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F INDINGS 

Summary 

The Dutch potato processing, one of the largest in the world, produces about 2.5 million 
tonnes of processed potato products, including a large variety of products such as frozen 
French fries, chilled potato products, potato flakes, and crisps. Nearly 90% of these products 
are exported. There are 18 major sites in the Netherlands where potatoes are processed, 
and 7 large companies active in the sector. The industry emitted about 400 ktCO2 in 2017, of 
which 267 ktCO2 were covered by the European Union’s Emissions Trading Scheme (EU ETS). 
Processing raw potatoes into consumer products involves large amounts of steam and fuel 
for heating, and electricity for cooling, freezing, and mechanical work; the overall energy 
intensity of the sector is estimated at about 3.3 GJ/tonne of product, though the energy 
requirements for different products can vary significantly. 

Table S1: Estimated production, energy consumption and CO2 emissions of the 
Dutch potato processing sector in 2017 

 2017 estimate 
Total production [kt processed potato products] 2 541 
Natural gas consumption [TJ] 8 243 

Biogas consumption [TJ] 381 

Electricity consumption [TJ] 996 

CO2 emissions [ktCO2] 467 

Note: The emissions factor used for natural gas is 56.6 kg/GJ (Rijksdienst voor Ondernemend Nederland, 
2018). Methodology for these estimates is discussed in Appendix A. 

Key decarbonisation options for the potato processing sector include: 
• Material efficiency: Reducing product waste in the process, particularly in the 

peeling, sorting and blanching steps would reduce material needs and therefore 
energy requirements and CO2 emissions (both onsite and upstream) to meet product 
demand. Valorization of remaining waste streams via biogas production could also 
reduce the energy needs and CO2 emissions of the sector. 

• Energy efficiency: Peeling, blanching and frying are key process steps where new 
technologies are being developed to reduce energy consumption. Implementation of 
these, along with good practices, could reduce energy demand. 

• Fuel substitution: The use of low-carbon or carbon-neutral energy sources in place 
of natural gas would eliminate the direct CO2 emissions associated with the sector. 
These can include biogas, green gas, hydrogen, or carbon-free electricity to provide 
heat and steam to the process. 

 
This report describes the current status of the potato processing sector of the Netherlands at 
a national level, and gives recommendations on the tools that could be used to decarbonise 
potato processing by 2050, in order to support the broad goals of decarbonisation of the 
Dutch industrial sector. The estimates in this report are based on publicly available literature 
and data to provide insight into the scale of the energy consumption and emissions of the 
sector at the national level. Individual facilities’ and companies’ energy intensity levels and 
CO2 emissions are not discussed (except for reported emissions under EU ETS); these can 
vary widely based on product- and site-specific technologies, constraints, and practices. 
Factors beyond the companies’ direct control, such as quality of the potato harvest and 
product demand, may also influence their CO2 emissions and energy consumption in the 
future.  
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FULL RESULTS 

Introduction 
The Climate Agreement set out the ambitions to decrease the total CO2 emissions in The 
Netherlands by at least 49% in 2030 compared to 1990 levels (Afspraken van het 
Klimaatakkoord, 2020). This is in line with the goals set by the Paris agreement: a maximum 
increase in average global temperature of 2°C, and preferably limiting warming to 1.5°C. 
The MIDDEN project – the Manufacturing Industry Decarbonisation Data Exchange Network – 
aims to support industry, policy makers, analysts and the energy sector in their common 
efforts to achieve deep decarbonisation, by providing data and analysis on the industrial 
sector of the Netherlands. This report describes the current situation of the Dutch potato 
processing sector and the options and conditions for its decarbonisation. Mapping 
decarbonisation options is an ongoing process. The MIDDEN project will update and further 
elaborate on options in the future. 

Scope 
Production locations include: 

• Agristo (Tilburg) 
• Aviko (Cuijk, Lomm, Steenderen, Venray, Warffum) 
• Farm Frites (Oudenhoorn) 
• LambWeston Meijer (Kruiningen, Bergen op Zoom, Oosterbierum, Broekhuizenvorst)  
• McCain Foods (Lelystad, Lewedorp, Wezep) 
• PekaKroef (Odiliapeel) 
• PepsiCo Nederland (Broek op Langedijk). 

 
Processes include: 

• Grading and sorting; washing and cleaning; peeling; cutting/slicing; sorting; 
blanching; frying; cooling; freezing; drum drying; packaging; water treatment; and 
energy utilities. Not all processes are applicable to all product types. 

 
Products include: 

• Processed potato products, with PRODCOM codes: 
o 10311130 - Frozen potatoes, prepared or preserved (including potatoes cooked or 

partly cooked in oil and then frozen; excluding by vinegar or acetic acid) 
o 10311460 - Potatoes prepared or preserved, including crisps (excluding frozen, 

dried, by vinegar or acetic acid, in the form of flour, meal or flakes). 
 
The main decarbonisation options are: 

• Material efficiency 
• Energy efficiency 
• Bio-based fuels 
• Hydrogen as fuel 
• Ultra-deep geothermal 
• Electrification. 
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Reading guide 
Section 1 gives a general introduction to the potato processing industry in the Netherlands. 
In Section 2 we describe the current situation of the processes in the potato processing 
sector in the Netherlands and in Section 3 we describe the relevant products of these 
processes. Options for decarbonisation are systematically quantified and evaluated in Section 
4. The feasibility and requirements of those decarbonisation options are discussed in Section 
5. Finally, the appendix gives more information about the methodology used in the study. 
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1 Potato processing 
industry in the 
Netherlands 
This research will focus on firms that are part of the Dutch potato-processing industry. This 
sector includes the processing of raw potatoes into final consumer products1. The Dutch 
potato processing sector is among largest in the world. In 2017, the sector produced just 
over 2 million tonnes of frozen potato products, and about 400 thousand tonnes of other 
potato products including crisps and chilled potato products, from an input of about 4 million 
tonnes of potatoes. The sector’s 2017 turnover was about €1.6 billion, and it employed 
approximately 4 000 FTE (Centraal Bureau voor de Statistiek, 2019a). Investments in the 
Dutch potato-processing sector are approximately 100 million euros annually (Vereniging 
voor de Aardappelverwerkende Industrie (VAVI), 2019). 
 
The Netherlands is now the world’s tenth largest producer of potatoes, and third largest 
potato processor in the world (FAOSTAT, 2019) (Vereniging voor de Aardappelverwerkende 
Industrie (VAVI), 2019). About 3.9 million tonnes of potato were processed into about 2.1 
million tonnes of product in 2018 (Vereniging voor de Aardappelverwerkende Industrie 
(VAVI), 2019) (Centraal Bureau voor de Statistiek, 2019b). Almost 85% of the product 
output volume consists of pre-fried products. These products are either shipped frozen or 
cooled. More than 85% of the total product volume is produced for export. The sector’s 
primary energy input was 10 296 TJ in 2017 (Rijksdienst voor Ondernemend Nederland, 
2019). Approximately 75% of total primary energy use is natural gas, 25% is electricity use, 
and 4% is other fuels, including biogas. In 2017, energy costs were about 2.6% of the 
sector’s monetary yields, a share that is higher than the foods- and stimulants industry 
average of 1.2% (Centraal Bureau voor de Statistiek, 2019a). 
 
Six large companies currently active in the Netherlands – Agristo, Aviko, Farm Frites, Lamb 
Weston/Meijer, McCain, and Peka Kroef – are members of the national potato processing 
industry association, Vereniging voor de Aardappelverwerkende Industrie (VAVI). These 
firms operate 17 different industrial sites in the Netherlands, of which 10 are covered by the 
EU ETS (Nederlandse Emissieautoriteit, 2019). Other firms also produce processed potato 
products in the Netherlands, but are not part of VAVI or EU ETS. Additionally, although the 
crisps (potato chips) industry is not covered by VAVI, it is part of the potato processing 
sector in national statistics. The largest crisps producer in the Netherlands, Pepsico 
Netherlands, in Broek op Langedijk, the producer of Lays (formerly Smith chips), is covered 
by EU ETS and will be considered within the scope of this report. The accompanying dataset 
covers only the sites covered by EU ETS, excluding the 6 others discussed in the report. 

  

 
1  Potato production in the agricultural sector is outside the scope of this report, as are the upstream 

emissions related to agriculture. Potato starch is also excluded from this analysis, and is covered in a 
separate MIDDEN report. 
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Figure 1.1. Map of 18 major potato processing facilities in the Netherlands 
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Table 1.1. Profile of major potato processing companies active in the Netherlands 

Company 
name 

Global 
annual 
turnover 
2017 

Employees 
in NL 

Potato 
processing 
sites in NL 

Estimated annual 
output capacity 

Main 
products 

Agristo  €345 million 760 (NL and 
BE) 1 

220 kt (Tilburg) 

Frozen French 
fries and other 
frozen 
products 

Aviko  €600 million 750 5 

 
120 kt (Lomm) 
400 kt (Steenderen) 
50 kt (Venray) 
30 kt (Warffum) 
unknown (Cuijk) 

Precooked 
products 
(frozen/ 
chilled/fresh); 
potato flakes 

Farm Frites 

 

€350 
million* 400 1 260 kt (Oudenhoorn) 

Frozen and 
chilled potato 
products 

LambWeston 

Meijer  

€780 million 
(EMEA 
region) 

1 400 
(Europe) 4 

130 kt (Bergen op 
Zoom) 
130 kt (Oosterbierum) 
130 kt (Kruiningen) 
90 kt (Broekhuizenvorst) 

Frozen potato 
products 

McCain 

Foods  
€6.4 billion* 20 000 

(global) 3 
220 kt (Lelystad) 
90 kt (Lewedorp) 
50 kt (Wezep) 

Frozen French 
fries and other 
frozen 
products 

Peka Kroef 

 
€116 
million* 325 3 

150 kt (Odiliapeel) 
unknown (Asten) 
unknown (Venray) 

Chilled potato 
products 

PepsiCo 
Nederland 

 

€56 billion 
(parent 
company) 

630 1 70 kt (Broek op 
Langedijk) Crisps 

Notes: 
Companies: Only VAVI members and PepsiCo Nederland (which is part of EU ETS) have been included, though 
there are other firms active in the Dutch potato processing sector. 
Turnover: FarmFrites turnover is for 2016. LambWeston/Meijer turnover refers to the EMEA region (Europe, 
Middle East and Africa) and employees refers to Europe. McCain Foods turnover is CAD 9.5 billion, and number 
of employees is global. Peka Kroef turnover value is for 2013. Turnover for PepsiCo Nederland refers to the 
parent company PepsiCo, and is given as USD 63 billion. 
Employees: Agristo employees include Belgium. 
Capacity: Estimated output capacities are rounded to the nearest 10 kt. Sources include permitting documents 
and news articles, and estimates are based on hourly output numbers, potato inputs, and overall company 
capacity values. No information was available for Aviko – Cuijk, Peka Kroef – Asten or Peka Kroef – Venray. 

