TUTDoR

Assessing and mapping water-energy-food nexus
smart innovations and practices in Vhembe District
Municipality, Limpopo Province, South Africa.

ltem Type Article

Authors Musetsho, Khangwelo D.;Mwendera, Emmanuel;Madzivhandila,
Tshilidzi;Makungo, Rachel;Volenzo, Tom E.;Mamphweli,
Ntshengedzeni S.;Nephawe, Khathutshelo A.

DOI https://doi.org/10.3389/frwa.2024.1253921

Publisher Frontiers Media

Rights Attribution-NonCommercial-ShareAlike 4.0 International

Download date

2026-02-13 22:56:04

[tem License

http://creativecommons.org/licenses/by-nc-sa/4.0/

Link to Item

https://hdl.handle.net/20.500.14519/1235



http://dx.doi.org/https://doi.org/10.3389/frwa.2024.1253921
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://hdl.handle.net/20.500.14519/1235

& frontiers | Frontiers in Water

‘ @ Check for updates

OPEN ACCESS

EDITED BY

Yizi Shang,

China Institute of Water Resources and
Hydropower Research, China

REVIEWED BY

Dhaarna Dhaarna,

National Institute of Construction
Management and Research, India
Masoud Vahabzadeh,

Iran University of Science and
Technology, Iran

*CORRESPONDENCE
Khangwelo D. Musetsho
dmusetsho@naledzi.co.za

RECEIVED 07 July 2023
ACCEPTED 17 January 2024
PUBLISHED 27 February 2024

CITATION

Musetsho KD, Mwendera E, Madzivhandila T,
Makungo R, Volenzo TE, Mamphweli NS and
Nephawe KA (2024) Assessing and mapping
water-energy-food nexus smart innovations
and practices in Vhembe District Municipality,
Limpopo Province, South Africa.

Front. Water 6:1253921.

doi: 10.3389/frwa.2024.1253921

COPYRIGHT

© 2024 Musetsho, Mwendera, Madzivhandila,
Makungo, Volenzo, Mamphweli and
Nephawe. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiersin Water

TYPE Original Research
PUBLISHED 27 February 2024
pol 10.3389/frwa.2024.1253921

Assessing and mapping
water-energy-food nexus smart
Innovations and practices in
Vhembe District Municipality,
Limpopo Province, South Africa

Khangwelo D. Musetsho!?*, Emmanuel Mwendera?,
Tshilidzi Madzivhandila®, Rachel Makungo?, Tom E. Volenzo?,
Ntshengedzeni S. Mamphweli® and Khathutshelo A. Nephawe®

!Department of Earth Sciences, Faculty of Science, Engineering and Agriculture, University of Venda,
Thohoyandou, South Africa, 2Department of Environmental Sciences, College of Agriculture and
Environmental Sciences, University of South Africa, Johannesburg, South Africa, *Clovita Consulting
Services, Pretoria, South Africa, *Food, Agriculture and Natural Resources Policy Analysis Network
(FANRPAN), Silverton, South Africa, *South African National Energy Development Institute (SANEDI),
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Water, energy, and food and their interactions (commonly referred to as the
WEF nexus) are critical pillars to resolving the intractable global challenges such
as poverty, hunger, malnutrition, poor sanitation, climate, and health crises.
The nexus approach, practices, and innovations at the household level are
critical determinants of whether resource use efficiency, co-benefits, basic rights
to water and food, and sustainability governance are attained. In particular,
smart WEF innovations can contribute to the current generations’ economic,
social, and environmental needs without compromising the needs of the future
generation. The study aimed to identify smart innovations, practices, and factors
influencing their adoption to inform policy and decision-making processes. The
study intends to support scaling up the adoption of innovations and practices
that enhance sustainability and resource security in support of the sustainable
development goals (SDGs). Semi-structured interviews and key informant
interviews (KlI) supplemented with observational checklists were used to identify
the WEF nexus smart technologies, innovations, and practices in Vhembe District
Municipality, Limpopo Province, South Africa. Data were collected from a sample
size of 128 households in the study area. Our findings revealed synergistic
smart innovation practices across WEF resource use and management practices.
Though indigenous knowledge (IK) practices were widely evident in the study
area, non-existent WEF smart knowledge support systems existed in the study
area. Indigenous knowledge practices were the most elicited innovation by
99.2% of households, suggesting it is critical to advancing WEF smart innovations
and practices and needs to be integrated into any policy and governance
interventions. A proportion of households recycle water (27%), whilst 53% use
untreated water. Furthermore, the knowledge systems on smart WEF innovations
were fragmented despite their potential to synergize sustainability objectives.
Exploring innovation platforms (IPs) as vehicles for dissemination, innovation,
and extension and advisory service delivery, as well as validation of Indigenous
Knowledge Systems (IKS), has the potential to contribute to the diffusion, uptake,
and scaling of existing innovation and practices with significant spill-over effects
on WEF resource security and sustainability outcomes both at local and extra
local scales.

KEYWORDS

WEF nexus, smart innovations, indigenous knowledge, innovation platforms,
sustainability transitions, resource security
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1 Introduction

The Water-Energy-Food nexus, hereinafter referred to as WEE,
focuses on the interrelationships and conflicts among system
components, notably supply and demand dynamics in energy,
water, and food, as well as the environmental footprints of these
relationships (Rasul and Sharma, 2016; Zhang and Vesselinov,
2017; Mpandeli et al., 2018; Vahabzadeh et al., 2023). Simpson
and Jewitt (2019a,b) express various WEF interaction typologies
as “water for food and food for water, energy for water and
water for energy, and food for energy and energy for food.”
In a nutshell, the nexus approach advances the conceptual and
analytical approaches for framing interactable relations between
WEF resources (Harwood, 2018). As an analytical framework,
the WEF nexus is critical to addressing global challenges such
as increasing populations and risk of malnutrition, biodiversity
loss, and climate change crises. In particular, it is critical in
mitigating the adverse impacts of climate change on crop yield
and productivity as well as the nutritional value of edible plant-
based diets (FAO, 20211). WEF thinking is largely informed by the
need to address (a) growing resource scarcities, (b) resource supply
crises, and (c) failures of silo WEF governance strategies (Cash and
Swatuk, 2017). In essence, integrated approaches such as the WEF
nexus have the potential to support a wide range of decision- and
policymaking such as resource planning and coordination while
offsetting potential negative externalities (Albrecht et al., 2018).

Implementing WEF nexus innovations and practices, where
two or the three components of the nexus are integrated as inputs to
each other, not only enhances resource efficiency but also expands
the available natural resource base with synergetic contribution
to the sustainability and security of the Water, Energy, and Food
sub-sectors (Halalsheh et al., 2018). A system analysis of WEF
in South Asia (Putra et al., 2020) also provided evidence for
considering the WEF security nexus as an integrated system rather
than just a combination of three different sectors or securities.
The utility of the nexus further goes beyond the three WEF sub-
sectors. For example, Ferndndez-Rios et al. (2021) applied index-
based approaches to link nutrient flows to health outcomes, while
Janssen et al. (2020) integrated the WEF nexus with land resource
constraint in the identification of innovations for sustainable
adaptation and development under changing climate conditions.

