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Abstract

This article focuses on the role of packaging in the search of reducing environmental impacts from food products. Packaging is often perceived as a superfluous product that can be avoided or replaced with less packaging or more eco-friendly packaging types. A comparison is made of the global warming potential from two types of ambient packaging, aluminium and plastic, in a generic case study of canned mackerel.

The study applies a consequential approach to identification of affected processes, and applies the EDIP 2003/IPCC 2001 method for impact assessment. Background data are mainly obtained from the Ecoinvent V2 database (2008).


The results show that plastic conditionally may be a more eco-friendly alternative, and it show that packaging which reduces the food waste is essential in the search of environmental improvements of food products in general. 
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1. Introduction

Food products, and especially meat and fish products, constitute a significant environmental burden in terms of global warming potential, land use etc. for an average Danish household (Weidema et al. 2005; Dall, Toft & Andersen 2002). In most cases, the environmental impacts from food packaging are inferior compared to the food contained within the packaging (Weidema, Mortensen 1995; Thrane 2004; Nielsen et al. 2005). Hence, it would seem obvious to conclude that environmental assessment of packaging is irrelevant. However, there are several reasons to why this is not the case. First of all, there are examples of food products where the packaging is likely to have a significant environmental impact or where the packaging (or parts of it) seems to be superfluous. This includes cases of excessive packaging and canned food in packaging made from energy intensive materials such as tinplate, aluminium or glass (Hospido et al. 2006; Foster et al. 2006).  Secondly, food and packaging are two sides of the same coin; consumption patterns are interconnected to packaging design, and so are the rates of wasted food. Foodwaste is a serious environmental problem (WRAP 2008), and packaging may take a central role in the problem solving.

This article analyses the potential environmental impacts from two types of ambient packaging (aluminium and plastic) for canned mackerel in oil, where impacts from both packaging and the seafood product are analyzed in a life cycle perspective. The analysis is an initial screening based on generic data and can therefore not be connected to any specific brands. Canned mackerel represent a product with a relatively high share of packaging material per kg of food. Also mackerel fishery is known to have a very low fuel consumption compared to other fisheries targeting fish for human consumption as well as other meat products in general (Thrane 2004). 



The amount of food waste in Denmark (and EU) is roughly 10-20% in average, with meat and diary products in the high end (Martini 2007). Packaging plays a crucial role in this regard, because it can enhance the products durability, while providing the consumers with food products in ‘suitable’ portions – e.g. targeted at single households and families. Apart from this, packaging may also provide information to the consumers about environmentally friendly behaviour in relation to the product, storing, food preparation and waste handling etc. 



It is our opinion that the there is a need for environmental assessment of food packaging that includes considerations about food waste. 
2. Methodology

2.1 Purpose of study and reference flow

The purpose of the present study is to evaluate the relative environmental performance of two alternative packaging materials for canned mackerel, namely the traditional aluminium can and the alternative AMPET packaging from Færch Plast A/S. Secondly, the purpose is to assess and discuss the trade-off between packaging and food waste at the end user stage with a point of departure in the case of ambient mackerel. The functional unit (or more precisely the ‘reference flow’) is one kg of consumed canned mackerel in oil. 
2.2 Inventory data (data collection)
The inventory data includes the most important inputs and outputs (exchanges) contributing to global warming potential (GWP). The distinction is based on a more detailed LCA of canned mackerel available in Thrane (2004). As an example, the production and emissions of anti-fouling agents biocides (e.g. copper or TBT) are omitted from the inventory - despite the significant contribution to eco-toxicity. 

The inventory data for mackerel are from the period 1990-2000, and represent Danish companies. The data include exchanges for the fishing-, processing-, transport-, and the consumer stage. The data are obtained from Thrane (2004). Data for the fishing stage are based on statistics of fuel consumption and landings (covering 99% of turnover in the entire Danish fishing fleet in year 2000). Data for the processing and transport are obtained from literature, mainly Jespersen et al (1999) and Madsen (2001). Consumer stage data are obtained from Thrane (2006). Data for packaging materials are based on Ecoinvent V2, and for the AMPET material, this is supplemented by data obtained from Færck Plast A/S. 

