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Abstract 
Scant information is available on the environmental impacts of baby food. Therefore, the aim 
of this work is to evaluate the life cycle environmental sustainability of one of the most 
common baby foods consumed for breakfast – ready-made porridge – and to identify options 
for improvements. Two variants of the product are considered: dry and wet porridge. The 
latter has from 43% to 23 times higher impacts than the dry alternative, with the global 
warming potential (GWP) of wet porridge being 2.6 times higher. However, the results are 
sensitive to the assumption on energy consumption for the manufacture of wet porridge, 
showing that reducing the amount of energy by 30% would reduce this difference by 5%-
70% across the impacts. The main hotspots for both products are the raw materials and 
manufacturing; packaging is also significant for the wet option. For the dry porridge, product 
reformulation would reduce the environmental impacts by 1%-67%, including a 34% 
reduction in GWP. Reducing water content of the cereal mixture in dry porridge from 80% to 
50% would reduce GWP of the manufacturing process by 65% and by 9% in the whole life 
cycle. Using a plastic pouch instead of a glass jar would decrease most environmental 
impacts of wet porridge by 7%-89%. The findings of this study will be of interest to both baby 
food producers and consumers. 
 
Keywords: baby food; environmental impacts; life cycle assessment; porridge; ready-made 
meals 
 
1. Introduction 
With the awareness of sustainability gaining momentum, consumers are increasingly 
demanding more sustainable food products. While information on the life cycle 
environmental impacts of food products is becoming more widely available, the data for 
processed food, particularly ready-made meals, are still lacking. This is especially the case 
for baby food products, despite the fact that in 2014 the sector was worth £28.5 billion 
globally (Euromonitor International 2010). To our knowledge, only one prior life cycle 
assessment (LCA) of baby food exists, carried out 20 years ago in Sweden (Mattsson 1999). 
That study considered a cereal-based product as the baby food used most commonly in 
Sweden. The same also applies in the UK, where cereal-based baby foods are normally 
used to transition infants from liquid to solid meals when they are approximately seven 
months old. While cereal baby foods are often available in both dry and wet form, Mattsson 
(1999) assessed only a dry product, composed of oatmeal, wheat flour, milk and whey 
powder, and oils. However, this composition differs from that typically found on the market in 
the present day. The hotspots were found to be agriculture and food processing, primarily 
due to the impacts of milk production, pesticides used for the feed production and fossil fuels 
used in processing.  
 
A more recent study, based in the UK, also looked at baby food products but it did not carry 
out a detailed LCA. Instead, it took a top-level approach based on the annual sales of 
different products (Fisher et al. 2013) to estimate their global warming potentials. However, 
given the nature of the study, little information is available on the composition, processing 
conditions and other parameters. 
 
In light of the above, the aim of this work is to evaluate the life cycle environmental 
sustainability of baby porridge and identify opportunities for improvements. Both dry and wet 
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alternatives are considered. The methodology is detailed in the next section, including the 
assumptions and data used in LCA modelling. 
  
2. Methods 
The study has been carried out following the ISO 14040/14044 methodology (ISO 2006a; 
ISO 2006b). The impacts have been estimated according to the CML 2001 method, updated 
in 2015 (Guinée et al. 2002), using Gabi LCA software V6.1 (Thinkstep 2015). The 
methodology, data and the assumptions are described in more detail in the following 
sections. 
 
2.1 Goal and scope of the study 
The goal of the study is to estimate the environmental impacts of dry and wet ready-made 
porridge for babies and to identify the hotspots across the supply chain, with the aim of 
identifying improvement opportunities. The study is based in the UK and the results are 
aimed at both food manufacturers and consumers.  
 
The recipes for the dry and wet products are given in Table 1. These represent average 
compositions obtained by the authors’ market research into the brands of porridge available 
on the market, produced by five main manufactures. This is similar to the “meta-product” 
approach followed by Milà I Canals et al. (2011), whereby the goal is to model a 
representative, typical product that does not necessarily exist exactly as specified in the 
market but which accurately reflects the product type. It should also be noted that companies 
are only required to disclose a list of ingredients and not the exact contribution of those 
ingredients, meaning that the market research leading to the compositions modelled in this 
study required some estimation based on the listed ingredients and the nutritional content of 
the products. As can be seen, the main ingredients for both alternatives are cereals (oat 
flakes and rice flour), milk and sugar. The main difference between them is that dry porridge 
is made using milk powder while the wet product contains fresh milk and water.  
 
As outlined in Figure 1, the scope of the study is from “cradle to grave” and the functional 
unit is defined as “production and consumption of one porridge meal”, equivalent to 125 g. 
The life cycle stages considered for both types of porridge are detailed in Table 2. For the 
dry and wet porridge, they encompass the production and processing of raw materials 
(ingredients), the manufacturing of the ready-made product and packaging, product 
distribution, retail, consumption, end-of-life (EoL) waste management and transportation 
between these stages.  
 

Table 1 Composition of the dry and wet porridge  
 

Ingredients  Drya 

(g)  
Wet 
(g) 

Oat flakes 10.94 (35%) 6.25 (5%) 
Rice flour 3.44 (11%) 13.75 (11%) 
Milk powder 9.38 (30%) - 
Whole milk - 67.5 (54%) 
Sugar 6.25 (20%) 12.5 (10%) 
Palm oil 0.94 (3%)  
Barley malt extract 0.31 (1%)  
Water - 25 (20%) 
Total 31.25 (100%) 125 (100%) 
a As bought. During preparation, three parts of water are added to one part of the product. 
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Figure 1 System boundaries for the dry and wet ready-made porridge  
 

Table 2 Stages considered in the life cycles of porridge 
 

Stage Dry porridge Wet porridge 
Raw materials 
(ingredients) 

Cultivation of cereals (oats, rice, barley) 
and sugar cane 

Cultivation of cereals (oats, rice, 
barley) and sugar cane 

Milling of cereals (oats, rice) Milling of cereals (oats, rice) 
Dairy farming Dairy farming 
Milk powder production Milk production 
Sugar production and refining Sugar production and refining 
Cultivation of palm oil - 
Palm oil production and refining  - 
Barley malt extract production - 

Manufacturing Dry porridge manufacturing Wet porridge manufacturing 
Cleaning in place  Cleaning in place 

Packaging Manufacturing of packaging  Manufacturing of packaging  
Transport from packaging manufacturer 
to porridge manufacturer 

Transport from packaging 
manufacturer to porridge manufacturer 

Transport from baby food 
manufacturing site to retailer 

Transport from baby food 
manufacturing site to retailer  

Retail Lighting Lighting 
Heating, ventilating and air conditioning 
(HVAC) 

Heating, ventilating and air conditioning 
(HVAC) 

Waste management Waste management 
Use Transport from retail to home Transport from retail to home 

Home preparation (kettle water boiling) Home preparation (gas hob heating) 
Food waste management Food waste management 
Waste water management Waste water management 

End of life Packaging waste management Packaging waste management 

 
 
2.2 Inventory data 
As mentioned earlier, the data for the composition of the dry and wet porridge have been 
obtained through market research undertaken as part of this study. The manufacturing data 
have been sourced from the literature and the authors’ estimates. Background life cycle 
inventory data have been taken from the Ecoinvent database V3.1 (Ecoinvent 2015). An 
overview of the inventory data is given in Table 3 and discussed in the next section. 
 