The surge in urbanization and population growth rates with
multiplier pathways on WEF resource securities, demand, and
extraction in particular increases the urgency toward coordinated
efforts that minimize conflicts while maximizing synergies among
WEF sub-systems (Sarkar et al, 2020). The WEF nexus is
accordingly highlighted as critical to achieving the Sustainable
Development Goals (SDGs), African Union Agenda 2063, as well
as national goals envisioned in various planning blueprints such
as the Republic of South Africa’s National Development Vision
2030 (Biggs et al., 2015; Butler et al.,, 2016; Rasul and Sharma,
2016; Mpandeli et al., 2018; Nightingale et al., 2020; Naidoo
et al, 2021). Mitigating the negative footprints requires practices
and innovations that reduce the environmental footprint and
equally reduce cost, social equity, or generally efficiency measures
collectively referred to as smart WEF innovations. For instance,
direct resource consumption in the food sub-system, indirect
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operations in the energy sub-system, adverse environmental
footprints have been established (Li et al., 2023).

Innovation is an idea, good, service, process, or procedure
considered to be novel in solving a given problem or exploiting an
opportunity (Nair et al., 2016). Innovation covers a broad spectrum
of dimensions across technological, institutional, behavioral
changes, and responsive social, cultural, and indigenous systems,
which in turn influence the effectiveness of smart technologies
(Steffen et al., 2020). Innovations thus encompass changes in
processes, practices, structures, and institutions at the individual,
organizational, and technological levels, including at various spatial
levels (Otto et al., 2020; Leventon, 2021). It is the embodiment,
combination, or synthesis of knowledge in its original form which is
relevant and valued. WEF innovation and practices are thus vital in
addressing the intractable challenges of poverty, human wellbeing,
and sustainable development (Dennehy et al., 2021). The uptake of
innovations is one of the strategies employed by economic agents
to adjust to shocks such as climate change and weather variability
(Zilberman et al., 2012; Williams et al., 2017).

WEF nexus innovations and practices across one or more of the
WEF nexus input-output interactions not only enhance resource
efficiency but also expand the natural resource base with significant
contributions to sustainability and security objectives in WEF
discourse (Halalsheh et al., 2018). This study adopted the definition
of smart innovation as the ability to create new opportunities
for end users, fostering ideas and their operationalization to
increase the efficiency, survival, and thriving of individuals and
communities in the face of global and environmental changes
(Kumar, 2023). Smart innovations in this regard refer to ideas
or practices, new or existing, that address WEF security risks
(availability, cost, stability, and access to WEF resources, as
well as reduction in environmental footprints). In a nutshell,
smart innovations have the potential or actual capability to
contribute to the current generations economic, social, and
environmental objectives without compromising the needs of the
future generation, hence the attainment of SDGs.

Renewable energy, improving energy efficiency, conservation
agriculture, water recycling, and wastewater reuse are just a few
examples of nexus practices that transcend the three WEF resources
(Halalsheh et al., 2018). Such technological options and solutions
are being implemented in South Africa, though to varying degrees,
and contribute to efficiency objectives (Mabhaudhi et al., 2018).
However, these innovations need to be expanded to meet the goals
of the nexus-relevant SDGs and the Paris Climate Summit of 2015.
In the energy sector, smart energy systems focus on entire energy
systems, including infrastructure designs and operation strategies
that result in to the most effective and least-cost solutions through
sub-sector integration (Ostergaard et al., 2019). Such an integrated
and holistic approach diversifies the energy mix (electricity sources
and various uses such as heating and cooling in the industry,
buildings, and transportation) and facilitates the identification
of more feasible renewable and sustainable energy options (The
World Bank, 2021).

The assessment of WEF nexus innovations and practices
implementation at the household level can be considered through
its link to WEF environmental securities and livelihoods of the
people (Biggs et al, 2015), hence the need to integrate both
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internal and external factors influencing adoption and use at
scale and household level. Such an attempt has the potential for
mapping and thereafter scaling up, scaling out, and scaling deep
interventions that address wicked sustainability and environmental
governance challenges at the household level (Riddell and Moore,
2015). The study thus attempts to narrow the knowledge gaps
through mapping practices and innovations, barriers, and enablers,
and informing local and extra-local policy as well as decision-
making processes on the existence of promising nexus innovations
and practices. This paper extends the solution space on the
wicked sustainability and resource WEF security challenges. Due to
biophysical and social vulnerability and the semi-arid climate, the
Nzhelele and Luvuvhu river catchments provide a rich typology of
socio-economic context that captures intractable WEF complexity
and contexts in sustainability transitions. The study did not,
however, consider the full spectrum of WEF resources and security
lenses. The article is organized into several sections. Section
2 discusses the materials and methods, Section 3 provides the
findings, while Section 4 provides a discussion of the results.
Section 5 provides the concluding remarks and directions for
future research.

2 Materials and methods
2.1 Study area

The study was conducted in Vhembe District Municipality
(VDM), which is one of the five districts of the Limpopo Province
of South Africa. The VDM is the country’s northernmost district
and shares its northern border with the Beitbridge district in
Matabeleland South, Zimbabwe, and on the east with Gaza
Province in Mozambique. It is a Category C Municipality,
established in the year 2000 in terms of the Local Government
Municipal Structures Act No. 117 of 1998. The district covers
27,969,148 km? of land with a total population of 1,393,949,
according to Stats SA, 2016 Community Survey. The district
is divided into four local municipalities: Makhado, Thulamela,
Musina, and Collins Chabane, which are category B municipalities.
The study area is predominantly rural settlements with low-
income, fast-growing peri-urban centers and small-scale farmers
in the Nzhelele and Luvuvhu river catchment areas. The specific
villages where data were collected are Siloam, Khalavha, and
Phadzima villages in the Nzhelele River catchment and Sambandou,
Tshakhuma, and Maluvuwe villages in the Luvuvhu River
catchment (Figure 1).

2.2 Scope of the study

The scope of the study involved identifying and quantifying the
WEF nexus smart technologies, innovations, and practices in the
study area. In this case, the use of the concept of “technologies” is
inclusive of innovations and practice. Co-creation of solutions with
household participants was the underpinning principle. The main
output from this activity is a refined list of promising WEF nexus
technologies relevant to the Nzhelele and Luvuvhu river catchment
areas from the co-created typology of promising technologies.
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Noteworthy, the study is limited to identifying and recommending
these promising technologies and not implementation thereof.

2.3 Sampling procedure

Resource insecurities and climate change are some of the
existential risks faced by humanity. Since risk is one reason for
innovation in an organization and social system (Nair et al,
2016), fast and frugal heuristic logic (Hafenbridl et al., 2016)
in sampling and sample size determination was adopted. Where
evidence suggests risk disposition consensus, fast and frugal
heuristics logic is normally adopted by selecting few representative
cases as it does not compromise accuracy in the analysis of
the obtained data (Hafenbradl et al.,, 2016; Volenzo and Odiyo,
2020). Noteworthy, the sample size of 200 households was large
enough to allow the generalization and exploration of risk from
innovation lenses.

