

  admsci-09-00027




admsci-09-00027







Adm. Sci. 2019, 9(1), 27; doi:10.3390/admsci9010027




Article



Life Cycle Assessment of Honey: Considering the Pollination Service



Ioannis Arzoumanidis *[image: Orcid], Andrea Raggi and Luigia Petti[image: Orcid]





Department of Economic Studies, University “G. d’Annunzio”, 65127 Pescara, Italy









*



Correspondence: i.arzoumanidis@unich.it







Received: 17 January 2019 / Accepted: 22 March 2019 / Published: 26 March 2019



Abstract

:

Life Cycle Assessment (LCA) has been increasingly used for the improvement of the environmental performance of products and services, including food systems. Amongst them, however, honey appears to have been rarely analysed. Furthermore, the pollination by honeybees can be regarded as one of the functions of an apiculture system and is of utmost importance both for natural ecosystems and agriculture. When implementing an LCA of an apiculture system, the pollination service can and should be considered as one of the functions of a multifunctional system and the issue of how to deal with this multifunctionality in the modelling of that system should be considered carefully. The aim of this paper is to explore the economic value of pollination as a potential basis for managing multifunctionality in LCA modelling as well as its implementation in a case study. Economic allocation was performed between the pollination service and honey production. The results demonstrated that the production phase is the most impactful one for most of the environmental categories (due to the use of glass for the honey jars and electricity consumption during the storage of supers in refrigerator rooms), followed by the distribution phase. Finally, the most affected environmental impact category appeared to be natural land transformation, followed by marine ecotoxicity, freshwater eutrophication and human toxicity.
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1. Introduction


Life Cycle Assessment (LCA) has become an increasingly popular methodology for the assessment of the environmental impacts of food supply-chains and the improvement of their environmental performance. Indeed, a great amount of agri-food LCAs and related reviews have been published in the literature (Arzoumanidis et al. 2013). However, amongst the food systems, apiculture appears to have been rarely analysed from a life-cycle perspective. Besides delivering physical products—typically: Honey, beeswax, propolis, etc., which are considered to have a great range of benefits for human health (Rao Pasupuleti et al. 2017)—beekeeping provides an additional function that is undoubtedly of utmost importance for both the natural ecosystems and agriculture: Pollination. This is a service provided to ecosystems. Indeed, the various ecosystems—both human-managed and natural-terrestrial—depend also on animal (especially insect) pollination (FAO 2018a); certainly, it is this service that is of utmost significance for a wide variety of foods, mainly horticultural crops. As regards agricultural crops, the importance of the animal pollination service cannot be underestimated (Klein et al. 2007; Crenna et al. 2015). Indeed, 84% of crops depend—at least to some degree—on animal pollination (e.g., entomophily or ornithophily) (Klein et al. 2007; Vaissière et al. 2008; Gallai et al. 2009), with watermelon, vanilla and cocoa being amongst the most dependent ones (Bailes et al. 2015). Most crops are actually able to produce yield to some extent even in the absence of insect pollination (Hanley et al. 2015), as for example anemophilous, parthenocarpic and self-fertile plants. Nevertheless, in its absence, the demand for agricultural land would increase (Aizen et al. 2009) or other inputs, such as labour, would have to be increased to compensate, thus involving higher costs (Southwick and Southwick 1992), though a perfect compensation would be hard to achieve (Pattemore and Wilcove 2012; Klein et al. 2014). Moreover, a decrease in bees’ population has been registered, mainly due to parasites, pesticides and climate change (e.g., Greenleaf and Kremen 2006; Klein et al. 2007; Majewski 2014; Champetier et al. 2015; Hanley et al. 2015; etc.), which could tamper with food supply and security (Bommarco et al. 2018; Candel and Biesbroek 2018; Chaplin-Kramer et al. 2014; FAO et al. 2017). Furthermore, the quality of the crops can also be enhanced by animal pollination (Bailes et al. 2015). Finally, the economic importance of the service was already acknowledged in the past: e.g., Cheung indicates the existence of hives rent contracts, in the United States, between beekeepers and farmers in order for the former to offer the service to the latter (Cheung 1973).



