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1 Executive Summary

This study examines the financial and environmenigbcts of food waste
disposers (FWD) and finds that they provide a effgetive, convenient and hygienic
means of separating putrescible domestic kitched faste (KFW) at source and
diverting it from landfill. The study also findsdt this route costs less and has a
smaller global warming potential than the routesiposing kerbside collection
followed by centralised composting or landfill.

Home composting is ideal for garden waste becatiseth treating and also
using the treated material where it is generateel gftoximity principle). Bokashi
treatment and wormeries have enthusiastic followimgt users still need to have
somewhere to use the treated material. Some holdesk are unable (e.g. apartment
dwellers) or are not inclined to practise home costipg.

In terms of Best Value Performance Indicators, FiW@@uce BV84 (kilograms
of household waste collected per head of populatBv86 (cost of household waste
collection per household) and BV87 (cost of wasspakal per tonne municipal
waste).

The National Audit Office concluded that Englandl wot achieve the Landfill
Directive targets without a step change in plargsthat emphasising recycling alone
is unlikely to be the answer. Part of the probledack of infrastructure for treating
biodegradable municipal waste and this is linketthwhe delays consequent on the
planning process. H&W (Herefordshire Council andreeéstershire County Council)
have been pioneering in promoting installation ¥f= FWD have the benefit of
separating at source a difficult fraction of biodstable MSW (because it is wet and
malodorous) and diverting it using existing infrasture and without entailing any
regulatory bureaucracy.

The net global warming potentidlGWP) of separate collection and treatment
of KFW by composting is -14 kgC&/tKFW allowing for fertiliser offset and carbon
sequestration when the compost is used on lanchétmeholds with FWD feeding to
wastewater treatment works where sludge is trdageshaerobic digestion, the biogas

! Global Warming Potential is expressed as carboxidt: equivalent (C@e) over 100 years.
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Is used as renewable energy and the biosolidssaet an land (which is the pathway
for Severn Trent Water’s works in H&W and Welsh fa works in Herefordshire)
the GWP is better than -168 kg@@KFWA. In contrast, landfill is +743
kgCOe/tKFW.

Assuming that KFW is 17.6% of household waste cthst of collecting and
disposing KFW via the solid waste route in H&W aagees £18.63 per
household*year and the quantity is 180 kgKFW pmrdehold*year (2005/06
actuals). This is the approximate annual savingéeh installed FWD. The saving
will increase, and the payback period will decreasehe cost of treating KFW
increases with ABPR compliant treatment replacarglfilling. For example,
letsrecycle.com estimates the current gate feedimposting KFW at a site that
complies with the Animal By-Products Regulation§€42-52 /t. By February 2007,
640 FWD had been installed under the H&W cashbebkrse at a total cost of
£39,650, i.e. £62 per FWD, which is a payback mefat direct cost current savings]
of only 3 years and 4 months. The ground KFW isdfarred to the wastewater
collection and treatment system and therefore addwewhat to the costs of the water
company.

The value to H&W could be even greater when LAT&n(fill Allowance
Trading Scheme) is factored into the equation. OAES penalty is currently £150
per tonne of biodegradable municipal waste laredfiih excess of that permitted by
allowances held. There could be additional pegmlin the target years 2010, 2013
and 2020. The Local Government Association has&dthat prices for allowances
could be high from 2008/09 onwards, with a "serideBcit" of allowances
potentially arising after 2009/10.

Water companies are understandably concerned ahanges that might
adversely affect demands on water resources omhiald increase sewer blockages;
field trials in several countries (none has yetbaedertaken in the UK) have shown
that FWD do not affect water usage or accumulatisewers significantly.
Wastewater treatment works (WwTW) are designedeiat biodegradable material
suspended in water, i.e. similar to the output\Wix Ground KFW has been found
actually to improve the composition of wastewatgrthe advanced nutrient removal
processes that are now being demanded of WwTWi§iscause it has more carbon

2 This figure is based on direct before and afteasneements in a town where 30% of households had idtalled.
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in relation to nitrogen or phosphorus than nornealage). The additional cost for
water companies depends on the route for treatidguaing or disposing the sewage
sludge; for the route most usual in H&W it woulddi®out £0.68 per household*year,
this is only 4% of the cost of the MSW-landfill teu However, the cost could be as
much as £8.38 for a WwTW that incinerates its studgd does not generate
electricity (not the case in the H&W area).

Overall, food waste disposers appear to be a \astyaffective means of
separating putrescible kitchen waste at sourcedasaiting it from landfill. The
carbon footprint of FWD feeding to a WwTW with analgic digestion (AD) and
electricity generation (CHP)s competitive with separate collection of KFW
delivering to centralised AD with CHP and signifitly better than centralised
composting. They are convenient and hygienic éusleholders but do not
discourage home composting. They avoid the probleihodour and vermin that can
be associated with separate collection via thel swdiste route.

3 This is the route in H&W
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2 Brief

To conduct desktop research into the use of foatendisposers (FWD) in

Herefordshire and Worcestershire (H&W) as a meauisverting putrescible

domestic kitchen waste from landfill. The studwléh

refer to H&W'’s joint municipal waste strategy tolget with UK and European
legislation to evaluate the potential impact of F\ibhousehold waste collection
and disposal in the two counties.

assess the potential for FWD to impact relevant BVP
investigate the potential contribution of FWD todswaste minimisation targets.

compare the notional carbon footprint of a typiwalisehold with and without
FWD.

compare the use of FWD to alternative means ofodisipof putrescible domestic
kitchen waste.

prepare a report on the above for free publication.
provide ad hoc reports on progress to the CSS Rés€and Board.

consult with Worcestershire County Council Wastenitgement prior to
engaging in contact with outside bodies in conoectvith this research.

give prominence to European studies and refer ttdwale studies for subjects
considered missing or weak in European studiese#&eh to refer specifically to
wastewater flow and treatment facilities in the &avlrent Water region and the
Welsh Water region and also cover private domegsiistewater treatment
facilities.
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3 Introduction

The principles of environmental impact were sumsetiby Commoner (1971)
in his ‘Laws of Ecology’:

1 Everything is Connected to Everything Else.

2 Everything Must Go Somewhere.

3. Nature Knows Best.

4 There Is No Such Thing as a Free Lunch.

Disposal of kitchen food waste (KFW) is no exceptio these laws as will be

discussed in this report.

3.1 Waste arisings
Parfitt (2002) analysed 70 datasets of domesti¢cernasmposition obtained in

studies commissioned between 1999 and 2002 acragartel and Wales. He
concluded that kitchen waste comprised 17% of tatalsehold waste (Figure 1); it is
about 30% of the biodegradable waste. He commeh#gdhere is a degree of
uncertainty because no two studies employed the saethodology but it indicates

the scale of the issue.

Fines
3%

Soil & other org
3%

Kitchen waste
17%

Dense plastic
4%

Plastic film
3%

3%

Glass

Garden waste
20%

Wood

5%

Nappies

2%
Scrap metal/white goods
5%

Metal packaging

Other comb
1%

Miscellanecus non-combustibles
5%

Figure 1 Total household waste composition (from P arfitt, 2002)
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WRAP (2007) estimated that UK households produoarat 6.7 million tonnes

of food waste and it warned of the consequencaagay

“In the UK, the vast majority of food waste endsinpandfill. As food rots in

landfill it can produce methane, one of the mosépbgreenhouse gases and a

significant contributor to climate change. Whentiweow food away, we also

waste all the carbon generated as it was prodyeedessed, transported and

stored. This is particularly important given thia whole food supply chain

accounts for around 20% of the UK’s greenhouseegassions. We could

make carbon savings equivalent to taking an estidhatin 5 cars off the road if

we avoided throwing away all the food that we ccudgte eaten.”

Hogg et al. (2007) estimated the proportion of fa@sdte in UK household

waste (HHW) to be 17.6% (Table 1). It appears tioaiseholds in Herefordshire and

Worcestershire (H&W) are less wasteful than thedvkrage (Appendix B); the
average weight of HHW in H&W in 2005/06 was 1,028Hhd*year, of which food
waste would have been 180 kg/hhd*year at 17.6%.

Table 1 Estimates of food waste in household waste

from Hogg et al. (2007)

England Wales Scotland  N. Ireland UK
Household waste
(000 1) 25,688 1,585 2,276 919 30,468
Food waste in HHW| - o 18% 18% 19% 17.6%
O Total food waste
(000 1 4,495 285 410 184 5,375
Food waste 2.00% | 2.80% 1.95% |  2.17%|  2.04%
captured
0 Food waste in
mixed waste ('000 t) 4,405 277 402 180 5,264
Average food waste 216 kg

per hhd-year

Irrespective of the detail of precisely what isluged in the statistics, the

overwhelming conclusion is that the problem is éaagd that currently the UK does

not have a significant means of capturing and diivgthis biodegradable waste from

landfill.
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Browne (2005) (former Head of Waste and Passengarsport Management at
WCC) weighed the waste in his own house for 12 m®atter having had a FWD
installed (Figure 2). He also measured the el@ttrand water use. Browne
concluded from measuring his household’s wasta fohole year, following
installation of a FWD in September 2004, that 25¢tveight of the household’s
waste went into the FWD. The cost of electricttyun the FWD for the whole year
was less than £1 per person (it used 4.2 kWh)wBeaconsidered that using the
FWD did not change water consumption measurabiyenEhough 25% KFW is at
the top end of the range reported by Parfitt, teetecity and water use are

comparable with findings in other field studieseg($&ter).