Due to security advisories, semi-structured questionnaires were
only administered to volunteering households among the randomly
included households at a central location. The team adhered to
a schedule agreed upon by the local administration and selected
household representatives. Only those households who were
available as scheduled (128 out of a possible 200) were interviewed.
The information from household surveys was triangulated through
key informant interviews (KII) and focus group discussions
(FGDs). The development of the semi-structured questionnaire
(Supplementary Appendix 1) was developed based on a mixed
research approach. This involved gathering both quantitative data,
including aspects like biogas digesters, gas/Liquefied Petroleum
Gas (LPG) usage, solar photovoltaic (PV), wind energy, and
other indigenous innovations and practices and qualitative data.
The qualitative data encompassed information on household
typology, household water uses, energy uses, farming systems,
typology of food security and food sufficiency, water, energy,
agriculture and food technological innovations and practices.
Additionally, it covered details about access to and use of water,
energy, and food (WEF) resources, challenges faced, and reasons
for choosing a particular water, energy, or food technology
innovation. The collection of quantitative data is necessary in
order to test and objectively examine relationships (Mavodza,
2022).

2.4 Sample size

The (1983) formula in the
determination of sample size as given by Equation (1). Only

study employed Fisher’s

those households who were available as scheduled (128 out of a
possible 200 households from the sampling frame initially selected
through random sampling) were interviewed. WEF resource
insecurities and climate change are some of the risks experienced
by households in Vhembe District Municipality. The pilot study by
the research team revealed that only about 40% of the households
were involved in agriculture. Further, the households implemented
similar WEF innovations and practices. Hence, we adopted fast and
frugal heuristics logic (Hafenbradl et al., 2016). In risk studies, the
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adoption of fast and frugal heuristics logic allows for sampling and
generalization from few representatives as it does not compromise
accuracy in the analysis of the obtained data (Hafenbradl et al,
2016; Volenzo and Odiyo, 2020).

2 _
n:Zp(l p)

= )

where n, desired sample size; Z, standard normal deviate at 95%
level of confidence = 1.96; P, proportion of the target population
estimated to have the characteristic under investigation (40% or
0.4) to maximize sample size (precision); g, proportion of the target
population without the characteristic (1-p = 60% or 0.6); d, level of
precision corresponding to the statistical significance level of 0.05
or 5%.

Substituting for the values

n = 2% ((p q/d*) = 1962 (0.5%0.5)/(0.05)2 =
(0.25)/0.0025 = 188.16, hence 189 households.

3.8416

_ 1.96°%0.4(1 — 0.4)

=189
(0.05)2
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TABLE 1 Distribution of households by catchment and villages.

Village Catchment Questionnaires
administered
Siloam Nzhelele 13
Phadzima Nzhelele 18
Khalavha Nzhelele 35
Sambandou Luvuvhu 24
Malavuwe Luvuvhu 12
Tshakuma Luvuvhu 20
Total 128

Taking cognizance of non-response, we targeted 200
households but only 128 were available due to the aforementioned
security challenges. In the context of diagnostic risk assessment,
we considered a sample size of 128 households large enough to
allow for generalization and exploration of risk from innovation

lenses adequate enough, given that the social and economic
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TABLE 2 Age of the respondents in years.

10.3389/frwa.2024.1253921

Frequency Percent Valid percent Cumulative percent

Valid Under_20 years 2 1.6 1.6 1.6

21_30 years 5 39 3.9 55

31_40 years 25 19.5 19.5 25.0

41_50 years 22 17.2 17.2 42.2

51_60 years 37 28.9 289 71.1

Above_60 years 37 28.9 28.9 100.0

Total 128 100.0 100.0

structure and farming systems (mostly home gardens) are more
homogeneous. Further, information from household surveys was
triangulated through key informant interviews (KII) and focus
group discussions (FGDs). The semi-structured questionnaire was
developed based on a mixed research approach, i.e., gathering
quantitative and qualitative data. Collecting quantitative data is
necessary to test and objectively examine relationships (Mavodza,
2022). The distribution of households interviewed is given in
Table 1.

2.5 Data collection

A pilot study was the initial part of the research that sought
to test the data instruments and their effectiveness in the research
field. As such, the pilot study employed the research instruments on
a selected sample of participants. Pilot surveys were conducted at
Siloam, Khalavha, Phadzima, Sambandou, and Malavuwe villages.
The pilot assisted in refining the questionnaire instrument and
ensured there was no ambiguity in the questions. It sought to
establish the time taken in each interview, the clarity of the question
asked, and how the respondents responded to the question.
Once the researchers were satisfied, the data collection process
then commenced.

After this, 128 questionnaires were administered for the main
study. Final survey data were collected in Siloam, Khalavha,
Phadzima, Sambandou, Malavuwe, and Tshakhuma. Although six
villages were initially purposed for the study, one village could
not be accessed due to the community leaders’ unwillingness to
participate. This unwillingness was triggered by acute water scarcity
and their insufficient municipal water supply. Questionnaires were
further administered in Siloam, Khalavha, Phadzima, Sambandou,
and Malavuwe villages. This was supplemented with FGD and KII.
Quantitative story telling (QST) (Saltelli and Giampietro, 2017) was
applied to check the coherence of community narratives against
mainstream scientific narratives, synthesizing and clarifying issues
under investigation (D1 Felice et al., 2021).

2.6 Data analysis
Descriptive statistics were used to analyze data on innovations

and practices identified by the respondents. The findings were
triangulated through key informant and focus group discussion
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findings. The data were analyzed using the IBMR SPSS® Statistics
version 27 statistical package. Results are presented as tables and
charts. Qualitative data were analyzed using thematic analysis.
Thematic data analysis involved identifying, analyzing, and
reporting patterns (themes) within data (Braun and Clarke, 20065
Bryman, 2016). Data analysis using thematic analysis accords the
researcher’s flexibility and it fits different or multiple contexts.
The study was able to compare its findings with the findings or
conclusions drawn from other studies which were premised on the
literature review from FGDs and KIIs.

3 Results

3.1 Socio-economic context of the
respondents

The study interviewed 128 respondents from households with
age profiles presented in Table 2. The classification of respondents
by age groupings revealed that 29% were above 60 years of
age, while cumulatively, only 42.2% were below 51 years of
age. Noteworthily, the sample had a fair representation of all
age categories.

The education levels of respondents were recorded to
determine their literacy level. At least 46% of the respondents had
secondary education, 14% had technical and vocational education
and training (TVET)/college qualifications, and about 3% had
a university education. Noteworthily, the literacy level could be
considered high given that only 10% of respondents had no
schooling. With regard to employment status, at least 49% of
the respondents had some form of employment, and 39% were
unemployed. Of the employed respondents, 10% had formal
employment, whereas 36% were informally employed. The income
levels, including remittances, are summarized in Table 3, indicating
the majority of respondents (64.1%) had a total household income
of R4,000 or less.

