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INTRODUCTION 
The environmental pollution as result of human activity exceeded the 

regenerative capacity of nature, in contradiction with natural cycles favorable 
for economic and biological life. Therefore, the economic growth can be 
achieved only as an ecological economic growth, based on a rational 
consumption of raw materials and energy, in which the man must to respect 
the laws of nature and know the reproduction capacity of the natural 
environment. 

Rethinking the new economy from ecological perspective involves to use 
in enterprises new management tools such as the Environmental Management 
System (EMS) or EMAS registration which aim the implementation of the 
environmental policy of the organization. All actions related to environmental 
policies are reflected in the environmental costs, component of costs that 
should not be ignored, and whose appearance has led to the development of 
environmental management accounting 

The environmental cost management is a new approach of costs 
calculation, in comparison with the old approach of material flow, in which are 
considered the losses along the process flow. 

The improvements to the current cost system are made in two directions: 
economic and ecological. The economic direction highlights the material costs, 
the value and the places where appear. In the ecological direction, the 
reduction of the materials and energy cost leads to in positive environmental 
effects evidenced in reducing waste and emissions. 

Material Flow Cost Accounting (MFCA) is one of the most important 
instruments of environmental management accounting which tracks and 
quantifies the flows and stocks of materials within an organization in physical 
and monetary units. MFCA focuses on determining and differentiating 
between the costs of the goods and material losses by identifying waste, and 
using mass balance in the so-called centers of quantity. 
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MATERIAL AND METHODS 
The basic terminology of the methodology: 
Material - any raw material, auxiliary material, component or part of 

material which is used to manufacture a product.  
Any material that does not become part of the final product is considered 

waste material.  
- Loss of material during processing of defective products,  
- The remaining material in the manufacturing process for the next set,  
- Auxiliary materials, such as solvents, detergents for the wash equipment, 

water 
- Raw materials, which become unusable for various reasons 
Flow - MFCA tracks all incoming materials in production processes and 

measures products and material losses (waste) in physical units using the 
following equation: 

Inputs = Products + Losses materials (waste) 
The starting point of MFCA is measuring the amount of material losses on 

mass balance. 
The center of quantities – a part or parts of a process for which inputs and 

outputs are measured in physical and monetary units. First are quantified the 
flows of materials and energy, and then are quantified the material costs, the 
energy costs, the system costs and the waste management costs. 

Balance of material – the material that enters into a quantity center 
comes out as product and material losses.  

Because mass and energy can be neither created nor destroyed, only 
transformed, the physical inputs entering into a system should be equal to the 
physical outputs of the system, taking into consideration any change of 
inventory in the system. 

The costs calculation – the flows and stocks of materials within an 
organization are tracked and quantified in physical units (for example: mass, 
volume) and then assigned to an associated cost. Through MFCA, four types of 
costs are quantified: 

 - The cost of the materials: the cost of any material passing through a 
center for quantity (using the same unit of measure for incoming and 
outgoing). 

- The cost of the energy: the cost of energy consumption, such as 
electricity, fuel, steam, heat, compressed air.  

- The cost of system: the costs during handling of material flows, excluding 
the material costs, the energy costs and the waste management costs.  

- The cost of the waste management: cost of handling material losses 
The allocation of cost - takes place in two stages, as follows:  
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- The allocation of costs at process or installation level for the quantity 
centers;  

- The allocation of costs for the quantity centers for products and material 
losses.  

Determining the most appropriate allocation criteria is at the discretion of 
the organization.  

Total costs are deferred and included as associated costs with the input 
for the next quantity center. 

The reporting costs of internally recycled material – in order to properly 
assess the internal recycling costs are taken into consideration the following:  

- The economies of internal recycling cost, meaning the value of 
acquisition of substituted material; 

- The additional costs of the recycling process;  
- The additional costs from other quantity centers due to the recycled 

material flow through the system 
The methodology proposed for MFCA implementation is based on PDCA 

quality cycle (Plan - Do – Check – Act) and involves the following stages:  
 
PLANNING 
It focuses on:  
a) Awareness, ability and acceptability of management to organize the 

implementation of MFCA Program.  
Management involvement should include the management of 

implementation and the assignment of roles and responsibilities, for example, 
the establishment of an operative MFCA team;  

- providing resources;  
- monitoring progress;  
- reviewing results;  
- decision on measures to improve on the results of MFCA 
b) Setting up a working team in order to implement the MFCA within 

organization. 
c) Establishing limit of MFCA, which may include one or more processes, 

the entire organization or even entire supply chains. Initially it is advisable to 
focus on a process or processes with significant potential environmental and 
economic impact. 

d) Establishing the period of time required to obtain meaningful data, 
which can be a month or a year, or the time required for the manufacture of a 
batch. 

e) Establishing the quantity centers, which are spatial or functional units 
that store or transform the materials (such as material storage units, 
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production units, products outputs deposits or elimination systems) and which 
are related to the flows of materials. 

 
DOING  
a) Identifying for each quantity center the inputs (for example: materials, 

energy) and the outputs (products, materials and energy losses).  
b) Quantification of material flows in physical units, such as: mass, length, 

volume or number of pieces. In some cases, for a while, it is the possibility that 
the material be stored into a quantity center, contributing to the stocks 
movement.  