Trial Household

Household Household

Waste Site Waste Site

(Recyclables) (Residuals)
5% 1% Waste Disposer

Kerbside

25%

Kerbside Tins/
Plastics
6%

Kerbside Glass

0,
Kerbside Paper 19%

33%

Figure 2 Twelve months' waste analysis (fresh weight) for a Worcestershire
household with a FWD (Browne, 2005)

3.2 Solid waste and landfill
Member States of the European Union are obligetth&y.andfill Directive

(CEC, 1999) to reduce the quantity of biodegradanlaicipal waste going to
landfills compared with the quantity produced ie teference year 1995. The
directive defines municipal waste as ‘waste fromdeholds as well as other waste
which, because of its nature or composition, iglamo waste from household’; this
definition has been interpreted differently by thierent Member States (National
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Audit Office, 2006). The European Union chose #tiategy in order to reduce the
leakage of methane-rich landfill gas rather thandtiategy of setting limits on
landfill gas leakage and encouraging the operaifdandfills as bioreactors.
Methane (CH) is estimated to have a global warming poten@NMP) over 100 years
of 23, where carbon dioxide (Gds 1 (IPCC, 2001). Reportedly, some Member
States have already achieved their targets butobiave a long way to go. The UK
iIs amongst the laggards. The National Audit €ficoncluded “Without a step
change in existing local authority plans, Englanili mot achieve its share of the
reductions in landfill the European Union requibgs2010 and 2013” and “An
emphasis on increasing recycling alone is unlikelgnable the ... Directive on
landfill to be met.” The National Audit Office @stated that if no further action is
taken by local authorities beyond that already péahthe allowances for sending
biodegradable municipal waste to landfill will beceeded “by approximately
270,000 tonnes in 2010 and by approximately 1.4ianitonnes in 2013. The
consequent penalties ... could amount to £40 miil2010 and £205 million in
2013.

Member States need methods for enabling diverditwodegradable waste
from landfill that are hygienic and convenient fbeir citizens, have a good
environmental footprint and that do not impose szt cost. The conventional
wisdom is that this can be achieved by separatisow@ce, separate collection and
centralised composting or anaerobic digestion aretioouraging home composting
and/or mixed waste collection and incineration.widwer it is questionable whether
these necessarily meet the criteria of being censdlhygienic and convenient by
[some] citizens, having a good environmental faotpend not imposing excessive

cost.

When one talks with operators of centralised cortipg®r anaerobic digestion
facilities in Denmark, Germany and Norway, whiclvéanore than 10 years’
experience of this practise, they complain aboataimount of contrary material in the
separately collected waste. Kegebein, et al. (268d9rted that in Germany
communal biowaste bins generally have high contantifractions (plastic, glass,

Page 11 of 53

Tim EvAans
ENVIRONMENT!



EIS of FWD 7/6/07

metal), which increases the difficulty of treatmant reuse. They also reported that
only 22% of the biowaste produced in heavily pofedaareas is collected through
separate collection, and attributed this to a Eckcceptance and high cost
(approximately 100 euros/household*year). Evarad.R002) reported two long-
established centralised treatment sites in Denthatknad stopped accepting source
separated domestic and supermarket waste for caimgasd for anaerobic digestion
because they had been unable to solve the prolflexcessive physical
contaminants. However, at one of these sitessag®paration device had been
developed that enabled extraction of clean ‘bigpitbm waste with physical

contaminants; the bio-pulp digested well and metRhanish quality standards.

In the face of so much negative experience frommamities that are thought
of in the UK as being disciplined and committeadoycling, it seems bizarre that the
mantra of separate [solid] collection being theyariswer to recycling of

biodegradable waste is still widely preached ammpied in the UK.

Herefordshire Council and Worcestershire Countyr@dH&W) have been in
the vanguard of exploring the potential of FWD aslernative for people who do

not wish to home compost, collect and store kitdoed waste (KFW), etc.

3.3 H&W'’s joint municipal waste strategy
Herefordshire’s and Worcestershire’s joint munitipaste strategy “Managing
waste for a brighter future ...” published in NovemB@04 (H&W, 2004) is

thorough and innovative.

The concept of collecting and post-sorting dry cd&lgles is convenient for
householders and effective for recycling/resousmmvery. A key requirement is that
householders should not be inclined to ‘hide’ waste in the dry recyclable bin

because this interferes with the sorting.

If there is inadequately wrapped putrescible wastesidual waste and if it is

only collected on alternate weeks (AWC), the realdvaste bin is likely to become
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malodorous, especially in hot weather. This iskawith disposable nappies,
incontinence pads, etc. but if there is unwrapped fwaste, there is the added risk of
rats, flies and maggots. However, Worcester Qityre Forest and Bromsgrove
report they have not experienced this as an iss#iheAWC. H&W'’s strategy of
encouraging exclusion of food waste by incentigdiome composting and FWD is
forward-thinking. Whilst the use of FWD is conveni and hygienic, it is not really
‘retention’ (as it is described in H&W, 2004) besauhe waste is transferred to
another off-site route; an example of Commonet®sad 4" laws. Severn Trent
Water (who will be the recipients of most of the\W}-appear to have been willing to
cooperate as part of sustainable development bemhwie number of installed FWD
becomes significant there will be a material inseei their costs and some equable
reimbursement out of the savings from not collecfimet] KFW might be

appropriate.

Experience in many countries has been reportethfwe than 10 years that
kerbside collection of garden waste has the undgdrconsequence of discouraging
home composting and increases the total weighturficipal waste (e.g. BioCycle
magazine). Some authorities have adopted kerbsitextion of garden waste as a
quick win to boost the quantity composted and gt targets [BV82a and BV82b]
but from an environmental perspective it is coupt@ductive and it is good that
H&W has been more imaginative. The innovation (H8&2W04 section 5.3.8) of
providing a greenwaste home shredding servicenmesareas is excellent; it
facilitates and improves home composting, accotitls thve proximity principle and
works towards Best Value Performance Indicator (B\N®. 84.

BV84a kilograms of household waste collected padhaf population.
BV84b % change from the previous financial yeakilagrams of household
waste collected per head of population.
Separation of KFW at source and diversion via FvéBsdnot yet count against BV82
(DCLG, 2007) which are defined as:
BV82a(ii) Total tonnage of household waste arisimgpich have been sent by the
Authority for recycling.
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BV82h(ii) The tonnage of household waste sentieyAuthority for composting
or treatment by anaerobic digestion.

BV82c(ii)) Tonnage of household waste arisings Whiave been used to recover
heat, power and other energy sources.

BV82d(ii) The tonnage of household waste arisiwbggch have been landfilled.

FWD divert biodegradable household waste from ldretid since all of the biosolids
(sewage sludge) in H&W are recycled to land asdrtiiser, all of the KFW
discharged to the wastewater system via FWD woelcebycled and most likely
would also contribute to biogas production [foreemble fuel use]. Unless a quota

allowance is made for each FWD installed the amthattpasses via FWDs cannot

be quantified. However, the published field tdata are quite consistent and it would

therefore be reasonable for Defra to assign an abhafKFW to each installed FWD

in the same way that it is considering for home gosting in connection with LATS

(Landfill Allowance Trading Scheme). Defra (20@3)ys:
“Biodegradable waste composted by householdere@ndomestic premises
benefits WDAs, as it will not be counted in wastisiags figures. However,
Defra is considering whether, if the Local Authgiig actively promoting home
composting, this is enough of a benefit and iféhsra way of fully recognising
the diversion in the mass balance calculation. WRAstill in the process of
developing such a model that will enable the calttoih of the diversion of BMW
through home composting.”

If the case is valid for Local Authorities who protea home composting actively, it

should be equally valid for those who promote F\\¢iivaly.

3.4 Food waste disposers

A FWD is an electro-mechanical device that fitshia drain line from a kitchen
sink. The average cost of purchasing and instpdirf WD is around £150 (In-Sink-
Erator, priv. comm. 2007) and the expected lifarmund 12 years, thus the cost of
ownership of a FWD is less than Bokashi treatmse 3.5). A FWD is flushed with
cold water and spins food waste onto an abrasigethat reduces the waste to small

sized particles (98% of particles are smaller thiam diameter). These fine particles
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join the wastewater collection and treatment systéwD grind rather than smash so
glass, stones and metal do not splinter. Thuasntoe said that FWD separate kitchen
food waste (KFW) at source and divert it from lalglbut it does go somewhere and
that somewhere is the wastewater system whichsigjged to convey and treat
[biodegradable] material suspended in water. The water used for flushing
coalesces fat onto the other particles and thuglaweteposition on sewer walls; also,
it cools the electric motor.

Around 50% of households in the USA have FWDs; treyused with both
mains drainage and septic tanks. The percenfageuseholds with FWDs installed
in Europe is much less than in the USA. In the WKich has the greatest use, only
5% of households have a FWD. However, the sitnaswery different in
commercial kitchens; the inclusion of a FWD is natmvhen a catering facility is
remodelled; 40% of commercial kitchens have FWDkey should also have, and
maintain, grease traps, but sadly this is oftertlmtase and even where there is an
obligation to install a grease trap there is ofterrequirement to maintain them when

they have been installed.

Field studies (which will be reviewed in more delaier) showed that 96% of
householders trialling FWD continue to use themthat the proportion that give up

using them is much smaller than with home

composting. The 4% who stopped using them did s
because of noise, but since modern FWD are quiete
even this should not be an issue in the futureldFi
studies have shown that use of FWD has a negligib
effect on water consumption, that the ground KFW i
conveyed in sewers at normal flow velocities (el
within the design criteria of sewers) and that in
practice there is no increase in accumulation wesg,
that only about 3 kW¥household*year is used by
FWD but that the food waste generates at least 33

kWhyhousehold*year electricity from biogas at
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wastewater treatment works (WwTW) that have anaemigestion, which is the
most prevalent type of sludge treatment in the &evern Trent Water has almost
universal anaerobic digestion at its sludge treatroentres. FWD increase the
amount of biosolids produced at a WwTW but theagtist of wastewater treatment
and of treating it by AD with biogas CHP and reayglthe biosolids to agriculture
(the most prevalent route in the UK) is less thae-tenth of the amount saved by
H&W for the solid waste route.

