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Waste cre a tion in some sec tors of the food indus try is substantial, and while much of the used mate rial 

is non-haz ard ous and bio de grad able, it is often poorly dealt with and sim ply sent to land fill mixed with 

other types of waste. In this con text, over pro duc tion wastes were found in a num ber of cases to account 

for 20–40% of the mate rial wastes gen er ated by con ve nience food man u fac tur ers (such as ready-meals 

and sand wiches), often sim ply just to meet the chal leng ing demands placed on the man u fac turer due to 

the short order reac tion time pro vided by the super mar kets. Iden ti fy ing spe cific clas ses of waste helps 

to min i mise their cre a tion, through con sid er ation of what the mate ri als con sti tute and why they were 

gen er ated. This paper aims to pro vide means by which food indus try wastes can be iden ti fied, and dem-

on strate these mech a nisms through a practical exam ple. The research reported in this paper inves ti gated 

the var i ous cat e go ries of waste and gen er ated three ana lyt i cal meth ods for the sup port of waste min i mi-

sa tion activ i ties by food man u fac tur ers. The waste clas si fi ca tions and anal y ses are intended to com ple-

ment exist ing waste min i mi sa tion approaches and are described through con sid er ation of a case study 

con ve nience food man u fac turer that rea lised sig nifi  cant finan cial sav ings through waste mea sure ment, 

anal y sis and reduc tion.

© 2008 Else vier Ltd. All rights reserved.
1. Intro duc tion

Over the past decades indus trial and eco nomic growth has been 

largely at the expense of the envi ron ment and, as a result, strictly 

defined lim its regard ing the accept able use of resources are now 

in place (By rne and Glover, 2002). Food man u fac tur ers and retail-

ers pro duce and han dle a wide range of wastes, some of which are 

com mon to all other indus trial sec tors such as waste water and 

pack ag ing waste. Accord ing to the UK Gov ern ment’s new Food 

Indus try Sus tain abil ity Strat egy (FISS), the food indus try faces 

three par tic u lar chal lenges with regard to waste: pack ag ing, pro-

cess ing wastes, and their influ ence over house hold waste (DE FRA 

2005). Cur rent food man u fac tur ing prac tices have often been 

devel oped based on a cul ture where prod uct losses are inher ent to 

the pro cesses and prod ucts will typ i cally yield con sid er ably below 

the amount of raw mate rial used. This is due to the phys i cal trans-

for ma tion effect of cook ing pro cesses in con junc tion with a num-

ber of other issues, and as such waste mea sure ment and min i mi-

sa tion have not been con sid ered as rig or ously as other engi neer ing 

dis ci plines. In addi tion, the envi ron men tal impacts of food wastes 

have been given little con sid er ation due to the fact that very few 

dan ger ous chem i cals and pol lu tants are used in food man u fac ture. 

In fact most of food pro duc tion wastes may be used for land treat-

ment – with cer tain pro duc tion wastes being rich in potas sium, 

phos pho rus, and nitro gen which can be ben e fi cial to replen ish soil 
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nutri ents, pro vided such waste treat ment is care fully mon i tored 

and man aged (Matts son and Sones son, 2003). There is much leg-

is la tion and much research has been com pleted in con sid er ing the 

wider impli ca tions of waste cre a tion (such as the use of pack ag ing) 

and envi ron men tal impacts of food man u fac ture (such as energy 

and water con sump tion). How ever, there is nota bly less sup port 

for the improve ment of pro duc tion effi cien cies at an oper a tional 

level and the reduc tion of over pro duc tion wastes, which are found 

to be gen er ated in substantial quan ti ties, and of being dis posed in 

an ineffi  cient man ner, mainly to land fill.

This paper aims to pro vide a con sis tent theme for the con sid-

er ation of waste in food man u fac ture, and to define a num ber of 

ana lyt i cal meth ods for the min i mi sa tion of waste in con ve nience 

foods. The ini tial sec tion of the paper pro vides an over view of 

trends in waste gen er a tion and man age ment as well as a review 

of the waste prob lem in con ve nience food man u fac ture. The major 

sec tions detail a waste model to iden tify the generic waste types 

in con ve nience food man u fac ture, together with three waste anal-

y sis meth ods which are devel oped to mon i tor and min i mise waste 

gen er a tion in food sec tor.