Given that pollination can be regarded as one of the functions of a beekeeping system, it is important to take it into consideration as such in LCA studies, as well. Indeed, when implementing an LCA of an apiculture system, the pollination service can be considered as one of the functions of a multifunctional system (other functions including, e.g., the provision of honey, beeswax, etc.). Whilst in LCA, in the analysis of a product system that provides a single function, the various environmental impacts are normally attributed to that sole function, their attribution to more than one function in a so-called multifunctional system can be more complicating. Therefore, the issue of how to deal with multifunctionality in the modelling of that system should be carefully considered.



When it comes to addressing the multifunctionality issue, various approaches are available (please refer to ISO 2006a). One of the most consolidated approaches, given its simplicity, is the use of allocation (even if it is not the first recommended option in the ISO standard cited above). The allocation can be performed either based on physical relations (e.g., mass, volume) or economic ones. In the case of a service (such as pollination) and given its immaterial nature, a physical relation cannot be appointed to it. Therefore, only economic allocation can be applied, by means of the economic values of the various co-products (amongst which is the pollination service) that are generated by the relevant multifunctional process.



For these reasons, the economic value of pollination—which may be much higher than that of honey itself (Eardley et al. 2006; Hein 2009)—can be regarded as a potential basis for managing multifunctionality in LCAs of apiculture systems. Giving a monetary value to a natural service, which is not tradable, can be somehow challenging (Majewski 2014; Munyuli 2014). However, several methods have been used or developed for such a task; these methods can generally be divided into market and non-market ones (Hanley et al. 2015). On one hand, the non-market methods may include the consumers’ willingness to pay (WTP) for environmental improvements or for avoiding a loss of pollinators (Hanley et al. 2015). On the other hand, the output of a crop depends on various inputs (e.g., labour, pesticides etc.) as well as on pollination services and stochastic factors, such as rainfall and temperature (ibid.). Commonly, the market value of pollination services reflects the way that their reduction can influence yields (Garratt et al. 2014). There is a plethora of market-based methods, including a dependence ratio (Gallai et al. 2009; Gallai and Vaissière 2009; Giannini et al. 2015; Hanley et al. 2015), yield analysis (Hanley et al. 2015), replacement costs (Hein 2009; Hanley et al. 2015), consumer surplus (Southwick and Southwick 1992; Hein 2009; Hanley et al. 2015), producer surplus (Hein 2009; Munyuli 2014) and combinations of the above methods (Hanley et al. 2015).



The objective of this article, which builds upon previous work (Arzoumanidis et al. 2016, 2017, 2018), is to deal with the multifunctionality in LCAs of apiculture systems when it comes to ecosystem services and honey and to address an application of this approach in a honey-related LCA case study, as this issue has been poorly tackled so far in the apiculture systems-related scientific literature (e.g., Kendall et al. 2013; Mujica et al. 2016, who focus only on carbon footprint and not on a full LCA). Nonetheless, the issue of multifunctionality, including the provision of services to ecosystems, was found to have been investigated in another sector, e.g., Kiefer et al. (2015) for dairy systems, who also focus only on carbon footprint.



This paper is structured as follows: In Section 2, the methodological issues related to the inclusion of the pollination service in a honey case study are presented in the framework of an LCA implementation (LCA phases: Goal and scope definition, life cycle inventory). In Section 3, the results of the LCA implementation are presented and discussed (LCA phases: Life cycle impact assessment, interpretation). Finally, some concluding remarks along with future developments are described in Section 4.




2. Materials and Methods


The case study presented here was performed with the aid of the SimaPro LCA software (Pré 2018), following the ISO 14040:2006 and 14044:2006 international standards (ISO 2006a, 2006b).



2.1. Goal and Scope Definition


The aim of the study was to identify the most critical phases of the life cycle of orange-blossom honey from an environmental point of view as well as the environmental impacts mostly affected by the examined product system. The intended audience of this study would be scientists, beekeeping companies and consumers. The Functional Unit (F.U.) was defined as a 250-g jar of honey including its primary, secondary and tertiary packaging. Furthermore, the system boundary included the following life cycle stages: Honey production and collection, processing, packaging, distribution and waste treatment. It can thus be called a “cradle-to-grave” analysis. For a simplified flow chart of the life cycle of honey under study please refer to Figure 1.



As regards the multifunctionality issue, the various functions of the system were identified as follows: Production of honey and beeswax (which returned as an input to the system, in the “hive placement” phase) and provision of the pollination service. This issue was attempted to be dealt with via economic allocation.