Sources: AGF.nl, 2016; Arcadis Nederland BV (2015); Aviko, 2019; Aviko, 2016; capitalmind, 2019; de 
Gelderlander, 2019; FarmFrites, 2016; LambWeston, 2018; McCain, 2019b; PotatoPro.com, 2018; 
PotatoPro.com, 2019a; PotatoPro.com 2019b; Procesverbeteren.nl (2015); van der Boom (2019); Vlam.be, 
2019; Wallays, 2014; Witteveen+Bos (2015). 

Agristo is a Belgian-owned company that operates four production facilities, one in the 
Netherlands, in Tilburg, which they acquired from LambWeston/Meijer in 2001. The location 
has 2 production lines, of 60 and 160 thousand tonnes per year capacity, for a total of 220 
thousand tonnes of frozen sliced potato products per year. As of 2015, the company 
produces more than 400 thousand tonnes of processed potato products per year. They 
produce mainly frozen French fries, though they produce smaller amounts of other specialty 
frozen products. Retail sales account for more than half of their total production, with most 
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of the remainder being sold to the food service sector. The company sells their used cooking 
oil to external companies for biodiesel production, and peels from potatoes are turned into 
livestock feed (Agristo BV, 2019; Agristo BV, 2017; Carmen, 2014). 
 
Aviko is a Dutch company founded in 1962 by potato growers in the Achterhoek, which is 
now owned by Royal Cosun, which also owns processing companies that deal with other 
agricultural products, such as sugar beets. Aviko processes about 1.6 million tonnes of 
potatoes annually, and is the fourth largest producer of potato products in the world (the 
second in Europe). It has 5 locations in the Netherlands in Oostrum/Venray, Cuijk, Warffum, 
Lomm, and Steenderen, where it produces potato flakes as well as frozen, chilled, fresh and 
precooked potato products. Its dried potato product business is held by a subsidiary called 
Aviko Rixona. Aviko also has production facilities across Europe and around the world. 
Globally, Aviko processes 1,7 million tonnes of potatoes per year, and supplies about 24% of 
the European potato product market. Biogas is produced from wastewater treatment in 
Lomm and Steenderen (operated off-site by another company, and biogas sold back to 
Aviko) (Aviko Potato, 2019; Boerderij.nl, 2019) (Waterstromen, 2020a; Waterstromen, 
2020b). 
 
Farm Frites is a potato processing company with headquarters and a production facility in 
Oudenhoorn, Zuid Holland. The company was established in 1971 and is family-owned. It 
has six other production facilities worldwide, with a total processing capacity of 1,3 million 
tonnes per year, and exports to 80 countries. According to its Sustainability Report, about 
5% of FarmFrites energy consumption is from renewable sources, and it aims to install a 
solar farm nearby to supply solar electricity (FarmFrites, 2018; NRC.nl, 2019). 
 
LambWeston Meijer is the result of a merger between Lamb Weston from the US, and 
Meijer from the Netherlands, and is a subsidiary of the larger company LambWeston Meijer 
Holdings. It is the world’s second largest producer of frozen potato products, processing 6.3 
million tonnes of potatoes annually. Its parent company, Lamb Weston Meijer Holdings has 
24 factories worldwide, of which 6 are in Europe. Its factories in Kruiningen (also company 
headquarters), Bergen op Zoom, Oosterbierum, and Broekhuizenvorst (acquired from 
Oerlemans Foods in 2017), along with 2 other European factories in Austria and England, 
have a total capacity of 890 kilotonnes/year, and turnover of €780 million. LambWeston 
Meijer processes 1.7 million tonnes of potatoes per year, and 300 kiloonnes of potato 
byproducts are used as animal feed. The company has a target of 30% reduction in energy 
intensity compared to 2008 by 2020. Of their total energy consumption of about 3.8 PJ in 
2018 in primary energy terms, about 3.6% came from renewable fuels. Biogas is produced 
as a byproduct of the water treatment process on site, which is either used as fuel for boilers 
or sold to third parties. The Kruiningen plant will begin selling waste heat from the process to 
a third party in FY2019, where it will be used for a drying process for onions (LambWeston, 
2019b; LambWeston, 2019c; LambWeston, 2019d). 
 
McCain Foods, a Canadian company, is the world’s largest producer of frozen potato 
products, and also produces other prepared foods and frozen vegetables. McCain has 55 
factories in 12 countries around the world. It processed 6.5 million tonnes of potatoes into 
end products in 2016. McCain opened its first facility in the Netherlands in 1972, and now 
has 3, in Lelystad, Lewedorp, and Wezep. The Wezep facility was part of CêlaVita, which 
McCain took over in 2012. According to the company’s sustainability report, more than half 
of their production lines globally produce biogas from their wastewater via anaerobic 
digestion. The biogas is then used to generate electricity in a gas engine (McCain, 2019a; 
McCain, 2019b). The Wezep facility recovers residual heat for use at a local swimming pool 
(Biind.nl, 2018). 
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Peka Kroef was founded in the province of North Brabant in 1970 as a family business, and 
now has factories in Odiliapeel, Venray, and Asten. The company focuses mainly on chilled, 
parboiled packaged potato products, and has about 325 employees. Peka Kroef purchases 
steam from a nearby biomass boiler unit owned by Attero, fueled mainly by wood chips. The 
10.2 tonnes per hour of steam is used for steam peeling and blanching of potatoes. Biogas is 
also produced from PekaKroef potato byproducts in the water treatment process, which is 
then used in auxiliary boilers and burners on site, along with the use of residual process heat 
to preheat incoming air and boiler feed water (Peka Kroef, 2019a; Peka Kroef, 2019b) 
(Attero, 2017). 
 
PepsiCo Nederland has 630 employees in the Netherlands, and is a subsidiary of PepsiCo. 
They have 3 production facilities in the Netherlands, one of which produces potato chips for 
the brand Lays, in Broek op Langedijk. The others manufacture food products for Quaker 
(Rotterdam) and Duyvis (Zaandam). PepsiCo, the parent company, owns 22 food and 
beverage brands worldwide, sold in more than 200 countries, with more than 260 thousand 
employees globally. PepsiCo processes more than 1 million tonnes of potatoes in Europe 
(PepsiCo, 2019; PepsiCo, 2017). 
 
The above descriptions are not exhaustive, and are intended only to give a general view of 
the potato processing sector in the Netherlands. Other companies are also active in the 
sector that have not been described here. Estimates in this report of energy consumption 
and CO2 emissions aim to cover the full scope of the potato processing sector as defined 
above.  
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2 Processes for potato 
processing 
Though the potato processing sector produces over 100, diverse products, there are some 
common steps in the production chain that take place in many of the sector’s plants which 
can be analyzed from the perspective of sector-wide reductions in energy consumption and 
CO2 emissions. 
 
The potato processing sector transforms fresh, raw potatoes into preserved final products. 
These products can be frozen or unfrozen, cooked or uncooked, and in a variety of forms 
from French fries and crisps to flour or flakes, for which energy intensity of production varies 
significantly.2 Frozen processed potato products (mainly French fries) account for the vast 
majority of the sector’s production; in 2017, these were 84% of the reported production 
from the sector (CBS 2019). 
 
In a typical potato processing plant producing frozen French fries, the potatoes come in as 
raw products and are consequently: graded and sorted; washed; peeled; washed; cut; 
blanched; fried; cooled; frozen; and packaged. The production lines are continuous, though 
typically the equipment is modular and may in some cases be provided by different 
suppliers. The freezing, frying, peeling and blanching processes are by far the most energy-
intensive steps. The typical energy consumption per unit of frozen French fries is shown 
below, and fuel directly used in burners at the frying step consume by far more energy than 
any other process in the production line. Oil turnover, or the rate at which frying oil is 
replaced with fresh oil, is an important factor in determining how long continuous operation 
can continue. The total frying oil content is a key determining factor in both the oil turnover 
rate and the energy consumption (Lucinschi & van den Bovenkamp, 2020).   
 

 
2  This report defines the potato processing sector as the PRODCOM sector 1031 (NACE Rev 2), “Potatoes; 

processed and preserved.” 
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Figure 2.1. Typical final energy consumption per tonne of frozen potato product 
produced in the Netherlands 

 
Source: Adapted from Walker et al., 2018; Masanet et al., 2008; and Rijksdienst voor Ondernemend 
Nederland, 2016. 

Notes: Values from the above sources have been combined to better represent the state of the Dutch potato 
processing sector in 2017 and the most common processes, and scaled based on primary energy consumption 
data reported to RVO as part of the Meerjarenafspraken energie-efficiënte (MJA3) programme since 2008. 
Values in literature for potato processing can vary significantly; for example, Walker et al. (2018) finds a value 
of about 4.8 GJ/tonne frozen French fries, before scaling to the Dutch primary energy values. 

