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Food waste management
practices in hospital foodservices
and their associated greenhouse
gas emissions: potential for
Increased environmental
sustainability

Yee Man Janis Yip, Nathan Cook and Jorja Collins*

Department of Nutrition, Dietetics and Food, Monash University, Notting Hill, VIC, Australia

Introduction: Hospitals produce and waste large amounts of food. When
disposed in landfill it creates greenhouse gases (GHGs) from the decomposition
process. While various food waste management strategies exist that divert
hospital food waste to an alternative end of life pathway to landfill, it is not
clear which can decrease GHG emissions the most. This study aimed to (a)
compare the differences in GHG emissions associated with hospital foodservice
food waste before and after adopting a food waste management strategy, and
(b) identify which waste management strategy can prevent the most GHGs in
1year.

Materials and methods: A secondary analysis of data from a systematic review
reporting on food and food-related waste diversion strategies in hospital
foodservice was conducted. The online "ReFED Impact Calculator” was used
to calculate GHG emissions from food waste in the original scenario (e.g.,
landfill), and the alternative scenario after a food waste management strategy
that reused, recycled or recovered resources was implemented. The net change
of GHGs was calculated, and the GHGs emissions avoided in paired samples and
between food waste management scenarios was analyzed statistically.

Results: Fifty-five food waste management strategies (surplus food donation,
feeding animals, anaerobic digestion or industrial uses, and composting) were
eligible for analysis and were grouped into eight scenarios. The median GHGs
generated decreased after adopting the alternative strategy in all scenarios.
There was a statistically significant median reduction in GHGs when changing
from landfill to donations (—11.54, p < 0.001), landfill to industrial uses (—25.92,
p < 0.001), and landfill to composting (-15.24, p < 0.001). Percentage
change in GHGs generated in these 3 scenarios demonstrated a significant
difference (p < 0.001), with landfill to donations displaying the greatest
reduction in GHGs (—92.02%), followed by composting (—8.69%) and industrial
uses (—7.75%).

Conclusion: Various food waste diversion strategies can handle types
and volumes of hospital food waste, yet each strategy displays a
reduction in GHG emissions compared to a lower prioritized strategy.
Donating waste shows the greatest reduction in GHG emissions and
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if food waste cannot be avoided,

10.3389/fnut.2025.1541657

it may be the preferred end of life

pathway for food waste.
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1 Introduction

Climate change is a threatening environmental problem
affecting the globe. This is largely caused by intensive industrial
activities and urbanization in different countries, increasing the
level of carbon emissions to the atmosphere and concomitantly
increasing the generation of greenhouse gasses (GHGs), including
carbon dioxide (CO;) and methane (CHjy), subsequently causing
a global rise in the planet’s temperature and weather extremities (1,
2). Climate change results in ecosystem degradation, such as natural
resources depletion and pollution, can lead to wildlife extinction,
jeopardize human health through diseases and food insecurity (1,
2). In 2018, there was a 2% increase in global GHG emissions and
CO; was found to be the primary contributor to overall emissions
(2,3).1In 2019, CO, emissions had an increase of 0.34% (122 million
tons) over the past year (2). There is an urge to address causes of
climate change as it is foreseeable that global temperature will rise
1.5°C, between 2030 and 2052 if no actions are taken to mitigate
GHG emissions (2-4).

Waste disposal in landfills is one of the crucial factors
contributing to the increased atmospheric GHGs concentration, as
soil microbes decompose the waste and generate CO, and CHy as
byproducts (2, 5). Methane (CHy) is a strong GHG that has a 25-
times greater global warming potential compared to CO, (6, 7).
Food waste is identified as a prime waste stream to address due
to its organic nature and being the greatest contributor to CHy
emissions (4). Food is often decomposed or wasted throughout
the food supply chain (FSC) (i.e., from initial agricultural stage
to final consumption stage), which has a direct impact on GHG
emissions and the environment (8). Food waste is defined as
“edible material that arises throughout the FSC which originally
intended for human consumption but is instead thrown away,
lost or degraded, damaged by pests, or used for other purposes
such as animal feeding or industrial use that inclusive of inedible
parts” (8), p.108. Globally, 1.3 billion tonnes of food is wasted or
lost annually, in which 22% of the food waste comes from the
consumption stage of the FSC (9, 10), inclusive of households,
retail/commercial food businesses, institutions (11). Food wastage
costs the global economy nearly USD 940 billion and produces 4.4
gigatonnes of CO, equivalents (COe) annually, contributing to
87% of global warming emissions (12). To tackle the global food
waste problem, the United Nations has developed the Sustainable
Development Goals (SDGs) including SDG 12.3 of “halving per
capita food waste globally at retail and consumer levels and reduce
food losses along the food production and supply chains by
2030” (13). Different national and local governments have also
established policies in response to this (8, 14, 15), including the
Waste (England and Wales) Regulations 2011 that were framed
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according to the European Union Waste Framework Directive (14),
and the Australia National Food Waste Strategy (15), developed to
reduce food waste.