2. Trends in waste gen er a tion and man age ment

Waste gen er a tion in the Euro pean Union is cur rently esti-

mated at about 1.3 bil lion ton nes per year, approx i mately 3.5 ton-

nes per capita per year. This includes waste from man u fac tur ing 

(338 mil lion ton nes), min ing and quar ry ing (377 mil lion ton nes), 

http://www.sciencedirect.com/science/journal/0956053X
http://www.elsevier.com/locate/wasman
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the con struc tion sec tor (286 mil lion ton nes), municipal solid waste 

(182 mil lion ton nes) and haz ard ous waste (27 mil lion ton nes) (EC, 

2003). In gen eral, waste gen er a tion in the EU is increas ing at rates 

com pa ra ble to eco nomic growth. For exam ple, both GDP and 

municipal solid waste grew by 19% between 1995 and 2003, while 

these upward trends in waste gen er a tion are expected to con tinue 

(EC, 2005).

Accord ing to the recently pub lished Waste Direc tive 2006/12/EC 

(2006), waste should only be land filled when the use of a bet ter 

waste treat ment option is not pos si ble, while the Euro pean the-

matic strat egy on recy cling of waste clearly stated that “the long-

term goal is to become a recy cling soci ety that seeks to avoid waste 

and uses waste as a resource” (EC, 2005). How ever, in many coun-

tries land fill ing still is the most com mon practice of waste treat-

ment. Based on the latest EU fig ures, municipal waste is dis posed 

of through land fill ing (49%), recy cling and com post ing (33%) and 

incin er a tion (18%) (EC, 2005). To achieve this vision for min i mi-

sa tion of waste sent to land fill, the Euro pean Com mis sion has 

set up a waste man age ment hier ar chy based on the envi ron men-

tal impact of var i ous types of waste. Accord ing to this hier ar chy, 

reduc tion of waste should be the top pri or ity of waste man age-

ment solu tions. Reduc tion of waste aims to reduce the gen er a tion 

of waste at source through effi cient use of mate ri als, bet ter design 

and reduced oper a tional costs (Monk house and Farmer, 2003). 

The sec ond pre ferred option is to reuse prod ucts and parts/com-

po nents with min i mal pro cess ing for the same pur pose for which 

they were con ceived in the first place. Recy cling is the third pre-

ferred option, where used/scrap mate ri als are repro cessed in order 

to recover value from waste. When waste is being recy cled, the 

value extracted from raw mate ri als should be max i mised while the 

energy needed for recy cling should be less than that for extract ing, 

refine ment and prep a ra tion of the vir gin mate ri als. Energy recov-

ery from waste is a pro cess by which energy con tained in the waste 

is extracted in the form of heat or elec tric ity, which can be then 

used as a power source for var i ous appli ca tions. Tech niques cur-

rently used to recover energy from waste are var ied and include 

incin er a tion, anaer o bic diges tion, gas i fi ca tion and pyro ly sis (McL-

ana ghan, 2002). Finally, dis posal of waste in land fills is con sid ered 

as the worst waste man age ment option, although in many coun-

tries this is the most com mon form of waste treat ment.

3. Review of the con ve nience food indus try and its waste 

prob lem

The con ve nience food indus try man u fac tures a wide range of 

prod ucts, rang ing from snacks to entire meal replace ments. Dur ing 

the last decade, the con ve nience food sec tor has grown steadily in 

the UK to account for around 35% of the total con sumer spend ing 

on food (Min tel, 2005). This growth of the UK spend ing on con ve-

nience food has been attrib uted to chang ing con sumer time pres-

sures (Warde, 1999), increas ing health con cerns (Shiu et al., 2004) 

and added value for con sum ers (Hol lings worth, 2001). Lev els of 

waste are par tic u larly pro nounced in this sec tor of the food indus-

try, which typ i cally expe ri ences vol a tile demand and prod ucts 

with short shelf-life. Many of such prod ucts are man u fac tured for 

the spe cific brands of a retailer to very short order lead-times, thus 

man u fac tur ers have in the past actively over es ti mated demand to 

ensure orders are met, at the expense of cre at ing large vol umes of 

over pro duc tion wastes. These wastes are ineffi  ciently dealt with, 

with large vol umes of mate rial (which have been pro cessed at 

a cost to the man u fac turer) are being sent to land fill along with 

other fac tory wastes (Bates and Phil lips, 1999).