Background data for are obtained from the Ecoinvent V2 database. This also includes data for production of aluminium and PET. Capital goods have been included to the extend these are included in the data from Ecoinvent.

2.3 Inventory (system boundaries)
The study represents a cradle-to-grave perspective but omits the landing, wholesale and retail stages. The landing stage is omitted due to the use of direct landings where the mackerel are transported from the harbour directly to the processing plant, in Denmark. Wholesale and retail are omitted because non-perishables such as canned mackerel do not require cooling. The omission of the wholesale and retails stages are obviously an underestimation because energy still is required for buildings, light and room heating etc. Previous studies have shown that the contribution to GWP is insignificant (Thrane 2006), and the bias is equal for all scenarios considered.  

Consequential modelling (as opposed to attributional) has been applied to identify the product system to be analyzed – for further details see Weidema (2003) or Ekvall and Weidema (2004). In practise this means that considerations has been made about market aspects such as restrained product chains. Examples of constrained product chains in the current LCA is: 

· The mackerel fishery (the production is restricted by quota), 

· Production of aluminium based on recycled materials (production is restricted by aluminium waste available for recycling), 

· Production of electricity from renewable sources (restricted by technological factors such as available wind, water, sun and land).

These ‘constrained’ product chains are less likely to be affected by marginal changes in demand (at least not directly). It is therefore necessary to establish which product chains that are most likely affected instead. 
For aluminium it is assumed that virgin aluminium is affected when the demand for aluminium (recycled or not) is changed (Frees 2008). For electricity consumption in foreground processes, it is assumed that the affected energy source is coal based (Weidema 2003). For electricity consumption in background processes it must be acknowledged that the Ecoinvent database does not reflect a consequential modelling and hence use an average of the available electric sources within a specific region. This has not been changed, except for two cases, namely the production of aluminium and PET. For the production of aluminium, it is reasonable to assume that the affected electricity sources correspond to the electricity mix that is typically used in existing attributional databases (Weidema 2003). For AMPET it is assumed that the marginal electricity source is coal based. 

2.4 Life Cycle Impact Assessment (LCIA)

The impact assessment is based on the EDIP 2003 LCIA method (generic version), but the results only cover the impact category global warming potential (GWP) in the current article.  

3. LCA of canned mackerel in plastic and aluminium packaging

3.1 Foreground data (inventory data)

The foreground data we have used for the calculations are described in the following. The inventory data for the mackerel filet appears in table 1.

	Data for mackerel filet  

	Data category
	Per kg sold mackerel
	Database/emission

	Inputs:
	
	

	Mackerel
	0,95 kg
	LCA food: Mackerel fillet, fresh, wholesale


Table 1: Inventory data for the fishing stage, based on Thrane (2004).
It is assumed that the fish filet content is 950 gram of mackerel per kg canned mackerel. The last 50 gram consists of vegetable oils.

The inventory data for the additional inputs to make pickled herring (besides the filleting process which is included in table 1) are illustrated in table 2 below.

	Processing stage

	Data category
	Per kg filet
	Database

	Inputs:
	
	

	Energy use
	0.65 MJ 
	Electricity (Marginal: gas in DK - LCAfood 2003)

	Energy use
	2.35 MJ
	Heat (fish ind.) (LCAfood 2003)

	Rape seed oil
	30 g
	(LCAfood 2003)

	NaOH
	24 g
	Sodium hydroxide, 50% in H2O, production mix, at plant/RER U (Ecoinvent 2007)

	HCL
	13 g
	Hydrochloric acid, 36% in H2O, at plant/RER U 

	Outputs:
	
	

	COD
	190 g
	Wastewater treatment, COD (LCAfood 2003)


Table 2: Inventory data for the processing stage based on Thrane (2004). 

