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Abstract. Urban and regional development of municipalities and also industrial progress of the last
decades lead to the generation of a high amount of household and production waste, with an important
fraction of recyclable waste. Almost 40% from these are paper and cardboard waste. Paper and cardboard
manufacturing is one of the most dynamic industrial sectors which addresses very seriously the concept of
circular economy, by closing the production loop, since it is able to valorize the recovered paper at a high
degree. However, there are production waste, generated during cardboard and corrugated packaging
manufacturing, which can be further revaluated “in plant” for the production of various subassemblies or
products. This way, the transport of production waste to the paper mill (for ”off-site recycling”) is avoided,
production waste is turned into resource and the new products and/or subassemblies can be delivered on the
market eco-efficiently, at reasonable price, with low impact in the environment, since they are entirely
recyclable and biodegradable.
In this context, the present study developed an analysis of the efficiency, expressed in terms of costs and
benefits and assessed by applying a method specific to Cost-Benefit Analysis (CBA), for an eco-product
(Eco-P) manufactured from production waste, in the context of eco-innovation and eco-design principles.
The results showed that turning production waste into raw material by reusing it in the form of a marketable
eco-product improves significantly process eco-efficiency by closing the loop, reduces eco-costs and increase
the benefit/cost ratio.
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1. Introduction
Currently, humanity makes efforts in the direction of economic development on a sustainable pathway
for improving well-being, but also to protect the environment and preserve its resources [1]-[3]. The majority
of products designed for consumption is the result of economic and industrial activities, which generate
losses in the form of emissions and waste, with major consequences on economic and ecological
performances [4], [5]. The production processes are in connection with the environment regarding resource
consumption and waste generation [6]. It is obvious that generation of waste in manufacturing processes is
the consequence of an inefficient and unsustainable use of natural resources, energy, capital [7]. From
economists’ perspective, both raw materials from natural resources and waste belong to the natural capital.
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Romania produced 281 tons/year.per capita of production waste with recoverable potential (waste from
packaging, plastic glass, metal sectors) - in 2015 compared to the European Union (EU) average of 459
tons/year.per capita, according to the latest available Eurostat data [8]. However, in Romania only 50.5% of
the total production wastes with recoverable potential are recycled or incinerated, compared with 89.3% for
the European average [9]. If we focus on the amount of recyclable waste, at European level the statistics
show that Finland followed by Belgium and Estonia generate a high amount of recyclable production waste
in the EU (Fig. 1) [8]. Romania recycles a very small amount of production waste with recoverable potential
(0.49 tonnes), while the EU average is 0.6 tons (Fig. 1), but we are still placed at the end of the European
ranking do to the capacity of recycling.

Fig. 1: Quantities of production recyclable waste generated worldwide in 2015

A specific category of waste comes from packaging, in particular cardboard packaging. Romania
recovers only half of the used packaging (56.8 %), according Eurostat data [9], [10]. Because of the
aggressive use of non-renewable resources, we must give up the linear economic models (the “cradle-tograve” approach) and to adopt new models for a sustainable management of resources and energy, by
replacing the raw materials with recoverable materials [10]. While Horizon2020 program established the
strategy for a smart, sustainable and inclusive development of Europe 2020, the progress toward a circular
economy is considered today in the centre of concerns for resource efficiency [11]. Prevention of waste
generation, reuse and other related measures correlated with eco-innovation, eco-design could bring savings
of 600 billion euro, or an increase of 8% in the annual turnover for companies in the EU-28, together with
the reduction of the total greenhouse gas emissions with 2% -4% [12].
The circular economy would preserve as much as possible the benefit of a product, even when it reaches
the end of its life cycle, such that to continue to be used productively and continue to generate benefits.
Another way is to close the cycle “in plant” by revaluating the waste generated during manufacturing process
due to incomplete processing of raw materials [13]. All these considerations emphasize the following
potential advantages and benefits (Fig. 2) [13], [14]: (i) sustainability; (ii) reducing the use of materials,
difficult to recycle (replacement); (iii) create markets for recycled materials (standards, public procurement);
(iv) creating products that are easier to recycle (eco-design); (v) stimulation of separation and collection
systems to minimize the costs of recycling and reuse; (vi) encourage consumption by hiring or leasing,
instead of purchasing new products (new business models). Therefore, keeping the value of products and
materials for as long as possible and generating less waste, the world economy may become more
competitive and more resistant, but reducing the pressure on planet bio-capacity. Consequently, the
manufacturing processes must reuse “in plant” the production waste as eco-reengineered and marketable
products, based on knowledge transfer, eco-innovation, eco-design, switching from the classical “cradle-tograve” approach to the more sustainable “cradle-to-gate” or “cradle-to-cradle”, and extending the life cycle
of materials and waste in the form of valuable products.
In this study, we developed an analysis of the efficiency of waste reuse in the form of an eco-product
(Eco-P), by applying the Cost-Benefit Analysis. The industrial sector taken into analysis is cardboard and
corrugated packaging manufacturing; more specifically the production waste generated during the fabrication
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of cardboard plates and corrugated boxes for packaging purposes. Eco-P was eco-innovated and ecodesigned to rally the assortment of similar products, manufactured from cardboard plates, which the
manufacturer is able to release successfully on the market. Therefore, we applied a CBA methodology to
demonstrate the economic feasibility of reusing and recycling this cardboard waste in the same process
that generate it. To achieve this goal we went through the CBA specific steps, establishing process
boundaries, assessing of the benefits of eco-product, calculating benefit/cost ratio, finalized with sensitivity
analysis.

