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Recognizing that natural environment is reaching its maxiam limits in providing
resources and diluting the waste generated by human produébn systems, efforts
toward more sustainable production systems are mandatoryd secure the development
of future generations. For this purpose, changing the prodetivity model adopted by
companies that are almost exclusively rooted on circulatgp money to generate prot,

named business as usual, is an important issue. In this sensen alternative would be
establishing the relationship of stocks and ows of energymaterial, and information
with environmental, economic and social outcomes, thus reslting in new accounting
approaches. This work aims to propose an activity-based cosng (ABC) based on
multicriteria drivers including economic, emissions, andmergy (with an “m”) values. The
proposed ABC costing allocates each one of the multicritea drivers into a speci c part

of the sustainability conceptual model, in an attempt to emtace a holistic perspective
and allow for a sustainable-based decision, rather than casidering purely economic
drivers. The goal programming (GP) method is considered sosato support a decision

based on multicriteria aspects. Results show that the propsed accounting approach

known as ABCyystain allows for decisions toward a company's sustainability by eting

on both the amount and kind of a company's product that shouldbe managed, as well
as on the effective increase of a speci c company's activityor process. The proposed

ABCgystain could make the insertion of environmental issues into compaes strategic
planning more effective. It is expected that environmentaksues go beyond a simple
diagnoses and begin to be considered as action in factum in th companies' decisions

toward achieving a more sustainable world system.

Keywords: activity based costing, emergy, goal programming, o verhead allocation drivers, sustainable companies

INTRODUCTION

“Freedom in a commons brings ruin to all’'Hardin, 196§. Since the 1960's this statement has