The packaging scenarios are based on the assumption that all supplied raw materials are based on virgin resources. As discussed above this has been documented to be a relevant approach for aluminium (Frees 2008), irrespectively of the actual content of recycled material in the modelled packaging products. What counts, with respect to recycling, is the fate of the products post consumer. Recycling is discussed further below. In the case of the Ampet material, the present product is based on virgin materials, and recycling of post consumer plastic waste is limited in Denmark. Therefore no recycling is included in the Ampet scenario.


In the present assessment, it is assumed that the marginal electricity source in Europe is coal, and coal and natural gas in Denmark (Weidema 2003; Lund et al 2008). However, the Ecoinvent database presently have the limitation that the database has not been build to comply with the principles for consequential life cycle assessment, but models the energy input as actual averaged country/region mixes of energy supplies. This has the consequence that the resulting impacts from energy consumption as an overall tendency will be underestimated, as energy resources that are not affected by change in demand, e.g. wind, hydro and nuclear power has been inculcated in the electricity-mix. However, in the case of the aluminium scenarios, this has only limited impact. The reason for this is that aluminium industries often are located in remote areas where power-supplies has been built with the specific purpose of supplying this industry, and without connection to the main distribution grid. Therefore, the actual energy mix gives a reasonably good proxy for the marginal energy supply for aluminium-production. 

Inventory data for packaging (aluminium and plastic) are illustrated in table 3 and 4 below. 
	Inventory data for aluminium packaging 

	Data category
	Per kg processed mackerel
	Database

	Inputs:
	
	

	Secondary packaging
	58 g
	Packaging, corrugated board, mixed fibre, single wall, at plant/RER U (Ecoinvent 2007)

	Aluminium cans
	144 g
	Aluminium, primary, at plant/RER U (Ecoinvent 2007)


Table 3: Inventory data for aluminium packaging – based on Thrane (2004)
	Inventory data for plastic packaging (Ampet)

	Data category
	Amount per kg processed mackerel
	Database

	Inputs:
	
	

	Secondary packaging
	58 g
	Packaging, corrugated board, mixed fibre, single wall, at plant/RER U (Ecoinvent 2007)

	Aluminium peelfoil
	1,75 g
	Ecoinvent V2; Aluminium, primary, at plant/RER U

	PET
	3,76 g
	Ecoinvent V2 PET amorphous

	Ampet
	55,5 g
	Ecoinvent V2 PET bottle grade


Table 4: Inventory data for plastic packaging – based on Ecoinvent and company specific data.
The end-of-life phase has a rather large impact on the total lifecycle impact of the aluminium packaging product. The recycled amount of aluminium corresponds with the avoided aluminium production. In practice, there is limited knowledge of how the used aluminium tray ends its life. The typical use will be within a private household, where the tray is opened and used as container during a meal.  Below the likely flows of the trays from consumers opening to the end of life / new cradle is described in the figures below. 


[image: image1]
Figure 1: Logical use flow scheme related to aluminum tray. 
Of the two basic scenarios, the calculations are made under the assumption that the tray is emptied. This introduce the bias that lifecycle emissions will be slightly underestimated due to the omission of the cooling of leftovers, the washing up of alternative container, and the disposal of leftovers. However, we assess that this omission represents a minor fault, and furthermore, that this only makes the assessment precautious in sense of giving a modest picture of the lifecycle impacts from the use phase of the products. Furthermore, this omission will slightly favour the aluminium packaging, as stored leftovers in practice have to be transferred from the aluminium tray, due to the acidic nature of the tomato juice. It is assumed the tray is washed in cold water to avoid disagreeable smell in the kitchen. The only implication of this is that the amount of leftovers in the container after ended meal has to be treated at the wastewater treatment plant; the water consumption does not imply significant emission of any greenhouse gasses. 

