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FIGURE 2: Impacts of waste management measures on the formation and emission of methane from landfills (Butz, 2014).

DOC = Fraction of degradable organic carbon in the landfilled
waste in the year of landfilling [GgC/Gg waste]

DOC, = Fraction of degradable organic carbon which is
anaerobically decomposed under the conditions prevailing
in the landfill []

MCF = Methane correction factor [-]

1-MCF = Fraction of degradable organic carbon which is
aerobically degraded

in the year of landfilling [-]

F = Methane concentration in the formed landfill gas [-] (0.5)
16/12 = Molecular weight ratio CH,/C [-]

The anaerobically degraded carbon quantity per year is
estimated as follows:

DDOCm decomp, = DDOCma,, * (1 - e*) 2)

T = Year for which the calculation is performed
DDOCma,, = Available DDOCm in the landfill body by the
end of year T-1 [Gg]
DDOCm decompT = Anaerobically degraded DDOCm in year
T[Ggl
k = Degradation constant [1/a]
=In(2)/t,,
t, , = Half-life [a]

The methane produced from the degraded organic car-
bon (DDOCm decomp,), can be calculated as follows:

CH, generated, = DDOCm decomp,. * F * 16/12 (3)

CH, generated,, = Quantity of methane formed in year T [Gg
methane]

By applying the FOD-model, the quantity of methane
emitted during the considered year is calculated as follows:

CH, emitted, = (CH, generated, - RT) * (1 - 0X,) (4)

CH, emitted, = Amount of methane emitted in year T [Gg
methane]

R, = Amount of collected and combusted methane [Gg
methane]

0X, = Fraction of methane oxidized in the landfill covering
layer [-]

2.2 German NIR standard values and first preceding
modification

In a previous expert report, standard values from the
German NIR 2014 were used and compared with the oper-
ating results of landfill gas collected from 5 fully encap-
sulated landfills. On this basis, values differing from the
standard NIR values were set, to ensure that the predicted
time course of landfill gas production accurately reflected
the time course of the landfill gas actually collected (RUK,
2014).

Table 1 shows the different values for the half-life and
DOC.. As a comparison, the standard values of the German
NIR used to date are listed.

Reasons for the previous adaptation:

DOC,-values: The approach used in the IPCC model,
according to which 50% of degradable organic waste
is consistently degraded under landfill conditions, rep-
resents an unrealistic case. The readily degradable
waste fraction is indeed substantially larger than that
of scarcely degradable waste. In addition, readily degra-
dable waste is often deposited with a high water con-
tent, thus rendering dehydration unlikely. Wood in bulk
waste deposits is often deposited in a very dry condi-
tion, thus implying the risk that the wood may not come
into contact with water at all. Therefore, biodegradable
carbon DOC,, and the fraction of paper and cardboard,
were adjusted.

Half-life: Experience with German landfills has shown
how in phases with a high degradation potential, half-
lives ranging from 4 (at the beginning of the phase)
to 7.5 years can be assumed (Rettenberger, 2004). By
contrast, when the IPCC model is applied, all five land-
fills evaluated yielded a half-life of around 7 years or
longer within the first year.

3. EVALUATION OF GERMAN NIR VALUES AND
RESULTS OF INVESTIGATIONS

3.1 Evaluation of DOC and DOC, parameters for
anaerobic degradation

The DOC and DOC, values obtained are evaluated below.
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TABLE 1: Comparison of the present German NIR standard values (UBA, 2017) and modified values from a previous preliminary expert

report (RUK, 2014).

German NIR Approach Previous Expert Report Approach
Waste fraction (UBA, 2017) (RUK, 2014)
half-life (years) DOC, half-life (years) DOC,

Organic waste 4 0,5 3 0,8
Garden and Park waste 7 0,5 4 04
Paper and cardboard 12 0,5 7 04
Wood and straw 23 0,5 50 0,1
Textiles 12 0,5 7 04
Disposable nappies 12 0,5 7 04
Sewage sludge 4 0,5 3 0,8
Composites 12 0,5 7 0,4
MBT * - Waste 12 0,5 12 0,5

* Waste from mechanical biological treatment plants.