Environmental impact from the healthcare sector is gradually
being recognized due to its role of foodservice provision to patients,
staff and visitors, creating enormous potential for food waste
generation and management across the hospital FSC (i.e., from
procurement to waste disposal) (4). If the global emissions from
healthcare was a country, it would be the fifth largest contributor
to global warming (16). In 2013, healthcare accounted for 9.8% of
GHG emissions in the US, where at least 20-30% of total hospital
waste was food waste, which can reach up to more than 50% in
some facilities (4, 17). Food waste can originate from multiple
sources within a hospital setting, including foodservice for patients
and onsite retail/commercial food businesses for patients, staff and
visitors (e.g., cafeterias, canteens, food courts, restaurants, kiosks,
vending machines) (4). Factors contributing to high food waste
rates in healthcare facilities were suggested in multiple studies
investigating the patient end of the hospital food system, including
foodservice models used, patients’ satisfaction regarding the food
quality and quantity, and the clinical condition of patients (4, 17,
18). To elaborate, extensive time lag between ordering and delivery
of meals, a pre-plated meal model, fixed mealtimes, unappetizing
food, therapeutic diet prescriptions, and mealtime disturbances
can all reduce patients’ interest in food consumption and thus
contributing to food waste in hospitals (17-19).

Due to the responsibility of hospitals to provide ample chances
for patients to achieve nutritional adequacy for recovery and
maintain quality of life through their foodservice provision, it
seems unavoidable for hospitals to generate food waste (4, 11, 18).
Measurement and routine monitoring of food waste at a hospital
level can be considerably challenging for healthcare operators.
Recent research examining aggregate food waste audits show
they require significant labor (staff, students or contractors), time
(commonly 2 weeks) and equipment (scales, containers, protective
personal equipment etc.), which are perceived by foodservice
staff as a barrier (20, 21). Staff resistance to change, lack of
organizational support, limited staff buy in and skill gaps and
absence of policy enforcing waste measurement were also identified
as challenges (21). Routine food waste measurement is notably
important to benchmark and acknowledge opportunities for waste
reduction and monitor progress, giving potential for financial
savings and environmental improvements (4, 6, 11, 19, 20).
Inability to efficiently or reliably measure and monitor food waste
limits action on food waste. The use of digital technology and
artificial intelligence offers promise for food waste measurement,
although greater adoption in healthcare is needed (22). Bux propose
a method using intelligent 3D cameras, visual computing, machine
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learning and algorithms to generate qualitative and quantitative
food waste data within a dashboard that speeds up the process,
allows for real time waste tracking, monitors trends over time,
conveys economic, environmental and social implications of waste
and provides feedback on patients’ nutritional intake (22).

The traditional end of life pathway for food waste in hospitals is
landfill. Implementing a food waste management strategy with an
alternative end of life destination can improve the environmental
). The food
recovery hierarchy (23) was introduced and developed based on

and socio economic sustainability of their sites (4,

the waste hierarchy framework, highlighting how food waste can
be a resource, and that the appropriate management of wasted
food, according to the framework, can confer the best outcomes
). The hierarchy
ranges the food waste management strategy options from the most

to the environment, economy, and society (8,

(top) to least (bottom) favorable in regard to the utilization of
that food waste (23). Minimizing food waste in the first place is
the most preferable option (23), yet this can be challenging to
achieve in complex settings such as healthcare facilities (4, 11).
For unavoidable food waste, the hierarchy recommends reusing
the food surplus by donating to populations in need, followed by
diverting the food waste to animals as feed, resource recovery using
industrial processes such as anaerobic digestion (AD) or other
methods, then composting for soil nourishment (11, 23). Disposing
food waste to landfill, incineration or sewer is the least favorable
strategy and last on the hierarchy (15, 23).

A systematic review focused on the environmental outcomes
of hospital foodservices across the FSC found only 8 peer-reviewed
studies reporting on waste management practices that divert food
waste from landfill (4). Cook et al. extended this research to include
gray literature in a systematic review to understand the scope
of food waste management practices in hospitals worldwide (11).
This review found a total of 85 records using strategies to divert
food and food-related waste (i.e., packaging materials) from landfill
across hospital settings (11). Different measurements were used
in the included records to describe the environmental outcomes,
such as quantities of food or food-related waste in weight or
number of meals diverted, avoidance in CO,e emissions, water
). The non-
uniformity in quantifying outcomes can be difficult to determine

savings, and biogas and/or energy generation (4, 11,

which food waste management strategy gives the greatest reduction
in GHG emissions and contributes to environment sustainability in
hospitals. Additionally, the lack of baseline data or control group is
a limitation in the included studies to make robust conclusions of
the beneficial outcomes of various food waste diversion approaches
(4, 18). Tt is essential to determine promising waste management
strategies that can divert food waste from landfills in healthcare
foodservices to mitigate GHG emissions and climate change. To
address the gap in the literature and enlighten institutions to
manage food waste sustainably, this study aims to (a) compare
the differences in GHG emissions from hospital food waste before
and after a food waste management strategy was adopted, and
(b) identify which waste management strategy from the food
recovery hierarchy (23) can prevent the most GHGs in 1 year.
GHG emissions from food waste included emissions associated
with activities across the FSC, not just waste disposal.
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2.1 Study design

