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ABSTRACT
Cooking food is an essential human activity that implies energy consumption. Solutions for reducing those consumptions and 
the associated environmental impacts exist, which mainly focus on incentivizing the use of highly performant cooking appli-
ances. This study applies the ISO-standardized Life Cycle Assessment (LCA) method to an Italian production brand of natural 
fiber handcrafted cooking boxes utilized for simmering food without consuming energy. To disclose the environmental benefits 
of such cooking practice, an ex-ante analysis of potentially avoided impacts was performed comparing the use of the cooking 
box with several scenarios of cooking “without” the box. Results show that, if the cooking box were used regularly around twice 
every day for 10 years by a household, it could potentially generate impacts on particulate matter formation (~331 g PM2.5-eq.), on 
global warming (~326 kg CO2-eq.), and on water consumption (~9.6 m3), among others. At the same time, however, simmering 
food with the cooking box might help avoid relevant environmental loads. Scenario analysis demonstrates that, if conventional 
cooking technologies such as radiant, induction or gas hobs were used instead of the cooking box, the potential impact could 
dramatically be higher, for values in between ~66% to ~86% depending on the food cooked and the impact category indicator 
assessed. By outlining the environmental performance of the cooking box, the benefits in terms of saving resources and reducing 
the impact associated with human food production are revealed. Although rooted in ancient culinary traditions, the cooking box 
represents a highly innovative technology within contemporary Western culinary practices.

1   |   Introduction

Cooking is a universal daily activity, yet it remains a substan-
tial source of environmental burdens due to its reliance on non-
renewable energy sources (Hager and Morawicki 2013). In 2023, 
household cooking in Europe accounted for more than 600,000 
TJ of energy consumption, mostly from natural gas (~33%) and 
electricity (~52%), with less than 5% derived from renewable 
sources (Eurostat 2025).

Restaurants and large-scale food services generally require 
even greater and more complex energy inputs, often producing 
higher per-meal impacts (Dai et  al.  2020). Studies comparing 

LPG (liquified petroleum gas), electricity, and natural gas fu-
elled equipment show mixed results, whereby LPG systems 
can consume more energy yet be less polluting (Gunasegaran 
et  al.  2023). While natural gas is at times more efficient and 
less emissive than electric alternatives (Li et  al.  2022). Other 
assessments, however, find that electrification of the foodser-
vice industry can reduce environmental impacts under specific 
technological and policy conditions (Wang et al. 2013; Steinberg 
et al. 2017; Madanaguli et al. 2022; Bahadiroglu et al. 2025).

Variables such as cooking behavioral patterns, local regula-
tory frameworks on the use of technologies and kitchen di-
mensions, cultural preferences, etc. necessarily influence the 
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choice for cooking appliances, their mode of utilization and 
the generated impacts on the environment. To reduce the 
environmental footprint associated with the production and 
use of cooking appliances, the European Union introduced 
Ecodesign requirements for domestic ovens, hobs and range 
hoods (EU 2014), and later expanded them to include off mode, 
standby mode, and networked standby energy consumption 
of electrical and electronic household and office equipment 
(EU  2023). While these measures help improve production 
efficiency and reduce environmental footprint, they cannot 
fully mitigate downstream environmental impacts, which de-
pend heavily on user behavior and cooking practices. Ideally, 
the only solution to control or offset the environmental bur-
dens at that stage is the “non” use of either fueled or electric 
cooking equipment.

A historically established solution to energy-intensive cooking 
is the fireless or retained-heat cooking method. First widely 
documented during the First World War in Italy (PMC  1916), 
fireless cooking implies making use of insulated containers to 
retain heat and complete food preparation without additional 
energy consumption (Verriet  2015, 2016). This simple and ef-
fective principle dates to the 19th century and bears the name 
of “Improved Self-Acting Norwegian Cooking Apparatus”, a 
device capable of drastically slowing heat loss (Gaillard 1868). 
Manuals and cookbooks from the early 1900s promoted the 
technology for its capacity to save fuel, retain food quality, and 
reduce costs (Sheer Company 1910, Mitchell 1913, Frayser 1914, 
Chamber Manufacturing  1927). Despite its decline following 
the spread of modern domestic appliances, renewed interest has 
emerged, especially with recent artisanal models such as those 
produced in Italy under the name of “cassette di cottura”, that is, 
cooking boxes (Filo&Fibra 2025).

By assessing their environmental sustainability, this study aims 
to verify the hypothesis that artisanal cooking boxes constitute 
appropriate and efficient technologies for mitigating the envi-
ronmental impacts of food cooking practices. The research 
applies the life cycle assessment (LCA) (ISO  2006b) in order 
to: (i) develop an environmental profile of the cooking boxes, 
benchmarking multiple impact scores in a rigorous and quan-
titative way; and (ii) perform an ex-ante analysis of the poten-
tially avoided impacts (i.e., environmental benefits) of using the 
cooking box by comparing conventional cooking practices with 
fireless cooking scenarios.

2   |   State-of-the-Art

LCA is an established tool for evaluating environmental per-
formances and hotspots in the life cycle of any production sys-
tem (Hauschild et al. Hauschild et al. 2018, Moni et al. 2020, 
Nurdiawati et al. 2025), such as emergent technologies in the 
manufacturing sector (Hjellvik and Kirkels 2025). Numerous 
studies have assessed cooking technologies, techniques, and 
practices (Odoi-Yorke  2024), highlighting trade-offs across 
gas, bioenergy, electricity, and halogen cooking systems. For 
example, cooking with gas may produce larger indoor air 
pollution than cooking with electric hobs due to particulate 
matter emissions (Amouei Torkmahalleh et  al.  2017; Ipaki 
et  al.  2026), whereas the use of electric systems may entail 

higher upstream burdens depending on the electricity mix 
(Cimini and Moresi 2022).

Recent systematic reviews show that electric cooking, when pow-
ered by renewable energy, can substantially reduce greenhouse 
gas (GHG) emissions and indoor air pollution compared to tra-
ditional fuels such as biomass and kerosene (Odoi-Yorke 2024). 
Improvements achieved by introducing European Ecodesign 
regulations have increased appliance efficiency by 2% and 4% 
and are projected to reduce primary energy consumption by 12% 
by 2030 (EU 2014, 2023, Wierda and Zanuttini 2024, European 
Commission  2025). Nevertheless, actual impacts are strongly 
influenced by factors that go beyond technological efficiency, 
including cooking duration, pot size, preparation methods, and 
user behavior.

Off-grid cooking alternatives like solar cookers and biomass 
cookstoves are widely used in rural areas (MacCarty et al. 2010; 
Kshirsagar and Kalamkar 2014; Carvalho et al. 2020; Battocchio 
et  al.  2021; Misra et  al.  2023; Ceviz et  al.  2024; Sivakumar 
et al. 2024; Verma et al. 2024; Modi et al. 2025). Solar cookers 
offer low-energy operation but suffer from weather dependence 
and practical limitations (Sivakumar et al. 2024). Whereas bio-
mass stoves (e.g., fueled with firewood, charcoal, and crop resi-
dues etc.) reduce fossil fuel reliance but can produce high indoor 
pollution when improperly ventilated (Cimini and Moresi 2022). 
Furthermore, inefficient combustion can generate considerable 
environmental and health burdens (Beltramo and Levine 2013; 
Wilson et al. 2016; Aemro et al. 2021).

