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Abstract
The challenge of water pricing by water treatment schemes is related to the inability of the 
traditional cost accounting method to provide enough water purification-related cost infor-
mation to assist water scheme managers in making informed water management decisions. 
We adopted the material flow cost accounting (MFCA) model to capture water purifica-
tion-related costs in highlighting inefficiencies in the water purification process and to ade-
quately align other systems’ cost to the cost of water loss for effective water management 
decisions. We conducted a case study of the Politsi Water Treatment Scheme (PWTS) in 
South Africa to assist the management in making informed water management decisions by 
revealing inefficient processes, water loss volume and corresponding costs. Findings reveal 
that the water scheme is operating at a loss because of high water purification overhead 
costs. Furthermore, we found that the current input–output measurement approach used 
at PWTS is substantially inefficient in capturing water loss and water-related costs during 
purification. We recommend that the adoption of the MFCA model by Politsi should not 
be intended as a one-off project but should be gradually integrated into the existing system 
to realise consistent improvement in determining the volume of water loss and its related 
costs information for effective decision-making.

Keywords Water treatment · MFCA model · Water management accounting · Water loss · 
Contingency theory

1 Introduction

The United Nations Sustainable Development Goal (UNSDG) goal number 6 seeks to 
achieve a universal and equitable target of safe and affordable water for all people by 2030. 
The UNSDG targets significantly increased efficiency in water use through sustainable 
withdrawals and supply of freshwater. Moreover, the UNSDG in addressing water scarcity 
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seeks to reduce the number of households suffering from water scarcity substantially. 
Indeed, water scarcity is increasingly a critical issue around the world (Challenges Program 
on Water and Food, 2005:52; Sulser et al. 2010:276). However, achieving sustainable and 
affordable water for all people requires considerable investment. Added to which, the bur-
geoning population, economic growth and climate change issues are all putting pressure 
on water supply and water resources, forcing different countries to revisit and assess how 
water resources are managed (Singh et al. 2009:3655). The pressure on countries to pro-
vide affordable water to poor households is a burden borne by publicly funded water utili-
ties. These utilities require investments to improve and expand the existing facilities (Nag-
pal et al. 2019). However, most water utilities are unable to recover both operational and 
maintenance costs. The inability to cover these costs is exacerbated by the limited capacity 
of these water utilities to increase water tariffs. While water pricing and tariff mechanisms 
are crucial to improving water provision and supply (Pinto et al. 2018), there is a need to 
adopt a more integrated water management system that promotes process efficiency seeing 
that water utilities have limited capacity to increase water tariff. Compounding the chal-
lenge to safe and affordable drinking water other than process inefficiency is cost-recovery, 
availability and affordability.

Hence, we used the MFCA model to capture and analyse water-related costs in the 
Politsi Water Treatment Scheme (PWTS) in the Limpopo Province of South Africa to 
examine the existing approach in determining water pricing decisions. Whereas attempts 
by water utilities in South Africa to improve the water supply system have been technologi-
cally driven (Morrison and Schulte 2010:9), we, nonetheless, believe that adopting a man-
agement accounting tool to capture water-related processing costs will adequately assist in 
improving inefficiencies in water processing and promote appropriate pricing decisions. 
This study seeks to highlight the inadequacies of relying on the conventional input–output 
approach in determining water processing costs and pricing decisions. Hence, the signifi-
cance of this study is the demonstration of an integrated approach of adopting the MFCA 
model with existing input–output water accounting techniques in capturing water cost-
related costs to enable appropriate water pricing decisions in water utilities.