 

Grading and sorting are the processes by which damaged or unsuitable potatoes are 
removed from the processing stream, and remaining potatoes are sorted by size, color or 
other characteristics desired for different products. The larger potatoes are typically used for 
crisps and French fries, while smaller potatoes can be used for other products such as potato 
flakes. While in developing countries, this is still typically done manually, in the Netherlands, 
this is now typically either automated or aided by screen graders, belt sorters, vibrating 
screens, or optical sorters, or some combination of those. Optical sorting equipment is 
becoming more prevalent and allowing for increasingly detailed sorting. This process can 
occur before or after washing. Aviko’s Steenderen facility, for example, uses optical sorting 
integrated at several places in their line (Masanet, et al., 2008) (Walker, et al., 2018) 
(Orehov, 2019) (TOMRA, 2013). 
 
Washing and cleaning refer to the removal of contaminants from the raw potatoes, such 
as dirt, stones, insects, leaves, and stems, before further processing. For potatoes, this is 
typically done in several steps, though the requirements depend on the incoming product. 
This may also include sanitizing and anti-microbial detergents. This can also be combined 
with transport to the next step in the process, via water flumes that carry potatoes through 
channels (Masanet, et al., 2008) (Walker, et al., 2018). 
 
Peeling is the process by which the outer skin of the potato is removed. There are a number 
of common peeling methods; each aiming to remove the skin without wasting too much of 
the potato. The most common method, steam peeling, involves exposing potatoes to high 
pressure steam at about 180°C-200°C, then releasing the pressure causing the peels to 
detach. Mechanical peeling (knife peeling) involves rotating blades pressed against 

~3.3 GJ/t 
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vegetables (or the inverse). Abrasion peeling, where rotating abrasive rollers rub the skin off 
of the potatoes, is also sometimes used. (Clark, Jung, & Lamsal, 2014) 
 
Each has advantages and disadvantages based on the characteristics of the raw material and 
the final product, and can also be used in other food processing sectors. There are tradeoffs 
between different processes in terms of investment cost, water and energy use, and product 
quality. For example, wet caustic peeling can reduce water and energy use compared to 
steam peeling, but the chemicals contaminate waste water and solid waste, creating 
constraints on their reuse. Steam peeling is the most common and considered to be the state 
of the art; most major producers of French fries use steam peeling. Steam peeling consumes 
about 150 to 430 kJ steam per kg of potato input, while mechanical peeling uses about 14 kJ 
electricity per kg of potato input.3 The peels, along with other trimmings not used for final 
products, are typically sold for animal feed. In 2016, an estimated 1.4 million tonnes of 
potato peel and trimmings were sold for animal feed production. (Somsen, 2004) (Masanet, 
et al., 2008) (Walker, et al., 2018) (Wageningen University & Research, 2018). 
 
Figure 2.1. French fry slicing at Steenderen 

Source: Vereniging voor de Aardappelverwerkende Industrie (VAVI), 2020.  

Cutting or slicing reduces the size of the potatoes and gives them the shape of the final 
product. The process depends on the desired final product shape. For French fries, this is 
typically done using water knife cutting, where potatoes are pumped at high speed through 
sharp metal grids that cut the potato, tuned to the particular potato size (shown below in 
Figure 2.1). Different blades and configurations can produce different shapes, such as very 
thin slices for crisps, and serrated blades for crisps with ridges. In the production of potato 
flakes, potatoes are also cut using a water knife prior to cooking, and flakes are formed in 
the drum dryer (described below) after cooking. More complex shapes sometimes require 
either multiple knife arrays, or specific mechanical cutting equipment designed for the final 
product needs. The electricity consumption of the process can range from 0.4 kWh/tonne 
product to 7.2 kWh/tonne product, depending on product type and requirements (Masanet, 
et al., 2008) (Orehov, 2019) (Walker, et al., 2018). 
 

 
3  These values are for the peeling process step only, and do not include overall impact based on differences 

in material losses. 
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Sorting to ensure potatoes have the desired size and shape occurs after slicing. Depending 
on the product, this can be carried out using a number of technologies, for example: optical 
sorters use cameras, lasers, and other optical technologies to find and remove foreign 
objects, and potatoes with discoloration and other visual deviations, length sorters (either 
vibrating or optical) separate French fries by length, potato sorters sort peeled potatoes by 
diameter using conical rollers, and sliver removers with gaps between rollers allow small 
pieces to fall through. This is often a mechanical process driven by electric motors (Masanet, 
et al., 2008) (Walker, et al., 2018). 
 
Blanching is briefly exposing the prepared potatoes to a high temperature, via a bath of hot 
water, for a short period of time. The purpose is not to cook the potatoes, but rather to 
reduce enzyme and bacterial activity that might degrade the quality of the product’s 
appearance, flavour or odour. This step can also reduce the volume of the product 
(depending on the product shape and characteristics) through the release of water and gases 
inside the potato, which can make the subsequent steps more efficient. Typical blanching 
temperatures for crisps are between 65°C and 95°C, while for French fries the temperatures 
are around 60°C to 85°C. (Joint Research Centre, 2018) (Masanet, et al., 2008) (Walker, et 
al., 2018) (Xiao, Pan, & et al., 2017). 
 
Frying is the main cooking process for processed potato products, where blanched potato 
products are cooked in oil. First potatoes are dried to remove excess moisture, to preserve 
the life of the frying oil as well as for the consistency of the product. Pre-drying and frying 
are typically a continuous process, where products move on a conveyor belt through a bath 
of vegetable oil at around 200°C, remaining in the bath from around 30 seconds to several 
minutes. For French fries, frying temperatures range from about 160°C to 175°C, and the 
frying time depends on the final product (partially or completely fried). For crisps, frying 
temperatures range from 160°C to 190°C, and cooking times are typically between 1,5 and 3 
minutes. Fried products leave the fryer and excess oil is removed and typically reused in the 
fryer. The fried products are then salted or seasoned as they move over a belt. (Joint 
Research Centre, 2018). The frying oil can be heated using electricity, steam, or direct fuel 
combustion; energy consumption is around 0.8 to 2.8 MJ per kilogram fried potato product, 
depending on the product characteristics (Masanet, et al., 2008) (Walker, et al., 2018). This 
can account for up to 80% of total energy consumption for potato chips. 
 
Heat recovery from the fryer is possible and already implemented in many production lines. 
This process entails separating water vapor from evaporated oil, and using the latent heat of 
that water for preheating in other process steps (of water for blanching or of drying air, for 
example). This can reduce thermal energy consumption by 23% (van Loon, 2005). 
Cooling refers to the cooling of products after cooking, for chilled final products, as well as 
the cold storage of chilled and frozen products prior to shipping. Energy consumption for 
cooling depends on a variety of factors, including ambient temperature, product 
temperature, size of cooling equipment, product size, and length of cooling. However, this is 
typically not a very energy-intensive step of the process, using on average just 3% of the 
total electricity consumption of the process for processed potato products (Masanet, et al., 
2008) (Walker, et al., 2018). 
 
Freezing, which preserves pre-cooked products, requires cooling the product to a low 
temperature, anywhere from -15°C to -40°C. Freezing must take place quickly to avoid 
product damage. The Aviko facility in Lomm, for example, can freeze up to 20 tonnes of 
French fries per hour in two freezing lines (Engie, 2016). This requires a significant amount 
of electricity, estimated at around 80 to 280 kWh per tonne of frozen product (Joint Research 
Centre, 2018). This is typically done using mechanical freezing, where products are exposed 
to a blast of low-temperature air as they move on a conveyer belt. This is commonly carried 
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out in a freezing tunnel, with zones that pre-cool, refrigerate and freeze the product as it 
moves through the tunnel. This allows the product to be frozen quickly, avoiding damage and 
agglomeration. While other vegetables and fruits may be frozen before or after packaging, 
pre-cooked potato products are typically frozen before packaging. This step applies to only 
the frozen processed potato products, which made up about 84% of the Dutch production in 
2017, up from 61% in 2008 (Centraal Bureau voor de Statistiek, 2019b) (Masanet, et al., 
2008) (Walker, et al., 2018) (van Loon, 2005).  
 
Drum drying is the process by which cooked potatoes are transformed into flakes. The 
cooked potatoes are heated with steam in a drum, and the potatoes dry while a rotating 
screw conveyer forms the flakes. Unwanted materials, such as potato peel or potato that is 
too hard, collects at the bottom of the drum to be removed (Kiremko Food Processing 
Equipment, 2019). This process uses a significant amount of thermal energy, about 1.7 to 
3.0 GJ/tonne potato input. Because of the evaporation of most of the moisture content of the 
potatoes, the yields for this step are quite low, around 20% on a mass basis. (Walker et al 
2018) 
 
Packaging also requires just a small share of the total electricity consumption per tonne of 
product, also around 3%. These processes, which are typically automated, can use a variety 
of equipment to package potato products in bags or boxes, pack shipping boxes, and create 
pallets for bulk shipping. This equipment can include electric motors and compressed air 
actuators, among others (Masanet, et al., 2008). 
 
Water treatment is an important part of the process, as waste from the potatoes enters the 
used water from washing and peeling. In some facilities, during water treatment, biogas is 
produced via anaerobic digestion from the organic waste in the untreated water. 
 
Electricity and steam can be supplied via the electricity grid and heat networks or from on-
site energy utilities, such as natural gas boilers, biogas boilers or a CHP unit in the case of 
larger producers. 
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Figure 2.2. Process flow diagram for 1 tonne frozen potato product 

 

Notes: Mass of potato products excludes packaging. It is assumed that chilled potato products processing consumes the same amount of energy, minus the freezing energy use, and 
that crisps production excludes both freezing and refrigeration. For the purposes of the estimates made in the report, steam is assumed to be provided by a gas boiler with 90% 
efficiency, and the sector is assumed to use 4% biogas in their fuel needs, based on the most recent reporting to RVO. 
Sources: Adapted from Walker, et al. 2018, Masanet, et al. 2008, and Rijksdienst voor Ondernemend Nederland, 2016.  