This study is a secondary analysis of data from a published
systematic review that was completed and reported according to
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines and aimed to describe the types,
characteristics, outcomes and barriers and enablers of food and
food-related waste management strategies in hospital foodservice.
A thorough search of six databases and gray literature was
completed, followed by a two step selection processes completed in
duplicate. Further details on the aims, methods and findings of the
review can be found in the full open access article (11). The dataset
from the original review formed the basis of this quantitative study.
In summary, this secondary analysis involved inputting food waste
data from the systematic review into a web-based calculator to
determine the GHG footprint of current/usual end of life pathway
and an alternative. An excel spreadsheet and statistical software
package were used to manage, report and analyze data within
and across scenarios of current/usual and alternative food waste
management strategies. The original review and this secondary
analysis did not involve recruitment of human subjects, so ethics
approval was not required.

2.2 Sample

The dataset generated in the original review comprised of 85
records which included 4 peer-reviewed and 81 gray literature
documents that reported waste management strategies used in
hospital foodservices internationally to manage food and food-
related waste (11). The data included strategies that reused, recycled
or recovered resources from these wastes as proposed by the
food recovery hierarchy, including surplus food donations, feeding
animals, AD or industrial uses, and composting (8, 23). Strategies
related to food waste prevention were not included since the review
was focused on waste management strategies (11).

The review compiled results on financial, environmental, or
staffing outcomes after implementation of an alternative end of
life pathway (11). The amount of food waste diverted from the
standard/current destination to a more preferable destination was
one of the environmental outcomes, and this data was relevant for
this secondary analysis. The authors analyzed the 85 records to
determine records which were eligible to include in the secondary
analysis reported here. The eligibility criteria are outlined in
All records that reported a food waste amount in weight diverted
from a lower prioritized waste management strategy to a higher
) (e.g.
composting to donation) in a specified time-period were included

prioritized strategy on the food recovery hierarchy (

in this secondary analysis. Records using number of meals to
quantify the food waste, records without units for the amount of
food waste, or records not reporting a time-period for food waste
diversion were excluded as data could not be analyzed reliably.
Food waste consisting of a single source (e.g., coffee grounds or oil)
were excluded as the GHG emissions profile would be different to
those from a ‘standard mix’ of food.
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TABLE 1 Eligibility criteria for studies included in the analysis of GHGs
avoided under food waste management strategies in
hospital foodservices.

Inclusion criteria

Parameter

Population Hospital foodservice that provides food for patients,
onsite retail/commercial foodservice to patients, staff
and visitors at the hospital (e.g., canteens, cafeterias,
restaurants) and offsite central production kitchen

(CPK) that produces food for hospitals

Intervention An alternative end of life pathway for food waste (i.e.,
alternative food waste management strategy) that is
higher on the food waste recovery hierarchy (23) than

the comparator.

Comparator The usual end of life pathway for food waste (i.e.,
standard food waste management strategy) (e.g.,

landfill, incineration, sewer)

Outcome The weight of food waste reported in the intervention
scenario compared to the comparator scenario in a
specified time frame, used by the authors to calculate

the difference in GHG emissions between the two

strategies.

2.3 Data collection and outcomes

Researchers developed a template in Excel (Version 2022,
Microsoft Corporation, Washington) to extract, manage and
analyze data from included records (11). Collection fields included
citation (author and year), location of facility, number of facilities,
setting type, food waste source, current food waste management
strategy (before), alternative food waste management strategy
(after), weight of food waste, GHG footprint under current
and alternative strategies, and the difference in GHG footprint
(calculated using the custom excel spreadsheet). We grouped the
data together into different scenarios based on the current/before
and the alternative/after destination for food waste.

If the current food waste management practice was not
explicitly reported, landfill was assumed to be the current strategy.
This assumption was made because landfill was a common practice
in global healthcare foodservices to manage food waste (6, 11, 24—
26). For consistency of units and timeline of food waste diversion
for comparison, all units of weight were converted to kilos by
using the conversion of 1 ton = 907.185 kilos. For cases that had
reported an approximate or a range of diverted food waste quantity,
the estimated or maximum amount was used for calculations. For
cases that included multiple facilities, an average of food waste
weight was calculated to estimate food waste diverted in one facility.
Depending on the reported timeline of diversion, the waste amount
was then multiplied or divided to estimate the total weight of food
waste diverted from landfill in a 1-year period.