2  Theoretical framework

We acknowledged that there is no universal approach to solving organisational challenges; 
and so, we adopted the contingency approach to management as the appropriate framework 
in this study. In the process of organising and controlling activities in an organisation, there 
is no single way of doing it, but instead performance is dependent on the situations within 
the organisation and its external environment (Waterhouse and Tiessen 1978:66; Fakoya 
2014:20). Likewise, the contingency approach to management proposes that an account-
ing information system should be planned flexibly to consider environmental issues as 
part of an organisation’s strategy (Riahi-Belkaoui 2002:140). Intrinsically, we believe that 
the adoption of a management accounting information system needs to adjust precisely to 
assist an organisation in improving its decision-making process. By relying on the contin-
gency approach to management, we seek to identify specific water-related processing costs 
not captured by an existing management accounting system that could be linked with a 
specifically designed costing framework. This is to make areas of inefficiency visible and 
transparent to appropriately match an organisation’s environmental impact and resource 
utilisation of physical and monetary data for improved decisions.
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3  Traditional water accounting

The traditional water accounting approach tracks water inflows and outflows over a period 
(Vardon et al. 2006:651). As such, water accounting is the identification, quantification and 
reporting of information of water flow within a system and is the first step in formulating 
productive and sustainable water management strategies in any nation (Godfrey and Chal-
mers 2012). In countries like Australia, China and India, there have been studies on water 
accounting (Chalmers et al. 2012:1002; Meng et al. 2014:7). Nonetheless, a White Paper 
was issued and promulgated into the South African National Water Act in 1998 to signal 
the shift in the country’s water resource management (Republic of South Africa 1998). 
Water scarcity is prevalent in South Africa, and this situation makes it expedient for an 
improved water management framework and policy formulation (National Water Resource 
Strategy 2011:90). Moreover, Van der Zaag et al. (2010) reasoned that the capturing and 
management of water-related cost needs to be improved through the application of an 
appropriate water management costing system for better per capita water accessibility. As 
such, the South African government recognises effective and efficient water resources man-
agement as part of government’s function through reforms and regulations (Schreiner and 
Hassan 2011:87).

Developing an accounting framework to measure the use and production of water 
resources (Molden and Sakthivadivel 1999) will help in determining appropriate water 
pricing. Consequently, the adoption of an internal information system aimed at capturing 
all cost elements associated with the water purification process, and water losses will likely 
ensure adequate water measurement and improve water management efficiency for valid 
pricing. Accordingly, the identification and capturing of water processing-related cost data 
and information are critical aspects of water management (Karimi and Bastiaanssen 2015).

4  Water management accounting

Water provisioning challenges around the world are increasing (IWMI 2010) because of 
population growth and limited water sources, and there is a need to manage water sources 
efficiently (Molden 1997). Despite these challenges, useful information for water pricing 
decisions is declining. Subsequently, resolving water challenges requires information from 
multidisciplinary perspectives (Molden 1997). Owing to the inability of the current water 
input–output approach to adequately capture water-related costs and losses, we reasoned 
that the integration of the MFCA model with the existing accounting information system 
in water utilities is required to assist water utility managers in arriving at appropriate water 
pricing decisions. Hence, we reasoned that the provisioning of water purification process 
information must be coherent to provide an integrated representation useful for assessing 
and resolving water-related challenges. Therefore, water management accounting (WMA) 
is more than just an environmental management approach (Christ and Burritt 2014); 
instead, it is also good management. WMA is the classifying, measuring and recording of 
water flow information in a system to increase or maximise an existing supply (Burritt and 
Christ 2015).

In this study, WMA is the use of management accounting principles to improve water 
purification processing decisions. Over the years, there has been an increased call for infor-
mation linked to water-related cost activities to be integrated into the existing management 
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approach (Ridoutt et al. 2009). In South Africa, the existing cost accounting system used 
by the water utilities has been ineffective in capturing water loss and all other water-related 
costs in the water purification process (DWAF 2011). Hence, from a management account-
ing perspective, adequate capturing of water purification process costs could result in 
appropriate water pricing decisions. The inadequacy of existing cost accounting systems 
in organisations meant to support sound decision-making was alluded to by Kotzee (2016).

In water utilities, the water purification processes’ end-product and subsequent pricing 
is an activity requiring every single material or chemical component used in its purifica-
tion to be priced adequately. Therefore, to completely capture all water-related costs and 
leakages during the purification process, which the current accounting system overlooks, 
it is vital for an appropriate management accounting system (MAS) to be adopted (Kot-
zee 2016). The significance of capturing and matching all water-related costs during water 
purification processes cannot be overemphasised. This is essential since it will assist water 
scheme managers in determining the actual cost of water processing, thereby resulting in 
efficient water pricing.

