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Abstract. The paper deals with the environmental costs (EC) in the electrical equipment industry
by using environmental accounting as a strategic instrument for controlling the economic entity
(EE). The novelty of the study consists of integrating a mathematical model in environmental man-
agement accounting (EMA), starting from the identification of the types of waste generated by the
production flow and the interaction between the production activity and the environment, which
results in determining the EC per entity. The research also analyzes the dependence between the
resulting waste and the volume of production by categories. The usefulness of determining these
dependencies leads to the identification of the product categories with a significant influence on
the EC. The study is useful for developing an environmentally sustainable accounting system within
entities in the electrical equipment industry because based on the mathematical model, products
that generate large quantities of waste can be identified, allowing the outline of managerial strategies
to reviewing production technologies, in order to optimize the products and reduce the quantities
of waste generated.
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Introduction

In line with increasingly stringent environmental regulations, industrial costs for environ-
mental protection have increased rapidly over the past 40 years (Gerasimova & Silka, 2019;
Gray, 2010; Jasch, 2003). Conceptual approaches to EC have been of particular importance
to both specialists and environmental regulators (Andersen, 2007; Baumann & Cowell, 1999;
Ciambrone, 2018; Nistor et al., 2015; Sauvé et al., 2016; Schaltegger & Burritt, 2017). Thus,
EC represent costs that business incur for their customers in order to produce goods and ser-
vices (U.S. Environmental Protection Agency [US EPA], 1995). According to GHG (United
Nations, 1997), EC are costs related to actual or potential deterioration of natural assets
via economic activities. These costs can be addressed as costs caused by actual challenges
or environmental damage through an EE’s own activities or, as costs incurred by the EE,
regardless of whether they caused the damage (Everett et al., 2010; Harris & Codur, 2004;
Rakos & Antohe, 2014).

A clear distinction between the EC and the other costs of an EE is drawn by the Recom-
mendation 453/2001 of the European Commission. Thus, EC are those costs of the actions
taken by an EE and by third parties on behalf of an EE for preventing, reducing or repairing
the environmental damage resulting from operational activities. These costs include: storage
and disposal of waste, soil protection, ground and surface water protection, clean air and
climate protection, noise reduction, biodiversity, and landscape protection (European Com-
mission, 2001). Another global body believes that these “include the costs of the measures
that should be taken, in order to manage the environmental impact of a company’s activity,
in an environmentally responsible manner, as well as other costs determined by the envi-
ronmental goals and requirements of the enterprise” (United Nations Conference on Trade
and Development [UNCTAD], 2001). Seeing the approaches above, it can be affirmed that,
the EC can be those costs borne directly or indirectly by an EE in order to prevent, reduce
or repair certain damages caused to the environment as a result of its activities. Therefore,
EC may include but are not limited to: waste disposal, soil, air, ground and surface water
protection, noise pollution reduction, biodiversity and landscape protection (Grubb et al.,
2019; Ionescu, 2017).

The electrical and electronic equipment industry was given increased attention both by
the authorities, from a legislative, as well as from various researchers’ point of view, atten-
tion mainly due to the increase of waste resulting from these activities (da Cruz et al., 2014;
Mazahir et al., 2019). Various studies have been carried out to identify the possibilities of
minimizing and eliminating waste from electrical and electronic equipment manufacturing
activities (Kusch-Brandt, 2018; Lauridsen & Jorgensen, 2010). An EE producing electrical
appliances was chosen for the study carried out, motivated by the global accentuated devel-
opment of the electrical and electronic equipment industry.

In the research carried out, the identification of the types of waste generated from the
production flow of the analysed EE, as well as the identification of the interaction between
the production activity and the environment, led to the creation of a mathematical model
to determine the total EC per entity. The study continued by investigating the dependence
between the resultant waste and the volume of production by categories, an analysis that
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required a hierarchy of product types according to the weight of the total production of the
EE. Thus, a model was created to determine the dependence between the aluminium wastes
(Alw). The model created is intended to be useful in identifying those product categories
that affect the EC most. The utility of the generated model resides in the possibility of its
application and implementation for various production entities. Results of estimations of
the overall environment cost disclose the difference between the actual and calculated value
of the waste and the necessity of more accurate accounting of the environmental cost. The
structure of the research presents the main studies from the scientific literature, the applied
materials and methods, followed by the results, discussions and conclusions of the research.

1. Literature review

Accounting systems traditionally attribute many of the EC to overall costs (which are not
directly allocable), as a result of which production managers are not stimulated to reduce EC
and are not directly aware of the extent of these costs (Gale, 2006; Jasch, 2009; Tsui, 2014).
By identifying, evaluating and allocating EC, managers are allowed to identify cost-saving
opportunities for creating a clean production system (Burritt et al., 2019; Sorina-Geanina
et al,, 2012) to be applied to the entire production cycle in order to increase productivity by:
i) ensuring the efficient use of raw materials, energy and water, and generally non-renewable
resources; ii) reduction, at the source, of waste and emissions; iii) reducing the impact of
products on the environment, during their life cycle, by designing environmentally friendly
and cost-effective products (Bebbington & Larrinaga, 2014; Jasch, 2009; Zou et al., 2019).
Hroncové Vicianova et al. (2017) consider that it is necessary to set up a separate environ-
mental department within the EE, which will monitor the environmental issues and contrib-
ute to the improvement of the environmental performance. The attitude and personal values
of the managers towards the environmental aspects lead to the development of a behavior
of the entities based on a system of pro-environmental values in order to promote corporate
environmental responsibility (Potocan, et al., 2016; Smaliukiené, 2007).