GHG footprint is the total GHG emissions directly associated
with the production of a product, including the upstream stages
in the FSC to end-of-life (27). It is often measured in metric
tons of carbon dioxide equivalents (MTCOse), and to convert a
GHG emissions into COze, its emissions are multiplied by the
gas’s global warming potential (GWP), as it allows for difference in
effectiveness of warming the Earth when compared to CO per unit
mass (28). The outcomes of interest in the current study were GHG
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footprint in MTCOze generated from food waste under current
and alternative food waste management strategy respectively, and
net change of GHG footprint in MTCO,e. This was achieved by
calculating and comparing the GHG emissions saved in a 1-year
period under various food waste management strategies within a
hospital foodservice setting.

The online Rethink Food Waste Through Economics and Data
(ReFED) impact calculator! was used to generate outcome data.
The online calculator analyses data entered by the user about
the sector, type and amount of food waste and how it is being
disposed of to calculate the GHG footprint. It allows data for an
alternative scenario to be inputted, and compares scenarios to give
the net benefit or the “impact” (29). It utilizes GHG emissions data
generated by Quantis sustainability consultancy firm through a life
cycle assessment approach (30). ReFED is a reputable non-profit
organization in the US that aims to reduce food waste across the
food system by formulating solutions using evidence-based data to
achieve environmental and socioeconomic sustainability (29). The
impact calculator was chosen for use in this study compared to
other available models because it allows the direct comparison of
environmental impacts from changes in food waste management
practice, aligning with the research aims. The calculation of total
GHG footprint by the ReFED calculator accounts for emissions
throughout the FSC from production, to food waste disposal.
Total GHG footprint is calculated as upstream GHG emissions
(emissions accrued to produce, store and transport food up to
the sector selected) + downstream GHG emissions (emissions
associated with food disposal or redistribution) (31). Additionally,
the online calculator is free of charge and easy to use for analysis.

Food waste weight data were input to the calculator to generate
the GHG emissions associated with food waste under current and
alternative scenarios. The results from the calculator were entered
into the custom excel spreadsheet designed for this analysis by the
first author and reviewed by the research team. Before inputting
the weight of food waste into the calculator, the following options
were chosen to ensure consistency of data outcomes: “foodservice”
as sector; “standard mix” as food type; “kg” as unit. “Standard
mix” was chosen as most case studies reported a combination of
food waste and some studies did not report on the food waste
components. ReFED justified the option of “standard mix” as one
of the most usual cases in food businesses where their waste source
was numerous or unspecified (32). In the calculator, AD was listed
as an individual food waste destination, which differs from the food
recovery hierarchy that included AD under industrial uses (23).
Therefore, for cases that mentioned using AD to divert food waste,
this option was chosen as the alternative scenario on the calculator.
For studies that reported using other techniques, such as greywater
digester, biodigester, and dehydrator, to divert the food waste,
industrial uses was selected as the alternative scenario as it was
assumed the food waste was repurposed into industrial biomaterials
(33). After inputting the quantity of food waste under current and
alternative scenarios onto the calculator, the GHG footprint in each
situation, together with the amount of GHG savings (net benefit)

1 https://insights-engine.refed.org/impact- calculator?
emissionsEquivalence=milesDriven&impactMetricTab=emissions&inputs
%7B%22sector%s22%3Anull’s2C%22type%22%3Anull%2C%22unit%22%3A%
22tons%22%2C%22destinations%22%3A%5B%5D%7D&isFormExpanded=
false&methaneEquivalence=milesDriven&year=100
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were calculated. The researcher team decided to express the net
benefit as a net change of GHG emissions, which was calculated
by subtracting the GHG emissions in the alternative strategy from
the current strategy using the custom excel spreadsheet.

2.4 Data analysis

Statistical Package for Social Sciences (SPSS) (Version 28,
SPSS ING; Chicago, IL, USA) was used to quantitatively analyze
the data. Descriptive statistics were used to present the GHGs
generated and avoided under different food waste management
strategies. The percent change in GHG emissions were calculated to
accommodate the variance of food waste quantities across facilities
and the unequal sample sizes under different scenarios. Statistical
significance for comparing GHG emissions between current
and alternative strategies were paired in samples and calculated
using sign test, while percentage change in GHGs between
food waste management scenarios were compared using Kruskal-
Wallis test, as data were non-parametric, and the distributions of
differences between the paired samples and different scenarios were
asymmetrical. Statistical significance was set at a value of p = 0.05.

3.1 Sampling

A total of 85 records which reported 85 food and food-related
waste management strategies were identified in the original review
and screened for eligibility (11). Thirty-one records were excluded
due to various reasons indicated in . Three cases reported
on coffee grounds (n = 2) or cooking oil (n = 1) being recycled, yet
the quantity of those were separated from the food waste weight
reported and thus, they were considered eligible cases (34-36).
A total of 54 records met eligibility criteria and were included in
this study, in which 2 were published research studies and the
remaining were gray literature documents. One hospital reported
using two different strategies to manage food waste and therefore
yielded 55 food waste management strategies used in the 54 records.
Nine cases also reported on the quantity of avoided CO;e from food
waste diversion (37-44). As the net savings of CO,e for each case
was calculated from the ReFED impact calculator in the current
study, the amount of avoided CO;e reported in those records were
not used to allow for uniform comparison.

