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• Nationally, the annual financial cost (of purchasing) the 4.4 Mt avoidable household food that 
is wasted is £13 billion (WRAP 2017), which implies a price of c.£3,000 per tonne HFW. 

• Assuming this price also for the 33,580 tonnes HFW in Bristol, then the total financial cost of the 
avoidable HFW in Bristol in a year is almost £100m.

Household Food Waste (HFW)

• Nationally, total annual financial (purchase) cost for almost 3Mt of commercial food waste is £4.5 billion.
If using Bristol data, that commercial food waste would be contaminated with 100,000 tonnes of plastic.

• Assuming the sectoral share of CFW in Bristol is the same as that in the UK, then we can estimate the total 
financial value (or direct economic cost) of the CFW in Bristol in a year to be c.£51m. 

Commercial Food Waste (HFW)

HEADLINE NOTES

• £151m annual cost (purchase 

price) of Bristol’s avoidable 

food waste.

• This includes only half CFW as it 

uses Avonmouth plant data.

• This is assumed to be reduced to 

nearly zero within 35 years if 

targets are met.

• No data on cost of treating 

avoidable food waste.

• Households/families throw 

away (WRAP data):

• £40 - 60 per week

• £490 - £730 per yr

?



1. To value non-market ‘externalities’

2. To identify/measure potential barriers and opportunities

3. To sense check whether this combined approach is useful

Aims

Macro-economic

• What are the consequences to different sectors and the city’s climate 
targets, both intended and unintended, of achieving these targets?

• Who are the likely winners and losers (and barriers to change)? (i.e. 
are there vested interests at stake?)

• Might we get a sense of the scale of those impacts? (i.e. Is the cost of 
avoidable food waste processing sufficiently significant that it merits 
attention?)

• What are the carbon implications of these changes, and how are 
wider socio-environmental implications robustly accounted for?  

• What does this mean for policy, both locally at the city level, and 
nationally?

• What are the non-market and socio-
environmental benefits (of reduced food 
waste/increased recycling)? 

• What reductions in energy and other resource 
usage (in food production/transport and waste 
disposal) might be gained?

Non-Market

20Scenario 1: 
Recycling

Scenario 2: 
Food Waste 20

Is this combined approach useful and robust? What more is needed?



Transition pathway ‘X-curve’ that conceptualises the phasing out of unsustainable 
practice and the growing of sustainable practices (Loorbach D et al, 2017) 



Embracing 
uncertainty

“Ask five economists 
and you'll get five 

different answers - six if 
one went to Harvard.”

- Edgar Fiedler, Economist, 
Assistant Secretary to the 

Treasury, and Author of “Roots 
of Stagflation”

Presenter
Presentation Notes
“Everything that can be counted does not necessarily count; everything that counts cannot necessarily be counted.”  - Albert Einstein“Important to listen to, but not to be controlled by the experts” - Sajid Javid, Minister for Health and Social Care (speaking about Covid-19 on Political Thinking)



Valuing externalities

‘Non-market’ impacts 
(socio-environmental)



WHERE DOES BRISTOL’S FOOD WASTE GO?

Residual waste 
(black bin 
collection)

Food waste 
caddy collection

Sewer

Home 
Composting

41%

28%
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72% or 34,500 tonnes 
could have been eaten.  Around 28% is classified as unavoidable 
waste, such as tea bags, bones, etc.

3.31 kilos equivalent avoidable food wasted per 
household per week
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Four key methods of waste disposal in this study.Food waste - recycled         		13,660 28% Food waste - residual        	 	19,440 41% Summary of all collected waste     	33,101 69% Estimated total         		47,972 100% (Calculated)Home composted          		 3,553 7% Sewer     			11,105 23% Other               		213 0% Sources:	Recycled: WasteDataFlow database/ Bristol Waste Co	Residual: Bristol Waste Company % composition from Resource Futures report 	Sewer and Home Composting: Calculated from WRAP (2018): Household food wasted data restated Relates to 150,000 households in Bristol served by Bristol Waste Co: total quantities are estimated and rounded to nearest 1000.