brought concerns on the limits of human growth, recognizihgt humans live in a nite planet
with limited resources availability; this highlights theed for appropriate management of natural
storages of resources to maintain the commons. Accordingrtomz and Campbell (20050he
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ecological ethic represented by the “vivantary responsgibitian  resources and essential services for societal developRuthier
be adduced as follows: (i) human life is dependent on life suppothan taxing companies for their environmental load (i.e.,
system; (ii) we ought to protect human life; (iii) thereforee  acting after the problem has been created; an action done by
ought not to do anything that imperils the life support system.external decisors), a promising alternative would be congider
Franz (2001)states that “vivantary responsibility” stands for sustainability indicators within company's decision tools
the human obligation to protect the life support system, anacting before creating the problem; an action done by comggany'
ecological ethic of care. Advances toward an understanafitfte  internal decisors). In this sense, incorporating sustailigbi
relationship between human kind and nature has been carriettlated indicators in management decision tools that areaaly
out more densely these last 50 years. Among others expertgcepted and widely used by the companies could lead to practical
Odum (1996)argues that natural capital and ecosystem servicesctions toward sustainability. Among others, the actiigsed
are the real source of wealth, despite the common belief helebst (ABC;Cooper and Kaplan, 19%&ool appears as the most
by economists that it is labor and economic capital that argromising one. It is important to point out that ABC is not
such source. In this sense, obtaining indicators of suatality related to a company's balance sheet, so it is not subjecteo th
for diagnostic studies under biophysical bases (e.g., Jidec international accounting rules and it is not considered by th
assessment, emergy accounting, etc.) could be considergdlc government for tax calculations.
in supporting decision toward a sustainable society. ABC is a method used by companies for internal management
Although the indicators calculated under biophysical basisind useful to create scenarios under simulation considering
can provide important information on sustainability, those product-cost, production volume, and products diversi catio
indicators usually have low practical use in supporting decisi  providing subsidies for decisions toward prot increase.
for the management of companies at any scale. The point Since prots are the current main target for the company
that managers mainly consider economic indicators for thei managers, economic drivers are considered when applying
decisions, and this pattern will hardly be changed. Lookinghe ABC procedure, however, those drivers could be replaced
toward a sustainable development, e orts have been carried oby environmental-related ones to subsidize decisions for
aiming to include biophysical indicators expressing susthility ~ sustainability. Among others, e orts in this sense have being
in the companies' decisions. On this issue, some examples cdaveloped bysai et al. (2010, 2012, 2015); Bagliani and Martini
be found in scienti c literature.Thorton (2013) for instance, (2012) and Yang et al. (2016by integrating environmental
highlights the importance of green accounting, by suggestie  cost-accounting and emissions inventory within the tréafial
inclusion of the so-called asset-retirement obligatioARQs) ABC, however, none of these approaches recognize the quility o
within the bookkeeping practices; in short, the AROs are anergy, the hierarchical energy scale, and the energy dader
way to account for the action of allowing the company toperspective as emergy accounting does.
establish its operation in return for exacting a promise to This work aims to integrate the environmental sustainapili
clean up the environment when operations cease. Similarlgspect into the traditional ABC method as an attempt to provide
based on the idea that emergy (with an “ndum, 199§ an innovative business model to replace the current practices
content of a ow or storage is a measure of value, qualityexclusively focused on economicissues. Speci cally, thesion
and real wealth, emergy could be considered as a propef emergy ows as drivers into the traditional ABC method in
measure of the Commons. Under this perspecti®iejonte and managing a company's overheads is put forward. The procedure
Ulgiati (2002)proposed the emergy and environmental taxationincludes the contextualization of a sustainability modelpwed
schemes (Envitax) as a way to quantify and tax companies. Ay the establishment of economic and environmental drivters
another exampleCampbell (2005, 201%roposed the emergy- be used into the ABC, and the application of goal programing
based environmental debt accounting as a new scheme for the deal with multicriteria approaches. The hypothesis is tihat t
traditional bookkeeping techniques. According to authoneggy  proposed procedure results in an optimized choice to reachbette
and emdollars t logically into the format of standard naral  balance between economic and environmental performanaes fo
accounting and bookkeeping tools, resulting in an uni edteys  companies.
of emergy and money accounting that could support political
decisions on questions of appropriated debt load to be carried
by society, and repaying the existing debts. All in all, ther¢d/[ETHODS
are possibilities in what concerns quantifying, taxing, awen . .
adding environmental loads within the traditional accoimg  Allocating Companies' Overheads Through
schemes as standardized by the International Financial Regor Economic and Environmental Drivers
Standards (IFRS), however, who will manage the received ynonghe more precise the cost allocation is, the more precise will
and who will decide where that money should be applied tde the information generated supporting a company's decision
restore and preserve natural capital are still questionsawith on which product should be prioritized in terms of production
proper answers. and sales to the market, or even which product-mix should
According toUlgiati et al. (2009)these aspects need speciabe produced based on goals to thrive the companies' strategy
attention since the reinforcement feedback from humans tqPonisciakova et al., 20)L5The costing management system
nature plays a crucial role in the whole process of keepingnown as Activity Based Costing (ABC) attempts to increase
the natural system functioning and able to generate newthe accuracy in cost allocation to allow decisions on comgany'
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product-mix, break-even-point, and contribution margin. 88 it is crucial to choose allocation drivers with strong cause
was developed byCooper and Kaplan (1988from their e ect relation between the resources and activities, andeeh
professional skills as entrepreneur consultants, and wastlgc  activities and products. The stronger the cause-e ect refati
updated and named as Time Driven Activity Based Costinghe more precise the results will be, which supports a better-
aiming to reduce the implementation di culties and making based decisionqooper, 1990 Traditional drivers used within
adaptations by the users, whenever necessary, edsiga and the ABC are production time, industrial area occupied, maehin
Anderson, 200y Both ABC approaches are largely applied inpower-rating, machine setup, and the amount of labor hours,
di erent production sectors and organizations, as detailgd b which helps to understand which products should be reduced or
Tsai et al. (2014)while the choice for one or the other dependseliminated, which materials to change, and what processlghou
on the company's management goals. For this present worke modi ed in order to reach higher pro ts for the company.
the traditional ABC is used considering di erent drivers for  Although recognizing that economic aspects are important in
overheads costs allocation. sustaining the company's perpetuation over time in a competitiv
Ellis-Newman and Robinson (1998ygue that ABC supports market, the environmental and social aspects are beginning
decision makers in improving or eliminating all company'sto be considered as having similar importance; this is relate
ine cient activities, thus resulting in an e ciency improvement to the sustainable development de nition by thHérundtland
and pro tability. ABC allocates the company's overheads.,(i.e(1987) report. In this sense, some adaptations in the ABC
indirect costs) to products following a di erent approach, whenframework are being assessed to better t the companies'
compared to the Traditional Costing Systems (TCS), whiclobjectives and the way they operate. For instaficei et al.
allocate overhead costs to the products without considering?010) applied a modied ABC to allocate the overheads,
the complexity of production systems and their infrastrueur originated from the environmental sector of a given company,
which also include administration o ces; TCS can be cons&te  to their products; this approach was initially proposed by the
useful when allocating direct costs, but the indirect caats United States Environmental Protection Agency (USEPA). The
disregarded. Overheads have been receiving higher impmetanauthors replaced the traditional cost drivers, which measuitg o
over the years, since their percentage in the company's totatonomic aspects, with drivers related to the LC@nissions
production costs have increased from 15 to 45% in average (ieleased from the company's production processes. As a result,

some cases reaching up to 90%losowski and Chwastyk, 2014
the reasons of overheads increase is mainly due to automatio
manufacturing processes and outsourcing services.