Historically WwTW were required to remove suspendelids, biological
oxygen demand (BOD) and ammonia from the watesp&uded solids are collected,
together with surplus biomass from removing the B&xewage sludge and treated.
The ammonia is converted to nitrate. Many WwTWsrasw required to remove
nitrogen (nitrate as well as ammonia) and phosghoraddition to solids and BOD.
The preferred treatment is ‘biological nutrient maral’ (BNR) but the wastewater at
many WwTW does not have sufficient carbon to snsta¢ biomass needed for BNR
and WwTW have to purchase additional carbon (eeghamol) and chemical dosing

(commonly iron). FWD assist BNR by adding carbon.

Only 75% of households in the USA are on municgeaterage; there are many
septic tanks; there are also many properties oticsepks in the H&W area. FWD
installation is widespread in the USA because maays ago many municipalities
saw the benefits of FWDs and mandated them ineall momes and kitchen
refurbishments. Subsequent to that, homebuilgesied FWDs in more than 90%
of all new build construction in the USA. Currgndiround 50% of US households
have FWD. In the light of this extensive experente USA is therefore probably
the best source of advice about the likely effecseptic tank sizing and emptying.
The frequencies for septic tank emptying shownabl& 2 were calculated to provide
a minimum of 24 hours of wastewater retention assgri0% digestion of the

retained solids and they assume year-round occypribe residence.

New York State (2007) describes septic tank emgtgima critical step in septic
system care as it extends the life of the infiltrafield. It also advises that operating
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a FWD is equivalent to increasing the number olipenits by one, i.e. 4 people
living in a house with a 3407 litre septic tank glioempty it every 2.3 years, but if
they use a FWD it should be emptied every 1.7 yeldF3/N is more digestible than
faecal waste and therefore accumulates more slgvdight for weight) because

faecal waste has already been digested.

Table 2 Septic tank emptying frequency in years (fr  om New York State, 2007)

Septic tank size Household size - Number of Occupants
(litres) 1 2 3 4 5 6 7 8 9 10
1893 5.8 2.6 1.5 1.0/ 0.7, 04 03 02 o0
2839 9.1 | 4.2 2.6 1.8 1.3 1.0 0.7 o6 04 O
3407 11.0| 5.2 3.3 2.3 1.7 1.3 1.0 08 07 O
3785 124 5.9 3.7 26| 20 1.5 1.2 1.0 08 O
4732 156| 75| 48| 344 26 2.0 1.7 14 12 1.
5678 189 | 9.1 59| 42| 33 2.6 2.1 1.8 1/5 1.
7571 254 | 124, 80| 594 45 3.7 3.1 26 212 2
9464 309 | 15.6| 10.2 7.5 59 48 40 3pb 3|0 Z

3.5 Home composting, Bokashi, wormeries, etc.

Home composting, Bokashi, wormeries, green conestiggs etc. can all treat
KFW at source, which is ideal provided there is sanere to use the treated
material. The principles of home composting apgeaple. Itis only necessary to
purchase or construct a bin (or preferably thretihabthere is a sequence of filling,
maturing, mixing and emptying) to chop the mateg@hg into the bin, ensure there
is an adequate, balanced mix of nitrogenous arltbnaceous materials and that they
are mixed periodically and it should work. Howewguestions about composting are
amongst the perennials asked of gardening prograname periodicals. The Bokashi
system uses a pair of proprietary bins (costing #6&hich KFW ferments
anaerobically with the aid of bran inoculated witlcroorganisms; the bran costs
about £2.50 per month (i.e. £30 per year). It poed a leachate that can be used as
plant food and a digestate that can be added toaitmpost heap or worked into soil.

Wormeries use ‘compost worms’ to convert KFW tonvestabilised material that
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can be used as a soil improver. “Green cone” iareerobic digester that should be
sited in a warm sunny location and on soil wheeel¢#achate will drain. Dr Julian
Parfitt (WRAP, priv. comm. 2006) tried a green cté abandoned it because of the
smell adjacent to the sunny sitting area of hisitfagarden. Whilst the emissions of
composting are short-cycle GQhe anaerobic systems emit £&hd thus have an

adverse carbon footprint.

These treatment-at-source systems have their easticausers, but they are not
for everybody. They score well on the proximitynpiple of treating KFW (and
other biodegradable material) at source and ofgusie treated material at source.
However many people, such as those living in apamtenor with very small gardens,
do not have the opportunity for treatment at souscelo not have the interest or
inclination to do treatment at source. Alternasiaee needed for these members of

society.

3.6 Land application of sewage sludge

The use of biosolids as a nutrient-rich soil imgmoand biofertiliser has been
practised for decades. Within the EU it is reqedaby national implementations of
the sludge directive (CEC, 1986). This was th&t 8oil protection directive; the
European Commission says it has been a successsedtere have been no adverse
effects where it has been applied. Compliance thighsludge directive and nitrates
directive are cross-compliance requirements ofSingle Payment Scheme of the EU
Common Agricultural Policy. The scientific liteteie on the subject is extensive with
more than 50,000 publications (Evans, 2004). Tisagpersistent myth that sewage
sludge is heavily contaminated but it is untruentol of inputs of pollutants has
been a considerable success. Dangerous substegistation has eliminated some
substances, e.g. PCBs. Controls imposed at fastbave reduced the concentrations

of potentially toxic elements [heavy metals] (Fig®).
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4  Environmental Impact — Component Analysis

This section will review the information that isaakable about each step in the
process from production of KFW to ultimate use ispdsal for the two selected
alternatives, i.e. separate collection as solidevard treatment by composting or
anaerobic digestion, compared with source separaifd-WD and co-treatment at a
WwTW with anaerobic digestion of the sludge. Wkensidering the carbon
footprint the direct C@evolution from KFW [or compost or digestate] isnaf
consequence to global warming potential (GWP) bseaus short-cycle C£but
escape of Ciifrom whatever source does have GWP as doesiGf road transport
and public-supply electricity generation, etc. (8nat al., 2001). Landfilling is

included in this report as a reference i.e. theerursituation.

4.1 KFW separation and storage
4.1.1 Solid waste
When KFW is separated at source and separatected as solid waste, it
must be stored on site; almost inevitably, this mseabin in the kitchen and another

outside. KFW bins are generally made from petroubal derived plastic.

KFW is about 75% moisture; in hot weather it becesmelly quickly and it
attracts flies and other vectors. Collection agesbave been advised that separate
collection need not cost more than combined coladbecause the recyclable waste
can be collected bi-weekly alternating with nonydable waste. This is known as
AWC (alternate weekly collection). Understandalplgople have objected to AWC
of KFW in hot weather because of odour and fli&®sme municipalities in southern
Europe have found it necessary to collect KFW ¥esguently (even daily) in the
heat of summer to avoid odour. Bags of KFW leftfou collection (especially by

weekend and other visiting householders) are likelye opened by foxes, gulls and

other scavengers, which creates a mess, odourMattheson (2005) reported that the

main motivation for residents in tower blocks totggpate in community composting
was their desire to get rid of rats around the comath Paladin food waste collection

bins.

Page 20 of 53

Tim EvAans
ENVIRONMENT!



EIS of FWD 7/6/07

Tim EvAans
ENVIRONMENT!

The National Pest Technicians Association repattatirat infestations have
increased by 39% from 1998-99 to 2004-05 (NPTA, 2200 hey attributed this
increase to a variety of causes but prominent astdhgse was the increased access
to food as a result of inappropriate [as NPTA rdgdrit] recycling of KFW which
NPTA considered provided a source of food for rasl@md flies. NPTA advised that
containers provided to householders should be kangegh and properly secure so
that the waste is contained safely. NPTA recomredrggpecial collection facilities
should be made available, particularly in hot summenths, and segregated organic
household waste should be stored in such a way @®vent fly infestation.
Provisions should be made to guard against otreripiestations such as rats, mice
and urban foxes. NPTA advised alternate weekliectibn (AWC) should only be
where wheeled bins are provided and cited WorldtHé€arganisation advice that
AWC is questionable for KFW in hot weather.

Odour development is also an indication of oxygepletion in the waste and
conditions that would favoutlostridium botulinum Bdhnel et al. (2002) have
reported an increase in botulism in Germany, whhdy link to separate collection,
storage and treatment of biowaste; they reportgredgnwaste is much less of a risk.
They have also found that the conditions favoulatulinum neurotoxin production

favour the larvae of fliesQalliphoridae and postulate they could be vectors.

Wouters et al. (2002) reported that keeping seedr@od waste in kitchens
increases bioaerosols and allergens compared vixidmnvaste that contains food
waste; they concluded this is a respiratory risgusceptible individuals. It appears
that an unintended consequence of obliging peapdtore food waste might not only
be causing them nuisance [odour and vermin] buhtadditionally be exposing

them to health risks.
4.1.2 FWD

Using FWD eliminates the need for storing KFW ia tlome or outside in

individual or communal collection bins and would$rsatisfy the main concern of
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Matheson’s tower block residents. The KFW is digglo® the FWD as soon as it is
produced. It eliminates the resources and enemgyedded in collection bins.
FWDs themselves are constructed of steel and cqpy@nly] so their constituent
materials are 92.5% recyclable (steel 50%; stasrdés; iron 20%; copper 8.5%;

aluminium 5.0%).

4.2 KFW conveyance
4.2.1 Solid waste

Via the solid waste route KFW is transported iruseflorries with all of the
emissions, road wear and accident risk associatbd@ad haulage vehicles. A large
proportion of kerbside collected waste is deliveieed Refuse Transfer Station (RTS)
from where it is transported to a centralised costipg or anaerobic digestion (AD)
site by a large refuse transport vehicle (RTV)smaller proportion will be
transported to the composting site by the Refude@mn Vehicle (RCV).
According to Smith et al. (2001), the average eioinssof an RCV and a RTV are
0.84 and 0.71 kg COkm and their payloads are 6.67 and 20 t respalgtiiNeither
vehicle runs full all of the time. The RCV travétsits collection round empty, and is
not full until the end of the round when it travedsthe RTS or composting site, thus
its effective load averages approximately 50% opayload, which is the same as the
RTV, which returns from the treatment or dispos& empty. The specific emissions
are thus 0.25 kg COkm*t waste and 0.071 kg G@km*t waste respectively. In
comparison Smith et al. reported the average eomsxia medium sized petrol
powered car is 0.21 kg GOQkm and the payload 0.01 t, which equates tsgeeific
emission for a private car delivering waste tovdccamenity site and returning empty
being about 42 kg COkm*t waste. Even if the payload is 100 kg, rattiian 10 kg,

the specific emission is 4 kg Gkm*t waste.