Henri, Boiral, and Roy (2016) pointed out that EC tracking reflects executive (manage-
ment, control, and cost optimization aspects for business and environmental strategy) and
structural (through their influence on the EE’s cost structure, especially regarding product
design, raw materials used and operational cost), representing an important executive cost
management tool that helps align resources and cost structure associated with short-term
tactics to reduce costs. Fuzi, Habidin, Janudin, and Ong (2019) examined the relationship
between accounting practices of environmental administration, environmental management
system and environmental performance, emphasizing that implementing the environmental
management system in the industry can help the EE in managing, measuring and improving
the environmental management of operations. Ghaemmaghami, Zamani, and Shafiei (2018)
highlighted the role of environmental accounting in reducing costs, indicating that its use
leads to reducing the level of energy consumption in the production sector, and to reducing
waste in this sector.

Determining the total EC per EE is a complex process integrated in the environmental
management of the entities, it simultaneously depends on the industry specificity, the size
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of the EE (Armas-Cruz et al., 2017), the production flow and relationships with third par-
ties (Christ & Burritt, 2013; Lee, 2011). At the same time, the determining elements for the
EC can result from various business processes that have a direct or indirect influence on
the natural environment (Baldarelli et al., 2017). EE that have implemented environmen-
tal management systems support the institutionalization of environmental accounting as an
integral part of managerial accounting through the use of quantification methods such as:
Activity-Based Costing/Activity-Based Management, Total Quality Management/Total Qual-
ity Environmental Management, Design for Environment/Life-Cycle Costing, Business Pro-
cess, Re-Engineering Cost of Quality Model/Cost of Environmental Quality Model (US EPA,
2014). Also, the implementation of solutions for organic production, through investments in
organic technology in order to adjust or modify the production processes and products can
contribute to the significant reduction or elimination of the total EC per EE (by Oliveira Neto
et al,, 2016; Topor et al., 2017), but also to increases in the productivity for the adopting EE
(Hottenrott et al., 2016; Mazahrih, 2019). To this end, identifying the categories of products
producing a significant contribution of waste, by categories of waste, requires a review of the
technology used to manufacture products from those categories, at those points of manu-
facture where the raw material is used, for the material not to be lost unjustifiably in waste
(Kusch-Brandt, 2018).

Determining the dependency relation between a certain type of waste and the categories
of manufactured products is of particular importance for the implementation of a sustain-
able management system at the level of any EE, since: i) it leads to estimation of the volume
of waste produced according to the planned volume of production by product categories;
ii) analyses of the production technologies can be performed to identify those product cat-
egories that generate higher volumes of waste. Thus, the topic of waste in cost accounting,
respectively, environmental accounting, deserves special attention. The scientific community
agrees that an efficient waste management can allow obtaining economic, environmental
and social benefits (Cucchiella et al., 2014), so in the specialized literature, there are numer-
ous studies regarding various aspects of sustainable waste management (Gala et al., 2015).
Iriarte has quantified and compared, by evaluating the life cycle, the potential impact that
the various systems of the selective municipal waste collection can have on the environment
(Iriarte et al., 2009). Rigamonti applied the life cycle assessment methodology for packaging
waste management operations and compared the results of the selective collection for the
packaging waste surplus (Rigamonti et al., 2009). Ferreira has modeled a real packaging waste
recycling system by assessing the environmental impact based on the life cycle assessment of
a product (Ferreira et al., 2014).

2. Materials and methods
2.1. Materials

The activity of an EE dealing with production in the field of electrical appliances will in-
teract with the environment in different ways, at different technological flow stages. The
interaction between production activity and environment, at such an EE, can be represented
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schematically according to Figure 1. In the EE under analysis, it results in a series of wastes
at different times of the activities, namely: from unpacking raw material usually packed in
cardboard or plastic bags; from processing related to the production processes (ferrous or
non-ferrous scrap, pieces of plastic or glass; by packing the products before delivery (scraps
of paper, cardboard or plastics). These wastes are transferred to Dozal Plast, which deals with
the recovery. In exchange, the EE is paid, the price depending on the nature of the waste
collected for recovery.