For a brief explanation on how the ABC workBjgure 1
shows the costs allocation drivers. Driver is a referendeeva

those products that release the most £@eceived more
overheads (i.e., they were penalized) than others with lower
emissions. The work ofsai et al. (2010is here considered as
reference for primary data of overheads, as well for economic
and environmental drivers. Since both approaches are well

carefully chosen to allocate the resource cost to activitiedeveloped and known by the scienti c community, the procedure
demanding that resource, and to allocate the cost attrithutein obtaining emergy drivers receives higher attention insth
by an activity to the products. To properly use the ABC,work.

Activities Activity cost
drivers
,—”"—— ———————————————————— —§“‘\\/ /’_5\\\
)
Resource #1 Operation #1 Product #1
Department #1 <: /
Resource #2 \ = Operation #2 > Product #2
Department #2 e
Resource #n < Operation #n »  Product #n
— [a Department #n
Company boundaries

FIGURE 1 | Allocating company's overheads under the ABC framework.
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Among other examplesSchulze et al. (2012)roposed a

conceptual framework for ABC to assess inter- rms relatioips Input sector State sector Output sector
instead of focusing on intra- rms as usual. In this study, (upstream) (downstream)

a Iarger_scale _anaIyS|s is con3|dered, under a supply chf:ur Production Products &
perspective. Main outcomes emphasize that ABC can be appliec Resources System byproducts
in the supply chain for inter- rms purposes, but this has been

done in a limited way, resulting in a decrease of e ciency,| ABCemerey ABCs ABCeny.

in identifying key aspects for improvementssai et al. (2012) ¢ /

applied emissions as drivers in allocating overheads for ptoje

. L . Goal programing
of buildings aiming to support a greener eet with reduced £0 ¢

emissionsBagliani and Martini (2012geveloped a framework
to use the ABC and environmental pressures simultaneously
(SpeCi Ca"y the footprint methOd) associated with Compahies FIGURE 2 | Production systems as open systems showing the sectors in
production. Authors state that the proposed framework is usefy which the three different ABC approaches are focused on.
for complex and multi-utility production systems, whose ialt
environmental impacts can hardly be directly assigned tol na
products. Authors suggest that the proposed framework enablesgue that using emergy accounting as a system input can
for choosing processes with a high utilization of renewableéepresent the biophysical counterpart of the system output,
resources and low carbon emissions. i.e., emergy accounting is able to quantify the e ort of natur

Proposals to modify the ABC by including environmental environment in providing resources for human activities to
aspects could be considered as a positive step in supportimgach the desirable societal well-being. Still regardiregitiput
companies' decisions toward more sustainable productiosector, the importance of quantity and quality of resources
systems. This is true since more than economic drivers aras key elements for system development is recognized. Thus,
considered within the ABC framework. Although seen as arenvironmental accounting using emergy rather than other
important advance, the proposed modications consideringbiophysical approaches is important because it is based on a
emissions as drivers for company overheads still lacks &ibettsystemic view and considers a donor-side perspective thas take
de ned conceptual model of sustainability. In other wordsijng  into account all resources from nature and from a larger exon
emissions as drivers will support decisions based exclusively required by the transformation system to provide a service or
emissions. a product, which enables it to recognize the quality of energy

(Agostinho et al., 20)§in this sense, the input is represented
in this work by the AB measured in solar emjoules

The Conceptual Model of Sustainability (abbreviated asysej)_ Cmeray :
Behind the Proposed Modi ed ABC The state sector is represented by the ABE monetary
Pulselli et al. (2015¢mphasize that sustainability is an issue ofunits ($) as traditionally used. The “machine hours” driveas
relationship among compartments. The conceptual sustalityabi  here considered in allocating overheads for the ABlwever,
model developed bizulselli et al. (20118hows the evolution of other drivers are usually included as “hours of man-work” or
the triple bottom line sustainability model based on a trilng even “employees training sections” that could represent thimko
divided in levels of priority, in which the environment is the aspect of ISO sustainability conceptual model. The outpubsect
basis and supports societal development (intermediary levels represented by the ARGy, (Tsai et al., 2010, 20} &vhich
while the upper level represents the economy. These authoiscludes the emissions released into the environment by the
argue that ecosystems are open systems where energy and mapi@ductive process (e.g., kgGea).
cross their boundaries to perform and maintain their functs By considering the proposed model of sustainability and
aiming to maximize the conversion of system inputs into usefuits corresponding indicators for ABC, it is expected that the
goods and services outputs. Thus, through an analogy betweeampany's internal management also consider the prerogative of
the sustainability model represented by an inverted triangith  sustainability in their decisions, which would be bene cial fhe
the energy ows crossing the open system boundaries, the inpueconomic aspects of companies as well as for the entire society
state-output (ISO) sustainability model is establishedjgre 2);  through the increase of Earth's biocapacity. The goal ofwtluigk
this model can be applied to di erent natural and human-madeis not to change the already acceptable and widely used ABC's
systems RRulselli et al., 2011; Bastianoni et al., 20igcluding  framework managing method, but to present an alternative
companies. to replace the traditional use of ABC focused on economic

