
performance, including through technology
insertion, service responsiveness and
uprating of capacity

Technology and
Capacity

Increase the financial sustainability of the
public water supply system through support
for evidence-based policy revisions relating
to the requirement to pay
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South Africa’s Research, Development, and Innovation Roadmap

2.5.5 HCD Outline Plans: Operational performance

80 1

70 -

60 -

50 4

40 -

30 4

Year
Research Chairs
Project leaders

Principal researchers

Senior researchers
Researchers

Doctoral students
Masters students

3 4 5 6 7 8
1 2 3 4 5 6 7
0 0 0 0 0 0 0
0 3 3 3 3 3 3
0 3 3 3 3 3 3
0 6 6 6 6 6 6
0 15 15 15 15 15 15
0 17 17 17 17 17 17
0 26 26 26 26 26 26

9 10
8 9 10
0 0 0
3 3 3
3 3 3
6 6 6

15 15 15
17 17 17
26 26 26

Figure 9: Research Capacity required each year to carry out RDD Programme, for the Operational

Performance Cluster

Table 8: Mapping of capacity in underlying science (RFA) required to conduct research into

Organisation

ARC

ARC Infruitec-Nietvoorbij

Cape Peninsula University of Technology
Central University of Free State
Council for Geoscience

CSIR

Durban University of Technology
Environmental Engineering Services
Mintek

National Metrology Institute of South Africa
Nelson Mandela Metropalitan University
North-West University

Rhodes University

SASRI

South African National Parks
Stellenbosch University

Tshwane University of Technology
UNISA

University of Cape Town

University of FortHare

University of Johannesburg
University of KwaZulu-Natal
University of Limpopo

University of Pretoria

University of the Free State
University of the Westem Cape
University of the Witwatersrand
University of Venda

University of Zululand

Vaal University of Technology

Key:

“Operational Performance”

e -— o~ ™M T ST T TINN O @ w0

J Emerging J Building . Established . Mature

Source: Mutualfruit Readiness to do Research'" 2014 survey, data analysis. n=209 RDD units

Note:

identified at any academic units or research institutions.
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RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity
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2.6 DEMAND CLUSTER 5: IMPROVE GOVERNANCE, PLANNING, AND MANAGEMENT OF
DEMAND AND USE

2.6.1 Cluster definition, scope, and research initiatives

2.6.1.1  Sector Objective

Improve governance planning and its implementation in the management of demand and use.

2.6.1.2 Target RDD Outcome for 2025

There is equitable and transparent access to water supplies that are managed at catchment level by
DWS co-operatively with DoH, DAFF, DHS, and DEA.

Transparency over rights, quotas, allocations, and transfers has been achieved and co-operative
governance with respect to planning and management has been improved.

2.6.1.3 Research Initiatives

This cluster contains two research initiatives, which are:

Demand Design and enable implementation of
improved and more co-operative
governance with respect to planning and
management of demand, including
regulatory frameworks, decision-making
and achieving optimum balance between
economic growth and development and the
need for water and food security

Governance

Demand Improve quality and effectiveness of context-
specific decision-making, planning
implementationand regulation processesin
respect of water use authorisation - rights,
quotas, allocation and transfers.

Planning and
Management

Increase institutional efficiencies through
support forimplementationand uptake of
WCDM measures proposed in NWRS2,
including provision of strategic and
managementinformationto enable effective
functioning of Catchment Management
agencies
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South Africa’s Research, Development, and Innovation Roadmap

2.6.5 HCD Outline Plans per research initiative: Governance, Planning, and Management of
Demand

2.6.5.1 Governance (Demand)

80 1

70

60 -

50

40 -

30

20 -

10 -

0

1 2 3 4 5 6 7 8 9 10

Year 1 2 3 4 5 6 7 8 9 10
Research Chairs 0 0 0 0 0 0 0 0 0 0
Project leaders 0 1 1 1 1 1 1 1 1 1
Principal researchers 0 1 1 1 1 1 1 1 1 1
Senior researchers 0 1 1 1 1 1 1 1 1 1
Researchers 0 3 3 3 3 3 3 3 3 3
Doctoral students 0 3 3 3 3 3 3 3 3 3
Masters students 0 5 5 5 5 5 5 5 5 5

Figure 10: Research Capacity required each year to carry out RDD Programme, for “Governance” in
the Cluster, Governance, Planning, and Management of Demand

Table 9: Mapping of capacity in underlying science (RFA) required to conduct research into

[13 ”
Governance
<T o — N T D WD
LeoIRQ022BRIBSRIRREESSSSS88

Organisation

Agricultural Research Council

ARC Infruitec-Nietvoorbij

Cape Peninsula University of Technology
AUINEPAD SA Network of Water COEs
Central University of Free State

CSIR

Durban University of Technology
Monash South Africa

North-West University

Rhodes University

SASRI

South African Environmental Observation Network
Tshwane University of Technology
UNISA

University of Cape Town

University of Johannesburg

University of KwaZulu-Natal

University of Pretoria

University of the Free State .
University of the Witwatersrand

University of Zululand

Key: Emerging Building Established . Mature

Source: Mutualfruit Readiness to do Research'" 2014 survey, data analysis. n=209 RDD units
Note: RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity
identified at any academic units or research institutions.
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2.6.5.2 Planning and Management (Demand)

80
70
60
50
40 -
I —_— — — .
30
= — aa—— ——
10
0
1, 2 3 4 5 6 7 8 ] 10
Year 1 2 3 4 5 6 7 8 9 10
Research Chairs 0 0 0 0 0 0 0 0 0 0
Project leaders 0 1 1 1 1 1 1 1 1 1
Principal researchers 0 1 1 1 1 1 1 1 1 1
Senior researchers 0 2 2 2 3 3 3 3 3 3
Researchers 0 5 5 5 7 7 7 7 7 7
Doctoral students 0 6 6 6 9 9 9 9 9 9
Masters students 0 9 9 9 13 13 13 13 13 13

Figure 11: Research Capacity required each year to carry out RDD Programme, for “Planning and
Management” in the Cluster, Governance, Planning, and Management of Demand

Table 10: Mapping of capacity in underlying science (RFA) required to conduct research into
“Planning”

Organisation

Agricultural Research Council

ARC Infruitec-Nietoorbij

AUINEPAD SA Network of Water COEs
Cape PeninsulaUniversity of Technology
Central University of Free State

CSIR

Durban University of Technology
Mintek

North-West University

Rhodes University

SASRI

South African National Parks

Tshwane Universityof Technology

UNISA

University of Cape Town

University of Johannesburg

University of KwaZulu-Natal

University of Pretoria

University of the Free State .
University of the Witwatersrand

South African Sugar Association

Key: Emerging Building Established . Mature

Source: Mutualfruit Readiness to do Research'" 2014 survey, data analysis. n=209 RDD units
Note: RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity
identified at any academic units or research institutions.
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Table 11: Mapping of capacity in underlying science (RFA) required to conduct research into
“Management”

RFA

wa—hommvmmcmemwmmo-—
—r M S N e w w0000 O

93

TN~ N®
aoaa@2EL

104
105
106

Organisation

Agricultural Research Counal
ARC Infruitec-Nietvoorbij

Cape Peninsula University of Technology
Central University of Free State
CSIR

Durban University of Technology
Monash South Africa

North-West University

Rhodes University

SASRI

South African National Parks
Tshwane University of Technology
UNISA

University of Cape Town
University of Johannesburg
University of KwaZulu-Natal
University of Pretoria

University of the Free State [
University of the Witwatersrand
University of Zululand

Key: Emerging Building Established . Mature

Source: Mutualfruit Readiness to do Research'" 2014 survey, data analysis. n=209 RDD units
Note: RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity
identified at any academic units or research institutions.
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2.7 DEMAND CLUSTER 6: REDUCE LOSSES AND INCREASE EFFICIENCY OF
PRODUCTIVE USE

2.7.1 Cluster definition, scope, and research initiatives

2.7.1.1  Sector Objective

Reduce unintended losses and increase efficiency of productive use.

2.7.1.2 Target RDD Outcome for 2025

Non-productive uses of water have been eliminated or minimised.

This is evinced by reductions in: water transport losses, leakages, volume of water use, output to
unrecoverable sources, volume and toxicity of pollution, and discharge of poor quality water. There have
been concomitant increases in: conjunctive use of water, the area under irrigation, efficiency of water use,
and levels of water reuse.

2.7.1.3 Research Initiatives

This cluster contains two research initiatives, which are:

Technical Loss Identify, enable and support (municipalities
in) targeted improvements in prioritised
water loss situations through prevention,
mitigation and reduction measures
including technology solutions, operational
practices and institutional efficiencies.

Deliberate Supportdemandside decision-making
intended to optimise balance between the
right to water and productive use of this
water.

Demand

Develop and test technologies focused on
efficiency of use, fitness for use, transfer of
water and waste minimisation (with transfer
to WADER for demonstration and deployment
where appropriate)
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South Africa’s Research, Development, and Innovation Roadmap

2.7.5 HCD Outline Plans per research initiative: Productive use

2.7.5.1 Technical Loss

80 4
70 -

60

50 -
40 -
30 -
20

10 -

1 2 3 4 5 6 7 8 9 10
Year 1 2 3 4 5 6 7 8 9 10
Research Chairs 0 0 0 0 0 0 0 0 0 0
Project leaders 0 3 3 3 3 3 3 3 0 0
Principal researchers 0 3 3 3 3 3 3 3 0 0
Senior researchers 0 6 6 6 6 6 6 6 0 0
Researchers 0 15 15 15 15 15 15 15 0 0
Doctoral students 0 17 17 17 17 17 17 17 0 0
Masters students 0 26 26 26 26 26 26 26 0 0

Figure 12: Research Capacity required each year to carry out RDD Programme, for “Technical Loss”
in the Cluster, Productive Use
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South Africa’s Research, Development, and Innovation Roadmap

Table 12: Mapping of capacity in underlying science (RFA) required to conduct research into
“Technical Loss”

<t o -
— LoRBY2ILOB88588583
rganisation
Agricultural Research Coundll
ARC

ARC Infruitec-Nietvoorbij

ARC-INstitute for Soil, Climate and Water
ARC-ISCW

ARC-Plant Protection Research Institute
AU/NEPAD SA Network of Water COEs
Central University of Free State
Council for Geoscience

CSIR

Durban University of Technology
Mintek

Nelson Mandela Metropolitan University
North-West University

NRF

Rhodes University

SASRI

South African Environmental Observation Network
South African Sugarcane Research Institute (SASRI)
Stellenbosch University

Tshwane Universityof Technology
South African Sugar Association
University of Cape Town

University of FortHare

University of Johannesburg

University of KwaZulu-Natal

University of Limpopo

University of Pretoria

University of the Free State

University of the Western Cape
University of the Witwatersrand
University of Limpopo

University of Zululand

Vaal University of Technology

Key: | Emerging | Building ] Established . Mature

Source: Mutualfruit Readiness to do Research'” 2014 survey, data analysis. n=209 RDD units
Note: RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity
identified at any academic units or research institutions.

48



South Africa’s Research, Development, and Innovation Roadmap

2.7.5.2 Deliberate Demand

160
. EEEEEEEE
120 -
100 -
80 -
60 -
a0

20 -

1 2 3 4 5 6 7 8 9 10
Year 1 2 3 4 5 6 7 8 9 10
Research Chairs 0 0 0 0 0 0 0 0 0 0
Project leaders 0 7 7 7 7 7 7 7 7 0
Principal researchers 0 7 7 7 7 7 7 7 7 0
Senior researchers 0 13 13 13 13 13 13 13 13 0
Researchers 0 33 33 33 33 33 33 33 33 0
.Doctoral students 0 39 39 39 39 39 39 39 39 0
Masters students 0 59 59 59 59 59 59 59 59 0

Figure 13: Research Capacity required each year to carry out RDD Programme, for “Technical Loss”
in the Cluster, Productive Use
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South Africa’s Research, Development, and Innovation Roadmap

2.8 DEMAND CLUSTER 7: IMPROVE PERFORMANCE OF PRICING, MONITORING,
BILLING, METERING AND COLLECTION

2.8.1 Cluster definition, scope, and research initiatives

2.8.1.1  Sector Objective

Improve performance of Pricing, Monitoring, Billing, Metering and Collection.

2.8.1.2 Target RDD Outcome for 2025

Improved accuracy has been attained in water use monitoring, billing and management

Pricing is equitable, the attribution of water use is accurate. Non-revenue water is below 15% and revenues
are collected punctually.

2.8.1.3 Research Initiatives

This cluster contains two research initiatives, which are:

Cost Improve equity of pricing by creating and
optimising pricing and tariffing systems that
are representative of true cost of water and
sanitation services

Volume Improve the performance (coverage and
accuracy) of flow monitoring, metering,
attribution, billing and collection practices
and systems
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South Africa’s Research, Development, and Innovation Roadmap

2.8.5 HCD Outline Plans per research initiative: Pricing, Monitoring, Billing

2.8.5.1

40

30

20

10

Cost

Year

Research Chairs
Project leaders
Principal researchers
Senior researchers
Researchers
Doctoral students
Masters students
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Figure 14: Research Capacity required each year to carry out RDD Programme, for “Cost” in the
Cluster, Price, Monitor, Bill

Table 14: Mapping of capacity in underlying science (RFA) required to conduct research into “Cost”

Key:

Emerging

Organisation

ARC

ARC Infruitec-Nietvoorbij

ARC-INstitute for Soil, Climate and Water
AUINEPAD SA Network of Water COEs
Cape Peninsula University of Technology
CSIR

Durban University of Technology
Nelson Mandela Metropolitan University
North-West University

Rhodes University

SASRI

Stellenbosch University

Tshwane University of Technology
UNISA

University of Cape Town

University of FortHare

University of KwaZulu-Natal

University of Pretoria

University of the Free State

University of the Western Cape
University of the Witwatersrand

South African Sugar Association
University of Zululand

Vaal University of Technology

Building Established . Mature

=T o -
DM DO T -

Source: Mutualfruit Readiness to do Research'" 2014 survey, data analysis. n=209 RDD units

Note:

identified at any academic units or research institutions.