Fig. 2: The main steps in the circular economy.

2. Cost-Benefit Analysis of Production Waste
2.1. Production Waste Impact
Industrial progress has influenced the production waste not only regarding the quantity, but also the
content (Fig. 3) [15]. Production wastes, in our work approach are those resulting during manufacturing
process, having the same characteristics as the raw material used in product manufacturing, and which is a
production lost if not re-used in the process [15], [16]. Defective management of production waste as that of
energy and raw materials can lead to higher consumption and a more severe impact on the environment [17].
Cardboard consumption increased by 250% in the last 50 years and of course this has led to the intensive
exploitation of forests, in many countries, the deforestation phenomenon appearing on large regions of the
world [18].

Fig. 3: Industrial waste production (year 2015).

Therefore, the extension of life cycle of any material of forest origin is extremely beneficial. It is
estimated that about 25% of the cut trees all over the planet are used to produce paper and cardboard [19],
[20]. It was estimated that a ton of recycled cardboard can save 3200 liters of water, 380 kWh electric energy,
22 trees older than 20 years, and avoids the release in the atmosphere of almost 850 grams of carbon dioxide
[21]. Production of cardboard from wood consumes much more resources than the production of cardboard
from recycled waste [22].
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The materials manufactured from paper and cardboard are used in many areas, in particular for
packaging [22]. These materials, at the end of their life are turned into waste [22]-[25]. Paper and cardboard
can be recycled about 5 to 7 times. Moreover, cardboard waste can be reused for manufacturing of products,
similar with others already manufactured from cardboard plate, but made from production waste, being
completely recyclable and biodegradable, denoted here as eco-products.

2.2. Methodology
Cost-Benefit Analysis is a quantitative tool for financial estimation and evaluation, which allows
processes to be evaluate based on a comparison between their costs and benefits [26]-[28]. In eco-efficiency
evaluations, the purpose of the cost-benefit analysis is to assess whether the effects of the environmental
impact are greater than the net benefit for society. Cost-Benefit Analysis is usually applied to evaluate many
processes such as: (i) transport investment [29], (ii) pathology examination [30], (iii) waste electrical and
electronic equipment reuse [31], (iv) watershed conservation [32], (v) energy conservation [32], etc. For an
effective assessment of the economic impact of any project (including environmental investments) all stages
of technical and economic analysis must be followed (Fig. 4).

Fig. 4: Stages of cost-benefit analysis.

To achieve the objective of this study, all four phases of CBA were accomplish. The evaluation of the
economic performance and efficiency of an Eco-P using production waste generated during
corrugated board and cardboard box manufacturing as raw material was first determined using costbenefit analysis indicators: cost-benefit or benefit-cost ratio.
The CBA methodology includes a qualitative analysis consisting in the assessment of the benefits of ecoproduct, and a quantitative analysis which compares different costs (land cost, construction cost, technology
cost, operating costs etc.) to determine the lower costs.
Process boundaries for the Eco-P manufacturing, which underlie the cost-benefit analysis, are shown in
Fig. 5.