Figure 2 presents the proposed model of sustainability inaspects with a more holistic perspective of sustainabilityd An
an attempt to better represent the sustainability of companiedo reach this goal, the drivers used in allocating a company's
including input resources ows, the production processes, andverhead are changed according to di erent methodological
the output of products and by-products. As representativesipproaches supporting the proposed sustainability model. Since
of each sector in the 1ISO model, emergy accounting (witltalculating traditional and environmental (emissionsjwérs are
an “m”; Odum, 1999, technical-economic approach and well presented in literature, the next section presents, itaitle
emissions are respectively considerétlilselli et al. (2011) drivers based on emergy accounting.

ABCsustain
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ABCemergy : Using Emergy Drivers to of resources (renewable or non-renewable sources) anading
Allocate Company's Overheads this information when accounting for the emergy demanded by
According to Odum (1996 p. 7), emergy is the available production systems; this could support more accurate results
energy of one kind previously used up directly and indirectlyabout the sustainability of the evaluated systems.

to make a service or product. Emergy accounting is routed As a result of the increasing number of published
on thermodynamic bases and system theory, with featuregmergy studies and the strengthening of emergy society
that make it a powerful scienti c-based tool when assessinfemergysociety.com), the amount of UEVs available in scent
sustainability, including a donor- side approach in quaritify literature and databases is increasing exponentially, ngakin
value, biophysical basis; it recognizes the quality of energifs usage more accessible. It must be emphasized that rules for
and suggests a universal energy hierarchy based on theyenesgmergy algebra are respected, as describe®imyn, 2015 p.
quality concept. Emergy accounting can be applied for di eren273): Rule #1—emergy is the available energy (exergy) of one
purposes, but usually, its use is related to the calculation ddind that is used up in transformations directly and inditisc
environmental performance indicators. Among those, the Unitto make a product or service; Rule #2—in processes having
Emergy Value (UEV) evaluates the emergy e ciency or the globaone output, all independent emergy inputs are assigned to the
e ciency in converting resources into goods and servicés; i processes' output; Rule #3—when a pathway splits, the emergy
unit relates the emergy demanded by the production systers assigned to each branch of the split based on its percentof th
(in solar emjoules or sej) with the system output (usually intotal available energy ow (or mass) on the pathway before the
kg, J, or $ units). Although rstly expressing the e ciency in split; Rule #4—in processes having two or more co-products,
converting resources into goods and services, the UEV cdsid a all independent input emergy is assigned to each co-product;
be related to the sustainability concept since using lowesamts ~ Rule #5—within a system, emergy cannot be counted twice, (a)
of resources (renewable and/or nonrenewable) could irserélae  emergy in feedbacks cannot be doubled counted, (b) co-prisduc
Earth's biocapacity. Indirectly, the same comment can be agpli when reunited cannot be added to equal a sum greater than the
to the total emergy demanded by systems: using lower amouns®urce emergy from which they were derivE@jure 3shows the

of emergy suggests, at principle, more sustainable systems dapplication of emergy rules in a generic company for illustr@ati

to lower amount of global resources needed in their productio purposes.

processes—this is an important premise of this work. It is also To be considered as a driver within the ABC framework, the
recognized that a system demanding a high amount of emergpterpretation of emergy algebra rule #1 needs to be adapted to
from renewable sources is also more sustainable, howéwsgr, tinto the cause-e ect relation required when allocating dwsads.
hardly happens when it comes to companies since they aférecisely, only the emergy from external sources applied in a
mostly dependent on resources from the economy, which areompany transformation activity (i.e., the emergy owingin
classi ed as non-renewable. A potential advancement of theutside the company boundaries) is accounted for, disregardi
proposed ABGmergyapproach could be by identifying the origin the emergy carried with a product from the previous internal