55

RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity
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2.8.5.2 Volume

50
30 -
10 -
0
1 2 3 4 5 6 7 8 9 10
Year 1 2 3 4 5 6 7 8 9 10
Research Chairs 0 1 1 1 1 1 0 0 0 0
Project leaders 0 2 2 2 2 2 2 2 2 0
Principal researchers 0 2 2 2 2 2 2 2 2 0
Senior researchers 0 4 4 4 4 4 4 4 4 0
Researchers 0 10 10 10 10 10 10 10 10 0
I Doctoral students 0 12 12 12 12 12 12 12 12 0
Masters students 0 17 17 17 17 17 17 17 17 0

Figure 15: Research Capacity required each year to carry out RDD Programme, for “Volume” in the
Cluster, Price, Monitor, Bill

Table 15: Mapping of capacity in underlying science (RFA) required to conduct research into
“Volume”

Organisation

ARC

ARC Infruitec-Nietvoorbij

ARC-INstitute for Soil, Climate and Water
AU/NEPAD SA Network of Water COEs
Cape Peninsula University of Technology
CSIR

Durban University of Technology

Nelson Mandela Metropolitan University
North-West University

Rhodes University

SASRI

Stellenbasch University

Tshwane Universityof Technology
UNISA

University of Cape Town

University of FortHare

University of KwaZulu-Natal

University of Pretoria ]
University of the Free State

University of the Western Cape
University of the Witwatersrand

South African Sugar Association
University of Zululand

Vaal University of Technology

Key: J Emerging J Building . Established . Mature

Source: Mutualfruit Readiness to do Research'” 2014 survey, data analysis. n=209 RDD units
Note: RFA = Research Focus Area (please see RFA Taxonomy in Table 21, page 72). An RFA in red indicates no capacity
identified at any academic units or research institutions.
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CHAPTER 3: RETURNS AND INVESTMENTS

Section 3.1 presents the anticipated returns, in the form of impact and outputs, that results from the
successful implementation of the Research, Development, and innovation / deployment programmes that
have been designed for the seven Clusters listed in sections 2.2 to 2.8 above.

Section 3.2 presents the associated investment requirements that enable the ten-year programmes. These
were quantified for each Cluster based on the respective RDD programmes. A structured, parameter-driven
investment modelling approach was used, based on a set of established investment instruments.

3.1 ANTICIPATED RETURNS ON INVESTMENT

There are broadly three areas that the return on the roadmap investment can be considered.
1) Medium to long term savings that are unlocked by making the projected 10 year RDI investment;
2) Socio-economic impacts that investment in and implementation of the roadmap create;

3) Direct and measurable outputs that will be created from the roadmap investment.

At present there is not a clear idea of the over system level savings that can be achieved by making the
projected 10 year RDI investment. This area of work will be explored as part of the implementation
programme of the water roadmap. It is however, possible to derive some early estimates from specific sub-
sectors and case studies within the water sector.

The investment model is systemic and focused on delivering socio-economic impact. These socio-economic
impacts were illustrated in Chapter 2 in terms of the anticipated impact of each cluster. The anticipated
impacts of implementing the roadmap are beneficial effects on water scarcity, economics, public health,
society, and the natural and built environment.

There are also many direct and measurable RDI related outputs that will emerge from the roadmap
investment. Figure 16 illustrates an overview of the RDI investment focus and returns. To realise the socio-
economic impacts, investments are required to support technology development, knowledge generation, and
human capital development.

« Products and services
to market

« Technology Packages
« Prototypes

Technology

Socio-economic impact

+ Registered Patents * Water Scarcity

« Patent applications (LS +  Economic
» Publications S Hea!Ith
* Society

Environment

« Research Capacity

«+ Pipeline: Post-Docs,
PhDs, Masters,
Graduates, Honours

Human

Capital

Figure 16: Overview of the investment focus and returns

The return on the investment includes a set of RDI Outputs, as shown in Table 16. These values assume
that a) total investment indicated is made and b) RDD Productivity assumptions (please see Table 17) are
achieved in practice.
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Assumptions in respect of investment in Human Capital Development and Knowledge Generation are
derived from prior domain experience in South Africa. Anticipated conversion rates in technology
development are consistent with international benchmarks in the translation of science to end-use
technology. The investment per patent application refers to the level of investment in R&D activity that
typically results in one patent application, and not to the cost of patent application fees and management.

The return on investment in terms of research capacity is considerable. Figure 17 indicates that significant
strengthening of research capacity can be expected if the seven Cluster RDD programmes are implemented.

Table 16: Anticipated RDD Outputs, by Objective and Indicator

RDD
jecti Key Perf Indi Expl
Objectives ey Performance Indicator S xplanatory notes

Brea_kthrough products and 2 Breakthrough technologies
Technology services to market

Development Technology packages _ New technols. developed / deployed
Prototypes _ Brand new technols. developed
Registered full patents _ New, full patents
Knowledge BB . — (P I
. Provisional patents / applications Provisional patent applications
Generation — ,
Publications 1937 Peer-reviewed

In addition to current national HCD numbers in water SET, which are (ASSAf, 2010"):

Post-doctoral researchers 425
1274
I 7516

Note that Table 16 and 17 need to be read together in order to understand output assumptions.

Human Capital
Development

Table 17: RDD Productivity Assumptions

Objectives Assumption Value Explanatory notes
Investment per tech development sukeRaatllitelsi s Average, from national experience
prototype

Technology tPer;:EE)yIEZ;ts;tkI:;: per Average no. prototype generations

Development Success rate for transfer From research to development

Success rate for commercialisation 30% From development to implementation /
commercialised product or service

Knowledge Investment to point of patent appl SeaRalie s Value of R&D activity resulting in patent

. o No. successfully licensed /
success rate of M and D level 20% drop-out rate (ASSAf, 2010")
Human Capital EEULEEIES . .
Averzige time to achieve degree (ASSAf,
Ableleiel =l 20107)
Cost estimate for research group office
such as office space and equipment and communications equipment

Development

' ASSAf (2010). The PhD Study. Academy of Science of South Africa
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900
800 - . m B B —] ] ]
BN BN o BN BN B e

700 — — — | ] | BN

600 - == — — — — 1 — M Research Chairs
Projectleaders

500 +— — — — — — ] . M Principal researchers
Senior researchers

200 1 [ | [ | [ [ | [ | || || - =

7 Researchers

Doctoral students

300 — —] — | | | B [ B
Masters students

200 — —] — — | N B B B

100 —— — — — ] ] | | | B

0

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year9  Year 10

Figure 17: Number of additional people entering water-related SET research via the ten year RDI
programme, categorised by research seniority

The root contribution of the Roadmap to sector success comes through allowing better coordination,
improved decision-making, and greater enablement, principally through the systematic translation of
research into operational practice

Products and services delivered to market is but the end point of a total pipeline of technology development
that includes attempts and failures. This is expressed by the conversion ratios in Table 17.

The principal purpose of technology in the water RDI Roadmap is deployment to solve national needs. The
return on the total investment over 10 years is expressed clearly on page 11 (South Africa’s water and
wastewater industry outperforms) — i.e. if we are successful in the execution of our RDD Objectives (listed in
full on page 77), we will have enabled the water sector to have achieved its objectives (right-most column)

If the purpose of investment in technology were for the purpose of export, this would have driven a different

strategy. Our target market would have been different and our approach to developing a market strategy
would have assessed needs and South Africa’s ability to satisfy them better, faster (and possibly cheaper)
than the competition.

We assessed the Impact and summarised this in Table 18. However, due to the lack of underlying data and
associated models — as identified in discussions with a leading resource economist — this project could not
provide a more specific and quantified estimation of the overall value, as was the case for the ICT and Waste
Roadmaps.

However, it should be noted that some of the impacts may be semi-quantifiable. For example, “the country
loses R7 billion a year to water losses™. One of the performance measures of the RDI Roadmap is the
reduction of water losses from a national average of approx. 35% to 15%; this would indirectly create a
saving of approx. R3.5 billion per annum to the nation. Quantifying the benefits of the Water RDI Roadmap is
an ongoing initiative.

' President Zuma, State of the Nation Address 2015
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3.2 INVESTMENT REQUIREMENTS

The overall investment ambition required to achieve all aspects of the roadmap over a 10 year period is
R 8.419 billion. The investment required can be itemised according to source of funding, to Cluster of needs /
interventions, and to investment instrument.

The sources of funding contemplated are the Water Levy (via the WRC), the DST and its organisations (such
as the NRF and TIA), other government departments (for example focused programmes of the DWS, DEA,
and DAFF), and industrial funding (including the private sector and SOEs such as Eskom).

A table itemising the investment requirements breakdown is shown on page 79. This section presents
summaries of the same figures, showing investment per Cluster year-on-year (Figure 18) and in total (Figure
19), investment instrument year on year (Figure 20) and in total (Figure 21). Finally Figure 22 and 23
illustrate how catalytic public funding investment unlocks co-funding and industry leverage.

T3 Pricing, monitoring, billing

| | === Productive use
1000 ’
i :1 === Governance, planning, and management of demand
Operational performance
goo [ | —
. === |nfrastructure
600 . - - - === Governance, planning and management of supply
| ] - == Sources
- L] = EEEE
200
[ —
—_—
—
o ) -
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10

Figure 18: Investment requirement per year, by cluster, in ZARm

Pricing, monitoring, billing

=== Productive use

== Governance, planning, and management of demand
Operational performance

=== Infrastructure

Governance, planning and management of supply

Sources

Figure 19: Total investment requirement, proportion of investment per Cluster
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1200
® HCD (non-Phd and Masters)
® Research Capadity
W Research Chairs
1000
= RDI Infrastructure
m Technology Development
800 = Centre of Competence
Customer and Partner Relationships
wseeding
600 =PMO
400
200
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year9  Year 10

Figure 20: Investment requirement per year, by investment instrument, in ZARm

Figure 21: Total investment requirement, proportion of investment per instrument
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Leveraged funding
from industry
80% - -
Co-funding from other
Government Departments
60% -f
40% -
ST
20% -

Public Sector Baseline

(=]

% — — — — — — - —

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Figure 22: Funding by source as % of investment requirement, by year

1274.96
Water levy (WRC)

W DST instruments inc. NRF and TIA

Other Gov (other depts; WRC leveraged funds)

2436.59 29.20%

M Industry

Figure 23: Funding by source in total, over ten years in R million (left) and as proportion of total
investment requirement (right)
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CHAPTER 4: APPROACH AND PARTICIPATION

Having provided the context and case for action in Chapter 1, and the roadmap itself in Chapter 2, and
investments with returns on investments in Chapter 3, this chapter presents the two-stage, customer-driven
approach to development of the Roadmap (Figure 24).

Step 1 was an exploration of what customers want provided the basis for a focused approach to developing
South Africa’s Research, Development, and Deployment (RDD) Response. Step 2 was framing the RDD
response, and developing out the roadmap itself. The two steps were broken down into eleven phases of
work, which are summarised in chronological order in Figure 24 and will be described in the following
sections.

41 WHAT DO CUSTOMERS WANT?

411 Identify customer needs

The ‘customers’ in this context were members of the water community of professionals, which were divided
into four sectors:

Agriculture

Industry

The public sector

e Environmental protection

A comprehensive series of 32 work sessions and workshops took place between June 2013 and January
2015.

To identify customers’ needs, the four sectors were initially engaged separately. The premise of the roadmap
was explained in summary, and then they were given a blank slate upon which to write simple statements of
needs specific to their sector. The four sectors’ lists of needs were captured into a first long list of 154
statements (Table A1, Appendix A). The statements of each sector were not shared with the other three
sectors until the second round of work sessions, as each sector was required to provide their own, sector-
specific list of needs rather than to choose needs from a menu of previous inputs.

4.1.2 Review needs, and articulate interventions

The second series of sector work sessions used the list of 154 needs as a departure point. The participants
were provided with the list, and asked to review it for clarity and mutual understanding. They were then
asked to describe what interventions they deemed would enable each need to be met.

The participants were asked to provide the nature of the intervention required to satisfy the need, without
prescribing a solution. The interventions were drawn up by breakaway groups within each sector work
session, and then exchanged in plenary. A satisfying level of convergence emerged during these sessions.
The interventions are listed in full in Table A1 (Appendix A).
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4.1.3 Confirm clusters of needs and interventions

Several of the needs stated were either the same, but phrased differently, or were so similar that they could
be combined into a single rewritten definition of a need. The individual statements of need and their
associated interventions (Table A1) were therefore collated by the project team into a shorter list of 41 (Table
A2, Appendix A), which simply removed duplicate needs and recorded which needs had been expressed by
which sector. The frequency with which each need was expressed was later used as an input into the
assessment of impact (boxes 9 and 10 in Figure 24 above).

The list of needs shown in Table A2 was used as the basis for a second round of sector-specific work
sessions in which the same participants were asked back to review the list, both for clarity and insurance of
common understanding, and to ensure that the nuanced meaning they had intended to convey had not been
lost during the collation process. The participants were then asked to group the individual needs into clusters
of needs which could be readily related to one another. These clusters form the basis of the programme of
work of the roadmap.

The resulting clusters of needs that emerged were:

Water supply

1. Increase ability to make use of more sources of water, including alternatives

2. Improve governance, planning and management of supply and delivery

3. Improve adequacy and performance of supply infrastructure

4, Run water as a financially sustainable “business” by improving operational performance
Water demand

5. Improve governance, planning, and management of demand and use

6. Reduce losses and increase efficiency of productive use

7. Improve performance of pricing, monitoring, billing, metering and collection

The clustering exercise enabled the project team to collate the interventions according to the newly defined
clusters. Table 19 shows which needs were identified by which sectors, and what the summarised
interventions were.