2.2.1 Raw materials (ingredients) 
Country specific data have been used for the ingredients where known and available. 
Further details are provided below. 
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Table 3 Summary of life cycle inventory data 
 

Life cycle stage Process/material  Country of 
origin 

Source of LCI data 

Raw materials Oats seeds at regional storehouse NL Barley seeds used as a proxy 
(Ecoinvent Centre 2015) 

 Cultivation of oats NL Marinussen et al. (2012)  
Field operations for oats UK McDevitt and Milà i Canals (2011), 

Ecoinvent (2015) 
Oat grains drying UK Nemecek and Kagi (2007) 
Oat flakes milling UK Nielsen et al. (2003) 
Cultivation of rice US Ecoinvent Centre (2015) 
Barley grain production DE 〃 
Barley malt extract dry production UK Own calculations 
Sugar from sugar cane, at refinery BR Ecoinvent Centre (2015) 
Milling of rice UK Van Zeist et al. (2012) 
Milk production UK Own modelling  
Feed for dairy cows  Williams et al. (2006) 
Milk powder production UK Nielsen et al. (2003) 
Palm oil production and refining  MY Ecoinvent Centre (2015) 

Manufacturing Dry porridge manufacturing  UK Almena et al. (2017) 
 Wet porridge manufacturing UK Mattsson (1999) 
Packaging Manufacturing of packaging RERa Ecoinvent Centre (2015) 
Retail Supermarket storage UK Brunel University (2008) 
Use Energy consumption for meal preparation UK Own calculations 
 Meal preparation techniques UK Manufacturers’ instructions 
Transport Road transport, lorry RER Ecoinvent Centre (2015) 

Road transport, car RER 〃 
Sea transport OCEb 〃 

Waste 
management 

Treatment of biowaste, municipal 
incineration 

CH 〃 

 Treatment of bio-waste, composting CH 〃 
 Treatment of municipal solid waste, 

sanitary landfill 
CH 〃 

 Disposal, polyethylene, 0.4% water, to 
sanitary landfill 

CH 〃 

 Disposal, packaging cardboard, 19.6% 
water to sanitary landfill 

CH 〃 

 System credited for glass: packaging 
glass, white at regional storage 

CH 〃 

 Energy for glass recycling: glass cullets, 
sorted, at sorting plant 

RER 〃 

 System credited for cardboard recycling: 
packaging, corrugated board, mixed fibre, 
single wall, at plant 

RER 〃 

 Energy for cardboard recycling: paper, 
recycling no deinking, at plant 

RER 〃 

 Disposal, glass, 0% water, to inert material 
landfill 

CH 〃 

 Disposal, aluminium 0% water, to sanitary 
landfill 

CH 〃 

 Treatment of aluminium scrap, post-
consumer, prepared for recycling, at 
remelter 

RER 〃 

Waste water 
management 

Treatment, sewage, wastewater treatment, 
class 3 

CH  

Energy  Electricity UK Own modelling based on 2015 
electricity mix DECC (2016)  

 Natural gas, burned in boiler condensing 
modulating 

RER Ecoinvent Centre (2015) 

Water Tap water, at user RER 〃 
a Europe  
b Oceanic 
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Oat flakes: Life cycle inventory data for oat seeds do not exist in the Ecoinvent database; 
therefore, data for barley seeds from Switzerland have been used instead (Ecoinvent 2015). 
Due to the fact that grain yield and grain quality differ regionally and between oat varieties, 
influenced by fertilisers among other factors, background data on oat grain cultivation in the 
Netherlands are used because the relationship was provided for seed, fertiliser, pesticides 
application rates and yield (Marinussen et al. 2012). For field operations (sowing, baling, 
combine harvesting, ploughing, tillage, harrowing and crop spraying) and grain drying (from 
16% to 12% moisture content), data for porridge oats from the UK have been used (McDevitt 
& Milà i Canals 2011; Nemecek & Kagi 2007) in combination with data for field operations 
from Ecoinvent (2015). Emissions from fertilisers and pesticides (ammonia, nitrate, nitrous 
oxide and phosphate) during field operations are included based on the IPCC model (IPCC 
2006). For oat flakes production, data from Nielsen et al. (2003) have been used and waste 
is assumed to be composted since land spreading is the main waste management route in 
the food and drink industry (Bartlett 2010; Carr & Downing 2014). 
 
Rice flour: US rice is considered here because UK imports from the US are higher than from 
any other country (Defra 2014). There are no data for rice flour production and instead data 
for milling and processing are based on the corresponding stages for wheat flour production, 
using data from Nielsen et al. (2003). 
 
Milk production: The life cycle environmental impacts of milk from “cradle to farm gate” have 
been estimated as part of this study. These data have then been used to estimate the 
impacts of milk powder. The animal feed is based on UK data (Williams et al. 2006), using 
an average of the autumn and spring feed, composed of 55% wheat grain, 25% barley grain 
and 20% protein (rape meal) for concentrates. Enteric methane emissions per cow are 
proportional to fodder intake (Williams et al. 2006), as is the excreted nitrogen in manure to 
the feed composition (Burgos et al. 2010). An average of 2-2.5 kg manure per kg of milk is 
produced based on a typical diet (Weiss & St-pierre 2010). Water requirements for milk 
production have been sourced from DairyCo (2013). Electricity inputs and diesel fuel inputs 
are based on dairy farms in Ireland (Upton et al. 2013). For further details on both the liquid 
and milk powder, see Tables S1 and S2 in the Supplementary Information (SI). 
 
For milk production beyond the farm gate, data are based on Eide (2002). For the milk 
powder, data have been sourced from literature (Nielsen et al. 2003), whereby the 
production plant specialises in milk powder production with no other co-products produced. 
 
Sugar: The EU imports sugar mainly from Brazil (International Sugar Organization 2014) 
where sugar is produced from sugar cane. The life cycle inventory data for sugar from 
Brazilian sugar cane have been sourced from the Ecoinvent database.  
 