4 N
T

-

Payments

Figure 1. The interaction between the production activity and the environment

However, the EC of the EE are affected by another aspect, namely that the EE puts on
the market products that affect the environment. For this reason, the entity must pay taxes
in three directions, each tax being to offset a certain aspect of its environmental degrada-
tion, to contribute to the payment of works to prevent environmental degradation. The three
important directions envisaged for the prevention of environmental problems are: i) avoiding
environmental pollution by throwing away used electrical appliances, for which purpose the
manufacturer of electrical appliances pays a tax to CCR Logistic System, to be used to reha-
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bilitate the degraded environment by throwing away electrical equipment and appliances; ii)
avoiding environmental pollution by discarding used batteries, for which the manufacturer
of electrical appliances (which also contain batteries) pays a fee to CCR Rebat. The fee will be
used to rehabilitate the environment degraded by used batteries; iii) avoiding environmental
pollution by throwing away packaging (paper, cardboard, plastic), which is why, for packaged

products placed on the market, the EE pays taxes to Ecological 3R.

Since the fee paid to CCR Logistic is proportional to the weight of the production (the ag-
gregate weight of all the devices placed on the market), the EE makes a monthly declaration
containing the information regarding all the products placed on the market, with quantities
delivered, weight in kilograms of each of them, and the total weight of each product. Table 1
contains an example calculating the mass of equipment delivered in April 2018.

Table 1. Calculation model for a monthly declaration to CCR Logistic

Product weight

Products delivered

Quantity delivered

Product type [kg] [pes] (k]
Beacon type_A 0.80 103 82.40
Beacon type_C 6.00 1 6.00
24_LED_linear_projector 2.50 4 10.00
Atlas_of 3LEDs 0.40 1 0.40
Atlas_of _5LEDs 0.90 1 0.90
Atlas_of 24LEDs 2.00 83 166.00
CISA_LS05 0.87 4 3.50
Ceiling_light_Slim_Display_II 3.00 57 171.00
SS_Solar 1.60 3 4.80
Photon_SP_II_10LEDs 1.30 140 182.00
Photon_SP_II_12LEDs 1.75 31 54.30
Photon_SP_II_18LEDs 2.00 56 112.00
Photon_SP_II_24LEDs 3.48 9 31.30
Photon_SP_II_72LEDs 7.60 6 45.60
Apolo_hall_projector 3.80 3 11.40
APOLO_II_2cobs 4.52 156 705.10
APOLO_II_3cobs 6.00 32 192.00
APOLO_II_4cobs 7.45 65 484.30
APOLO_II_6cobs 12.00 8 96.00
Display_Line_HIO34_5m0dules 3.00 209 627.00
Linea_rod 0.40 2 0.80
Reloc_corner 0.50 4 2.00
Leon_035_4 modules 1.00 3 3.00
TOTAL 981 2,992.00
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Also, the fee paid to CCR Rebat is proportional to the weight of the batteries placed on
the market. The technological processes of electrical appliances manufacturing trigger the
production of a series of wastes, which the EE can use, namely: aluminium scrap, cuttings,
scrap iron, cardboard, glass, plastic. Since, by contract with Ecologic 3R (the environmental
service provider), cardboard and plastic waste are collected by the service provider for free,
it means that money is recovered only from the other types of waste (aluminium, aluminium
cuttings, iron waste).

2.2. Methods

The paper aims to develop a mathematical model that is easy to apply and integrate into
EE practice, to determine as accurately as possible the total environmental cost. In order to
determine the total EC per EE, it is necessary to determine the EC related to the marketing
of electrical products, batteries, and packaging. The calculation of the EC via the placing on
the market of electrical products (CLOGI), cost to be paid to CCR Logistic is performed
according to the following formula:

n
CLOGI — Cpmd Zpiwi , (1)
i=1
where: n — number of types of products produced by the EE, w; — weight of product i in
kilograms, p; — number of items of product i, delivered in a month, and ¢4 — average cost
per kilogram of product delivered to the market.
Determining the average cost per product 0%

LOGI
cprod — Tp

, (2)

Twe

where: Tp - total amounts paid to CCR Logistic, and Twe - total weight of equipment placed
on the market.

Since the fee paid to CCR Rebat is proportional to the weight of the batteries placed on
the market, using a reasoning similar to the one presented above, the average cost per 1 kg
of batteries delivered on the market can be calculated using the relation:

CREBAT _ bat W » (3)

where: w;, - the weight of the batteries placed on the market in one month, and ¢?% - average
cost per kilogram of batteries placed on the market, calculated according to the following

relation: THREBAT

Twb

where: THREBAT _ total amounts paid to CCR Rebat, and Twb - total weight batteries and
accumulators placed on the market.

The following formula, based on the weight of the packages placed on the market, repre-
sents the amount owed to Ecological 3R:

Cbat

, (4)

CECOL _ ,pack Wp , (5)

where: w, — weight of packages placed on the market in the respective month expressed in
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kilograms and ¢k — average cost paid per kilogram of packaging placed on the market,
calculated according to the following formula:

cpack - TPack?O" (©6)
Twpack
where: TpackECOL - total amounts paid to Ecological 3R, and Twpay — total weight of pack-
aging placed on the market.