It is arguable whether separate collection affegsighage miles’. If the weight
of waste on each collection round divides equadiyleen the collections, i.e. if a
weekly mixed collection goes to AWC of separatedttions and if each is 50% of the
combined weight, the ‘garbage miles’ will be unoped. However, a KFW

collection would be a third collection (dry recyloles, KFW/putrescible and residual)
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and if unacceptable odour is to be avoided it winaide to be weekly in hot weather
at least. The analyses of Parfitt (2002) and Hetga. (2007) agree that KFW is
around 17% of the total weight of household wakitd\{/). In H&W, 12.6% of

HHW is taken to household waste sites [civic anyesites]. It therefore appears
inevitable that separate collection does increaskage miles and 10 kg G&/ t

KFW has been allowed (Table 3) for separate catleatf KFW.

4.2.2 FWD
When KFW is eliminated via a FWD it is ground usglgctricity and then
transferred to the sewerage system as a suspensi@ter. In this section each of

these elements will be assessed.

4.2.2.1 Water use
Each time they are used, FWD are flushed with e@tkr, this cools the motor

and conveys the food waste out of the grinding dlexmWater resources in south
east England, which has the highest populatioheniK and has low rainfall, are
already under pressure, however the Charteredutisti of Water and
Environmental Management has concluded (CIWEM, 2008e change in water
usage associated with operation of FWD has beesuradto be trivial or not
significant.”

A detailed stratified survey in the USA (Ketzenkerdl995) reported that FWD
were used for about 15 seconds per start irresqgectithe number of people in the
household; subjectively this seems sensible (becBWD use is linked to food
preparation events) and accounts for the rangepafrted water-use when expressed
as litres per capita. A study in Sweden fitted FsAiba community of 100
apartments (155 adults and 56 children); the dumadf use per start was 38 seconds
(Nilsson et al. 1990). The per capita water uas %3 L/day less during the 11
months after the FWDs had been installed than tiehs prior to installation.
Another Swedish study (Kalberg et al., 1999) anel foom Canada (Jones, 1990)
were unable to detect any greater per-capita volimeter used where FWD had
been installed. Both Swedish studies found tha¢mase actually decreased during
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the period when FWD were used but they concludeabitld not be appropriate to
attribute this directly to the fact that FWD hacbenstalled. The Canadian study
concluded the influence on water use was not sggmt within the overall “noise” in
measured water use. Whilst this inability to measun increase in water use when
FWDs are installed seems counter intuitive ingiaill is perhaps understandable
when one thinks about the routine of food prepamtetc. After using the sink it is
normal to wash it down to clean it, if there weré\dD this would also flush the
FWD.

The studies that have been able to measure waersssciated with FWD
operation found data ranged from 0.29 L/personitage families) to 6.4
L/person*day. The extremes of the range are pilgtmiomalous. There has only
been one study of water use in the UK that hasided FWD, however the
methodology used was fundamentally flawed. Eveamthe paper was presented,
the statistical analysis used was criticised asnigaveen demonstrated to be

inappropriate for this type of work (Thackray et ab78).

The study by the New York City Department of Enmimzental Protection
(NYDEP, 1999), which was undertaken to inform kgidion whether to change the
regulations regarding FWD installation, is probatblg largest field study ever
undertaken. It involved 514 apartments with FWinpared with 535 apartments
without FWD; they were divided into 4 localitiesreflect some of the city’s
diversity. The survey comprised 2014 people ialfote. 1.92 people per apartment.
The report concluded the average water use atabeito FWD was 3.6

L/person*day. If uses/day averaged 2.2 as in Kdteeger’'s study, this would equate

to 3.1 L/use, i.e. the same as Ketzenberger. Vaeb result of the NYDEP study
was that the 18-year restriction on FWD installatio New York City was removed.

4.2.2.2 _Electricity
Domestic FWDs typically have a 350 to 500 W mob (o 0.75 horsepower),

if usage averages 2.4 times per day for 16 seqo&dsse the annual electricity
consumption is about 2 to 3 kWh/household*yearrv&ys have found that usage
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(starts/day) is largely independent of the numligreople in a household because it

is determined by food preparation events.

The EU-average electricity generation emissionoia@ited by Smith et al.,
2001) is 0.45 kg C& /kWh (range coal = 0.95 to wind = 0.009 kg-£akWh'.
Thus the annual GWP of the electricity used by e&bR¢around 1 kg Cée
/household. If the average KFW per household GKiffyear (Appendix B), this
equates to approximately 6 kg 0t KFW.

4.2.2.3 Sewers

Sewer systems are designed to remove wastewgtegvent urban flooding
and disease; the pipe diameters and gradientsamgneéd such that the flow velocity
keeps the typically encountered solids in suspansi2zuring periods when the flow
velocity is low, solids might settle but they shible re-suspended when velocities
increase. Design standards for “self-cleansingarsl” range from 0.48 m/s to 0.9
m/s (Ashley et al., 2004). An obvious concerrhattuse of FWD might result in
sediment build-up in sewers. The field studiesaly cited in this paper have
checked the effect of FWDs on the conditions inessvand found no significant
accumulations. The times of day when FWDs are uea@sponds with times of
high flow (Nilsson et al., 1990). In an experimantg using different types of KFW,
sediment-free transport of the output from FWD whserved at 0.1 m/s, i.e. well
within the normal design standards (Kegebein e@01). 40-50% of the output was
<0.5 mm and 98% was <2 mm by sieve analysis. Alhefoutput passed a 5 mm
sieve. The largest particles were fragments tifidetleaves. Depending on the type
of KFW, between 15 and 36% of the output of the FW&3 dissolved. The output of
the FWD was very finely divided and very biodegiada

FOG (fat, oil and grease) is a significant problarsewerage operations, it can
reduce the capacity of sewers and even block tk€)g can also accumulate inside
the cooling jackets of pumps and cause them toheeaiif it is not removed. It

appears that FOG undergoes chemical transformafassibly involving proteins)

4 CO, e = carbon dioxide equivalent according to theb@l&Warming Potential (GWP) over 100 years.
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that increase its hardness. Field studies havedfthat domestic FWDs do not
increase FOG,; it is supposed that the constitugEOG coalesce onto food waste
particles in the cold water flush and that theytasrefore not “free” to attach/solidify
onto sewer surfaces. De Koning (1996) concludatdkten in Holland where the
gradients of sewers are shallower than elsewhearkga a consequence sedimentation
would be more likely) ground KFW from FWD would neisult in sewer obstructions
from sedimentation or FOG deposition. WRc in th€islundertaking (2005-2009) a
major collaborative research project into FOG tiglothe sewers and WwTWSs
(http://www.wrcplc.co.uk/default.aspx?item=316).o081 of the UK water companies
are subscribing to the project as well as interieskieland and possibly the USA.
The project includes social science into how peapkesewers and how to influence
their behaviour. It is important that people dé pot FOG down the drain so one

objective of the project is to identify how to encage this good behaviour.

An important question is whether putting more faatd the sewers will
increase the number of rats. NPTA (2007) is @itaf the sewerage operators but as
discussed below, the outputs of FWD are not pettiteethe criticism. A
spokesperson for the British Pest Control AssamigffAdrian Meyer, Rodent Control
Consultant, priv. comm. 2005] advised that instglliFWDs would probably be
detrimental to rats and certainly not advantagemesause finely ground food waste
would be less attractive to sewer rats than un+gtouvaste. Apparently, nobody
really knows how rats find their food in sewers,iethare dark, but rats have been
seen scooping grains etc. out of the flow. Theiliavariably identifiable food such as
sweet corn grains in the grit and screenings skipywTWs; these would have been
large enough to be identifiable by rats. Howevethey had been through a FWD
they would have been liquidised and hence not ifigiole by rats; food residues
<2mm would be non-identifiable by rats. Alternativeats might not feed in sewers

at all but merely use them as refuges and feeti@surface from waste bins, etc.
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4.3 KFW treatment

Separating KFW makes it easier to sort, recoveraagcle other fractions of
municipal solid waste (MSW) because KFW is wet tretefore contaminates
recyclable materials rendering them more diffi@ntl more costly (or impossible) to

sort and/or recycle.

4.3.1 Solid waste
The alternative treatments for KFW via the MSW eoate landfill,
incineration, composting and anaerobic digestioandfill will not be discussed
because it must be phased out to comply with tmelfilhDirective. Autoclave
treatment will not be discussed either becauseptobably much less suitable for
separated KFW than AD because of odour and loesvehue from biogas; however
this should not be taken as questioning the pateiati autoclave treatment with

residual waste from which dry recyclables and KF&Venbeen removed.