5  Management accounting information systems

Prior ways of resolving organisational challenges may become ineffective for the current 
business environment, which is continuously evolving (Neizvestnaya and Antonova 2015). 
Thus, management accounting continually seeks new information to impact and improve 
decision-making to turn challenges and opportunities into profit (Chapman and Kihn 
2009). The management accounting function provides a system for interpreting accounting 
data for improved decision-making. Management accounting assists management in deci-
sion-making by providing accurate information about an organisation’s activity. According 
to Ramagopal (2009), the management accounting function provides cost information for 
planning, decision-making, performance evaluation, control, management of costs and cost 
determination. Intrinsically, an appropriate MAS capable of providing accurate informa-
tion is required in assisting managers in making an informed decision on the efficient uti-
lisation of resources for profitability (CIMA 2015; CFMS 2014). Given this, it is plausible 
that adopting an appropriate MAS will enhance effective capturing of water processing 
costs for appropriate water pricing decision among South Africa’s water utilities.

6  Environmental management accounting (EMA)

EMA helps to identify, collect, estimate, analyse physical and environmental cost and 
related monetary information to make environmentally related decision-making in organi-
sations (UNDSD 2001; Qian et  al. 2011). Schaltegger et  al. (2010) state that EMA is a 
concept of accounting that uses accounting tools and practices to assist organisations in 
internal management decision-making on environmental issues. Furthermore, EMA is a 
corporate environmental management approach involving the application of account-
ing tools to assist managers in decision-making (Schaltegger et al. 2011). EMA is a tool 
for adapting physical and economic measures of environmental data into information for 
decision-making to improve environmental performance (Bennett et al. 2013). EMA tools 
include life cycle costing, full cost accounting, benefits assessment, strategic planning and 
MFCA for environmental management (Savage and Jasch 2005).
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Additionally, EMA is measured both in physical and monetary terms (UNDSD 
2001). However, Jasch (2003) speculates that when the organisation fails to identify and 
account for the environmental impacts of their activities, they risk losing opportunities for 
improved economic (through cost-saving opportunities) and environmental performance. 
Therefore, the adoption of an appropriate EMA tool such as the MFCA model in an organi-
sation makes the generation of high-quality information (monetary and non-monetary data) 
possible to aid decision-making.

7  Material flow cost accounting (MFCA)

MFCA continues to attract attention as an EMA support tool for identifying the environ-
mental impact of corporate waste generation (Nakajima 2003). As a decision-making tool, 
MFCA provides executives and managers with information on impact and cost-reduction 
opportunities for the environmental impact from operations (METI 2007). MFCA focuses 
on tracking and capturing waste and nonsalable products during production for cost-sav-
ings opportunities to be identified. The identification of cost-saving opportunities through 
MFCA assists in improving organisations’ productivity by classifying production output 
into good (saleable) and negative (nonsalable) products (Schaltegger et  al. 2008). It is 
imperative to note that MFCA indicates the limit of waste an organisation can reduce by 
making material losses visible (Nakajima 2010). Information on material loss (in the case 
of this study, water loss) is useful for waste (water loss) reduction decisions. The availabil-
ity of process waste information will assist managers in the waste reduction for appropriate 
pricing decisions.

8  Applying MFCA for process improvement

Organisations often seek ways to reduce their environmental impact and improve waste 
discharge during production through capturing of waste information. Waste management 
is a measure that supports the effective use of resources (Geng et  al. 2007:146; Fakoya 
2014). Recycling of used materials as input for new products often includes the amount 
spent on the material resource to waste generation (Smith and Ball 2012). However, in pro-
moting waste management through recycling, organisations will incur a higher energy and 
other systems cost. As such, waste reduction may seem a reasonable option since it avoids 
such expenses when recycling. Over the years, production process improvements focus 
on lead time reduction, waste and whatever may increase productivity without conscious 
analysis of the monetary component, thereby making it difficult for managers to understand 
any constructive improvement to the status quo (Kasemset et  al. 2013). Essentially, the 
adoption of MFCA in an organisation will assist in capturing material and energy flows, 
thereby revealing an area of inefficiency in the production processes both in physical and 
monetary terms (Jasch 2003). This is because MFCA ascertains the quantities and costs of 
materials, processing and waste treatment so that decision-makers can have a look at the 
source of waste generated with a visible view of impending challenges, which then leads 
to the reduction in waste generation itself (METI 2007). Consequently, the adoption of the 
MFCA framework in a water utility would assist water scheme managers to capture water 
purification costs accurately so that areas of inefficiency can be reduced allowing scheme 
managers to determine appropriate water pricing decisions.
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9  Method