The stan dard practice of dump ing waste in land fills has led to 

soil, sur face and ground wa ter con tam i na tion. Bio de grad able waste 

accounts for approx i mately 55% of the over all food pro cess ing 

waste (Biff award, 2004). How ever, bio de grad able mate ri als when 

land filled pro duce meth ane (CH4), a pow er ful green house gas that 

con trib utes to the phe nom e non of global warm ing (Gil berg et al., 

2005). Fur ther more, land fill space is becom ing extremely lim ited; 

in Ger many in the early 1990s, for exam ple, there were over 8000 

land fill sites in use, while the num ber of cur rently oper at ing land-

fill sites is below 300 (Hempen, 2005). In addi tion, the EU Land fill 

Direc tive 99/31/EC (1999) clearly pro mote the diver sion of waste 

from land fills towards prod ucts and mate ri als recy cling using a 

vari ety of mea sures. The land fill restric tions intro duced by arti cle 

5 of this direc tive are very impor tant, in par tic u lar the reduc tion in 

the amount of bio de grad able waste going to land fill, which must 

be reduced to 35% of 1995 fig ures by 2014.

The UK land fill allow ances and trad ing scheme reg u la tions 

(LATS), intro duced in 2004, deter mine the per cent age of cer tain 

waste types that are regarded as bio de grad able municipal waste. 

These bio de grad able frac tion ranges from food, paper and veg e ta-

ble oils (poten tially 100% bio de grad able) to fur ni ture and tex tiles 

(50% bio de grad able) to bat ter ies, glass and metal waste (0% bio de-

grad able) (LATS, 2004). Fur ther more, since June 1, 2005, Ger man 

land fills only accept bio de grad able municipal waste that has been 

either incin er ated or under gone mechan i cal and bio log i cal treat-

ment. In Aus tria strict lim its on the land fill ing of organic wastes 

has also been intro duced (Hempen, 2005). Although the EU land fill 

direc tive and the LATS restric tions are focus ing on municipal waste, 

chal lenges on the way the food pro cess ing indus try deals with its 

indus trial bio de grad able waste are expected. These legislative 

require ments together with an increase con sumer demands for 

waste min i mi sa tion high light the need for care ful con sid er ation 

of waste cre a tion prac tices in the food sec tor (Ai king and de Boer, 

2004). The remain ing sec tions of the paper pres ent a waste model 

along with a num ber of anal y sis meth ods to sup port food man u-

fac tur ers in reduc ing the envi ron men tal impacts of their waste.

4. Waste model for food sec tor

The waste model is devel oped to visu al ise the waste gen er ated 

by con ve nience food man u fac tur ers and to serve as the start ing 

point for real i sa tion of a frame work for waste min i mi sa tion. The 

model has been cre ated based on infor ma tion col lected/obtained 

through a com pre hen sive programme of indus trial vis its and inter-

views (Dar ling ton, 2006). IDEF0 rep re sen ta tions have been uti lised 

to gen er ate the waste model as they are easy to com pre hend and 

their hier ar chi cal approach enables sys tems and pro cesses to be 

mod elled in many lev els of detail (Do ra dor and Young, 2000). The 

devel oped model focuses on the phys i cal flow through the var i ous 

stages of food man u fac ture and sup ply, as depicted in Fig. 1, with 

inputs (raw mate ri als) and out puts (wastes) for each stage being 

iden ti fied sep a rately. These clas si fi ca tions of waste are described 

in fur ther detail below.