Incineration (Energy from Waste, EfW) is attractbhecause of its
practicability. It is not subject to the probleofsgphysical contaminants that are
significant for the other routes. The cities ofrlas in Denmark and Rotterdam in
the Netherlands both decided in 2006 to stop cotmgpsef separately collected KFW
and supermarket waste because of physical contatsiaad to incinerate the wastes
instead. Whilst Danish and Dutch citizens accegineration and appear satisfied
that emissions are controlled adequately, thi®idhe case in the UK where a
significant proportion of the public is opposedrtoineration. On 9 January 2007
Hull City Council and the East Riding of Yorkshi@®uncil announced that approval
had been given for an EfW plant costing £30 milliorburn 240,000 tonnes of
rubbish every year to generate electricity and,Heatever this was after a long

planning battle and the opposition groups have theag will continue to protest.
Severn Trent Water has two incinerators near Bigmam burning digested
sludge, one at Coleshill and the other at Roundfiie moisture content of KFW is

similar to dewatered digested sludge and it mighpaissible to co-incinerate them if
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Severn Trent Water was interested and if the imaboes had spare capacity, if the EA
would grant the necessary variation to the licermeesif Ofwat would agree
acceptable financial terms. Using an existingniacator would have the obvious
advantage of avoiding some of the planning hurdiggublic acceptance would still
need to be handled carefully and proactively befioa¢icious misinformation became
established. However, it is an expensive optiah boterms of transport distances to
the incinerators and the cost of operating wastm@rnators and their emission
controls; the value of electricity and heat frommrbog KFW are relatively trivial.
Smith et al. (2001) found incineration was onehaf inore expensive options for
whole MSW; the putrescible fraction has the lowestcalorific value of any of the
combustible fractiorrsconfirming that income offset would be negligibMorkshire
Water Services, which operates four sludge inctnesaestimates the cost of sludge
incineration at £160/tDS (priv. comm. 2006). Theimeration option will not be

considered further in this report.

The status of KFW in the solid waste route is AdiByProducts Regulations
Category lll (catering waste) unless it can be ptbmot to have come in contact with
meat. In the solid waste scenario, this would ifecdlt to assure. Thus, KFW must
be treated in an ABPR compliant system licensethb\State Veterinary Service as

well as the Environment Agency.

4.3.1.1 _Composting
The energy consumption of in-vessel composting iecessarily ABPR) has

been estimated to be 40 kWh electricity per torineaste, i.e. 18 kg Cf@/tonne at

the EU-average power emission factor. This is tlegage of the 16 plants surveyed
by Wannholt (1998) (cited by Smith et al., 200lt)includes the use of gas cleaning
systems to remove odour emissions as well as #gotrieity used for blowing air to
aerate the piles and maintain correct temperanoenamidity. The additional
requirements of ABPR would probably result in sorhat\greater energy use because

ABPR defines shredding and two stages of treatiiogptevent by-pass. Apparently

® Net calorific values of plastics, textiles, papartl and putrescibles, are 31.5, 14.6, 11.5 &1 81J/t
respectively (Smith et al., 2001) for comparisoaldbat has a CV of 24,000MJ/t
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Wannholt reported that the yield of compost was #f%he weight received and that
only 6% of the weight of the waste received wasateid [contaminants] and diverted
to landfill or incineration. This is a very lowjeet rate, Smith et al. proposed 40%

yield and 10% reject as a more realistic perforreanaexpect.

There are undoubtedly anaerobic microzones in cetimgpmaterial where the
oxygen supply is inadequate to satisfy the oxygemdown of the microorganisms.
Methane is produced in these microzones but theesmus is that, except in the worst
cases, the methane is oxidised to carbon dioxitleeirsurface layers of the
composting material or in the biofilter and thatth@me emission from composting

material can be neglected as not significant facpcal purposes.

The question of occupational health issues rel@dmposting has been
debated for several years. Binger et al. (20@9rted significant impairment of
lung function etc. of compost workers, comparedwitfice workers; they attributed
this to exposure to dust and bioaerosols contaipatigogens, glucans and allergens.
This reinforces the advice to monitor workers sabje such occupational exposure
for the sake of their own health and to protect leygrs from possible claims for

industrial injury.

4.3.1.2 Anaerobic digestion

Anaerobic digestion (AD) has several practical ewé&nue advantages for

separately collected food waste:

a) whereas composting converts biodegradable cadbG® which does not have
GWP because it is short cycle, AD converts it tmghis which is about 65% GH
and 34% CQwith traces of other gases; the £l contained and can be used as
renewable energy, i.e. it has a negative GWP daritan (because of offsetting
fossil fuel) and a significant income generatiotgntial from sales of electricity

and Renewables Obligation Certificates (ROCSs).
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Figure 4 Co-digestion facility for food, manure and other wastes in Denmark — biogas
holder left; two digesters right with the two 70 sanitisation towers in their shadow.

b) Operational experience has shown in Denmarkr{&ea al. 2002) and Germany
(Hese Umwelt priv. comm. 2006) that it is more picable to extract the
physical contaminants (which have proved inevitablgeparately collected
food waste) prior to AD than it is with compostinfihe answer to this issue is a

high-pressure screen like that shown in Figure 5.

c) If regulatory issues (Ofwat and EA) can be oware, and with Severn Trent’s
cooperation it would be possible to use the ADasfructure that already exists
at their larger WwTWSs, which would obviate manytloé planning issues of
developing a treatment sitle novo The factors that might make this interesting
to Severn Trent could be financial (Ofwat perm@)imand transforming the

sludge to “enhanced treated” status plus betteatimg.

Mesophilic anaerobic digestion (MAD) at 33 to 40i8G stable and reliable
process. The methane-rich biogas can be usethewable energy. AD and CHP
have been used in the UK for sewage sludge for thare 70 years. Performance is
described in terms of VS destruction; VS is ‘vd&atiolids’ actually ‘loss on ignition’,
l.e. it is equivalent to organic matter. Typicdiljly mixed MAD achieves 40% VS
destruction, this can be increased to 60% by pttrg the feed using thermal
hydrolysis (TH). The yield of biogas depends om tiekeup of the material being
digested, e.g. fat has a very high gas yield. yiéle for sewage sludge is typically
about 1.3 nYkg VS destroyed. Half the additional gas from iHised in the steam
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bar screen

biodegradable pulp

Figure 5 Dewaster® for separating bio-pulp from phy  sical contaminants prior to digestion

boiler to drive the process; the other half is e for CHP. TH pressure cooks the
feed at 160 °C for 30 minutes, which increasesitgestibility of the organic matter,
sterilises the feed and reduces its viscosity b sun extent that the solids loading can
be trebled and the digesters continue to be fulked i.e. the capacity of existing
digesters could be trebled by retrofitting TH (EsaR003). TH exceeds the time-
temperature requirements for ABPR. The digestata fTH + MAD dewaters much
better than from other MAD configurations; e.g.ngsa conventional belt filter press
the cake dry solids increases from about 22%DS31%[3S. The combined effect of

increasing VS destruction and increasing cake %saBat the mass of cake is halved.

Smith et al. (2001) included AD of separately ottiéel organic fraction of
MSW (OFMSW) but they assumed that the digestatedibe composted before it
can be used on land. It is unnecessary and cepraductive to compost digestate
from an ABPR AD plant because the readily degrazlabtbon has already been
stabilised and there is therefore no necessitgéonuore energy to create short cycle
CO, when this carbon would be better feeding soil l@esas soil improver. ABPR
requires that feed containing Category Il matesalre-sanitised (at 70 °C for 1
hour) prior to AD, thus post-composting would haxeadditional hygienic value.
Thirdly post-composting volatilises ammonia, whisla waste of valuable fertiliser-

replacement nitrogen.
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A calculation for this study of the biogas yieltearicity generation potential,
revenue from electricity inclusive of Renewabledi@dtion Certificates (ROCs) and
the GWP offset is shown in Appendix C for MAD prded by ABPR-compliant
‘pasteurisation’ or TH. The GWP offset at the Elgiage electricity generation
emission factor (cited by Smith et al., 2001) whigl.45 kg CQ@e /kWh would be
-131.9 and -183.2 kg CG@ /t feed respectively (Appendix C).

4.3.1.3 _Landfilling
As a generalisation in this report, the collectdriKFW and its delivery to

landfill has been assumed to be the same as thebfaposting or AD. The landfill
site has been assumed to be modern and constarddedanaged to best practice
standards with efficient landfill gas collectiondamse of that landfill gas for
electricity generation. When biodegradable (puitde) waste is placed in a landfill,
the first stage of degradation is aerobic; thisasés short cycle G&hat has no

GWP. Degradation switches to anaerobic when thdable oxygen has been used;
initially the pH decreases because of VFA (voldtity acid) production, this
mobilises metals, pH later increases as methanatmredop and convert the VFAS to
landfill gas. Metals are re-precipitated as theiptteases. Even the best techniques
of landfill construction and landfill gas pumpingsult in some landfill gas leakage,
and since this is 40-65% GHy volume the GWP is very significant. On theipoes
side, landfills sequester significant amounts eboa. Smith et al. (2001) estimated
that electricity generation from putrescible wasis a GWP of -32 kgG@/t KFW,
short-cycle carbon sequestration contributes -2i20e/t KFW, but fuel use within
the landfilling operations is +8 kgG&t KFW and methane from leaking landfill gas
contributes +1025 kgC@/t KFW resulting in an overall GWP for ‘treatmeanf’

+729 kgCQe/t KFW. When 14 kgCg/t KFW is added for ‘conveyance’ (i.e.
collection in mixed waste through to delivery te tAndfill) the total for the route is
+743 kgCQe/t KFW.

4.3.2 FWD
KFW is discharged to the sewer even without a FWIhe form of dishwasher

output, washing up, sink cleaning after meal prafiam, etc. The treatment
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requirements for wastewater and the rules for fiséosolids on land mean that

equivalence to ABPR Category Il risk managemeiaicisieved (Defra priv. comm.).

Kegebein et al. (2001) estimated that where thdemader treatment works
(WwTW) receiving the KFW treated its sludge by Abe biogas from KFW would
amount to approximately 300 MJ/resident*year, whiteky said corresponds to a
heating value of 8 litres of diesel fuel or 183 kWdusehold*year (2.2 people per
household). At 40% electricity generation effia@gnthis is 73 kWihousehold*year
electricity generation, which at the EU averagediectricity generation is a GWP of
-33 kgCQe/household*year (i.e. a saving). If the averag®WKcontent of household
waste is 17.6% (Hogg et al., 2007), the averageatgydor H&W is
180 kg KFW/household*year (Appendix B). Thus, thé/B according to the work of
Kegebein et al. is -183 kgG&t KFW. This is probably an overestimate because
allowance was made for biodegradation in the sendrin wastewater treatment but
it is a similar order of magnitude to the figure KFW transported directly to co-
digestion (Appendix C). More than 50% of UK sewab&lge is treated by AD
(Gendebien et al., 1999) and the proportion treaed the efficiency of biogas
production, are both increasing as more water comepaeek to gain from the
income potential of renewable energy. Most of SeVeent Water’s sludge
treatment centres use AD and so does Hereford WwTW.