SOCIO-ENVIRONMENTAL OUTCOMES:
EXAMPLE METRICS

Carbon/climate
• Effects expressed as £/t CO2 equivalent
• High level of uncertainty (damage costs)
• CE Delft (2018): value of a reduction in 1t CO2 equivalent using 

abatement cost approach
• Value forecast to rise almost fourfold by 2050

Health/toxicity
• Expressed as £/t 1,4DB equivalent or comparative toxicity units (£/t 

CTUh) 
• Sum of effects of many different pollutants on human health
• Values for Human Toxicity are based on WTP to avoid the health 

outcomes associated with the pollutants.  
• In the case of CTUh, the unit applied is the equivalent of the value of 

one new case of cancer.

Presenter
Presentation Notes
*Abatement in this case means forecasting the costs of interventions required to reach targets for global heating reduction by 2050 – it does not cover all costs of climate change.



METHODOLOGY

• Estimated the environmental impacts of 
food production & retail using Life Cycle 
Assessment study by Tonini (2018)

RESOURCE COMPONENTS OF FOOD

• Mapping quantities of waste using data from 
Bristol Waste Company

• Proportions of avoidable and non-avoidable 
food waste from 2019 Bristol Waste 
Composition Report and WRAP (2018)

BRISTOL HOUSEHOLD FOOD WASTE

• We mapped how waste is disposed of and 
how it is collected and managed in Bristol 
using information from stakeholders

• We estimated the environmental/ social 
impacts of waste and waste management 
using Slorach (2019) and WRAP (2011)

WASTE DISPOSAL & MANAGEMENT

• We estimated the value of these impacts by 
monetising these results using published 
environmental prices

NON-MARKET IMPACTS OF WASTE MANAGEMENT

Image: mapping how household food waste is disposed of in Bristol



SOCIO-ENVIRONMENTAL OUTCOMES

• Less Primary Energy Demand: -45,000 Gj
• Less Global Warming Potential: -700 tonnes CO2 equiv 
• Less Freshwater Eutrophication: -0.12 tonnes P equiv
• Less Human Toxicity: -300 t 1,4-DB equiv
• Less Water Depletion: -6 million tonnes water
• More Marine Eutrophication: 12 tonnes N equiv
• More VOCs: 18 tonnes NMVOCs
• More Particulate matter: 17 tonnes PM10 equiv

Image: relative weight of effect in terms of value of impact or benefit (unit value x quantity of pollutant)

• Global Warming: equivalent to 110,000 tonnes of CO2
• Photochemical Ozone Formation: 300 tonnes of NMVOCS
• Particulate matter: equivalent to 100 tonnes of PM2.5
• Marine Eutrophication: equivalent to 600 tonnes (N) 
• Freshwater Eutrophication: equivalent to 20 tonnes (P)
• Human Toxicity: equivalent to 2 cases of cancer
• Water Depletion: 200,000 M3 water

FOOD PRODUCTION
Image: relative weight of impacts in terms of value of impact (unit value x quantity of pollutant)

WASTE PROCESSING

NOT TO 
SCALE
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Scenario 2: Reduction

Wasted food not recycled Amount recycled

10,000 tonnes less food waste, because every aspect of wasted food is 
affected

20% reduction in all environmental impacts:

• 15,000 tonnes less CO2

• 86 tonnes less Nitrogen (marine eutrophication)

• 122,000 Gj less fossil resource depletion

But… £230,000 less green energy 

The loss of benefits from energy generation is outweighed by much 
larger reduction in the resource burden of food

Total quantity of waste reduces by 20%, but the ratio of recycling to residual stays the same

• 3,888 tonnes more food waste going to caddies for recycling 
instead of black bin

• 113 tonnes less CO2 equivalent related to electricity 
generation by Anaerobic Digestion

• 9% more green energy

• 451,000 less M3 water 

But…There may be an increase of 3 tonnes more PM10 and 2 
tonnes more N-equiv because more material is processed by 
AD '-
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Scenario 1: Recycling

Wasted food not recycled Amount recycled

RECYCLING VS REDUCTION



RECYCLING VS REDUCTION

S1: Recycling

This is the net value of changes including disposal and the burden 
of food production compared.