 

  A MIDDEN report – PBL – TNO | 19 

Figure 2.3. Process flow diagram for 1 tonne potato flakes 

 

Notes: Mass of potato products excludes packaging. Here steam peeling is shown, but mechanical peeling is also sometimes used in Dutch potato processing facilities, and energy 
intensities of those facilities has been adjusted in the overall calculations. For the purposes of the estimates made in the report, steam is assumed to be provided by a gas boiler with 
90% efficiency. No estimates were available of discarded potato mass, but some losses can occur at the grading and sorting steps. 
Sources: Adapted from Walker, et al. 2018, Masanet, et al. 2008, and Rijksdienst voor Ondernemend Nederland, 2016. 
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Total final energy consumption and related CO2 emissions for the potato processing sector 
have been estimated based on a 2018 life cycle assessment for several food processing 
sectors (Walker, et al., 2018) and a 2008 study of the United States’ fruit and vegetable 
processing industry (Masanet, et al., 2008), normalized to account for energy efficiency 
reporting to the Netherlands Enterprise Agency (Rijksdienst voor Ondernemend Nederland, 
RVO) as part of the Meerjarenafspraken energie-efficiënte (MJA3) programme since 2008, in 
combination with production statistics from the Centraal Bureau voor de Statistiek (CBS), the 
potato processing sector association (Vereniging voor de Aardappelverwerkende Industrie, 
VAVI), and reported emissions under the EU ETS. 
 
Figure 2.3. Final energy consumption in the Dutch potato processing sector 

 

Source: Calculations based on Walker et al., 2018, Masanet et al., 2008, Rijksdienst voor Ondernemend 
Nederland, 2016, and Centraal Bureau voor de Statistiek, 2019b. 

Despite significant electricity use in the sector, particularly for freezing, more than 80% of 
the energy used for a typical frozen processed potato product comes from natural gas 
(slightly lower in primary energy terms). According to the 2015 MJA sector report for the 
potato processing industry, the total input in 2015 in primary energy terms of renewable 
energy was 377 TJ, or about 4% of the total primary energy supplied to the sector. The 
major renewable energy measures that have been taken in the sector are use of biogas, 
purchasing steam from a biomass plant, and producing biomass from waste products of the 
sector (Rijksdienst voor Ondernemend Nederland, 2016). 
 
In the years since the earliest available production statistics in 2008, production has 
fluctuated between about 2 million tonnes and 2.75 million tonnes of process potato 
products. The sector has become significantly more energy efficient over time, as reported in 
the voluntary agreements programme, having improved its efficiency more than 25% since 
2005 in primary energy terms, through a combination of process efficiency, chain efficiency, 
and generation of sustainable energy sources (Rijksdienst voor Ondernemend Nederland, 
2019a). The final energy intensity per tonne of processed potato product trended downward 
from 2008 to 2011 and 2015 to 2018, as did CO2 intensity per tonne of product. From 2011 
to 2015, however, the efficiency of the sector decreased partly due to the poor quality of the 
domestic potato harvests, leading to lower yields as more potatoes were required to be 
processed per tonne of pre-baked potato product (PotatoPro.com, 2011). Comparing total 
processed potatoes and national production of processed potato products, the ratio of tonnes 
of potatoes input to the sector to final potato products dropped dramatically from 2011 to 
2012, from 0.72 to 0.58, and has gradually recovered to near 2010 levels by 2018 (0.71) 
(Vereniging voor de Aardappelverwerkende Industrie (VAVI), 2019b) (Nederlandse 
Aardappel Organisatie, 2019) (Centraal Bureau voor de Statistiek, 2019b). In dry years, such 
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as 2018, the potato harvest can produce smaller potatoes than usual, which can be 
problematic and decrease efficiency for potato processors in the following year 
(FreshPlaza.com, 2018). 
 
In the past five years, production increased steadily, and over the past decade the share of  
frozen potato products, which require additional energy use compared to other preserved 
potato products (such as crisps or chilled processed potatoes), climbed consistently. Despite 
these trends, final energy intensity and CO2 intensity per kilogram of processed potato 
output declined. 
 
Figure 2.4. Production of processed potato products and overall final energy 
intensity 

 

Source: Author estimates based on Walker et al., 2018, Masanet et al., 2008, Rijksdienst voor Ondernemend 
Nederland, 2016 and Centraal Bureau voor de Statistiek, 2019b. 

Under the Meerjarenafspraken energie-efficiënte (MJA) programme, the participating 
companies across various industrial sectors have set a target to collectively reach energy 
savings of 30% by 2020 in primary energy terms compared to 2005 (Rijksdienst voor 
Ondernemend Nederland, 2019a)4. The fifteen participating companies from the potato 
processing sector use about 4% of the total primary energy of all MJA3 participants, and 
have improved their energy efficiency by about 27% since 2005. 
 
As process efficiency has improved over time, the share of energy costs in the sector’s total 
costs has steadily decreased, while the sector’s revenue has been on a steady growth trend 
since 2008. While price fluctuations in potatoes, energy, and other inputs play a role in these 
trends, making it difficult to draw conclusions from these figures, it is clear that energy costs 
play an important role in the sector’s total costs. 
 
 

  

 
4  Energy savings are calculated based on decomposition analysis, excluding volume effects.  
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Figure 2.5. Revenue of potato processing sector in the Netherlands, and share of 
energy costs in total costs 

Source: Calculations based on Walker et al., 2018, Masanet et al., 2008, Rijksdienst voor Ondernemend 
Nederland, 2016 and Centraal Bureau voor de Statistiek, 2019b. 

The Dutch potato processing industry reached an estimated 418 ktCO2 in 2017, of which 271 
ktCO2 were reported by the companies shown below under the EU ETS. Reported CO2 
emissions under the EU ETS have remained nearly flat since 2015. It is difficult to assess the 
sector’s progress toward decarbonization based on reported emissions alone, as facilities 
may become subject to EU ETS or exempt from it in any of the given years; for example, 
Agristo B.V. is included from 2013 onward but had not participated in EU ETS before 2013, 
and Lamb Weston Meijer Oosterbierum continues to operate but is no longer reporting 
emissions under the trading scheme since 2010. For some companies, not all of their 
facilities are included in EU ETS, so this may not show the complete picture of their CO2 
emissions. The estimated total for the non-ETS companies is based on reported national 
production levels and estimated specific energy consumption based on life cycle assessment 
literature. For 2018, about 460 ktCO2 is estimated. 
 
Figure 2.6. CO2 emissions in the potato processing sector, by company and year 

 

Source: Specific company emissions as reported under EU ETS for 2008 to 2017, and estimation for remainder 
based on Walker et al., 2018, Masanet et al., 2008, RVO, 2016 and CBS, 2019, and NEa, 2019. Peka Kroef did 
not report any CO2 emissions under the EU ETS in 2017, despite continuing operations; this is due to their 



 

  A MIDDEN report – PBL – TNO | 23 

purchasing of steam from a nearby biomass boiler utility that began operating in 2015, and installing biogas 
auxiliary boilers in 2016. 

The temporary increase in energy intensity from 2011 to 2015 resulted in a similar increase 
in CO2 intensity during those years. Though CO2 intensity is slightly lower per tonne of potato 
product as it was in 2008, total emissions of CO2 from the sector, however, continue to grow, 
as production levels rise. In 2017, the sector is estimated to have emitted about 470 ktCO2, 
of which about 60% is covered by the EU ETS. The carbon dioxide emissions from this sector 
are equivalent to about 1% of the total CO2 emissions from the Dutch industrial sector in 
2017. 
 
Figure 2.7. Production and indexed total direct CO2 emissions and CO2 emissions 
intensity 

 

Source: Calculations based on Walker et al., 2018, Masanet et al., 2008, Rijksdienst voor Ondernemend 
Nederland, 2016 and Centraal Bureau voor de Statistiek, 2019b. 
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3 Potato use and final 
products 
In 2017, the Dutch potato processing sector processed more than 4.3 million tonnes of 
potatoes into about 2.5 million tonnes of product. These products included frozen potato 
products (such as frozen French fries), chilled potato products (such as peeled and 
precooked whole potatoes), potato flakes (used primarily for further processing, but also into 
consumer goods such as mashed potato mix), and crisps (also called potato chips; produced 
in a variety of shapes and flavours). Frozen products are the dominant product, with about 
80% of total production in 2017 (see Figure 2.4). These products are produced with both 
domestically grown potatoes and with imported potatoes. The final products are also traded 
internationally, in addition to the more than 700 thousand tonnes consumed in the 
Netherlands. 
 
Global demand for processed potato products, in particular for French fries, is growing at 
about 3 to 4% per year. The Chinese and Russian markets for potato products has seen 
strong growth in recent years, with several European companies, including Farm Frites and 
Lamb Weston Meijer, setting up operations there to meet the demand. Dutch potato 
processors have steadily increased their capacity both in the Netherlands and abroad, but 
have had to look increasingly to imported potatoes to feed their processes, as the cultivation 
of potatoes in the Netherlands is not growing at the same rate. Meanwhile, they also look to 
material efficiency to reduce the input of potatoes needed. Typically, a factory can cost-
effectively purchase potatoes from within about a 150 kilometer radius, though imports from 
further can occur if necessary to obtain the quality of quantity of potatoes needed to meet 
demand (Boerderij.nl, 2018). 
 
In 2017, the Netherlands also exported about 963 thousand tonnes of fresh potatoes for 
consumption (excluding seed and starch potatoes). The majority of these fresh potatoes 
exported by Dutch producers are traded within the EU; 71% were exported within the EU in 
2018 (FAOSTAT, 2019). A large share of the processed potato products produced in the 
Netherlands are also destined for export: in 2017, more than 2.2 million tonnes were sent 
abroad (Eurostat, sd). Of those, about 45% remain in the EU, with the most common 
destination in the EU being the United Kingdom, with more than 400 thousand tonnes, 
followed by Germany. Exports of frozen potato products to Germany between 2010 and 2017 
more than doubled in value terms (Dolman et al, 2019). 
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Figure 3.1. Production and consumption of processed potato products in the 
Netherlands 

Sources: Baltussen, et al., 2016; Centraal Bureau voor de Statistiek, 2019b; Eurostat, 2019; Nederlandse 
Aardappel Organisatie, 2019; PotatoPro.com, 2017; Rabobank Group, 2019; Wageningen University & 
Research, 2018. 