4.1. Bulk wastes

Bulk wastes are asso ci ated with the prep a ra tion of ingre di ents 

and may include ined i ble parts of the ingre di ent, such as stems, 

leaves, bones, excess ani mal fat etc., along with con tam i nated 

mate ri als or ingre di ents, such as outer lay ers of veg e ta bles that are 

spoiled and even soil or debris on the ingre di ent that is removed 

by wash ing or mechan i cal means. The costs of man ag ing these 

wastes are low, the mech a nisms by which they are col lected being 

their primary expense. Pro vided they are dis posed of respon si bly, 

they pres ent little envi ron men tal haz ard.

4.2. Waste water

Water is used in large quan ti ties in food pro cess ing, pre dom i-

nantly in the prep a ra tion, clean ing and cook ing stages of the prod-
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uct life cycle. The waste water as described in this con text is the 

water reclaimed at the end of the pro cess either as a car rier for 

dirt and con tam i na tion or as a by-prod uct from the cook ing or 

pro cess ing oper a tions. In some cases it may be pos si ble to recycle 

the water after fil tra tion, for exam ple in Sous-vide man u fac tur ing 

where the prod uct is not in con tact with the water through out pro-

cess ing (Ghaz ala, 1998). How ever, in most appli ca tions the bulk i-

est debris are fil tered out from the waste water and the remain ing 

con tam i nated water is dis posed of to the drain or ground wa ter.

4.3. Pro cess ing wastes

Pro cess ing wastes as con sid ered here may be due to a num ber 

of dif fer ent sources, and may be fur ther described as being due 

to poor house keep ing pro ce dures, inher ent pro cess losses or poor 

con for mity. Spill ages, dam ages and con tam i na tion of prod uct may 

be caused by oper a tor neglect, poor han dling pro ce dures, form-

ing equip ment mak ing improper seals on packs, etc. By-prod uct 

wastes are mate ri als that are cre ated by the man u fac tur ing pro-

cess, such as juices or ani mal fats, which are removed and dis posed 

to give the desired prod uct qual ity or con sis tency. Finally, waste 

due to poor con for mity may be cre ated at any time for any ingre-

di ent or prod uct fail ing to ade quately con form to spec i fi ca tions, 

qual ity, appear ance, fla vour, aroma etc.

4.4. Pack ag ing wastes

Pack ag ing is wide spread in the food indus try to pre vent con-

tam i na tion or spoil age of foods that are often pack aged to pro tect 

them from their imme di ate envi ron ment. Pack ag ing can vary from 

large paper-based sacks for bulk ingre di ents, to var i ous plas tic 

bags, sheets and pouches depend ing on the prod uct and appli ca-

tion. The mate rial prop er ties and spe cific nature of the pack ag ing 

are typ i cally engi neered for each appli ca tion, though unfor tu-

nately they are all often dis posed together in a man ner sim i lar to 

com mer cial waste dis posal.

4.5. Over pro duc tion wastes (OPW)

Over pro duc tion wastes con sti tute sig nifi  cant cost to the com-

pany as mate ri als and resources in man u fac tur ing are wasted 

given that the fin ished (prepared) prod uct no-longer has an end 

cus tomer. OPW may be used to describe batches of ingre di ents 

that have been prepared before order con fir ma tion and can not be 

re-directed before ex piry. In such cases the ingre di ents will typ i-

cally be scrapped to com mer cial waste and send to land fill as many 

own-label man u fac tur ers can not re-direct the prod uct to dif fer ent 

cus tom ers in keep ing with their con trac tual agree ments with the 

retail ers. The authors con tend that the gen er a tion of OPW is the 

most unsus tain able practice in the food indus try as sig nifi  cant 

resources such water, energy and raw mate rial are wasted and 

there fore a struc tured approach to reduce such waste needs to be 

inves ti gated.3

5. A meth od ol ogy for waste anal y sis in the con ve nience food 

indus try

In most food man u fac tur ing appli ca tions, the source and 

amount of waste gen er ated at var i ous stage of pro duc tion are 

not closely mon i tored. Fur ther more, many man u fac tur ers do not 

have any record of the cost of man ag ing and treat ing their waste. 