2.2. Life Cycle Inventory (LCI)


The LCI data were collected on-site for the year 2013 at a firm situated in Italy. The hives containing the honeybees (Apis mellifera) were initially transported and placed near an orange grove located at a distance of 180 km. The trip was repeated for a few times in order to perform regular controls, using a van. The data for all necessary inputs and the relevant processes, such as transport-related fuel consumption, wood and paint for the hives structure, bee-specific medicines, etc., and their respective packaging and transport (where applicable) were collected on-site or carefully selected from the Ecoinvent 2.2 database (Ecoinvent Center 2019), which is integrated in the software used. As far as the medicines are concerned, the relevant processes were selected on the basis of the various ingredients. One ingredient of the medicines, namely oxalic acid, had to be excluded from the calculations for both its production and its post-metabolic fate, since it was not found in the software database. Moreover, it has to be highlighted that this is the phase in the product life cycle where the pollination service occurs, as well. As aforementioned, it was decided to apply an economic allocation between the pollination service and the product “honey” based on the values of these co-products. In Section 2.2.1, a detailed description of how the estimation of the pollination economic value was carried out is outlined.



In the next step of the life cycle, the beekeepers bring the hives back to the apiculture firm for the supers extraction phase and their storage. Here, primary inputs such as the necessary gloves, lab coats, uniforms and internal handling were included. As far as the internal transport is concerned, the electricity consumption for the electric forklifts was taken into account.



The honeycombs are then uncapped in the successive phase. Here, the energy consumption (electricity: Low voltage, obtained by the Italian national grid) for machines, such as the uncapping machine, a press, a centrifuge and a conveyor belt as well as inputs regarding the filtration sub-phase, were included. At the end of the uncapping sub-phase, a specific amount of beeswax is obtained, which, after being processed at the premises of a firm in the region of Piedmont (Italy), returns to the beekeeping company as an input for the first stage (as aforementioned). Here, all transports (using a lorry) to and from the beekeeping company were taken into consideration. These inputs were easily introduced in the software.



Once the honey is obtained, it is packaged using a glass jar, a plastic/aluminium lid and a paper label (as primary packaging), a cardboard box and adhesive tape (as secondary packaging) and a plastic film and pallets (as tertiary packaging). The relevant entries as well as their eventual packaging materials and transport were found in the software without any obstacles.



The product is then distributed to its consumers, who reside both in Italy and abroad (i.e., the USA and France). All required transport was taken into account: The trips within Italy and to France are performed by lorries and ships (where necessary, e.g., to Sicily), whilst the ones to the United States are carried out by airplane. Transports from the distribution hub to local retailers have been excluded from the analysis. The last phase includes the waste management of the final product, i.e., its packaging, since the product itself is consumed via the human metabolism (use phase).



Finally, regarding the data quality of this study, the method used by following the ILCD Handbook data quality indicators (European Commission 2010a) resulted in a “basic quality” score. For a complete list of the intermediate flows (inputs and outputs) taken into account in the LCI phase, please refer to Table 1.



2.2.1. Estimation of the Economic Value of the Pollination Service


The economic allocation was performed for the first phase of the product life cycle (hive placement). Given that the two products of this phase were honey and the pollination service, their economic value per F.U. had to be calculated. The economic value of honey was obtained directly by the beekeeping company (sales value). On the other hand, since the company did not receive any remuneration for the pollination service for the specific case study and no market value could be retrieved for orange tree pollination in Italy, its economic value (EVIP) was calculated by using the equation proposed by Gallai and Vaissière (2009) for the Dependence Ratio method:


EVIP = TVC * DR



(1)




where:

	
TVC is the total value of crop, calculated as the product of the unit producer price (economic value/mass) times the production (mass), and



	
DR is the dependence ratio of that crop upon pollination.








Since this study deals with orange-blossom honey, oranges are the relevant crop. As far as the calculation of TVC for Italian oranges is concerned: (a) For the unit producer price, no data were found for Italy. Therefore, based on Gallai and Vaissière (2009), data from the FAO statistics website (FAO 2018b) were acquired for Spain (the most important producing country of the relevant world region), by calculating the average for the year 2013; and (b) the Italian production of oranges in 2013 was obtained through the same source. As far as DR is concerned, the dependence upon animal pollination for oranges was taken from the tool (FAO 2018c) proposed by Gallai and Vaissière (2009).



