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Abstract

Background: Food production contributes to greenhouse gas emissions and pollution. Climate and environmental impacts from food production vary across geographical areas. To estimate these impacts of food and diets, country-specific data are needed.

Objective: This project aimed to compile an environmental impact food database, including the impact categories (ICs) global warming potential, soil acidification, freshwater and saltwater eutrophication, water use and land use, representative of the Norwegian diet.

Design: The compilation was based on literature searches for original life cycle assessment (LCA) studies on foods, including domestic and imported foods, which constitute the habitual diet in Norway. Food items of importance in the average Norwegian diet were identified based on the national dietary survey Norkost 3. The study’s generic system boundaries included impacts from farm to fork: production, processing, packaging, transportation, storage and food preparation at home. Conversion factors for edible portions were applied when relevant. When LCA data of a certain food were missing, data from foods with similar cultivation conditions and nutritional composition were used as proxies. Data from other LCA food databases were also used if original LCA studies were not identified, or the LCA studies found were evaluated as being of poor quality.

Results: The compiled database is tailored specifically for and covers main animal- and plant-based foods in the Norwegian diet.

Discussion: Limitations of the compilation project include the fact that most LCA studies identified in the present project covered ICs up to the farm gate and used varying methodology. Also, proxy values were used when data for specific food items were missing. These methodological issues introduce variability and complicate direct comparisons. The strength of the present study is the thorough work in compiling and filling data gaps for the IC values of foods in the Norwegian diet.

Conclusions: The Norwegian LCA food database enables simultaneous estimation of food and nutrient intakes and estimation of climate and environmental impacts of Norwegian diets.
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Popular scientific summary


	Climate and environmental impacts of food system vary across regions warranting country-specific life cycle assessment (LCA) food databases.

	The compilation of the Norwegian LCA food database is described.

	Climate and environmental data for 98 foods are presented.

	The database enables simultaneous estimations of intake of food, nutrients, and climate and environmental impacts of the Norwegian diet.

	The database is an important tool providing data and insight to inform food system transition research and policy.



The production of food claims considerable natural resources and contributes to greenhouse gas emissions and pollution. The global food system accounts for approximately a third of global anthropogenic greenhouse gas emissions (1, 2), 32% of terrestrial acidification and 78% of aquatic eutrophication, and it heavily impacts land use (3), freshwater use (4) and loss of biodiversity (5). On a global scale, maintaining current dietary practices and food systems could contribute to 0.7–0.9°C above present-day warming levels by 2100, depending on population growth trend (2).

Each country or geographical area in the world has a unique mix of foods from local, domestic and global food systems. The environmental and climate impacts of diets are therefore dependent on country or area-specific data that reflect the specific local and domestic production and import impacts (6). Norway relies on a food system that includes both domestically produced and imported food. A complex of traditions, climate, natural resources, societal changes, and political and agricultural policies has, over time, shaped the Norwegian diet. Thus, global average climate and environmental impact values are not fully representative for the impacts of the Norwegian diet, and country specific data are needed. The aim of the present project was to compile a climate and environmental impact food database, including six impact categories (ICs), using available literature and database source data to estimate representative environmental IC values for foods in the Norwegian diet.

Methods

The compiling of the life cycle assessment (LCA) food database was done as part of the NOR-Eden project (https://www.med.uio.no/imb/forskning/prosjekter/nor-eden/). An overview of the compiling process is given in Fig. 1. In brief, and detailed below, food items of importance in the average Norwegian diet were identified based on the national dietary survey Norkost 3 (7). LCA studies retrieved from literature searches were assessed for relevance (Norwegian context) and quality. Data were extracted and compiled from relevant and qualified literature and from other environmental food databases when literature sources were scarce or non-existent. The origins of the food items were identified as domestic or imported. If a food in the Norwegian diet, for instance apples, was a mix of domestic and imported produce, values were calculated as weighted averages based on sales statistics. Data gaps were filled, and values were adjusted for edible portion and processing at home. LCA data for four fish species were compiled from an LCA study conducted as part of the NOR-Eden project. Environmental values for single food items were then imported to the food composition and food and nutrient calculation system, KostBeregningsSystem (KBS), at the University of Oslo (8).