Table 19: Clustered needs identified by the four sectors, and their summarised interventions

Table 17 Agriculture _ Public Sector _

Increase ability to make use of more sources of water, including alternatives

1 Increase the ability
to identify and make
use of alternative
supplies

2 Increase use of
treated effluent

3 Decrease levels of
salinity

Identify suitable sites;
improve yields - e.g. from
enhanced rainfall, fog
harvesting for strategic
uses

Implement efficient
treatment management
system. Address public
perception issue. Catalyse
linkages between those
that discharge between
producers and users — e.g.
mines and farms

Increase soil integrity —
Regularise soil sampling at
site level, introduce more
efficient irrigation system
suited to individual farms
and particular regions;
create detailed soil maps;
models: co-operatives and
delivery of extension
services

Improve regulatory
frameworks; improve the
quality of decision-
making information.

Identify suitable sites;
improve yields - e.g. from
enhanced rainfall, fog
harvesting for strategic
uses

Improve regulatory
frameworks; improve the
quality of decision-making
information. Implement
efficient treatment
management system.
Address public perception
issue.

Investigate treated effluent
to artificial recharge of
ground water as potential
conjunctive source.
Increase ability to optimise
mix for context

66




South Africa’s Research, Development, and Innovation Roadmap

Table 17
4 Increase levels of
desalination

5 Increase rainwater
harvesting

6 Increase use of
wastewater

7 Increase levels of
groundwater use

8 Increase stormwater
harvesting and
management

9 Increase capture of
floodwaters

Agriculture
Increase performance of
purification technologies
and processes

Increase and sustain levels
of water harvesting and
efficiency of conservation
methods. Conduct
scientific-economic
evaluation of alternative
approaches (Jonathon
Denison)

1 and 5 linked: fitness for
use

Make better use of local
water resources

Investigate potential of
infield rainwater harvesting.
Identify legislation gap on
stormwater management
and use _ recharge,

aquifers

infrastructure

Increase levels of
reclamation. Improve
performance of
purification technologies
and processes - reduce
energy requirement and
materials costs

Incentivise adoption.
Separate rain water and
polluted water

Integrate better with
agriculture and energy
production

Identify groundwater
sources, yields and
uses. Make better use of
local water resources

Incentivise broader
adoption and uptake

Undustry " Public Sector

Increase levels of
reclamation. Improve
performance of
purification technologies
and processes - reduce
energy requirement and
materials costs

N/A

Improve regulatory
frameworks; improve the

quality of decision-making

information. Implement
efficient treatment
management system.

Address public perception

issue.

Identify groundwater
sources, yields and uses.
Make better use of local
water resources

Improve regulatory
frameworks; improve the

quality of decision-making

information. Objective?
Decrease runoff into foul
sewers and increase use
of rainwater in urban
setting.

N/A

Improve governance, planning and management of supply and delivery

10  Enable optimised
reallocation and
distribution

13 Improve
effectiveness of
Institutional
landscape in respect
of governance,
planning and supply
management
(actors,
management,
institutions)

Enable optimised

reallocation and distribution

Improve effectiveness of
Institutional landscape in
respect of governance,
planning and supply
management (actors,
management, institutions)

Enable transfers
between end uses:
client-client, community

Training and capacity
development. Staff turn-
over (capacity)
sustainable knowledge-
transfer. Revised
understanding of the
policy positions irt Water
Act. Enforcement and
compliance —
institutions missing, not
capacitated to perform/
mandate

Enable easier transfers
between end uses: client-
client, community
Training and capacity
development. Staff tun-
over (capacity)
sustainable knowledge-
transfer. Revised
understanding of the
policy positions irt Water
Act. Enforcement and
compliance — institutions
missing, not capacitated
to perform/ mandate

Improve performance of
desalination technologies
and processes — reduce
energy requirement and
materials costs

Improve good land use
practices

Improve performance and
cost of purification.

Identify, map, declare and
adopt Priority Water Areas.
Design and introduce
regulation and management
mechanisms

Improve regulatory
frameworks; improve the
quality of decision-making
information. Objective?
Decrease runoff and
increase percolation.
Develop and implement
national design philosophy
for storm water
management — provide ToR
(SUDS) (larger metros) Neil
Armitage UCT.

Improve land use practices
and flood control measures

Refine accountability along
the value chain
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Table 17
14 Improve the ability to
manage water flows.

Align allocation and
mix to requirements

15  Improve quality and
resilience of
planning for the
future — ability to
respond to volatility

16 Optimise the ability
to manage water
resources from
source to source in
an integrated way

UIndustry " Public Sector

Explore macro- Explore macro-economic
economic models models

Agriculture

Improve the ability to
manage water flows. Align
allocation and mix to
requirements

Improve quality and
resilience of planning for
the future _ ability to

respond to volatility

Optimise the ability to
manage water resources
from source to source in an
integrated way

Improve adequacy and performance of supply infrastructure

11 Increase adaptability
of storage capacity

12 Increase protection
and reliability of
ecological
infrastructure

23 Improve
performance,
optimise investment
in infrastructure

Run water as a financially sustainable “business” by improving operational performance
Ring fence — "Run water

18  Improve the financial
sustainability of the
water system

19 Improve the equity
of pricing

20 Increase the
accuracy of
attribution of water
use

21 Increase proportion
of water that is paid
for

Enhance artificial recharge
— aquifers, rainwater tanks,
existing capacity — small

Increase suitability,
availability, capacity,
flexibility — add tanks,
man-made dams,
underground or
alternative storage (e.g.
in mining void)

dams

Improve visibility and
management of asset
base. Develop and
implement plans to
optimise investment in
supply infrastructure - to
increase flexibility and
responsiveness. Role of
Technology?

as a business in
municipality"

Revise policy around
requirement to pay.
Increase the range of
tariffs

Increase customer
confidence in Billing

system _ able to pay but

don't trust it

Reduce undesirable or
unproductive political
involvement in
enforcement

Integrated planning — water
reconciliation plans, revised
allocations system,
incentivise WCDM and
wastewater reuse. Linked to
no. 10.

Integrated planning — water
reconciliation plans? Are
they based on lowest cost
or strategic consideration
Social systems and demand
_ Development of rural

areas
Refine accountability along
the value chain. Implement
current legislation — WRN

NWA NWRS

Improve control of alien
invasive plants and wetland
rehabilitation. Recognise
volatility — Uprate

competence and introduce
adaptive practices to
increase flexibility to plan
and respond to the water
effects of climate change
Improve land use practices
and conserve natural
ecological infrastructure
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Table 17

22 Improve
performance of
revenue collection

24 Improve operational
efficiencies

Agriculture

CIndustry " Public Sector

Improve metering, billing
systems, attitudes,
prepaid meters. Improve
the monitoring throughout
the system _ inflow. At

system level, improve the
ability to monitor flow, use
and quality (water
balance)

Ring fence _ "Run water

as a business in
municipality"

Improve governance, planning, and management of demand and use

36 Increase
transparency over
rights, quotas,
allocation and
transfers

37  Improve co-
operative
governance with
respect to planning
and management.
Cross-sectoral.

38 Improve quality and
effectiveness of
context-specific
planning and
implementation

Explore SA potential for
trading and transfer of
water entitlement

Reduce impediments to
implementation _ issues of

mandates, responsibility
and accountability around
decision-making.
Institutional, organisational,
actors. Programmes (e.g.
for emerging farmers),
capacity

Enable water ordering,
improve management of
distribution

Improve Regulation and
Decision making
processes for water use
authorisation

Increase institutional
efficiencies, including via
technology support

Systematically increase
water independence:
map footprint, develop
reduction strategy

Reduce losses and increase efficiency of productive use

25 Reduce water
transport losses

26 Reduce leakages

27  Optimise conjunctive
use of water

28 Reduce volume of
water use

Refurbish irrigation
networks, incentivise
improved management of
losses

Improve ability to detect
leakages; uprate repair
performance

Balance use of all sources
in an integrated manner

Use water-saving crops
and varieties

Minimise water tank
overflows and bulk
supply losses; protect
transmission systems
against corrosion
Implement preventive
maintenance plans;
Introduce monitoring
and early warning
systems

Balance use of all
sources in an integrated
manner. Minimise
demand on supplier
(e.g. municipality)
Minimise water use,
application and losses in
primary processes:
avoid use of water (e.g.
optimised or new no-
water processes),
recover and recycle
condensate, reduce
steam leakage, manage
water pressure

Improve Regulation and
Decision making
processes for water use
authorisation. Standardise
policy application across
regions.

Resolve conflicts of
mandate / jurisdiction
between local, provincial
and national government.

Provide alignment with
NWRS2 in terms of policy
instruments and
regulations governing
licence applications
granted or denied.

Maintenance? Prioritise
funds, improve allocation
of funds for operations.

Encourage and support
customers in detection of
leakages and
performance of repairs

Increase the degree of
alignment of the quality of
water with use

Stimulate growth more
economically (use of
water). Highlight the
importance of water and
its scarcity to encourage
consumers to reduce
demand. Improve dry
solution systems and
encourage acceptance

Publish and maintain the
Ecological Reserve

Increase institutional
efficiencies and create
functional Catchment
Management agencies

Reduce consumption by
alien invasive species
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Table 17

29 Increase the area
under irrigation

30 Improve efficiency of
water use

31 Increase levels of
water reuse

32  Minimise output to
unrecoverable
sources

33  Minimise volume
and toxicity of
pollution

34  Optimise balance
between the right to
water and
productive use of
this water

35 Minimise discharge
of poor quality water

Agriculture

Use savings in current
water use. Change NDP
word "irrigation” to
"agricultural water use" (in
line with the rest of the
world)

Encourage uptake of land
and water use practices
Introduce irrigation systems
and improve performance:
Optimise irrigation: Plan,
meter, schedule; Monitor
soil moisture; Reduce
evapo-transpiration;
Optimise fertiliser use.
Increase effectiveness of
knowledge transfer.
Increase levels of
rehabilitation

Reduce volume of
wastewater, recover and
recycle

Reduce wastewater
released to sewers

Reduce rainwater runoff

Reduce downstream
pollution (point-sources and
diffuse sources)

Reduce water in
ancillary processes,
reduce demand for
domestic water

Reduce volume of
wastewater, increase
levels of recovery and
recycling;

Reduce volume of
wastewater released to
sewers. Recycle water
streams for water and
wastewater treatment
Minimise production of
waste (e.g. cleaner
production methods)

Minimise production of
effluent (e.g. cleaner
production methods)

UIndustry " Public Sector

Increase number of
WWTW with Green Drop
certification to >95%. Link
to no. 35

Increase number of
WWTW with Green Drop
certification to >95%

Improve performance of pricing, monitoring, billing, metering, and collection

39  Improve equity of
pricing, encourage
desirable practice

40  Improve accuracy:
use monitoring,
billing and
management

41 Reduce levels of
unmetered use

Introduce tariffs and
incentives ("real cost" of
water); enforce quotas

Increase coverage,
accuracy of flow
monitoring, attribution;
introduce management
systems

Detect and remove
unmetered supplies; ensure
meters are operating

Introduce tariffs and
incentives ("real cost" of
water). Increase cost of
discharge to sewer

Increase coverage and
accuracy of monitoring,
metering, attribution and
billing. Target reductions

Detect and remove
unmetered supplies;
ensure meters are
operating; improve
management of
collection

Improve pricing structures

based on full cost pricing
to reflect the "real cost* of
water, including equitable
charging.

Improve coverage and
accuracy and hence

confidence in metering —
similar to electricity
metering

Define, implement and
support policy on billing
control

Maximise natural water
resource function (aquatic
response)

Investigate and develop
economic modelling on the
use and value of
environmental goods and
services. Inform greater
clarity at a macro level in
order to inform decision-
making and policy
evidencing

Increase coverage and
accuracy of monitoring

70




South Africa’s Research, Development, and Innovation Roadmap
4.1.4 Define Sector Performance Measures

The satisfaction of the customers’ needs has value, which can be expressed in relation to measures of
performance (speed, reliance, cost). In order to be motivated to adopt a new or improved solution in the
pursuit of the satisfaction of their needs, customers have an expectation (a minimum requirement for an
improvement in performance) that a solution must deliver. These expectations should be specifically
quantifiable in terms of a target (e.g. cost less than R100 per m3), a percentage (e.g. faster by 20%). These
expectations were elicited from the sectors through a series of sessions in which the expectations were
sought and then reviewed. An example is shown in Table 18, and the full list of performance measures is
shown in Table A4, Appendix A.

To the extent that RDD can make a contribution to developing and delivering a solution a) these
expectations were used to later set the objectives for the RDD activity, and the value that the customer
attached to adopting the solution underpins the case for investing in RDD.

A joint scoring workshop was held to assess the attractiveness of the seven agreed clusters of RDD
opportunities which had been listed as responses to the needs and their interventions. The participants, from
all four sectors of the water community, evaluated the opportunities and interventions in a structured and
consistent manner using the dimensions of Customer Need, Market Opportunity, and the potential Value and
Impact that attaches to successful realisation. Four follow-up sessions were held to cross-check the validity
and level of ambition of the performance measures on which the sectors settled.

Table 20: Example Performance Measures created by the water community

Need Performance Measures Minimum change required

10  Enable optimised reallocation and DWA water allocations remapped A new map completed by 2016
distribution

36 Increase transparency over rights, quotas, Consumers within catchments know Nine functional Catchment Management
allocation and transfers everyone's water allocation Agencies

The Sector Objectives and Performance Measures (determined as described in Section 4.1.3 and 4.1.4) can
be summarised as (Table 21):
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These Sector Objectives and Performance Measures were then used to help frame the RDI Success
Factors, RDD Potential and RDD Opportunity.