Equation (1) thus gave:



EVIP = TVC * DR = [246.5 (US$/t) * 1,700,778 t] * 0.05 = US$ 20,945,081 or € 19,279,440 (exchange rate: 05/2017).



In order for EVIP to be transformed as per F.U. and under the assumption that all orange pollination for that year derived from domesticated honeybees, the total orange-blossom honey production in Italy (or from citrus fruit, in general) had to be obtained; however, no specific data were found. In order to estimate it, the total honey production in Italy for 2013—that is 9,500,000 kg (OSN 2017)—was considered. Furthermore, in a case study concerning an Italian region, the average percentage of citrus fruit honey with respect to the total honey production was reported as 30% (Strano et al. 2015). Nonetheless, since the sample of firms taken into account in the cited case study was not specified, assuming the above percentage in calculations could introduce uncertainty in the results and their interpretation. In order to address that issue, a sensitivity analysis was carried out on the assumed percentage of 30%, by considering nine different percentages: 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80% and 90% (0% and 100% were excluded because, in fact, these cannot be applicable in Italy). For each one of the assumptions, the calculations were made as follows: Given that the percentage of oranges in citrus fruit in Italy was calculated as 62.67% (ISTAT 2014), the economic value of the pollination service per F.U. (i.e., per jar) could then be calculated as well, by using Equation (1). The economic allocation was therefore performed for the two values: One for honey and one for the pollination service.






3. Results and Discussion


3.1. Life Cycle Impact Assessment (LCIA)


For this LCA case study, the calculations were performed by using the ReCiPe Midpoint (H) method (Goedkoop et al. 2009). Therefore, the environmental impact categories taken into consideration were the ones selected by this method. In this part, the classification, characterisation and normalisation (calculated per European citizen) phases of the life cycle impact assessment (LCIA) were carried out. When it came to the allocation coefficients, these referred to 59.26% of the environmental impacts that were allocated to honey and 40.74% to the pollination service (for the 30% assumption, regarding the percentage of citrus fruit honey with respect to the total honey production). An example of the results (always for the 30% assumption) of the characterisation step is shown in Figure 2 (as these were exported from the software) and reported in Table 2. The impacts for the various environmental impact categories are shown for the different life cycle phases, honey production (including hive placement, supers extraction & storage, honey extraction and packaging), distribution and waste management, thus providing information on the hotspots in the life cycle of the product. The results demonstrated that the production phase is the most impactful one for most of the environmental categories, followed by the distribution phase. A deeper examination via a contribution analysis in a product improvement perspective (European Commission 2010b) of the results via the software showed that the most responsible aspect within the production phase was the use of glass for the honey jars and the electricity consumption during the storage of supers in refrigerator rooms before they were used for each new cycle (see for example Table 3, Table 4 and Table 5). Regarding the distribution phase, the trip to the United States by airplane was the most impactful one. Furthermore, a comparison was made between the 30% assumption and the case where the pollination service was not taken into consideration at all. This showed a decrease in the environmental impact of the product (honey) for all environmental impact categories when economic allocation was taken into account due to the fact that a part of the impact was accounted for the by pollination service: e.g., 5.94% decrease for climate change, 16% for marine eutrophication, 12.34% for human toxicity, 8.84% for freshwater eutrophication, etc.



As far as the normalisation results are concerned, the most affected environmental impact category appeared to be natural land transformation, followed by marine ecotoxicity, freshwater eutrophication and human toxicity. The normalisation results for the 30% assumption are presented in Figure 3, whilst the results for all nine assumptions are reported in Figure 4.



Finally, the specific process-related characterisation results for the most affected environmental impact categories are presented in Table 3, Table 4 and Table 5.




3.2. Sensitivity Analysis


The nine assumptions were analysed in order to identify the importance for this case study of the percentage of citrus fruit honey within honey production in Italy. The results (see Figure 4) showed that higher percentages mean higher environmental impacts allocated for the product (honey) for all environmental categories. This can be explained by the fact that higher percentages of citrus fruit honey result in a lower unit value for the pollination service (per kg of honey), whilst the EVIP value remains constant; this results in lower allocation percentages for the pollination service. In other words, if EVIP is divided by the total quantity of orange-blossom honey (VH) in order to produce the cost of pollination per jar: EVIP/VH, then this fraction (unit value) will decrease as the percentages of citrus fruit honey increase (reflecting the denominator of the fraction).