Fig. 1. IDEF0 rep re sen ta tion of the waste model through life cycle.
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Such treat ment of waste can be very costly to the busi ness and 

may require sig nifi  cant invest ment in oper at ing tech nol o gies, pro-

cesses and equip ment. Hence, there is a require ment to pri or i tise 

the range of the waste types that a par tic u lar man u fac turer needs 

to con sider at any time. In addi tion, the min i mi sa tion of waste 

in the food sec tor requires a struc tured approach to iden tify the 

source of waste, mon i tor its gen er a tion and develop bespoke solu-

tions for their elim i na tion and min i mi sa tion. Hence, this research 

has inves ti gated a waste anal y sis meth od ol ogy tai lored to the spe-

cific require ments of food man u fac tur ing which con sists of:

(1) Waste inven tory anal y sis to high light and mon i tor the 

sources of waste through out the pro duc tion pro cesses,

(2) Cost and envi ron men tal impact anal y sis to per form a cost 

anal y sis and to pri or i tise the impor tance of cost man age ment,

(3) Reduce–recycle–dis posal anal y sis to high light a detailed 

step-by-step solu tion for reduc ing, reus ing and recy cling 

and safe dis posal of the waste.

These waste anal y sis meth ods are fur ther dis cussed and dem-

on strated with aid of a case study. The com pany selected as a case 

study is referred to in this paper as com pany X, which was estab-

lished in 1985 and man u fac tures chilled prepared meals for sale 

through one of the larg est UK food retail ers. The pro duc tion facil ity 

is based in the UK and is staffed by around 1000 per son nel, oper-

at ing a chal leng ing 24 h a day, 7 days per week. The main pro duc-

tion facil ity is split over three floors, each of which man u fac tures 

a dif fer ent fam ily of prod ucts. Com pany X cur rently man u fac tures 

130 of the retailer’s own label prod ucts, 80 of which are described 

as core lines, hav ing greater demand accord ingly. The man u fac tur-

ing lead-times of prod ucts vary con sid er ably, from a few hours for 

very sim ple prod ucts to sev eral days for prod ucts requir ing long 

cook and/or mar i nated cycles. The retailer demands a min i mum 

shelf-life on receipt of 75%, whereby a prod uct with 10 days shelf-

life must be received by the retailer with 7.5 (rounded to 8) days 

remain ing life before the ex piry date. The above men tioned waste 

anal y sis meth ods are applied in the case of this man u fac turer to 

iden tify and min i mise var i ous types of waste as out lined below.
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Fig. 2. Exam ple of waste inven tory dia gram for a con ve nience food man u fac turer.
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5.1. Waste inven tory anal y sis

The aim of a ‘waste inven tory anal y sis’ is to effec tively sum ma-

rise and high light the data relat ing to each form of waste at the 

var i ous stages through out man u fac ture, which aids in iden ti fy ing 

means by which waste cre a tion may be reduced. Sum ma ris ing the 

sources of waste through pro duc tion is achieved through cre a-

tion of a waste inven tory dia gram (see Fig. 2), which details the 

data avail able relat ing to wastes cre ated at each stage using the 

pre vi ously men tioned five cat e go ries in the waste model, namely, 

bulk waste, waste water, pro cess ing waste, pack ag ing waste and 

over pro duc tion waste. Little rigid ity is required in the type/for-

mat of data col lected pro vided the mea sure ments are con sis tent 

and evenly taken, as the inven tory serves to indi cate only rough-

cut vol umes of waste cre ated at the var i ous stages of pro duc tion. 

Reduc tion in the amount of wastes in some cases requires sig nifi -

cant changes to the way in which cur rent pro duc tion pro cesses are 

under taken, with invest ment or redesign nec es sary in many cases. 

For the case study man u fac turer, OPW was recorded as a weight of 

wasted mate rial for each pro duc tion shift, while other waste mea-

sures were recorded against the num ber of stock keep ing units 

(SKU) pro duced, from which weights of waste can be cal cu lated. 

The waste inven tory dia gram (illus trated in Fig. 2) high lighted the 

extent of OPW cre a tion, in addi tion to iso lat ing the major ity of 

water wastes being attrib ut able to the cook ing stage of pro duc-

tion. The appli ca tion of this anal y sis clearly iden ti fied the OPW as 

the major source of envi ron men tal and eco nomic con cern.