Note: Some values are based on reported data, and others are estimated. Seed potatoes and starch potatoes 
have been excluded from the figure above. 

The byproducts of the sector are also used: potato peel waste makes up the largest share of 
all byproducts from the potato processing sector, and today is typically used as animal feed, 
though use as fertilizer and for waste incineration can also occur. In 2016, 1.4 million tonnes 
of potato peel waste were sold for cattle and pig feed (Wageningen University & Research, 
2018). Other options for potato peel waste include biogas production based on an anaerobic 
digestion process (Achinas, Li, Achinas, & Euverink, 2019). 
 
Though the average size of holdings in the Netherlands has been increasing, there are still 
many potato growers selling to the potato processing sector, and the yields per hectare in 
the Netherlands are high compared to many other countries, reaching about 44 tonnes per 
hectare (the global average is about 20 tonnes per hectare) (ABN AMRO, 2008) (RaboBank 
Group, 2019). In the Netherlands in 2018, nearly 165 thousand hectares were cultivated for 
potato crops, of which about 76 thousand hectares were for ware potatoes, 44 thousand for 
seed potatoes, and 45 thousand for starch potatoes (Centraal Bureau voor de Statistiek, 
2020b). In total about 16% of the total arable land area of the country is used for potato 
cultivation, higher than any other EU country. Including seed and starch potatoes, the 
Netherlands produced more than 6 million tonnes of potatoes in 2018, or almost 12% of the 
total EU harvest (Eurostat, 2019). Of those, about 3.1 million tonnes were consumption 
potatoes, 1.3 million were seed potatoes, and 1.5 million were starch potatoes (Centraal 
Bureau voor de Statistiek, 2020a). 
  
The flows and yields shown above, however, can be quite variable from year to year, based 
on the quality and price of raw materials. Potato harvests in recent years have been 
increasingly variable, leading to volatility in availability, prices, and quality of potato 
harvests. 
 
Several options are available to potato farmers to sell their crops: they can sell these 
potatoes in direct contracts with purchasers, on the basis of prices and volumes either fully 
or partially fixed in advance of the harvest; they can sell them directly on the open market in 
an exchange; or they can sell them into a pool through which a group of growers receive the 
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same average price over the growing season. Futures and options for potatoes are also 
traded on some commodity markets, including in Amsterdam and Hannover (Boerderij.nl, 
2018). The exact ratio between potatoes traded freely on the spot market and those sold via 
contract is not known, but most potatoes in the Netherlands are sold under contract 
arrangements. Fixed price contracts have been gaining importance in recent years (Janssens 
et al., 2011). 
 
Price contracts are common for potato farms, within varying structures, potentially including 
quality standards, fixed or flexible delivery dates, and fully fixed or benchmark-based 
pricing. As shown in Figure 3.2, about 50% of farms in the arable farming sector (which 
includes all crops cultivated on plowed land) have some form of price contract arrangement, 
higher than in most other agricultural sectors. While data is limited, researchers have found 
that price contracts limited the volatility of potato prices received by farmers (van Asseldonk 
and van der Meer, 2016). 

Figure 3.2. Price contracts in arable crop farming in the Netherlands 

 

Source: van Asseldonk and van der Meer, 2016.  

Spot price information is made publicly available twice per week via the PotatoNL website, 
allowing all growers to access price information about transactions made on the stock 
exchange of 10 product categories of Dutch potatoes (Wageningen University & Research, 
2018). Spot prices reached their highest point since 2010 in June 2013, at €34.90 per 100 
kg, and their lowest point in September 2014, at €3.00 per 100 kg. Prices are seasonal, 
generally peaking in the summer months, but can still vary significantly from year to year, 
and are sensitive to shifts in supply and demand. 
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Figure 3.3. Potato production vs. spot price index, North-West Europe 

 

Source: Rabobank Group, 2019. 

The volatility of spot prices presents a significant challenge to potato growers and to the 
entire potato processing supply chain, especially in an economic downturn or supply shock, 
when either supply or demand differs from expectations. Uncertainty about the cost of the 
main raw material in this industry would be a barrier to long-term investment. Some potato 
processors try to mitigate the risk by positioning themselves to be able to import potatoes 
from other markets; however, potatoes are not typically shipped over long distances due to 
the risk of spoilage. Many potato processing companies purchase about 70% of their potato 
needs via fixed-price contracts, about 20% under volume contracts, and the remaining 10% 
on the spot market, in order to minimize their exposure to price risks. Contracts with 
growers are typically fixed one year to a year and a half before processing, in order to 
ensure steady operation of production lines (Janssens et al., 2011). Dutch potato processing 
companies are also now increasingly opening processing facilities overseas, where they can 
access local potato supplies and produce final products near where they will be consumed. 
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Figure 3.4. Potato spot prices in the Netherlands, 1 January 2010 to 1 December 
2019 

Source: Wageningen University & Research, 2019. 
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4 Options for 
decarbonisation 
In the potato processing sector, the focus with regards to decarbonization is on resource 
efficiency, fuel substitution, and CO2 emissions reduction options. The industry typically looks 
at sustainability for the complete chain from farmer to consumer, though this report will 
primarily address options for the potato processing segment; agriculture, transport, and 
other upstream and downstream emissions are beyond the scope of this report. 
 
Energy efficiency 
 
Peeling 
In addition to their reductions in material losses, efficient peelers can also have benefits in 
terms of energy efficiency. A case study of an efficient steam peeler installed by TOMRA at a 
potato processing facility in Switzerland claimed the design could reduce energy consumption 
by up to 25%, while also reducing peel loss, water usage, and maintenance costs (TOMRA, 
2014). Efficient steam peelers are the recommended standard in the MJA3 Maatregellijst of 
energy efficiency options (Rijksdienst voor Ondernemend Nederland, 2019b). 
 
Additionally, steam peelers can also incorporate heat recovery technology, to recover and 
utilize excess heat leaving the peeler. A brochure from Andritz Gouda claims its “E-
condenser” can recover up to 65% of the thermal input to a steam peeler. This refers to a 
capacity of 35 tonnes of potatoes per hour and results in a payback period between 1 and 3 
years (Andritz Gouda, 2019). 
 
Preheating with Pulsed Electric Field technology 
Pulsed Electric Field (PEF) technology can replace traditional steam preheating of potatoes, 
reducing water usage compared to steam preheating by 90%, improving characteristics of 
potatoes (for example, creating a smoother cutting surface), and reducing energy 
consumption for preheating by up to 85% (Fauster, et al., 2018) (PotatoPro.com, 2018). 
Lamb Weston Meijer installed PEF technology to replace its conventional preheating process 
at one of the lines at its facility in Kruiningen, mainly to reduce water usage (LambWeston, 
2019a). It succeeded in reducing fresh water use by 8% and energy use by 5% 
(PotatoPro.com, 2017). 
 
Blanching 
Hot water blanching is the typical, conventional process for reducing enzymatic activity in 
potatoes. It consumes significant energy and water, and the blanched potatoes must be 
dried (either with air or with water) afterwards. The waste water from this process also 
requires significant treatment afterwards to remove nutrients leached from the potatoes as 
well as any additives (often used to preserve colour and deactivate enzymes). The process 
can be operated either continuously on a moving belt or in batches, typically in a drum 
blancher. Currently, most producers do not recover this waste water nor the heat it contains. 
Its benefits include simplicity and low capital investments. Blanching is used in a variety of 
fruit and vegetable processing industries, beyond only French fries and crisps, and new 
technologies are being developed that can deliver similar products more efficiently. Some 
alternative processes that could reduce energy consumption or CO2 emissions in this section 
are discussed below. 
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Radio frequency or microwave blanching, operating by reversing an electromagnetic field 
around the material at 1 to 300 MHz or 300 to 3000 MHz respectively, would eliminate the 
need for hot water, allowing the blanching process to be electrified. Furthermore, microwave 
heating is rapid, uses less energy than hot water blanching, and reduces processing times. 
However, its drawbacks include water loss to evaporation, limited penetration depth, non-
uniform heating and lack of precise temperature control. Radio frequency heating for drying 
potato products is already commercialized (Pereira & Vicente, 2010). 
 
Electrical resistance heating (also called ohmic heating or Joule heating) for the blanching 
step depends on induced electrical currents within the food material to create heat, and 
would also allow complete electrification of the blanching process. It would require shorting 
heating times and improve product quality by reducing leaching. This type of blanching could 
handle large volumes. Like microwave blanching, it can create difficulties in controlling the 
temperature of the product. Additionally, low frequency electrical resistance heating, which 
would be most efficient in terms of heat generation, could lead to electrolysis of water 
creating oxygen and hydrogen, which might lead to unwanted discoloration and emissions. 
Electrodes corrode when immersed in water, and thus might need to be regularly replaced. 
 
Infrared blanching, operating in the frequency between visible light and microwaves, could 
have a better energy efficiency, shorter processing time, and larger heat transfer coefficient 
than conventional blanching. However, its heat penetration into thick substances (such as 
potato slices) is limited, and thus would need to be used in combination with other heating 
technologies. Surface discoloration may also be a problem. Infrared blanching could be 
combined with the use of hot air to mitigate some of these problems. 
 
With funding from the European Union, Aviko has been developing a closed loop blanching 
process with water and energy benefits. The process would allow the same water to be 
reused, despite leaching of some potato solids into the water, reducing both water and 
energy consumption. The process involves converting sugars in the water back into the other 
organic compounds, so that the water becomes saturated with those compounds and no 
further potato solids leach out. The company claims this process saves about 94 MJ per 
tonne of potatoes, through reduced natural gas use to heat water, about a 20 to 25% 
reduction in primary energy consumption for blanching compared to values in the literature 
(Walker, Beretta, Sanjuán, & Hellweg, 2018) (Masanet, et al., 2008). The process was first 
demonstrated in the Aviko plant in Steenderen, and has since been implemented at other 
Aviko facilities (European Commission, s.d.) (Royal Cosun, s.d.). 
 