Retained heat cookers, commonly known as hayboxes, are ma-
ture technologies represented by containers insulated with grass, 
straw, cloth or banana leaves, with a tightly fitting lid to allow 
holding the heat in the boiling pot, and the food to cook with-
out consuming additional fuel (Kshirsagar and Kalamkar 2014). 
They can also be defined as “relatively air-tight, well insulated 
boxes that use captured heat to simmer a hot pot of food to com-
pletion” (Still et al. 2010), keeping food at temperatures above 
60°C for even several hours after the pot is taken off the heat 
source (Matavel et  al.  2022). Modern commercial examples 
include the EasyOven in Australia, which claims fuel sav-
ings of 83%–90% and significant reduction in smoke exposure 
(Kennard 2025). Other models include the Mr. D's eco-friendly 
thermal cooker (Lin et al. 2024), the ONIL cooker (O'Neal 2007), 
the Wonderbox Thermal Cooker (Segaran and Segaran  2020), 
and several other designs promoted mostly for use in develop-
ing countries (Nienhuys 2012; KoZon 2013; Okello 2013, 2023). 
These are all practical cases of fireless cooking tools ready 
for use, widely tested and already in the market. However, no 
LCA studies could be found in support of their environmental 
profiling.

More rigorous evidence emerges from a few cases. In Bangladesh, 
performance tests of the WonderBag showed energy savings of 
22%–48% and CO2 reductions of 45–189 g per kg of food (Islam 
and Salehin 2014; GIZ 2017). In South Africa, Wonderbag prod-
ucts have been externally validated under carbon crediting 
systems (Agarwalla et al. 2021; Wonderbag 2025). Another ex-
perimental study comparing a Hot Bag to a traditional induction 
cooker found 42% energy saving and 123 g of avoided CO2 emis-
sions per kilogram of rice cooked (Salehin et al. 2016). However, 
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these analyses typically adopt limited system boundaries that 
exclude upstream production and end-of-life phases.

Only one comprehensive LCA study exists comparing insulated 
boxes for cold chain logistics (Meng et  al.  2023). Research on 
combining retained heat cookers with solar energy collectors 
suggests performance improvements and faster heating (Mawire 
et al. 2020; Abedigamba et al. 2025). Thermal conductivity anal-
yses comparing different insulators, such as the WonderBag and 
Ugandan hay baskets, show superior insulation performance for 
the former (Abedigamba et al. 2025).

Despite a growing body of evidence, significant gaps remain in 
the environmental assessment of retained heat cookers. First, a 
detailed cradle-to-gate LCA for these systems is lacking. Second, 
comparative analyses with modern electric and gas appliances 
remain fragmented and often methodologically inconsistent. 
Third, available studies focus predominantly on carbon foot-
prints, neglecting other relevant environmental indicators such 
as water use, toxicity, and resource depletion. Overall, retained-
heat cookers offer a promising way to reduce cooking-related en-
vironmental impacts by lowering energy use during operation. 
Yet their full environmental profile—including upstream and 
end-of-life stages—and a systematic comparison with conven-
tional systems remain unexplored. This study addresses these 
gaps by applying a robust LCA to artisanal cooking boxes and 
evaluating their potential to reduce impacts across multiple 
indicators.

An expanded version of the state-of-the-art and research ques-
tions is provided in the Supporting Information 1.

3   |   Materials and Methods

3.1   |   Description of the Case Study

The cooking box analyzed in this paper is essentially made of 
biobased textile components and conceived to cook food for 
a long time without external heat sources, maintaining the 
heat accumulated after a short initial boiling phase (i.e., pre-
cooking). It can therefore be used to save time and energy for 
cooking soups, legumes, meat, bread, yogurt and other foods 
that benefit from slow, low-temperature cooking (i.e., simmer-
ing process). Since the goal of the cooking box is to maintain 
constant temperatures, it can also be used as a sort of “fridge” to 
keep cold food at their initial temperatures for a certain amount 
of time.

The practice of cooking within boxes is anything but new in 
Western countries (Hamman  1910). Nevertheless, cooking in 
boxes lost attraction and interest for many decades, being al-
most completely replaced by traditional energy-based technol-
ogies. The artisanal brand of cooking boxes assessed here was 
created around 5 years ago by the Italian cooperative company 
Filo&Fibra. The brand is nowadays getting more and more im-
portance, not only in the context of local domestic usage, but also 
in the international market and for utilizations in restaurants 
and slow-food events. For example, Filo&Fibra's products were 
recently recognized with the Orange Flag by the Italian Touring 
Club (TCI 2025). Moreover, the cooking box was acknowledged 

by the renowned Italian Slow Food association as a tool to guar-
antee food quality while reducing cooking energy consumption 
(SlowFood 2025), awarded “project plus” by the regional Tuscany 
section of the association in 2023 (SlowFood 2024). Noteworthy, 
the demand for artisanal cooking boxes both from citizens and 
restaurants has been doubling in the last 3 years, with foreign 
sales in particular increasing by around 15% in 2024.

Table 1 describes the components and features of the main eight 
typologies of cooking box (i.e., brands) produced by Filo&Fibra, 
which were object of the present study. The goal of building an 
LCA model of the cooking box production and use system was 
to confirm the hypothesis that cooking with artisanal cooking 
box of Filo&Fibra can increase the environmental sustainability 
of human food cooking practice, at least for preparing certain 
categories of dishes. The scope of the work, which is further de-
tailed in Section  3.2, was to study the environmental impacts 
associated with all the upstream production and transportation 
steps of the raw materials and products used in the manufac-
turing phase of the cooking boxes (those reported in Table 1), as 
well as with the use and downstream phases of the life cycle that 
includes the pre-cooking stage and end-of-life activities.

3.2   |   Methodological Procedure

The environmental footprint analysis of the cooking boxes and 
their utilization was conducted according to a rigorous applica-
tion of the ISO 14040 and 14044 standards (ISO 2006a, 2006b). 
The main function of this product is to replace the use of tradi-
tional cooking technologies based, for example, on electric or gas 
appliances in the preparation of food requiring simmering pro-
cesses. This function theoretically allows to save time, energy, 
and eventually money without losing the quality of prepared 
meals. Saving time and resources can be translated into envi-
ronmental benefits by quantifying the avoided impact of “not” 
using the cooking box. However, because of the wide variability 
in the duration of the pre-cooking processes as well as in the 
amount of water consumed, which both depend on the meal pre-
pared, several use scenarios had to be made and compared (see 
Section 3.3). Accordingly, the chosen functional unit (FU) was 
the “utilization of the cooking box to prepare a meal requiring a 
simmering process, considering an average pre-cooking time of 
13 min and an equivalent amount of food to 4 portions”. As spec-
ified in Table 3, this duration is obtained as a mean between the 
measured cooking time and water consumption performances 
for #15 different meals that may be prepared before transferring 
the pan with the pre-cooked food into the cooking box.

In Figure  1, a cradle-to-grave system boundary was imple-
mented to identify the most important activities of the life cycle 
and collect their related input and output data. All the activities 
reported in Figure 1 were included in the model. It should be 
noted that the model also included the production and consump-
tion of methane and electricity used in gas and electric hobs, re-
spectively, during the pre-cooking phase, as well as the post-use 
activities of all the replaced infrastructure (e.g., waterworks) and 
devices (e.g., hobs), including their end-of-life processes. Among 
these phases, no end-of-life treatment process was modeled for 
the cooking box, as all components are assumed to be fully re-
covered and transformed into new materials and products (e.g., 
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shopping bags, key rings, interior items such as trivets or non-
slip felt pads) without additional energy use or virgin material 
inputs. Further details on this assumption are provided in the 
Supporting Information 1.

Data reported in Table 3 were used to define the FU and cre-
ate the abovementioned scenarios, starting from a so-called 
“baseline” model where the pre-cooking phase is assumed to 
be conducted using a mix of hob technologies: 1/3 on gas hob; 
1/3 on radiant hob; and 1/3 on induction hob (see Section 3.3). 
Accordingly, to estimate the environmental impacts potentially 
generated by the use phase, specific inputs of water (used in dif-
ferent amounts to cook the meal) and energy (consumptions of 
electricity and gas, as both electric and gas hobs solutions are 
possible when pre-cooking meals) were considered. Parameters 
to calculate average electricity and gas inputs were retrieved 
from Rodríguez Quintero et al. (2022), in particular with regard 
to the energy consumption for electric hobs, and the energy effi-
ciency for gas hobs (Table 2).

