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Food Waste in the WEF nexus
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* Food loss and waste are a
considerable portion of the global
food supply (FAO 2011, Thyberg et
al. 2015, Buzby et al. 2014):

FOOD * By weight, roughly one-third
of food produced, or
Loss &

* By energy, one of every four

WASTE kilocalories produced.

 WEF Nexus approach can be a
framework for quantifying
impacts of wasted food to energy
and water sectors, leading to
better management decisions.

FOOD LOSS ) \

Kelly M. Kibler, University of Central Florida



ON ¢

Food Waste in the WEF nexus
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WEF impacts associated with producing wasted food (e

Water

As extrapolated from known production costs :
* 1-7% of water used for agricultural production used to produce wasted food.

* Annual per capita water footprint (i.e. sum of blue, green, grey water sensu
Hoekstra et al. 2009) of agricultural production in the United States is
~2,400 m3 (Hoekstra and Mekonnen, 2012)

* Annual per capita water use in global production of food that is wasted ~27
-162 m3® (Kummu et al. 2012, FAO 2013).

ENERGY . 2% of annual energy consumption in US is dedicated to production of wasted
food (Cuellar and Webber, 2010)

* Energy dedicated to US food production range from 8 to 16% of annual energy
consumption (Heller and Keoleian 2000, Pimentel and Pimentel 2003, Canning
et al. 2010, Cuellar and Webber, 2010).
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WEF impacts associated with managing wasted food
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Kibler et al. 2018

https://www.sciencedirect.com/science/article/pii/S0956053X18300151
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Water and energy footprints of landfilled food waste:
A Florida case study

System boundary conditions:

* Florida geographic boundary, 21.5 million people

* 9.5 x 10° Mg of food waste sent to landfills annually

e About 54% of total food waste generated is landfilled
(FDEP 2014).

* 13% of landfills in Florida collect landfill biogas (USEPA 2016)

* Regulatory water quality standards for biochemical oxygen
demand (BOD) and total ammonia nitrate (TAN) in receiving

waterbodies of 20 mg/L (FDEP, 2016) and 8.75 mg/L
(Bloetscher and Gokgoz 2001), respectively

1 Mg = 1000 kg
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Water and energy footprints of landfilled food waste

Energy balance to estimate the fluxes of energy associated with landfilling
food waste, Eq. 1:

E:Ep—(Ec+ET+EL) qu

Where:
E = net energy (kWh/Mg)
E, = energy produced by landfill gas (kWh/Mg)
E. = energy consumed in food waste collection (kWh/Mg)
E. = energy consumed in transport of leachate to a WWTP (kWh/Mg)
E, = energy consumed in leachate treatment (kWh/Mg)
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Water and energy footprints of landfilled food waste

Water
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Mass balance to estimate volume of water needed to assimilate contamination
attributable to food waste in treated leachate, grey water footprint (WF

Grey’
m3/Mg) (Hoekstra et al. 2009, Hoekstra et al. 2011, Morera et al. 2016), Eq. 2:

Qmsw t(CLi — Chmaxi)

WFGrey = Eq 2

(Cmax,i T Cbackground,i)
Where:

Qmsw 1 = discharge rate of treated leachate (m3/Mg)
C.; = permitted concentration of contaminant i in wastewater discharge (mg/L)

Cmaxi = Mmaximum allowable concentration of contaminant I in the receiving waterbody (mg/L)
Chackgorund,i = background concentration of contaminant i in the receiving water body (mg/L)
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Results: Water and energy footprints of landfilled food waste(cws
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Food _ ) pnermvolbet Each Mg landfilled food waste consumes
gy Consumption
! L e pton €1 108.4 KWh of energy
0.23 m¥/Mg * In Florida, a total annual energy cost of 110

x / million kWh
> Collection a.ud , Landfill
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| STKWRMg 1 02 KWh/Mg in 2014 (US EIA, 2016),
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consumption (US EIA, 2016)

e oraround 2% of Florida’s 2014 renewable
energy production (US EIA, 2016)
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* |If every landfill collected LFG, total energy
e im0 OMe ! cost could be reduced to 32.4 million kWh
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Results: Water and energy footprints of landfilled food waste
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Summary of potential wasted food production costs vs. /)

waste management costs
_ 11

Production of Management of

wasted food wasted food

Water 27 -162 m3 per person per year 4 m3 per person per year

Energy 2% annual consumption 0.04% annual consumption

Assuming food waste is landfilled, landfill gas utilization is low (Florida levels) and
leachate from landfill is treated prior to release.
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How would the WEF nexus respond under /) (¢
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How would the WEF nexus respond under
different food waste treatment technologies?

Can human food waste offset feed grains for
animals?
 Recoup energy and water savings in both production

(offset feed grains) and potentially waste
management

e (Can this be combined with other food waste
treatment technologies to optimize WEF impact?
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Thank you for your attention!
T

Questions?

Out of time? Please email me!

Dr. Kelly Kibler

University of Central Florida

Department of Civil, Environmental & Construction Engineering and
National Center for Integrated Coastal Research
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