Fig. 1.Overview of the life cycle assessment (LCA) food database compiling process.
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ICs and life cycle impact assessment methods included

Based on the ICs included in the EAT-Lancet report by Willett et al. (9) and the availability of ICs in the published LCA literature at the time of the present project (2019–2022), six ICs were included in the LCA food database: global warming potential (GWP100), soil acidification potential, freshwater and saltwater eutrophication potential, water use and land use.

The IC values were compiled from studies using varying life cycle impact assessment (LCIA) methods, which directly influence the reported IC values (10). Preferably, only ICs from studies using the same LCIA method should have been included in the database. However, implementation of such a limitation would have resulted in too few available source data to compile a usable database. Therefore, studies using relatively comparable LCIA methods were included. Studies using six different LCIA methods were considered (Table 1).

 


Table 1.Life cycle impact assessment methods included in the Norwegian life cycle assessment food database, version 01


	Priority
	Method





	1
	ReCiPe 2016, midpoint method and hierarchy’s version (11, 12)



	2
	Carbon footprints based on IPCC 2013 Guidelines to national greenhouse gas inventories or newer, 100-year timeframe (13–15)



	3
	ReCiPE 2008, midpoint method and hierarchy’s version (16)



	4
	CML-IA baseline (17) (not including eutrophication)



	5
	CML 2001, midpoint method, version 2.05 (18) (not including eutrophication)



	6
	ILCD 2011 midpoint, version 1.03 (not including land use) (19)



	7
	Carbon footprints based on IPCC 2006 Guidelines to national greenhouse gas inventories, 100-year timeframe (13)



	IPCC: Intergovernmental Panel on Climate Change; ILCD: International Life Cycle Data.





Studies using ReCiPe 2016, midpoint method and hierarchy’s version (11) were prioritised based on the available LCIA studies and the method evaluation conducted by the project staff. Compared with the ReCiPe 2016, the International Life Cycle Data (ILCD) 2011 method was found to differ significantly for most ICs, so IC values from the ILCD 2011 method were compiled only when no other data were available. Eutrophication from Institute of Environmental Sciences-Impact Assessment (CML-IA) and CML 2001 was excluded because the other methods assessed marine (kg N eq.) and freshwater (kg P eq.) eutrophication separately.

Food identification and system boundaries

Based on data from the national dietary survey Norkost 3 (7), the food items contributing most to energy intake (kJ per person per day) and overall absolute intake (g per person per day) were identified and prioritised in the compilation project. Market shares for domestic and imported food items were compiled and formed the basis for evaluating whether the LCA studies identified in the literature searches were relevant to the Norwegian context. For food items or food groups that fully or predominantly consist of Norwegian products, e.g. eggs and dairy products, LCA studies on Norwegian produce were prioritised and used when available. However, most of the food groups in the Norwegian diet constitute a mix of domestic and imported products, so weighted averages based on market share information (Supplementary material 2) were used to estimate representative IC values.

Generic overall system boundaries for the compilation project were defined from farm to fork, i.e. including production (farm/fisheries), transport, processing, storage, retail and consumer stages. The functional unit was set as 100 g of food item as eaten. This is the standard unit for presenting food composition and nutrient concentrations in food composition databases (20). For each food item, all relevant stages of the value chain included in the project-specific system boundaries were accounted for. For example, IC values for imported produce included the impacts from international transport. Likewise, additional impact from home cooking (heat treatment) was added for those food items where this was relevant. Data on food waste were, if not included in the original sourced data, not covered further owing to scarce data availability, which meant that data gaps on food waste at the wholesale, retail and the consumer stages were not filled as a result of limited available data at the time of compilation.

Literature search

The literature searches for LCA studies were conducted in the period from early 2019 to the end of 2023. Searches were limited to literature published after 2009. If no studies were found when searching for data from specified geographical regions, a search without a geographical region filter was performed. In addition, relevant articles were also identified by screening reference lists of already included articles. Articles identified as relevant were quality assessed. Original articles were archived for reference (Supplementary material 3).