Palm oil : Ecoinvent data for Malaysian palm oil are considered, since this is the main source 
of this ingredient in the UK (Defra 2012).  
 
Barley malt extract: Data for barley grain production are not available for the UK; therefore, 
barley grains from Germany are used instead due to similarity to the UK weather conditions. 
The barley malting process is the same as for beer making (European Commission 2006) 
and consists of soaking grains in water, boiling and evaporation, to produce the malt extract 
powder. Therefore, up until the boiling step, assumptions are based on the fact that 7 t of 
extract after boiling make 680 hl of beer (Kløverpris et al. 2009). For the last step to get the 
dry malt extract (4.5% moisture), 3 MJ/kg has to be evaporated (European Commission 
2006a). In this case, for the production of 1 kg of dry barley malt extract, 9.7 l of water is 
evaporated. The evaporation process is based on the Ecoinvent data for grain drying at high 
temperatures.  
 
Spices, flavourings and preservatives: These are not considered due to their negligible 
contribution to the recipes and lack of LCA data. 
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2.2.2 Manufacturing 
For the dry porridge, the process starts with receipt of ingredients. After cereals have been 
milled and resized, they are stored in silos. When needed, they are fed by gravity into a 
vessel through a “recipe formulation system” at a predefined rate and dose. The cereals are 
first dry-mixed in the vessel after which water is added to enable the steam cooking and 
gelatinisation in the next step. The cooked slurry, comprising water, oats and rice, is then 
dried in a drum drier by spreading it on the surface of the dryer. The dried powder, 
containing 6% of moisture, is removed as the drum is rotated. In parallel, the rest of the 
ingredients are milled to reduce size and are then mixed with the powder. Finally, the 
finished product is filled in plastic bags and then packed in cardboard boxes (‘bag in box’ 
packaging). The unit operations used in the manufacturing process are detailed in Table 4.  
 
The data for the manufacturing process have been obtained from Almena et al. (2017) who 
modelled the process based on the patent by Gantwerker and Leong (1984). The two critical 
points are gelatinisation in cooking and product stability in drying. The process parameters 
(temperature and time) are influenced by the ratio of water to cereals during cooking (here 
assumed at 4:1) and moisture content in the drying process. A temperature of 80 oC is 
assumed for cooking (Gantwerker & Leong 1984). The water content in the cereals slurry 
can range from 30% to 80% (Tester & Morrison 1990; Altay & Gunasekaran 2006; Tester & 
Karkalas 1996; Wootton 1979). In this study, 80% is assumed in the baseline estimation and 
the lower water contents are considered in the sensitivity analysis.  
 
In the case of wet porridge, the ingredients are milled, followed by wet mixing, further 
homogenisation and cooking. The cooked mixture is then filled into sterilised glass jars. Due 
to a lack of data for wet porridge production, the energy consumption is based on the 
production of a carrot purée (Mattsson, 1999) as the only data available for wet baby food 
manufacture (Table 5). Consequently, there is some uncertainty in these data which is 
explored as part of a sensitivity analysis.  
 

Table 4 Data for the manufacture of dry porridge  
 
 Unit operation Value  Unit (per f.u.) References  
Raw materials preparation     

Size reduction (raw ingredients) Milling  7.16 kJ NSI Equipments 
Pvt.Ltd (2016) 

Mixing Dry mixing 0.45 kJ PM Industries and 
Process Equipment 
Pvt.Ltd (2016) 

Cereal slurry preparation Wet mixing  kJ IKA® (2010) 
Gelatinisation Steam cooking 47.1 kJ Fulton (2014) 

Own calculations 
Drying Drum drying 396 kJ Andritz AG Separation 

(2016)) 
Size reduction (post drying) Milling 1.2 J NSI Equipments 

(Pvt.Ltd 2016) 
Mixing  0.18 kJ PM Industries and 

Process Equipment 
Pvt.Ltd (2016) 

Filling (into packaging)  1.39 kJ Alibaba marketplace 
(2016) 

Boxing  2.97 kJ 〃 
Equipment cleaning      

Water  0.047 L Eide et al. (2003) 
Nitric acid (50% in H2O)  0.028 mg 〃 
Sodium hydroxide (50% in H2O)  0.118 mg 〃 
Electricity  18.6 J 〃 

 
 
 
 

Table 5 Data for the manufacture of wet porridge (Mattsson 1999) 
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Resource Amount Unit (per f.u.) 
Natural gas  1395 kJ 
Electricity  188 kJ 
Diesel  1.75 kJ 
Water  5.5 L 
Chemicals  0.175 g 

 
The amount of food waste generated in manufacturing is assumed to be equal to 10% of the 
final product for the dry and 7% for the wet porridge. These assumptions are within the 
values for food products reported in literature (Bond et al. 2013; Tesco 2014; Holding et al. 
2010). 
 
Cleaning of the equipment and the treatment of the resulting wastewater are also considered 
for both types of product (Table 4 and Table 5).  
 
2.2.3 Packaging  
The packaging used for the two types of porridge is summarised in Table 6. As mentioned 
earlier, dry porridge is packaged in a plastic bag in a cardboard box (‘bag in box’) while the 
wet variety is sold in glass jars. For the packaging materials, averages of packaging 
specifications available at retailers have been used, obtained through own market research. 
The life cycle inventory data have been sourced from Ecoinvent assuming the average mix 
of virgin and recycled materials in Europe and the rest of the world (the UK specific data are 
not available in Ecoinvent). Secondary packaging, such as cardboard cases, shrink wrap, 
etc., has negligible impacts (Lilllywhite et al. 2013) and, hence, it is not considered. The ratio 
of aluminium and plastics (for the lid lining) in the jar cap is based on Amienyo (2012). 
 

Table 6 Data for the primary packaging for dry and wet porridge (per functional unit) 
 

Packaging specification Dry  Wet  

Dimensions (cm)   
Length  12  
Width  3.5  
Height  19 8 
Diameter   5 

Materials (g)   
Cardboard (box)   25  
White glass (jar)   88 
Aluminium (lid)   5 
Low density polyethylene  5a 3b 

a Bag 
b Lid 

2.2.4 Retail 
The major selling points for ready-made baby foods are hypermarkets and supermarkets 
that also represent 73% of the UK grocery market by value (Defra 2006). Energy data have 
been derived from Nielsen et al. (2003) and they refer to retailing of pasta as a 
representative fast-moving consumer goods stored at room temperature. These conditions 
are equivalent to both the dry and wet porridge. Electricity and heat consumption have been 
allocated to the products based on exposure area (1350 m2) and average flow of the 
products in large retail stores (Nielsen et al. 2003). The data on energy use at the retailer 
can be found in Table 7. 
 