3.2 Ownership of information and
communications technology

Awareness or knowledge is an integral part of the diffusion
and adoption process (Rogers, 2004), with cognitive factors being

frontiersin.org


https://doi.org/10.3389/frwa.2024.1253921
https://www.frontiersin.org/journals/water
https://www.frontiersin.org

Musetsho et al.

TABLE 3 Total household income including remittances, VDM.

No. % Valid% Cumulative

Valid 0-2,000 48 37.5 37.5 37.5
2,001-4,000 34 26.6 26.6 64.1
4,001-6,000 18 14.1 14.1 78.1
6,001-8,000 10 7.8 7.8 85.9
8,001-10,000 9 7.0 7.0 93.0

Above 10,000 9 7.0 7.0 100.0

Total 128 100.0 100.0

TABLE 4 ICT and information sources at the household level, VDM.

N % %
of cases

ICT at the Owns landline 7 1.9% 5.5%
household”
level

Owns cell phone 115 31.9% 89.8%

Owns TV 104 28.8% 81.3%

Owns radio 118 32.7% 92.2%

Reads newspaper 17 4.7% 13.3%
Total 361 100.0% 282.0%

Source: Authors data analysis, 2023. Dichotomy group tabulated at value 1.

essential for linking technical nexus analyses to actual decision-
making and policy processes (Balick et al., 2016). Accordingly,
the study assessed ownership of information and communications
technology (ICT) resources (Table 4), access, and usage in the study
area. The majority of respondents owned a radio (92.2%), cell
phone (89.8%), and television (81.3%). Landlines and newspapers
were the least reported communication tools, with 5.5% and
13.3%, respectively. Electronic media remains the most ubiquitous
platform in the study area and has great significance in the
dissemination of knowledge, especially WEF smart technologies.
the majority (91.9%) of the
which are the basic form of farm
with about 4%
plows (Table 5). A small proportion owned a tractor and bakkie at

Noticeably, respondents
owned hand hoes,

implements/machinery, owning ox-drawn
2.7% each. This could suggest that most farmers hire heavy farm

machinery or cultivate small farms.

3.3 Water resources access and use in the
study area

In South Africa, agriculture is the largest water user
at 61% of total water use, followed by municipal use at
27% (including industrial and commercial users provided by
municipal systems), with power generation, mining and bulk
industrial use, livestock, and conservation and afforestation
jointly making up the remaining 12% (DWA, 2013). The level
of assurance at which agricultural water is supplied is lower
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TABLE 5 Ownership of farm equipment/tools and machinery at the
household level.

\[e} % %
of cases
Farm Handtools (fork, 113 91.9% 100.0%
machinery hoe, rake, spade)
and power at
the
household*
level
Tractor 3 2.4% 2.7%
Bakkie 3 2.4% 2.7%
Ox-drawn plow 4 3.3% 3.5%
Total 123 100.0% 108.8%

Source: Authors data analysis, 2023. *Dichotomy group tabulated at value 1.

TABLE 6 Water sources/assets at the community and household level.

No. % %
of cases
Water Rain water source 55 26.8% 48.7%
source at the of water for
household® Household (HH)
level
River as a source of 47 22.9% 41.6%
water for HH
Borehole as a source 22 10.7% 19.5%
of water for HH
Spring/fountain as 20 9.8% 17.7%
source of water
for HH
Community- 2 1.0% 1.8%
owned waterpoint
Household uses 59 28.8% 52.2%
communal
municipal tap
Total 205 100.0% 181.4%

?Dichotomy group tabulated at value 1.

than that of the other sectors (90%). Respondents had diverse
community water resource assets, with about 23 and 27%
obtaining water from rainfall and river sources, respectively.
About 29% of the respondents used communal municipal taps,
with about 11% using boreholes (Table 6). Moreover, the least
source of water source were community-owned waterpoints and
springs at about 1 and 10%, respectively. The preeminence
of communal/collective water assets could significantly impact
efficiency measures and the adoption of water-smart technologies
at the household level.

South Africa is a water-scarce country with water resources
critically impacting economic, political, and social welfare. The
majority (about 38%) of the households had access to water
resources within the household, 34% within 1 km, and about 29%
beyond 1km of the household. However, the majority of the
households either received water less than three times a month or
never received it at all. The main uses of water at the household
level are given in Table 7. Other than consumption (potable use)
sources, about 70% of the respondents used water for irrigation,
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TABLE 7 Major uses of water resources at the household level, VDM.

N %
of cases

Water use at Human consumption 127 47.0% 100.0%
the
household®
level

Used for irrigation 89 33.0% 70.1%

Used to 54 20.0% 42.5%

water livestock
Total 270 100.0% 212.6%

?Dichotomy group tabulated at value 1.

TABLE 8 Main practices and innovations in potable water use at
household level.

Frequency % Cumulative %

Valid HH boiling 19 14.8 14.8
HH 7 5.5 20.3
chlorination
Central 14 10.9 313
chlorination
Jik 20 15.6 46.9
None 65 50.8 97.7
Purification by 3 2.3 100.0
oxygen
machine

Total 128 100.0

followed by about 43% for livestock keeping. The multiple uses of
water at the household level across the WEF nexus aptly signify
the importance of an integrated approach to their management,
especially concerning smart innovation interventions.

3.4 Water nexus innovations and practices
at the household level

There were several practices and innovations around water
use in the study area. Most of the innovations cut across the
WEEF spectrum, suggesting that the silo approach to addressing
is untenable at the household level. Only 27% of the households
(Table 8) recycled water. The water treatment practices and
innovations in the study area unpack several lessons. Noticeably,
most households (18%) used Jik as the water treatment method
compared to 15% who used boiling. The safety and health risk
of such a method is uncertain. About 53% of the households did
not treat the water. Only 3% used other modern methods such as
filtration chambers.

Reducing both the impacts and drivers of climate change is
premised on major resource use and reuse shifts, especially the
limited water resources. Even though often overlooked, water
resources are an essential part of the solution to climate change.
A significant amount of water is required to generate energy. Also,
direct resource consumption in the food sub-system and indirect
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operations in the energy sub-system cause environmental impacts
(Li et al., 2023). Reducing the environmental footprint on water
could be achieved through many means. These include developing
alternative water sources, reducing losses, use of technology, smart
metering, and recycling. About 71% of the households did not
recycle water in any way. Most of the water recycling was on
vegetable gardening at 14% and household sanitation at about 3%.
Generally, there was low use of water-smart technologies at the
community/household level, with harvesting and use of rainwater
for irrigation and household use being the most prominent
approach at about 32%.

Water smart technologies either exploit alternative sources,
reduce energy use in its exploitation, or reduce cost. The most
identified factor was reliability (26%), followed by finance (21%),
then cost saving (17%). These factors already influence or are likely
to influence the adoption of water smart technologies in Table 8.