3.2 Hospital characteristics

Majority of facilities were in the US (n = 25), followed
13), UK (n = 6), Canada (n = 5), Italy
(n = 2), Brazil (n = 2), Spain (n = 1), and Singapore (n = 1).

by Australia (n =

Most cases were taken place in hospitals (n = 37), whereas the
remaining settings were in medical centers (n = 11), health services
(n = 5), and central production kitchens (CPK) (n = 2). Sixty-
seven percent (n = 37) of the sites diverted food waste from
patients foodservice, while 13% (n = 7) diverted food waste solely
from retail/commercial foodservices for patients, staff and visitors
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including cafeterias and canteens. Twenty percent (n = 11) of
the sites diverted a combination of patients and retail/commercial
foodservices food waste.

, 3 depict the current and alternative food waste
management strategies used respectively across the facilities.
Amongst the current strategies, 93% of sites directly (n = 29)
or were assumed (n = 22) to send waste to landfill, followed
by sewer and composting which accounted for 4% (n = 2)
each, respectively. Regarding the alternative strategies, 33% of
sites employed composting, which was the most common waste
management practice. Surplus food donations and industrial uses
were also popular strategies to use, accounting for 31 and 27%,
respectively. The remaining strategies included AD (7%) and
feeding to animals (2%). Hospitals in the US appeared to be in
favor of adopting food donations as an alternative strategy (n = 11).
Only one hospital in Australia diverted food waste to animal
feed. Industrial uses and composting were employed across several
hospital locations, whereas AD was less common and practiced
only in US and UK facilities.

Detailed characteristics on the setting and current and
alternative strategies for food waste management are reported in

(45-81).

3.3 Outcomes

There were eight food waste management scenarios based on
the current/before and the alternative/after end of life pathway
for food waste ( ). The most common scenarios were
landfill to composting (n = 17); landfill to donations (n = 15);
landfill to industrial uses (n = 15).

GHG emissions under current and alternative strategy across the

shows the median

scenarios. The average GHGs generation decreased across facilities
after adopting the alternative strategy to manage food waste in all
scenarios. An exact sign test was conducted to compare the median
GHGs of current strategies with the median GHGs of alternative
). There
was a statistically significant median net reduction in GHGs when
facilities changed from landfill to donations (—11.54, p < 0.001),
landfill to industrial uses (—25.92, p < 0.001), and landfill to
composting (—15.24, p < 0.001).

Regarding the percentage change in GHG emissions, all

strategies in paired samples under each scenario (

scenarios displayed a negative median percentage change ( ).
A Kruskal-Wallis test was conducted to compare the median
percentage change in GHG emissions between scenarios. Five
scenarios were omitted from the analysis due to limited sample
size (n < 5) in those groups (82). The remaining 3 scenarios,
including landfill to donations, landfill to industrial uses, and
landfill to composting, were included in the analysis. The median
percentage change in GHGs were significantly different between
the scenarios, % 2(3) = 40.86, p < 0.001. Pairwise comparisons were
performed using Dunn’s procedure with a Bonferroni correction
for the pairs of scenarios. There was a significant difference between
the 3 pairs of groups, with landfill to donations displaying the
greatest reduction in GHGs (—92.02%), followed by landfill to
composting (—8.69%) and landfill to industrial uses (—7.75%)

( )-
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Records excluded, with reasons
(n=31)

No reporting on environmental outcomes (n = 3)

Focus solely on food-related waste management (n = 1)
Reported waste weight included food-related waste (n = 15)
Reported waste weight included coffee grounds (n = 2)
Quantified food waste as number of meals diverted (n = 7)
No reporting on food waste weight (n = 1)

No units of the food waste quantity (n=1)

No timeline of food waste diversion (n = 1)

Yip et al.
P
5
= Records identified from original
3 review: n = 85
= Peer reviewed (n =4)
é Gray literature (n = 81)
\ 4
—
Records screened for eligibility >
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FIGURE 1

Flow diagram of included records for quantitative analysis of GHG emissions using food waste management strategies in hospital foodservices.

This study aimed to (a) compare the differences in GHG
emissions from a hospital foodservice before and after a food waste
management strategy was adopted, and (b) identify which waste
management strategy to divert food waste from landfill according
to the food recovery hierarchy (23) can prevent the most GHGs
in 1 year. Fifty-five food waste diversion strategies were identified,
which included healthcare facilities that changed their food waste
management strategy to a more preferable food waste management
strategy according to the food recovery hierarchy (23). All facilities
achieved a greater reduction of GHG emissions when compared to
their previous strategy. However, different food waste management
scenarios have various potentials in avoiding GHGs. The scenarios
in this study are comparable to some extent with the priority tiers
in the food recovery hierarchy (23), whereby diverting food waste
from landfill to donations displayed the greatest reduction in GHGs
and is the most preferred waste management strategy. However,
composting has the next greatest potential to reduce GHG emission
but it is lower down the waste management hierarchy (23).