The chosen blanching technology will depend on the characteristics of the particular potato, 
as well as the final product’s dimensions and desired characteristics. Hybrid technologies are 
also being researched to try to find more optimal, resource efficient blanching options (Xiao, 
Pan, & et al., 2017). 
 
Multi-flow injection in frying section  
Multi-flow injection – injecting hot frying oil into the fryer at varying points through the 
section – can improve reduce energy consumption for frying by reducing temperature 
fluctuations in the oil and improving heat transfer efficiency. The multiple injection points 
begin at the inlet of the fryer and are spaced throughout the length of the fryer depending 
on the temperature profile requirements for the final product, allowing more precise 
temperature control for a uniform temperature, which optimizes energy use and ensures 
standard product quality (Lucinschi & van den Bovenkamp, 2020). 
 
Heat recovery from fryer 
After the frying section, waste heat and frying oil vapours can be recovered for preheating 
potatoes before drying and blanching. Heat recovery from the water evaporated from the 
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fryer as well as the frying oil vapours is already common practice in the sector, and can 
reduce thermal energy use by 23% compared to processing without this heat recovery 
equipment (van Loon, 2005). A detailed study modelling energy flows in the frying section of 
a typical crisps processing line found an overall efficiency of 70%, and indicated further 
improvements in heat recovery and process efficiency were possible (Wu, Jouhara, Tassou, & 
Karayiannis, 2010). 
 
Efficient chillers and freezers 
Energy efficient refrigeration and freezing in the production process for frozen French fries 
and other frozen potato products can be a source of significant electricity savings. While 
electricity consumption for cooling does not necessarily lead to direct, on-site CO2 emissions, 
efficient use of electricity can enable decarbonization of the energy system as a whole. 
Typically, potato processing requires air blast freezing (also known as mechanical freezing), 
rather than cryogenic freezing, because of the characteristics of the products. However, 
within this category, a range of technology options are available; choice of compressors, 
condensers, and defrost equipment can have considerable effects on efficiency. 
 
New refrigerants, including ammonia, have also been implemented in recent years, after the 
Montreal Protocol and EU legislation aimed at phasing out ozone-depleting substances such 
as CFCs and HCFCs as refrigerants. Their substitutes include HFCs, which were added to the 
list of refrigerants to phase out under the Kigali Amendment to the Montreal Protocol in 
2019, in order to contribute to the avoidance of emissions of these fluorinated gases (also 
called F-gases, a category of potent greenhouse gases). 
 
In addition to selecting the most energy efficient equipment, optimizing operating 
parameters of these systems is an important element of energy efficiency. For example, 
freezing time decreases as air speed in the freezer increases, but additional power is 
required to drive the fans, and those fans generate residual heat. Finding the optimal air 
speed and freezing time in terms of energy consumption can have significant energy 
efficiency benefits, and is highly dependent on site-specific constraints (such as floor space) 
and product characteristics (such as shape and size). (New food magazine, 2014) 
 
One company, GEA Group, claims to be able to reduce energy requirements significantly (up 
to 30%) by optimizing the air temperature control system and refrigerant circulation, and 
using ammonia as a refrigerant. GEA also proposes integrated heat pumps that can 
recirculate excess heat removed from the freezer to other steps in the process, leading to 
reduced steam and natural gas consumption. (GEA Engineering, 2017) 
 
It is difficult to assess the current level of efficiency of freezers in the Dutch potato 
processing sector, given the diversity of products and lack of site-specific data, but efficient 
cooling and freezing technology and good operating and maintenance practices can reduce 
the overall energy intensity of the process. Switching to refrigerants with low or no global 
warming potential, such as ammonia, would also reduce the climate impact of the sector. 
 
Material efficiency 
Material efficiency and upgrading the large residual flows from potato processing has been a 
key area of action for the Dutch potato processing sector. To date those efforts have focused 
primarily on reducing losses in the process and upgrading the waste for productive uses, 
such as energy or animal feed. Some key factors that influence yield of final products in this 
sector include quality of raw potatoes, contamination by foreign substances such as dirt, 
wood or foliage, and stones in the raw potato feed, unwanted losses in the sorting process, 
unwanted mass loss in the peeling process, unwanted mass loss during cutting and slicing, 
spillage or breakage during transport in the process, moisture and diffusion losses, losses 
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during production disturbances such as maintenance (scheduled or unscheduled) (Somsen, 
2004). Some options to reduce unwanted material loss are described below, as well as 
options to valorize material waste for productive purposes. 
 
Peeling 
Peeling typically results in the largest share of unwanted mass losses in the production 
processes of potato products such as French fries. Some of this has to do with the quality of 
potatoes; those with smoother skin will result in lower peeling losses, while rougher potatoes 
lose more mass in the peeling process. Steam peeling, the most common peeling process, 
has higher unwanted yield losses than other types of peeling, but is commonly used because 
of its low capital investment needs and maintenance requirements. According to a 2004 
study, the steam peeling process removes about six times the thickness of the potato skin 
(Somsen, 2004). Depending on the final product specifications, quality of raw materials, and 
optimization of processes, abrasion peeling using rotating equipment with abrasive surfaces 
to rub off the skin of the potatoes, and caustic peeling in a caustic chemical bath, can also be 
material efficient options. However, there are tradeoffs to consider. Water use, water 
treatment needs, energy consumption, ability to use solid waste for other purposes, and 
investment cost are also factors in the choice of peeling technology. 
 
Steam peeling is the standard in today’s potato processing sector. While it is difficult to 
quantify the benefits of material efficiency without site-level analysis, as the yields of potato 
processing are highly dependent on final product characteristics and raw potato quality and 
size, there is some room for efficiency improvement on average, either through optimization 
or process substitution. Somsen et al. (2004) found that in factory conditions, steam peeling 
results in about 8% unwanted material losses on a mass basis. 
 
Sorting 
Efficient sorting prior to peeling can reduce material losses as well, both to avoid losses of 
usable raw material and to avoid energy use for processing of defective products. Some 
optical sorting equipment can collect information that allows facilities to more accurately 
assess the necessary peeling time, reducing losses from “overpeeling.” Based on feedback 
from these intelligent optical sorters, steam consumption can be optimized, resulting in more 
efficient use of both material and energy. The earlier in the process rejected potatoes are 
removed, the less energy will be used processing them. 
 
Blanching 
Steam blanching, as opposed to traditional hot water blanching (discussed in more detail 
above) can improve product quality and yield for potatoes, by preventing water absorption 
by the potatoes as well as leaching of nutrients from potatoes into the hot water bath. This 
process is considered to be relatively inexpensive. However, it can require additional 
blanching time, and energy requirements for steam are higher than for hot water. 
 
Biogas production 
Biogas can be produced from potato waste produced in the process, via simple and 
commercially available technology. This is already taking place in some facilities in the 
Netherlands and around the world. Wastewater from the Peka Kroef facility in Odiliapeel is 
used to produce 2 million cubic metres of biogas annually via a UASB (upflow anaerobic 
sludge blanket) anaerobic digestion process (Colsen, sd). This could be implemented in any 
potato processing plant using the wastewater flows from the process which contain leached 
potato solids. Additionally, solid potato waste, such as potato peels, could also be used to 
produce biofuels. This has been successfully implemented in the potato processing sector at 
a plant in Canada (PotatoPro.com, 2018) (Achinas, Li, Achinas, & Euverink, 2019). The 
characteristics of a UASB digester with CHP are given in Table 4.1. 
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Table 4.1. Biogas production with UASB digestion and integrated CHP 

Technology characteristics 
CAPEX (€/kWe) 3000-7000 

Fixed OPEX (€/kWe/year) 16-70 

Technical lifetime (years) 20 

Typical reactor tank volume (m3) 636 

Typical reactor tank capacity (kW) 380 

TRL 9 

Note: UASB digester reactor tanks can be combined in a modular way to create a larger unit. Nursanto 2017 
refers to a unit located in Norway with 4 reactor tanks, for a total capacity of about 1500 kW. 

Sources: Carlini, et al., 2017; Nursanto, 2017.  

Biogas produced from excess potato waste (not used for animal feed) can be used directly, 
with designated equipment that can handle higher levels of impurities and higher CO2 
content. It can also be upgraded to biomethane (by removing H2S and CO2) to allow it to be 
used in place of natural gas without retrofits to burners and other equipment, and without 
efficiency losses or corrosion problems. Typical characteristics of water scrubbing for biogas 
upgrading are given in Table 4.2, below. 
 
Table 4.2. Biogas upgrading with water scrubbing technology 

Technology characteristics 
CAPEX (€/MW biomethane capacity) 302 
Fixed OPEX (€/MW/year) 11 

Technical lifetime (years) 15 

Efficiency (% biomethane output to biogas input) 99 

Electricity consumption (MJ electricity/MJ 
biomethane output) 

0.05-0.06 

Typical size (MW) 6 

TRL 9 

Source: Danish Energy Agency (Energistyrelsen), 2017. 

Utilization of waste streams 
Potato peel waste and starch have potential uses as alternative material input or feedstock in 
other sectors such as medicine/pharmaceuticals, paper and glue, and plastics. Specific 
applications and costs will depend on nearby potential consumers and their process and 
material needs. Many of the peels and trimmings from potato processors are currently used 
as animal feed in the agricultural sector; alternative uses for these products would need to 
be considered from a systems perspective to ensure optimal use of limited resources. 
 