The Success Factors (required in enabling achievement of the RDD Objectives) were defined as:

RDI Success Factors* Target Objective by 2025

1. Faster and more comprehensive deployment of » Established and well-regarded Water Technology Demonstration Centre
context-appropriate performance improvements » Technical assessments of local and inbound technologies from abroad
» the capabilityto design, develop, evaluate and localise local ~ » Convincing demonstrations of South African inventions in the water
and inbound technologies, process improvements and and wastewater technology space
models
2. Stronger RDI capability and capacity » Strong pipeline of demand-driven SET skills relating to water care,

economics, business, policy and law; modelling, analysis and design;
disciplines of engineering; information technology; design, modelling
and optimisation of logistics networks and systems; disciplines of the
natural sciences; and sociology, political science and psychology;
organisational behaviour; environmental and public health

3. Focussed export of SA know-how and technology » Catalysation unit focused on the guidance, coordination and support of

» inthe form of operational services, technologies, intellectual
property, research knowledge and advisory services to
targeted markets worldwide

initiatives to commercialise (market, sell and deliver) South Africa’s
know-how, technology and services

4.2 SOUTH AFRICA’S RDD RESPONSE

4.2.1

Articulate and assess RDD Potential

Step 2 of the road mapping process was to shape South Africa’s RDD response, by asking and answering
two questions: How could the customers’ need be met? What do we need to do?

The clustered needs and interventions were then given back to the work groups in a further set of work
sessions, and to the WRC’s research managers in a separate session. The participants were asked to
provide their assessments of whether undertaking each intervention presented an opportunity in terms of
research, development, and deployment (RDD).

When RDD opportunities were identified, the participants were then asked to decide at what stage in the
innovation chain the opportunity presented itself, from Explore to Deploy:

Explore — exploration is the earliest stage in the innovation chain and represents quantification of a
possibility.

Test — testing is fundamental or early applied research, and includes proof of concept and feasibility
studies.

Demonstrate — demonstration is late stage research, in which a proven concept (such as a
prototype) is piloted, trialled, or otherwise demonstrated in a context approximating the situation or
conditions under which the technology is intended to be utilised.

Deploy — deployment is roll-out, or more widespread introduction and implementation of a new
technology, technique, or piece of know-how so that it becomes mainstream / accepted, rather than
being perceived as novel.

In addition, the participants were required to decide what the nature of the RDD potential was:

Management — the potential to satisfy a particular need through better management of existing
technology and/or know-how.

Information — the potential to satisfy a particular need through providing higher quality and/or more
commonly available information about existing technology and/or know-how.

Technology — the potential to satisfy a particular need through the creation of a new technological
item or process.

Capacity — the potential to satisfy a particular need through increasing the number of people in the
water community who possess the skills required to implement and operate appropriate technology
and/or know-how.
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The results of this round of sessions (provided in Table A3, in Appendix A) were synthesised to quantify the
RDD potential in terms of both stage (Explore, Test, Demonstrate, Deploy) and nature (Management,
Information, Technology, Capacity). Figure 25 (page 70) shows that the method of applying each opportunity
to each need, within each cluster allowed the team to identify where in the innovation chain the opportunities
presented themselves and what the nature of the opportunity was.

Figure 25 requires some scrutiny in order to make the most of the information presented. At this point it is
useful to recap the process so far using an example, as shown on page 76.

The RDD Potential was identified per cluster of needs using a structured drill down into each individual need
and intervention. The evaluation framework (Figure 26) enabled us to understand the fit — the likelihood with
which South Africa can respond to customer needs through successful delivery of identified RDD potential.

Fit? Attractiveness?
Know-How j Customer
Pl Need

Capability — +... ' | |
. = Market

‘ . . [ Oppo rtunitV

Infrastructure i -

‘.:: .‘"..‘ p—————————————"
i — S Value and
"/ . ~ o
Partnerships Impact

Figure 26: Evaluation Framework for RDD Potential

The attractiveness and fit of the interventions per cluster and per sector were determined and are shown in
Appendix B.
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Example: What do customers want?
Let us use the water supply cluster of Source (Increase ability to make use of more sources of water,
including alternatives) as our example.

Table A1 (page 81) shows us the raw inputs — the long list of needs and matching interventions as provided
in the initial sector work sessions, such as in this excerpt:

Needs Agriculture Interventions Agriculture

Increase diversity and optimisation of mix

1 Increase use of treated effluent Implement efficient treatment management system. Address public perception issue. Catalyse
linkages between those that discharge between producers and users — e.g. mines and farms

.11

Table A2 (page 87) then shows the creation of a cluster of nine needs which could be categorised as being
related to sources of water, and it tells us which sectors identified which need:

LGCLIGIIOTCIN Industry ~ Public Sector  Environment

SUPPLY: Increase ability to make use of more sources of water, including alternatives
1 Increase the ability to identify and make use of alternative supplies
to

9 Increase capture of floodwaters

Finally, Table A3 (page 88) provides us with the identified opportunities for a research, development, or
deployment response, for example:

Management Information Technology Capacity
Increase ability to make use of more sources of water, including alternatives
1 Increase the ability to identify and make use of alternative E T DM DP DM DP E T DM DP DM DP

supplies
to

9 Increase capture of floodwaters
Legend for stage: E = Exploration; T = Testing; DM = DeMonstration; DP = DePloyment

These tables together allow us to see that wherever there are opportunities to undertake research,
demonstration, or deployment to implement any of the interventions that were identified as being able to
satisfy the need, those opportunities always include a demonstration of Technology. Therefore the summary
of RDD opportunities shown in Figure 25 (page 70) lists the Demonstration stage as representing an
opportunity 100% of the time, for all four natures of opportunity:

SUPPLY

Needs 9

E T DM DP

Management

Information

L]
>
= Technology .

Capability
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4.2.2 Research capability mapping

Concurrently, the project team ran two questionnaires in order to map the existing capacity and capability of
South African researchers. Individual and institutional questionnaires were designed and respondents asked
to identify their relevant areas of expertise. The areas of expertise were defined both by the underlying
academic discipline (e.g. microbiology) and the research focus area (RFA), or area of interest (e.g. potable
water quality). The full list of RFAs is shown in Appendix C. The 106 unique RFAs (Table 22) were mapped
onto the clusters by the WRC research managers (Appendix C). Questionnaire respondents who felt that
their particular discipline or RFA was not already represented were able to select ‘Other’ and add their self-
defined discipline or RFA.

Table 22: Taxonomy of Research Focus Areas (RFAs)

RFA no. RFA name

1 Agroforestry

Business efficiency

Crop production Genetics and Plant Breeding

Efficient agriculture

Horticulture

Improved food production

2
3
4
5 Food security and business efficiency
6
7
8

Irrigation and Drainage

9 Soil chemistry

10 i Soil fertility

11 Soil management

12 Soil microbiology and biochemistry

13 = Soil morphology and genesis

14 Soil physics

15 Animal, human, public, and environmental health Endocrinology

16 Ecosystem functioning

17 . Wastewater treatment Microbiology and Chemistry

18 | Animal, human, public, and environmental health Fate and behaviour of pollutants

19 Human health

20 Process automation and control — potable and waste water treatment

21 Wastewater treatment Bioinformatics

22 Environmental water quality

23 i Environmental health and ecosystem functioning Remote sensing

24 | Food security and business efficiency

25 Econometrics

26 Macroeconomics

27 Microeconomics

28 | Applied economics

29  Computational economics

30 i Economic modelling

31 Decision sciences

32 | Entrepreneurship and Management

33 Technoeconomics

34 Insurance Mathematics and Economics

35 | Forecasting and Game Theory

36 Behavioural finance

37 Business and Economic Statistics

38  Civil engineering aspects of water cycle

39 Wastewater and Potable water treatment Domestic

40 Treatment and distribution

41 Stormwater management

42 Water /wastewater and industrial Process optimisation

43 | Wastewater and potable treatment Industrial

44 Mine water desalination
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RFA no.. RFA name

45 | Mine water membrane treatment

46 Mine water passive treatment

47  Industrial wastewater treatment (urban) water management / engineering

48 . Crop production Applied Engineering in agriculture

49 | Flood defence

50 Hydrology and hydrogeology

51 Hydrodynamics

52 | Hydrologic engineering

53 | Hydromechanics

54 Water quality monitoring, ecosystem functioning, environmental water quality, animal, human, public, and environmental health
Marine Science

56 | Agriculture Ecosystems and Environment

57 i Aquatic ecosystems

58 Ecology Evolution and Systematics

59 | Biodiversity and Conservation

60 : Systems ecology

61 Ecological informatics and modelling

62 | Corporate social responsibility and environmental management

63  Bioremediation

64 | Rehabilitation of contaminated land and water

65 Environmental protection & pollution control

66  Environmental health and ecosystem functioning Water Resources

67 | Weather and Forecasting

68 i Agricultural meteorology

70 Climate dynamics, resilience, adaptation

71 Environmental health and ecosystem functioning Geology

72 Water quality monitoring, ecosystem functioning, environmental water quality, animal, human, public, and environmental health
Earth Science Informatics

73 Subsurface hydrology

74 Contaminant hydrology

75 Unsaturated zone

77 Land surface hydrology

78 | Catchment hydrology

79 | Hydro-meteorology

80 | Ecohydrology

81 Animal, human, public, and environmental health Virology, Bacteriology, Mycology

82 Animal, human, public, and environmental health Toxicity of engineered materials

83 Wastewater and potable treatment, ecosystem functioning, environmental water quality, animal, human, public, and
environmental health

84 i Animal, human, public, and environmental health pathogens and parasites

85  Public health

86 | Water treatment Biological processes

87 | Wastewater treatment Biological Processes

88 | Wastewater and potable treatment Advanced Biological Processes

89 | Wastewater and potable treatment Chemical and Materials Safety

90 Water quality monitoring, ecosystem functioning, environmental water quality, animal, human, public, and environmental health
Applied Entomology

91 Improved food security

93  Education

94 | Development studies

95  Gender studies

96 | History

97  Law

98 | Library and information science

99  Bioethics

100 | Public policy
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RFA no. RFA name

101 Public administration

102  International relations

103 Security studies

104  Human, public, and environmental health Health Planning

105 : Sociology

106 Water quality monitoring, ecosystem functioning, environmental water quality, animal, human, public, and environmental health
Land use

The resulting capability maps show us in which RFAs South Africa already has expertise, and where that
expertise can be found. The complete maps found on pages 8, 10, 12, 18, 19, 25, 27, 32, 37, 38, 39, 45, 47,
52 and 53, and as an example, Figure 27 shows the relevant RFAs for the water supply cluster, Run water
as a financially sustainable “business” by improving operational performance across the top of the map,
using the numbers in Table 22 above. Each organisation with an individual or an organisational capacity
identified through questionnaire response is listed on the left hand side, and the shaded blocks indicate in
which RFA their expertise lies, and the level of expertise. Four levels of capacity were used: Emerging,
Building, Established, and Mature, based on composite score on a scale of 0-10 based on number of people,
budget, publications and products and technical services.

The maps enable the prioritization of attention in terms of funding and capacity building over the next ten
years. An RFA in red indicates no capacity identified at academic units or in research institutions. For
example, Figure 27 shows that expertise in RFA 3, which Table 22 tells us is Crop production genetics and
plant breeding, was identified as being required in order to frame and carry out the desired RDD response in
terms of implementing the interventions that were identified in order to meet the needs which fell into the
Cluster, yet we were unable to elicit a response from any South African research group who described
themselves as having capacity in this research field.

The questionnaire responses were used to perform analyses of Fit, using a Readiness to do Research™
framework (Figure 28). The framework analyses the depth and diffusion of research knowledge (i.e. how well
a RFA is understood, and whether the know-how resides in research only, in pockets of implementation, or is
widespread practice).

The questionnaires were sent to all project leaders and collaborators named on proposals submitted to the
WRC over the past five years, and were also circulated to all member of the Water Institute of Southern
Africa (WISA) via the WISA’s member mailshot system.

An additional analysis of water-related intellectual property held by the WRC and NIPMO was also carried
out.
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Organisation

ARC

ARC Infruitec-Nietvoorbij

Cape Peninsula University of Technology
Central University of Free State
Council for Geoscience

CSIR

Durban University of Technology
Environmental Engineering Services
Mintek

National Metrology Institute of South Africa
Nelson Mandela Metropolitan University
North-West University

Rhodes University

SASRI

South African National Parks
Stellenbosch University

Tshwane Universityof Technology
UNISA

University of Cape Town

University of FortHare

University of Johannesburg
University of KwaZulu-Natal
University of Limpopo

University of Pretoria

University of the Free State
University of the Western Cape
University of the Witwatersrand
University of Venda

University of Zululand

Vaal University of Technology

Capacity | Emerging | Building [ Established [ Mature

Figure 27: Mapping of capacity in underlying science (RFA) required to conduct research for the
Cluster: Operational Performance. An RFA in red indicates no capacity identified at academic units or in
research institutions.

S . Strength of relevant IP; degree of
/ Know-How ) diffusion of Research Knowledge
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Figure 28: Readiness to do Research™ framework
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The resulting data were summarised to indicate two sets of information, the extent of research knowledge
diffusion into practice (Appendix D), and the country’s RDI capability (Appendix E). These were later used as
the basis on which in identify real RDD opportunities that could be taken up, and the additional research
capability required to be built in order to take up those opportunities.

4.2.3 Articulate strategic intent

The participants of the previous work sessions of the four sectors, along with stakeholders who had engaged
with the WRC in workshops that preceding the RDI road map project, were invited to review the progress of
the road map, and to help define its vision (i.e. ideal future state of affairs), mission (i.e. how the ideal state
of affairs has come to pass), and the means by which the vision and mission could be accomplished.

The resulting consensus was:

Vision

South Africa leads the developing world in the development and deployment of water management practices
and technologies. It competes with leading countries in providing sustainable solutions.