In this study, a large variability in average GHG emissions and
savings is observed across the scenarios ( ), which is directly
related to the amount of food waste that each scenario can manage.
For scenarios where the current strategy is landfill, the analysis
demonstrated the least amount of GHG emissions when using

Frontiers in

donations as an alternative strategy. This is also reflected in the
median percentage change in GHG emissions, showing that food
donations exhibit the greatest GHGs reduction (—92.02%), as it is
assumed the donated food is consumed and a negligible amount
of GHGs is emitted (32,
edible excess food in hospital foodservices that can be reused to feed

). However, the amount of unserved and

people via food banks or food rescue can be limited (16). Reusing
food from hospitals has also been suggested to be challenging due
to contamination risks (18). In addition, legislations and guidelines,
liability concerns about donated food causing illness, absence of
onsite cooking facilities, and use of a menu cycle can be barriers
restricting the reusability of surplus food within hospital settings
due to higher risks of microbial contamination and food hygiene
constraints (11, 18, 83). Even though donating food waste displays
the highest GHG emissions reduction when compared to landfill,
the small capacity of surplus food in hospital foodservices that
can be donated implies a combination of food waste diversion
strategies may be required to reduce GHG emissions and improve
the environmental sustainability of the hospital foodservice.

AD and

composting strategies are capable to manage a larger amount

In comparison, animal feed, industrial uses,
of food waste, including excessive food and food scraps produced
during meal preparation, and plate waste that has already been
served but not consumed (17, 23). This is demonstrated in the
current study, where a larger amount of GHG emissions is seen

when these strategies are used, with AD having the greatest GHG
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FIGURE 2

Current waste management strategy to manage food waste across facilities according to position in the food recovery hierarchy (23) (n = 55).
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FIGURE 3
Alternative waste management strategy to manage food waste across facilities according to position in the food recovery hierarchy (23) (n = 55).

emissions across all alternative strategies. This may be due to
the larger variety of food waste (e.g., fats and oils, food scraps,
sewage sediment) that can be anaerobically digested into renewable
energy and fertilizer (23, 83). In this study, composting displayed
the second greatest reduction in GHG emissions from landfill
(—8.69%), followed by industrial uses (—7.75%), AD (—6.59%)
and animal feed (—5.88%). This is surprising as composting is
situated in a lower priority tier in the food recovery hierarchy
(23), but has the capacity for larger GHG emission savings when
compared to other strategies higher up the hierarchy, excluding
donation. This may be due to the large variance in sample size
across scenarios, variability in methods used to collect and measure

Frontiers in Nutrition

food waste data, and different composition in food waste across
facilities (25, 84). It should be acknowledged that all alternative
strategies display a reduction in GHG emissions compared to less
preferred strategies (e.g., landfill), particularly in the 3 scenarios
that divert food waste from landfill, showing significant decreases
in GHG emissions (donations (—11.54, p < 0.001), industrial uses
(—25.92, p < 0.001), and composting (—15.24, p < 0.001). Thus,
adopting feasible waste diversion strategies to manage food surplus
and the remaining food waste instead of sending this food waste to
landfill or other less favorable approaches in hospital foodservices

is essential for environmental outcomes (4, 11).

frontiersin.org
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TABLE 2 Descriptive statistics of GHG footprint (MTCO2e) generated and avoided in a 1-year period across different management scenarios.

Scenario | Current Alternative Median Median GHG - Median GHG - Significance* Minimum Maximum Median % net
strategy strategy GHG —current | alternative net change® (p-value) GHG net GHG net change® in
strategy strategy (IQR) change* change* GHG
(([e]) (IQR)
1 Composting Donations 29.52 2.58 —26.95 0.500 —5.28 —48.61 —91.31%
(n=2)
2 Landfill Donations 12.54 1.00 —11.54 <0.001 —-3.07 —89.47 —92.02%
(n=15) (14.33) (1.14) (13.19)
3 Landfill Animal feed 13.61 12.81 —0.80 N/A —0.80 —0.80 —5.88%
(n=1)
4 Landfill Industrial uses 334.36 (630.67) 308.44 (581.78) —25.92 (48.89) <0.001 —7.54 —135.64 —7.75%
(n=15)
5 Landfill Anaerobic digestion 699.97 653.85 —46.12 0.250 —21.69 —167.52 —6.59%
(n=3)
6 Landfill Composting 175.38 (364.58) 160.14 (332.89) —15.24 (31.69) <0.001 —0.06 —92.10 —8.69%
(n=17)
7 Sewer Anaerobic digestion 52.67 46.52 —6.15 N/A —6.15 —6.15 —11.68%
(n=1)
8 Sewer Composting 197.90 170.88 —27.02 N/A —27.02 —27.02 —13.65%
(n=1)

#Expressed as net amount of GHG savings from current strategy (i.e., net change in GHG = alternative strategy GHG — current strategy GHG). *Comparison of GHG emissions between current and alternative strategies in paired samples within scenario. P-values were

calculated with the exact sign test.
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Pairwise comparisons on percentage change in GHG (MTCOe) across three pairs of food waste management scenarios in hospital foodservices in a
1-year period using Kruskal-Wallis test with a post-hoc Bonferroni correction for significance values (p-values).