Food losses at the retailer are considered to be equal to 2% of the product sold; this is 
equivalent to 3 g per functional unit, including packaging waste (Canals et al. 2007).  
 

Table 7 Energy used at retailer for dry and wet porridge per functional unit (Nielsen et al. 2003) 
 

Energy type Amount (kWh) 
Electricity for lighting  
Heating 

0.13 
0.076 
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2.2.5 Use  
The use stage for the dry ready-made porridge involves boiling water to prepare the meal 
using one part of cereals and three parts of water, as recommended by manufacturers. 
Therefore, to prepare 125 g of the meal (functional unit), 31.25 g of porridge and 93.75 ml of 
water are needed. A kettle is considered as a water heating appliance. It has been assumed 
that the consumer boils ½ litre of water and the electricity consumption has been determined 
using a smart meter (Table 8). This amount of water has been assumed for two reasons: 
there is a minimum requirement for the water content in a kettle for safety reason and the 
consumer will typically boil more water than actually required (Azapagic et al. 2016). 
 
Wet ready-made porridge does not require preparation other than heating. Direct heating of 
the product on a gas hob, while constantly stirring, is assumed for this purpose. Gas hobs 
are considered as they are much more prevalent in the UK than the electric ones (Defra 
2013)). The energy consumption has been measured using a smart meter (Table 8). While 
the heating could be achieved using other appliances (e.g. microwave), hobs are used more 
frequently in households with children (Hulme et al. 2011) to avoid the creation of pockets of 
heat in the food, as per manufacturers’ suggestions.  
 
It is assumed that 1 L of cold tap water is used for manual washing up of plates and cutlery 
(Defra 2008); the use of hot water is considered in the sensitivity analysis. Life cycle 
inventory data for tap water and wastewater produced during dish washing have been 
sourced from Ecoinvent. Post-consumer food waste is also considered, assuming 14% 
waste for both the dry and wet products (Holding et al. 2010). 
 

Table 8 Energy consumption for meal preparation per functional unit 
 

Product  Appliance Amount (kWh) Data source 
Dry porridge Kettle  0.050 Own measurements with 

smart meter 

Wet porridge Gas hob 0.063 〃 

 
2.2.6 Waste management  
Management of waste is based on current UK waste management practices (DEFRA 2015); 
for details, see Table 9. Food waste from the manufacturing process is assumed to be 
composted. For packaging, closed loop recycling is considered. Therefore, the system is 
credited for the avoidance of virgin packaging material by subtracting the impacts from the 
production of the virgin material but adding the energy for recycling. Waste not recycled is 
landfilled (Defra 2015a).  
 
Household wastes are split according to the waste management methods of the UK in year 
2014/2015: 12% of food waste collected by local authorities is recycled, the remaining 80% 
is part landfilled (45%) and the rest incinerated (55%) with energy recovery (Defra 2015a).  
 
2.2.7 Transportation 
The transport modes and distances are summarised in Table 10. Road transport within the 
UK is assumed to be by diesel lorry (Euro 3); distances are assumed at 100 km. For the 
transportation of imported ingredients, the use of transoceanic freight is considered with 
distances calculated using Google maps. For consumer shopping, an average of 8 km per 
week is assumed by passenger car (Pretty et al. 2005).  
 
2.3 Allocation and system expansion 
Several ingredients are produced together with co-products so the impacts had to be 
allocated between them. The following details the approach taken for the relevant 
ingredients. 
 
Oat straw and bran: In the UK, the majority of straw is used for livestock feed and animal 
bedding (Kilpatrick 2008). Here, the former is assumed and the system has been credited for 
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replacing barley grain based on their respective metabolisable energy1 of 6.5 MJ/kg 
(Feedipedia 2017) and 13.2 MJ/kg dry matter (Macdonald et al. 2018). It should be noted 
that this assumption is based on energy only and does not account for differences in protein 
and starch content. 
 
Economic allocation has been used to allocate the impacts between oat flakes and bran 
based on their respective market prices of £1.19/kg (Buy Whole Foods Online 2016) and 
£2.25/kg (Healthy Supplies 2016). 
 
Rice bran: The approach is consistent with that for oat straw and bran described above. The 
system is credited for replacing barley grain as livestock feed, based on the metabolisable 
energy contents of barley grain and rice bran. The latter is estimated at 13.1 MJ/kg dry 
matter for bran with <11% fibre content  (Feedipedia 2017), compared to the aforementioned 
13.2 MJ/kg for barley grain, leading to a ratio of 0.99 kg avoided barley grain per 1 kg of rice 
bran. 
 

Table 9 Material losses and waste treatment 
 

Life cycle stage Losses/waste 
(%) 

Assumed waste treatment options in 
Ecoinvent 

Reference  

Dry porridge    
Ingredients in raw materials (oat 
flakes)  

5% Treatment of bio-waste, composting Nielsen et al. 
(2003) 

Ingredients in raw materials (rice 
flour)  

1% Treatment of bio-waste, composting 〃 

Ingredients in manufacturing 10% Treatment of bio-waste, composting Assumption 

Baby food at retailer 2% Treatment of bio-waste, composting Bond et al. 
(2013) 

Post-consumer food waste 14% Treatment of bio-waste, composting; 
treatment of bio-waste municipal 
incineration; treatment of municipal 
solid waste, sanitary landfill 

Defra (2015a) 
 

Post-consumer cardboard  60% Credit for packaging, corrugated 
board, mixed fibre, single wall, at 
plant 

Defra (2015b)  
 

     40% Disposal, packaging cardboard, 
19.6% water, to sanitary landfill 

〃 

Post-consumer plastic film 100% Disposal polyethylene, 0.4% water, to 
sanitary landfill 

Information on 
packaging 

Wet porridge    
Ingredients in raw materials (oat 
flakes)  

5% Treatment of bio-waste, composting 〃 

Ingredients at baby food 
manufacturer 

7% Treatment of bio-waste, composting Holding et al. 
(2010) 

Ingredients at retailer 2% Treatment of bio-waste, composting Bond et al. 
(2013) 

Post-consumer food waste 14% Treatment of bio-waste, composting; 
treatment of bio-waste municipal 
incineration; treatment of municipal 
solid waste; sanitary landfill 

Defra (2015a) 
 

    Postconsumer aluminium 25% Disposal aluminium 0% water to 
sanitary landfill 

〃 

 75% Treatment of aluminium scrap, post-
consumer, prepared for recycling, at 
remelter  

〃 

Post-consumer glass 30% Disposal, glass 0% water, to inert 
material landfill 

〃 

  70% Recycling and credits for which glass 
packaging, at regional storage  

〃 

 
 

                                                
1 The amount of energy a ruminant animal is able to use per unit of dry matter of foodstuff eaten. 
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Table 10 Transport dataa 

 

Life cycle stage Country of 
origin 

Assumed distances and 
mode of transport  

Vehicle 

Raw materials to manufacturer    
Rice US 6826 km by sea 〃 
Sugar  Brazil 8845 km by sea Transoceanic freight ship 
Palm oil Malaysia 10,464 km by sea 〃 
Other ingredients UK 100 km by road Lorry, 16-32 t 

Packaging to porridge manufacturer UK 100 km by road Lorry, 7.5-16 t 
Porridge to retailer UK 100 km by road Lorry, 16-32 t 
Porridge to consumer’s home UK  8 km by road Transport, passenger car 
a Life cycle inventory data from Ecoinvent. 
 