Mission

This has been achieved by means of a National Water RDD Programme focused on: delivery
of at least one breakthrough technology every five years; increasing the number of small and medium sized
enterprises (SMMEs) operating in the water sector; increasing access to water for rural communities,
including provision of sanitation for all in a sustainable manner. Together, this creates significant economic,
health, social and environmental benefit

Means

RDD contributes to achieving this Vision, via a focus on four key Objectives:
1. Increase the availability of water
2. Improve the governance, planning and management of supply and delivery
3. Operate water and sanitation services as a sustainable “business”
4. Increase the efficiency and productivity of water use

Three key RDD success factors are:
1. Faster, more comprehensive deployment of context-appropriate performance improvements
2. Stronger RDI capability and capacity
3. Focused export of SA know-how and technology

The four RDD Objectives distil and summarise the Needs and Interventions documented in Sections 4.1.2,
and 4.1.3, and in Appendix A, and were further defined as:
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RDD Objectives (in support of) Target Sector Objective by 2025

1. Increase the availability of water » More treated effluent is reused instead of discharged to the

. T environment
» Increase technical ability to make use of more sources of water

—in order to utilise a diversified mix of ground-, surface-, sea-, *» Cost-effective and energy- efficient seawater desalination in coastal

and waste-waters as resources in domestic, industrial, and communities and wastewater desalination inland are routine
agro industrial environments operations

» Optimise the mix of sources in relation to appropriateness of ~ » More water used is sourced from groundwater supplies through a
use sustainable use and recharge management programme

» Stormwater in urban areas is harvested, stored, and used

2. Improve governance, planning and management of » DWS water supply allocations remapped
supply and delivery » Water supply and demand governance is managed at catchment
» Improve the ability to make better-informed choices; make level
these decisions more transparent and accessible » Consumers within catchments know everyone's water allocation

» Strengthen the capability to co-operatively manage water at » DWS, DoH, DEA and DHS are involved in CMAs
catchment level

3. Operate water and sanitation services as a sustainable > Non-revenue water is reduced to <15%.

“business” » All domestic and industrial users are on metered supplies
» Improve the performance of pricing, monitoring, metering, » Leak detection is improved; water loss reduced
billing and revenue collection » Revised volumetric sliding scale for water tariffs
» Optimising extraction and perception of water’s value » Sanitation services are extended to the whole population
4. Increase the efficiency and productivity of water use » Non-revenue water is controlled and leak detection is improved
» Reduce water losses » Roll-out of irrigation scheduling expertise
» Eliminate non-productive use of water » More treated effluent is reused instead of discharged to the
» Maximise efficiency of consumptive use environment

» All wastewater is adequately treated to fit for use standards

4.2.4 Define RDD Programmes

The RDD programmes were developed out using the inputs gained during all the preceding steps. The
development was guided by a decision tree that led the work groups to make selections from a prescribed
short list. The four stages in the programmes are Explore, Build critical mass, Embed capability, and
Commercialise. At each stage a choice had to be made from two or more methods by which each stage
could be accomplished. An example of this is the choice to be made to build critical mass — this can be
achieved through a Targeted Research Programme (TRP) aimed at a single research group, or a Centre of
Excellence which would involve a consortium of more than one research group.

An RDD Programme was developed for each of the seven clusters, as shown on pages 6, 16, 23, 31, 36, 43,
and 51.

4.2.5 Anticipate Programme Impact

The impacts of each RDD programme were assessed using the expertise of the water community.
Participants from all sectors, and the WRC Research Managers, were presented with a list of all the areas in
which the RDI Roadmap is intended to make an impact. The five broad areas: Water Scarcity, Economic,
Health, Society, and Environment were subdivided into discrete sub-areas, and the participants deliberated,
then indicated whether or not implementing the interventions that had been listed as appropriate responses
to the needs would make an impact in each sub-area. The exact nature of the impact and its extent were not
necessary at this stage, only an assessment as to whether an impact could reasonably be expected.
Inevitably, the debating method used to reach consensus extended to the nature and extent of the impacts
that were anticipated as the participants exchanged and justified their personal assessments within the work
groups.

e Water Scarcity
o Reduced withdrawal
o Reduced consumption
o Improved water quality
o Improved productivity of use

e Economic
o Wealth
= Number of jobs created or sustained
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=  Number of new businesses created or sustained

o Productivity
= Increased product per drop (water use efficiency (WUE), tonnes/ ton of water)
= Increased crop yield per drop
» Reduce down-time (e.g. caused by maintenance)

o Revenue
= Increased average revenues per unit product and per m® delivered
» Increased average revenue per producer (e.g. farmer, ecosystem, environment)

o Cost reduction
= Decreased water footprint per unit produced
» Reduced material inputs (and cost)
= Reduced energy inputs (and cost)
» Reduced labour requirement (and cost)
» Reduced cost of healthcare

o Investment
= Reduced capex requirements
= Reduced maintenance costs

e Health
o Reduced incidence of water-borne sickness and disease
o Reduced incidence of sickness and disease from air pollution
o Reduced incidence of sickness and disease from chemical contaminants
o Reduced absenteeism and early retirement — through increased wellness
o Reduced mortality rate

e Society
o Improved availability and quality of environmental goods and services
o Increased food security — livestock, crops
o Reduced loss of animals
o Increased school attendance (driven by access and quality) and improved educational outcomes
o Improved relations between all suppliers and consumers in a catchment (e.g. WUAs and
farmers)
o Satisfaction of rights and demands of those without access to water
o Reduced environmental debt

o Raised awareness of the value of water, driving increased willingness to pay

e Environment

o Reduction in carbon emissions
Reduction in area of salinised land
Reduced levels of groundwater contamination
Reduced cost of treating process water and potable water
Reduced contamination of surface water
Reduced downstream pollution
Reduced levels of soil erosion
Reduced or reversed decline in biodiversity
Preservation of riverine habitants
Improved health of terrestrial environment

O OO0 O OO0 OO0

0]

The results of the impact assessment are shown in Appendix F, and they have been summarised per cluster
on pages 5, 15, 22, 30, 35, 42, and 50..

4.3 SETTING UP TO DELIVER SUCCESS
This last stage of the roadmapping process was the stage in which all of the diverse and numerous data
gathered during the steps 2 to 9 in Figure 24 (p. 60) were collated and related to one another. The results

have already been presented in sections 2.2 to 2.8, so the following sections merely serve to explain the
methodology, and not to present the results.
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431 Quantify impact and investment

In stage 10 (Figure 24, p. 60), the project team determined the investment required over time, and the
anticipated returns in terms of socio-economic value and RDI outputs. The progression paths described in
section 4.2.3 were used as the basis of a process in which stakeholders whose expertise was research
funding and administration developed out estimates of the type and size of research capacity required to
implement the pathways.

The average size and shape of a research group (in academia, or research group equivalent outside of
academia) was measured using data about project teams on all proposals submitted to the WRC for funding
over the past five financial years. Numbers and roles of team members per team per proposal were used to
provide a definition of a “normal” research group. It was not surprising to find that the range of research
group size extended from one to almost twenty people, but for investment requirement purposes the modal
averages were used to define Small, Medium, and Extended research groups (Table 23).

Table 23: Numbers of different research group members found in average Small, Medium, and Large
Research Groups defined according groups described in WRC proposals received from 2009 to 2014

Group member type Small grou Medium Extended group,
P yp group (base) group | or research centre

Research Chair 0 0 1

Project leader, who is Faculty staff (Prof, A/Prof,

Lecturer) or non-academic equivalent 1 1 1or2

Principal Researcher (often a Lecturer or

Postdoctoral research fellow / officer) 0 1 2

Senior Researcher (often a Postdoctoral research

fellow / officer) 1 1or2 2

Researcher (often a research officer) 0 1 2

PhD student 1 2-3 4-6

Masters student 1-2 2-4 5-10

Honours student 1-2 1-3 5-10

3rd year student / intern 0-2 1-2 2-4

Research chairs we additionally used in investment and human capacity requirement planning, and were
defined as holders of clearly defined, separately funded chairs supported by SARChI or by industrial or other
sources, following the SARChI model.

Values for Research Chairs, and researcher costs were predicted based on NRF values for postgraduate
and postdoctoral researchers (Appendix G), and on the apocryphal norm of R15 million over five years.

Standard office and communications equipment (but NOT laboratory or other specialised equipment) was
included as 1% of the total research capacity costs. Specialised research costs were estimated based on
modal equipment and running costs budgeted in proposals submitted to the WRC between 2009 and 2014,
and related back to the average research group sizes.

The total investment required to deliver all seven of the Cluster-based ten-year plans is detailed in Table 24.
These figures are summarised according to source of funding, to Cluster of needs / interventions, and to
investment instrument in section 4.1.2.

The exact international investment ask is not quantified at this point. This figure is currently included in the
“Other Govt (government)” funding source in Table 24. This will be a priority task for the Roadmap Project
Management Unit to clarify on inception in the first quarter of 2015/2016. Currently, the exact international
ask required is dependent of DWS’s NWRSII alignment and resourcing process that is underway and the
WRC strategic planning process that is required to support roadmap implementation.

4.3.2 Design implementation framework

The final stage (box 11, Figure 24, p. 65) was to design an appropriate framework to guide, monitor, and
manage the successful execution of the roadmap; five options for managing and co-ordinating the
implementation of the RDD programmes were proposed for discussion and do not form part of this report.
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South Africa’s Research Development and Innovation Roadmap

Table A2: Statements of need grouped into clusters, indicating which sectors expressed which
needs.

Agriculture IR Y Public Environment
Sector

SUPPLY: Increase ability to make use of more sources of water, including alternatives

1 Increase the ability to identify and make use of alternative supplies ° °

2 Increase use of treated effluent . o o
3 Decrease levels of salinity . o o
4 Increase levels of desalination . ° °
5  Increase rainwater harvesting . o o
6 Increase use of wastewater . o o
7 Increase levels of groundwater use . ° °
8 Increase stormwater harvesting and management . o o
9 Increase capture of floodwaters ° .

SUPPLY: Improve governance, planning and management of supply and delivery

10  Enable optimised reallocation and distribution ° . .
13 Improve effectiveness of Institutional landscape in respect of governance, ° ° °

planning and supply management (actors, management, institutions)
14 Improve the ability to manage water flows. Align allocation and mix to . °

requirements

15 Improve quality and resilience of planning for the future — ability to respond
to volatility

16 Optimise the ability to manage water resources from source to source in an
integrated wa

SUPPLY: Improve adequacy and performance of supply infrastructure

11 Increase adaptability of storage capacity

12 Increase protection and reliability of ecological infrastructure

23 Improve performance, optimise investment in infrastructure

SUPPLY: Run water as a financially sustainable “business” by improving operational performance

18  Improve the financial sustainability of the water system

19 Improve the equity of pricing

20 Increase the accuracy of attribution of water use

21 Increase proportion of water that is paid for

22  Improve performance of revenue collection

24 Improve operational efficiencies

DEMAND: Improve governance planning and its implementation in the management of demand and use

36 Increase transparency over rights, quotas, allocation and transfers ° . °

37 Improve co-operative governance with respect to planning and
management. Cross-sectoral.

38 Improve quality and effectiveness of context-specific planning and
implementation

DEMAND: Reduce losses and increase efficiency of productive use

25  Reduce water transport losses ° ° °
26  Reduce leakages . o

27  Optimise conjunctive use of water . o

28 Reduce volume of water use . o

29 Increase the area under irrigation

30 Improve efficiency of water use . o

31 Increase levels of water reuse . o

32  Minimise output to unrecoverable sources ° .

33 Minimise volume and toxicity of pollution . o o

34 Optimise balance between the right to water and productive use of this
water
35 Minimise discharge of poor quality water

DEMAND: Improve performance of pricing, monitoring, metering, billing and collection

39 Improve equity of pricing, encourage desirable practice ° . °
40  Improve accuracy: use monitoring, billing and management ° ° .
41  Reduce levels of unmetered use ° o

92



€6

dad ON dana danaLa "|BJ0}08S-5S017) Juswabeuew pue Bujuued o} 108dsal yim aoueusanoh aniesado-09 anoidw /8
dad ON dana dana.la Sslajsuel) pue uonedojje ‘sejonb ‘syybll Jano Aouaiedsuel) asealou 9¢

asnh pue puewap jo judwabeuew ay} ui uonejuswa|dwi sy pue bujuuejd ssueusanob anoidw)

dd ON ddNa ddNa SoloUsIolya [euolelado anoudw) g
dd ddNd L ddNd ddnd U01}99]|00 8NUBA3J JO douew.opad aroidw @
dd daiNa .l daina daina 10} pred si jey} Jajem Jo uoiodoud aseasou 12
da dainal dana daia asn Jajem JO uoinguye Jo AoeIndoe 8y} 8sealoU| (g
dd ON ddNa ddNa La Buioud jo Aynba sy} snoudw| 6}
ddaina ON dd dd waysAs Jajem sy Jo AJjiqeuleISNS [eloueul 8y} aaoidw gl
aouewJopad [euonesado Buiroadwi Aq  ssauisng,, sjqeulejsns Ajjeloueuly e se Jajem uny
dd ddnNa3 dd ddNa3 2INjoNASeIUI Ul Jusw)SaAUl asiwndo ‘eouewlopad snoudw) €2
da dawa3 da dana3 ainjonusesyul [ea160j023s Jo Ayjigel|al pue uonosjold aseasou]  z|
dana E| dana dana fyoedeo abelas jo Ayjigeidepe aseaiou] m
ainjanysesju Alddns jo aouewopad pue Aoenbape aroiduw)
da ON dana dana Aem pajesfajul Ue ul 92IN0S 0) 82IN0S WO} S82IN0Sal Jajem abeuew oy Ayjige ayy asiwndo 9|
da dawal dawa dawal Axelon o} puodsai o} Ajjige — aaniny 8y} Joj Bujuued jo sousyjisel pue Ayjenb saoidwy G|
dd dainal dana damwal sjuswalinbal 0} xjw pue uoledo|e ublly “smoj) Jsjem abeuew o) Ayjige ay) sroidw|
da ON dana dana juswabeuew A|ddns pue Buiuueld ‘eoueulanob Jo joadsal Ul adeospue| [euoin}isu| Jo SSaUBAROSYS aAoIdw] €L
dd ddNd L ddNd dd Nd L uoinquIsIp pue uoijeaoieal pasiwndo sjqeus 0l