Fuel substitution 
Biogas and green gas 
Natural gas provides about 85% of the final energy consumption in the potato processing 
sector today, and is directly used for burners in the frying section of processing lines. 
Utilities, either onsite or centralized, which generate electricity and steam for use in the 
sector, also largely use natural gas. This gas can be replaced with renewable sources leading 
to reductions in both direct and indirect CO2 emissions. Biogas, a methane-rich gas from 
biogenic sources, is the most promising option, as it can be directly substituted for natural 
gas in these processes. Upgraded biogas with the same characteristics as methane (CH4), 
often called green gas, may be used directly without major retrofits to equipment, while 
biogas with higher CO2 contents and impurities will require more treatment or retrofits, as 
some elements present in biogas can cause clogs in boilers and chimneys, or corrosion of 
equipment. 
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The most common biogas production routes are via anaerobic digestion of bio-feedstocks, or 
gasification of woody biomass. Depending on the level of purity, biogas is then either used 
directly as a fuel, or desulphurised before combustion. Biogas can also be upgraded 
(becoming green gas) to remove CO2 and other impurities. Anaerobic digestion is particularly 
relevant to the potato processing sector because of the availability of bio-based byproducts. 
A biogas boiler, to replace the conventional natural gas boiler, is described in Table 4.3. 
Biogas could also be used in burners for the frying section of potato processing plants, but 
because of the site-specific nature of this equipment, insufficient cost data is available 
publicly to present in this report. 
 
Table 4.3. Condensing biogas steam boiler 

Technology characteristics 
CAPEX (€/kWth) 60 

Fixed OPEX (€/kWth/year) 2 

Technical lifetime (years) 25 

Efficiency (%) 94% (LHV) 

Typical size (MWth) 20 (0.5-50) 

TRL 9 

Note: It is assumed that biogas from anaerobic digestion will have an H2S content of <500 ppm, within the 
tolerance of a typical boiler of <1000 ppm. Depending on the characteristics of the biogas, further 
desulphurisation methods can be applied, either on-site or by an external biogas producer. Costs for 
desulphurisation range from about €0.11 to €0.21 per Nm3 biogas treated (assuming H2S levels of 600 ppm). 

Sources: Danish Energy Agency (Energistyrelsen), 2020; Swedish Gas Technology Centre Ltd (SGC), 2012; 
Danish Technological Institute, 2014. 

Solid biomass could also potentially provide the needed fuel for steam generation, though it 
would be more difficult to apply a solid fuel for direct fuel use in burners. Depending on 
availability, sustainability, and price, the potato processing companies could install biomass 
pellet boilers to meet their steam needs, as described in Table 4.4. 
 
Table 4.4. Solid biomass steam boiler 

Technology characteristics 
CAPEX (€/kWth output) 518 

Fixed OPEX (€/kWth/year) 40 

Technical lifetime (years) 15 

Efficiency (%) 90 

Typical size (MWth) 5-25 

TRL 9 

Source: Uslu, 2018.  

Electrification 
Electrifying heat demand could provide large direct CO2 emissions savings in the potato 
processing sector. The sector’s indirect (Scope 2) CO2 emissions would depend on the fuel 
sources used to produce electricity for the grid (or in dedicated off-site utilities). A transition 
to low-carbon and renewable energy sources in the power sector would allow the potato 
processing sector to phase out Scope 2 emissions as well as direct CO2 emissions. 
 
One of the key electrification options is to use heat pumps, which transfer heat from a lower 
temperature source to higher temperature sink. As part of the Horizon2020 project “Hot 
chips”, Tocircle Power Systems is testing the integration of evaporative compression 
technology (ECT) which utilizes waste heat from the fryer, with a 1.5 MW high temperature 
heat pump, together producing steam at 180°C with a COP of 4. The scaled up 5 MW version 
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will be tested in the frying section of an Aviko French fry production line in Belgium in 2020, 
aiming to bring the technology from its current TRL level of 6 to TRL 9. This technology could 
also have applications for potato chips and other frying processes in the food manufacturing 
sector, as well as other industrial processes operating at temperatures above 100°C 
(European Commission, 2019) (The Explorer). 
 
Mechanical vapour recompression (described in Table 4.5) could allow potato processing 
facilities to generate high pressure steam to substitute for traditional natural gas boilers or 
natural gas CHP, particularly for process steps at temperatures below 100°C, such as 
preheating and blanching, by utilizing low-pressure steam exhaust from industrial processes 
to be recompressed into a higher pressure and higher temperature for process use. This 
would compete with other options for excess heat utilization, such as heat recovery from 
frying oil vapours via combustion (see above). Steam recompression is commercially 
available, and can typically be economically applied on sites with a minimum capacity of 
about one tonne of steam per hour. 
 
Table 4.5. Mechanical vapour recompression 

Technology characteristics 
CAPEX (€/kWth) 260-600 

Fixed OPEX (€/kWth/year) 3-24 

Technical lifetime (years) 10 

Coefficient of performance (COP) 3.5-10 
Typical size (MWth) 8-20 

TRL 9 

Source: Marsidi, 2018a. 

Heat pumps using the reverse Rankine cycle to produce heat up to 90°C are commercially 
available, and can be adapted to higher temperatures up to 120°C-140°C. However, higher 
temperature heat pumps (Table 4.6) are at a low level of technology development today, but 
continuing research and development could reduce the cost and performance of the 
equipment by 2050. A pilot-scale high temperature heat pump has been installed in the 
Netherlands at a paper mill, and could be applicable in a number of other industries using 
steam below 200°C. Heat needs for potato processing up to 140°C – potentially pre-heating 
of materials and blanching – could be met with high-temperature heat pumps. 
 
Table 4.6. Industrial high-temperature heat pumps 

Technology characteristics 
CAPEX (€/kWth) 400-5000 

Fixed OPEX (€/kWth/year) 60 

Technical lifetime (years) 15 
Coefficient of performance (COP) 4 

Typical size (MWth) <20 

TRL 5 

Source: Marsidi, 2018b. 

Currently, steam boilers using natural gas as a fuel are typically used to supply steam for the 
potato processing sector. Electric boilers (Table 4.7) could meet the steam needs of the 
potato processing industry while reducing natural gas consumption and therefore direct CO2 
emissions. Electric boilers would be able to provide the high temperature high pressure 
steam at the same quality as a conventional gas boiler, and are commercially available 
today. 
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Table 4.7. Industrial electric boiler 

Technology characteristics 
CAPEX (€/kWth) 150-1905 

Fixed OPEX (€/kWth/year) 1.1 

Technical lifetime (years) 15 

Efficiency (%) 95-99.9% 

Typical size (MWth) 0.6-70 

TRL 9 

Source: Berenschot, Energy Matters, CE Delft, Industrial Energy Experts, 2017; Marsidi, 2019. 

Geothermal 
Steam at the temperatures required by the potato processing sector can also be produced 
via Ultra Deep Geothermal (UDG) energy projects. This involves drilling wells of at least 4000 
m depth, to extract hot water at temperatures around 120-140°C. A typical project consists 
of two wells drilled into limestone. Cool water is injected through one well, where it is heated 
by geothermal energy at the bottom of the well. The heated water is pumped out under 
pressure through the second well, and its heat transferred via a heat exchanger before 
reinjection. Degassing is also needed to remove natural gas and oil that comes out of the 
well along with the water. 
 
Several companies in other sectors of Dutch industry, including dairy and paper, are 
investigating potential UDG applications, but there are currently no UDG facilities in 
operation in the Netherlands. Researchers have estimated that geothermal could feasibly 
provide about 50 percent of the process energy requirements for a frozen French fry 
production line (fryers and freezers would likely require an additional energy source) 
(Dickson and Fanelli, 2013). 
 
Table 4.8 Ultradeep geothermal energy station 

Technology characteristics 
Capacity (MWth) 17 

Load hours (h/yr) 7000 

Electricity use (TJ/yr) 21.8 
CAPEX (k€/kWth) 2.56 

Fixed O&M (EUR/kWth/yr) 107 

Source: in ’t Groen, de Vries, Mijnlieff and Smekens, 2019. 

Hydrogen 
Another option for decarbonizing the steam and fuel needs of the potato processing industry 
could be to use hydrogen boilers. Hydrogen production would need to be decarbonized – 
produced via electrolysis of water with carbon-free renewable electricity, rather than via 
steam methane reforming as it is today, or with the addition of carbon capture and storage 
technology - for this to be considered a sustainable option. Hydrogen can also be produced 
via biomass gasification, but this process is less efficient, and given the potential future 
competition for sustainable biomass resources, is a less likely option than the others. The 
availability of affordable hydrogen from low-carbon sources is a constraint today, but 
potential cost decreases in electrolyzers and advances in development of hydrogen 
technology and infrastructure could make this solution more feasible in the future. 
 

 
5  Typical cost of an electric boiler is EUR 60/KWe, and the rest of the investment costs stem from the grid 

connection. These costs are highly site-specific. (Berenschot, CE Delft, ISPT, 2015). 
6  Does not include costs of geological research and permits. Costs of a heat distribution network of a length 

of 0.5 km included.  
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A 100% hydrogen fuel can be used to replace natural gas, in conjunction with dedicated 
hydrogen boilers (Table 4.8), or retrofits to burners to account for differences in combustion, 
particularly flame speed. Increased NOx emissions with the combustion of pure hydrogen, 
however, might require oxyfuel combustion (combustion using pure oxygen rather than air), 
increasing operating costs for purchased hydrogen or energy consumption for air separation 
units. Alternatively, hydrogen could be used in existing industrial natural gas boilers can be 
blended with natural gas, within the prescribed limits of existing equipment; this depends on 
site-specific constraints and operation practices. 
 
Table 4.9 Hydrogen boilers 

Technology characteristics 
CAPEX (€/kWth) 120-160 

Fixed OPEX (€/kW/year) 15-20 
Technical lifetime (years) 20 

Efficiency (%) 90% 

Typical size (MWth) 20 

TRL 9 

Sources: Gigler & Weeda, 2019; Noothout, de Beer, Quant & Blok, 2019; van Berkel & Hernandez, 2018. 