Malt sprouts: Barley sprouts are a by-product of barley malt and wort production. The system 
has been credited for their use as animal feed (Melorose et al. 2015), replacing barley grain. 
The credit is based on their gross energy (data on metabolisable energy were not available): 
4140 kcal/kg for malt sprouts (Krishna 1985) and 4420 kcal/kg for barley grain (Heuzé et al. 
2016).  
 
Milk production: Economic allocation is considered for milk (90%) and beef (10%), based on 
the allocation factors in Cederberg and Stadig (2003). To apply this allocation ratio, it is 
necessary first to calculate the amount of beef produced per kg of milk, which has been 
carried out as follows. Friesian-Holstein cows, the predominant breed of dairy cow in the UK 
(Foster et al. 2007), are almost 60% carcass (Schaefer 2005) with the rest being edible meat 
(Oklahoma Department of Agriculture Food & Forestry 2013). Therefore, a cow weighing 
600 kg (Williams et al. 2006) gives 240 kg of beef sold for consumption. On average, a cow 
produces 7500 kg milk per year (Williams et al. 2006) and thus it provides 0.032 kg of beef 
per kg of milk. Therefore, the former represents 10% of farmer’s income and the latter 90%. 
 
The average nitrogen content in cattle manure of 0.6% by weight (FAO 2005) is used to 
credit the system for displacing urea fertiliser. The latter has a nitrogen content of 46% 
(Defra 2010). Hence, given that production of 1 kg of milk generates on average 
approximately 3 kg cattle manure (Weiss & St-pierre 2010) and that stoichiometrically 1 kg of 
nitrogen is equivalent to 2.16 kg of urea fertiliser, approximately 40 g of urea is substituted 
per kg of milk produced at farm. Note that manure is assumed to be applied directly as a 
fertiliser with negligible storage time and, hence, emissions from storage are not considered. 
 
Economic allocation has also been performed between milk (67%) and cream (33%), based 
on the milk price at farm gate equivalent of 16 pence per litre (p/L) and income to the liquid 
processor from cream of 5.10 p/L in December 2015 (AHDB Dairy 2015). 
 
3 Results and discussion 
This section presents and analyses the environmental impacts of the dry and wet ready-
made porridge products. The comparison of the results with the literature is presented in the 
subsequent section, followed by a sensitivity analysis and identification of improvement 
opportunities to examine the influence of environmental hotspots on the impacts of the two 
types of product.  

 
3.1 Environmental impacts of ready-made porridge 
The environmental impacts of the two variants of baby porridge are displayed in  
Figure 2. As can be seen, wet porridge has considerably higher impacts than the dry, largely 
due to the assumed higher use of energy in the manufacturing process. However, the 
impacts from the raw materials are higher for the dry product because of the milk powder. 
These results are discussed in more detail for each impact in turn in the following sections. 
For the impacts of liquid and powdered milk production, which have been estimated as part 
of this study, see Figures S1 and S2 in the SI. 
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3.1.1 Global warming potential (GWP) 
The GWP for dry porridge is estimated at 141 g CO2 eq./f.u., with the hotspots being the raw 
materials with an almost 70% contribution, followed by manufacturing with around 15%. The 
impact from the raw materials is dominated by milk powder production, contributing 70% of 
the total. Milk itself has an estimated impact of 0.94 kg CO2 eq./kg and milk powder 8.25 kg 
CO2 eq./kg (see Figures S1 and S2 in the SI). The reason for a high value is that 7.8 kg of 
raw milk is required for the production of 1 kg of milk powder (Nielsen et al. 2003) and 
removal of water from milk to produce the powder is energy intensive (1.08 MJ/kg raw milk; 
see Table S2 in the SI). The next most important contributor in the raw materials stage is 
rice (8%) due to methane emissions from paddy rice cultivation. In the manufacturing stage, 
the main contribution is drum drying, causing almost 70% of the impact from this stage. 
 
Wet porridge has 2.5 times higher GWP (363 g CO2 eq./f.u) than the dry, with the hotspots 
being the manufacturing and packaging stages, with almost 30% contribution each. In 
contrast with the dry porridge, raw materials contribute only 20% to the total impact due 
mostly to the absence of milk powder. The 3.5 times higher energy consumption for the 
production of wet porridge than the dry variant (see Table 4 and Table 5), as well as the use 
of a glass jar as packaging, result in its having a considerably higher impact. Within the 
packaging stage, the glass contributes approximately 88%, with the remainder related to the 
aluminium lid.  
 
3.1.2 Abiotic depletion potential of elements (ADPe) and fossil resources (ADPf) 
The results in  
Figure 2 show that the ADPe for the dry porridge is estimated at 130 µg Sb eq./f.u, most of 
which comes from the raw materials. This is largely related to the use of fertilisers and 
pesticides for production of cereals, both for the porridge and also as a feed to dairy cows.  
 
The difference between the wet and dry product is much higher here than for GWP, with wet 
porridge having 23 times higher ADPe, estimated at 2960 µg Sb eq. This is mainly due to 
the glass jar and aluminium lid, with the former contributing 59% and the latter 41% to the 
ADPe from packaging.  
 
For the dry porridge, the ADPf is 0.79 MJ/f.u. with the raw materials and manufacturing 
being major contributors. For the wet product, the ADPf is considerably higher at 3.85 
MJ/f.u., with most of the impact related to energy use in manufacturing and packaging, with 
equal contributions. 
 
3.1.3 Acidification (AP) and eutrophication potentials (EP) 
The AP for the dry porridge is 1.5 g SO2 eq./f.u, with 90% the impact attributed to the raw 
materials, mainly due to fertilisers used in cereals cultivation, feed production and animal 
manure. For the wet porridge, the impact is again higher (2.6 g SO2 eq./f.u.), with the raw 
materials and packaging contributing 50% each. The raw materials contribution is due to 
pesticides and fertilisers used in cereals cultivation. In the case of packaging, the 
contribution is due to the use of electricity for production of glass packaging. 
 