The methodological approach of this study was the mixed method. We applied the action 
research approach because we intended to assist in improving the existing approach in 
capturing water processing information at the Politsi Water Treatment Scheme (PWTS). 
Hence, we adopted the case study research design to generate an in-depth and multifaceted 
understanding of the complex real-life issues associated with water purification and pric-
ing decisions. The case study of the Politsi Water Treatment Scheme (PWTS) aided us in 
understanding the challenges of the existing accounting system and in recommending any 
improvement plan for appropriate water pricing decisions. We approached the water utility 
company—the Lepelle Northern Water (LNW) that manages the PWTS for permission to 
use its facility for the study. Written approval was given to the researchers by LNW through 
its legal office. We conducted in-depth interviews with relevant officers of the water util-
ity. These officers included the Chief Executive Officer (CEO) of the LNW, scheme man-
ager of PWTS, supervisor of PWTS and the Chief Financial Officer (CFO) of LNW. The 
respondents were selected because of their influence directly and indirectly on the PWTS’s 
water purification decision-making process.

Subsequently, we were granted access to the PWTS, where we gathered existing data 
from its daily water purification records. Existing data for PWTS records were generated 
through daily records by the water scheme supervisor who supervises and ensures the puri-
fication of daily water processing. We visited the PWTS to observe the water purification 
with the permission of the LNW, where the scheme supervisor took us around the facility. 
We were privileged to ask questions about the different materials (chemicals) used and 
related costs at each purification stage. We also documented the inputs as observed and 
cross-checked with the daily records provided to resolve any unclear issues by asking the 
scheme supervisor relevant questions. We ensured clarification of any figure recorded or 
provided onsite before using it in our computations. Interviews and application of MFCA 
were done between February 2018 and February 2019.

Data collected onsite and from the daily records were analysed through the Umberto 
 Efficiency+ software. Ifu Hamburg GmbH developed the Umberto Efficiency + software 
in Hamburg, Germany, to capture and analyse production processes information both in 
quantity and costs. This enabled areas of inefficiency in a process to become visible and 
thus support managers’ waste reduction and pricing decisions. Results from the Umberto 
 Efficiency+ are presented in the MFCA result section. The responses from the in-depth 
interview were explained to give credence to the result obtained from the Umberto 
 Efficiency+ analysis.

We presented the Umberto  Efficiency+ analysis to the management of the LNW at their 
head office, with the results elaborately discussed. The discussion was tabled to give feed-
back to management and to indicate areas of concern in the PWTS.

10  MFCA result‑PWTS

The Umberto  Efficiency+ software was used to capture actual water processing volume 
and costs at the PWTS. To better understand the production processes of the PWTS, we 
developed a graphical representation of the purification processes. Visibility is enhanced 
by using the Umberto  Efficiency+ referred to as the Sankey diagram in Fig. 1. This diagram 
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was used to visualise energy and material flows in the water purification process. The San-
key diagram portrays all processing costs that the traditional input–output approach does 
not capture.

Furthermore, the Sankey diagram shows all process costs captured at each quantity cen-
tre (process costs) making visible any water purification process where water loss occurs 
so that corrective action can be taken to save, reduce or eliminate such incidences and the 
related costs. This assists in determining the overall production costs of a batch of drink-
able water for appropriate water pricing decisions. The following is the Sankey diagram 
and ledger accounts (Tables 1, 2, 3, 4, 5 and 6) of the various water purification processes 
at PWTS. Table 7 represents other overhead costs associated with water processing.      