Drip irrigation is one of the smart water innovations with the
potential to substantially reduce the amount of water applied and
losses through evapotranspiration (Ranjan et al., 2022). However,
the low practice of innovation in the study area was attributed
to high initial costs and lack of knowledge by the respondents.
Rainwater harvesting and its use for irrigation was one of the
major innovations with the potential to reduce the environmental
footprints of agricultural production systems on the environment.
However, quantification of the environmental footprints is beyond
the scope of this paper.

3.5 Energy nexus innovations and practices
at the household level

There was a myriad of energy sources identified in the study
area. About 53% of the respondents used electricity as the main
energy source, while 3.1% had renewable resources (solar) as the
energy mix in the household (Table 9). Paraffin and LPG, with
2.6% each, were the least used energy sources. Alternative cost-
effective energy sources not only address climate change but also
contribute to other multiple objectives on sustainability and human
wellbeing (Bhave et al., 2018; Karan et al., 2018). Though other
innovations, such as sun drying, are common in the community,
this section mainly focuses on electricity and solar energy and their
uses. Increasing the use of biomass also emerged as an economic
innovation in the context of load shedding and escalating electricity
costs. Noticeably, solar energy is used for heating and pumping
water for irrigation. Most households stated they were unaware of
solar energy as an alternative. Some of the challenges they faced in
using solar energy include the theft of solar panels and the high
initial cost. However, those using it could identify its utility in
terms of reliable energy supply, especially for lighting and powering
TVs and radios. Most FGDs suggested solar energy as one of the
potential solutions to frequent load shedding in the community.
The main uses for solar energy in the community were lighting, TV,
and accessories. However, most households stated that there was a
lack of knowledge on the required capacity to meet their needs.

The energy mix at the household level reflects the policy
and economic lock-ins yet is an eye opener to the renewable
energy solutions that could play a critical role in addressing social,
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TABLE 9 Energy smart innovations and practices at the household level,
VDM.

[\[o} % % of cases
Main energy Mains electricity 122 53.5% 96.1%
sources at the
household®
level
Biomass 87 38.2% 68.5%
Solar 7 3.1% 5.5%
LPG 6 2.6% 4.7%
Paraffin 6 2.6% 4.7%
Total 228 100.0% 179.5%

*Dichotomy group tabulated at value 1. Source: Authors data analysis, 2023.

TABLE 10 Energy use at the household level, VDM.

N % % of cases
Energy use at Heating 92 17.9% 71.9%
the household
level®
Lighting 111 21.6% 86.7%
Cooking 122 23.7% 95.3%
Refrigeration/ 81 15.8% 63.3%
freezer
Appliances 108 21.0% 84.4%
Total 514 100.0% 401.6%

*Dichotomy group tabulated at value 1. Source: Authors data analysis, 2023.

economic, and environmental challenges at the household and
national levels. Solar energy could mitigate the current biting
load shedding (outages) experienced at the household level and
contribute to overall energy security. Table 10 summarizes the main
energy uses at the household level. The major uses of energy are for
cooking (95.3%), lighting (86.7%), and energy uses for appliances
(84.4%). Moderate energy use for refrigeration was 63.3%. About
72% of the respondents reported the use of energy for heating.
Notably, the preeminence of non-renewable energy sources in
households reflects the policy and economic lock-ins on energy
resources and use at the national level.

3.6 Food and agriculture WEF nexus
innovations and practices

Food systems have been identified as critical drivers in the
transition to carbon-neutral growth. Agriculture, forestry, and
land use (AFOLU), which currently accounts for at least 30% of
global emissions, have emerged as a focal sector for intervention.
Climate smart agriculture (CSA) is seen as a significant approach
toward enhancing adaptation-resilience synergies and mitigation
co-benefits [UNFCCC (United Nations Framework Convention
on Climate Change), 2021]. CSA presupposes integrating climate
change into the planning and implementation of sustainable
agriculture practices. Since emission intensities are agricultural
mitigation indicators [UNFCCC (United Nations Framework
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TABLE 11 Uses of solar energy at the household level, VDM.

N % % of cases Cumulative
A
Valid lighting 10 7.8 7.8 7.8
vV 1 0.8 0.8 8.6
No solar 117 91.4 91.4 100
Total 128 100.0 100.0

Source: Authors data analysis, 2023.

Convention on Climate Change), 2016], it is adopted as a strategic
vision in integrating emissions from agricultural activities into
the climate action agenda (UNEP, 2019; Hohne et al, 2020).
The adopted ecoefliciency, hence, the CSA approach biases
innovation toward greenhouse gas emission mitigation. Climate
smart agricultural practices include crop-livestock integration,
sustainable intensification, precision agriculture, and conservation
agriculture (FAO, 2016). As one of the integrated approaches
to managing landscapes such as cropland, livestock, forests, and
fisheries and accounting for interlinked challenges of food security
and climate change (The World Bank, 2021), CSA aims to
simultaneously achieve increased productivity, enhanced resilience,
and reduced emissions (FAO, 2010, 2016; IPCC, 2018, 2019;
Aguilera et al., 2021; Bonner and Biglan, 2021).

Table 11 provides the main uses of solar energy at the household
level. According to the KII and FGDs, initial cost remained the
biggest barrier to the adoption of this technology. Households
using solar alternatives cited load shedding and unreliability of the
national grid system as the main incentive for adopting the solar
alternatives. Solar energy was mainly used for house lighting, with
some used for powering appliances such as televisions (TV).

Table 12 summarizes the various smart agricultural practices
mapped in the area. One of the most prevalent agriculture smart
innovations and practices was mulching, used by about 49%. About
52% of those studied practiced conservation agriculture, broadly
defined as an agriculture resource use system that minimizes
external resource inputs such as inorganic fertilizers and/or
minimizes soil moisture loss by minimizing soil disturbance. Other
practices were to deliberately allow the field to rest for a season
before replanting (24%) and growing agroforestry (combinations
of trees and/or legumes with livestock in an agricultural system
which has the potential to mitigate Green House Gas (GHG)
emission, as well as capture and store carbon from the atmosphere)
species at about (3%). The rate of using livestock manure, practicing
zero tillage, and growing crops season after season without a
fallow period between crops (relay cropping) was about 7%
each. Zero/minimum tillage as a form of conservation agriculture
was mentioned by about 7% of the households. Drip irrigation,
multipurpose agroforestry, and compositing were practiced by
11%, 4%, and 3% of households in the study area, respectively.

The main food preservation innovations and practices in
the study area are summarized in Table 13. The most common
preservation method was sun drying (about 36%), followed by
refrigeration/freezing (28.1%). However, 25% of the respondents
did not use any kind of preservation methods. Fumigation, a
chemical preservation method, was mentioned by 5.5%. The
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TABLE 12 Smart agricultural innovations and practices at the household
level, VDM.

10.3389/frwa.2024.1253921

TABLE 14 Food storage methods.