As discussed in section 4.2.2 it has proved dilfitumeasure the impact of
FWDs on most of the parameters measurable at a Wh&d&use of the variations
that occur naturally and because there have beendses where the number of FWD
installed has been a sufficiently large proportiéthe contributing properties. A
notable exception has been the town of Surahammtaweden (Kalberg and Norin,
1999). After an initial pilot investigation, Suainmar decided to offer FWD to
householders as an alternative to a new refusectimih charge for separate
collection. Between May 1997 and October 1998 01dithe 3700 households had a
FWD installed. No significant difference was foustdhe WwWTW in grit, BOD,

COD, N or P or in the quantity of chemical usedParemoval. Kalberg and Norin

suggested that changes in these parameters wevisiide because of the variation
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that happens because of weather, etc. Howevee s a significant change in
three parameters. The average weight collecteéle®B mm inlet screens increased
from 26 kg/day (average for 1996-97) to 46 kg/daytihe period March to December
1998. 3 mm screens are very fine by UK standand$te UK, 6 mm screens are
considered to be the normal fine screens. The atretained on the 3 mm screens
was reduced if the screens were cleaned more findgee. solids were <3 mm but
were retained on other debris). The ratio of BOOnNncreased from approx. 3.7
before May 1997 to 4.5-4.6 mg/L after October 1988 was greater than the value
of 4.2 mg/L that the authors predicted by thedngytspeculated the reason for the
difference, if it is real, could be the result @ndtrification in the sewers. KFW is
more carbonaceous than toilet waste. Increasing-BW0is desirable for biological
nutrient removal (BNR). There was also a signiitaacrease in daily biogas
production [averaged over the 4 months Septembeetember] from about 340
m*/d to about 42@n*/d (Figure 6). Biogas production could be consideo be a
value that integrates the impact of FWD inputs diee (see also Appendix D).
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Figure 6 Daily biogas yield averaged for September  to December each year
(Kalberg and Norin, 1999)

Formerly WwTWs were required to remove suspendédss@BOD and
ammonia, now many are required to remove nitrogehpdosphorus as well. The
sewage at many WwTWSs has insufficient carbon foitdécation and biological
phosphorus removal and they therefore have towg@ementary carbon, such as
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methanol, to feed their BNR. KFW could be a usefput of much-needed carbon if
there were sufficient FWDs.

4.4 Use or disposal of treated KFW

Using treated KFW on land as nutrient-rich soil mnger completes nutrient
cycles and conserves organic matter irrespectivehether it is done via the solid
waste route or via FWD and biosolids recycling.e Dinganic matter in treated KFW
feeds soils; it increases soil microbial biomass iarmproves soil structure. Soils
with better soil structure allow more rainwateilinition, which reduces run-off, they
have better reserves of plant-available water ynpariods and they are more resistant
to erosion. Furthermore, there is a positive i@tship between the amount of soil
organic matter and the efficiency of fertiliser @l resilience of plants to soil-borne
plant pathogens.

4.4.1 Solid waste
4.4.1.1 Compost

Compost can be used as a soil improver for hottioel agriculture or land
reclamation. There has been considerable interesting compost as an alternative
to peat in growing media; whilst this is technigdiasible (Evans and Rainbow,
1998) the pursuit of it has been something of &ration. Growing media have
demanding technical requirements, which are diffitmumatch with composted
greenwaste, let alone KFW, because the pH andentitontent are high. Peat has
very good horticultural properties and its coshaaw material entering a growing
medium factory is only £5-8 per’mComposted KFW has an advantage of proximity
to domestic customers but the established growiedianproducers have the
advantages of economy of scale, automation andibesnognition. KFW also comes
with the problem of physical contaminants, which geally not tolerated by domestic
customers. Using composted KFW as bulk soil imprdar ‘professional’

[commercial] users is much less difficult.

Smith et al. (2001) estimated that allowing for tleeay of compost added to
soil over 100 years (which is the conventional tsnale for GWP calculation) the use
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of compost on land would sequester the equivaleBR &g short-cycle CQ/t KFW
treated by composting. Smith et al. also estimatekg CQe avoided /t waste for

the fertiliser replacement value of the compostythave somewhat overestimated
nitrogen value for H&W conditions because they hased data from pot
experiments and southern European field trialspoinexperiments, the density of
rooting is much greater than in the open ground,tha temperature in the pot is also
greater than open-ground soil temperatures; treeders result in greater extraction of
nutrients and greater rates of mineralisation gaarc nitrogen than in open soil. The
amount of nitrogen available to plants from an arg@ource depends on microbial
mineralisation from organic-N via ammonium-N toraie-N. Mineralisation is
temperature dependent. Field experiments in (Rlstaca, Spain found 40-60%
availability of organic-N where the comparable figin UK was 20%.

4.4.1.2 _Digestate
It is easier to produce digestate that is freehgBpal contaminants than
compost, especially when something like Dewaster@sied (4.3.1.2). Using
digestate on land has the same benefits as usmgast and conserves more of the
nitrogen fertiliser value. Dewatered digestateasmewnhat sticky and therefore not as
well suited to manual application as compost, winchiable and easily spread with
hand tools. However, there is no difficulty in spding dewatered digestate on a

commercial scale using manure spreader type machine

The benefits of carbon sequestration and fertiisplacement are similar to
those discussed for compost and within the appratians of this report it is
appropriate to use the same 22 kg short-cycle $&Questered /t waste and 36 kg
CO.,e GWP avoided /t waste for the fertiliser replacenvalue. The latter is an
underestimate because AD conserves nitrogen frerfetidstock whereas
composting volatilises it as ammonia gas. Thugestate contains more nitrogen
than compost and the proportion of nitrogen thalasit-available is greater in

digestate than it is in compost.
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4.4.2 FWD
KFW separated at source and despatched from tha@gee via a FWD is
conveyed by the sewers to a WwTW where the sosdillfraction is treated as
wastewater and the settleable solids become p#reafludge. In the case of Severn
Trent Water, sludge is anaerobically digested aedligestate is recycled to farmland
as with the MSW-AD routes (section 4.4.1.2). Theoant of digestate is less than
the MSW-AD route because some is biodegraded imw#ter phase; however, similar

assumptions can be made.

4.5 Summation of component analysis

The principal components of GWP that have beerudsed in this report are
summarised in Table 3. The assumptions and appediins have been discussed in
the appropriate sections, including the appendi&sne elements have not been
quantified because they are too uncertain, suthea&WP of the wheeled bins and
disposal of the rejects from the centralised treatnsite. Rejects from FWD will go
to the residual waste; rejects from MSW composaindg AD will also go to residual
waste but at a later point of entry to the roukee GWP associated with the
additional biogas yield at a WwTW with AD has befmived from two sources; it is
encouraging that they are in good agreement. Adéurdpparent omission from Table
3 is the GWP associated with wastewater treatmgirihis has been shown (Monteith
et al. 2005) to be trivial in the context of thisdy because emissions are mostly

short-cycle CQin well-managed plants.
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Table 3 Summary of the main GWP contributions (kg C  O,e /t KFW)

MSW route FWD route

compost 70C+AD TH+AD landfill incineration Kegebein Surahammar

separation and storage bins, odours, vermin, health 0 0
conveyance (from hhd to treatment) 143 143 143 14.3 14.3 6.2 6.2
RCV separate collection (extra distance) 10 10 10 0 0 0 0
treatment (incl. electricity generated) 18 -132 -183 -24 -2 -183 -119
C-sequestration -22 -22 -22 -272 0 -22 -22
landfill gas leakage 0 0 0 1025 0 0 0
fertiliser offset -36 -36 -36 0 0] -36 -36
delivery (fromtrt 60km round trip in RTV) 1.70 3.83 1.84 0 0.30 2.84 2.84
Total -14 -162 -215 743 13 -232 -168

Table 3 shows that all routes have less GWP thadfila In terms of the options for
source separated KFW, (co)incineration has thetveardon footprint because of the
low net calorific value and the large volume ofeflgas associated with KFW.
Composting is intermediate but the routes where&fé/ is delivered to anaerobic
digestion with CHP (via FWD or directly by road)Jeathe best carbon footprint. In
the H&W area, sewage sludge is treated at sluégentient centres and WwTW that
have AD. The value would be even greater if alihef hot water [from cooling the
engines and recoverable from the hot exhaust gaeak] be used. For example,
Worcester WwTW is sited next door to a public swimgnpool that can use the heat
from hot water effectively. In Denmark where digtheating infrastructure has been
in place for many years, the hot water can be t@meldeating buildings. Sadly, it is

not often the case in the UK at present that thev&lue of this heat can be used.
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5 Cost comparison of FWD and MSW routes

Waste statistics (quantities and costs) derivech fBest Value Performance
Indicators are shown in Appendix B. In the conteixthis study these data have their
limitations because they do not categorise the corapt parts of the waste, but they
are the best available. Parfitt (2002) analysedat@sets of domestic waste
composition obtained in studies commissioned betvi®®9 and 2002 across
England and Wales. He concluded that kitchen wastgprised 17% of total
domestic waste (Figure 1). He commented that tisemedegree of uncertainty
because no two studies employed the same methgdohmsgt were reportedly
“dustbin waste”. Hogg et al. (2007) reported aikinpercentage of food waste in

household waste at 17.6%.