The total EC per unit is determined by summing the costs determined previously:
C = CLOGI  CREBAT | CECOL )
This calculation can be detailed in a form that shows the dependence of the cost on

the number of items of each product manufactured, packaged, and placed on the market
monthly. In a matrix form, this dependence is expressed as follows:

w, cprod
C=(py py - Py 1)\wy 0 0| bt | (8)
cback
w, 0 0
_0 Wy W, |

Seeing the recovered values, the relationship that expresses the EC becomes:

w, cprod
C=(p p - P Y)|w, 0 0| b |- -1,-1I, 9)
cback
w, 0 0
_0 wy, wp_

where: I, - revenues received from the recovery of type 1 waste (aluminium), I, - revenues
collected from the recovery of type 2 waste (aluminium cuttings), and I5 - revenues collected
from the recovery of type 3 waste (iron scrap).

It is important to analyze which products incur such waste. It is well known that in the
manufacturing process there are products that result in a greater quantity of waste (cuttings),
while from other products, the amount of waste is insignificant or even does not result any
waste. For example, if a product does not contain aluminium, then aluminium cuttings will
not be produced in the manufacturing process due to that product. For this purpose, it would
be important to know the function that expresses the dependence between the number of
pieces of each manufactured product and the resulting amount of waste. It can be considered
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the case of the Alw expressed by a polynomial function (10) analogously it can be considered
a polynomial function for the aluminium scrap (11), respectively, for scrap iron (12).

L= (Pl’Pz’Ps ~-Pn):a11P1 +appy tappyt.taypys (10)
L= (P1>P2’P3 ~~-Pn) =ay Py Ty Py taypst+...+ay, D5 (11)
Iy =f; (Pl)P2)P3 ---Pn) =0a31py tanp, taspy+...+a3,p,, (12)

where: p, — number of pieces made from product k; a,,, is a coefficient expressing the par-
ticipation of a piece of product k in the formation of Alw; a,,, is a coeflicient expressing the
participation of a piece of product k in the formation of aluminium cuttings; as,, is a coef-
ficient expressing the participation of a piece of product k in the formation of scrap iron. If
one of the coefficients “a” has a value of zero, it expresses that the respective product does not
participate in the formation of the waste. If the value of the coefficient is very small, it means
that the product has certain participation in the formation of the waste, but it is negligible.
If the value of the coeflicient is significant, it means that the participation of the product in
the formation of the waste is significant. Thus, in a matrix format, the total of the amounts
resulting from the recovery of waste is:

Gy Gy e Gy || Py
L+L+I;=(LL1) ay ay ... ay, || p; | (13)
A3, Gy ... Gy,
P ]
The determination of the dependence between the resulting waste and the volume of
production by categories consists in fact in determining the coefficients a,;, a;9, ..., d,»

so that, by applying them on the production volume (monthly or over a longer period) of
each category p;, p,, ..., p, to lead to a result as close as possible to the value of the waste
recovered for that period. From a mathematical viewpoint, for type 1 — Alw(I;) things can
be expressed as follows:

app, +app, +...+a,p, =1, €. (14)

It was noted with ¢ the deviation (difference) between the actual value of the waste I;
and the value calculated on the basis of the coefficients of dependence. It is desirable that the
value ¢ be as small as possible for each time interval of the equation.

3. Results

For testing the model, it was used information from a period of 24 months from 2017-2018,
regarding the quantity of products, of batteries, respectively, of the packaging (cardboard)
placed on the market, as well as the payments made periodically to the three collaborating
EE (Table 2).
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Table 2. Categories that generate Waste

Electrical | Batteries
and and Cardboard,| Amount | Amount | Amount
electronic | accumu- plastic paid to paid to paid to Total
Month | equipment | lators placed on CCR CCR Ecologic amo.lzlnt
placed on | placed on | the market | Logistic Rebat 3R [pe ?11r]
the market | the market [kg] [eur] [eur] [eur]
(k] (kg]
1 947.00 240.00 14.00 908.32 0.00 6.55 914.87
2 1,379.00 0.00 24.00 0.00 0.00 11.45 11.45
3 2,123.00 0.00 11.20 0.00 0.00 17.81 17.81
4 1,513.00 170.00 4.30 908.73 0.00 9.67 918.41
5 1,450.00 0.00 6.00 0.00 0.00 0.00 0.00
6 1,211.00 0.00 13.00 0.00 0.00 8.20 8.20
7 1,017.00 0.00 13.00 852.56 0.00 10.82 863.38
8 816.00 0.00 13.00 0.00 0.00 17.46 17.46
9 912.00 0.00 12.80 0.00 0.00 17.46 17.46
10 1,299.00 0.00 11.00 560.68 0.00 17.23 577.91
11 1,532.00 0.00 11.00 0.00 0.00 14.91 14.91
12 1,937.00 0.00 8.40 0.00 382.98 2.55 385.53
13 2,661.00 27.00 60.00 0.00 0.00 0.00 0.00
14 2,300.00 6.00 120.00 0.00 0.00 15.94 15.94
15 2,645.00 10.00 226.00 965.77 379.79 23.52 1,369.08
16 2,992.00 1.00 160.00 194.07 13.73 50.42 258.22
17 2,755.00 15.00 196.00 0.00 0.00 23.06 23.06
18 1,481.00 22.00 117.00 0.00 0.00 36.97 36.97
19 5,870.00 12.00 272.00 0.00 0.00 30.60 30.60
20 1,156.00 2.00 154.00 203.11 12.13 42.27 257.52
21 1,549.00 1.00 85.00 0.00 0.00 29.54 29.54
22 2,939.00 6.00 277.00 0.00 0.00 19.09 19.09
23 4,990.00 9.00 250.00 199.92 4.79 51.30 256.01
24 0.00 0.00 0.00 0.00 0.00 46.52 46.52
TOTAL | 47,474.00 521.00 2,058.70 4,793.17 793.41 503.32 6,089.91