Background data were retrieved from the ecoinvent database 
(Wernet et  al.  2016), version 3.9.1. While the majority of fore-
ground data were collected from Filo&Fibra (primary data) and 
retrieved from direct measurements. Some data gaps occurred 
though, which were filled with secondary data collected from 
specific literature or through expert-based estimations (tertiary 
data). The Supporting Information 2 illustrates the structure of 
the life cycle inventory and reports information about the back-
ground datasets used or manipulated and then adapted to meet 
the requirements of the foreground system concerning second-
ary and tertiary data.

With regard to possible allocation procedures, it is worth men-
tioning that this system has only one function. Despite eight 

different types of cooking boxes were modeled in the LCI, a 
weighted average based on the production volume (see Table 1) 
was used to attribute their upstream environmental burdens to 
the FU. Such a weighting operation was possible because the 

FIGURE 1    |    Activities of the cooking box's life cycle.

TABLE 2    |    Parameters to model the use phase; source of data: 
Rodríguez Quintero et al. (2022).

Hobs technology 
parameters Radiant Induction Gas

Energy efficiency of 
electric appliances 
(Wh/kg water)a

190 185 —

Energy efficiency of gas-
based appliancesb

— — 56%

Energy consumed per 
cycle (in kWh)

0.190 0.185 0.229c

Estimated energy 
consumption for one 
average hour of cooking 
(in kWh)

0.570 0.555 0.688c

Frequency of use (times 
per year)d

#624 #624 #624

aAssumption: 1 kg of water is the normalized amount of food to be cooked in one 
cooking cycle; the simmering test is made over one cycle of 20 min (Rodríguez 
Quintero et al. 2022).
bEnergy efficiency for gas use determined by the ratio “heat output / heat input”; 
assumed duration of one cycle: 20 min.
cCalculated from 143.1 kWh of equivalent energy consumption over 1 year of 
use (=515.0 MJ/624 cycles); the production of 1 MJ of heat in gas hobs implies 
burning ~0.027 m3 of methane; source: Faist Emmenegger et al. (2007).
dAssumed average service lifetime of the hobs (either electric or gas-based 
technology) is 15 years in line with Rodríguez Quintero et al. (2022) and (Favi 
et al. 2018).
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eight brands are seemingly equivalent in terms of functional-
ity, having generally comparable internal volume for hosting the 
pan, and therefore offering the possibility to cook the same type 
and amount of food. Moreover, at the level of the foreground sys-
tem, a physical (mass-based) allocation for the wool processing, 
as originally determined by Bianco et al. (2023), who were sec-
ondary data suppliers, was implemented (see comments in the 
Supporting Information 2).

Finally, all the impact category indicators from the method 
ReCiPe 2016 midpoint H (Huijbregts et al. 2017) were selected 
to conduct the life cycle impact assessment (LCIA). ReCiPe is 
one of the most commonly used multi-impact LCIA methods at 
the midpoint level worldwide (Rybaczewska-Błażejowska and 
Jezierski 2024). It was therefore implemented in this work to in-
crease the transferability and comparability of the results.

To the best of the authors' knowledge, the scientific literature 
did not offer any alternative case study to which the environ-
mental footprint of the cooking box can be compared. Hence, 
focusing on impacts avoidance was deemed necessary to de-
termine a quantitative benchmark and a scale of significance 
for the LCIA. More specifically, the use of the cooking box was 
confronted with the “non” use of the box, taking advantage 
of specific data about cooking time and water consumption 
measured through cooking tests for each analyzed meal (see 
parameters reported in Table 3 and further details described 
in Section 3.3).

3.3   |   Approach for Setting Up Scenarios 
and Uncertainty Characterization

A sensitivity analysis of the LCA model was carried out by mod-
ifying the most relevant parameters of the use phase that were 
considered critical to highlight the hotspots of the life cycle. 
More specifically, a variability range for two important param-
eters was defined in order to run several performing impact 
scenarios: (1) the lifetime of the cooking box, which was set to 
varying in between 10 and 30 years depending on the cook per-
sonal practice of product conservation; and (2) the number of 
utilizations (or number of meals prepared), which would also in-
fluence the lifetime of the box. According to Rodríguez Quintero 
et  al.  (2022), the average frequency of use of hobs is 12 times 
per week, that is, 624 times per year. This figure was set out as 
the reference value for defining a baseline modeling scenario in 
which the duration of the box were minimal (10 years), because 
of the most expectedly quick degradation of the materials result-
ing after more than 6200 utilizations. Other scenarios with vari-
able use and lifetime were set out as a consequence, mixing the 
lifetime of the box and its uses from 12 times (once per month) to 
624 times per year. On top of these parameters, the choice of the 
cooking appliance makes also a difference in terms of energy in-
puts to drive the hob, being either natural gas or electricity, and 
in different amounts per unit of heat supplied. Therefore, within 
the mix of alternatives to identify the range of impact variabil-
ity, different uses of methane-, radiant- or induction-based hobs 
were established before running simulations.

Figure  2 describes the characteristics of each alternative sce-
nario of pre-cooking food. The figure also includes information 

about use cases in which the cooking box would not be utilized 
to complete the preparation of the meal. Those cases were as-
sumed to be the reference business-as-usual (BaU) practices of 
cooking without the box. They were implemented not only for 
the purpose of comparing environmental performances, but 
mainly in order to estimate the potential avoided impacts of 
using the cooking box (see Section  1, second objective of this 
study).

Concerning the characterization of uncertainty, a Monte 
Carlo analysis was carried out by simulating 1000 iterations 
of the model for the quantitative calculation of reference sta-
tistical indices (i.e., average impact value, standard deviation, 
minimum, maximum, median, 5% percentile and 95% percen-
tile values), using pre-established uncertainty factors of each 
input and output data. Those referred to log-normal distri-
butions of data predefined by ecoinvent for the background 
system or specifically defined for this study in the foreground 
system. In both cases the data quality for establishing uncer-
tainty factors was determined using the Pedigree Matrix ap-
proach (Weidema and Wesnæs  1996), as already adopted in 
the database (see Table S3.1). For very uncertain but critical 
parameters for the model, i.e., energy (either gas or electricity) 
and water consumptions in the cooking phase, a triangular 
distribution of data based on the mode, minimum and maxi-
mum values obtained from direct measurements (see Table 3) 
were used instead of lognormal distributions. In this case, ob-
served quantitative data were considered more reliable for the 
Monte Carlo analysis than qualitative Pedigree Matrix-based 
scores assignments.

4   |   Results and Discussion

4.1   |   Analysis of Life Cycle Impacts

LCIA results included in Table 4 reflect the total impact scores 
(in absolute value) of each ReCiPe midpoint impact indicator 
calculated for the baseline scenario over 10 hypothetical years 
of use of the cooking box. Under this scenario the cooking box is 
used for around 6200 times, which implies for example the po-
tential impact of releasing ~331 g PM2.5-eq. on particulate matter 
formation, ~326 kg CO2-eq. on global warming, and ~9.6 m3 on 
water consumption. Results are also provided per single utiliza-
tion of the box in Table 4. While the detailed outputs per activity 
and process contribution to the impact of each environmental 
footprint indicator are included in Table S3.2.