5.2. Cost ver sus envi ron men tal impact anal y sis

Waste may be mea sured as a finan cial loss to the man u fac turer, 

and as such may be an eco nomic driver for change. It may also be 

accounted by a phys i cal mea sure of weight or vol ume with asso-

ci ated envi ron men tal impli ca tions for land fill and dis posal. Whilst 

it is intu i tive that the weight of waste is the sim plest and quick est 

mea sure to obtain through use of scales in the pro duc tion envi ron-

ment, in practice man u fac tur ers may pre fer to col lect infor ma tion 

relat ing to the costs of mate ri als that are being dis posed, and as 

such ‘cost ing data’ have been found to be more read ily avail able 

than weights and vol umes of waste cre ated. In order to fur ther 

dem on strate this dif fer ence between the cost and vol ume of wastes, 

a ‘cost ver sus envi ron men tal impact anal y sis’ has been devel oped 

and con ducted as depicted in Fig. 3, which shows the com po si tions 

of wastes cre ated dur ing one month’s pro duc tion at com pany X, 

along with esti mated costs. This cost ver sus vol ume graph illus-

trates the rela tion ship between cost to the man u fac turer and vol-

ume of waste mate rial cre ated. In com pany X, the over pro duc tion 

wastes accounted for a con sid er able pro por tion of the total cost of 

all waste gen er ated, while only con trib ut ing approx i mately 14% of 

the vol ume of waste cre ated. How ever, it should be noted that this 

lim ited vol ume of OPW still rep re sents a sig nifi  cant envi ron men-

tal impact, as huge amounts of other resources (includ ing energy, 

water and ingre di ents) have been con sumed to pro duce the final 

prod uct. Hence, the min i mi sa tion of OPW was high lighted as a pri-

or ity for the case study com pany.

5.3. Reduce–recycle–dis posal anal y sis

This waste anal y sis method has been designed and pro posed as 

a method of simul ta neously con sid er ing three activ i ties – reduce, 

recycle and dis posal – for each of the waste clas si fi ca tions iden ti-

fied in the waste model. This approach is based on the com monly 

adopted waste hier ar chy in which the reduc tion of the sources of 

wastes is fol lowed by the recy cling of mate ri als where pos si ble 

in order to min i mise the amount of waste that must be dis posed 

(Strat egy Unit, 2002). The primary focus of the ‘Reduce–recycle–

dis posal (RRD) anal y sis’ is to min i mise the cre a tion of any waste 

and thus to improve its impact on the envi ron ment. This include 

less en ing the vol umes of wastes cre ated through more accu rate 

or effi cient sup ply and man u fac ture oper a tions and ide ally, where 

pos si ble, elim i nat ing the wastes entirely. It should be noted that 

the cur rent dis posal practice in com pany X for most of the solid 

waste streams was the com mon indus trial approach of send ing the 

wastes to land fill. In most cases, the incin er a tion of wastes is pre-

ferred over land fill ing, pro vided the cal o rific con tent of the waste 

is such that some energy can be reclaimed from the wastes.
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The RRD dia grams shown in Figs. 4–8 were gen er ated for the 

case study man u fac turer to sup port improve ment activ i ties with 

regard to each type of waste. Bulk organic wastes (BOW) are some-

what inev i ta ble when pro cess ing foods that are har vested along 

with ined i ble parts. The organic nature of these wastes, how ever, 

means that they can have use ful appli ca tion in other areas such as 

com post ing or in some cases using them as feed for live stock. The 

oppor tu ni ties for reduc tion of BOW come from ear lier pro cess ing 

of the raw mate ri als – remov ing husks, shells, bones, leaves etc. at 

the sup plier, as shown in Fig. 4. This has the effect of reduc ing the 

amount of mate rial han dled and trans ported through the sup ply 

chain, and in many cases this will be closer to the point of recy cling 

of BOW as fer til izer or feed. The means by which such improve-

ments can be imple mented include tighter prod uct spec i fi ca tion 

by man u fac tur ers, and appro pri ate re-loca tion of equip ment and 

pre pa ra tory pro cesses from the man u fac turer site to the sup pli ers 

in the sup ply net work.