4. Conclusions


This article tackled the inclusion of the pollination service in honey LCA studies, as one of the functions of an apiculture system. Given the multifunctionality of the beekeeping system, an attempt was made to include the pollination service in an LCA case study in Italy. In order for this issue to be dealt with, the use of economic allocation was decided on between the main product (honey) and the pollination service.



The implementation of the LCA methodology showed a decrease in the environmental impact for the product (honey) when economic allocation was taken into account for all environmental impact categories due to the fact that a part of the impact was accounted for by the pollination service. When it comes to the product life cycle, the production phase and the distribution phase appeared to be the most impactful phases. Regarding production, it was the electricity consumption in the refrigerator rooms as well as the use of glass for the packaging of the final product that were found to be the most impactful ones, whereas for the distribution phase the airplane trip to the United States was found to be the most responsible. As far as the environmental impact categories are concerned, natural land transformation was the most influenced, followed by marine ecotoxicity, freshwater eutrophication and human toxicity.



The sensitivity analysis for the missing datum showed a linearity of the results; in other words, the order of importance of the various environmental impact categories did not depend on it. Nonetheless, in order for more reliable quantitative results to be obtained, an accurate calculation is required. Future developments may include the implementation of economic allocation for this and other types of honey in order for robust conclusions to be drawn with regard to these methodological hypotheses. Other methods, as the ones described in the Introduction, may also be explored for the calculation of the economic value of the pollination service in order to assess their influence on the results. Moreover, alternative means of transport (e.g., ship) may be explored and analysed in order to substitute the high-impact trip by airplane to the United States that was identified in Section 3.1 (distribution phase). Finally, other methods for dealing with the multifunctionality issue, which are suggested by the ISO standards (e.g., system expansion), may be used in order to verify the robustness of the results.
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Figure 1. Simplified life cycle flow chart of the product under study (orange-blossom honey—elaborated by the authors). 
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Figure 2. Characterisation results—extracted from SimaPro (Pré 2018). 
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Figure 3. Normalisation results for the 30% assumption—extracted from SimaPro (Pré 2018). 
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Figure 4. Normalisation results for the various assumptions—extracted from SimaPro (Pré 2018) and elaborated by the authors. 
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Table 1. LCI phase: Data collection inputs and outputs—intermediate flows (elaborated by the authors).
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	Life Cycle Phases
	Inputs
	Outputs





	Hive placement
	Beehives

Queen bee/beehive

Wooden frame

Beehive paint

Supplementary food

Beeswax

Medicines

Electricity (cold room refrigeration)

Beehives transport

Internal transport

Medicines transport

Paint transport
	Beehives filled with honey

Waste:

	-

	
Plastics (paint packaging)




	-

	
Wood (beehives)




	-

	
Plastics and aluminium (packaging)









	Supers extraction
	Uniform

Gloves

Beehives filled with honey

Honeycombs transport

Uniform transport

Gloves transport
	Supers with sealed honeycombs

Waste:

	-

	
Cotton (uniform)




	-

	
Cotton and leather (gloves)









	Supers storage
	Supers with sealed honeycombs

Lab coats

Lab coats transport

Internal transport
	Supers ready to be processed

Waste:

	-

	
Cotton (lab coats)









	Uncapping
	Supers ready to be processed

Electricity (uncapping machine, chain, beeswax press)
	Beeswax

Unsealed honeycombs

Waste:

	-

	
Propolis









	Centrifuge
	Unsealed honeycombs

Electricity (honey extractor)
	Raw honey

Waste:

	-

	
Waste honey









	Transition in decanting tanks and collection in a ripener
	Raw honey
	Decanted honey

Waste:

	-

	
Waste honey









	Filtration
	Decanted honey

Nylon filters with cotton strings
	Honey ready to be packaged

Waste:

	-

	
Impurities




	-

	
Nylon (filters)




	-

	
Cotton (filters)









	Packaging
	Honey ready to be packaged

Jars

Lids

Labels

Boxes

Tape

Plastic film

Pallet

Jars transport

Lids transport

Labels transport
	Packaged honey

Waste:

	-

	
Packaging









	Distribution
	Packaged honey

Transport of final product in Italy and abroad
	Consumed product



	End of life
	Consumed product
	Waste treatment

(jar, lid, etc.)
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Table 2. Characterisation results for the 30% assumption—extracted from SimaPro (Pré 2018).
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	Impact Category
	Unit
	Amount