Water consumption and global warming impacts, in particular, 
are considered relevant indicators for describing the environ-
mental performance of the cooking boxes. On one hand, GHGs 
are emissions that occur all along the life cycle phases of the 
boxes, including the use phase where methane is possibly burnt 
to produce heat for the pre-cooking of the meals. On the other 
hand, water is an essential resource that is consumed both up-
stream when producing textile materials and downstream when 
preparing meals. Figure 3 thus reports a simplified environmen-
tal profile for those two impact category indicators only. It com-
pares the contribution of the life cycle activities and processes of 
the life cycle in the production and use phases, including trans-
portation (see Table S3.2 for further details).
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As shown in Figure  3, after more than 6000 utilizations of 
the box, the use phase dominates the global warming impact 
for more than 90%, with most of the contribution due to the 

combustion of gas and the production of electricity occurring 
when pre-cooking the meals. In such a baseline scenario, the 
production and transportation of raw materials used in the 

TABLE 3    |    Cooking time and water consumption performances when cooking meals for 4 persons using the artisanal cooking box versus 
conventional gas or electric hobs-based practices.

Meals 
(source of 
dataa)

Use of the cooking box

Cooking 
time, in 

conventional 
gas or electric 

hobs (min)

Time saving by 
using the cooking 

box    (perc.|min)

Water 
consumption 
when using 
the cooking 

box (cl)

Water 
consumption 

when 
using only 

conventional 
gas or electric 

hobs (cl)

Water saving 
by using 

the cooking 
box    (perc.|cl)

Pre-
cooking 

on the gas 
or electric 
hobs (min)

Time in 
the box 
(min)

Soup or salad 
of slow beans

30 360 150 80% 120 80 120 33% 40

Tomato soup 20 180 45 56% 25 70 100 30% 30

Cream of 
pumpkin or 
zucchini

10 120 30 67% 20 50 70 29% 20

Chiana garlic 16 240 50 68% 34 n/a n/a — —

Tasty lentil 
soup

10 150 40 75% 30 60 90 33% 30

Salad of 
legumes 
(chickpeas)

15 360 50 70% 35 100 150 33% 50

Tomato 
meatballs

20 300 50 60% 30 — —

Stewed 
cuttlefish

15 40 20 25% 5 100 150 33% 50

Brown rice 
(for stewed 
cuttlefish)

6 45 35 83% 29 70 90 22% 20

Boar meat 20 300 180 89% 160 n/a n/a — —

Polenta (for 
boar meat)

8 120 50 84% 42 110 150 27% 40

Wholemeal 
spelt with basil 
pesto

5 45 22 77% 17 80 130 38% 50

Summer barley 
salad

5 45 22 77% 17 80 130 38% 50

Yogurt 4 360 600b 99% 596 n/a n/a — —

Bitter orange 
marmalade

15 180 60 75% 45 n/a n/a — —

Mean 13 190 94 72% 80 80 118 32% 38

Minimum 
value

4 40 20 25% 5 50 70 22% 20

Mode 20 360 50 75% 30 80 150 33% 50

Maximum 
value

30 360 600 99% 596 110 150 38% 50

Note: Mode, minimum, and maximum values are used to define a triangular distribution of data for uncertainty analysis. n/a: Not applicable because no (additional) 
potable water is consumed for cooking this meal.
aData communicated by a professional cook making regular use of the cooking box; some data retrieved from the cookbook released by the cooking box producers 
(Filo&Fibra 2025).
bData refers to the use of an electric yogurt maker (thus, it cannot be used for comparison with gas hobs); assumed consumption of the machine: 20 W, that is, 
20 × (596/60) = 198.7 Wh.
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8 of 21 Journal of Food Process Engineering, 2026

manufacturing of the box contribute together less than 5% to the 
total carbon footprint.

Because of the irrigation processes occurring in the agricultural 
activities for producing some of those raw materials (e.g., cotton), 
the consumption of water resources is also meaningful in the 

upstream phase (around 7% of the total impact). However, more 
than 50% of the water consumption impact must be attributed to 
the direct use of potable water in the preparation and pre-cooking 
of the meals. Moreover, in the baseline scenario the impact is 
again characterized by a high contribution (more than 35%) as-
sociated with the use of electricity for the hobs (both radiant and 

FIGURE 2    |    Comparative scenarios of the Use phase developed to quantify the environmental costs and benefits of cooking with the boxes. 
Parameters to set up scenarios are included in Tables 2 and 3.

TABLE 4    |    Calculation of impact scores per LCIA indicator in the baseline scenarioa.

Impact potential indicators Unit
Total impact, per 

#6240 uses
Impact per single 

utilization

Fine particulate matter formation g PM2.5 eq 331.43 0.053

Fossil resource scarcity kg oil eq 99.52 0.016

Freshwater ecotoxicity kg 1,4-DCB 24.73 0.004

Freshwater eutrophication g P eq 56.27 0.009

Global warming kg CO2 eq 326.18 0.052

Human carcinogenic toxicity kg 1,4-DCB 16.05 0.003

Human non-carcinogenic toxicity kg 1,4-DCB 290.21 0.047

Ionizing radiation kBq Co-60 eq 25.33 0.004

Land use m2a crop eq 159.85 0.026

Marine ecotoxicity kg 1,4-DCB 31.20 0.005

Marine eutrophication g N eq 10.93 0.002

Mineral resource scarcity g Cu eq 1153.60 0.185

Ozone formation, Human health g NOx eq 505.56 0.081

Ozone formation, Terrestrial ecosystems g NOx eq 553.05 0.089

Stratospheric ozone depletion mg CFC-11 eq 126.00 0.020

Terrestrial acidification g SO2 eq 716.07 0.115

Terrestrial ecotoxicity kg 1,4-DCB 1368.73 0.219

Water consumption liters 9579.31 1.535

Note: LCIA method source: midpoint H (Huijbregts et al. 2017). See Figure 5 for the uncertainty characterization of this dataset.
aMixed use of cooking box brands (based on a weighted average of the production share of the cooking boxes included in Table 1); average consumption of water (80 cl) 
and time pre-cooking duration (13 min), see Table 3; mixed use of pre-cooking technologies (1/3 gas hob; 1/3 radiant hob; 1/3 induction hob); #624 utilizations per year, 
over 10 years of use.
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9 of 21Journal of Food Process Engineering, 2026

induction based), since the Italian electricity supply mix is made 
of water consumptive processes (e.g., hydropower production 
plants). It is worth noticing, however, that water quality is not 
lost, which means that the resource is not depleted in the course 
of those consumptive activities but returned in the environment 
in either a different temperature or physical state conditions.

Further analyses concerned the contribution of each component 
of the cooking box to the impact generated by their production 
processes, which are dominant when focusing on a hypotheti-
cal “cradle-to-gate” system that excludes the use phase. Figure 4 
compares the eight types (or brands) of cooking box in terms 
of carbon footprint. Results for the other impact categories are 
all reported in Table  S3.3, comparing the cooking boxes by 
single product unit. The LCIA outputs show that the box “Sua 
Eccellenza” and, to a lower extent, the box “Sua Altezza” po-
tentially generate the highest impacts across the majority of 

indicators, mainly because of the largest use of raw materi-
als that make them the heaviest and most sophisticated boxes 
among the eight typologies. Despite the box “Lavanda” having 
the highest weight (see Table 1), this is mainly due to the con-
sumption of wood for the external encapsulation, which implies 
the lowering of impact across most of the categories.

Focusing on the carbon footprint results, as shown in Figure 4 
the impact of virgin wool production dominates across the eight 
cooking box types, with relative values ranging in between ~58% 
(“Otto fagotto”) and ~88% (“Lavanda”) of the total impact score. 
This is typically caused by several factors among which, pre-
dominantly (for around 49% of the unit process of virgin wool 
production), the use of steam occurring at the manufacturing 
phase for the scouring treatment of greasy wool. Whereas the 
sheep grazing phase has much lower relative impact compared 
to scores from literature (Bianco et  al.  2023): those authors 

FIGURE 3    |    Activity contributions to water consumption and global warming (potential) indicators. Total scores for these selected indicators are 
reported in Table 4; the use phase includes some end-of-life activities as well.