The IPCC standard default values and the slightly modified
current German NIR approaches were compared with ref-
erence values from the literature and results of scientific
investigations, mainly by means of lab-tests undertaken to
determine gas formation potential.

The overview in Table 2 indicates the following:

Compared to a large body of data from the literature,
values used in the NIR report are relatively high;
In the fraction “Food waste”, DOC contents and their
bioavailability (DOC,) are comparable;
Garden waste yielded comparable results, although
playing only a subordinate role in landfilling (self-com-
posting, separate collection of green waste);
Leaves (and woody shrub cuttings) as part of garden
waste were characterised by a low bioavailability or
anaerobic degradability (DOC)), in the range of 25% of
NIR values;
Literature data refer to a DOC range between 0.28 - 0.34
for paper and cardboard fraction, compared to the NIR
value of 0.4, also taking into account water content. Due
to the high quantity of paper and cardboard deposited
in German landfills, these parameters produce a signifi-
cant influence on the estimation of methane emissions;
+ Regarding the textile fraction, DOC contents are some-
what higher in the literature, although based on water
contents of 15-25%. Data relating to anaerobic degrad-
ability are not available for this single fraction. It is,
however, to be assumed that this would be significantly
below 50% (DOC, = 0.5), since a considerable carbon
fraction is made up of plastic fibres;
Digested sewage sludge, frequently disposed in the
past, also displays a very low anaerobic degradability,
in the range of 10-15% related to the NIR value of 0.5;
The average DOC contents of three MSW sorting anal-
yses in Bavaria and Austria from the period 1998-2003
are in a relatively narrow range of 128 to 132 kgC / t DM;
thus, still below the average carbon content of the Ger-
man nationwide domestic waste value from an analysis
performed in 1985 (Barghoorn et al., 1986). Between
the 1960s and up until termination of landfilling of

unpretreated municipal waste in Austria and Germany,
a gradual decrease of the carbon content of residual
waste, derived from the various listed organic fractions
but without plastic, has been determined;

Application of the standard value of 0.5 (50%) for all
fractions is therefore unrealistic. The fraction of readily
degradable waste is substantially higher than the frac-
tion of scarcely degradable waste.

3.2 Evaluation of the gas formation potential under
anaerobic conditions

In order to further assess the plausibility of NIR values,
the gas formation potential, which can be derived from
these NIR values for individual organic fractions as well as
for the average value of the total organics, should be con-
sidered in detail.

Taking into account DOC values in the NIR and a DOC,
of 0.5 (Table 2), an average gas formation potential of
231 m®/ Mg (wet matter) is obtained, as an example, for
the deposited organic fractions in the year 1993, when a
high quantity of organic waste was deposited in German
landfills (quantity see Figure 1, composition see UBA,
2017). This average gas formation potential may then be
compared with results of investigations focussing on gas
formation potential, largely from the 1990s (Table 3).

This comparison with literature data indicates that the
landfill gas formation potential resulting from NIR default
or input values tends to be too high, and the actual condi-
tions of landfill gas production on German landfills are not
adequately quantified:

Thus, the majority of data relating to organic waste
fractions (food waste) and garden and park waste are
below the gas formation potentials derived from the
NIR values. A few significantly higher values were deter-
mined by lab-tests. However, these higher gas forma-
tion potentials e.g. for grass clippings (Ramke, 2010)
exert only a minor effect on the total gas formation in
landfills, due to the paucity of landfilling of grass clip-
pings in German landfills;

The difference observed for paper and cardboard
fraction, for which the gas formation potential is only
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TABLE 2: Default values in the German NIR (UBA, 2017), reference results from literature and investigations (weight refers to wet mass).