	Climate change
	kg CO2 eq
	1.01



	Ozone depletion
	kg CFC-11 eq
	1.16 × 10−7



	Terrestrial acidification
	kg SO2 eq
	4.65 × 10−3



	Freshwater eutrophication
	kg P eq
	1.45 × 10−4



	Marine eutrophication
	kg N eq
	2.48 × 10−4



	Human toxicity
	kg 1,4-DB eq
	0.183



	Photochemical oxidant formation
	kg NMVOC
	4.54 × 10−3



	Particulate matter formation
	kg PM10 eq
	1.57 × 10−3



	Terrestrial ecotoxicity
	kg 1,4-DB eq
	1.53 × 10−4



	Freshwater ecotoxicity
	kg 1,4-DB eq
	3.27 × 10−3



	Marine ecotoxicity
	kg 1,4-DB eq
	3.57 × 10−3



	Ionising radiation
	kg U235 eq
	6.52 × 10−2



	Agricultural land occupation
	m2a
	8.54 × 10−2



	Urban land occupation
	m2a
	5.38 × 10−3



	Natural land transformation
	m2
	3.76 × 10−4



	Water depletion
	m3
	3.72 × 10−3



	Metal depletion
	kg Fe eq
	4.74 × 10−2



	Fossil depletion
	kg oil eq
	0.331
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Table 3. Characterisation results for natural land transformation—first ten processes (30% assumption—extracted from SimaPro (Pré 2018)).
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	Impact Category
	Unit
	Amount





	Electricity, low voltage
	m2
	5.5 × 10−5



	Packaging glass, white
	m2
	4.3 × 10−5



	Transport, lorry 3.5–7.5 t
	m2
	6.7 × 10−6



	Corrugated board
	m2
	6.4 × 10−6



	Transport, lorry 16–32 t
	m2
	4.8 × 10−6



	Alkyd paint, white
	m2
	4.8 × 10−6



	Production of carton board boxes
	m2
	4.1 × 10−6



	Transport, lorry 7.5–16 t
	m2
	2.5 × 10−6



	Steel, low-alloyed
	m2
	1.7 × 10−6



	Paper, wood-free, coated
	m2
	1.2 × 10−6
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Table 4. Characterisation results for marine ecotoxicity—first ten processes (30% assumption—extracted from SimaPro (Pré 2018)).
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	Impact Category
	Unit
	Amount





	Electricity, low voltage
	kg 1,4-DB eq
	1.2 × 10−3



	Packaging glass, white
	kg 1,4-DB eq
	6.3 × 10−4



	Steel, low-alloyed
	kg 1,4-DB eq
	4.1 × 10−4



	Disposal, wood ash mixture
	kg 1,4-DB eq
	1.3 × 10−4



	Alkyd paint, white
	kg 1,4-DB eq
	1.2 × 10−3



	Corrugated board
	kg 1,4-DB eq
	1.0 × 10−4



	Transport, lorry 3.5–7.5 t
	kg 1,4-DB eq
	7.4 × 10−5



	Sheet rolling
	kg 1,4-DB eq
	6.2 × 10−5



	Production of carton board boxes
	kg 1,4-DB eq
	5.2 × 10−5



	Transport, lorry 16–32 t
	kg 1,4-DB eq
	3.8 × 10−3
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Table 5. Characterisation results for freshwater eutrophication—first ten processes (30% assumption—from SimaPro (Pré 2018)).
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	Impact Category
	Unit
	Amount





	Electricity, low voltage
	kg P eq
	6.7 × 10−5



	Packaging glass, white
	kg P eq
	3.1 × 10−5



	Steel, low-alloyed
	kg P eq
	8.7 × 10−6



	Alkyd paint, white
	kg P eq
	6.1 × 10−6



	Corrugated board
	kg P eq
	5.2 × 10−6



	Transport, lorry 3.5–7.5 t
	kg P eq
	2.0 × 10−6



	Production of carton board boxes
	kg P eq
	1.8 × 10−6



	Sheet rolling
	kg P eq
	1.7 × 10−6



	Transport, lorry 16–32 t
	kg P eq
	1.1 × 10−6



	Paper, wood-free, coated
	kg P eq
	9.0 × 10−7
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