FIGURE 3 | Energy diagram of a generic company to exemplify the emergiased drivers calculation. R, external resources.
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transformation activity. This adaption is important to avdidat can mathematically be expressedRq@x/ Cni pi D Ri,
a company activity located on the right side of a productionioha wheredi D ni  pi of a function i (Hanks et al., 2007
be always penalized with the emergy of previous activities. Tlathematical modeling is necessagy to assign the equations
exemplify this approachfigure 3 shows the emergy ows for fepresented in a general form as Min D1 N pi, subject to
a generic company and its emergy drivers. Focusing on agctivit i.x/Cni piD i. Among others, similar techniques derived
#1, it demands emergy from R1, R2, and R3 external sourcé®m the GP are The Lexicographic Goal Programming,
totalizing 6 sej, while activity #2 demands a total of 3 sejnfr Weighted Goal Programming, and Chebyshev Goal
R5. Similarly, activity #3 requires 6 sej from R4 and R5 sourceBrogramming.
and activity #4 demands 1 sej from R6. The emergy demand by GP is a widely recognized and used tool supporting decisions
activity #4 of 1 sej from R6 is an indirect cost of products #1 andased on multi-criteria perspectives in the scienti ¢ and non
#2, thus it is allocated to them according to the ABC theowy; f scientic communities. Among several other examples, its
this, the total emergy of products #1 and #2 are considered agpplication includes a decision making process to choose among
parameters for allocation. When focusing on both activit@sl  potential renewable energy plants considering contradicting
products at the same time to establish the emergy drivers, thgoals, like social aspects, nancial, and locatiatodra dou
reading is as follows: product #1 receives 3.6 sej in actiflify et al., 201), or to support a better choice between public
added to 3.0 sej in activity #2 and 0.44 sej in activity 4; pobdu transport projects considering social and nancial aspegtsQ
#2 receives 2.4 sej in activity #1, added to 6 sej in activdty #t al., 201} or to choose a community energy plan among
and 0.56 sej in activity #4. Final emergy drivers are showthén several options with di erent performances for techno-ecoriom
above-right table atigure 3 aspectsHuang et al., 2007 The usage of GP requires a deeper
Although emergy rule #1 is dierently interpreted to t understanding about how the production system assessedsyork
the ABC concepts and goals, the emjoules ows from externadnd precise information supported by primary data. Considering
sources that are carried by products within the company stilthat its application varies from system to system, rather than
embody all previous directly and indirectly available eyetg  provide all mathematical theory behind GP, the next section
make the external source available due to the usage of UEMfmesents data, assumptions and the complete models used in this
As a result, those companies' activities demanding more gyner work to allow results replication; for deeper mathematics ifeta
will receive larger amounts of total overheads, which meanand concepts supporting GP please s&ernes and Cooper
they are causing a larger load (or stress) on the environrbgnt (1977)
demanding larger amounts of resources than all other aivi
For example, the emergy drivers provided on the tablEigure 3
indicate that product #1 should receive about 60% of totaRESULTS AND DISCUSSION

overheads in activity #1 (3.6 sej of 6 sej in total), where S .
product #2 should receive the remaining 40% (2.4 sej). Thei‘-zhEABQB'SW'de'y known and used by companies, and the usage

T . of ABCeny. has been increasing over the last few years. Thus,
implies that, in an attempt to reduce the emergy demanded b}/n this work the ABGmergyreceives higher attention, as well as

company, product #1 should receive more attention for action . - . -

. g e junction of these three approaches in the goal programing
from managers than product #2 during activity #1. . . . - .

. . . to provide better information for decision makers. As the main
The ABGmergy puts in evidence the companies' products : . L . : .
: - goal is to provide sustainability-based information regagithe
that demand higher e orts from the natural environment to be .
procedure proposed rather than a real study case, a generic

produced, in other words, a larger part of total overheads vell b } S .
allocated to them. The same approach is used as for theyABE company is used as reference by considering primary data from
) Tsai etal. (2010)

ABCenv, however these will focus on economic and emissions
drivers and will put in evidence a perspective other than emergy . .
For this reason, and also by considering the conceptual maidel APPlying the ABC ¢ and ABC gny. in a
sustainability as presented in tRegure 2 the use of multicriteria  Generic Company
techniques [goal programming (GP) in this work] are mandgtor Table 1 presents the activities and cost drivers as used by
to support decision makers. Tsai et al. (201Q)who modi ed the initial framework ofEPA
(1995) by replacing the technical cost drivers with others,

. . representing the end of pipe emissions, environmental damages
Goal Programming Supporting a prevention, environmental regulation, environmental taxand
Multicriteria-Based Decision environmental training hours.
Goal Programming (GP) is a subset of multi-objective After de ning new drivers representing the ARg&, Table 2
optimization (MOO) based on linear or nonlinear programming shows the overhead allocation for the studied company thihoug
to solve multidimensional and contradictory issueslafler traditional (ABG;) and environmental (ABgny) approaches.
and Arora, 200}t Linear programming considers the goalsUsing the ABG, product “P” receives 25.3 million USD/yr,
as hard constraints, while GP can deal with conicting gpalswhile “Q” receives 2.7 million and all other products with
or soft constraints. Introduced byCharnes and Cooper 92 thousand USD/yr altogether. Although providing important
(1977) the GP aims to minimize the unwanted deviationindication about what product is responsible for most of the
from a goal, represented mathematically asp,jdij. GP company's overhead, this ABC approach does not provide any
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TABLE 1 | Company's activities and drivers considered byfsai et al. (2010)