G‘:fl:::’:;r;R Gﬁlrjlf'::::lr;R Reference results literature, investigations etc.
Waste type DoC DOC, DOC
(Mg C/Mg) ©) (Mg C/Mg) poc, Source
Food waste 0.18 0.5 0.09 Baumeler et al., 1998
0.167 0.571 Ramke, 2010
0.172 BLfU, 2003
0.229 Nelles et al., 1998
Garden 0.20 0.5 0.218 0.43 Ramke, 2010
0.230 0.123 Ramke, 2010
Paper and cardboard 0.40 0.5 0.283 Nelles et al., 1998
0.296 BLfU, 2003
0.297 Nelles et al., 1998
0.30 Ramke, 2008
0.343 Baumeler et al., 1998
Wood and straw 0.43 0.5 0.33 0.268 Ramke, 2010
0.38 0.014 Ramke, 2010
0.426 Baumeler et al., 1998
Textiles 0.24 0.5 0.275 Nelles et al., 1998
0.275 BLfU, 2003
0.413 Baumeler et al., 1998
Disposable nappies 0.24 0.5 0.167 BLfU, 2003
0.195 Nelles et al., 1998
Sewage sludge 0.15 0.5 0.095 0.057 Ramke, 2010
Composites 0.10 0.5 0.22 Nelles et al., 1998
0.229 BLfU, 2003
MBP-Residues 0.023 0.5
Municipal solid waste 0.137 Baumeler et al., 1998
0.128 Nelles et al., 1998
0.130 BLfU, 2003
0.20 Barghoorn et al., 1986

25-53% of NIR values, is particularly significant. The
high assumptions in NIR are of considerable impor-
tance for the determination of methane emissions,
since —in combination with the landfilled waste masses
and selected half-life — these would theoretically domi-
nate methane production in German landfills. Based on
an average carbon content of 300 kgC / t (DOC = 0.3),

previous investigations of municipal solid and domes-
tic waste. The gas formation potential determined in
numerous investigations, generally determined under
more favourable milieu conditions than in a real land-
fill (e.g. with regard to water balance, lack of aerobic
degradation, etc.), ranged from 30-81% (average value
60%) compared to the average gas formation potential

the gas formation potential for paper fractions indicate according to NIR for the year 1993.

an anaerobically degradable fraction of 28% (DOC, =
0.28, range 0.17-0.36);

+  The discrepancy displayed by the gas formation poten-
tial for wood and straw fraction is even more signifi-
cant, particularly with regard to wood, for which gas
formation potentials of 5-14% based on the NIR gas
formation potential were determined. Straw with a high-
er gas formation potential represented only a negligible
mass fraction compared to wood;

+ This basic tendency was also confirmed by compari-
son of the average gas formation potential of all indi-
vidual organic fractions (NIR value: 231 md3/t) from + Immediately after deposition, aerobic degradation pro-

These results are fundamental in facilitating further

adaptation of the input values for use in determining meth-
ane emissions from German landfills. Similar investiga-
tions should be performed in other countries.

3.3 Evaluation of aerobic carbon degradation in
landfills

In addition to anaerobic processes, the biological deg-
radation processes that occur in landfills are also charac-
terized by aerobic degradation as follows:
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TABLE 3: Landfill gas potential of organic fractions and landfilled waste (average gas potential of total organics in the reference year
1993) and comparison with reference results from laboratory scale investigations (all results refer to wet mass).

gen in the discharged waste and oxygen supply through
the open landfill surface;

Using data present in literature, a value ranging between
0.8 (thin layer compaction and slow build-up) and 0.95
(fast build-up) can be derived for the MCF respectively
MCF, i of ancriing (WeDET, 1990). According to the IPCC
guidelines, the MCF factor is actually based on land-
fill site management conditions. The IPCC factor of 1
(“Anaerobic managed solid waste disposal sites”) does
not reflect true conditions in former German landfills;
When gas production decreases, i.e. in line with age
of deposition, increased access of atmospheric air
is enabled via the landfill surface mainly by means of
wind, temperature and atmospheric pressure changes.
This effect is generally greater in the presence of an
active gas extraction system (air intake by oversuction
effect) (MCF,,....)- Moreover, this effect depends on
the quality of the surface cover. Many German landfills,
and the majority of old deposits, only have a soil cover,
at times ameliorated through use of a mineral clay liner.