N %
No. % % of cases
Traditional grain bin 9 7.0%
Agric Rainwater 41 23.3% 45.6% )
innovations for irrigation Mud bin 1 0.8%
ti t th
}Pif)a:s;eosl;a ¢ Corrugated steel house 7 5.5%
level Drums 10 7.8%
Conservation 47 26.7% 52.2% Spare room 11 8.6%
agriculture
Others 4 3.1%
Practicing zero 6 3.4% 6.7%
tillage Freezer 33 25.8%
Practicing mulching 44 25.0% 48.9% Bags 28 21.9%
Uses livestock 14 8.0% 15.6% None 25 19.5%
manure
Uses drip irrigation 10 5.7% 11.1%
Relay cropping 6 3.4% 6.7% infrastructure, all actors need to promote more energy-efficient
Multipurpose 3 1.7% 3.3% fridge models at the household level.
agroforestry
Compositing 4 2.3% 4.4%
Disaster insurance | 1| 0.6% 1% 3.7 Indigenous knowledge systems and
WEF innovation
Total 176 100.0% 195.6% o at ons

Source: Authors data analysis, 2023. *Dichotomy group tabulated at value 1.

TABLE 13 Food preservation methods at the household level, VDM.

Sun drying 46 35.9%
Ash 1 0.8%
Pills (fumigation) 7 5.5%
Blanching 1 0.8%
None 32 25.0%
Salting 2 1.6%
Fermentation 3 2.3%
Freezer/fridge 36 28.1%

use of ash, an indigenous method against pest infestation for
cereals/pulses, was mentioned by about 3% of the respondents.
Further, during FGDs, the community captured other methods
such as smoking, salting, and fermentation for food products
such as milk. Food preservation methods are closely linked to
existing infrastructure, knowledge systems, cultural disposition,
and household socioeconomic status. Sun drying and freezing have
practical implications on energy consumption and its impact chain.
Food storage methods and infrastructure used at the household
and community levels are indicated in Table 14. Fridges were the
most common food storage infrastructure at the household level at
about 26% of the respondents, followed by various types of bags
at about 22%. About 9% of the households stored their food in
a spare room, with about 8% storing in drums. Food storage has
implications for energy use and offers an important entry point for
WEF security interventions. Given fridges are the common storage
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The following are some of the indigenous innovations that were
identified in the community.

e Winter-summer rotational between

cropping
vegetables and cereals (irrigated vegetables during winter,

systems

such as mustard spinach, to take advantage of ambient
moisture, and plant cereals during summer, such as
African millet, to take advantage of relatively high rainfall
amounts received).
e Locally adapted breeds,
piggery,
for external inputs

including indigenous cattle,

free-range and poultry, reduce the need

and/or the number of external
inputs required.

e Low external input agriculture whereby there is minimal
reliance on externally acquired inputs (inorganic fertilizers)
but increased reliance on internal inputs such as manure and
compositing, among other nutrient recycling practices in the
farming system. At the household level, these practices reduce
costs (increase profitability), reduce emission footprint, and
increase resilience, hence contributing to objectives envisaged
under climate-smart agriculture.

e Conservation agriculture, including fallow strips and growing

of agroforestry species.

e Food preservation sun drying, as one of the
ubiquitous technologies used in vegetable
drying  and  preservation,  reduces  the  need

for refrigeration.

e Dryland agriculture—including the planting of short-
maturing crop varieties and drought-tolerant crops
such as sorghums.

o Water

the majority of households, reducing the pressure on

storage—rainwater harvesting is practiced by

conventional water extraction sources such as boreholes
and tap water. This is mainly an adaptation, hence
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innovation to governance challenges on communal
water supply.

e Non-conventional foods such as Mopani worms and termites
increase the resilience of communities to droughts/shocks
as well as address environmental footprints along the value
chain as compared to conventional food systems that require
elaborate transport, storage, and refrigeration systems that

increase various environmental footprints.

3.8 Smartness of the identified innovations
in the Vhembe District Municipality

Greenhouse gas (GHG) emission footprint is a major indicator
of innovation smartness and, in turn, depends on the number of
resources consumed and the pollution load into the environment.
Energy efficiency (and/or wastage) takes prominence in the
GHG emission footprint as it is the major driver in resource
transformation. It was noted that the smartness of identified
innovations is also related to water and energy saving. Smart
agricultural practices identified in the study area include avocado
orchards which are some of the most common fruit trees and
which perform multipurpose functions such as food, shade, and
windbreaks. Based on the existing literature, the criteria for
smartness in our study thus includes the perceived chain impact
on the environmental footprints of identified WEF innovations and
practices. The smartness is attributed to several impact pathways,
as outlined.

e Minimized energy intensities in food production and
preservation using organic practices such as manuring and
sun drying. The use of solar pumps and panels for various
uses such as lighting, cooking, charging accessories, and
pumping household water reduces embedded energy levels
and emission footprints.

e Groundwater is increasingly emerging as an adaptation
measure yet increasing the risk of over-extraction and serious
ecological imbalances. Reducing the environmental footprint
of water extraction was evident through roof harvesting by the
majority of households.

e Increasing crop and water productivity through irrigation
during winter while depending on rainfed agriculture to grow
cereals during summer reduces evapotranspiration losses and
the ecological footprint on water resources (reduces the
need for irrigation, hence groundwater extraction of water
resources for irrigation).

e Using local seed varieties and/or short-maturing cereals crops
such as sorghum reduces the water footprint.

e Diversification in agricultural enterprises, including mixed
farming, allows for the exchange of nutrients to increase
synergies and build the resilience of the household to
weather shocks and market price risks, especially following the
disruption in the fertilizer value chain following the Ukraine-
Russia War.

e Recycling of nutrients between livestock (poultry and cattle)
and crops reduces the need for external inputs, hence
contributing to sustainable agricultural value chains and food
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systems (reducing emissions of GHG that would otherwise be
generated through the transport of inorganic inputs and as
well as embedded energy in inorganic inputs).

e Regenerative agricultural practices or all farming practices that
positively impact topsoil regeneration, enhance biodiversity,
improve the water cycle, enhance ecosystem services, and,
in the process, increase resilience to climate change and
strengthen the health and vitality of farms, i.e., conservation
agriculture (CA).

e Multiple-purpose fruit trees reduce the space needed for
cultivation and substantially reduce the environmental
footprint on water resources as well as emissions.

3.9 Factors influencing the adoption of
WEF smart technologies

The uptake of any technology is influenced by both the
technology characteristics as well as social economic profiles of
individuals and communities (Rogers, 2004). Such changes in the
environment and stimuli or signals by a suite of agents and spill-
overs are drivers of innovation in a social system (Nair et al,
2016). In most cases, extra local institutions influence carbon
transition visions or lock-ins (Sovacool et al., 2020). Lock-ins, in
turn, inform and justify the technological, institutional, policy,
and behavioral choices (Seto et al., 2016; Buschmann and Oels,
2019). The effect of lock-ins is thus multifaceted. First, it could
undermine innovation and bias policy choice efforts on generic
yet locally irrelevant alternatives. This section identifies various
informational (communicative), organizational, and individual
factors that mediate smart innovations and practices.