According to the data in Table 2, the average costs related to the electrical and electronic
equipment placed on the market, respectively the average cost for the batteries and accumula-
tors placed on the market, can be calculated as follows:

4,793.17
cbrod — 277771 g0 Eur/kg ;
47,474.00
cbar =754 o) Bur/kg .

521.00
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If regarding the EC caused by the marketing of products and batteries, things are clear, in
the sense that these costs depend on the weight of the products, respectively of the batteries
placed on the market, in the case of packaging, things are slightly different, as the amounts
paid to Ecological 3R depend on several factors, of which the weight of the packaging plays
an important role, and its influence is properly reflected in these costs. Ecological 3R, based
on the legislation in force, makes the calculations of the amounts owed by the analysed EE,
but to see how the EC depend on each product manufactured and placed on the market, it
will be approached the problem from a statistical perspective. For a more precise determi-
nation of the level of correlation between the two variables (weight of the packages and the
amount paid) the Pearson correlation coefficient is calculated:

i:(xL -¥)(y.-7)

r=
24 —\2 24 —\2
V2 2100 )
where, x; represents the quantity of packaging placed on the market in month L, y; rep-
resents the amount paid to Ecological 3R in the month L, x represents the average of the

x; values for the 24 months taken into account (the years 2017-2018); ¥ represents the
average of the y; values over the 24 months.

; (15)

Table 3. Determining the Pearson correlation

Weight of the packages Amount paid
Pearson Correlation 1 0.532**
Weight Sig. (2-tailed) 0.007
of the Sum of Squares and Cross-products 216276.760 85079.216
packages ['Covariance 9403.337 3699.096
N 24 24
Pearson Correlation 0.532** 1
Sig. (2-tailed) 0.007
ﬁg:iount Sum of Squares and Cross-products 85079.216 118231.564
Covariance 3699.096 5140.503
N 24 24

Note: ** Correlation is significant at the 0.01 level (2-tailed).

By calculating the Pearson correlation coefficient (Table 3) the value of 0.532 was ob-
tained. Upon careful observation of the representation in Figure 2, a difference is observed
between the shapes of the two graphs of 1 unit (1 month) on the horizontal axis. The gap
is explained by the fact that the amount paid (invoiced) in a month takes into account the
activity of the EE the previous month. If the amounts paid (invoiced) one-month back are
translated to be correlated with the activity of the previous month, then the Pearson correla-
tion coefficient obtained this time is 0.931 (Table 4).
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Table 4. Determining the Pearson correlation
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Weight of the packages Amoﬁglﬁa}?ig(;ﬂ one
Pearson Correlation 1 0.931**
Weight Sig. (2-tailed) 0.000
of the Sum of Squares and Cross-products 216276.760 151992.926
packages | Covariance 9403.337 6608.388
N 24 24
Amount Pearson Correlation 0.931** 1
paid Sig. (2-tailed) 0.000
off one Sum of Squares and Cross-products 151992.926 123313.774
month Covariance 6608.388 5361.468
8o N 24 24

Note: ** Correlation is significant at the 0.01 level (2-tailed).

A correlation coeflicient of 0.931 represents a very strong, directly proportional depen-
dence. It means that, for the determination of the EC via the placing of the packages on the
market, a formula can be used based on the weight of the packages placed on the market.
The result highlights the amount owed to Ecologic 3R.

503.32
2,058.7

cpack = = 0.24 Eur/kg.

As one can see from Figure 1, there is waste that the EE recovers (aluminium scrap, cut-
tings, and scrap iron) by the contract concluded with Ecologic 3R (environmental service
provider). For the period under analysis, the situation of these wastes and the amounts re-
covered is presented in Table 5.