Kianap pue Ajddns jo juswabeuew pue bujuueld ‘@oueusanoh anosdwy

SI8)empool} Jo ainjdeo asealou| 6

daina danal3 dana dawal3 Juswabeuew pue BulisaAley Jsjem WIo)S asealou| 8
ddaina ddiNd ddind ddind asn Jajempunolb Jo s|jans| asealou| /
ddNd ddinNa.l3d ddNd ddnNaLid Ja9jeMa)SeMm JO asn asealdu| 9
ddNd ddNd L3 dd nNd ddnd.l3 Bunsanley Jayemurel asealou G
ddna danaili ddNa ddiNa.li uoljeul|esap Jo S|aAd| 8Seaudu| ¥
Ajuiies Jo sjaAs| asesioa( e

dd Nd ddiNdl3 dd Nd ddNdl3 Juan|ye pajeal} Jo asn asealou| Z
dawa dawa.l3 dawa dawal3 sa||ddns aAeuss)e Jo asn exew pue Ayuspi o} Ajiqe sy} esessou| |

SaAljeuIa}[e Buipnjoul ‘1ajem Jo $82IN0S d10W JO ash ayew o} Ajijiqe aseaiou|

fyoedes ABojouyosa | uoljew.oyu| juswabeuepy wswAholdaq = dq ‘uonesuoeq = N ‘Bunsa] = | ‘uonelojdx3 = 3 :abejs Joj pusbar

*Ayunjuoddo payiuapi yosea jo ainjeu pue abejs ayj 0} buipioooe jeiyuajod qQy JO JUBWISSASSY :CV d|gel

dewpeoy uoneaouu] pue juswdojorsq yaieasay S,edlly yinos



v6

ddiNad3 ddNa3 ddNa 3 ddNd 3 asn paJajawun Jo S|9As] 8aNpay
ddNa3 ddna3 ddNa3 ddNa3 juswabeuew pue Buyjig ‘Buroyuow asn :£oeindoe anoidu|
ddnNa3 daNa3 dana3a dana3a aonoeud s|qelisap abeinoous ‘Buioud jo Ainba anoidw
uonaa]|09 pue Buipg ‘Buiisyapy ‘Burioyiuopy ‘Buidlid jo asuewsopuad anoidw

ddNa ddNa 3 ddiNa 3 Na 3 Jajem Ajjenb Jood jo abieyosip asiwiulpy
dana dawa3 dawa3 NG 3 Jajem S|y} Jo asn aAijonpo.d pue Jajem o} Jybi sy} usamiag soueleq asiwldo
ddNa ddNa3 ddNa N3 L uonnjjod Jo AJ101X0) pue BWNjOA SIWIUIN
dd Nd ddiNa3 ddiNd 3 ANd 3 $92IN0S 9|(eIdA023IUN 0} Jndjno asiwIuI
ddnd ddiNd3 L ddNd3 1 ddnd 8sNal Jajem JO S[aA3| 8sealou|
& &l ddnd ddNd asn Jajem Jo Aousiolys anoldw)
& & & & uonjeBiul Japun eale ay} asealou|
dd ddNa3 dd a3 ddNa 3 3SN Jajem JO SWN|oA 8onpay
dd ON dd ddiNa 3 Ja)em Jo asn aAjjounfuod asiwipdo
dd ddNa3 ddnd dd Nd L sobeyes| aonpay
dd dana3 ddNa ddiNa L $9SS0| Hodsuel) Jajem aonpay
asn aaonpoud jo foualonye asealau] pue Sasso| 3anpay

da ON dana dana.la uonejusws|dwi pue bujuued oyyioads-}xs}uod Jo SSauUsAaYs pue Ajenb aroidw)
Ayoedes ABojouydsa ] uojjew.oju| juswabeuely WswAo|deqd = 4q ‘uonesuoleq = NQ :bunse] = | ‘uoneiojdx3 = 3 :abeys Joj pusha

4%
0y
6€

1
ve
88
143
1€
0€
6¢
8¢
Lc
9
1

8¢

dewpeoy uoneaouu] pue juswdojorsq yaieasay S,edlly yinos




G6

solouaby Juswabeueyy Juswydles [euonoun) suiN UONBIO0|[B J8JEM S,9U0AISAS MOUY SJUSLYDIEI UIYIM SIBWNSUOD) Slajsuel) pue uoneaojje ‘sejonb ‘syybll Jono Aouaiedsuel) aseasou
asnh pue puewsap jo judwabeuew ay} ui uoiyejuswa|dw sy pue bujuuejd ssueusanob anosdw)

8t Japun uy pailedal pue sinoy z| Japun Ui pajos}ep ale syes) || panoidwl sI UoIB}ep Yes SsaI0usIoIYe [euolelado anoldu|
%G| MOJ9q SI Jajem dnNUSASI-UON PaJ|0JJu02 JaJ}oq S| JO}eM SNUSABI-UON U0N}99]|09 8nuBAaJ Jo souewlopad aaoidw|

Jo} pied si Jey} Jajem Jo uoiodoud asealou)

s9]|ddns paJsjalu UO 8ie SJasN [eLISNpUl PUB INSALIOP ||y sal|ddns paJsjow UO ale SI9SN [BLISNPUI PUB JNSBLIOP || asn Jajem JO uoingLye Jo A9eindoe ay aseslou|

Buoud jo Aynba sy} anoidw

%G| MO|3q S Jajem BnNUSABI-UON PaJ|0JJu0d JaJ}aq S| Ja}eM SNUSABI-UON wiaysAs Jajem ayy Jo Ayjiqeureisns [eroueuly sy} aaoidw|

aouewiopad [euonesado Buiroidwi Aq ssauisng,, ajqeuleisns Ajjeioueulj e Se Jajem uny

aInjonyseul ul Juswisanul ssiwndo ‘souewlopad sroldw
uoneinbai Aq pajosjoud s

yo1ym ‘aniasal [e2160j098 8y} Joj Jiwi| MU e 0) P3| aAeY sdew |[ejuies MaN JUBIOILNS PUE paulapal S| 9AI9sal [e0160j093] ainjonuisesyul [ea160j023s Jo Ajjigelal pue uolosjold asealou|
‘seale ueyjodosow
||B Ul }SIX3 SYIOA UIBYUON SJajep) Bing,or 0 Jejiwis sanijioe} abeiois a|qe|leAe sIjuan|ye pajeal) Joj abeloyg Ayoedes abeiols jo Aljiqeidepe asealou)

ainjanysesju Alddns jo aouewopad pue Aoenbape aroiduw)

Aem pajeibajul Ue Ul 82In0S

Jlajema)sem pue ‘Jajemess ‘Joyempunolb sepnjoul dew mau ay | paddeuwsa. suoijeaojie 1sjem YA 0} 80IN0S WOJ} $80N0SaJ Jajem abeuew o} Ayjiqe sy} ssiwndo
Aunelon o} puodsai

0} Ayjiqe — aunn} ayy Joy Buuued jo aousljisal pue Ayjenb anoidw|

sjuswalinbal

0} XIW pue uoledo||e ublly “smoj} Jayem abeuew o) Ayjige ay) sroidw|

Juswabeuew Ajddns pue buiuued ‘@oueulanoh

solpuaby Juswabeueyy Juswydles [euonoun) suiN [9A3] JuBWYI)ed Je pabeuew S| 8OUBUISAOS) 10 108dsau ul adeaspue| [euonn}isul Jo SSaUBAIIBYS aA0Idw|

9102 Aq paya|dwiod dew mau paddewsau suoneaoje Jsiem YAd uonNqLISIp pue uopedo|ieal pasiwndo ajqeud

Kianijap pue Ajddns jo juswabeuew pue Buuueld ‘@oueusanobh anoidw)

S18)2MpOO}} JO ainjded asealou|

abrl0)s pue abeulelp Ja1emuULIOS 8ARY Seale uejjodonsw |y pajsaAley S| Seale Uegin Ul J)emuLIolg JuswaBeuew pue BunsaAlRY JS]EMULIO)S 8SE8I0U|
Jajempunolb wouj pajoesge sn Jsjem J0 %01-G saljddns Jajempunoib wouj paoInos si pasn Jajem 810} asn JajempunolB Jo sjaAs| asealou|
JUBLIUOIIAUS
pasnal Iajemalsem pajesi} Jo %G/ 8y} 0} pableydsip o pesjsul pasnal si Jusn|ye pajesl} 10| J9)BMBISEM JO BSN 8SE8I0U|
BunseAley Jajemulel 8sesiou|
pasnal pue pajeul|esap S| JaJeMa)Sem JO %G/ suoneJsado aunnoJ ale pueul Uoleulesap
pueyui ‘isjemess wolj Aiddns Jajem sy} Jo %G UIBIGO SBNIUNWILIOD [e]SBOY) 19]EMB)SEM PUB S8IUNWLLOD [BJSBOD Ul UONBUI[BSSP J8)eMeas UoIjBUI|BSSP JO S[BA8| 8sealou|
Ruiles Jo sjas| ases109Q
JUBLIUOIIAUS
pasnal Iajemalsem pajesi} Jo %G/ 8y} 0} pableydsip o pesjsul pasnal si Jusn|ye pajesl} 10| Juan|ye pajesi} Jo 8sn 8sealou|

sol|ddns aAijeuIs)je JO 8Sh axew pue Ajjuapl 0} AJjige ay) asealou]

saAljeusa)je Buipn|aul ‘19jem Jo S32INOS 3I0w Jo asn dew o} A}jige aseaou|
¢ palinbai abueyds (paynuenb) wnwiuiw (spaaN ayj 0} aauaiajal
3y} SI JeYM ‘saINSea 3dUBWIOHAd Palpuapl ay} o} }oadsal ypm U)IM) [9A37 J3)SN|) J PauLIBP SAINSEI| SIUBWIOHD

4
)

_S |

[enuajod aay pue ‘SUOIjUdAIBIU| ‘SPASN JO SId)SN|D UBASS 3y} 0} BuIpiodde SaINSEd|) 9oUBWIOMDd QY JO JUSWSSASSY :pY d|qel

dewpeoy uoneaouu] pue juswdojorsq yaieasay S,edlly yinos



96

%G| MOJ9q SI Ja}em dnNUSASI-UON PaJ|0JJu02 JaJ}oq S| JO}eM SNUSABI-UON 9SN paJsjawiun JO S|9As] 8oNpay  Lf
s9||ddns paJsjow Uo aJe SIasNn [BLISNPUI pue JSBWOP ||y sol|ddns paJs}aw Uo aJe SIASN [BLISNPUI PUB JSBWOP ||y Juswabeuew pue Buljq ‘Bulioyuow asn :Aoeindoe anoidw|  Of
aAIsuadxa Ajaaniqiyo.d si Jejem paysem
‘paoud Ajqeuoseal s| asn a|qeuOSeal {9al) Sulewal Jajem oISeq a3l SYLIE) JaJem Joj 8Bas BuIpI|S dL}BWN|OA B} BSINSY aonoeud s|qelisap abeinoous ‘Buioud jo Aynbs anoidw) 68
uo1393]|09 pue Buijig ‘Burialaly ‘Butiojiuoly ‘Buiatid jo aouewlopad aroiduj H
snjejs doiQ UsaIs) UIB)e SHIOM JusLujesl} J}eMa)SEM JO %06 pajeal} Ajsjenbape S| Jojema)sem ||y Jayem Ayjenb Jood jo ebieyosip ssiwiully  Gg
Jayem siyy
J0 8sn aAonpoud pue Jajem o} Jybl ay) usamiaq asuejeq asiwundg £
snjejs doiQ Usalc) Ulelje SYJOM JUBWIeal) JaJeMB)SEM JO %06 pajeal; Ajgjenbape si Jajemajsem ||y uonnjjod Jo AJIoIX0) pue SWN|OA SSIWIUI €€
JUSLLUOIIAUS
pasnal Jo}eMajsem pajesi} JO %G/ 8y 0} pabieyasip Jo pes)sul pasnal | Juan|ys pajesi Ioj\ $80IN0S 8|eIoA003IUN 0} INdJN0 SsIWIUI  Z€
JUSLLUOIIAUS
pasnal Jo}eMa)Sem pajesi} JO %G/ 8y 0} pabieyasip Jo pes)sul pasnal S| Juan|ys pajesi sIoj asNal JjeMm JO S|oAs| aseasou| g

asn Jajem Jo Aousiolys anoldw| g
uonebiul Japun eale 8y} 8sealol|  6Z
swuey Ajiwey Jo 9%,0¢ pue