ivation of MCF

German NIR (UBA, 2017) Gas potential reference results
Waste type
(m3/t) (m3/t) Source
Food waste 168 110 Kruse, 1994
126 Ramke, 2010
76-168 Spendlin, 1991
Garden waste 187 95 Tallner, 1993
105 Ramke, 2010
74-120 Kruse, 1994
128 Tallner, 1993 (different materials)
293 Ramke, 2010 (different materials)
Paper 374 123-144 Kruse, 1994 (different materials)
95-159 Kruse, 1994
158-182 Kruse, 1994
168-201 Tallner, 1993
Wood and straw 402 21 Ramke, 2010
44 Tallner, 1993
37.5-57 Kruse, 1994
297 Ramke, 2010 (shredded straw)
Sewage sludge 47 30 Kruse, 1994
Composite materials 93
@ Gas potential total organics 231
reference year 1993
Municipal solid / domestic waste 70-126 Lechner, 2004
137 Kruse, 1994
85-140 Ehrig et al., 1995
120-150 Stegmann, 1982, zit. in Rettenberger & Mezger, 1992
105-165 Jessberger 1992
172 Tallner, 1993
186 Pfeffer, 1974, zit. in Rettenberger & Mezger, 1992
cesses are initiated (MCF,_ ¢ .naning) PY €Ntrapped oxy- Only younger landfills currently in the closure and after-

care period are equipped with an impermeable surface
geomembrane capable of reducing, although not com-
pletely preventing, air access.

The following should be taken into account for the der-
Iong-term:

Under strict anaerobic conditions landfill gas would
consist almost exclusively of the main components
methane and carbon dioxide at a ratio of about 65 to
35 Vol.-%;

Available oxygen introduced through air access is
converted into carbon dioxide. As a result, the meth-
ane-to-carbon-dioxide ratio decreases, with nitrogen
present in the landfill gas / air mixture. Figure 3 shows
this correlation/relationship, illustrating the change in
gas composition due to increased aerobization until
the oxygen is almost completely converted. Below the
red line, carbon dioxide and methane are the result of
anaerobic degradation, above the red line nitrogen and
carbon dioxide (with its carbon content C__ ) are due to
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FIGURE 3: Methane content, aerobization degree and fraction of aerobic carbon conversion in German municipal waste landfills, reference

year 2014 (DK Il landfills correspond to MSW landfills).

air access and aerobic degradation;

A survey carried out by the Federal Statistical Office for
the year 2014 shows that the average methane content
of all landfills surveyed during the operational and clo-
sure phase is 47 Vol.-%, and of landfills in the aftercare
phase 38 Vol.-%. The proportion of aerobic degradation
estimated for these methane concentrations in relation
to total degradation of bioavailable carbon is shown in
Figure 3 (7.3-12.6% of carbon conversion due to aer-
obically-produced carbon dioxide). For this estimation,
it was assumed that oxygen consumption is dominat-
ed by aerobic decomposition, with carbon and oxygen
reacting at a ratio of 1:1;

Therefore, an actual value for MCF, ..~ MCF _ of
0.93 for younger DK Il landfills in the closure period
and 0.87 for older landfills in the aftercare period can
be deduced with a decreasing tendency (due to the
increasing degree of aerobization).

4. ASSESSMENT BASED ON COLLECTED GAS
VOLUMES IN LANDFILLS

4.1 Example of the gas content of an encapsulated
landfill

The encapsulated German landfill “ER” displays the fol-
lowing conditions:
+ Deposition period 1979-1991

Area: 40 ha

Deposition mass: 13 Mio. Mg

Surface cover since 1995

95 vertical gas wells, 42 horizontal gas drainage pipes

Figure 4 shows the amount of carbon present in landfill
gas extracted from this landfill compared to the amount
of carbon calculated using the gas prognosis approach
applied in the previous expert report (see Table 1). Using
these data the degree of collection is calculated. Further-

more, Figure 4 shows the comparison of carbon degrada-
tion over time according to gas prognosis obtained accord-
ing to the IPCC and German NIR approaches. In line with
this evaluation it can be concluded that gas formation
hypothesized using the IPCC/NIR approach, particularly
from the paper and cardboard fraction, is however signifi-
cantly over-estimated.