3.10 Factors influencing smart energy
innovations and practices

Renewable energy and energy efficiencies are among the
most critical determinants of the economy and decarbonization
initiatives. Table 15 summarizes the factors influencing the uptake
of smart energy innovations and practices. Knowledge (about 62%),
reliability (53%), and cost (45%) as well as finance (48%) were major
influencing factors. A 28% value for the environment suggests
public awareness may be critical. Social networks, family spill-
overs, and peers together account for about 46% and hence could
inform the exploration of IPs. The factors influencing the uptake of
energy smart technologies cut across the informational, regulatory,
and organizational spectrum of WEF governance.

3.11 Factors influencing smart agriculture
practices and innovations

Smart agriculture technologies such as composting and
the use of manures increase productivity and income and
also reduce greenhouse gas emissions. Table 16 summarizes the
factors influencing smart agriculture practices. Informational
interventions, at about 63%, take preeminence in influencing the
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TABLE 15 Factors influencing energy smart technologies at the
household level, VDM.

N % % of cases
Factors Finance 56 14.5% 47.9%
influencing
energy smart
technologies at
household®
level
Knowledge 72 18.6% 61.5%
Lock ins 11 2.8% 9.4%
Value for 33 8.5% 28.2%
environment
Social network 26 6.7% 22.2%
Peers 16 4.1% 13.7%
Family spillovers 11 2.8% 9.4%
Market access 25 6.5% 21.4%
High returns 22 5.7% 18.8%
Cost saving 53 13.7% 45.3%
Reliability 62 16.0% 53.0%
Total 387 100.0% 330.8%

2Dichotomy group tabulated at value 1. Source: Authors analysis of field data, 2023.

TABLE 16 Factors influencing food smart technologies at the household
level, VDM.

N % % of cases
Factors Knowledge 7 41.2% 63.6%
influencing
food smart®
technologies
Social network 4 23.5% 36.4%
Peers 2 11.8% 18.2%
Reliability 4 23.5% 36.4%
Total 17 100.0% 154.5%

2Dichotomy group tabulated at value 1. Source: Authors field data analysis, 2023.

adoption of smart agriculture innovations and practices. The cost
and financing are not mentioned, probably because of the small
vegetable gardens that dominate the landscape.

3.12 Factors influencing water smart
technologies

Only about 16% (20 in number) of the respondents were
cognitive of the factors influencing smart water technologies. The
reasons for the dismal cognition include lack of information,
predominant subsidized water schemes as well as poor extension
services. This is despite water being of great concern in the
community. Of those cognizant of water smart technologies, about
33% and 25% cited social networks and value for the environment
as the most critical and leading factors influencing adoption. The
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TABLE 17 Factors influencing water smart technologies at the household,
VDM.

N % % of cases
Factors Knowledge 1 5.0% 8.3%
influencing
‘water smart
technologies
Value for 3 15.0% 25.0%
environment
Social network 4 20.0% 33.3%
Peers 2 10.0% 16.7%
Market access 2 10.0% 16.7%
Grant 2 10.0% 16.7%
Cost saving 2 10.0% 16.7%
Reliability 4 20.0% 33.3%
Total 20 100.0% 166.7%

results suggest innovation platforms (IPs) as a potential arena for
addressing low cognition (Table 17).

3.13 The cognitive question in smart WEF
innovations and practices

The role of institutionally mediated human agency in
facilitating or constraining WEF outcomes is often ignored
(Villamayor-tomas et al., 2015). For example, the perception of
effective transitions largely revolves around risk perception and
incentives (Cash and Swatuk, 2017; Smith and Mayer, 2018).
We posit that cognition plays an acritical role in human agency
cognition plays an important role in innovation and diffusion
processes. Due to the low cognition level of options on smart
water and smart agriculture pathways, the team further elicited
specific awareness of various sector technological options. Table 18
summarizes the awareness level of various water smart options.
Indigenous knowledge (IK) was the most elicited innovation
by 99.2%, suggesting it is critical to advancing WEF smart
innovations and practices and needs to be integrated into any
policy and governance interventions. Water cycling and water
loss reduction options were cited by about 30% and 7% of the
respondents, respectively. The observation affirms low awareness
of water smart technologies in the study area. Only about 9%
and about 3% of the respondents, respectively, were aware of
water smart practices through CA and sustainable intensification
(i.e., hydroponics).

Table 19
agriculture smart options. As in water smart technologies, IK

summarizes the awareness level of various
was the most elicited innovation by 100% of the respondents,
suggesting it is critical to advancing WEF smart innovations
and practices. Water innovations toward smart agriculture
(water cycling and water loss reduction and harvesting)
options were cited by about 20% of respondents collectively.
The observation affirms low awareness of agriculture smart

technologies in the study area. Less than 1 and 2% of the
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TABLE 18 Cognitive question on various smart technologies at the
household level, VDM.

Yes % % of cases
Cognitive Water recycling 28 15.2% 21.9%
question technology
in smart
WEF
technologies
innovations
and
practices
Reducing water loss 7 3.8% 5.5%
IKS technology 127 69.0% 99.2%
CA technology 11 6.0% 8.6%
Sustainable 3 1.6% 2.3%
intensification
technology
Total 184 100.0% 143.8%

Source: Authors data analysis, 2023. Dichotomy group tabulated at value 1.

TABLE 19 Cognition of challenges on smart agriculture practices, VDM.

N % % of cases
Awareness of Rainwater 3 1.9% 2.3%
smart harvesting
agriculture
practice at the
household
level
Groundwater 6 3.8% 4.7%
harvesting
Water recycling 15 9.6% 11.7%
harvesting
Minimizing water 1 0.6% 0.8%
loss
IKS 128 81.5% 100.0%
CA 1 0.6% 0.8%
Sustainable 2 1.3% 1.6%
intensification
DI 1 0.6% 0.8%
Total 157 100.0% 122.7%

Source: Authors data analysis, 2023. Dichotomy group tabulated at value 1.

respondents, respectively, were aware of agriculture smart
practices through CA and sustainable intensification (i.e.,
hydroponics).

4 Discussion

Innovations and practices play a critical role in addressing
the water, energy, and food challenges. The introduction of new
and appropriate innovations and practices can improve resource
efficiency in the water, energy, and food sectors and contribute
to their security and sustainability. For instance, introducing
renewable energy and improving energy efficiency, conservation
agriculture, water recycling, and wastewater reuse are just a few
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examples of such driving forces between the nexus of the three
components and technology (Holmatov et al., 2023). Indigenous
knowledge could play a critical role as a smart WEF innovation and
practice alternative, hence reducing energy intensity and pollutant
load into the environment.