The quantity of kerbside waste collected from hbos#s by the local
authorities in H&W ranges from 314 to 469 kg/persear (Appendix B) because,
for example, some offer kerbside collection of greaste and others do not. The
weighted annual averages, from the total BV84a measgllected, total population
and total number of households, together with Hetggl.'s 17.6% for KFW in the

domestic waste stream, yield the following:

Table 4 Summary of annual cost and quantity househo Id waste savings (see
Appendix B)

Description

Mass of KFW if it is 17.6% of BV84a 180.1 kg/hhd
Pro rata KFW [BV86] collection cost £7.72hhd
Pro rata KFW [BV87] disposal cost £10.94hhd

Combined pro rata KFW collection and disposal [cureent] cost £18.63 /hhd

If KFW were collected separately, treated and riexyan compliance with ABPR the
cost would be much more expensive than the averfie household waste costs
shown in Table 4. Thus the average combined fiaadsaving for the collection

Page 39 of 53



EIS of FWD 7/6/07

agencies and the disposal agency is likely to lexaess of £18.63 /hhd*year for each
FWD installed. KFW comprises about 25.9% of thedegradable waste and, in
addition, it is the most difficult fraction becausés so wet. Eliminating KFW at
source via FWD immediately contributes to achiewimg LFD targets (BV84) and
there is a ‘multiplier effect’ in that it also féitates post-separation and recycling of
dry biodegradables. There is an additional mudtr@ffect if LATS (Landfill
Allowance Trading Scheme) is factored into the équa The LATS penalty is
currently £150 per tonne of biodegradable municigadte landfilled in excess of that
permitted by allowances held. There could be @uitht penalties in the target years
2010, 2013 and 2020. The Local Government Asdoaidtas warned that current
data imply that prices for allowances could be Hrgim 2008/09 onwards, with a
"serious deficit" of allowances potentially arisiafier 2009/10 (letsrecycle.com).

Estimating the cost transfer to the sewerage arstemater operator is also
problematic because of the uncertainties in guastibvolved. By definition, KFW
is biodegradable and therefore some of it will meeach the WwTW because it will

biodegrade in the sewers.

Table 5 Summary of cost transfer to wastewater sect  or (see Appendix D °)

Description of WwTW and sludge treatment and recyahg or disposal /hhd*y

Anaerobic digestion, CHP, land-application £0.68
Anaerobic digestion and land-application but no CHP £3.63
Lime stabilisation and land-application (no AD) 5.
AD + CHP + ROC + incineration £2.18
Incineration (no AD) £8.38

¢ based on the measurements made in the Surahaietdastfidy
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6 Conclusions

This study has examined the environmental, healthfiaancial impacts of
using FWD to divert KFW from landfill and conclud#uht, in agreement with
H&W'’s joint municipal waste management strategy,[F8an have a very positive

role.

Many field studies have shown that FWD have nelgiégeffect on the use of
water or energy. If the wastewater treatment wovWa/TW) that receives the KFW
has anaerobic digestion (AD) and electricity genenahe energy balance is very
positive (2.5 kWh/household*year used against at least 33 kvid*year
generated from the biogas and could be as mucB k¥/f,). The majority of sludge
produced by WwTW in Severn Trent Water is treatgd\D, as is the sludge at
Hereford WwWTW. The current trend in the water isitly is to increase the efficiency

of biogas generation and to exploit its value agwable energy more effectively.

Laboratory experiments have shown that the outjput WD is finely divided
and that the density of particles is such that darried easily in the flow velocity
used for designing sewers. Field studies havercoed that FWD do not influence
sewer blockage neither are the particles largegimtmblock the screens at CSOs
(combined sewer overflows) — the screens are 6n3&t; &f the output of FWD was
<2 mm and 100% was < 5 mm. When sewage sludgees an land (which is the
route for the majority in the UK), the organic neaitin KFW is conserved and the

nutrient cycles are completed.

The carbon footprint of FWD use is better thangbkd waste route with
centralised composting (-168 and -14 kg, €GWP /t KFW respectively) and is
approximately equivalent to centralised AD. Lahddi+743 kg CQe GWP /t KFW.
At the average rate of KFW production per houselold&W, this is only -30 and -3
kg COe GWP / household and +134 kgé&G>WP / household for landfill. These
figures are small by comparison with the annua®20 kg CQe carbon footprint of

the average Briton (The Independent, 2006) but lnoke relevant when compared
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with the 100 kg C@e for lighting. The most significant factor diffetgating FWD
and centralised composting is whether the readifyraddable carbon is stabilised by
being converted to carbon dioxide or to methantishased as renewable fuel.
Ultimately, the product of either is short-cycle £t AD produces useful energy

(CHq,4 that burns to C¢) and composting consumes energy.

De Koning and van der Graaf (1996) concluded thét the proportion of
households with FWD installed exceeds 30% theumlikely to be any substantive
effect on WwTW operating capacity. However, Kathand Norin (1999) found that
even when 30% of the households connected to a WwitMdave FWD they were
unable to measure any change in the power consomipyi the air blowers used for
secondary treatment of the wastewater (the powsswaption is an ‘integrator’ of
the load). Even if more than 30% of householdt&allexd FWD, it would only be
WwTW that are close to the limits of their opergtoapabilities that would need
capital investment in extensions to treatment. ftological nutrient removal (BNR)
[of nitrogen and phosphorus] WwTW are often limitegtause sewage is too ‘weak’;
installation of FWDs would be beneficial by addioghe carbonaceous strength of

sewage, which would aid BNR.

Sewage pumping is not affected by installation \W*since it has been found
in field studies that FWD do not increase wateigesaBy transferring KFW from the
MSW route to the waterborne route, FWD will addHe cost of wastewater
treatment; the amount depends on the routes fdgsltreatment and for sludge use
or disposal. The most frequent combination in 8eVeent Water is AD with CHP
followed by beneficial use of the digested sludgdamd, which is the same for

Hereford WwWTW; the cost increase for this is orttypat £0.68 per household*year.

The average direct cost saving to the collectiah@sposal agencies in the
Herefordshire and Worcestershire area is more #4863 per household*year. The
payback on the average cashback payments to danéyi8 years and 4 months.
There could be additional financial benefit from T3 trading. The saving will
increase, and the payback period will decreastheasost of treating KFW increases
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with ABPR compliant treatment replacing landfillingor example, letsrecycle.com

estimates the current gate fee for ABPR compliantmosting is £42-52 /.

This study has found that food waste disposers (F@Bvide a convenient and
hygienic means for householders to separate kitidmhwaste (KFW) at source;
they divert it from municipal solid waste landfillmportantly, FWD do this using
existing infrastructure and, by taking wet putrbsematter out of the solid waste
stream, they make management of the dry fractiaseeand less expensive and
avoid odour issues, which have proved so detrichémiaublic acceptance of AWC.
There is no reason that FWD should discourage hmmmgposting since FWD are not
designed to take garden waste and indeed exclo$sicmoked KFW from home
composting might encourage home composting.
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ABPR
AD
AWC
BNR
BOD,
CHP
COe
COD
Defra
DS
EA
EfW
FOG
FWD
GWP

H&W

hhd
HHW
HWS
IPCC
KFW
kWh,
LFD
MAD
MSW
NPTA
OFMSW
Ofwat
RCV
ROC
RTS
RTV
TH
VFA
VS
WCA
WCC
WwTW
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Appendix A Acronyms and Abbreviations

Animal By Products Regulations

anaerobic digestion

alternate weekly collection

biological nutrient removal

biological oxygen demand measured with 7 dayshatan
combined heat and power

carbon dioxide equivalent over 100 years
chemical oxygen demand

Department of Environment Food and Rural idfa
dry solids (drying at 105 °C)

Environment Agency of England and Wales
energy from waste

fat, oil and grease

food waste disposer

global warming potential

Herefordshire Council and Worcestershire Countyr@dualso Herefordshire
and Worcestershire geographic area

household

household waste

Household Waste Sites
Intergovernmental Panel on Climate Change
kitchen food waste

kilowatt hour of electricity

landfill directive

mesophilic anaerobic digestion

municipal solid waste

National Pest Technicians Association
organic fraction of municipal solid waste
Water Services Regulation Authority
refuse collection vehicle

Renewables Obligation Certificate
refuse transfer station

refuse transfer vehicle

thermal hydrolysis

volatile fatty acids [fatty acids with a carbohain of<6C atoms]
volatile solids (loss on ignition at 550 C°)
Waste Collection Authority
Worcestershire County Council
wastewater treatment works
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Appendix B H&W Waste statistics
The data used in Appendix B are from the websitéseoindividual local
authorities, H&W (2004) and 2005/06 BV84 data pdaxd by Worcestershire County
Council, Waste Management Services. WCC, WMS wable to provide data about
the average round-trip distances travelled by RERDV and therefore assumptions
have been made in Table 7 together with the raomatlined in section 4.2.1 on

conveyance of solid waste.

Table 6 Waste and population statistics (2005/06 ac  tual)

BV84a BV84b BV86
Bromsgrowe 468.8 -14.15% £71.19
Malvern Hills 313.6 0.50% £50.52
Redditch 414.0 -0.27% £50.54
Worcester City 355.8 -1.76% £25.98
Wychawon 354.5 -7.36% £48.96
Wyre Forest 365.1 -1.60% £41.34
Herefordshire 521.7 1.42% £44.69

Note: Herefs is a unitary authority and its BV 84a includes w aste from HWS totalling 24606 tonnes

BV84a kg household w aste collected per head of population
BV84b annual change in household w aste collected per person
BV86 cost of household w aste collection £/household
BVv87 Cost of w aste disposal per tonne municipal w aste

population  total kerbside t h'holds total £ averages
Bromsgrove 90,000 42,192 36,859 £2,623,992 £62.19 /t
Malvern Hills 73,800 23,144 31,169 £1,574,658 £68.04 /t
Redditch 79,200 32,789 33,159 £1,675,856 £51.11 /t
Worcester City 93,500 33,267 40,677 £1,056,788 £31.77 It
Wychawon 115,000 40,768 48,437 £2,371,476 £58.17 /t
Wyre Forest 97,800 35,707 41,758 £1,726,276 £48.35 /t
Herefordshire 177,800 68,152 76,410 £2,508,928 £36.81 /t

totals 727100 276,018 308,469 £13,537,974

weighted average kerbside collection cost [from BV84a] £49.05 /t
BV84a weighted average kerbside collection cost £43.89 /hhd
weighted average kerbside collected weight from BV84a 894.8 kg/hhd
BV87 disposal cost per tonne (incl. tax) Worcestershire CC £60.56 /t
BV87 disposal cost per household £61.97 /hhd
Worcs CC total household waste (kerbside+HWS) 291053 t
Herefs total household waste (kerbside+HWS) 24606 t
H&W total household waste (kerbside+HWS) 315659 t

H&W awerage household waste
KFW if 17.6% of total

1023 kg/hhd
180.1 kg/hhd

minimum KFW [BV84] kerbside collection cost £7.72 /hhd
minimum KFW [BV87] disposal cost £10.91 /hhd
combined minimum KFW collection and disposal cost £18.63 /hhd

Note 1: the pro rata costs for collection and dssp@re derived from combined collection; they wadoog

significantly greater if there was separate coitecand treatment
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Note 2: HHW comprises waste collected by the WCwaste collected by the HWS + all waste collectednfr

‘Bring’ schemes: it excludes trade waste, fly tigpeaste and soil & rubble.