With regard to the “ER” encapsulated landfill, Figure 5
illustrates the percentage of aerobically degraded carbon
estimated from methane concentrations in the extracted
gas (see Figure 3). Although this landfill displays a high
degree of encapsulation, the percentage of aerobic carbon
conversion related to total (anaerobic and aerobic) carbon
conversion increased from 2 to 14% within 10 years of
application of surface capping.

4.2 Assessment based on the content of bioavail-
able carbon determined by solid waste sampling in
landfills

Sixteen German landfills (“Al”-“OI") with surface liners
of varying gas and water permeability were drilled to obtain
449 solid waste samples. The age of deposition of solid
waste samples ranged from 5 to 45 years and sampling
depth was between 5 and 50 m. The samples were anal-
ysed to determine the fraction of currently bioavailable car-
bon and resulting methane gas formation potential L, with
the following methods:

Total organic carbon (TOC) according to DIN EN 13137;
Respiration activity over 4 days according to the Ger-
man Landfill Ordinance (DepV, 2009);

Gas formation test over 21 days according to DIN
38414-8 (DepV, 2009).

Reliable estimations of current landfill gas production
rates can be obtained using the results of waste sample
analysis in combination with average values for the half-
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life. Current methane formation rate thus obtained is
regarded as highly “realistic”.

A comparison of methane production rates based on
site-specific investigations with gas production prognosis
estimated on the basis of IPCC or NIR assumption values
(in particular DOC and DOC,) confirmed that IPCC/NIR prog-
nosis resulted in an ambiguously high estimation (approx.
2-fold higher) of methane formation rates.

At many sites, adaptation of DOC, and half-life values
(from the approach suggested in the previous expert report

(Table 1) resulted in a more similar gas prognosis to that
derived from solid waste investigations. As an example,
this is evident in one of the 16 more closely investigated
landfills:

+  The landfill “LI" was filled with unpretreated municipal
waste from 1971 to 2005;

+ Landfill gas collection has been implemented since
1993 (Figure 6);

+ By applying preliminary adjusted parameter values the
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FIGURE 6: Methane production of an “LI” landfill since the year 1993; comparison with gas prog-nosis calculations using IPCC/NIR, with

adapted values and results from landfill investigations.

methane production rate for the year 2014 was estimat-
ed as 99 m® CH,/h;

+ Investigation of the solid waste samples obtained from
drilling into the landfill in the year 2014 showed an aver-
age methane formation potential of 6.2 m® CH,/Mg DM.
This resulted for the year 2014 in a methane production
of 106 m® CH,/h at an average half-life value of approx.
8 years.

On using the above-described values for a preliminary
adaptation of IPCC / NIR default values applied to pre-
dict methane production rates, and comparing the results
obtained with methane production determined by solid
waste sample investigations, remarkably similar curves
were obtained. Moreover, average gas collection rates
were in a similar order of magnitude.

4.3 Conclusions regarding the gas collection rate

A comparison of gas extraction rates yielded by almost
fully gas-tight encapsulated landfills with landfills featuring
a series of gas-permeable surface liners revealed an aver-
age difference in the degree of gas collection ranging from
approximately 54% (encapsulated) to 44% (different gas
permeabilities). This finding may indicate that landfills with
a temporary — permeable - surface cover combined with
a qualified gas extraction system release only marginally
higher methane emissions compared to gas-tight encap-
sulated landfill sites.