Activity # Cost drivers #
Preventing air pollution Al Waste emissions (kg) D1
Preventing water pollution A2 Waste water (n?) D2
Ef cient utilization of water resource A3 Water input (n?) D3
Recycling general industrial waste Ad Recycled general waste (t) D4
Recycling hazardous industrial waste A5 Recycled hazardous waste (t) D5
Disposal of general industrial waste A6 Disposal general waste (t) D6
Disposal of hazardous industrial waste A7 Disposal hazardous waste (t) D7
Activity for monitoring environmental impact A8 Internal audit (units) D8
Activity for environmental training of employees A9 Time of training sessions (h) D9
R&D to curtail environ. impact at the manufacturing stage A Time of R&D (h) D10
R&D to curtail env. impact of distribution stage All Time of R&D (h) D11
Nature conservation, planting of greenery Al2 Operating space (n) D12
Financial support of environ. groups and local community'sictivities A13 Operating revenue ($) D13

information regarding which activity is the most represeita ~ Applying the ABC emergy
in causing that overhead. Thus, the likely actions that comyfsa Both ABC approaches previously presented consider economic
manager can take are essentially focused on products, iand emissions aspects as drivers, but emergy is now considered
reducing or increasing the production amount of those product as a cost driver to ful Il the conceptual model of sustainépil
with higher in uence on overheads (i.e., product “P” in this adopted in this work. The AB&nergyappears as a new variable
case), or replacing them with others, or even changing produdb be taken into consideration by the decision maker, whichsai
processes. to quantify the environmental e orts in providing resourcesr f

Di erently from ABCg, the ABGny. considers the company's the company's production activities. Under this approach, the
activities when allocating overheads and, mainly, it cdess  overheads are allocated based on the global resources dethand
di erent drivers for allocation according to the either stiger by the companyTable 3 shows the following allocation results
or weaker relationship between activities and their ovathe from the ABGmergy about 11.1 million USD/yr are allocated to
related costs. In so doing@able 2shows the following overhead product “P” 13.8 million to “Q,” and 3.2 million for all other
allocation for ABGpy: about 21.7 million USD/yr for product products.
“P 4.7 million for “Q,” and 1.7 million for all other company It is important to highlight that emergy drivers considered
products. The rst reading is that results are di erent betwmee on Table 3 (precisely columns #4-6) were randomly assumed
ABGCg and ABGny, since dierent allocation drivers were without a deeper evaluation, due to lack of precise data reggrdi
considered. This implies that managers can take dierenthe production system evaluated Byai et al. (201Q)which is
decision toward the overhead reduction according to methodhe source of primary data for this work. Although this could
used for calculations. Notwithstanding, decisions will lzessdéd be considered as a limitation of this present work, our intent
on the meaning of the drivers used, i.e., rather than foaygin  herein was not to provide a real and precise ABC diagnostic,
pure economic purposes as done by AB@e ABGy. focuses instead, the main goal is to propose an alternative framework
on environmental issues as the ones listedTable 1 Under a in using the ABC that could result in better sustainabiligsed
sustainability perspective, this can be deemed importantesincnal indicators for managers. Notwithstanding, in possessof
environmental issues are being, mainly over the last fewsyeaall the descriptive information about a company's production
mandatory aspects basing decisions at any level. The secowavchart, the procedure presented iRigure 3 can be easily
observation onTable 2is that ABGy. enables to verify which applied by someone in obtaining precise emergy drivers.
company's activity is more intensively a ecting the nal résu As expectedlables 2 3 show di erent values for a company's
Thus, decisions can be made not exclusively based upon tleeerhead allocation to products, since di erent cost driversave
amount and kind of company products, but now the activitiesused in the allocation procedure; ABGocuses on monetary
can also be the target for improvements in order to achievaltot aspects, whereas AB{. focuses on emissions and ABfergy
overhead reduction. focuses on the eort of natural environment in providing

In short, the ABGpy. can be seen as an advancement of theesources. When simultaneously used, the three approaches for
ABGs in the following two aspects: (i) environmental drivers ABC respect the conceptual model of sustainability adopted
are strictly related to sustainability issues and they aw also in this work, which means that jointly considering all three
considered for decisions rather than exclusively economa&sp approaches will result in sustainability-based indicatorsb&o
(ii) distinguishing the company's activities allows for @gaons further used by managers in reducing company's overheads. Fo
focused on both products and activities. this, itis necessary to merge the obtained numbers thattreaa
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244,126

73,238
136,552
1,567,393
893,221

227,037
361,203
491,731
1,102,742
1,006,794
93,109
390,880
1,150,294
919,236
215,536
3,406,523
11,141,561