Quality assessment of literature source data

The quality assessment of articles and reports was based on the methodological procedures of Weidema and Wesnæs (21) and the quality assessments used in the Agri-Footprint (22) and EcoInvent (23). In brief, key information was extracted from the scientific articles and reports: geographical location, product information, functional unit, system boundaries, comments on system boundaries (wide/narrow and included/excluded processes), allocation, year of data collection, description of data sources and data collection, LCIA method used, ICs presented and any sensitivity analysis undertaken. Second, the articles were evaluated with regard to system boundaries and data collection, reliability of foreground data, temporal correlation, geographical correlation, technological correlation and background data. Based on the assessment of the articles, data were compiled from those articles/reports with the highest quality.

Filling data gaps

For many food items, LCA data were missing, or available data had system boundaries other than the project-specific system boundaries in the present project. In the absence of literature with relevant data, we used surrogate data, as suggested by Milà i Canals et al. (24), for filling in data gaps. Data sets (source data) that are sufficiently similar to the process, material or product for which data do not exist (target data) are used to represent the target data (24). In the present project, surrogate data were mostly derived from similar foods, or the databases published by the National Institute for Public Health and the Environment in the Netherlands (RIVM) (25), the EcoInvent (26) and the Agri-Footprint (22) databases. If no relevant source data were found, inventory data from publications identified in the literature search were used to model the missing data in SimaPro software (version 9.0.0.49) with processes from EcoInvent or Agri-Footprint. The missing data were estimated using economic allocation, and the LCA method used matched the method used for the source data, with a few exceptions. Electricity and water mixes and emissions standards for vehicles were adjusted to reflect the domestic or imported product under study and the Norwegian context. Standard values were thus established for missing data at different stages of the food value chains. A detailed description of the procedures for filling data gaps and the standard values estimated are presented in Supplementary material 2.

Adjusting for edible portions

If source data did not include adjustment for edible portions, adjustments were made based on edible portions in Norwegian food items (27).

LCA for fish

IC values for salmon, cod, herring and mackerel were estimated and compiled through an independent LCA study conducted in the NOR-Eden project, based on the report from Winther et al. (28) (for details, see Supplementary material 2).

Results

In this project, we compiled the Norwegian LCA food database version 01. A total of 262 LCA studies with original IC values were identified through the literature searches (see Supplementary material 3). Table 2 gives an overview of the percentages of IC values compiled from LCA studies using different LCIA methods. The shares of missing data and the main data sources, across food groups, are presented in Table 3. The coverage of IC values ranged from 66% for the food group ‘fruit, berries, nuts and seeds’ to 99% for ‘dairy products’.

 


Table 2.Percentages of impact category values compiled from sources using different life cycle impact assessment methods, in the Norwegian life cycle assessment food database, version 01


	LCIA method
	Percentage IC values



	GWP100
	EF
	EM
	ACID
	WU
	LU
	Average





	ReCiPe 2016
	61
	90
	90
	82
	95
	96
	86



	IPCC 2013
	20
	NAa
	NA
	NA
	NA
	NA
	NA



	IPCC 2007
	6
	NA
	NA
	NA
	NA
	NA
	NA



	ILCD 2011
	4
	3
	3
	8
	1
	NA
	4



	CML 2001 baseline
	3
	NA
	NA
	3
	NA
	3
	NA



	ReCiPe 2008
	2
	7
	7
	3
	2
	1
	4



	Mixb
	2
	NA
	NA
	1
	2
	NA
	NA



	CML-IA
	1
	NA
	NA
	1
	NA
	NA
	NA



	CML 2 Baselinec
	NA
	NA
	NA
	2
	NA
	NA
	NA



	GWP: global warming potential; EF: eutrophication freshwater; EM: eutrophication marine water; ACID: terrestrial acidification; WU: water use; LU: land use; NA: not applicable; IC: impact category; LCIA: life cycle impact assessment; IPCC: Intergovernmental Panel on Climate Change; ILCD: International Life Cycle Data.
aLCIA method not applicable to the impact category or no IC values identified with the particular LCIA method; bComposite dishes consisting of ingredients with different LCIA methods; cLCIA method was included if no other values were found.