Waste water has con sid er able impli ca tions for indus try and 

there is a great deal of sup port avail able for man u fac tur ers, par tic-

u larly food indus try man u fac tur ers, in under tak ing envi ron men-

tal pro jects to reduce the amounts of water required by indus try. 

Cap i tal is avail able through gov ern ment agen cies (such as Env-

iro wise in the UK) to off set the cost of invest ment in new tech-

nol ogy to reduce water wastes, and such tech nol ogy cov ers the 

mon i tor ing and con trol of water usage through flow mon i tors, for 

exam ple, auto mated sys tems such as clean ing in place (CIP) and 

pig ging equip ment (where crushed ice is used to clear pipe work 

for change overs in place of large vol umes of water). As indi cated 

in Fig. 5, straight for ward house keep ing mea sures con sid er ably 

reduce the con sump tion of water, and many exam ple ini tia tives 

and case pro jects have been doc u mented through gov ern ment 

agen cies. The pos si bil ity to reclaim and recycle the water in some 

cases requires con sid er able invest ment, and will not be fea si ble for 

many com pa nies requir ing fresh and clean water in their food pro-

duc tion. How ever, the end-of-pipe solu tions that remove much of 

the BOW from waste water alle vi ate addi tional bur den on re-pro-

cess ing plants that treat the trade efflu ent.

When con sid er ing pack ag ing waste, man u fac tur ing or gan-

i sa tions also ben e fit from con sid er able sup port and finan cial 

incen tives from gov ern ment agen cies to insti gate improve ment 

pro jects to reduce the amount of pack ag ing inher ent to the prod-

ucts. Reduc tion of pack ag ing asso ci ated with a par tic u lar prod uct 

requires redesign of either the pack ag ing itself or the accom pa-

ny ing han dling pro ce dures, as shown in Fig. 6. The most com mon 

meth ods by which these improve ments may be made come in 

the form of elim i na tion of the need for inter me di ary pack ag ing, 

and dou ble pack ag ing of prod ucts and com po nents. Sep a ra tion of 

plas tics from gen eral wastes in man u fac tur ing facil i ties will sig-

nifi  cantly ease the subsequent pro cess ing of recy cla ble mate ri als 

from the gen eral waste streams, increas ing the cost effi ciency of 

such oper a tions.

Pro cess wastes are all sourced directly to man u fac tur ing activ i-

ties, as indi cated in Fig. 7, and may be best improved by mod i fi ca-

tions to han dling meth ods that aim to reduce inci dences of prod-

uct being acci den tally lost in pro duc tion by pro cess ineffi  ciency. 

More costly invest ment in pro cess ing machin ery will yield bet ter 

improve ments still, though the eco nomic cost sav ings bal anced 

against the envi ron men tal ben e fits will vary greatly for var i ous 

prod ucts and pro cesses.

Finally, over pro duc tion wastes are cre ated late in the pro duc-

tion sequence as demand fluc tu ates. The reduc tion of such wastes 

are typ i cally great est by hav ing accu rate fore casts upon which 

man u fac ture could be based and where pos si ble by changes to 

lead-times to enable prod ucts to be man u fac tured to order, as indi-

cated in Fig. 8. Improved plan ning flex i bil ity will result in faster 

turn around of pro duc tion plans, which again will reduce the vol-

umes of OPW cre ated. Fur ther more in the case of the com pany X, 

it was fea si ble to reuse the OPW through the re-direc tion of ingre-

di ents to alter na tive prod ucts to fol low demand and offl oad ing of 

fin ished prod ucts to alter na tive cus tom ers (Dar ling ton and Rah-

im if ard, 2007).

These RRD waste anal y sis dia grams pro vided a sys tem atic 

approach for waste min i mi sa tion in com pany X, which, as stated, 

used to send a substantial amount of waste directly to the land fill. 
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Fur ther more, the hier ar chal nature of the RRD anal y sis encour ages 

the case study com pany to adopt a pro ac tive approach to waste 

man age ment with empha sis on reduc tion, reuse, and recycle as 

opposed to dis posal. The authors pro pose that the infor ma tion 

con tained in these RRD dia grams needs to be amal gam ated within 

a “waste man ual” for each com pany to pro vide a sin gle com pre-

hen sive source of instruc tions for waste min i mi sa tion and man-

age ment within a food man u fac tur ing com pany.