Figure 1 represents the total flow at the PWTS water purification process. The green 
circle represents the input, the blue cookies represent the quantity centre, and the yellow 
circle represents the intermediate goods, while the red circle represents output (good or 
negative). Data were collected and measured using the Umberto  Efficiency+ software, and 
the results are represented in the cost tables as follows.

Table 1 represents QC1 which is the dosing process in the conventional plant. In this 
centre, 6408 kilolitres (kl) of raw water were extracted from the dam as input. Other mate-
rials used at this centre include lime, superfloccs and energy. The PWTS does not use the 
calcium hypochlorite (HTH) at the dosing stage because the extracted raw water does not 
contain many impurities and sediments. The lime used at the dosing stage is meant to dis-
rupt the cellular processes of micro-organisms through oxidation. The electricity used in 
QC1 relates to the machine, which grinds lime and blends the chemical with the raw water 
during dosing. The monetary value attached to each material is shown in Table 1, and there 
was no water loss at this QC during water purification and the application of MFCA. The 
total output from this QC is 6408kl at ZAR1.20/kl. This output is then transported to QC2 
(flocculation) by gravity.

Table 2 is QC2, also known as flocculation, and it is the QC where flocs start to form. 
This QC2 receives an input of 6408kl of dosed water from QC1, and the formed flocs start 
to settle at the top of the water. No additional material is used at this stage of water purifi-
cation, and no water loss is captured; hence, the same 6408kl of water is the output trans-
ported to QC3 by gravitational force as input.

Table 3 presents the data for QC3, also known as sedimentation or the settling tank. The 
input for this process is the 6408kl from the flocculation process. The settling tank is where 
the flocs are separated during water processing through dedicated channels to the next pro-
cess in the water purification. There is no added material at this stage of water purification, 
but a water loss of 192.24kl at ZAR1.20/kl is captured. The water loss recorded during this 
process is because of sludge formation where the heavier flocs can settle to enable good 

Fig. 1  Sankey diagram of the Politsi Water Treatment Scheme flow process Source: Authors’ portrayal of 
the Politsi Water Treatment Scheme purification process
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product flow to the next process of the water purification. However, it should be noted that 
in a costing process, the good product bears the cost of the negative product in order not to 
lose the vital aspect of cost. The output from this QC3 was 6215.76kl at ZAR1.20/kl, and it 
is transported to the next QC4 as input by gravitational force.

Table 4 shows the data for QC4, also known as filtration. The filtration process is where 
clear water passes through the sand filter and the filter nozzles for impurities such as leaves 
to be trapped in the sand for backwashing when it is due. The electricity consumption at 
this QC occurs because of the machine capacity and the backwashing is done for two hours 
during water purification. During filtration, a water loss of 320.40kl was recorded. This 
water loss resulted from the backwashing, which flushes trapped impurities from the pro-
cessed water. The total output for this QC is 5895.36kl, and it is transported to the next 
QC5 by gravitational force as input.

Table 5 shows the data for QC5 as the input of 5895.36 kl at R1.27 of water, 9.53 kg at 
ZAR31.20/kg of chlorine and 36.25kWh at ZAR4.75 of electricity. The addition of chlo-
rine at this QC5 kills all the harmful micro-organisms still contained in the water. The 
processed water then settles in a contact tank for the chlorine and water to properly mix 
for human consumption. The electricity consumed at this quantity centre resulted from the 
machines used for the disinfection process of the water purification. A total of 5895.36kl of 
water at ZAR1.35/kl is transported by gravity to QC6.

Table 6 shows the data of QC6 called the forebay or pump station. An input of 5895.36kl 
at ZAR1.764/kl of disinfected water and 1812.71kWh at ZAR15.658/kWh of electricity 
resulted in an output of good water or drinkable water. The high cost of electricity at this 
QC6 is because of the machine used for pumping water to the municipal reservoir. The 
water loss captured at this QC6 is because of old and obsolete pipes used for transporting 
purified water to the municipal reservoir. The overhead expenses incurred by the PWTS are 
shown in Table 7.

Table 7  Overhead expenses Politsi Water Treatment Scheme* 

= ZAR19216.08∕5895.36kl = ZAR3.2595∕kl

The total daily cost of water produced = ZAR6.912∕kl + ZAR3.2595∕kl = ZAR10.507∕kl.