 


Table 3.Overview of shares of compiled and missing impact category data, and main data sources, of the main food groups in the Norwegian life cycle assessment food database, version 01


	Food group
	Percentages of food items
	Main data sources



	With IC values
	With missing IC values





	Grainsa
	96
	4
	Scientific literature, RIVMb, SimaProc



	Fruit, berries, nuts and seedsd
	66
	34
	Scientific literature, RIVM



	Vegetablese
	87
	13
	Scientific literature, RIVM



	Dairy products
	99
	1
	Scientific literature



	Eggf
	97
	3
	Scientific literature



	Fish and seafoodg
	93
	7
	Scientific literature, LCA studyh



	Meati
	98
	2
	Scientific literature



	Beveragesj
	98
	2
	Scientific literature



	Sugar and confectionaryk
	86
	14
	Scientific literature, RIVMb, SimaProc



	IC: impact category; LCA: life cycle assessment.
aGrains include whole grains, flours, cereals, bread, cakes, sweet pastry and biscuits; bRIVM, National Institute for Public Health and Environment, Nutrition & Health, the Netherlands, accessed March 2021 (https://www.rivm.nl/voedsel-en-voeding/duurzaam-voedsel/database-milieubelasting-voedingsmiddelen); cCI estimated in SimaPro based on compiled LCA inventory data; dIncludes fruit, berries, nuts and seeds, and products thereof; eIncludes vegetables and potatoes, and products thereof; fIncludes egg and products thereof; gIncludes fish and shellfish, and products thereof; hLCA study conducted by SINTEF Ocean, based on Winther et al. (20); iIncludes meat and meat products; however, it does not include game/venison; jIncludes alcoholic and non-alcoholic beverages and water; kSugar, sweets, desserts and confectionary.





The average IC values for the main food groups are presented in Table 4. The average values represent food groups that include food items with variations in origin, ingredients and composition.

 


Table 4.Average environmental impacts for main food groups, per 100 g of food item, in the Norwegian life cycle assessment food database, version 01


	Food group
	Average climate and environmental impact values, per 100 g of food as eaten



	GWP (kg CO2 eq.)
	EF (kg P eq.)
	EM (kg N eq.)
	ACID (kg SO2 eq.)
	WU (m3)
	LU (m2)





	Grainsa
	0.196
	0.00004
	0.0005
	0.002
	0.019
	0.233



	Fruit, berries, nuts and seedsb
	0.162
	0.00003
	0.0003
	0.001
	0.040
	0.164



	Vegetablesc
	0.143
	0.00003
	0.0002
	0.001
	0.010
	0.178



	Dairyd
	0.518
	0.00010
	0.0004
	0.008
	0.137
	0.388



	Egge
	0.289
	0.00016
	0.0003
	0.004
	0.043
	0.657



	Fish and seafoodf
	0.254
	0.00007
	0.0002
	0.001
	0.007
	0.099



	Meatg
	1.251
	0.00028
	0.0006
	0.015
	0.031
	2.220



	Beveragesh
	0.094
	0.00002
	0.0001
	0.001
	0.015
	0.036



	Sugar and confectionaryi
	0.332
	0.00008
	0.0005
	0.003
	0.024
	0.280



	GWP: global warming potential; EF: eutrophication freshwater; EM: eutrophication marine water; ACID: terrestrial acidification; WU: water use; LU: land use.
aIncludes grains, flours, cereals, bread, cakes, sweet pastry and biscuits; bIncludes fruit, berries, nuts and seeds, and products thereof; cIncludes vegetables and potatoes, and products thereof; dIncludes dairy products; eIncludes egg and egg products; fIncludes fish and shellfish, and products thereof; gIncludes meat and meat products; however, it does not include game/venison; hIncludes alcoholic and non-alcoholic beverages and water; iIncludes sugar, sweets, desserts and confectionary.