[image: image2]
Figure 2: Logical use flow scheme related to AMPET tray. 

The inventory data for the use stage are illustrated in table 5.

	Use / consumption stage (Aluminium tray)    OBS: 3 VERSIONS

	Data category
	Amount per kg consumed canned mackerel 
	Database

	Inputs:
	
	

	Transport
	3.44 km 
	Passenger car (LCAfood, 2003) for sild!!!

	Disposed aluminium to incineration
	200 g
	

	Fish waste to incineration
	0 g; 90 g; 500 g
	(zero waste; normal waste; max waste)

	COD content in wastewater to treatment
	61 g
	Wastewater treatment, COD (LCAfood, 2003)

	Outputs:
	
	

	Avoided Electricity
	0 MJ/kg
	

	Avoided District heating
	0 MJ/kg
	


Table 5: Inventory data for the use stage. Data are mainly based on Thrane (2004)

	Use / consumption stage (Ampet tray)     OBS: 3 VERSIONS

	Data category
	Amount per kg consumed canned mackerel 
	Database

	Inputs:
	
	

	Transport
	250 m 
	Passenger car (LCAfood, 2003) 

	Disposed aluminium to incineration
	1,75 g
	

	Disposed Ampet & PET to incineration
	59,26 g
	

	COD content in wastewater to treatment
	61 g
	Wastewater treatment, COD (LCAfood, 2003)

(67% of fish waste)

	Outputs:
	
	

	Avoided Electricity
	6*0,059 MJ/kg
	

	Avoided District heating
	25,4*0,059 MJ/kg
	


Specific inventory data related to incineration of the packaging appears in table 6.

	Incineration of used packaging

	Material type
	Lower calorific value 
	Part combusted
	Electricity

(MJ/kg)
	District heating (MJ/kg)
	

	Disposed aluminium 
	30,9 MJ/kg
	0%
	19%; 0 
	81%; 0
	

	Disposed Ampet & PET
	31,4 MJ/kg
	100%
	19%; 6,0
	81%; 25,4
	

	Disposed Aluminium peelfoil
	30,9 MJ/kg
	100%
	19%; 5,9
	81%; 25,0
	

	Data source:
	Frees & Weidema 1998
	Data for the Copenhagen Amagerværket, presented in Schmidt 2005
	


Table 6: Inventory data for incineration.

3.2 LCA results (ampet versus aluminium)

The results fall in three parts based on three different recycling scenarios with recycling of post consumer packaging waste ranging from 0% to 95%. As the two unlikely extremes.
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Figure 3. Performance of the two product systems depending on aluminum recycling rates.
As can be seen from figure 3 is the AMPET product system most likely to perform better than the aluminium system when recycling of aluminium is low or absent. However, it can also be seen that when recycling of aluminium post consumer is as high as possible, the two product systems perform equally good.
The relatively low environmental impact from the packaging material compared to impacts from the content, and from volume-independent consumer transport, warrants a potential for optimising packaging design for minimising food waste. We propose a simple model that describes the break even between an increase in packaging weight 
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Figure 4: CO2 emission as function of the weight of the packaging used for one kg of mackarel. The extra emission obtained from increasing packaging/food ration should be balanced with a corresponding decrease in food waste.
Figure 4 may best be understood from the table below. In the first culoumn we have the weight of the standard packaging for 1 kg of mackarel. In the second culoumn we find the increase in packaging weight used for 1 kg of mackarel; i.e. there is used 30.5+61 g AMPET for 1 kg fish, corresponding to a packaging weight increase of 50%. In the last culoumn we can see that the ‘break even’ avoided food waste then will be 24 g, which corresponds to 2.4% of the sold fish. In other words; we can defend a 50% increase in packaging weight if this makes it possible to create a design that leads to a avoided food spill corresponding to 24 g pr kg fish sold.
	Normal packaging weight
	Increased packaging weight
	 Break even: avoided food spillage needed 