The EP for the dry product is 0.63 g PO4 eq./f.u. and for the wet 0.91 g PO4 eq./f.u. The raw 
materials are the main contributors (almost 90%) to the former, due to nitrates from 
fertilisers. For the wet porridge, the ingredients contribute 50% and packaging 30%. The 
latter is related to phosphate and nitrogen oxides emitted during packaging production. 
  
3.1.4 Freshwater aquatic ecotoxicity potential (FAETP) 
The results show that the dry porridge has a FAETP of 22 g dichlorobenzene (DCB) eq./f.u 
while that of the wet product has three times higher impact, estimated at 61 g DCB eq./f.u. 
For the dry formulation, the main hotspots are the raw materials (60%), particularly milk 
powder, related to the production of animal feed.  Manufacturing causes 20% of the impact 
while the use stage and end-of-life waste management contribute the remaining 10% each.  
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The higher impact of the wet porridge is due to the packaging which contributes 66% to the 
total, followed by the raw materials and manufacturing with 16% each. The FAETP is mainly 
due to the electricity used in these stages. 
 
3.1.5 Human toxicity potential (HTP) 
The HTP for the dry meal is 37 g DCB eq./f.u., mainly dominated by the raw materials (65%), 
followed by manufacturing (15%). The raw materials’ contribution is mainly due to pesticides 
production for cultivation of cereals and oil palms. Manufacturing adds to the HTP via 
combustion of fossil fuels from the electricity mix. 
 
The HTP for the wet porridge is much higher at 288 g DCB eq./f.u., with packaging (45%) 
and raw materials (20%) being the major contributing stages. This is due to combustion of 
fossil fuels related to the use of electricity for packaging production. End-of-life also makes a 
contribution (17%) because of electricity used for packaging recycling. For the raw materials, 
sugar plays an important role, contributing 43% to the HTP in this stage. This is due to the 
emissions to agricultural soil of heavy metals and pesticides used in the cultivation of 
sugarcane.  
 
3.1.6 Marine aquatic ecotoxicity potential (MAETP) 
The marine aquatic ecotoxicity potentials of the dry and wet products are presented in  
Figure 2. The results show that the dry porridge has a total impact of 34 kg DCB eq./f.u, 
dominated by the raw materials stage (almost 55%). This is due to electricity used for milk 
powder and rice flour production. The MAETP of the wet ready-made porridge is much 
higher at 412 kg DCB eq./f.u. and is dominated by the packaging with an 80% contribution, 
mostly due to emissions and energy used for production of the glass jar and aluminium lid 
(approximately 85% and 15% of the packaging impact, respectively). 
 
3.1.7 Terrestrial ecotoxicity potential (TETP) 
In the case of the dry porridge, most of the impact of 3.1 g DCB eq./f.u. is from the raw 
materials (95%). Milk powder is the key contributor due to the upstream requirement for 
animal feed and the associated pesticide and fertiliser production, as well as nitrate 
emissions from manure.  
 
The same trend is found the wet porridge, where the raw materials contribute 70% to the 
total TETP of 5.1 g DCB eq. Much of this impact is related to pesticides associated with the 
production of liquid milk (cultivation of feed for dairy cows, especially rape meal) and heavy 
metals in the soil related to sugarcane cultivation and liquid milk production. Packaging 
follows with a contribution of almost 20%. 
 
3.1.8 Photochemical oxidants creation potential (POCP)  
As shown in  
Figure 2, the POCP of the dry porridge is estimated at 92 mg C2H4 eq./f.u. Emissions 
associated with the life cycle of electricity dominate the raw materials stage, with the latter 
contributing almost 80% to the total. 
 
For the wet product, the impact is equal to 299 mg C2H4 eq./f.u, more than three times 
higher than for the dry option. In this case, the majority of the POCP is due to the raw 
materials (70%), followed by packaging (20%). This is due to emissions of sulphur dioxide, 

carbon monoxide and volatile organic compounds during production of sugar and electricity 
used in the manufacture of the meal and glass packaging.  

 
3.1.9 Ozone layer depletion potential (ODP) 
The ODP of the dry porridge has a total value of 6.6 µg R11 eq./f.u. and is dominated by the 
raw materials stage (40%), followed by manufacturing (25%). The wet product variety again 
has a much higher impact, estimated at 32.9 µg R11 eq./f.u. The latter is largely due to 
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manufacturing (50%) and packaging (40%). In both stages, most of the impact originates 
from halon emissions associated with electricity generation.  
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Figure 2 Comparison of the environmental impacts of the dry and wet ready-made porridge, showing contributions of different life cycle stages 
(Impacts expressed per functional unit: consumption of one meal (125 g of porridge). GWP: global warming potential; ADPe: Abiotic depletion potential elements, ADPf: Abiotic 

depletion potential fossil, AP: Acidification potential, EP: Eutrophication potential, FAETP: Freshwater aquatic ecotoxicity potential, HTTP: Human toxicity potential, MAETP: 
Marine aquatic ecotoxicity potential, TETP: Terrestrial ecotoxicity potential, POCP: Photochemical oxidants creation potential, ODP: Ozone depletion potential, DCB: 

dichlorobenzene)
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3.2 Comparison of results with literature 
As mentioned in the introduction, there is only one other LCA study of cereal-based baby 
food (Mattsson 1999). Comparison with this study is difficult due to the differences in the 
assumptions and the lack of detail provided. The main differences between the two studies 
include product composition, system boundary and data. Nevertheless, the contribution 
trends match, with agriculture and food processing being the main hotspots in both studies. 
Specifically, the contribution of drum drying used for the dry porridge, accounting for almost 
70% of the manufacturing impacts on average, is in agreement with Mattsson’s findings that 
evaporation and drying processes contribute the most in the food processing stage. 
 
The results for GWP and AP are also comparable. For dry porridge, the former was 
estimated by Mattsson at 2000 kg CO2 eq./t produced, while in this study the impact ranged 
from 1128 kg CO2 eq./t for the dry to 2904 kg CO2 eq./t for the wet product. For the AP, the 
previous study reported 18 kg SO2 eq./t, compared to 12 kg/t for dry porridge and 20.8 kg/t 
for the wet estimated in this work. The contribution of different stages is also similar to the 
wet porridge, where the former study found that agriculture contributed 55% and processing 
37% vs 50% each here. For EP, again a similar breakdown was reported by Mattsson, with 
high contributions of the raw materials (68%). The total impact cannot be compared between 
the two studies due to the use of different methodologies and reference compounds.  
 
While the study by (Fisher et al. 2013) mentioned in the introduction did not use conventional 
LCA, their estimates for GWP are in the range found in this study: 208 g CO2 eq./meal vs 
141 and 363 g CO2 eq. for the dry and wet products, respectively. 
 