*PWTS’s overhead expenses were extracted from LNW finance records for 6 months
The PWTS sells to the municipality at a tariff of ***ZAR8.12/kl
The PWTS is running at a loss because it is processing its water at an approximate loss of ZAR2.387/kl. 
This amounts to a total loss of 6408kl × ZAR2.387 = ZAR15295.896daily.

**Daily rate is divided by 28 days because Politsi Water Treatment Scheme operates on a 28-day monthly 
circle
***ZAR = South African Rand

Particulars Six months Monthly Amount daily

Civil engineering staff 125,493 20,915.50 746.98
Mechanical engineering staff 492,972 82,162.00 2934.36
Electrical engineering staff 156,684 26,114.00 932.64
Cleaning staff 198,114 33,019.00 1179.25
Diesel expenses 200,950 33,491.67 1196.13
Other salaries (supervisor and scheme 

manager)
1878,372 313,062.00 11,180.79

Staff overtime payments 175,717 29,286.17 1045.93
Total 3228,302 538,050.34 19,216.08**
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Table 7 presents the total overhead costs associated with water processing at the PWTS. 
The MFCA model incorporates all overhead costs associated with production such as per-
sonnel costs, despite proportionately isolating material and energy costs. Overhead costs 
calculation is necessary to arrive at the ‘true’ cost of products; hence, it is necessary to 
include all personnel costs involved in the operation of the PWTS. Effectively, the total 
daily cost of ZAR10.507/kl encompasses all costs associated with water purification at the 
PWTS. However, excluding the overhead cost calculation of ZAR3.2595/kl per day, the 
final daily cost calculation translates to inaccurate water purification costs and the inability 
of management to take advantage of any potential cost-saving opportunity. The inability of 
the existing costing system in the PWTS to capture all related water purification costs has 
resulted in the inability of the management to redress the apparent daily loss incurred.

Moreover, by incurring excessive overhead (personnel) costs in the water purification 
process coupled with the inability of the PWTS to determine its water pricing because of 
subjection to the water pricing policy by the supervising government department—the 
Department of Water and Sanitation (DWS), is the reason the water scheme is operating at 
a loss. Therefore, we argue that the overreliance on the DWS to offset its personnel costs 
through grants and subventions and the fixing of water pricing by the DWS have made the 
PWTS ignore the apparent losses incurred in the water purification processes.

11  Background—Politsi Water Treatment Scheme (PWTS)

The PWTS is one of the water treatment schemes managed by the LNW. PWTS is located 
in a village 13 km north-west of Tzaneen in the municipal district of Letaba in the Lim-
popo Province, South Africa. The PWTS is currently responsible for the production and 
purification of between 5.8 ML and 6.2 ML day−1 because of over-abstraction. Currently, 
water purification at the PWTS uses the conventional plant system. The scheme manager is 
aided in the plant by the production officer (supervisor) who oversees the production pro-
cess. The production officer is assisted in the water purification process by process control-
lers who work shifts. The plant also has maintenance officers who oversee the maintenance 
of the scheme’s equipment. Furthermore, there are instrumentation technicians as well as 
artisans who make up the complete workforce at the PWTS. However, the PWTS has been 
running at a loss for over a decade.

12  Summary of findings—PWTS

One significant finding from the PWTS is that it is running at a loss by about R2.387/kl. 
PWTS extracts raw water from the Vergelegen Dam by means of gravity through pipes. 
Moreover, water treatment processes require the adding of chemicals and expertise. During 
purification, there is water loss which needs to be monitored because of its effect on overall 
pricing decisions. It is expedient, therefore, to determine the cost of water loss. The first 
research objective examines the extent to which the current approach to capturing the water 
processing-related cost supports water pricing decisions. The second research objective 
assesses whether current cost accounting systems in LNW captures enough water-related 
information to influence appropriate water pricing decisions. The third objective dem-
onstrates the adoption of the MFCA model in capturing water-related costs for improved 
water pricing decisions.
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We found that PWTS does not currently use a MAS in capturing the quantity of water 
loss and related costs in the water purification process. Inherently, inadequate cost informa-
tion is used in determining water pricing. The absence of an appropriate MAS in capturing 
water loss is an indication that information used in determining water pricing is defective. 
Findings revealed that the PWTS is running at a loss due to excessive overhead costs ema-
nating from its use of ageing infrastructure.