N.B. the value of primary energy demand (PED) burden of food 
production not known so this element is incomplete

S2: Reduction
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LIMITATIONS
• Methodological challenges – comparable units and assumptions

• Uncertainty in valuations

• Snapshot in time – does not model changes in carbon pricing, gate fees, or the 
socio-environmental effects of behaviour change

• Assumptions dependent on local mix of waste disposal methods and national grid 
energy mix for many environmental impacts

• Impacts are on a global scale

• Does not model market changes in food/energy/waste economies and the impact 
of these on incomes

SUMMARY: REINFORCING THE WASTE HIERARCHY

Bristol has relatively high recycling rates, and almost no food waste goes to landfill, but:

• Prevention of food waste has far greater environmental benefits than recycling, including 
improvements in air, soil and water quality.

• 30% of wasted food is not edible, and this should be disposed of in the most efficient way 
possible.

• Still valuable to move any unavoidable food waste from residual (black bins) to recycling

• Compared to Incineration or Landfill, Anaerobic Digestion has the most positive outcomes, 
although some methods can increase particulate matter pollution (and poor usage of AD 
problematic)

• Benefits from energy generation rely on how much green energy can replace grid energy – as the 
proportion of renewables in grid energy rises, these benefits will reduce.



Macro-economic

‘Market’ impacts 
(& carbon)



Macro-economic valuation…
paradoxical?

• Preliminary results show that, nationally, households 
may save income up to £2.7 billion per year given 
constant income.

• However, actual income savings of households may 
be reduced considerably (entirely?), depending on 
how the income is allocated among economic agents.



Linking scenarios to…



1. Not explicitly related to nutrient waste, 
even though potentially highly 
influential

‣ (e.g. procurement practices, public 
investments, fertilisers and plastics in 
Bristol’s waterways)

2. No explicit quantifiable ‘end point’

‣ (e.g. community food distribution 
“recognised”, “significant” increase in 
number of urban farmers)

3. Were considered by stakeholder 
partners to be too challenging in terms 
of clarity of definition and data 
availability 

‣ (e.g. “local” food)

4. Did not meet our core focus in terms of 
socio-environmental impact 

‣ (e.g. residual food waste)

5. Ultimately became redundant given it is 
covered under end goal of Zero Food 
Waste City 2049 target 

‣ (e.g. commercial food waste being treated 
as valuable resource)

Selecting One City Plan Targets:
Exclusion Criteria



o Immediate
o Easy shift (short)
o Difficult/painful (long)

o Climate change (COP26, Zero Carbon)
o Austerity and economic growth (financial crash, COVID)
o Private sector dominance
o Plastics
o Resource constraints (phosphorous, commodity prices, energy, water)
o Technological change (alternatives found to bio-bags?)
o Rising inequality
o Devolution

Societal phenomena

1. Rewards for reduced food waste collection
2. Other?

1. Bans on carrier bags
2. Bans on plastic films
3. Bans on plastic pots, tubs and trays

Policy measures - plasticsPolicy measures - food

1. Save
2. Spend on different foods
3. Spend on other goods/services
4. Partial saving

1. Plastic free
2. Removal of certain types
3. % Reduction
4. Other?

Consumer behaviour options – food Supplier/retailer behaviour options – plastics

Transition - time and pain

Scenarios…within context…over time

Demand-side shift? e.g. 
• Tax on food waste collection? 
• Raised awareness (of societal costs)?
• Increase in food prices? 
Caution!



Two scenarios at either extreme: 

a. Households will not re-spend their saving elsewhere 

b. Households will re-spend their saving on other goods

Commodities / services
Standard Industrial 

Classifications (SICs)

% of disposable 
household income

Food and non-alcoholic drinks 11

Rent 9

Mortgage and council tax 8

Household goods and services (furniture, 
textiles, appliances, cleaning) 

7

Operation of personal transport 6

Holidays abroad 6

Purchase of vehicles 5

Electricity and gas 4

Clothing and footwear 4

Public transport 3

Internet and phone 3

Restaurant and café meals 3

Alcohol, water and hair products/toiletries 2- ONS, 2018

Re-spending option 1: equal re-spending across all areas?

Re-spending option 2: select just one, or a few of the 
more likely areas?