SWB) [BIDJBWIWOD |[B UO 8SN U| BJe ‘Sjus|eAinba Jo ‘| YMdYS PUB 1YMOId asiuadxa Bulinpayas uoneBil 3no |0y 9SN JSJeM JO BWN|OA BONPaY 82
Jajem Jo asn aAounfuod ssiwndo /2
8 Japun uy pailedal pue sinoy z| Japun Ui pajosiap ale syes) |y panoidwl sI Uoi8}ep Yea sofeyes| sonpay 9z
%G| MOJ9q SI Ja}em dnNUSASI-UON PaJ|0JJu02 J8J}oq S| JO}eM SNUSABI-UON $85S0| Jodsue.) Jojem aonpay  Gg
asn aApanpo.d jo Aoualo1jyd 9SeAIIUI pUB SBSSO| dINPAY H
uoneyuswadwi
solouaby Juswabeueyy Juswydle) [euonoun) suiN [9A3] JuBWYJ}ed Je pabeuew S| 82UBUISAOL) pue Buluueld oi10ads-1xa)uod Jo SSausAlaYS pue Ajjenb aroidw] 8¢
‘|BJ0}09S-SS0.17) ‘Juswabeuew
solouaby Juswabeueyy Juswydle) [euonoun) suiN SYIND Ul PaAjoAUl BJe SHQ PUB Y3d ‘Hod ‘SMa pue Buluueld o} Joadsal yym soueusanob aAlesado-00 aroidw| /¢
¢paainbai abueys (paynuenb) wnwiuiw (spaaN ay} o3 adualaal
3y} S JeyM ‘sanseay aduBW.IOKAd paluapl ay} o3 }oadsal ypm U)IM) [9A37 J8)SN|9) Je paulyap SaINSEa| 3IUBWIOMA

dewpeoy] uoeAouu| pue Juswdojers( YoJesasay S,eoljy Yinos



South Africa’s Research Development and Innovation Roadmap

APPENDIX B: ATTRACTIVENESS OF RDD OPPORTUNITIES
ACCORDING TO EACH SECTOR, PER CLUSTER.
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Figure B1: Increase ability to make use of more sources of water, including alternatives
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This cluster was identified as a set of needs only by the public sector, so estimates of the needs’
attractiveness, opportunity, value, and impact were not sought from the other three sectors.
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Figure B5: Improve governance, planning, and management of demand and use
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South Africa’s Research Development and Innovation Roadmap

APPENDIX F: IMPACT ANTICIPATED, BASED ON FIVE IMPACT
AREAS - SUMMARY

The Impact Assessment Framework used required assessment of anticipated impacts in a set of nine areas:

/= | Produces positive net basin impact, via: Reduced incidence of water-borne sickness and disease
1 Reduced withdrawal Reduced incidence of sickness and disease from air pollution
% Reduced consumption Reduced incidence of sickness and disease from chemical contaminants
& Improved water quality ) ) . ) i Reduced absenteeism and early retirement - through |ncreased | wellness -
. Improved productivity of use ; R?Q.'-'CEF’..""F?TK?""?Y T :
Wealth
Number of businesses created, sustained and grown Improved availability and quality of environmental goods and services
Number of jobs created or sustained ) ) Increased food security - livestock, crops

Reduced Ioss of animals

Productivity _— Increased school attendance (driven by access and quality) and improved

Increased product per drop (WUE tonnes/ ton of water)

' educational outcomes
!.Uq.re@.s‘?.d cropyieldperdrop % Improved relations between all suppliers and consumers in a catchment
Reduced down-time (eg caused by maintenance) 1 (eg WUASs and farmers)
R Sa_t__i_;fa_g_ti__on__ef__r'wg_ht_e and demands of those without access to water
Increased average revenues per unit product and per m3 Reduced environmental debt :
delivered Raised awareness of the value of water, driving increased willingness to
Increased average revenue per pr.c.ducer (eg farmer T pay
ecosystem, environment ) T T

Reduction in carbon emissions

Costreduction Reduction in area of salinised land
Decreased water footprint per unit produced Reduced levels of groundwater contamination
Reduced material inputs (and cost) Reduced cost of treating process water and potable water
Reduced energy inputs (and cost) ) ) ) Reduced contamination of surface water
Reduced labour requirement (and cost] Reduced downstream pollution
Be_duc__ed cu_st__of healthcare o ) o Reduced loss of nutrients from fields

Reduced levels of soil erosion

. ’ Reduced or reversed decline in biodiversity
Reduced capex requlrements Preservation of riverine habi tants
Improved health of terrestrial environment

Investment

Reduced maintenance costs

Table F1: Impact assessment: Water Scarcity

__ [mproved productivity

of use

— [Reduced withdrawal
— Reduced consumption
— Improved water quality

o (Overall score /10

Increase ability to make use of more sources of water, including alternatives

Improve adequacy and performance of supply infrastructure 1

Run water as a financially sustainable “business” by improving operational

performance 1 1 1 1 10
i 1

Reduce losses and increase efficiency of productive use 1 1 0 1 75

Improve performance of pricing, monitoring, billing, metering and collection 1 1 0 1 75

A 0 in the box for a sub-area / cluster combination indicates that no impact is anticipated, whereas a 1
indicates that an impact in the area is anticipated. (The nature and extent of the impact was not required for
this framework). The proportion of sub-areas in which impact was anticipated was then used to provide the
overall score.

For example, the top row indicates that implementing the interventions listed under the cluster of needs,
Increase ability to make use of more sources of water, including alternatives, was anticipated to make an
impact in all four areas under Water Scarcity. Since all four boxes contain a 1, the overall score is 4/4 =
10/10. The interventions to meet the needs listed in the cluster, Improve performance of pricing, monitoring,
billing, metering and collection, were anticipated to make impacts in three of the four areas, so the overall
score was 3/4 = 7V4/10.
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South Africa’s Research Development and Innovation Roadmap

Table F2: Impact assessment: Economic

— Wealth

— [Productivity

— [Revenue

—|Cost reduction

S [Overall score /10

Increase ability to make use of more sources of water, including alternatives

Improve adequacy and performance of supply infrastructure

Run water as a financially sustainable “business” by improving operational 1 1 1 1
performance 10

Reduce losses and increase efficiency of productive use
Improve performance of pricing, monitoring, billing, metering and collection 1 1 1 1 10

Table F3: Impact assessment: Health

Reduced incidence of water-borne

sickness and disease
retirement — through increased

Reduced incidence of sickness
and disease from chemical
Reduced absenteeism and early
wellness

Reduced incidence of sickness
contaminants

and disease from air pollution
Reduced mortality rate
Overall score /10

Increase ability to make use of more sources of water,
including alternatives

Improve adequacy and performance of supply infrastructure

Run water as a financially sustainable “business” by improving
operational performance

1 0 0 1 1 6
Improve governance, planning, and management of demand
and use 1 1 1 6
0 0 0 0 0 0

Reduce losses and increase efficiency of productive use

Improve performance of pricing, monitoring, billing, metering
and collection 0 0 0 0 0 0
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Table F4: Impact assessment: Society

Improved availability and quality of environmental

goods and services
land quality) and improved educational outcomes

Raised awareness of the value of water, driving

Increased school attendance (driven by access
increased willingness to pay

consumers in a catchment (e.g. WUAs and

farmers)
Satisfaction of rights and demands of those

Improved relations between all suppliers and
without access to water

Increased food security — livestock, crops
Reduced loss of animals
Reduced environmental debt

> |Overall score /10

Increase ability to make use of more sources of
water, including alternatives

Improve adequacy and performance of supply
infrastructure

Run water as a financially sustainable “business” by
improving operational performance

Improve governance, planning, and management of
1 1 1 1 1 1 1 1
demand and use

Reduce losses and increase efficiency of productive
use

Improve performance of pricing, monitoring, billing,

metering and collection

Table F5: Impact assessment: Society

Reduced cost of treating process
water and potable water
Reduced or reversed decline in
Preservation of riverine habitants

biodiversity
Improved health of terrestrial

Reduced levels of soil erosion
lenvironment

Reduced levels of groundwater
Reduced downstream pollution

Reduction in carbon emissions
Reduction in area of salinised
contamination

Reduced contamination of
surface water

land

© |(Overall score /10

Increase ability to make use of more sources of
water, including alternatives

Improve adequacy and performance of supply
infrastructure

Run water as a financially sustainable “business” by
improving operational performance

Improve governance, planning, and management of
1 1 1 1 1 1 1 1 1 1
demand and use
Reduce losses and increase efficiency of productive
use

Improve performance of pricing, monitoring, billing,
metering and collection
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South Africa’s Research Development and Innovation Roadmap

APPENDIX G: NATIONAL RESEARCH FOUNDATION VALUES
FOR RESEARCH HUMAN CAPACITY

G.1 EXCERPTS FROM “FUNDING YOUR RESEARCH FUTURE”

(NRF, 2014. Available at
http://www.nrf.ac.za/sites/default/files/documents/Funding%20your%20Research%20Future%20NRF%20Bu
rsary%2C%20Scholarships%20Value%20Rules%20and%20G....pdf (Accessed 11 November 2014).

a. NRF Freestanding Scholarships and Fellowships %

This funding instrument is supported through funding from the NRF core parliamentary grant and has been made avallable to support honours,
masters, doctoral and postdoctoral candidates. The aim of the funding instrument is to contribute towards increasing the number and quality of South
African postgraduate students and fellows as well as provide support for doctoral and postdoctoral candidates to pursue studies abroad.

Honours/Finalyear BTech (Block grant) R 20000

Master's degree (Block g R 40000
Doctoral degree R 60000

Postdoctoral Fellowship R 140 000

1 year
2 years

3 years

Contribution towards running expenses R 10000

Doctoral degree Us$ 22 000
Postdoctoral Fellowship US$ 24 000

Scholarships Value (p.a.)

3years

4 years

3 years

Duration

Honours/Final year BTech degree R 40000

Master's degree R 70000 2 years
Doctoral degree R 100 000 3 years

Postdoctoral Fellowships R 220 000
Contribution towards running expenses R 45000 3 years

PLEASE NOTE:

1 year

A once-off travel grant is awarded to Scarce Skills masters, doctoral and postdoctoral award-holders during the tenure of their award and upon
completion and approval of a travel grant application. The conditions as stipulated in the NRF Guidelines on Travel are applicable. Master's award-
holders are entitled to R15 000 for local or international travel. Doctoral award-holders are entited to R15 000 for local travel and RS0 000 for

international travel. Postdoctoral Fellows are entitled to R25 000 for local travel and RS0 000 for international travel.
science and technology

c. DST Funded Innovation Scholarships and Fellowships Fhenis e Nechiitiy
REPUBLIC OF SOUTH AFRICA

This funding instrument is supported through funding from the Department of Science and Technology (DST). Funding has been made available to
support honours, masters, doctoral and postdoctoral candidates. The aim of the funding instrument is to confribute towards the pipeline of next
generation researchers and to stimulate the knowledge economy through research and development in the country.

Postdoctoral Fellowships R 265 000
Contribution towards running expenses R 50000 3 years
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DA AD Deutscher Akademischer Austausch Dienst
d. DAAD-NRF Joint In-Country Scholarships German Academic Exchanne Servica

The German Academic Exchange Services (DAAD) in partnership with the NRF offers Joint In-Country scholarships for postgraduate students in
South Africa studying towards a master's or doctoral degree. The programme Is co-funded by the German Federal Ministry of Economic Cooperation
and Development (BMZ). The aim of this programme is to increase the number of postgraduate candidates receiving quality education and training
and contributing towards national efforts of human capital development in the country. The programme also focuses on staff development at doctoral
level to build capacity within South African tertiary institutions. Supported students can also apply to DAAD for collaboration and training at any
German university under the programme.

Scholarships Value (p.a.)

Master's degree R 70000

—

science and technology

Desarmast
Sciren i Tachnology
REPUNLIC OF SOUTH AFRICA

e. Renewable & Sustainable Energy Scholarships

This funding support focus is to provide scholarship grants at master's and doctoral levels focusing on research studies that support and facilitate the
shift towards a sustainable energy sector. In line with the draft DST energy research focal areas, the scholarships are offered to candidates that do or
want to do research on the following focus areas:

+  Cleaner fossil fuel development, including clean coal technologies;

+ Renewable energy (bioenergy including bio-fuels, solar energy, wind energy, etc.);
»  Energy impact on the environment;

+  Energy for socio-economic development;

s Energy system planning and modelling; and

+  Energy policy research.

Scholarships Value (p.a.)

Master's degree R 85000

Doctoral degree R 100 000

f. SANHARP Scholarships

Dzprmment
Sisifuch rnd Tatwidiny
REFURLIC OF SOUTH AFRICA

SANHARP aims at supporting the government's vision to expand nuclear energy in the South African energy mix by building skills for the nuclear
sector. The programme was established by the Department of Science and Technology. The skills advancement ranges from basic and applied
research and engineering disciplines to manufacturing and distinctive aspects of waste management. The strategy also looks at other nuclear
applications like isotopes and radiopharmaceutical production, food preservation, material research, amongst others. The funding instrument
supports undergraduate students until doctoral studies if they wish to continue under the programme towards capacity development.

Undergraduate bursaries Funding adjusted depending

Honours/Final year BTech degree on [nstitution
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g. THRIP/NSTF Bursaries

Funds for this funding instrument are provided by the department of Trade and Industry (the DTI). THRIP-NSTF bursaries provide funding to
students who are from the NSTF Brilllants Programme. The NSTF collects grade 12 national results annually and find sponsors for the top 18
students in the country. THRIP is one of the funders of the Brilliants who conduct undergraduate and Honours studies in Sclence,
Engineering and Technology studies at HEIs.

Degree Value (p.a.) Duration

First-year undergraduate SET students R 80000 3 years

science and technology

h. Professional Development Programme (PDP) iz
Besfeh il Tachacligy
REPUALIC OF SOUTH AFRICA

This funding instrument is supported through funding from the Department of Science and Technology (DST). Funddng has been made available
to address the challenges around human capital development within the National System of Innovation (NSI). The initial focus of the programme
is on Sclence Councils, National Facilities and Research Museums. The programme objectives are to build capacity with the hosting institutions in
relevant science and technology related skills development. The programme is modelled on a work preparation programme for masters and
doctoral graduates that want to pursue careers in research to experience the workplace in a research environment and their skills and
consequently improve their prospects of permanent employment in the science and technology system. In addition the programme atfracts and
retains young scientists and professionals of high caliber in the science and technology systems.

