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INTRODUCTION

• Freshwater is a renewable resource but when considering its availability in terms of unit per 
time per region, the limitations of this resource cannot be ignored (Jefferies et al., 2012). 

• The current production, consumption and environmental trends (Chapagain and Orr, 2009).

• Southern Africa water issues Mukheibir (2005)

• South Africa is deemed as water scarce and limited, irrigated agriculture is a large user of   
freshwater resources. With use of multipliers, agriculture has an indirect impact of 2.14  
(Grayling, 2015).

• Wheat is the largest winter cereal crop in SA (DAFF, 2014).

• Water footprint Assessment according to Hoekstra et al. (2011) an indicator of freshwater 
use. It includes both direct and indirect water use of a consumer or product. GREEN, BLUE 
and GREY water footprint.

• Based on this the water footprint assessment in the wheat-bread value chain will give a 
valuable basis on the link between consumption of bread and sustainable use of fresh water 
(Mekonnen and Hoekstra, 2013)



PROBLEM STATEMENT
• Assessment of water footprint of products in the agricultural sector has received

attention in literature .i.e. Hoekstra et al. (2011), Ruini et al. (2014), Bradley et al. (2009),
Oel et al. (2009).

• Global water footprint benchmark for wheat (Mekonnen and Hoekstra, 2014) in Italy
(Aldaya and Hoekstra, 2010), Indonesia (Booij and Hoekstra, 2009), Iran (Ababaei and
Etedali, 2014) and Hungary, (Neubauer, 2012).

• Unfortunately, none of the growing body of literature is on the wheat-bread value chain
and also not focused in South African or regions within. This has resulted in lack of
information of water footprint of bread and sustainability in South Africa.

• Therefore little information is available to guide and inform policy makers in policy
formulation and integrated water resources management of the wheat value chain at
regional and national levels.
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OBJECTIVE OF THE STUDY
• The aims of this study are to explore the water footprint of wheat along the

wheat-bread value chain towards the sustainable use of water in South Africa.
Secondly, an assessment of water productivities was conducted in order to
quantify the value added to water along the wheat-bread value chain. This will
inform water management and policy makers of appropriate strategies and
sustainability targets along the wheat- bread value chain.

• Focus on Green and Blue water footprint.

• Large water users along the wheat-bread value chain are identified for policy
purpose



METHODOLOGY
METHODS
• This paper, follows the Global Water Footprint Standard Approach

of the Water Footprint Network in Hoekstra et al. (2011).
• This framework consists of four phases namely;

1. Setting the scope of the study.
2. Water footprint accounting, where the volumetric water

footprint indicator of all the products in this value chain are
determined.

3. Water productivities assessment: quantifying the value of
water and lastly.

4. Response formulation where policy recommendations are
made.

Phase 1:
• This analysis includes only the consumptive water i.e. blue and green

water footprint along the wheat- bread value chain. Analysis was for a
single production year.



METHODOLOGY
Phase 2:
• Consumptive water-use based volumetric water footprint of bread

along the wheat- bread value chain was determined.
– The stepwise accumulation approach which is a more generic

approach to calculate the water footprint of a product since the
paper estimates water footprint for different output products from
wheat (i.e. wheat, flour and bread). This approach has a complex
input and output combinations.

– The water footprint can only be calculated by using the
proportional water footprints of the varying inputs.

• According to this assessment the water footprint of product p can be
calculated as follows:

[volume/area]



METHODOLOGY
The total water footprint of bread along the wheat to bread value
chain will be calculated a follows:
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Phase 3
Value added to water along the wheat- bread value chain is expressed in terms of
economic water productivity.

– Physical water productivity (m3.kg)
– Value added to water (ZAR.kg-1)
– economic water productivity (ZAR.m3)



METHODOLOGY
DATA
• Data in this study consists of water used from the farm level to 

produce wheat, to bread processed for end consumption.
• Secondary

– Farm level data was retrieved from Van Rensburg et al. (2012) for 
the Vaalharts irrigation Scheme.

– Wheat, bread and flour prices were retrieved from GrainSA 2016.
• Primary

– Processing level a questionnaire was presented to a large 
commercial mill/bakery trusted to have a good record keeping 
system.

• Data represents production of a single production year.



RESULTS
• Table 1 water footprint of wheat at the production level, Vaalharts irrigation 

scheme
Blue and green water usage

ET
Crop

ET Green ET Blue surface ET Blue ground CWU CWU green CWU blue

(mm) (m3/ha-1)

869 183 286.33 423.67 8 690 1 830 6 860

Blue and green water footprint

Yield WF
Green

WFblue

surface
WFblue

ground
Total
WF

(tonne/ha) (m3/tonne)

9.01 203.12 317.79 470.22 991.13

Own calculations 
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Figure 1. Percentage distribution of blue and green water footprint of wheat 



RESULTS
• Table 2 Water use at the processing stage of the wheat-bread value chain (mill 

and bakery)

Parameter Unit Quantity

Milling stage

Quantity of wheat tonne 767 545

Volume of water used m3 46 053

Quantity of flour tonne 632 348

Water footprint m3.tonne-1 0.073

Bakery stage

Quantity of bread produced tonne 379 803.33

Volume of water used m3 174 452

Water footprint m3.tonne-1 0.459

Total water footprint processing m3.tonne-1 0.532

Own calculations 



RESULTS
• Table 3  Summary of the value added to water for bread production along the wheat-bread 

value chain
Production nodes Value added Units

Farm level

Wheat 4.0 ZAR/kg

Processing

MillFlour and Bakerybread 7.43 ZAR/kg

Total value added 11.43 ZAR/kg

Water footprint of bread along the value chain is given by 991.84 m3.tonne -1

Therefore WFbread = 0.99184 m3/kg

Production nodes Value added to water at each 
production node

Units

Farm level

Wheat 4.0 ZAR/m3

Production level

MillFlour and Bakerybread 7.49 ZAR/m3

Total value added to water along 
the wheat-bread value chain 

11.52 ZAR/m3

Average exchange rate for December 2016: US$1; 14.62ZAR 



CONCLUSIONS
• Total water footprint of bread 991.85 m3 per tonne per year.
• The total water footprint of wheat in the Vaalharts region is 61% lower 

than that of the world average.
• Farm level contributes 99.95% of the total water footprint of bread 

along the wheat- bread value chain.
• The study indicates that a high dependency on surface (irrigation) and 

groundwater along the wheat-bread value chain in South Africa.
• Increased attempts should be made by farmers to maximise the use of 

green water in order to combat the negative externalities of blue water 
resources.

• The study concludes that ground water contributes to total water 
footprint and should be considered in water footprint assessments, 
rather than focusing only on surface water or irrigation. 



RECOMENDATONS
• The low water footprint of wheat in the Vaalhart region can be

attributed to high yields. It is therefore important that wheat
farmers adopt good farm management practices that will
continue to improve wheat yields.

• South African policy makers should set water footprint targets
and benchmarks for the production of wheat, flour, bread as
well as other products in South Africa in order to achieve the
aims of the of the National Water Act (Act No 36 of 1998) which
seeks to achieve sustainable water use for the benefit of all
users.
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