Table 5. Waste situation and amounts recovered

Electrical Alw Alw cuttings Scrap iron waste
and electro- Total
Month nic equip- amount
mentplaced | fig] | [Eur] | [kgl | [Bul | [kg] | [Eur] fe?gfraed
market [kg]
1 2 3 4 5 6 7 8 9
1 947.00 160.00 156.60 30.00 12.77 140.00 13.40 182.77
2 1,379.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 2,123.00 0.00 0.00 55.00 25.74 0.00 0.00 25.74
4 1,513.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5 1,450.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6 1,211.00 325.00 331.91 100.00 46.81 35.00 2.23 380.96
7 1,017.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 816.00 0.00 0.00 100.00 53.19 0.00 0.00 53.19
9 912.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
10 1,299.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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End of Table 5
1 2 3 4 5 6 7 8 9
11 1,532.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 1,937.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
13 2,661.00 200.00 110.64 60.00 25.53 0.00 0.00 136.17
14 2,300.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
15 2,645.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 2,992.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 2,755.00 221.00 122.26 155.00 65.96 0.00 0.00 188.21
18 1,481.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
19 5,870.00 225.00 124.47 30.00 12.77 0.00 0.00 137.23
20 1,156.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 1,549.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 2,939.00 32.00 17.70 110.00 46.81 0.00 0.00 64.51
23 4,990.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
24 0.00 30.00 16.60 50.00 21.28 0.00 0.00 37.87
TOTAL| 47,474.00 1,193.00 | 880.17 690.00 310.85 175.00 15.64 1,206.66

In order to analyse the way, the manufacture of certain types of products leads to the
formation of waste, a hierarchy of the types of products was made according to their weight
in the total production of the EE during the 24 months analysed (Table 6). One can observe
from the hierarchy presented that a very high weight goes to the products in the Apolo pro-
jectors category and in the category for halls, and the lowest ratio goes to the adjustable spot.

Table 6. Hierarchy of product types according to weight in total production of the EE

No. Categories Quantity [pcs] Total weight [kg]
1 | APOLO_II projectors + halls 4,766.00 27,083.90
2 SS_Solar + Photon_SPII 8,566.00 14,156.10
3 Display_Line_IIT 3,222.00 7,699.80
4 Proton_projectors 877.00 4,433.80
5 Beacons 3,989.00 3,217.20
6 | Linear_projectors 2,294.00 3,186.90
7 Ceiling_lights 795.00 2,154.80
8 CISA 1,317.00 1,056.00
9 Projectors_ASTRO + SATURN 427.00 771.50
10 | Retrofit. Heliport, Leon 665.00 714.00
11 | Reloc 767.00 383.50
12 | Atlas 214.00 272.10
13 |Lamps_ELM 113.00 90.40
14 |Rod_LINEA 182.00 72.80
15 | Adjustable_spots 78.00 21.00
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In order to determine the dependence between product categories and resulting waste,
only the first five product categories were considered, as an example, Table 7 presents the
monthly (cumulative) quantities (number of items) of the five main categories. The recovery
of the Alw is not made monthly but irregularly, at an interval of several months. Thus, the
quantity of waste recovered reflects the activity of the production for several months, more
precisely, over the entire time interval since the previous recovery of the waste. It is precisely
this irregular recovery of waste that calls for an analysis of the dependencies between product
categories and waste, using aggregated data (Table 8).

Table 8. Data used for dependency analysis

Production of equipment by categories Alw resulted
No. and valorized
C1 c2 C3 c4 Cs (eur]
[pes] [pes] [pes] [pes] [pes]

1 89.00 33.00 165.00 60.00 128.00 156.60
2 875.00 3,663.00 909.00 370.00 1,105.00 488.51
3 2,227.00 6,425.00 2,040.00 596.00 2,222.00 599.15
4 3,263.00 6,885.00 2,620.00 633.00 2,720.00 721.40
5 3,949.00 7,138.00 2,710.00 679.00 2,993.00 845.87
6 4,397.00 7,604.00 2,991.00 741.00 3,441.00 863.57
7 4,766.00 8,566.00 3,222.00 877.00 3,989.00 880.17

Determining the dependency relationship between a particular type of waste and the
categories of manufactured products is of particular importance for several reasons, of which
the most important are:

- estimating the volume of waste produced according to the planned volume of pro-
duction by product categories;

— analysis of the production technologies to identify which product category generates
a large volume of waste in manufacturing. Once the category has been identified, it
is necessary to review the technology of the product category so that, by improved
technology, the loss of raw material in waste in the form of cuttings, scrapings, or
other debris from the factory will be reduced.

A model for determining the dependence between the Alw and the five main product
categories will be presented: C1: APOLO II projectors + halls; C2: SS Solar + Photon SP II;
C3: Display Line III; C4: Proton projectors; C5: Mark. Essentially, the dependency determi-
nation consists in determining the coefficients a,;, a,5, ..., 4,5 with the meanings presented
previously in the paper, so that by applying them to the volume of production (monthly or
cumulative over a longer period) of each category p;, p,, ..., Ps leads to a result as close to the
value of the waste redeemed for that period as possible. From a mathematical point of view,
things can be expressed in this way:

ap Py +app, +a;3ps +aypy +asps =1 £ g, (16)

where, € - the deviation (difference) between the real value of the waste I; and the value
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calculated based on dependency coefficients. The value & should be as small as possible for
each time interval of the equation. For the situation described in Table 8, containing cumula-
tive values for different periods from 1 to 24 months, the system can be written:

89.00x ay; + 33.00xa;, + 165.00x a;3 + 60.00 X a,, + 128.00x a;5 — 156.60 = €;;