In almost all landfills, the highest uncertainty regarding
a gas prognosis is related to the lack of differentiated and
reliable information on waste composition of the landfill
body. This applies both to the quantity of household waste,
commercial waste, sludge, construction and demolition
waste, mineral waste, etc., as well as to the composition
of the individual waste fractions. Results obtained in land-
fill investigations in Germany have demonstrated that the
proportion, in particular of “paper, cardboard, cardboard
packaging” and also “wood and straw” both quantitatively
and in relation to methane formation potential is signifi-

cantly lower than previously stated in the IPCC / German
NIR standard values.

A further reduction of the calculated methane emis-
sions, and consequent increase in the degree of gas collec-
tion, could be achieved if aerobic degradation processes
were more closely monitored both at the beginning of land-
filling and during landfill ageing. By including an average
MCF value of 0.8 instead of 1 (as an example) as a simpli-
fied fixed factor to reflect the impact of aerobic degrada-
tion both at the start of deposition and in the long-term, the
resulting increase in gas capture efficiency would be in the
range of approximately 25%.

Table 4 provides an overview of the gas collection rates
obtained using the different parameter sets, together with
the results of solid waste sample investigations for the
landfills Al - Ol (different surface sealing and gas permea-
bilities as well as different gas extraction systems).

5. CONCLUSIONS, ADAPTATION OF GERMAN
NIR DEFAULT VALUES

Conclusions of the evaluations and investigations per-
formed:

The review of the methodological basis for use in deter-
mining methane formation in landfills is beneficial, as
the previous approaches and default values applied in
the NIR (and IPCC) reports lead to methane formation
rates, which do not reflect but clearly over-estimate the
actual conditions of German landfills;

Assessment of both the state of the knowledge and
the literature, as well as the compilation of monitoring
results and investigations of numerous waste samples
from MSW landfills in Germany have provided confir-
mation of the above;

+ A comparison of methane production rates based on
site-specific investigations with gas production prog-
nosis estimated on the basis of IPCC or NIR assump-
tion values (in particular DOC and DOC,) confirmed that

K.-U. Heyer et al. / DETRITUS / Volume 03 - 2018 / pages 141-151

149



TABLE 4: Overview of gas collection rates obtained using different parameter sets and results of solid waste sample investigations for

the landfills “Al” - “Ol".

Without adaptation DOC, and With first adaptation DOC, and Methane formation potential L, Current gas
half-life in FOD-Model of the half-life in FOD-Model of the from solid waste sampling, collection

Landfill IPCC IPCC (RUK, 2014) FOD-Model volume

Methane Collection Methane Collection Methane Collection Methane
volume rate volume rate volume rate volume

[m3CH,/h] [%] [m3CH,/h] [%] [m3CH,/h] [%] [m3CH,/h]

Al 186 16% 84 36% 47 64% 30

BI 185 19% 96 38% 75 48% 36

Cl 131 23% 46 65% 69 43% 30

DI 145 17% 101 25% 57 44% 25

El 131 10% 64 20% 50 26% 13

FI 202 27% 114 48% 83 66% 55

Gl 200 14% 60 45% 86 31% 27

HI 669 57% 343 111% O 450 84% 380

1l 196 36% 89 79% 112 63% 70

Ji 255 16% 104 38% 94 43% 40

Kl 208 14% 102 29% 95 32% 30

LI 205 15% 99 30% 106 28% 30

Ml old section 1845 8% 625 24% 796 19% 148

MI new section 1703 30% 1063 48% 813 63% 511

NI 47 11% 27 19% 29 17% 5

ol 137 15% 65 31% 53 38% 20

Range 8-57% 19-(111)% 19 - 84%

Mean value with MCF =1 21% 42% 44%

Mean value with MCF = 0.8 26% 53% 55%

™ The higher gas collection volume compared to the modified gas prognosis calculation is likely due to the uncertainty of waste composition of this landfill.