3.3 Sensitivity analysis 
The sensitivity analysis explores the effect on the total impacts of the following assumptions 
and data: 
i) energy consumption in the production of wet porridge; 
ii) energy consumption for heating the wet porridge; and 
iii) use of hot water for washing up of dishes.  
 
These are discussed in turn below. 
 
3.3.1 Energy consumption in wet porridge production 
Given that the contribution to the impacts of natural gas by far outstrips the contribution of 
electricity due to a much higher demand (Table 5), the focus here is on natural gas. Its 
consumption has been varied by ±30%, an uncertainty range typically found in LCA of food 
products (FAO 2010).  
 
As can be seen in Figure 3, when decreasing the usage of natural gas by 30%, the greatest 
decrease in impacts in the manufacturing stage is observed for ADPf (25%), GWP (24%) 
and ODP (27%); for further details, see Figure S3 in the SI. However, these changes are 
much smaller across the whole life cycle of wet porridge (10% for ADPf, 8% for GWP and 
12% for ODP). The remaining environmental impacts change by 0.1% to 2.2%. A similar 
trend is found for the increase of energy consumption by 30%. 
 
Therefore, these results suggest that, within the ranges considered, the results are relatively 
robust and the ranking of the meal options does not change. 
 
3.3.2 Energy consumption for heating wet porridge  
To explore the influence on the impacts of consumer behaviour related to heating the wet 
porridge meal, the amount of natural gas used by the gas hob is doubled on the 
consumption assumed in the baseline. This is to account for extended heating that may be 
practised by the consumer.  
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Figure 3 Sensitivity analysis for energy consumption (natural gas) in the manufacture of wet porridge 
(Impacts expressed per functional unit: consumption of one meal (125 g of porridge). For the impacts nomenclature, see  

Figure 2)
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As indicated in Figure S4 in the SI, the overall effect is modest, with the impacts increasing 
by 0.1-7.8%. The greatest increase is noticed for TETP (7.8%), followed by ADPf (6.5%) and 
GWP (4.5%). 
 
3.3.3 Use of hot water for washing up  
It has been assumed in the baseline that the dishes are washed up using cold tap water (10 
oC). Here, water heated to 40 oC is assumed to gauge the influence on the overall results.  
 
The results for dry porridge shown in Figure S5a in the SI suggest that using hot water for 
washing up would increase the total life cycle impacts by 5-97%. The greatest change is 
found for MAETP (97%), ADP fossil (59%) and ODP (41%); GWP would be 18.5% higher. In 
the case of wet porridge, the effect is somewhat less pronounced, with the impacts 
increasing by 1-42%, particularly ODP (42%), ADP fossil (35%) and GWP (25%); see Figure 
S5b. Thus, the results are sensitive to the assumption on the temperature of water used for 
washing up. These results also show that consumers can play an important role in reducing 
the impacts of porridge (and other food) by using cold rather than warm water for cleaning 
the dishes. 
 
3.4 Improvement opportunities 
Given that the main hotspots for dry porridge are the milk powder and energy consumption 
by the drum dryer, the following improvement opportunities are considered for this product: 
• changes to the product formulation with respect to the contribution of milk powder; and 
• variations in the water content in the cereals slurry and the related energy consumption 

by the drum dryer in the manufacturing process. 
 
For the wet product, the main hotspots for most impacts (seven out of 11) are energy 
consumption in the manufacturing process and the glass packaging. The former may be due 
to the data uncertainty which was discussed in the previous section. Thus, the focus here is 
on replacing the glass jar with a plastic pouch. 
 
3.4.1 Changing the recipe of dry porridge 
To explore the effect on the results of milk powder, its amount in the recipe is varied from the 
baseline with the contribution of the cereals changed proportionally to preserve the 
functional unit (125 g per meal). At first, two product formulations are considered with the 
amounts of milk powder lower than in the baseline (‘Prod 1’ and ‘Prod 2’ in Table 11). A 
further two recipes are also evaluated, in which the amount of milk powder is assumed to be 
higher than in the baseline (‘Prod 3’ and ‘Prod 4’), to contrast the results. The manufacturing 
parameters have been kept the same as in the baseline for all the product formulations, 
including the water content in the slurry (80%) before the drying process and the product 
moisture content after it (6%). 
 

Table 11 Changing the recipe of dry porridge  
 

  Less milk powder More milk powder 

Ingredients Baseline Prod 1 Prod 2 Prod 3 Prod 4 
Oat flakes (%) 35 50 43 27 20 
Rice flour (%) 11 16 13 9 6 
Milk powder (%) 30 10 20 40 50 
Sugar (%) 20 20 20 20 20 
Palm oil (%) 3 3 3 3 3 
Barley malt extract (%) 1 1 1 1 1 

 
The results in Figure 4 indicate that the best option for most impacts is Prod 1 which 
corresponds to the lowest amount of milk powder in the mixture. Across the impact 
categories, Prod 1 shows a reduction of 1%-67% compared to the baseline formulation. At 
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the opposite end of the scale, Prod 4, with 67% more milk powder than in the baseline, has 
2%-67% higher impacts. 
 
As in the baseline, the raw materials and manufacturing are the main contributors to most 
impacts across the different product recipes. To illustrate the effects of the later in more 
detail, the influence of these two stages on the GWP is considered in Figure 5a&b. If the 
amount of milk powder decreases (Prod 1 and 2), the energy used in manufacturing 
increases (Figure 5b). This is due to the higher amount of cereals used per functional unit 
which require higher energy in the drying and mixing processes. However, this increase in 
energy consumption due to a higher proportion of cereals does not result in a higher overall 
GWP: rather, the opposite is true due to the higher GWP of milk compared to the cereals 
(Figure 5a). Hence, there is a trade-off between increased manufacturing energy 
consumption and decreased GWP. Overall, reducing the proportion of milk powder in the 
product while increasing the share of cereals could help reduce the environmental impacts 
(Figure 5). 
 
While beyond the scope of this study, product quality is affected by its formulation since 
different ingredients have different nutritional profiles. Therefore, when considering the 
environmental improvement opportunities, aspects such as nutrition, food quality and safety 
must be considered simultaneously, to make sure that one sustainability issue is not solved 
at the expense of another.  

 
3.4.2 Changing water content in the production of dry porridge 
As discussed earlier, drum drying contributes the most to the impacts from the 
manufacturing of dry porridge. As this process and wet mixing/cooking depend on one 
another, this section explores the influence of water content on the impacts from 
manufacturing. As mentioned in section 2.2.2, water content of cereals slurry can range from 
30% to 80% depending on the technology. Here, a range of 50%-70% is assumed since no 
change in the technology is considered. These results are compared in Figure 6 to the 80% 
water content in the baseline. As can be seen, when the water content falls from 80% to 
50%, the impacts of the manufacturing stage reduce by 38%-66%. 
 