13  Discussions

The critical elements in applying the MFCA model are to gain an understanding of mate-
rial flow and energy use, to link physical and monetary data, to ensure accuracy, com-
pleteness and compatibility of physical data and to estimate and attribute costs to material 
losses. PWTS adopts the input–output measurements approach, which does not make inef-
ficiency visible and transparent (Nakkiew and Poolperm 2016) because it does not cap-
ture all water purification-related costs. This restricts the ability of PWTS to arrive at an 
appropriate water pricing decision since the correct water processing costs are not cap-
tured. Hence, the PWTS will be unable to identify inefficient processes that contribute to 
the overall production costs.

Consequently, opportunities to implement cost-saving measures are lost. Figure 1 shows 
a material flow model and each process description of input and output materials (quantity 
and costs) in Tables 1, 2, 3, 4, 5 and 6. Material flows (raw water input, energy consump-
tion, chemicals and other additives) are shown in Quantity Centres (QC1 to QC6) with 
their material inputs and outputs. Each QC accumulates the cost incurred in the specific 
process and indicates the water loss. MFCA is a management information system which 
captures all input material that flows in a production process and measures the output in the 
final product and its waste (Christ and Burritt 2014; Wan et al. 2015). The distribution of 
material costs is done in each QC, and this is distributed between the good product (sale-
able) and negative product (water loss in this instance) by the flow quantities (Hyršlová 
et al. 2011). This is then transferred to the next QC (this approach follows the conventional 
process costing method as depicted in ledgers QC1–QC6). Figure 1 depicts this process 
appropriately. However, with the PWTS adopting the traditional input–output measure-
ment approach, it means that corresponding costs of chemicals, energy consumption and 
other systems cost were not included in determining the total output costs of the batch.

The MFCA model was used to check the mass balance in each process (QC). This was 
done to determine material and energy flow at each process and subsequent output. Iden-
tifying the real losses in each process is vital. It is challenging to determine the volume of 
the closing raw water inventory to aid in calculating the water volume at the beginning of 
the water purification process because of the type of material input (raw water) having a 
consistent flow. As such, we recognised the metered volume of raw water input measured 
at the dosing stage as the volume of raw water that was processed in each batch. Accord-
ingly, the MFCA model provides a sound basis for capturing a full mass balance of each 
process (APO 2014). The weights of input materials, outputs and material losses, as well as 
energy consumption, were measured and determined for each process (Nakkiew and Poolp-
erm 2016) through observation and information provided by the scheme supervisor. This 
was done for each QC during water purification processes.

In addressing the objective of this study, findings revealed that there is no manage-
ment accounting system in place at the PWTS to capture water loss and water-related costs 
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during water purification. This lack of a management accounting system is an indication 
that water loss and water-related costs were not adequately captured; hence, such infor-
mation was not available to managers for effective water pricing decisions. The benefit of 
the management accounting system requires organisations to have adequate information 
about the production processes. The availability of such adequate information will assist 
scheme managers in identifying inefficient activities in order to overcome the challenge 
of incurring avoidable processing costs to arrive at appropriate water decisions (Chapman 
and Kihn 2009). The reliance on the input–output measurement approach to determine the 
percentage of water loss during water purification has been found ineffective at the PWTS. 
The scheme manager depends on the information given by the production officer (scheme 
supervisor) at the end of the water purification process to determine actual water loss daily.

From the results of PWTS, we noted that the existing approach of capturing water loss 
and the calculation of its associated costs have been deficient. The use of non-accounting 
personnel in cost data gathering was noted at PWTS as inappropriate in determining accu-
rate water purification cost. In response to a question on how water loss is calculated at the 
PWTS, the manager responded:

We only consider water loss at the end of purification when the water output is meas-
ured and compared to the raw water input. However, the water input tariff is different 
from the water output tariff.