2.44E-09
4.40E-09
3.07E-08
1.10E-08
1.01E-08
2.27E-09
4.83E-09
5.23E-08
3.06E-08
4.79E-09
3.55E-08

se

2.23EC14
1.20EC14
7.50EC13
1.86EC14
1.31EC14
1.15EC14
1.84EC14
8.90EC13
8.40EC13
1.43EC14
1.95EC14

10.0EC13
7.0EC12
8.0EC12

3.0EC13
3.1EC13
5.1EC13
8.1EC13
3.0EC13
7.1EC13
10.0EC13
6.1EC13
5.0EC13
9.1EC13
9.1EC13

9.3KC13
8.2EC13
1.6EC13

Emergy 544,400

A3

30,834
245,866

se

528,590
2,304,990
2,051,100

Emergy

A4

se

Emergy

A5

55,137
10,068
6,813

se

5.0EC12
1.0EC12
3.0EC12
3.0EC12

10.0EC13
10.0EC13
4.1KC13
8.1KC13
2.2KC13
3.0EC13
4.5EC13
9.6EC13

Emergy

A6

302,038
161,238
482,568
3,189,451
1,532,060
435,861
3,229,100
13,890,486

se

1,318,900
261,160
887,925

Emergy

A7

se

Emergy

A8

14,477
313,717

se

Emergy

A9

Se|

6.0EC12
4.0EC12

4,653,462
2,573,860

Emergy
684,925

Al0

122,565

Se|

Emergy

All

33,528
283,877

se

7.0EC12

8.0EC12
Activity based-costing using emergy drivers (ABgmergy):

Emergy

A12

se

6,919,500

Emergy

A13

3,223,505

@From company's balance sheet;®)Total emergy demanded by each product in each company's activity®Sum of “P” C “Q" C “Others”; @ (a)/(c);® (b (d).

TABLE 4 | Amount of products that should be produced by the studied gereric
company, according to different ABC approaches.

Product Amount of products to be produced after applying goal
programming under different approaches

ABCg ABCenv. ABCemergy ABCgystain
(units) @ (units) P (units) © (units)
P 0 758,918 203,163 203,163
Q 1,487,134 0 0 0
Others 0 326,888 87,508 87,508
aAppendix 1.
b Appendix 2.
¢Appendix 3.
d Appendix 4.

multicriteriaissue, and this subject is discussed in thd Bection
by applying GP.

Goal Programming Supporting Decisions
Toward Higher Degrees of Companies'

Sustainability
More than overheads in USD/yr distributed among products
under the three dierent ABCs approaches as previously
presented, the managers usually demand information on units
that allow them to more easily understand the current compggny
performance and take decisions toward improvements as
promptly as possible. In this sense, managers prefer information
in units of “amount of products” that should be produced rather
than values in “USD/yr". Therefor@able 4shows the overheads
distributed for the three ABCs individually viewed in unit$
“amount of products.” To obtain these numbers, di erent GP
models were performed (Appendices 1-4) and run by using the
LINGOR 11 software. Itis important to emphasize that proposed
models do not represent a real company, but rather, as previously
mentioned, our intention is to provide essential informatio
to readers who may wish to replicate this work and/or apply
the same approach in a specic case study. In so doing, the
models in Appendices can be changed to pursue di erent goals,
however, always respecting the conceptual model of susiéipab
as established herein.

Table 4 shows di erent values for the “amount of products”
for the di erent ABCs. For instance, while the AB@romotes
the production of “Q,” the ABGny. and ABGemergy Promote
essentially “P” and a moderate amount of “Others.” Although
providing important information for managers, none of these
three approaches alone is able to represent sustainabiligeba
information, which claims for a joint assessment perspecise
proposed by the conceptual model of sustainability as presented
in Figure 2 For this, the results of all three individual ABC
approaches can now be modeled under the concepts of GP,
including the restrictions (hard or soft constraints) for &asBC
approach, deviation variables and objective function asrieest
in Table 5 Modeling this integrated ABC (named ABgstain
heretofore) demands some e orts, however the basic idea is to
merge all advantages of every individual ABC (emergy, oo
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TABLE 5 | Description of the variables considered in modeling the najioal programming merging the three ABCs approache?.

Eq.# Restriction equations, deviation variables Type Description
and objective function

1 0,43*PDOthers Hard Constraint The amount of product “Others” is 43%of product “P” as a process rule proposed to
develop a production restriction. This changeable value idependent on the strategic
planning of company.

2 P O Hard Constraint The minimum amount of “P” to be produced. Tis changeable value is dependent on
the strategic planning of company.

3 QO Hard Constraint The minimum amount of “Q” to be produced. Thi changeable value is dependent on
the strategic planning of company.

4 Others 0 Hard Constraint The minimum amount of “Others” to be producd. This changeable value is
dependent on the strategic planning of company.