875.00x a;; + 3,663.00 x a;, + 909.00%x a;3 + 370.00x a;4 + 1,105.00 x a;5 — 488.51 = &,
2,227.00x a;, + 6,425.00x a;, + 2,040.00 x a;5 + 596.00 x a;, + 2,222.00x a;5 — 599.15 = &3;
3,263.00x a;; + 6,885.00x a;, + 2,620.00 x a;5 + 633.00x a4 + 2,720.00 x a;5 — 721.40= g,;
3,949.00 x a;; + 7,138.00 X a;, + 2,710.00 x a;5 + 679.00 x a;, + 2,993.00x a;5 — 845.87 = &;
4,397.00x a;; + 7,604.00 x a;, + 2,991.00 x a;53 + 741.00x a;4 + 344.00 x a,5 — 1 863.57 = &g;
4,766.00x a;; + 8,566.00 x a;, + 3,222.00x a;3 + 877.00x a4 + 3,989.00 x a;5 — 880.17 = &,.

It can be seen that the system is not an ordinary algebraic one, in that the number of
equations is not equal to the number of unknowns. Among the unknowns of the system are
even the coefficients a;, k = 1, ... 5, which define the dependence or more precisely express
the participation of a product of category k, in the production of Alw. Such a system is solved
by additionally attaching the condition:

7
Za? =min . (17)
=1

The problem is essentially a problem of optimization or finding of an extreme (the mini-
mum of the squares of deviations) from which also results in the set of values a;, k = 1... 5.
To solve the problem, the following function is built:

—e2 g2 4 g2 2
F =g/ +e5+e5+...+¢&5, (18)

where, then the values ¢, €,, ..., €; are replaced by a,,, a,5, ..., a;5, using the relations from
the previous system. Thus, the function F; will be expressed according to the variables a,;,
a9 - 415 which also play the role of unknowns.

K :Fl(au,alz,...,als). (19)

0 OF,
The minimum of this function will be ensured by the conditions: 5 L-o; 6_1 =0;
OF, OF, OF, . %1 )
= =0, conditions that form a system of 5 equations from whose

Oay " -0 O
solution result even the five unknowns a,,, 4,,,..., 4;5. From a practical viewpoint, using
the optimization module “Solver” is advantageous because it is no longer necessary to de-
rive the function to be minimized or to solve the system of equations for partial derivatives
(Frontline Solvers, n.d.).

The information from Table 8 is first entered into a worksheet in Excel, and then initial-
ized randomly taken values for unknowns are given. It was taken randomly 0.20 the value
for each unknowns (these values will be changed automatically by the program, but in this
first stage, some values must be entered in order to build the mathematical model). Using
the initial values given to the unknowns a;,, a,,,..., a5 values of the formed Alw will be
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calculated, being calculated 7 values, one for each series of information. The calculated val-
ues of the resulting waste quantities will be obtained later, the results being different from
the actual values (made) for Alw. The ratios of the seven categories express the fact that the
seven rows of information have different “weights”, as some represent cumulative values over
shorter periods (the first series), while others represent cumulative values over longer periods
(the last series). Calling the Solver Solution Module will open a window, which will complete
the following (Figure 2).

8 r D E F G H L L 1w« [ o [ s [ n ]

A a
1 |No. c1 for) c3 c4 cs Real value Solver Parameters X
2 [ 1| 8900 | 3300 | 16500 | 60.00 | 12800 | 15660 002 | sertargetcer:  [ss21 [
3 [ 2 | 87500 |3.663.00 | 909.00 [370.00] 1.105.00 | 48851 005 | caite:  Omax @R Ovseof: [0 | -
4| 3 [2227.00]642500 204000 | 596.00 [222200] 599.15 006 By Chomging oo oee
5 | 4 |3263.006885.00 | 2.620.00 | 633.00[2,72000 | 72140 007 PR B Ea=g
6 | 5 |3.949.00 | 7.138.00 | 2.710.00 [ 679.00 | 2.993.00 | 845.87 008 T Rt
7 | 6 [4397.00 | 7.604.00 [ 2.991.00 [ 741.00 | 3.441.00 | 863.57 009 Sibjecttn the Constraints: Options

7 | 4.766. .| X 77.4 X .17 X 8§11 >=0 &
2 66.00 | 8.566.00 | 3.222.00 [ 877.00 | 3.980.00 | 880.1 0.09 >0 [ |

$D$11>=0 | change |
10 [[ann [ a2 [ a3 [ a4 | a5 | g:ﬁ fant+ ‘ ResetAl |
te
b5 g 02000 02000 0.2000 | 0.2000 | 0.2000 | = oot
1 [oom [ oaw0 | oaom [oamo] oamo | e
Calculated

13 No.| c1 o) c3 cs cs value : e*e
14] 1| 1780 | 660 | 3300 | 1200 [ 2560 | 9500 61.60 59.41
15 2 | 17500 | 73260 | 181.80 | 74.00 | 22100 | 138440 | 89589 | 3920873
16 3 | 44540 | 128500 | 408.00 [ 11920 44440 | 2.702.00 | -2,10285 | 264942.62
17 4 | 65260 | 1.377.00 | 52400 | 126.60| 54400 | 322420 | -2,502.80 | 451.886.65
18 5 | 789.80 | 1427.60 | 542.00 | 13580 | 508.60 | 3.493.80 | -2647.95 | 593.085.16
19 6 | 87940 | 152080 | 59820 | 14820 68820 | 3.834.80 | 297125 | 762,379.19
20[ 7 | 95320 | 1,715.20 | 64440 | 175.40| 797.80 | 428400 | -3,403.83 | 1,019,77024
21 Total | 3,131,332.00