FIGURE 4    |    Performance comparison of cooking boxes in terms of global warming potential.
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provided inventory data for the wool manufacturing phase, 
where sheep breeding may reach even ~89% of the carbon foot-
print contribution. Accordingly, in the present study only the 
impact associated with an average production and maintenance 
of a shed is included in the grazing phase (i.e., dataset manipula-
tion as described in Table S2.1, cell H108), since sheep are reared 
in natural conditions of pasture, and only closed in the evening 
to avoid attacks by the wolf.

Other meaningful relative impact contributions are those associ-
ated with the production of pure cotton (between ~9% to ~21%), 
and felt wool (between ~1% to ~18%), which vary depending on 
the type of cooking box. In the first case, most of the impacts are 
associated with the various manufacturing processes for cotton 
yarn production occurring upstream in the supply chain (i.e., in 
India, as for the ecoinvent model utilized in the present study). 
In the latter case, the impact is due for around 57% to the pro-
duction of felt wool from virgin wool, and for around 23% to the 
production of felt wool from recovered virgin wool.

4.2   |   Sensitivity Analysis and Characterization 
of the Uncertainty

A sensitivity analysis was performed by modifying the most rel-
evant parameters of the baseline model. As shown in Figure 5, 

three alternative scenarios of using the cooking box are compared 
with the reference use of hobs as done in the baseline model, 
where a mix of cooking technologies is used (1/3 on gas hob, 1/3 
on induction hob, and 1/3 on radiant hob). The three scenar-
ios differ concerning the complete allocation of one technology 
among the three ones considered in the baseline model: SC-
GAS = 100% methane hob technology; SC-INDUCTION = 100% 
induction hob technology; and SC-RADIANT = 100% radiant 
hob technology. Results show that, across all the impact cate-
gories considered, the use of methane (or natural gas) may be 
preferable to the use of electric appliances for reducing the envi-
ronmental footprint of the overall life cycle.

For most of the indicators, the impact would be reduced by 
more than 40% and up to values greater than 80% in certain 
cases (e.g., human toxicity and ecotoxicity impacts). This 
means that, for those impact categories, the use of cooking 
boxes is an almost zero-impact cooking style if the food pre-
cooking phase is made on a gas hob. The main reason for the 
observed differences is that producing electricity in Italy can 
generate relevant environmental burdens associated with haz-
ardous waste treatment processes (e.g., of heavy metals), as 
captured by the ecoinvent datasets included in the LCI model. 
Moreover, results show that the impact associated with the 
production and dismantling of the appliance is generally 
higher in the case of induction hob, a factor that additionally 

FIGURE 5    |    Relative impact difference between three scenarios (SC) of cooking 100% with gas, induction or radiant hob-based technology, and 
the baseline scenario (whose results are available in Table 4: 1/3 gas, 1/3 induction, 1/3 radiant).
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contributes to the largest impact associated with the use of 
this technology (see Figure  S3.1 for details). This finding 
is in line with the literature. For example, Favi et  al.  (2018) 
demonstrate that, in the Italian context, gas hobs may still 
perform better than induction hobs because of their lower 
impact associated with the manufacturing phase, and the 
higher energy efficiency in cooking certain dishes (such as 
for cooking spaghetti and their sauce, where the gas device 
shows to be around 9% more efficient than induction device). 
However, with the introduction of European regulations on 
Ecodesign requirements for households cooking technologies 
(EU 2014, 2023), relevant improvements in the environmen-
tal performance associated with increased energy efficiency 
and utilization of electric equipment are expected. In contrast, 
the same trend is not expected for gas hob devices since this 
technology is largely accepted and well known in the global 
market, and no further research and development actions are 
currently being undertaken to improve its efficiency (Favi 
et al. 2018). Since electricity consumption is a clear environ-
mental hotspot of the cooking box life cycle, further insights 
into the sensitivity of the model regarding this aspect are pro-
vided in Section S2.2.

Additional analyses were performed to assess the benefits 
of cooking with boxes. Table  5 reports a use- and cooking 
technology-dependent assessment of the potentially avoided 
impacts when implementing a cooking box-based approach as 
compared with the traditional use of gas and electric appliances.

Depending upon the food prepared and the impact category ana-
lyzed, results show that the environmental benefits generated by 
the adoption of the cooking box may start after a few dozen times 
of use. In most cases the benefits overcome the environmental 
costs (i.e., impact avoided > negative impacts) sometime after 
#60 and before #120 times of utilization of the cooking box, thus 
ideally after in between 1 to 5 years of use depending upon the 
frequency of cooking with the box (Table 5). One relevant ben-
efit that is obtained slowly over time is the one associated with 
reduced water consumption, where still at around #160 uses the 
model implies an environmental cost (i.e., impact of baseline 
model > impact of traditional cooking model) of more than 100 L 
of water globally. This is mainly due to the relatively high water 
consumption costs occurring to produce the cooking box, which 
range in between ~130 to ~3000 L per box (see Table S3.1). Once 
these costs are balanced by the avoided impacts recorded from 
the decrease of water uses with the cooking box, benefits start to 
grow exponentially, reaching up to around 24 m3 of water saved 
after 10 years of frequent utilization of the box.

The other impact categories behave similarly, with the excep-
tion of marine eutrophication and land use for which the impact 
can hardly be avoided within the time span of utilization of the 
cooking box. These environmental costs seem to be unavoidable 
since they are generated mainly by the production of cotton and 
virgin wool, respectively. Particularly in the land use case, even 
though the impact scores tend to decrease, it seems that the life-
time of the cooking box is not long enough to compensate for 
their impact avoidance.

Figure  6 better illustrates the meaning behind those figures. 
Plotted scores of each indicator reflect the potential impact that 

can be saved every time that the cooking box is used in place of 
BaU cooking practices. The range of variability (from minimum 
to maximum impact scores) are obtained from simulating the 
avoided impact profile with all possible mixes of key parameters 
of the model (hob technology, type of food prepared and related 
time and water savings; see Table 3). For each type of food, then 
averaged, a baseline cooking scenario (i.e., for 1/3 of the time on 
gas, for 1/3 on induction and for 1/3 on radiant hobs) is used to 
calculate the mean score of each impact. In contrast, the percent 
values above (~80% on average across the impact categories) and 
below (~95% on average across the impact categories) the mean 
values represent the max- and min-impacts that can potentially 
be generated if 100% of induction hobs or 100% of gas hobs, re-
spectively, are used in a BaU cooking scenario instead of the 
cooking box. In this regard, results suggest that cooking boar 
with the help of the box, being this the most time-resource inten-
sive meal processing, allows to save impacts by a factor higher 
than 30 compared to cooking stewed cuttlefish, which is the 
type of meal with the least margin of impact savings. Another 
time-resource intensive food preparation with high margins of 
impact savings is for the soup or salad of slow beans. In those 
cases, cooking withing the box may help saving up to around 
0.5 kg CO2-eq. and ~6 L of water, among others. More details 
about the impact variability for each prepared food are provided 
in Table S3.4.

Figures elaborated and presented so far are somehow biased 
by possible uncertainty. An exercise of data quality assessment 
was performed both at the foreground and background systems 
level in order to increase knowledge about the robustness of the 
model. As reported in Table  S3.6, in terms of reliability, com-
pleteness, geographical, and technological correlation, the qual-
ity of data used to calculate the impacts results relatively high 
in most cases (scores close to 2 on average on a scale between 1 
and 5, where 5 means that data are of lowest quality). Temporal 
correlation, however, does not seem to reach the same quality 
standard since it generates scores at around 4 on average, which 
may partially explain the large variability of scores recorded for 
some impact categories in the analysis of uncertainty.

As shown in Figure  7, an uncertainty characterization of the 
baseline model for 6240 utilizations of the cooking box was per-
formed based on 10,000 Monte Carlo simulation runs. Statistical 
indices thus calculated (raw data available in Table  S3.7) re-
veal that the potential error associated with the LCI data and, 
as a consequence, with the LCIA results is quite meaningful in 
some cases.