Developing hypothetical scenarios for food waste reduction

CAUTION!

These are two extreme cases. 

They are being used to illustrate potential future scenarios. 

There will be multiple different cases between these two extremes.



Yearly changes in demand for domestically produced goods (£1000s)

Yearly income impact (£1000s)

Changes in CO2 emissions (tonnes)

Yearly impact on income of resource owners (£1000s)

Presenter
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Headline findings:
Economy, sectors, scale, tax, carbon

a. No re-spending: £4.6 billion decrease in economic activity, esp. food sectors and associated employees (retail, logistics)

b. With re-spending: £702 million increase in economic activity (shift from food to tourism and clothing), with associated 
benefits to those sectors’ employees and capital owners, in addition to modest increase in tax revenues (see box)

Tax revenue implications relatively minimal: 
• Largest annual tax loss of £0.1 million (N20) only a small fraction of reduced demand for goods of £2 million*.
• No re-spending: loss to whole UK = £270 million (0.1*30*90) from 2020 to 2050
• Re-spending: benefit to whole UK = £81 million (0.03*30*90) from 2020 to 2050

*Significant part of reduced food waste comes from imported food

• Carbon benefits appear to be relatively small based on current estimates of shadow (or market) prices of different 
environmental pollutions. If in the future shadow (or market) prices of environmental pollution increases dramatically (e.g. 
CO2 prices in light of global warming), then environmental benefits might become large enough to overweigh the 
macroeconomic losses in income.

• Overall increase in CO2 from shift from food to holidays/clothing (transport).



National policy implications: 
Identifying the real problem?

• Current economic policy landscape appears to be promoting the 
wasting of food despite its clear resource inefficiencies, suggesting 
government policy and market failure. i.e.

• Wasted food is valued currently – and perversely – as a benefit to 
the economy.

• There is currently no or insufficient economic motivations for 
agents to reduce food waste

• Risks seen, understandably, as significant - support needed

• Food sector not keen on disruption?  - “second face of power” -
Cairney, P (2012)

• Structural changes in labour and capital markets imply considerable 
transition costs

• Government intervention would likely be necessary to soften or 
otherwise prepare for the potential income losses in the food and 
plastic production sectors

• Support may be sought from those who substantially benefit (e.g. the 
tourism sector).

• Transition pathways: i.e. while total value is large when considered over 
one year, gradual reduction over decades, potentially, manageable?

Food 
(waste)

Holidays?
Clothing?
CO2??

?

?

?

£



But…what does this mean for Bristol? 
Work in progress…

Next steps…FWAG workshop? Other?

STRENGTHS WEAKNESSES

• ?

• Reliance on national level intervention?

• Cities have such limited resource (inc. fiscal autonomy)

• Benefits - especially environmental - accrue nationally and 
internationally, so justification for city-level action is arguably weaker. 

• Other?

OPPORTUNITIES THREATS

• Cities have some control over consumer behaviour? (e.g. local 
campaigns/awareness raising)? 

• Potential benefits nationally might be used in negotiating with central 
government: e.g.
• Spending reviews

• Bristol as city innovator for Govt

• Better awareness of macro-challenge may incentivise local action?

• Other?

• ?



We suggest this approach can improve our understanding 
of possible impacts, their scale, and help identify winners 
and losers. However…

• Other variables: we did not consider issues such as 
population change, new technologies, and economic 
development.

• Robustness of economic valuation - see below

• Buy-in from decision-makers - local and national

• Resource:

• Undertake labour-intensive (scenario-
planning) work (in addition to economic 
valuation)

• Implement solutions (e.g. local campaigns)

Conceptual challenges Economic challenges

Some of the findings are relatively robust, such as the income losses in the 
food and plastic production sectors and income losses of labour providers. 
However…

• To provide a more robust estimate, we would need to: e.g.

• relax the assumptions adopted by the approach (e.g. the 
market prices assume no changes before and after a reduction 
in food waste, which is unrealistic). 

• The substitution between goods and inputs in production and 
consumption can also be introduced to better mimic the 
macroeconomic responses to a reduction in food waste. 

• Use a computable general equilibrium (CGE) model?

?
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