Ve (p2)

Dactoral Position R 210 000
Minimum confribution from Science R 70000
Council/National Facilities/Research

Institutions towards research running

and other indirect costs

Postdoctoral Paosition 2 years
Minimum contribution from Science

Council/National Facilities/Research

Institutions towards research running
and other indirect costs

et e a4t St 1= e

Ceezmmant
Seani dful Tehvioliggy
REPUBLIC OF SOUTH AFRICA

j- Support for completing Part-time Doctoral Students

This funding instrument provides support to final year doctoral students studying on a part-time basis towards vien usyisss. AppIGans mUsL EYE
registered part-time for a doctoral degree at a South African higher education institution and towards completion of the study. Applicants may
apply for up to 12 months of support under the programme; however funding values are related with their leave period indicated by their employer.
The alm of this programme Is to assist working individuals towards the completion of their doctoral degree

Support for completing part-time doctoral students R 10 000 per month based on period of
leave indicated by employer
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science and technology

k. Research Career Advancement Fellowships ﬁ e i Tstacigy

The Department of Science and Technology (DST) has made available funding for Research Career Advancement Fellowships in order to
strengthen research capaclty and scientific research leadership in Sclence, Engineering and Technology by creating positions for senior
postdoctoral fellows who have shown interest in furthering careers in research and academia and have demonstrated the potential and ability for
research leadership. This Is a lucrative funding award that allows talented emerging researchers to pursue a career in research and allows
emerging researchers to be mentored and groomed by senior researchers. This development programme allows the emerging researchers to

strengthen their research track record and become independent researchers.

Research Career Advancement Fellowship R 350 000
&l <cicnce and rechnaloov
(o | | rew | rww | rmw |
T I I R LT

PLEASE NOTE:

The requested budget (human capital development, Infrastructure and Operational costs) under this programme cannot exceed R1 million.

m. NRF- MRC Health and Allied Scholarship

The Mational Research Foundation (MRF) and South African Medical Research Medical (MRC) entered into a partnership in delivering the masters
and doctoral scholarships programme in the health, allied sciences and related fields at public higher education institutions in 2014. The programme
is intended to confribute to the production of high-quality human resources, generation of high-guality knowledge, as well as the development and
transfer of this knowledge to ensure tangible benefits to society especially in the health and allied research. Areas of support are Biochemistry,
Pharmacology, Taxicology, Molecular Modelling, Medical Sciences, Immunology and all other disciplines aligned to health and allied sciences in
general.

Scholarships Value (p.a) Duration

Master’s Scholarships R 80 000 2 year

Doctoral Scholarships R 110 000 2 years

124



South Africa’s Research Development and Innovation Roadmap

Type of Travel Grant Value of Award How to Apply

NRF Free-standing Masters Travel Grant R 5000 For an application form, contract your

financial aid bursary/postgraduate office
MRF Free-standing Doctoral Travel Grant of the institution where you are based.

NRF Free-standing Postdoctoral Travel Grant R 15 000 (local)
R 45 000 ( abroad)

DST Innovation Fund Masters Travel Grant R 10 000 (local or abroad)
Scarce Skills Development Fund Masters Travel Grant R 15 000 (local or abroad)

DST Innovation Fund Doctoral Travel Grant R 15 000 (local)
R 45 000 (abroad)

Scarce Skills Development Fund Doctoral Travel Grant R 15 000 (local)
R 50 000 (abroad)

DST Innovation and Scarce Skills Development Fund R 25 000 (local)
Postdoctoral Travel Grant R 45 000 (abroad)

Number of years for obtaining Final Year Undergraduate Honours bursary
undergraduate degree Student Assistantships
4th year

Sth year

Such nominations must be accompanied by a motivation, signed by the grantholder, confirming that the:

a) Particular undergraduate degree comprises of (number of) years and that is not followed by an Honours qualification;
b) Student has not failed any of the preceding academic years; and

¢) Student is currently in the (state year, eg. 3rd) year of the undergraduate degree

+ Masters and Doctoral bursaries are awarded according to the following ratios: 87% South African (including permanent resident), 5% SADC, 4%
rest of African continent and 4% from non-African countries.

= Postdoctoral Fellowships: Mo ratio applies.

«  Staff Development Grants: Only for South African staff members at a recognised South African research institution.
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a) Blue Skies, Thuthuka, Competitive Programme for Rated Researchers, Competitive Support for Unrated Researchers and

Manotechnology Flagship Programme Funding Instruments

Full-time Student Assistantships

Final year undergraduate degree/diploma

Value (p.a.)
R 8 000

Duration

1 year

Honours/Final year Blech degree

R 20 000

1 year

Full-time Bursaries

Value (p.a.)

Duration

Master's degree

R 40 000

2 years

Doctoral degree

R 60 000

3 years

Part-time Bursaries

Master's degree

Value (p.a.)
R 10000

Duration

3 years

Doctoral degree

R 12000

5 years

Postdoctoral Fellowships

Value (p.a.)

Duration

Postdoctoral Fellowships

Staff Development Grants

R 150 000 (pro rata per month)

Value (p.a.)

3 years

Duration

Master's/Doctoral degree

Maximum R 30 000* 3 years (M)

5 years (PhD)

*Depending on nature of research and proximity of student to supervisor.

b. South African National Antarctic Programme

Full-time Studentships

Value (p.a.)

Duration

Honours/Final year BTech degree

R 30 000

1 year

Full-time Bursaries

Value (p.a.)

Duration

Master's degree

R 40 000

2 years

Doctoral degree

R 65 000

3 years

Postdoctoral Fellowships

Value (p.a.)

Duration

Postdoctoral Fellowships

R 150 000 (pro rata per month)

3 years

Staff Development Grants

Value (p.a.)

Duration

Master's/Doctoral degree

Maximum R 30 000

3 years (M)

5 years (PhD)

*Depending on nature of research and proximity of student to supervisor.

c. Indigenous Knowledge Systems

Full-time Studentships

Value (p.a.)

Duration

Final year undergraduate degree/diploma

R 25 000

1 year

Honours/Final year BTech degree

R 35 000

1 year

Full-time Bursaries

Value (p.a.)

Duration

Master's degree

R 60 000

2 years

Doctoral degree

R 90 000

3 years

Part-time Bursaries

Value (p.a.)

Duration

Master's degree

R 30 000

3 years

Doctoral degree

R 45 000

5 years

Postdoctoral Fellowships

Value (p.a.)

Duration

Postdoctoral Fellowships

R 160 000 (pro rata per month)

3 years

Staff Development Grants

Value (p.a.)

Duration

Master's/Doctoral degree

Maximum R 45 000

3 years (M)

5 years (PhD)

*Depending on nature of research and praximity of student to supervisor.
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d. African Origins Programme

The Early Career Grants are comprised of a stipend and research running costs as follows:

Level Stipend allocation Value (p.a) Research costs Value (p.a)

Doctoral degree (3 years) R 100 000 R 50 000
Postdoctoral fellowship (2 years) R 150 000 R 75 000

PLEASE NOTE:
+« The stipend will be managed as a scholarship, which will be awarded to the nominated candidate. The Principal Investigator wil
nominate the ECR candidate on the NRF system and then allocate the funds to the candidate.

+ The research costs component will be ring-fenced for the sole use by the candidate, but held by the Pl against their research grant

Full-time Studentships Value (p.a.) Duration

Honours R 25 000 1 year

Full-time Bursa Value (p.a.) Duration

ot s

Postdoctoral Fellowships Value (p.a.)
Postdoctoral Fellowships R 150 000 (pro rata per month)

e. African Coelacanth Ecosystems Programme
Full-time Studentships Value (p.a.) Duration

Honours R 20000 1 year

oo
o
o

f. Global Change, Society & Sustainability Programme

Full-time Bursaries Value (p.a.) Duration

Duration
2 years
3 years

Duration

w
3
]

5 years

Doctoral degree R 120 000 3 years
Postdoctoral Fellowships Value (p.a.) Duration
Postdoctoral Fellowships R 200 000 (pro rata per month) 3 years
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g. Multi-wavelength Astronomy Programme
Full-time Studentships Value (p.a.) Duration

Honours R 30 000 1 year

Full-time Bursaries Value (p.a.) Duration

Doctoral degree R 65 000 3 years

Postdoctoral Fellowships Value (p.a.) Duration

Postdoctoral Fellowships R 150 000 (pro rata per month)

h. Education Research in South Africa

rounn o e s
s e

sy
Postdoctoral Fellowships Value (p.a.)
Postdoctoral Fellowships R 150 000 (pro rata per month)

i. South African Research Chairs Initiative (SARChI)

Full-time Studentships Value (p.a.) Duration

Henours/Final year BTech degree R 40 000 1 year

o

Full-time Bursaries
Master's degree

Doctoral degree

000
oo

Postdoctoral Fellowships

Postdoctoral Fellowships

SKA SARCHI Chairs

. = = = [ = ]

Bursaries

s e
s

Postdoctoral Fellowships R 325 000 R 327 000 R 330 000 R 332 000
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Equipment Grants

Masters Students- For students whose

funding began prior to, and including,
2013. The amount for the equipment
grant is per year for the duration of the
MSc degree (maximum two years).
Masters Students - For students whose
funding began in, and after, 2014. The
amount for the equipment grant is a

once off amount for full degree, paid in

the first year of the MSc degree.

Doctoral Students - For students whose
funding began prior to, and including,
2013. The amount for the equipment
grant is per year for the duration of the
PhD degree (maximum three years).
Doctoral Students - For students whose
funding began in, and after, 2014. The
amount for the equipment grant is a once
off amount for the full degree, paid in the first
year of the PhD degree.

Postdoctoral Fellows - For postdoctoral
fellows whose funding began prior to, and
including, 2013. The amourt for the
equipment grant is per year for the duration
of the fellowship (maximum three years).
Postdoctoral Fellows - For postdoctoral
fellows whose funding began in, and after,
2014. The amount for the equipment grant
Is a once off amount for the full fellowship,

palid in the first year of the fellowship.
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k. Centres of Excellence

Centres of Excellence (CoEs) are physical or virtual entities of research which concentrate existing capacity and resources to enable researchers to
collaborate across disciplines and institutions on long-term projects that are locally relevant and internationally competitive in order to enhance the
pursuit of research excellence and capacity development. The Centres of Excellence have the autonomy to determine their own bursaries values.
The values published may vary between the centres. The values indicated may not necessarily be allocated to the students or fellows.

1. Catalysis (c*change)

Full-time Scholarships Value (p.a.)

PLEASE NOTE:

c*change allows an additional 50% top-up from other sources, where
appropriate. In the case of a top-up beyond the additional 50%,
c"change will reduce its contribution pro rata.

2. Strong Materials

Full-time Scholarships Value (p.a.)
oo

Doctoral degree R 115 000

3. Invasion Biology

Full-time Scholarships Value (pa) m
i 3 ] 0|ty

= s
Postdoctoral Fellowships R 176 000 Postdoctoral Fellowships Value (p.a)

Posiccor el

4. TB Research

Full-time Scholarships Value (p.a.) Duration

Hoi

Doc

Postdoctoral Fellowships Value (p.a.) m‘
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5. Birds as key to Biodiversity (Fitzpatrick)

Full-time Scholarships Value (p.a.) Duration

Honours/Final year BTech degree | R 20 000 1 year

R 90 000

Master's degree

2 years

Doctoral degree R 120 000

R 180 000

3 years
Postdoctoral Fellowships

Postdoctoral Fellowships 3 years

6. Tree Health Biotechnology
Full-time Scholarships Value (p.a.)

Final year/undergraduate R 8 000

degree/diploma

Honours! Final year BTech degree| R 20000
Master's degree R &0 000
R 80 000

1 year

1 year
2 years

Doctoral degree 3 years

7. Epidemiclogical Modelling and Analysis

Full-time Scholarships Value (p.a.) Duration

Honours/Final year BTech degree | R 15 000
Master's degree R 70 000
R 100 000

R 220 000 3 years

1 year

2 years
Doctoral degree 3 years
Postdoctoral Fellowships

Postdoctoral Fellowships

8. Applied Centre for Climate and Earth Systems

Full-time Scholarships Value (p.a.) Duration

HonoursiFinal year BTech degree | R 25 000

R 75 000

R 120 000

1 year

Master's degree 2 years

Doctoral degree

3 years

Postdoctoral Fellowships Value (p.a.)

Postdoctoral Fellowships R 200 000 3 years

27

9. National Institute for Theoretical Physics

Full-time Scholarships Value (p.a.) Duration

R 40000

R 70000

Haonours/Final year BTech degree 1 year

Master's degree 2 years

R 100 000

R180 000- R270 000 3 years

Doctoral degree 3 years
Postdoctoral Fellowships

Postdoctoral Fellowships

10. Palacoscience

Full-time Scholarships Value (p.a.) Duration

Honours/Final year BTech degree | R 30 000

R 80 000

R 120

R 220

1 year
Master's degree 2 years
Doctoral degree 3 years
Postdoctoral Fellowships

Postdoctoral Fellowships 3 years

11. Indigenous Knowledge Systems

Full-time Scholarships

HaonoursiFinal year BTech degree | R 25 000
o005

Value (p.a.)
1 year
2 years

3 years

TN LU N
Postdoctoral Fellowships Value (p.a.) m
Postdoctoral Fellowships R 220 000
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G.2 EXCERPTS FROM “OVERVIEW OF NRF FUNDING OPPORTUNITIES, GRANT
MANAGEMENT, AND THE RATING OF RESEARCHERS 2015 TO 2017”

(NRF, 2014. Available at
http://www.nrf.ac.za/sites/default/files/documents/Overview%200f%20NRF %20Funding%200pportunities %2
C%20Grant%20Management%2C%20and%20the%20Rating%20... 0.pdf (Accessed 11 November 2014).

Table 5: Duration of awards

Broad Investment Eunding Instrument Award Maximum number of Total support
Area e cycles/years cycles period/years

Sabbatical Grants for the Completion of Doctoral Degrees 1 1 1
Professional Development Programme Doctoral Support 2 1 2
Student Support (Free-standing and Grantholder-linked) 1 1 1
Honours

NEXT GENERATION | g4, dent Support (Free-standing and Grantholder-linked) 2 1 2
Master’s
Student Support (Free-standing and Grantholder-inked) 3 1 3
Doctoral
Thuthuka: PhD Track 3 3] 2

Equipment-related Travel and Training Grants 1 Unlimited Reapply

INFRASTRUCTURE

Research Infrastructure Support Programme i i i
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