Regarding the mean impact, for example, the simulated values 
obtained with the Monte Carlo analysis (see absolute values in 
Figure 7) are, on average, 36% larger than the values calculated 
without considering the distribution of uncertainty (i.e., impact 
scores listed in Table 4). This suggests that impacts are poten-
tially underestimated according to the LCI modeling assump-
tions and data quality assessment of this study. Moreover, it 
should be emphasized that the distribution of results plotted in 
Figure 5 does not fully reflect the large variability of impacts re-
corded, since data are plotted in % with respect to the mean as a 
way of normalizing and comparing results and to avoid skewed 
visualizations. The original data included in Table S3.5 reveal 
much larger variabilities and distances between the 10,000 
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simulated results, and in some cases (i.e., data in the lowest 25th 
and 5th percentiles for water consumption and human non-
carcinogenic toxicity impacts) even negative scores. Those are 
likely generated from relevant water treatment nodes in the LCI 
network that are connected with water flows (and associated 
contaminants) recycling, which in some runs are given a high 
value of avoided burden.

4.3   |   Comparison with the Literature and Market 
Perspectives

The cooking box belongs to the family of retained heat cookers 
such as hay boxes, vacuum-insulated devices and solar cookers. 
These technologies have long been analyzed for environmen-
tal efficiency, costs and thermal performance, as summarized 
in Table  S1.5, where around 30 technologies are compared. 
Overall, they show clear advantages over biomass-, electric- or 
gas-based appliances, especially in regions with limited access 
to energy. Alongside environmental benefits, socio-economic 
gains include higher energy self-sufficiency, job creation, house-
hold savings and educational value.

The cooking box performs competitively in both environmental 
and economic terms. Compared with solar technologies capa-
ble of both cooking and retaining heat (e.g., Herez et al. 2018; 
Mendoza et  al.  2019; Khatri et  al.  2025), it tends to achieve 
higher resource savings and impact reductions, while requiring 
simpler management (i.e., the utilization of solar cookers is quite 
user-dependent) and seemingly lower costs. When compared to 
analogous heat retention devices, some of which can use differ-
ent materials (e.g., synthetic fibers or metal-based elements), 
such as fireless or thermal cookers (e.g., Esteves Miramont 
et al. 2014; Bailey et al. 2019; Okello 2023; Kennard 2025), the 
cooking box generally achieve similar performances (e.g., im-
pact reductions between ~50% and ~90% when replacing con-
ventional appliances).

However, many studies available for competing technologies 
lack methodological transparency or consistency, limiting 
comparability. Only Asasira et  al.  (2026) adopt a fully com-
parable LCA approach, assessing an innovative solar cooker 
with thermal energy storage (TES). Like the present study, 
they confirm substantial impact reductions, although some 
trade-offs emerge due to end-of-life burdens of specific com-
ponents—an issue that does not apply to the cooking box, 
whose end-of-life impacts are negligible (Section  S2.1). Solar 
cookers may also pose safety concerns and require continuous 
solar tracking (Andrianaivo and Ramasiarinoro  2014; Herez 
et al. 2018), whereas insulated bags or cooking boxes allow un-
attended cooking without risks.

Most competing technologies were designed for contexts with 
scarce energy access, while the Filo&Fibra cooking box stems 
from goals of social inclusion and circular economy. The use 
of recovered materials and refined craftsmanship results in a 
well-designed, environmentally sound product (Table  S1.5). 
Nevertheless, economic sustainability remains uncertain due 
to the labour-intensive production process, potentially restrict-
ing adoption to niche markets such as Slow-Food-oriented 
restaurants.N
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FIGURE 6    |    Variability range of the potentially avoided impact when cooking with the artisanal box. FE, freshwater eutrophication; FETox, 
freshwater ecotoxicity; FPMF, fine particulate matter formation; FRS, fossil resource scarcity; GW, global warming; HCTox, human carcinogenic 
toxicity; HNCTox, human non-carcinogenic toxicity; IR, ionizing radiation; LU, land use; ME, marine eutrophication; METox, marine ecotoxicity; 
MRS, mineral resource scarcity; OF-HH, ozone formation, human health; OF-TE, ozone formation, terrestrial ecosystems; SOD, stratospheric ozone 
depletion; TA, terrestrial acidification; TETox, terrestrial ecotoxicity; WC, water consumption.

FIGURE 7    |    Uncertainty characterization based on 10,000 Monte Carlo simulation runs of the baseline model (mixed use of cooking box brands 
based on a weighted average of the production share of the cooking boxes included in Table 1; mixed use of pre-cooking technologies: 1/3 gas hob, 1/3 
radiant hob, and 1/3 induction hob; #624 utilizations per year, over 10 years of use). The Y-axis reports the percent scale of results with respect to the 
mean (=100% and expressed with absolute scores in each plotted box). Upper and lower whiskers indicate 95th and 5th percentile values, respectively; 
upper and lower bounds of the boxes indicate 75th and 25th percentile values, respectively; the line in the box indicates the median value. FE, fresh-
water eutrophication; FETox, freshwater ecotoxicity; FPMF, fine particulate matter formation; FRS, fossil resource scarcity; GW, global warming; 
HCTox, human carcinogenic toxicity; HNCTox, human non-carcinogenic toxicity; IR, ionizing radiation; LU, land use; ME, marine eutrophication; 
METox, marine ecotoxicity; MRS, mineral resource scarcity; OF-HH, ozone formation, human health; OF-TE, ozone formation, terrestrial ecosys-
tems; SOD, stratospheric ozone depletion; TA, terrestrial acidification; TETox, terrestrial ecotoxicity; WC, water consumption.
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Additional barriers include declining interest in home cooking 
in Western societies, where fast and pre-processed foods are 
increasingly preferred (Grosso  2024; Mengi Çelik et  al.  2025). 
This tendency contrasts with the cooking box philosophy, which 
requires preparation time and familiarity with ingredients and 
recipes. In this regard, stronger communication on time-saving 
benefits, as outlined in Table 3, could improve user uptake.

Noteworthy, preliminary acceptability tests on similar retained 
heat systems indicate no deterioration in food sensory attri-
butes (Matavel et al. 2022). Further investigations should verify 
whether meals cooked in the cooking box can maintain or even 
enhance sensory quality. Given that sensory properties strongly 
influence food choices (Forde and de Graaf  2022; Fernqvist 
et al. 2024; Rogers 2025), consumer perception may play a deci-
sive role in the adoption of this technology.

4.4   |   Strengths and Limitations

The artisanal cooking box produced by Filo&Fibra is a unique 
good with a specific market niche, and with no direct competi-
tors. Modern energy-based hob technologies such as gas, induc-
tion, and radiant hobs are both complementary and, to some 
extent, competing technologies of the cooking box. For this rea-
son, the LCIA results illustrated here were not initially intended 
to be used in comparative assertions envisioned to be disclosed 
to the public in the way LCA traditionally conceives. This would 
have meant comparing the environmental impacts of the cook-
ing boxes against comparable products with the same functions.

The methodological approach proposed in this study would ac-
tually allow for comparative assertions should new cooking box 
or “passive cooking” technology supply-chains be developed in 
the future. Moreover, analyses of different cooking box brands' 
performances, as well as of the potentially avoided impact that 
can be generated when using the cooking box were conducted 
to accomplish the study objectives. To this end, a preliminary 
comparison with those abovementioned modern technologies 
was conducted analyzing a wide range of environmental impact 
categories, adopting an internationally accepted LCIA method 
(i.e., ReCiPe) with characterization factors reflecting a typical 
midpoint impact scale (and therefore limiting value-choices), 
and making realistic, reproducible and transparent assumptions 
to determine a set of possible ex-ante impact scenarios. In this 
regard, the main limitations underlying the results obtained are 
associated with (i) the choice of the average cooking box's life-
time, (ii) the selection of key variables to set up the life cycle sce-
narios, and (iii) the lack of specific information regarding some 
life cycle activities. These three limitations were arguably miti-
gated or addressed in most cases with a quantitative character-
ization of the uncertainty associated with both key foreground 
data and scenario parameters, as explained below.