MSW comprises all of the components of HHW plusléravaste, fly tipped waste and soil & rubble.

The payload of RTV might have increased since Satitd. (2001) because
maximum permitted gross vehicle weights have iregddut since the contribution
of RTV is much less than RCV it was not thought tvahanging this. The
assumption for RCV is that the distance to the stiathe collection round and the
distance back to the RTS are the same; if colleaboinds were approximately radial
from the RTS, i.e. the RCV travelled empty a lomgjahce to the start of the round
and a short distance full back to the RTS, the @€ tonne waste would increase.

Table 7 Estimation of GWP associated with transport  ing KFW as solid waste
(from Smith et al. 2001)

payload kgCO,/km  kgCO,/ km*t round-trip kgCO,/ t

tonnes waste km waste

RCV 6.67 0.84 0.252 40 10.07
RTV 20 0.71 0.071 60 4.26
total 14.33

Note: vehicles run full 50% of the time
‘Household waste’ meahs
—All waste collected by Waste Collection Authorit@¥CAs) under Section 45(1) of
the Environmental Protection Act 1990, plus
- All waste arisings from Civic Amenity (CA) Sitestablished under Section
51(1)(b) of the Environmental Protection Act 19804
—Waste collected by third parties for which colleatior disposal recycling credits

are paid under Section 52 of the Environmentaldetan Act 1990.

‘Household waste’ includes waste from the followsaurces:
—Waste collection rounds (including separate rodadsollection of recyclables);

— Street cleansing and litter collection;

7

http://www.communities.gov.uk/pub/119/BestValueBarfancelndicators200506 GuidanceDocumentAmended BFI206386
Kb_id1136119.pdf
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- Bulky waste collections, where “bulky waste” is idetd as
0 any article of waste which exceeds 25 kilogramseght
0 any article of waste which does not fit, or canbeffitted into:
(a) areceptacle for household waste provided cor@ance with section
46 of the Environmental Protection Act 1990; or
(b) where no such receptacle is provided, a cyibadlicontainer 750
millimetres in diameter and 1 metre in length.
—Hazardous household waste collections;
- Garden waste collections;
— Drop-off/bring systems;
—Park litter (but not grass cuttings, leaves, etc);
—House clinical waste collections;

—Any other household waste collected by the autjorit

Household waste does not include:

- Incinerator residues;

—Beach cleansing wastes (i.e. produced by the specitivity of cleaning up a
beach);

—Rubble (including soil associated with the rubble)

—Home composted waste;

- Clearance of fly-tipped wastes;

—Vehicles (whether abandoned or not);

- Re-used waste material,

—Grass cuttings, leaves etc in parks
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Appendix C Biogas, electricity and GWP from AD of KFW
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The GWP is calculated as the saving from otheltret#ty generated using the

EU-average electricity generation emission factded by Smith et al., 2001) which
is 0.45 kg CQ@e /kWh (range coal = 0.95 to wind = 0.009 kg£&kWh). Two
alternative AD processes are considered, one WittCrfor 1-hour pre-sanitisation

and the other with thermal hydrolysis to steribsal increase the digestibility of the

feed.

Table 8 Estimation of GWP associated with AD of sep

arately collected KFW ®

Description unit 70C+AD TH+AD

feed tonne 1 1
reject % 10% 0.1
feed dry solids %DS 30% 0.3
feed wolatile solids %VS 85% 0.85
feed VS tDS 0.2295 0.2295
feed ash (i.e. non-VS) tDS 0.0405 0.0405
V'S destruction % 40% 60%
ash in digestate tDS 0.0405 0.0405
VS in digestate tDS 0.1377 0.0918
total digestate tDS 0.1782 0.1323
cake DS %DS 22% 34%
cake tonnes 0.810 0.389
biogas yield /kg VS destroyed m?3 1.3 1.3
energy value of methane MJ/Nm?3 37.78 37.78
methane content of biogas % 65% 0.65
energy value of biogas MJ/Nm?3 24.557 24.557
conwersion MJ to kWh 0.2778 0.2778
energy value of biogas kWh/Nm?3 6.8214 6.8214
biogas yield /t feed Nm?3 119.34 179.01
methane yield /t feed Nm? 77.6 116.4
biogas used for sanitisation or TH Nm?3 11.934 29.835
net biogas for CHP Nm? 107.406 149.175
net energy /t feed kwWh 732.7 1017.6
electricity @ generating efficiency = 40% kwh/t feed 293.1 407.0
income (incl ROCs) @ 9 p/kWh £/t feed £26.38 £36.63
GWP at EU awverage 0.45 kg CO,e /kWh kg CO,e/t feed -131.9 -183.2

8 This estimate is only for the anaerobic digestiap, i.e. it does not include collection and defjvo the AD plant or removal

and recycling of the digestate.
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Appendix D Costs and GWP from Surahammar field measrements

As discussed in section 4.3.2 the only field studyhich there has been a
sufficient proportion of the households connected single WwTW that have had
FWD installed to be able to observe any signifieffect at the WwTW was reported
by Kalberg and Norin (1999). Base-line observaioarere made for 2 years before
the trial when one-third of the connected propsrnielunteered to have FWD
installed as an alternative to new ‘pay-by-weigatfid waste charges. Surahammar
WwTW has MAD and a significant increase in biogasdoiction was measured
(Figure 6). Kalberg and Norin did not attempt teasure the amount of KFW
disposed via the FWD but using their data and s@asonable assumptions it is
possible to back-calculate the amount of KFW; ihishown in Table 9. The back-
calculated value is a similar order of magnitudéhasweight of KFW calculated for
households in Herefordshire and Worcestershirel€f@pb Furthermore, the estimate
of additional biogas derived by Kegebein et al0Pqs a similar order of magnitude

to the field observation of Kalberg and Norin, astlde derived values for GWP.

Table 9 includes estimates of the additional cthetswould be incurred by
WwTWs that do not have AD and CHP though this degsapply to Severn Trent
Water's WwTWSs. The figure of £65 /tDS for the aduhal cost of wastewater
treatment is an assumption based on the ‘Tradedffl charging schemes published
by Severn Trent, Yorkshire, Thames and Anglian wedepanies. Since these
charges are audited and approved by Ofwat agtfarprobably reasonable to use
them as a basis for this exercise. Even the mgaresive is less than half the saving
to the MSW route that would result from KFW diversiand the least expensive is
only 4% of the cost of the MSW-landfill route.
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Table 9 Additional cost of wastewater treatment res
the field measurements of Kalberg and Norin (1999)

7/6/07

ulting from FWD based on

Number of FWD installed at Surahammar number of units 1100
extra biogas measured at Surahammar m®/d 70
0 extra biogas mSly 25550
[ extra biogas mS3/FWD*y 23.23
assumed gas yield from VS destroyed m3/kgVS destroyed 1.3
OVS destroyed kg/FWD*y 17.87
assumed VS destroyed % 60%
O original VS kg/FWD*y 29.78
assumed original VS % of total solids %VS 80%
O original TS kgTS KFW /FWD*y 37.22
assume TS of KFW %TS 30%
0 KFW (fresh weight) per household kagly 124.1
0 non-VS (i.e. ash) kg/FWD*y 7.44
0O VS in digestate kg/FWD*y kgVS/FWD*y 11.91
O yield of digestate kgDS/FWD*y 19.36
O content of VS in digestate %VS 61.5%
assume digestate cake DS %DS 24%
O yield of cake kg cake/FWD*y 80.65
assumed recycling cost £ /t cake £15.00
O digestate recycling cost £ IFWD*y £1.21
assume cost of wastewater treatment £/tDS received £65.00
[ additional cost for wastewater treatment £/FWD*y £2.42
electricity generated calculated from biogas produced kWh/FWD*y 32.76
GWP calculated from EU awverage for electricity generation kgCO,e/FWD*y -14.74
0 GWP calculated to KFW kgCO,elt KFW -118.80
assume electricity value with ROC £/kWh £0.09
O electricity value with ROC £/FWD*y £2.95
O net additional cost to a WwTW with AD+CHP E£/FWD*y £0.68
or net additional cost to a WwTW with AD but no CHP £/FWD*y £3.63
For a WwTW with lime stabilisation assume lime dose % on DS 30%
assume cost of lime £/t £60
0 cost of lime stabilising extra sludge £/FWD*y £0.67
[0 net extra cost for a WwTW using lime stabilisation (no AD) £/FWD*y £5.42
assume cost of incineration (Yorkshire Water) £/tDS £160.00
[0 extra cost of incineration (no AD) £/FWD*y £5.96
(] net additional cost Ww treatment + incineration £ IFWD*y £8.38
cost of incineration at a WwTW with AD £/FWD*y £3.10
00 net additional cost Ww treatment + AD + ROC + incineration £/FWD*y £2.57
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