Fig. 5: Process boundaries

2.2.1. Inventory analysis
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Costs identification was conducted by analyzing the nature of the project, types of siting, facilities and
necessary infrastructure. In our CBA we considered the following cost categories: direct costs (project cost,
land cost, construction cost, technology cost, operating costs etc.), indirect costs, for externalities.

2.2.2. Economic impact assessment
At this stage of the CBA, the information regarding the relevant costs and benefits was organized to
determine the feasibility of our eco-product manufacturing. Benefits identification has been done considering
the following three main issues: economic, social and environmental (Table 1).
Table 1.Benefits identified for Eco-P
Benefit type
Economic
benefits
Social
benefits
Environmental
benefits

Benefits identified for Eco-P
5% of total costs
Creating jobs and material benefits
Increased property value and comfort
Benefits of human health
Reducing the volume of waste and emissions
Energy conservation and consumption reduction of non-renewable resources
Zero waste

2.2.3. Determining and analysing cost-benefit (RCB) and benefit-cost (RBC) ratios
The RCB is the result of the ratio between the updated value of the total costs and the updated benefits
(Eq. 1). The RBC is the result of the ratio between the updated value of the total benefits and the updated costs
(Eq. 2) (Fig. 6).
R CB |

VTc
VTB

(1)

VTB
VTC

(2)

Where: RCB represent cost-benefit report; VTc represent value of updated costs; VTB represent value of
updated benefits
R CB |

Where: RCB represent benefit-cost report; VTB represent value of updated benefits; VTC represent value
of updated costs

2.2.4. Sensitivity analysis
Sensitivity analysis sets minimum and maximum values for the variables included in the sensitivity
analysis in order to determine the viability of the alternatives (production process), which can be influenced
by the changes in input sizes. For each of the alternatives, the main parameters used in the cost and benefit
analysis were analysed, such as: the costs involved in obtaining the Eco-P (e.g. investment costs, benefits
from the sale of finite products and environmental benefits etc.).

3. Results and Discussion
The cost-benefit analysis of the product indicated that reusing production waste by manufacturing the
Eco-P is a suitable alternative for implementation, because it brings significant benefits such as: energy
consumption reduction, requires low consumption of raw materials, chemicals, natural gas, reduce the
volume of waste and emissions released into environment (Fig 6.). For this study, we considered the update
duration for 8 years. The economic benefits evaluated in this study take into account only the benefits
resulted from reusing production waste as raw material for Eco-P. The net benefit of reusing production
waste for obtaining the Eco-P is estimated at 2.7% from the total annual production of the targeted
Romanian manufacturer. Our results show that, at the level of 2025, there will a significant reduction in the
cost of manufacturing Eco-P. Thus, we can say that cardboard manufacturing industry brings a positive
contribution to the economy by implementing the new product (Fig. 7). The CBA has shown that the cost
reduction is influenced by the replacement of raw materials with the production waste.
The results have also highlighted the substantial reduction of raw material and energy costs, as well as
the identification of a large number of benefits regarding the economic viability of the eco-innovated and
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eco-designed Eco-P obtained from production waste. It has also some additional benefits: saving landfill
space, reduction of non-renewable resource consumption, improved company image and abatement of
several environmental problems.

Fig. 6: Analysis of C/B and B/C reports.

Fig. 7: Level of implementation

4. Conclusions
The first part of this study discussed a number of important aspects on certain issues and opportunities in
industrial waste management, at European and national levels. It was highlighted that the production waste
generated by the industrial sectors is a sustainable source as raw material, when it is reused “in plant”, by
closing the loop, according to circular economy principles. We have identified the opportunity to revaluate
the production waste from cardboard and corrugated board packaging manufacturing by making an ecoinnovated and eco-designed eco-product (Eco-P).
In this context, we have applied Cost-Benefit Analysis methodology to assess the economic performance
of Eco-P. The study only focused on the environmental and economic benefits.
In order to determine the economic viability of the process for Eco-P manufacturing and of product itself,
the contribution of the main stages of the proposed process was analysed. The results showed that our
approach offers a sustainable solution for valorisation of the cardboard waste, the manufacturing process
tending toward "zero waste" by closing an almost complete loop. The assessment of socio-economic benefits
in terms of costs and benefits ratio has proved that Eco-P is techno-economically sustainable.
The results of the study can help us in a better understanding the harmonization of circular economy with
the priorities of sustainable development, and the measure the overall benefits of Eco-P manufacturing.
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