6. Some obser va tions related to waste min i mi sa tion in 

com pany X

By far the most marked improve ment in com pany X’s oper a-

tions came through the reduc tion of man u fac tur ing wastes, where 

substantial finan cial sav ings were rea lised. The imple men ta tion of 

a scheme of waste mea sure ment was driven through out the fac-

tory and resulted in sig nifi  cant cost reduc tions as shown in Fig. 

9, which shows data from the begin ning of the waste mea sure-

ment and reduc tion. How ever, the con tin u ous trend for reduc tion 

of waste costs was affected on two occa sions, as rep re sented by 

spikes (1) and (2) in Fig. 9. Spike (1) rep re sents wastes asso ci ated 

with Christ mas, dur ing which the com pany tra di tion ally expe ri-

ences unpre dict able demand; the amount of wastes has been in 

excess of the value shown in Fig. 9 in pre vi ous years. Spike (2) in 

Fig. 9 shows waste costs asso ci ated with the with drawal of prod-

ucts and ingre di ents con tam i nated with ‘Sudan 1’ in Feb ru ary 

2005, when around £15,000 per week of waste cost is esti mated to 

have been directly caused by the with drawal.

These waste reduc tion improve ments were ini tially driven by 

the mon i tor ing of the costs of the wastes being cre ated, the bet ter 

use of the MRP sys tem and with pre ven ta tive mea sures tar geted 

at waste min i mi sa tion as high lighted through the appli ca tion of 

the waste anal y sis meth od ol ogy. Cul tural issues relat ing to the 

col lec tion of data were diffi  cult to over come; how ever, the con-

stant mon i tor ing of pro duc tion wastes led quickly to con sid er able 

reduc tions of weekly waste costs from £35,000–40,000 per week 

to around £15,000–£20,000 per week.

7. Con clu sions

The vast major ity of waste cre ated within the food indus-

try is non-haz ard ous. As such, in this sec tor, only those wastes 

of high est pri or ity to the wider com mu nity have received wider 

atten tion to drive improve ments, namely the quan ti ties of water 

con sumed through out pro duc tion and the vol umes of pack ag ing 

wastes cre ated by end cus tom ers. How ever, the authors con tend 

that the range and types of wastes iden ti fied by this research have 

eco nomic impli ca tions in addi tion to the envi ron men tal impact 

through the vol ume of mate rial released to land fill. The amount 

of such wastes may be sig nifi  cantly reduced through an effec tive 

waste man age ment approach, pri mar ily through a sig nifi  cant ‘cul-

ture shift’ in an entrenched sec tor where pro cess inher ent wastes 

and the ‘use’ of over pro duc tion to meet unre al is tic demand are 

com mon place. This point was under scored by the case study com-

pany that expe ri enced con sid er able chal lenges in incor po rat ing 

new respon si bil i ties for oper a tors to sim ply record instances of 

waste. The primary con sid er ation of this research was the min i-

mi sa tion of over pro duc tion waste, which was found to con trib ute 

not only to the vol ume of wastes pro duced but also sub stan tially 

to costs of wastes, which made the results from this research of 

con sid er able inter est to col lab o rat ing indus trial part ners. It was 

also observed that a num ber of sim ple and low cost mea sures such 

as the sep a ra tion of wastes (mainly sort ing of bulk organic wastes 

from pack ag ing wastes) at source dur ing pro duc tion can also lead 

to con sid er able min i mi sa tion of waste which can only be dis posed 

of by land fill ing.

In con clu sion, when con sid er ing food man u fac tur ing in a 

broader sense, it is the authors’ belief that at pres ent a con sis-

tent struc tured approach to waste min i mi sa tion through out the 

food sup ply chain is lack ing, which pro vided the impe tus for the 

devel op ment of the waste model and waste anal y sis meth od ol-

ogy described in this paper. Although many local ini tia tives are in 

place, it is argued that there is a need to develop indus try-wide 

pol i cies together with sup port ing busi ness driv ers to ensure truly 

sus tain able food man u fac tur ing in future.
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