A selection of the main food items in the Norwegian LCA food database version 01 is presented in the ­supplementary material 1 (Norwegian LCA Food Database, version 01) as an open access LCA food ­database for Norwegian food items. The selection is based on food items that constitute the basis of the Norwegian diet.

Discussion

This project aimed to compile a database for the environmental impact of food and beverages in the Norwegian diet. The resulting food database is the first LCA food database for Norwegian foods, including six ICs, system boundaries from farm to fork including home preparations and adjustments for edible portions, and weighted data based on market shares. The database is integrated into the food and nutrient calculation system, KBS, enabling simultaneous estimations of environmental impacts and nutritional data from foods, composite dishes and diets.

In this compilation project, original data from published LCA studies that had used different LCIA methods and system boundaries were included. As a result, the individual IC values sourced from the original LCA studies were, in many cases, not directly comparable, and it increases the variability of the values; this is a limitation of the resulting LCA food database. However, the methodology applied in this compilation project is in line with other projects that have recently compiled environmental impact databases for Chinese and European foods (29, 30). As shown in Table 2, for GWP100, 61 and 20% of the values were compiled from studies using the LCIA methods ReCiPe2016 and IPCC2013, respectively. For the other ICs, ReCiPe2016 was used in most studies from which data were compiled. Also, the average IC values are, for most of the food items in the LCA food database, weighted averages of IC values from different LCA studies.

Data gaps in the original sourced LCA literature are a common challenge faced in LCA studies (31). This increases the variability of the impact data. Many of the original LCA studies investigated the environmental impacts of food production only to the farm gate, omitting the rest of the value chain. This is valid from a production perspective but incomplete from a consumption perspective. The present compilation project strived to close all data gaps; however, the resulting database is the pragmatic result based on the best available LCA data in the scientific literature at the time and the available data from other environmental databases (RIVM (25), Agri-Footprint (22) and EcoInvent (26)), all set in a Norwegian context.

The climate and environmental impacts of foods with multiple byproducts should be allocated between the respective main and byproducts to prevent over- or underestimation of environmental load of the main versus the byproducts (32). The choice of allocation method in LCAs is a key methodological choice by the LCA practitioners and greatly affects the results (32, 33). In the present compilation project, most of the compiled data from original LCA studies or databases used economic allocation (Supplementary material 2). However, for some foods, mass allocation or a mix of allocation methods was applied in the original data. This introduced variation into the dataset. When using economic allocation, often a higher share of the environmental footprint is allocated to the products for human consumption (e.g. fish fillet) compared with mass allocation (32, 33). As the IC values for four fish species were based on an LCA study using mass allocation, these values may be biased compared with most other food groups in the database.

Food waste is another factor that influences the environmental impact of foods. If the original sourced LCA data had included food waste in their system boundaries, this was included in our data. If not, as a result of lack of available data at the detailed level needed for compilation, we could not fill data gaps for food waste. These data gaps applied mainly to the retail and household lifecycle stages. Studies on food waste in Norway estimated that total food waste decreased by 12% in the period 2015–2019 and amounted to 417,000 tons of edible food in 2019 (34). Future versions of the LCA food database should strive to fill food waste data gaps.

Despite the overall limitations, we believe that the present Norwegian LCA food database makes an important contribution to the research field.

Conclusion

The Norwegian LCA food database compiled in this project is an important tool for assessing the environmental sustainability of current diets and environmental implications of potential future dietary changes in Norway. The climate and environmental data can be linked to dietary data collected at the individual level, which enables estimation of the environmental impact of diets at both individual and group levels while simultaneously assessing energy, nutrient and food intake. This direct interconnection between dietary data and climate and environmental data is vital in providing data to the ongoing debate on sustainable food systems. Moreover, these data are important for the development of policies supporting progress of sustainable food systems. Because the present database is tailored for the local and specific challenges of diets in Norway, this further adds to the usability as relevant in the Norwegian context. The database will be available for research on all aspects of food systems and climate and environmental impacts.
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