CCS/CCU 

Carbon capture, utilization and storage (CCUS) cannot be economically applied to the direct 
CO2 emissions from the potato processing sector, as the direct combustion of natural gas in 
the processes creates emissions streams that are too diffuse and small-scale. Low 
concentrations of CO2 in flue gases from burners means that additional equipment for 
separation would be needed; and the fact that each individual source of CO2 emissions is 
quite small makes those investments quite high relative to their benefit. There may also be 
space and logistical constraints related to the specific applications of natural gas burners in 
the frying step of the potato processing line. For utilities, post-combustion CO2 capture could 
potentially be applied, and potentially combined with streams from smaller point sources at 
the facility (depending on physical constraints of the site) from direct fuel combustion in the 
process. 
 
Captured CO2 would then need to be transported either by pipeline or by truck, to a storage 
site, most likely offshore in the North Sea. This would be least costly for sites located near 
the coast, and especially those located near a port where other carbon capture and storage 
projects may be implemented. As potato processing facilities are often located near sources 
of potatoes (see map in Chapter 1), rather than in industrial clusters, the possibilities for a 
joint project are also quite limited. The largest potato processing facilities in the Netherlands 
have a capacity of about 400 kt potato products per year, equivalent to roughly 65 ktCO2 per 
year, which makes it unlikely to find an economical carbon capture project unless they are 
located next to an open-access CO2 pipeline project or are part of an industrial cluster 
consortium building CO2 infrastructure. 
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5 Discussion 
In the short term, the potato processing sector can reduce emissions by becoming more 
efficient with material and energy, and by utilizing existing waste streams for energy 
purposes. These options do not require major changes to the product or major retrofits to 
existing process equipment; these can be implemented via improved practices, minor 
retrofits, or add-on equipment. The main options to be reduce emissions in the short term 
are efficient boilers for steam supply, efficient peelers to reduce losses and steam 
consumption, and heat recovery from fryers, where not already implemented. These options 
do not have any major technological barriers, as the technologies are mature, and can often 
be retrofitted to existing production lines without replacement of other equipment. The 
expansion of the SDE subsidy scheme to include more CO2 emissions reductions options 
could also improve the business case for these options, particularly for waste heat recovery 
and heat pumps.  
 
In the longer term, in order to fully decarbonize, the potato processing sector will need to 
eliminate the use of natural gas, its main source of CO2 emissions. Because carbon capture 
and storage is unlikely to play a role in the potato processing sector, this could be done via 
electrification or substitution with biofuels or hydrogen. Biofuels would require the least 
extensive process changes, and technology options that are more mature and economical 
today. However, given the need for decarbonization across the industrial sector as well as 
the rest of the economy, the competition for sustainable biomass resources could lead to 
shortage and high prices in the future. The potato processing sector, as it uses mainly low- 
to medium-temperature heat, may choose to implement other decarbonization options, 
unlike industrial sectors which have more limited options due to the need for high-
temperature heat or feedstock. 
 
From a technical perspective, the use of hydrogen to generate steam and to heat frying oil 
would not be very difficult, requiring retrofits to equipment and storage facilities; the main 
challenge facing hydrogen as a decarbonization option in the potato processing sector is cost. 
The future supply of low-cost green hydrogen is uncertain, and from a societal perspective, it 
may be used for higher value applications than for low- to medium-temperature process 
heat, such as for difficult to decarbonize transport fuels or as feedstock. With a sufficiently 
low-cost supply of hydrogen from renewable sources or from natural gas with CCS, and 
sufficient infrastructure development, hydrogen use as fuel in the Dutch potato processing 
sector could be possible. 
 
The electrification of the potato processing sector, particularly the electrification of process 
heat, today seems to be a more expensive option, but future developments in electricity 
generation technologies and electricity markets, both in the Netherlands and in Europe, will 
determine future costs for electricity. A broader reliance on electricity in industry would 
require more sophisticated regulatory tools and technical capacity in order to manage a 
larger and potentially more integrated and complex grid. Nonetheless, falling costs for 
renewable power generation technologies, as well as electrified end-use technologies, such 
as heat pumps, can quickly change the picture and improve the prospects for electrification 
of industry. 
 
Dutch infrastructure planning will play an important role in facilitating industrial 
decarbonization, and the effects on sectors like potato processing should be considered in 
developing such plans. The potato processing sector can also take a proactive role in 
decarbonizing, and communicating its preferred options to policymakers. 
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Furthermore, factors outside the energy system could also impact this sector. For example, 
societal eating habits are not static – they are culturally specific and continuously evolve 
over time. As society adapts to climate change, this could have a significant impact on the 
foods that Dutch consumers eat and the supply chains through which they reach those 
consumers, as well as consumers in the rest of the world who purchase imported potato 
products. Eating more locally produced fresh foods could have a potentially large impact on 
this sector, as many frozen processed potato products are exported globally from the 
Netherlands. Decreased demand for fried products, and a shift toward raw, boiled or baked 
potatoes would significantly reduce the energy use of the sector. Similarly, a shift away from 
frozen food toward fresh foods would also likely reduce energy consumption. However, today 
processed potato consumption, particularly French fry consumption, is on the rise globally 
without signs of slowing. A shift away from meat consumption to vegetarian and vegan foods 
may also lead to increasing potato demand. Global trade in food products is also generally on 
an upward trajectory, though it is affected by broad economic trends, exchange rates, and 
shifting trade policies and agreements. 
 
Weather patterns that make northern Europe suitable for growing potatoes may change over 
time as well. As the global climate warms, more extreme temperature fluctuations, 
particularly temperatures above 30°C becoming more common in European summer, will 
have a negative effect on potato crops, as well as changing patterns of rainfall. Adaptation to 
these changes may include new varieties of potatoes, shifting growing seasons, and shifting 
areas of cultivation. It is difficult to say how the Dutch potato processing sector in particular 
will be affected, but the long term outlook for this sector will surely be affected by climate 
change and the degree to which we succeed in mitigating its effects. 
 
The full decarbonization of the Dutch potato processing sector, based on the assessed 
technology options, would therefore require significant investments in new and upgraded 
technology. As with other industrial sectors, creating incentives in the short term to invest in 
long-term solutions would be beneficial not only in order to accelerate mitigation action but 
also in order to avoid lock-in effects. Industrial equipment typically has a long lifetime; a 
typical potato production line has about a 20 year lifetime. Decarbonization efforts will be 
most cost-effective if they align with investment cycles, to take advantage of windows of 
opportunity before 2050. 
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Appendix A 
A.1 Methodology for energy intensity estimations 

In order to estimate final energy intensity of production in the Dutch potato processing 
sector, several literature sources were used, and estimates adapted to the Dutch situation. 
Masanet et al. in the 2008 report, “Energy Efficiency Improvement and Cost Saving 
Opportunities for the Fruit and Vegetable Processing Industry,” provide bottom-up estimates 
of energy consumption for several processed fruit and vegetable products, including frozen 
potato products. Walker et al., in a 2018 article, “Calculating the energy and water use in 
food processing and assessing the resulting impacts,” also take a life cycle assessment 
approach to estimate the energy consumption for frozen French fries as well as for potato 
flakes production. Masanet et al. (2008) base their energy intensity estimates on literature, 
while Walker et al. use bottom-up calculations based on data from specific facilities. 
 
Walker et al. has been chosen as the main source, as it is more recent and more detailed, 
and provides estimates for flakes as well as frozen potato products. However, Masanet et al. 
has also been used for electricity consumption estimates for cooling, freezing, and 
packaging, where Walker et al. did not include the same level of detail. 
 
Values from these two sources have been combined and transformed to primary energy 
terms based on a 1.1 factor from steam to natural gas and 2.5 from electricity to primary 
energy. These values were then scaled on an annual basis to the process efficiency 
improvements reported in the MJA3 reports published by RVO for the Dutch potato 
processing sector. 
 
These scaled intensities were then transformed back into final energy terms, providing an 
overall final energy intensities for the sector for frozen potato products (mainly French fries) 
and potato flakes. The scaled intensity for frozen potato products was then also 
differentiated for chilled potato products and crisps, based on the process steps needed for 
each product. For crisps, energy associated with post-frying refrigeration and freezing steps 
was excluded, and for chilled products, energy associated with freezing was excluded. For 
potato flakes, we have also adjusted the energy intensity to account for the fact that Aviko 
Rixona, the main producer of potato flakes in the Netherlands, does not use steam peeling. 
(DutchTecSource.com, 2016) 
 
See the table below for a summary of these results, compared to the original sources. 
 
Table A1. Energy intensity (kJ/kg) of potato processing 

Source Frozen potato 
products 

Chilled potato 
products 

Potato flakes Crisps/ 

potato chips 
Walker et al. (2018) 4.84 - 7.32 - 

Masanet et al. (2008) 3.01 - - - 

MIDDEN estimate for 2017 3.39 2.99 18.7 2.98 

Note: Masanet et al. original values given as Btu/lb. Major difference in Walker et al. and Masanet et al. values 
for frozen potato products comes from frying energy consumption. Walker et al. values for potato flakes refer to 
a specific plant, which utilises reject materials from other processing lines to complement the raw potato inputs, 
contributing to a lower overall energy intensity per unit of final product. 
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Because only primary energy use is reported to RVO, there is no comparison for the 
estimated final energy consumption or energy intensity estimates. However, the resulting 
primary energy intensity estimates, applied to relevant reported production levels, give a 
reasonable approximation of total primary energy use. The results have an r-squared value 
of 0.839 compared with the reported primary energy use from RVO reporting. See the figure 
below for a comparison of reported primary energy consumption with estimates based on the 
methodology described here. 
 
Figure A1. Comparison of estimated and reported primary energy values 

 
Note: Process energy efficiency values for 2008 through 2010 are estimated based on the stated 12.5% 
improvement in 2011 over 2005, and 2016 value is estimated based on reported 8.4% improvement in 2016 
over 2012. The primary energy values reported here include only the 15 sites that are covered by MJA3 for 
comparable coverage, though the remaining sites are included elsewhere in the report. 
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