Landfill to Composting

Composting, food surplus donations, and industrial uses are
deemed to be the top 3 most common strategies used in hospital
foodservices from the sample used in this study. Composting is
often used despite the fact that it is a lower prioritized strategy
in the food recovery hierarchy (23), which may be due to the
lower costs and fewer operational issues compared to industrial
methods in managing food waste effectively (11). Surplus food

donations are popular practices in some countries (e.g., US),

Frontiers in Nutrition

which may be due to high demand for food relief, established
processes and legal protections for donating food (6, 85). Some
countries (e.g., Sweden) also advocate the practice of food waste
diversion by legislating bans on food waste to landfill or sending
compostable waste into landfills (18, 25). Anaerobic digestion
might be less often used in hospitals because of the higher
financial costs compared to gains from the output products (11).
Additionally, animal feeding appears to be the least popular strategy
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in hospital foodservices, and could be due to regulations that
govern the type of food waste suitable for animal feed (25, 83, 86).
According to the US Environmental Protection Agency food waste
measurement report, the food manufacturing sector contributes a
). This is
because food waste appropriate for animal feed should be handled

majority of their food waste (91%) to feed animals (

properly to ensure homogeneousness and absence of non-food
substances (e.g., packaging materials) (86). Further, insufficient
available resources to segregate mixed-types of food waste in a busy
hospital food service setting, which may be a costly and difficult
practice (16) could deter this practice, as the appropriate food
cannot be separated.

Although not investigated in this study, strategies used to
prevent food waste in the first place is vital for environmental
and socioeconomic sustainability of the food system locally and
globally (23, 83). This is also recommended as the most favorable
strategy in the food recovery hierarchy (23). Several food waste
studies point out that food waste occurring further along the FSC
contains a higher carbon footprint than previous stages because
of the resources used in subsequent stages in the FSC, indicating
the GHGs impact aggregates to the highest level at the stage of
food waste disposal (8, 12, 18). Reducing food waste can therefore
bring direct environmental benefits by minimizing GHG emissions
as well as reducing resource use along the FSC (83). This aids the
conservation of land, water and other natural resources for feeding
the global expanding population and alleviating food insecurity
(8, 83). In addition, various food waste management options in

) could
). Landfill
or incineration has the biggest impact to GHG emissions without
any resource recovery contributing back to the environment (4,

the food recovery hierarchy, except source reduction, (
have different extents of environmental impacts (25,

). To a lesser extent, GHGs could be produced from the
windrows production and machinery usage during composting
(25). There is also considerable waste disposal costs associated with
transportation and operations for each waste management strategy
to consider (8, 11, 83).

Literature focusing on sustainable food waste management
in hospital foodservices provides evidence-based solutions to
reduce food waste and increase patient satisfaction (4, 17-19, 87).
Some effective approaches include a flexible foodservice and meal
delivery system that allow patients’ customization on food choices
and portions, reducing time lag between meal ordering and delivery
(e.g., room service model, bulk trolley meal service), and providing
social opportunities to interact with foodservice personnel (e.g.,
spoken menu ordering) (4, 17-19, 87). Not to mention, upstream
stages of hospital FSC (i.e., from procurement to production),
are also pivotal in reducing food waste generation, minimizing
GHG emissions and financial costs (6). Practical strategies include
prioritizing the use of locally-grown, organic and seasonal food
produce, sourcing sustainable food and food-related products (e.g.,
biodegradable packaging), offering more plant-based proteins to
replace animal proteins in menus, use of an electronic menu and
meal forecast system, and accurate food portioning during service
(6, 8, 88). Each of these aforementioned approaches aim to reduce
the GHG footprint of hospital foodservices.