5 39*PC19*QC27* Others 28,255,552 Hard Constraint Distribution of production coss related to the maximum company's overhead of

28,255,552 USD/yr from Table 2. The values of 39, 27, and 19 represents the
products unitary cost in USD/unit of products P, Q and Othersespectively.

6 8.29*PC2.58* OthersC8.18*Q 1,910,000 Hard Constraint Distribution of emergy on produts related to the maximum company's emergy
demand of 1.91 E15 sej/yr fromTable 3. The values of 8.29, 2.58 and 8.18 E14
sej/unit represents the unitary emergy demand of products FQthers and Q
respectively (fromTable 3).

7 0.9*PC1.2*QCO0.1*Others 715,715 Hard Constraint Distribution of CQ emissions on products related to the maximum company's CQ
emissions of 715,715 kgCQyeq /yr obtained through value-based in hiyr from
Table 2. The values of 0.9, 0.1, and 1.2 kgCQgq./unit represents the emission per
product and they were assumed in this work due to lack of data.

39*PC19*QC27*OthersCn2—p2D 28,255,552 Soft Constraint Equation #5 added to unwanted deiations n2 and p2
8.29*PC8.18*QC2.58*OthersCn3— Soft Constraint Equation #6 added to unwanted deviations n&nd p3
p3D1,910,000

10 0.9*PC1.2*QCO0.1*OthersCn4—p4D 715,715 Soft Constraint Equation #7 added to unwanted devidons n4 and p4

11 PCn5-p5D1 Soft Constraint Amount of product “P” planned to be producedadded to unwanted deviation n5 and
p5. The changeable value of 1 unit of “P” is dependent on the sategic planning of
company.

12 QCn6-p6 D1 Soft Constraint Amount of product “Q” planned to be producedadded to unwanted deviation né and
p6. The changeable value of 1 unit of “Q” is dependent on the sategic planning of
company.

13 OthersCn7-p7D1 Soft Constraint Amount of product “Others” planned to be poduced added to unwanted deviation

n7 and p7. The changeable value of 1 unit of “Others” is depeneht on the strategic
planning of company.

14 n2, p2, n3, p3, n4, p4, n5, p5, n6, p6, n7, p7 Deviation varidles Unwanted deviation variables.

15 Min:n2 -p2Cn3-p3Cn4—-p4dCn5-p5C Objective function The objective function to be minimized.
n6 —p6 C n7 — p7

aFinal model is presented in Appendix 4.

and emissions) to obtain nal indicators to provide managersthis is the main goal of this work. Interesting to note that
with sustainable-based information. ABCgystainprovided di erent gures compared to the traditional
After running the ABGustain model, a plausible solution ABGCs, implying that whether the managers accept the indicators
provided by GP is presented in the last column dable4  from the proposed ABGstain the reduction of monetary costs
The numbers indicate that the amount of product “P” should probably will not be maximized. This could a ect the company's
be approximately 203 thousand units, while product “Others’pro tability, since costs management is an important aspect as
should receive lower priority with 87 thousand units. It is the amount of products sold and their market price.
interesting to note that product “Q” should not be produced Itis important to emphasize that, instead of a real case study,
at all in order to allow for higher degrees of sustainability the goal of this work was to propose the ABGain Supported
be achieved by the company. Additionally, nal numbers fromby all three di erent allocation drivers and a conceptual mbde
the ABGystain iS the same as those provided by the emergpf sustainability. Thus, the assumptions on primary data can
perspective; this is a result of the modeling speci cities el be easily overcome when applying the proposed approach in
in this work, however any change in the boundary conditionié w a real case study with available data. For advances over this
induce to di erent results. study, future e orts could be focused on considering addiabn
According to the premises of this work, if the manager aimsconstraints in the proposed model, including company prot,
to increase the company's degree of sustainability, the amouprocess capacities, market demand for products, “takt time,’
of products provided by the ABgstwin must be respected; and others. This could lead to an even more detailed and
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generalized model to be applied in di erent production systemsscienti c-based approach in supporting quantitative inforraet
however always respecting the conceptual model of sustéityabi aligned with sustainable development. Thus, managers irgeha

as proposed in this work. of strategic decisions within companies can use this optimized
tool and put it into practice in the production processes in
CONCLUSIONS order to reach a better balance (complying with the restics

modeled) among emergy, economic and emissions performance

The result of the ABGustain provides a mix of products for companies.

considered as an optimized solution by the GP supporting a

multi-criteria-based decision. Results indicate that preidg 203 AUTHOR CONTRIBUTIONS

thousand units of product “P” 87 thousand units of “Others”

and zero of “Q” will lead to a higher degree of sustainabilitytiM: General work organization and raw data obtainment.
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