Concerning the choice of lifetime, this can hardly be estimated 
at the present stage because no historical data on the average 
cooking box duration exist. Only some private users' informa-
tion was available at the time this study was conducted, which 
was based on personal experience with daily utilizations of the 
box for a few years. It has been estimated that the components 
of the box may have a long-lasting duration without losing 

performance, which in the best modeling case may reach the 
6240 uses. However, because of the high uncertainty associated 
with this assumption, a scalable projection of the environmental 
performance based on the number of uses was reported consid-
ering the baseline scenario (see Table 5). This exercise provided 
a wide range of evidence about the actual environmental costs 
and benefits of the box life cycle that would objectively and 
punctually be generated when increasing the utilization of the 
product.

Notably, the use phase of the model developed in this study relies 
on essentially idealized performance scenarios. Despite being 
carried out by a professional cook, only one set of cooking-time 
measurements was available to build the life cycle inventory for 
this phase. This inevitably reduced the intrinsic variability of the 
parameters and factors that influence the use of conventional 
appliances during the pre-cooking stage. As a result, the way 
in which cooks—or household users more generally—actually 
operate the box and prepare meals constitutes a major source of 
uncertainty in the model. This was addressed by performing a 
sensitivity analysis of the key parameters (i.e., water consump-
tion and cooking time), and by running alternative scenarios of 
pre-cooking (i.e., varying the potential use of the available hob 
technologies); see Section 4.2. The goal was to build a variabil-
ity range of the environmental impacts that might be generated 
in every possible case, from the most to the least performant 
scenario. This helped, once again, retrieving a representative 
database of the potential impact scores that may be generated 
according to possible realistic use cases. All those figures are not 
free of data quality and choice uncertainty though.

Regarding the most impactful life cycle step of the pre-cooking, 
it is worth remarking that water consumption data and the time 
of cooking are quite reliable parameters for the model, since they 
were carefully measured by a professional cook. Conversely, for 
the choice of the hob and the related energy consumptions some 
potentially high uncertainty may occur. A commonly accepted 
average lifetime for gas and radiant hobs is 19 years (Rodríguez 
Quintero et  al.  2022). According to a conservative approach, 
this parameter was further reduced to 15 years in order to ac-
count for the average lifetime considered for induction hobs 
(Rodríguez Quintero et al. 2022), which has apparently higher 
efficiency (Mugdal et al. 2011); see also Table 2. It was then used 
to estimate the number of possible meals cooked with the box, 
under the hypothesis that one cycle in Table 2 corresponds to 
one meal preparation. However, as previously mentioned for the 
case of the cooking box, the lifetime of any hob technology does 
also depend on the modality of usage, which is hardly predict-
able. A lognormal (or triangular in certain cases; see Table  3) 
probability distribution based on data quality entries for this 
parameter was incorporated in the model to capture its possi-
ble uncertainty. The same was done for other key parameters 
included in the foreground system, that is, energy and water 
consumptions, thus ensuring consistency in the definition of the 
uncertainty knowledge associated with the LCI of both cook-
ing boxes and the alternative cooking practices. In parallel, the 
lognormal probability distributions defined by ecoinvent, and 
included by default in the background system, ensured com-
pleteness in the LCI model's uncertainty knowledge. Ultimately, 
a Monte Carlo analysis could be performed to characterize the 
overall uncertainty potentially associated with LCIA results (as 
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expressed in Figure 7), allowing us to obtain an estimate of the 
global variability for each impact indicator based on their statis-
tical dispersion.

The choice of using secondary and tertiary data for modeling the 
production upstream of the raw materials represents the third 
main limitation of the proposed modeling framework. In the 
case of virgin wool, for example, which dominates the impact 
contributions analysis among the components of the cooking 
boxes (Figure 4), the modeled dataset of the raw wool produc-
tion process may be source of relevant uncertainty because it 
does not represent the local conditions. This uncertainty may 
be translated into an underestimation of the impact associated 
with the sheep breeding phase, since no inputs of feed or water 
were implemented to model the rearing of the animals. The only 
available information that could be obtained from the local pro-
ducers was that the sheep are reared in open fields with no use 
of anthropogenic inputs. Therefore, it is supposed that basically 
no impact shall be associated with the production of the raw 
wool upstream. The major contribution to the impact is asso-
ciated with the industrial processing needed to clean and pre-
pare the material (i.e., washing and carding activities), which is 
grounded on literature data (Table S2.1). The same level of data 
uncertainty holds for the other raw materials, whose datasets 
were retrieved mostly from ecoinvent.

An additional limitation regarding data collection is related 
to the modeling of the average hob technologies, since radi-
ant, induction and gas hobs do not cover the entire spectrum 
of available technologies. For example, the LCI modeling and 
related impact associated with solid plate electric hobs and LPG 
(liquefied petroleum gas) based hobs, or hybrid/mixed versions 
(Rodríguez Quintero et al. 2022), were excluded from the analy-
sis because of the lack of consistent data to parameterize energy 
efficiency in a comparable way with the other considered tech-
nologies. This knowledge gap is, however, not thought to provide 
a severe loss of information since representative electricity- and 
gas-based devices were anyway included in the model.

Finally, a limitation to the proposed LCI modeling framework 
may concern the relatively low number of cooking boxes (i.e., 
48) and narrowed time series (i.e., 2 months) used for the data 
collection. Nevertheless, these were the best available conditions 
for data collection that could be used to build the model. Data 
for the rest of the year was either too fragmented (e.g., only a 
few boxes produced for just one or two brands), heterogeneous 
(e.g., the demand of raw materials was limited or partial because 
of already available stock in the warehouse), or simply missing 
(e.g., no electricity consumptions for the laboratory recorded).

4.5   |   Challenges for Future Research

Although this study sheds light comprehensively on the envi-
ronmental sustainability of the cooking boxes, several method-
ological and conceptual aspects could not be covered that are 
worth investigating.

One conceptual aspect, for example, concerns the “co”-function 
of the cooking boxes. Since the box can also be used to main-
tain the temperature, and thus the freshness of the food, avoided 

impact analyses could be conducted in the future to evaluate 
the environmental performance of the boxes compared to that 
of using a conventional refrigerator. Regarding the FU, instead, 
which in this study was focused only on the cooking function of 
the box, it might be useful to include the quantity and quality of 
the food cooked. In this case, the comparison of environmen-
tal impacts might be performed in order to assess nutritional 
benefits. Recent microbiological screening commissioned by 
Filo&Fibra on the preparation of vegetable-based sauces and 
soups, main courses based on red and white meat (both tomato-
based and plain), and legume and grain soups observed no 
impact in terms of load of mesophilic aerobic microorganisms 
and of the Escherichia coli bacterium (Filo&Fibra  2024). This 
is already a great guarantee of food quality for the cooking box. 
Hence, given the current global interest in slow food and associ-
ated impact on sustainability (Iflazoglu and Can 2025; Martins 
et  al.  2025), studying the effects for human health of cooking 
different dishes with or without the cooking box certainly de-
serves further investigation in the future.

In this regard, only the environmental profiles of each food type 
could be assessed and compared, although their number was 
limited (15 dishes; Table  3). Results show that the benefits of 
using the cooking box are consistently high across food catego-
ries, with global impacts reduced by approximately 50% to 90% 
compared to conventional cooking alternatives (see Table S3.4). 
In some cases, such as yogurt preparation, nearly 100% of the 
potential impact associated with electricity consumption is 
avoided. Even in the least favorable case—stewed cuttlefish—at 
least 25% of impacts are saved. These findings could be further 
validated through future dish-specific assessments aimed at op-
timizing the environmental performance of the cooking box.