In the fig. 1 is given the example of a material balance that includes also 
the stocks movement. 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 – The balance sheet of material into a quantity center 

 
c) Quantification and assignment (allocation) the associated costs with the 

incoming and the outgoing material flows from a center 
In order to evaluate, the costs are differentiated in: the material costs, the 

system costs and the waste management costs. The energy costs can be 
included in the material costs or separately quantified, at choice of 
organization. 

For each input and output flow, the material costs are quantified by 
multiplying the physical sum of the material flow with the unit cost of the 
material.  

In general, for allocation of costs for material, energy and system, is used 
the distribution percentage of the material based on mass. 

Regarding the waste management costs this is assigned 100% to the loss 
of material, because the costs are caused only by loss of material.  

In the fig. 2 is an example of the cost calculating in a quantity center. 
 
 

Quantity center 

Initial inventory of 

material = 10 kg 

Input 
Material 

100 kg 

Ouput 
Product 

75 kg 

Final inventory of 

material = 5 kg 

Material 
loss 

30 kg 
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Fig. 2 – The cost calculating in a quantity center 

 
CHECKING 
It may be done through using of materials balances or the cost matrix of 

material flow (a diagram that combines positive and negative costs of products 
across all processes, including account details).  

Table 1 is an example of the costs matrix of material flow for a quantity 
center. 

 
Table 1 - Example of cost matrix of material flow for a quantity center, Period: XXX 

 
Mass 

kg 
Material 

costs 
EUR 

Energy 
costs 
EUR 

System 
costs 
EUR 

Waste 
management 

costs, EUR 

Total costs 
EUR 

Total inputs 105 1050 50 800 80 1980 

Product  
75 

(71.43%) 
750 

(71.43%) 
36 

(71.43 %) 
571 

(71.43%) 
0 

(0%) 
1357 

(68.54%) 
Material 
loss 

30 
(28.57%) 

300 
(28.57%) 

14 
(28.57%) 

229 
(28.57%) 

80 
(100%) 

623 
(31.46%) 

Total ouput 105 1 050 50 800 80 1980 

 
ACTING 
a) Communication of MFCA results 
Once MFCA analysis is completed, the results are communicated to 

stakeholders. Communication of the results to organization’ s employees can 
be useful in explaining any process or organizational changes that will occur as 
a result of the MFCA findings. 

Input 
Material 
(100 kg) 

Material costs 

1000 EUR 

Ouput 
Product (75 kg) 
Material costs  750EUR 
Energy costs     36EUR 
System costs 571EUR 
Total costs

 1357EUR 

Material losses  
(30 kg) 

Material costs 300 EUR 
Energy costs       14 EUR 
System costs 229 EUR 

Waste management costs         
- 80 EUR 

Total costs - 623 EUR 

 

Quantity centre  
Energy costs    50 EUR 
System costs 800 EUR 
Waste management 

costs                80 EUR 

Final 
inventory of 

material  
(5 kg) 

50 EUR 
 

Initial 
inventory of 

material  
(10 kg) 

100 EUR 
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The tables, the graphs and other instruments developed for MFCA data 
analysis can serve as a basis for creating effective communication tools 
adapted to stakeholders, in accordance with the communication strategies. 

b) Identification and assessment of the opportunities for improvement 
Finally, in this phase, it identifies and evaluates the opportunities to 

improve the reduction of waste and it issues decisions for implementation the 
opportunities for improvement. 

Analysis and interpretation of aggregated data will allow the organization 
to identify the quantity centers with loss of material that are ecologically or 
financially significant. 

It is also important to note that the implementation of MFCA creates 
opportunities for improvements in accounting and information systems of the 
organization. 
 
 

CONCLUSIONS 
The proposed methodology for implementation of material and energy 

flow accounting within the company implies the following main steps: 
- The involvement of the management and establishing the team 
- Establishing the centers of quantity, their limits and the time period, 
- Quantifying the flow of material in physical or monetary units 
- Synthesis, interpretation and communication of data, 
- Identifying and evaluating the opportunities for improvement 
Some of the benefits that this new instrument brings to the organizations 

are: 
- Identifying and locating the "black holes" where in production processes 

occur losses, with physical values and costs associated to these losses and with 
the associated environmental impacts  

- Reduced costs and benefits due to the increased efficiency of use of 
natural resources; 

- Increasing the concerns for developing new products, technologies, and 
work procedures; 

- Improvement of the quality and consistency of information provided to 
management; 

- Development of communication between sections and departments of 
the organization; 

- Increasing the involvement of top managers in structuring the material 
flow; 

- Increasing the efficiency of use of raw materials and becomes one of the 
most important objectives. 
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- The possibility of extending the methodology to the entire supply chain 
and identifying the suppliers that apply MFCA and so they have reduced their 
own costs. 

The benefits of applying the methodology will be reflected in reducing 
costs and environmental impacts through efficient use of energy, water and 
materials, planning and implementation of investments in pollution control 
and of energy and material efficiency projects, assessment of the total annual 
income of investment in eco-efficiency activities. 

Also, the strategic position of the organizations will consolidate through 
the evaluation and implementation of programs to ensure the strategic 
position of the organization for long term, through the design of "green" 
products and services that will determine competitive advantage, through 
estimates internal cost in terms of future regulations, and through reporting to 
stakeholders (local community, customers, investors) of various data relevant 
environmental issues. 

This methodology will be applied in an SME in the chemical industry, an 
industrial detergent manufacturer. 
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