This is detrimental to the effective capturing of water loss and water-related costs and 
hence, the challenge of inappropriate water pricing decisions. Having an accurate record 
of the volume of water loss and related costs during water purification would lead to an 
improved water pricing decision. When asked about the cost of water lost at every stage of 
the purification process, the scheme manager asserts:

We multiply the input raw water from the dam by the capacity of the plant and the 
tariff given by regulations. The total output purified is then subtracted from the total 
raw material input multiplied by the dam capacity and the selling price. We do not 
calculate the volume or cost of water loss at every stage of the purification process.

While water loss cannot be avoided during water purification processes; it can be 
controlled because a litre of water lost is directly attributable to a corresponding loss of 
material and energy costs. Existing input–output measurement approach used at PWTS 
is grossly inefficient in capturing water loss and water-related costs during purification as 
indicated in QC3, QC4 and QC6, respectively. The cause of this inadequacy in the captur-
ing of water loss and related costs is because the staff of PWTS lack proper understand-
ing of calculating material (water-related inputs both in volume and costs) balance, which 
is an essential aspect of MFCA. When asked about the existing accounting system that 
provides enough waste data to support management decisions, the chief financial officer 
(CFO) responded:

There is no detailed cost accounting system to capture the water purification related 
costs. What we do is to input all the data we receive from the production unit into the 
software (Systems Applications and Products (SAP) systems) we use in the organi-
sation. The scheme manager substantiated this assertion. Furthermore, he explained 
that: What we do is, to sum up, the total output of water and subtract it from the total 
input of raw water.

In capturing water volume and related costs at each stage of the water purification sys-
tem, it becomes less challenging to identify water mass flows which may have been difficult 
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to measure. Authors, such as Molden (2007:40) and Van der Zaag et al. (2010:16), have 
supported this assertion in their report. The use of an appropriate MAS in an organisation 
is vital because the information derived from such a system may plausibly assist in effec-
tive decision-making (CIMA 2015:5; CFMS 2014:2), especially pricing decisions.

Relying on the contingency theory that there is no exact once-size-fits-all approach to 
management in organisations (Emmanuel et al. 1990:57; Ismail et al. 2010:22; Islam and 
Hu 2012:5159), the adoption of the MFCA model in PWTS has provided adequate water 
loss-related costs thereby exposing the inadequacies of the existing input–output approach. 
On how the ‘true’ cost of material loss is calculated from the current accounting system, 
the scheme manager responded:

We capture the difference between input and output water at the end of water purifi-
cation, and the figures are recorded and forwarded to the finance department.

The results derived through the MFCA analysis reveals the inability of the existing cost-
ing system at PWTS to make visible costs previously hidden in overhead cost accounts 
(APO 2014; Kasemset et al. 2013) thereby limiting the scheme manager’s ability to iden-
tify areas of improvement and cost-savings. The use of the MFCA model to analyse the 
water purification process at the PWTS enabled the scheme manager to see the necessity 
to capture water data adequately to support appropriate water pricing decisions. We found 
that the PWTS’ physical (water volume) and monetary (related costs) data have not been 
appropriately and adequately linked during water purification. This significant linkage 
is made visible through the application of the MFCA model, which links every kilolitre 
of input raw water processed at each process to its related costs before transferring such 
accumulated cost to the next process of the water purification process. This non-linkage of 
physical and monetary value may have resulted in the actual cost of water loss not having 
been fully accounted for by the scheme manager of the PWTS, resulting in inappropriate 
water pricing decisions.

14  Conclusions

The study examined the significance of applying MFCA in a water treatment scheme to 
support appropriate water pricing decisions. From the analysis of the PWTS, we concluded 
that the existing water accounting system is inappropriate for the improvement of water 
pricing decisions. By fully adopting the MFCA approach, the PWTS manager will be 
provided with adequate water-related information that will improve its water pricing deci-
sions and provide opportunities for cost-saving to enable it to breakeven and even make a 
profit rather than relying on government grants for survival. Applying an efficient MAS 
like the MFCA will likely assist in the allocation of cost at every QC. This is consistent 
with USEPA (2000), which opines that the allocation of both direct and indirect cost to a 
production process is beneficial for inventory evaluation, profitability analysis and pricing 
decisions.
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