Since their introduction to the market in 2020, only a few cook-
ing boxes have been returned to Filo&Fibra due to structural 
deterioration (e.g., wool degradation, reduced insulation per-
formance) or artisanal defects. In general, cooking boxes are 
conceived as long-lived products. At the end of their service life, 
users may either (i) return the tool to the producer, who man-
ually disassembles and reuses the components as second-life 
artisanal items (e.g., key rings, cushions, belts, textile-based ob-
jects), or (ii) dispose of it as household waste. The present model 
is based on the first, circular-economy scenario (supported by 
factual company data), and therefore assumes no environ-
mental burden associated with the box's end-of-life. Although 
further work on textile-waste modeling may be beneficial, a sen-
sitivity analysis comparing potential end-of-life routes shows 
that this phase has negligible influence on the overall results 
(Section S2.1). Meanwhile, Filo&Fibra is developing a business 
model that incentivises the return of used boxes and explores 
techniques to upcycle textile materials rather than discard them.

Some other methodological aspects are worth of further im-
provement. For example, results show that for one impact cat-
egory in particular (i.e., land use, mainly associated with the 
upstream production of textile materials), the use of cooking 
boxes does not generate meaningful benefits in terms of im-
pact avoided. This is a critical point that necessarily calls to 
the relatively low quality of the secondary and tertiary data 
implemented in the model. Those are either not enough accu-
rate or likely not representative of the real conditions of the 
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actual raw materials production (e.g., cotton). If better data 
becomes available in the future to model those upstream ag-
ricultural and pasture management activities, it will be pos-
sible to interpret the land use impact scores with increased 
reliability.

While the downstream phase of the cooking box life cycle is al-
ready optimized (i.e., all the textile processing waste is fully re-
covered), research might be conducted in the future at the level 
of cooking box eco-design and sustainable materials choice by 
considering the possibility to use additional recovered materials. 
Recent studies demonstrate for instance that the use of recycled 
cotton fabric may halve the carbon footprint associated with cot-
ton garments from virgin raw material (Iflazoglu and Can 2025). 
Moreover, the life cycle performance of the whole cooking ac-
tivity including the box production might be optimized by ex-
ploiting renewable energy sources in the pre-cooking phase (as 
shown numerically in Section S2.2). For example, if coupled with 
the use of solar cookers for heating the food before the simmer-
ing process in the retained heat system (Araújo et al. 2025), this 
could bring to design a completely “impact-free” cooking box, 
to which impact neutral cooking management may follow-up. 
Indeed, the present study highlighted that the main hotspot of 
the life cycle of the cooking box is the “cooking practice” in gen-
eral, which is not absolutely due to the cooking box itself, but 
rather with the use of hobs. The analysis of the literature state-
of-the-art shows that there is scarcity of studies comparing the 
environmental performances of the different available technolo-
gies, either methane/LPG or electricity based or even hybrid gas/
electric hobs. This not only concerns the domestic use of those 
cooking technologies, but also their implementation in food in-
dustry such as restaurants and other delivery services (Esposito 
et al. 2022). Further insights into the environmental costs and 
benefits analysis of the available cooking practices, techniques 
and technologies are therefore needed to fully disclose the im-
pact of cooking food for humans. A follow-up study could focus 
on collecting real-world data from direct user experience, espe-
cially if the long-term ambition of the research in this field is 
to develop LCI datasets for average retained heat cooking tech-
nologies. The model presented here reflects an idealized use of 
the box based on the manufacturers' experience and that of a 
professional cook. Future work could involve a large-scale user 
survey to gather data on pot size, pre-cooking duration, ambient 
temperature, and cultural cooking practices, among other vari-
ables, which would provide the necessary inputs for building 
representative LCI models of the use phase.

5   |   Conclusion

The present study investigates the environmental sustainability 
of using a handcrafted technology (i.e., biobased artisanal cook-
ing box), which is known to allow saving resources when cook-
ing meals. For example, using the artisanal cooking box allows 
to save, on average 80 min per preparation, time that one could 
dedicate to other activities. To draw a comparison, this means 
an equivalent of more than 400 days of vacation earned over 
20 years of use (say 10 times per month without relevant deteri-
oration of the performance and components of the box), beside 
all the energy not consumed because the hob is not switched on. 
Furthermore, the cooking box allows to save, on average, 38 cL 

of water every time a meal for 4 persons is prepared, which may 
be reflected in more than 900 L of water saved over the assumed 
lifetime.

Those actual savings of time, energy, and water imply environ-
mental impacts that can be potentially avoided. However, pro-
ducing the cooking box is not free of environmental costs, since 
this good is made of materials that are supposed to generate im-
pacts over their life cycle. Moreover, meals prepared using the 
box must be pre-cooked for 13 min on average, which means that 
conventional gas or electric hobs are used, generating impacts. 
An ISO 14044-based LCA was therefore conducted in this paper 
to validate the research hypothesis stating that the cooking box 
could unequivocally generate environmental benefits in daily 
life practice.

This hypothesis was satisfactorily addressed through a quanti-
tative assessment of the impact avoided when using the cooking 
box as compared to a theoretical “business-as-usual” situation 
where hobs are conventionally used instead of the box for the 
time needed to complete the preparation of the meal. More spe-
cifically, this study demonstrates that by using the cooking box 
one can avoid on average between ~66% to ~86% of the impact, 
depending on the category indicator and over around 6200 uti-
lizations, which is taken as reference lifetime for the cooking 
boxes. Under the analyzed conditions, the cooking box can avoid 
approximately 300 g CO2-eq per meal, leading to an estimated 
annual saving of about 190 kg CO2-eq for a typical four-person 
European household. This corresponds to roughly 2% of the 
household's annual carbon footprint from food consumption 
(Sanyé Mengual et al. 2023). The device can also contribute to 
reducing total household water-deprivation impacts by about 
0.3%, according to the same reference. Beyond climate- and 
water-related benefits, the cooking box can also prevent around 
305 mg PM2.5-eq per meal, which represents approximately 0.5% 
of the annual air-pollution impacts associated with household 
activities such as food preparation, mobility, housing, and the 
use of consumer goods and appliances (Sala et al. 2020). These 
avoided emissions add to the potential improvement in indoor 
air quality, particularly when compared with conventional 
cooking techniques known to emit harmful pollutants, for ex-
ample, gas-based cooking or frying (Klein et al. 2019; Matavel 
et  al.  2022; Tang et  al.  2024). Overall, these findings indicate 
that cooking-box technologies can offer consistent and mean-
ingful environmental benefits, while also contributing to safer 
and healthier indoor environments.

Many factors influence the variability of the results obtained. 
One important factor is the time spent for pre-cooking the meal 
before transferring the pan into the box, which depends on the 
food prepared and determines the impact associated with the 
consumption of energy. Variability in the results was observed 
when analyzing the performance of cooking different types of 
food. For example, cooking boar with the help of the box, being 
this the most time-resource-intensive meal processing, allows 
saving impacts for a factor higher than 30 compared to cooking 
stewed cuttlefish, which is the type of meal with the least mar-
gin of impact savings.

Beside these promising results, the life cycle inventory of the 
cooking box could be refined in the future to model site-specific 
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environmental pressure data associated with local textile pro-
duction supply-chains, such as for virgin wool. Nevertheless, 
the contribution of the wool as well as other components of 
the box to the global impact associated with the life cycle re-
mains relatively low, or even marginal if the box is frequently 
used. The energy-based hob technology used for pre-cooking 
the meal and the type of food prepared are determinant fac-
tors influencing the environmental impact of the cooking box. 
Future studies should also focus on reducing the uncertainty 
associated with the life cycle data used to model the cooking 
devices.
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