Figure 2. Spreadsheet for determining unknown parameters using the Solver module

In the calculation, cell 121 contains the sum of the squares of the errors that is the func-
tion for which a minimum is searched. Solver values for unknowns are: a;; = 0.0193, a,, =
0.0756, a5 = 0.0000, a;, = 0.2355, a;5 = 0.0000, having the following meaning:

- the biggest contribution to the production of Alw belongs to the products from cate-
gory 4 (Proton projectors) followed by those of category 2 and 1 respectively;
- the categories 3 and 5 do not influence the production of Alw.

The value I; estimated to be collected from the recovery of type 1 waste (aluminium) can

be calculated with the relation:

I, =0.0193p, +0.0756p, +0.0000p, + 0.2355p, +0.0000ps ,

where the categories py, p,, ..., p5 are the quantities of products in the production plan, for
each product category.

As a proof of the dependency relation, the relation was applied to the volumes of produc-
tion performed at the level of each category (Table 8), and the results calculated with the
established dependency relation, were compared with the actual ones, those actually achieved
during 2017-2018 (Figure 3).

1 000.00

800.00
600.00 m Real value
400.00
200.00

0.00 Calculated

1 5 3 value
5 6 5

Figure 3. Real value of the volume of produced Alw, versus calculated value
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It is observed that the results are extremely close, the biggest difference between results
is found at the level of the first stage of recovery of the Alw that took place in January 2017.
At the same time, the real value of the Alw is much greater compared to the calculated value,
because the calculated value was based only on the products manufactured in January 2017,
while the real Alw was also generated by the production for the last months of 2016 that was
not taken into account.

4, Discussion

According to the mathematical model for determining the dependence between Alw and
the volume of production on each category of products, other types of dependencies can be
determined. Thus, a function f, can be determined for estimating the value I, of the scrap
waste according to the production by product categories:

L=f (PpPzaP3---Pn) =aypytapp, taypst...tay,py,- (20)

Also, a function f; can be determined for estimating the value I5 of the scrap iron accord-
ing to the production by product categories:

Ii=f; (Pl)Pz’Ps -"Pn) =az Py taxnp, +a33p3 +... a3, p,. (21)

It is possible in this way, to have an overview of the EC expressed through a relationship
such as:

w1 cbrod Gy Gy e Gy || Py
C:(p1 Py - Pn 1) w, 0 0 | cbot —[1,1,1] ay Gy .. Gy, || Py |- (22)
cback Ay Azy ... O3,
w, 0 0 | Pn |
L0 wy W, |

The relationship is also useful for analysing how a product in category k affects EC. For
this purpose, the partial derivatives are calculated, that is, the function C is derived one by
one, with respect to each variable p,, all the other elements in the composition of the ex-
pression C being known constants. Such a derivative express what would happen to the EC
if production with another product in category k were to increase:

6—C, where k=1...n. (23)

px
By comparing the values of the derivatives, one can identify those product categories that
most affect the EC. A large derivative expresses a strong contribution to the EC of a product
of category k in relation to which the derivation was made. In another aspect, the presence
of large value in the matrix of elements a; indicates that the manufacture of a product of
category k produces a significant contribution to the category J of waste. In such a situa-
tion, a review of the technology used to manufacture products of category K is required, at
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that point of manufacture where the raw material ] is used, so that it is not unduly lost in a
category J waste.

Conclusions

Determining the EC in the electrical equipment industry, through the use of environmental
accounting as a strategic instrument to control the EE allows the identification and imple-
mentation of solutions for the most environmentally friendly production. At the same time,
environmental accounting contributes to the formation of investment plans regarding eco-
logical technologies that aim to design and market products with the least environmental
impact while minimizing the total EC per EE. By integrating the proposed mathematical
model, it can be considered that it is possible to adapt, extend and implement the EE from
different fields of activity, which put on the market products that have a significant impact
on the environment. The implementation of such a mathematical model can be limited by
the determination of the total EC for EE, because it is a complex process integrated in the
environmental management of the entities, which depends simultaneously on the specific-
ity of the industry, on the size of EE, on the production flow, and on the relationships with
third parties.

The identification of the products with an imprint on the environment and the study of
the dependence between the resulting waste and the volume of production by categories leads
to the development of a sustainable environmental accounting system within the industrial
entities, which will provide support for the outline of managerial strategies for the revision of
the production technologies, to optimize products and reduce the amount of waste generated.
As future prospects for the development of the present research topic, it could be considered
useful to develop an econometric model that quantifies and highlights the technological im-
pact on the reduction of EC, necessary to improve the efficient management of EC.
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