Understanding the perspectives of staff working in hospital
foodservices is crucial in transitioning to sustainable practices that
benefits the patients, organization, society, and planet as a whole
(16). Healthcare staff have identified food waste from hospital
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foodservices can’t be completely eliminated, but it is a prioritized
waste stream that should be focused on (16, 19, 89). Goonan et al.
discovered variability in staft perceptions and habits toward food
waste generation challenges the achievement of environmental
). Kitchen staff, such as

supervisors and cooks, who are involved more in waste generation

sustainability in an organization (

and management during daily foodservice operations tend to be
more food waste conscious and aware of its social and financial
implications, whereas some foodservice associated personnel who
are comfortably set in their work routines and practices outside
of the kitchen environment might be less mindful of food waste
implications (88). Even though there is a desire for change in
hospital staff, a lack of support from policy makers was identified,
(16) in addition to the local regulations and hospital policies
around food safety and quality control that restrict the reuse or
repurpose of food surplus and waste generated from healthcare
facilities (11, 83, 88). Governments and foodservices authorities
can initiate changes by stipulating policies/guidelines or providing
economic incentives on sustainable foodservices, (16) which may
guide and support hospitals to enforce environmental sustainable
initiatives to shape staff attitudes and behaviors toward greener
hospital foodservices (87, 88). Effective communication between
policy makers, hospital executives and ground level personnel
about values of sustainable foodservices and identification of
change opportunities is vital to achieve sustainable food systems
at a national and global level (16, 88). For instance, conducting
training sessions and educational campaigns regarding food waste
prevention and management throughout the hospital FSC can
raise staff knowledge, awareness and accountability in food waste,
). In addition,

setting up an environmental advocacy team and feedback system

and encourage positive behaviors (16, 87, 88,

on performance may support the engagement and motivation
in making sustainable changes at all levels of staff (16, 88).
Forming coalition with non-governmental organizations targeting
at reducing the healthcare environmental footprint (e.g., Health
Care Without Harm, Practice Greenhealth) can also provide
indispensable opportunities for knowledge and resources sharing
to support sustainable practices in healthcare facilities (16, 87, 90).

4.1 Limitations

This study analyzes data from a previous systematic review,
which included both peer-reviewed journal articles and gray
literature on food and food-related waste management practices in
global hospital foodservices serving patients, staff and visitors (11).
The majority of the data in this review was from gray literature
where the quality of research methods and reporting of findings
may be lower than peer reviewed research, as criteria for reporting
or quality assessment are lacking. Gray literature sources (e.g., case
studies) remain a useful method to disseminate lessons learned and
evaluation outcomes about food waste management strategies to
help other institutions in decision making processes (11, 18).

Due to the variance in sample sizes under different waste
management scenarios, the research team accommodated this
by calculating the percentage change in GHG footprint within
and between each scenario for more meaningful comparisons.
However, the limited samples in some cases made it impossible
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to conduct a full comparison between all eight food waste
management scenarios. Additionally, selecting samples based
on reporting of food waste in weight with a specified time-
period might introduce sampling bias and undermine the
sample representativeness for generalizability. In addition, several
assumptions were made in the methodology in this study, including
assuming sending food waste to landfill was the current situation if
the original food waste destination was not mentioned, and using
an average of food waste quantity for cases accounted for multiple
facilities. This may have misestimated the actual waste quantity in
a hospital diverted in the included hospitals. The ReFED tool was
used for calculating the GHG footprint and it contains its own
assumptions, thus other GHG impact tools may estimate GHG
emissions differently.

There is no investigation on GHG emissions from food-
related waste (e.g., packaging materials, disposable crockery),
coffee grounds and oil waste in this study. This is one of the
limitations of the ReFED tool which focuses solely on food
waste and might underestimate the potential waste diversion
circumstances in facilities. Food-related waste constitutes a
considerable amount of waste in hospital foodservices (24) and
have significant impact on the environment (91). Future studies
should consider GHG footprint from this waste stream and
investigate hospital foodservices waste on other environmental
and social impacts (e.g., water use, energy consumption, land
demand, meal recovery). Cost-benefit or cost-effective analysis
of waste diversion strategies in hospital foodservices will also
be helpful for healthcare organizations to determine feasible
evidence-based solutions. Moreover, this study contains primarily
hospitals in developed countries (especially the US), and there
is large capacity for future investigation on hospital foodservice
food waste diversion in other countries and the impacts
on sustainability.

5 Conclusion

The escalating concerns on global food waste and its
implications to environmental sustainability has created research
interests in hospital foodservices locally and globally, due to their
considerable potential for food waste generation and associated
GHG emissions. This study demonstrates various food waste
diversion strategies have different capabilities in handling the
amounts of food waste, yet each strategy displays a reduction
in GHG emissions when replaced by a higher prioritized
strategy in the food recovery hierarchy (23). There are site-
specific factors to consider for the most feasible approach,
such as available resources or funding for sustainable waste
management practices, collaboration opportunities with donation
programs, and availability of composting or industrial facilities
(18, 87). Based on the current study and existing literature, food
waste prevention in the first place is the most beneficial and
sustainable approach. For food waste that is unavoidable, the best
approach to manage this is via surplus food donations which
demonstrate the greatest reduction in GHG emissions, followed
by other waste diversion strategies, including composting and
industrial uses. Tackling food waste in hospital foodservices using
strategies from the food recovery hierarchy (23) framework is
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highly encouraged due to their great potential to reduce GHG
footprint in a hospital foodservice setting, and subsequently
lead to environmental and socioeconomic sustainability in
healthcare facilities.
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