Narratives encompass divergent viewpoints such as opinions
and their interpretations, expert and lay judgement, expert
knowledge, as well as various social-cultural contexts and
epistemologies underlying them (Mewes et al., 2016). Quantitative
story telling (QST) has emerged as a multiscale nexus assessment
and biophysically grounded method for assessing the co-
production of knowledge (Saltelli and Giampietro, 2017), as
well as checking the coherence of already existing or new
narratives (Di Felice et al., 2021). QST inspects the relationships
between the narratives used to frame sustainability issues and
the evidence on those issues. Though QST is a nexus assessment
method that uses both numbers and narratives, it may not
be instrumental in directly inducing policy change, but it is a
valuable means to initiating discussions on innovations outside
the dominant imaginaries. From the current study, we have
identified narratives on conventional as well as indigenous
knowledge innovations and practices with the potential to synergize
sustainability outcomes in WEF resource use. These include
livelihood diversification practices, such as multipurpose orchard
patterns (food forests), indigenous seasonal cropping patterns
that mitigate water withdrawals for irrigation, and water use
innovations, including rainwater harvesting and use of drought-
tolerant crops such as sorghums, millets, and root crops. The
various narratives underpinning them at the household and
community level qualify them as innovations with the potential to
address WEF resource insecurities.

Since GHG footprints provide evidence of environmental
footprints and thus the smartness of a given WEF innovation and
practice, their role in WEF security and sustainability transitions
cannot be overemphasized. Sound selection of technology and
proper policies across the nexus could ensure holistic water, energy,
and food security. Policymakers should be mindful of the fact that
single-sector efficiency may sometimes lead to a negative impact in
the other two sectors, as in the case of water subsides in irrigation
and the promotion of the use of solar pumps, which both led to
over-abstraction of groundwater as in the case of India (Kimmich,
2013). Save for widely practiced IK, few smart innovations as well
as non-existent WEF smart knowledge innovation systems in the
study area undermine sustainability governance and transitions in
the study area. The fragmented knowledge systems on smart WEF
innovations in the study area further undermine collective action
pathways to synergize sustainability objectives.

Targeting incentives toward nexus smart investment, such as
renewable energy and technologies that decouple energy and water
intensification in food production, as well as removing barriers,
are key to mainstreaming nexus in development planning and
implementation of the WEF policy framework (Rasul, 2016). The
effectiveness is increased when paired with capacity enhancement,
learning, and innovative approaches to support farmers’ decision-
making (Westermann et al., 2015). Addressing fragmentation in the
knowledge and innovation systems is one of the priority areas for
transformation toward sustainable governance, especially in food
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systems (Dinesh et al., 2021). One of the solutions exists in the
use of innovation platforms. Climate smart villages, akin to IPs,
are highly effective mechanisms for bringing climate-smart options
to scale and forging links from the local level to national policy
processes (Aggarwal et al., 2018). Implicitly, social learning plays
a critical role in policy experimentation and learning. Presumption
of understanding and, therefore, framing cycles in discourse such as
sustainability transitions on social and ecological aspects, especially
during the climate change scenarios (Scholz and Methner, 2020 and
Epstein et al., 2015) is assumed to be social learning. However, the
sufficient and necessary conditions in social learning (Reed et al.,
2010) are beyond the scope of this paper.

The uptake of smart WEF innovation has a critical role
in sustainability and environmental governance. However, they
are constrained by governance and institutional and household
social-economic dynamics. These include cultural, economic, and
historical lock-ins. Creating synergy at the implementation level,
the household is thus critical if envisaged sustainability and
resource security objectives in WEF framing are to be optimized
at the local level and hopefully at a regional to global scale.
Indigenous knowledge innovations and practices could play a
critical role in innovation for resilience building around the WEF
resources. Innovation platforms (IPs) are one such opportunity
for scaling promising WEF innovations and practices. Innovation
platforms could be a driver toward the legitimacy of technology
and innovation (Klerkx et al., 2010), hence the critical integration
of IKs practices in policy and social learning. Indeed, IPs could
be instrumental in the validation of the ubiquitous IK smart
innovations and practices in the study area, thus contributing to
the environmental and sustainability governance agenda.

Understanding institutional human behavior interplay (Seto
et al, 2016) is critical in overcoming lock-ins and fostering
alternative innovative net zero carbon development pathways
(Buschmann and Oels, 2019). Multistakeholder platforms and
policy-making networks are key to effective up-scaling and
are particularly critical. Therefore, cross-sector linkages and
membership in community institutions become critical parts of
the innovation ecosystem as they both mediate capabilities and
accumulation of knowledge and diffusion of ideas (Aggarwal et al.,
2018). WEF-focused IPs are thus recommended in scaling up the
identified smart innovations in order to synergize and deepen
the environmental, social, and economic benefits envisioned by
WEF discourse. The nexus approach considers the interactions,
synergies, and conflicts around WEF management can increase
overall resource use efficiency and co-benefits, including the
realization of basic rights to water and food.

5 Conclusions

The study identified smart WEF innovations and practices
in Vhembe District Municipality, Limpopo Province, South
Africa. There exist several innovations and practices across the
WEF resource sectors, with IKS accounting for the majority
of innovations and practices across the WEF ecosystem, yet
these are not receiving the necessary attention. Mainstreaming
IKS innovations and practices into the policy interventions
could thus increase the suite of WEF smart innovations and
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practices and policy options for tackling the wicked sustainability
challenges across scales. A life cycle assessment and social-technical
assessment of particular innovations and practices are critical in
quantifying actual environmental footprints and prioritization for
scaling up and scaling out the identified practices and innovations.
Though economic, social, and environmental criteria guide the
smartness of WEF practices and innovations, their realization at
the household level is lacking. The interconnectedness of potential
impacts at the household level further illustrates the need for
integrated planning and targeting of policy interventions and
interventions if WEF synergies are to be optimized. The greater
impact can be achieved through:

e “Scaling out, which is about impacting greater numbers
through replication and dissemination, increasing the number
of people or communities impacted.

e Aligning institutions, policy, and regulations, especially the
cultural and economic lock-ins and cognition factors that
tend to constrain the “scaling up” of promising IKs, smart
practices, and innovations. Integration of IK could be critical
in this direction.

effect of

informational, procedural, and organizational instruments in

e Holistic consideration of the interaction and
WEEF innovation and transformational agenda.

e IPs could be cost-effective vehicles for addressing synergies,
fragmentation, and validation of IKs. This could be tested
through multistakeholder WEF-IP platforms in policy
experimentation and social learning.

Smart WEF innovations potentially could make a significant
contribution toward sustainability transitions and WEF resource
securities amid accelerated climate change. The study has provided
baseline data on existing smart WEF innovations and practices at
the household level, Vhembe District Municipality. To advance
the sustainability transition agenda and policy and social learning,
a detailed life cycle and evaluation impact assessment are
recommended. This task was beyond the scope of the study.
Though innovations and practices are found to be working within
the local context and are promising and can be taken to scale, policy
experiments are likely to inform the formulation of responsive
governance and institutional mechanisms for scaling the identified
innovations and practices. WEF IPs across the smart innovation
and practice options could provide the forum for the nurturing,
validating, and scaling of such innovations.
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