	g/kg mackerel sold
	g fish / kg mackerel sold
	%
	 g fish / kg mackerel sold 
	%

	61
	 g Ampet (0% PCW)
	30.5
	50%
	           24 
	2.4%

	144
	 g aluminium (0% PCW)
	72
	50%
	         224 
	22.4%

	144
	g aluminium (67% PCW
	72
	50%
	           73 
	7.3%


3.3 Discussion of results

Should we use recycled materials? Well from our perspective this is a question of how the specific market for the material can be characterised. The demand for the recycled material is high, and in competition with the demand for virgin materials, and in this case it is not important to use recycled materials. 
Less packaging materials may be better from an environmental perspective. This is most often achieved by increasing packaging volume, which may increase food waste. Therefore it is important to make a concrete assessment of how food waste can be minimised, and increasing the amount of used packaging materials may be  valid way forward.
The assessment connected to a number of uncertainties. First of all the actual recycling rates of aluminium post consumer waste are very uncertain. 
4. Conclusions and perspectives

The study shows that packaging can indeed represent a significant environmental burden for some product types, especially when it is made of energy intensive materials such as aluminium. The study also shows that plastic is arguably preferable to aluminium (depend e.g. on recycling rates) in the case of canned mackerel. We argue that it doesn’t matter if the aluminium is made from virgin or recycled aluminium, but it makes a huge difference whether the aluminium is recycled or not after use. If it is assumed that more than 90% of the aluminium cans are recycled after use, there is no improvement potential in changing from aluminium to plastic cans. In terms of improvement potentials is therefore essential to also consider informing the consumer about the importance of recycling and information on the packaging is one way to convey this type of messages. 


The environmental impacts for the canned mackerel in the present study are significantly underestimated, as no inventory data have been included for antifouling agents in the fishing stage. Also, data not been included for the landing, wholesale, and retail stages – and only partially included for the use stage. Furthermore, data from the ecoinvent database have not been adjusted to consequential modelling. This means that average electricity sources have been used for backgrounds data – which again reduce the impact potential. In spite of this and in spite of the fact that mackerel is one of the most environmental friedly fish products, the case study shows that it can be defended to use significant extra amounts of packaging – even if this only recuces the products spillage marginally. 
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Meal: Mackerel in tomato in aluminium tray. Tray is used for serving.





Leftovers





No leftovers





Leftovers are discarded 





Leftovers is transferred to a ‘kitchen’ tray and stored in the refrigerator





Tray is discarded





Tray is delivered to metal recycling 





Leftovers is later (24h) eaten and the kitchen tray is washed up





Tray is washed in cold water





Discarded tray is transferred to incineration-plant








The aluminium is partly oxidized (30%). The plant is equipped with eddy current technology or equivalent. Efficiency is assumed 40-70%








Incineration plant is not equipped with eddy current technology or equivalent. Aluminium is partly oxidized (30%)





Aluminium is partly smelted (70%), and transferred to slag-deposit





The light metal fraction is sent to regeneration in southern Germany. Aluminium is sorted with eddy current technology or equivalent. Efficiency is assumed 95% (aluout/aluin)





The sorted aluminium fraction is send to aluminium smelters in Europe





The oxidized aluminium fraction delivers energy to heat and electricity production





Avoided use of gas/coal for heat and electricity





Avoided use of virgin aluminium








Meal: Mackerel in tomato in AmPET tray. Tray is used for serving.





Leftovers





No leftovers





Leftovers are discarded 





Leftovers is kept in the AMPET tray and stored in the refrigerator





Tray is discarded





Leftovers is later (24h) eaten and the kitchen tray is washed up





Discarded tray is transferred to incineration-plant








Ash (~1%) is transferred to slag deposit 





The incineration of the tray delivers energy to heat and electricity production





Avoided use of gas/coal for heat and electricity