The effect on the overall impacts, however, is much smaller. This is exemplified by GWP: 
while this impact from the manufacturing stage reduces by 65%, the overall reduction across 
the life cycle is only 9% (Figure 7) for the water content reduction from the baseline 80% to 
50%. 
 
The energy consumption depends on the drying rate which is fixed for each water content 
and a consequent temperature increase with water content. However, other effects should 
be considered, which are beyond the scope of this work. For instance, product quality, 
especially nutrition, safety and texture are important; therefore, the influence of water 
content on biochemistry requires further consideration. Furthermore, the rheological 
properties of the mixture may be important depending on the capabilities of the equipment. 
Different types of technology could be used, but this depends on cost in addition to product 
quality factors, leading to a complex and case-specific range of possibilities which cannot be 
addressed here. 
 
3.4.3 Changing the packaging for wet porridge 
As seen in  
Figure 2, packaging is a major contributor to seven out of 11 impacts associated with the wet 
product, including ADPe and GWP. It also has a bearing on the impacts from end-of-life 
recycling, notably for GWP, ADPf and ODP. For these reasons, a plastic pouch with a cap is 
considered as an alternative. As shown in Table 12, the pouch has multiple layers, the 
weight of which has been calculated based on the ratio between a layer’s typical thickness 
(Canadian Food Inspection Agency 2002) and the total package weight.
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Figure 4 Effect on environmental impacts of product formulation for dry porridge.  

(Impacts are expressed per functional unit (125 g per meal). For details on the product formulations (Prod 1-Prod 4), see Table 11. The negative values represent system 
credits. For the impacts nomenclature, see  
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Figure 2. DCB: dichlorobenzene) 
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  a) Raw materials    b) Manufacturing 
 
Figure 5 Effect of product formulation on the global warming potential (GWP) of the raw materials (a) 

and manufacturing (b) for dry porridge 
 

Table 12 Data for the pouch used as packaging for wet porridge 
 
 Specification Value 

Dimensions Width (cm) 3.5 
 Height (cm) 13.5 
 Length (cm) 8 

Pouch Polypropylene (g) 7.3 
 Aluminium foil (g) 0.66 
 Nylon 6 (g) 1.1 
 Polyester resin (g) 0.94 

Cap High density polyethylene (g) 5 
End of life treatment Landfilling (%) 100 
 
The results in Figure 8 indicate that swapping the glass jar for a pouch decreases the 
environmental impacts from 7% (GWP) to 89% (ADPe). However, the EP increases by 13% 
due to higher impacts from end-of-life recycling. The contribution of different components to 
the impact of the pouch and glass jar can be seen in Figure S6 in the SI.  

 
4 Conclusions 
This paper has compared the life cycle environmental impacts of dry and wet ready-made 
porridge meals for babies. The results suggest that the impacts of the latter are higher than 
of the dry equivalent by 43% to 23 times; GWP is 2.6 times higher. The main reasons for 
these differences are much higher impacts in the manufacturing of wet porridge due to the 
assumptions on energy consumption, as well as due to the glass packaging. However, for 
the dry product, the impacts from the raw materials are higher than for the wet alternative 
because of the powdered milk which is not used in the latter. The main hotspots for both 
products are the raw materials and for the wet, manufacturing and packaging. 
 
For the dry option, product reformulation provides opportunities to reduce environmental 
impacts by 1%-67% including a 34% reduction in GWP. These reductions can be achieved 
by reducing the amount of milk powder in the recipe while increasing proportionally the 
contribution of cereals. This example can help food companies to consider how baby food 
products could be re-designed to improve their environmental sustainability. However, other 
factors must also be considered, such as required changes in the production process and 
increased energy consumption in the manufacturing stage, as well as the nutritional aspects 
of the product. A further aspect is consumer behaviour – if the product contains less milk, 
they may wish to enrich its nutritional value by adding milk during preparation of the meal. 
Nevertheless, the increase in impacts would still be lower than using milk powder in the 
manufacturing as the consumer would probably use liquid milk for these purposes.    
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

22 
 

 

 
 

Figure 6 Effect of water content on the impacts from the drum drying process 
(Impacts are expressed per functional unit (125 g per meal). For the impacts nomenclature, see  

Figure 2. DCB: dichlorobenzene)
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Figure 7 Effect on the total GWP of water content during production of dry porridge  
(The labels on top of the graph bars denote the total impacts after the end-of-life credits.) 

 
Further improvement opportunities for the dry porridge include reducing the water content of 
the cereal mixture from 80% to 50% during manufacturing. This results in a 65% reduction in 
the GWP of the manufacturing stage and an overall decrease in the impact of 9%. However, 
again other factors must be considered, including any possible effects on the manufacturing 
process. 
 
For the wet alternative, swapping the commonly used glass jar for a laminated pouch 
decreases the environmental impacts by 7%-89%; GWP reduces by 7%. However, these 
pouches cannot be recycled at present. Furthermore, eutrophication increases by 15% due 
to a higher impact from recycling. 
 
In summary, the following recommendations can be made to the industry, government and 
consumers, based on the results of this work: 
 
• Baby food companies should assess the potential for promoting dry porridge due to its 

lower environmental impacts. Similarly, consumers should consider purchasing dry 
porridge rather than the wet alternative.  

• Companies could improve the environmental sustainability of porridge via product 
reformulation, such as reducing the contribution of milk, provided this is not to the 
detriment of nutritional characteristics. 

• Producers should consider sustainable manufacturing practices, such as energy and 
water management, to reduce consumption throughout their production processes. The 
addition of water to cereal products during manufacturing should be minimised where 
possible as it strongly affects the overall global warming potential of the product. 

• The baby food industry should work with government to introduce best-practice standards 
for packaging, considering material types, mass reduction and recyclability criteria. 

 
Finally, it must be borne in mind that baby food products do not exist in isolation, but as a 
wide range of options designed to provide a nutritionally sound basis for early development 
of infants. Therefore, it is necessary to consider a more holistic feeding approach, including 
menus or overall diets in order to gain a more complete understanding of the environmental 
impacts from baby food.  
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Figure 8 Comparison of impacts for different packaging used for wet porridge 
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• Carbon footprint of wet porridge baby food is 2.6 times higher than dry porridge. 

• Other environmental impacts of wet porridge are 43% to 23 times higher than dry. 

• Raw materials and manufacturing are the main hotspots for both products. 

• Product reformulation can reduce the impacts of dry porridge by up to 67%. 

• Swapping glass jars for plastic pouches cuts the impacts of wet porridge by 7-89%. 