IPCC/NIR prognosis resulted in an ambiguously high
estimation (approx. 2-fold higher) of methane forma-
tion rates;

Indeed, the estimation of current and prediction of
future methane emissions for a series of closely mon-
itored landfill sites using the modified approaches for
methane formation potential and its kinetics (first pre-
ceding approach, RUK 2014) have already proven to be
a good fit with the findings of biotests on solid waste
samples taken from landfills;

For a more realistic prognosis and calculation of the
methane formation potential and methane formation in

landfills the following parameters may be adapted for
the individual organic waste fractions:

- DOC

- DOC,

- Half-life

- MCF

The adaptations discussed for each of the relevant

parameters are summarized in Table 5. In particular, a
standard DOC, value of 0.5 (50%) for all fractions is not
realistic. The fraction of readily degradable waste is sub-
stantially higher than the fraction of scarcely degradable

TABLE 5: Comparison of approaches applied in the German National Inventory Report (NIR) and suggestions put forward by the authors
for modified parameters to quantify methane formation.

Waste type Values in the German NIR (UBA, 2017) Proposed values for adaptation
Half-life (years) DOC, DoC Half-life (years) DOC, DOC
Food waste 4 0.5 0.18 4 0.5 0.18
Garden 7 0.5 0.2 7 0.5 0.2
Paper 12 0.5 0.4 7 (rather 4) 0.5 0.4
Wood and straw 23 0.5 0.43 50 0.1 0.43
Textiles 12 0.5 0.24 10 0.4 0.24
Disposable nappies 12 0.5 0.24 10 0.4 0.24
Sewage sludge 4 0.5 0.05 4 0.5 0.15
Composite materials 12 0.5 0.1 12 0.4 0.1
MBP-Residues 12 0.5 0.023 12 (rather 4) 0.5 0.023
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waste. Moreover, a simplified fixed MCF value of 0.8-0.9
instead of 1 should be considered in order to reflect the
impact of aerobic degradation at the start of deposition
and in the long-term.

When the adapted values are used to estimate meth-
ane emissions from German landfills, they yield a result in a
range of only 50% compared to estimations obtained with
the German NIR values applied to date.
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ABSTRACT

The debate about public vs. private provision of municipal solid waste management
has been going on for several decades with no conclusive evidence in favor of either.
The presence of relevant competition in the market seems to be more important
than the type of the provider. In this study, we expand on this topic and use empirical
evidence to show that what matters most is the willingness of the municipality to
switch waste management providers. We compare the municipal solid waste ex-
penditures of more than 60 municipalities in the Czech Republic that changed their
waste management provider in 2008-2014, both before and after the change. The
results show that such a change can, on average, reduce the expenditure by several
percent, and change should therefore be preferred by the municipalities instead of
perpetually extending contracts with the current provider. In addition, we show that
it does not matter much whether the new waste management provider is a public or

1. INTRODUCTION

The issue of public vs. private provision of public ser-
vices has a long history in the scientific literature. Public
services usually originate in connection with two factors:
the general public interest in provision of such services and
the failure of the private sector in providing such services,
typically due to the very high initial costs and the issue of
securing sufficient revenue.

Waste management (WM) is one such service. While
there is a general consensus regarding the public interest
in this service, from the perspective of a private provider
there is also the issue of how to persuade people to proper-
ly finance it. The common solution is that the municipality,
as a public entity, is empowered with enough rights to make
people pay for such a service, and then uses the collected
revenues to finance it. It is then up to the municipality to
delegate the service provision (Kinnaman and Fullerton,
1999), either using its own capacities or contracting out
the service.

While the issue of how to raise funds for running the
municipal solid waste management (MSWM) might be a
simple administrative task (taxes or fees), the question of
how to use these funds to secure appropriate services is
much more complex.

It is important to remember the difference between the

private company, as costs are reduced when switching either way.

private sector and the public sector. In the private sector,
the obvious goal is to make a profit, and the ability to make
a profit generally results in the survival of the better service
providers over those that are not able to keep up and are
subsequently squeezed out by the competition. The trend
towards increasing efficiency in service provision is thus
secured. However, in the public sector (where waste man-
agement falls) the primary goal is the welfare of the people
and not profit, although generating at least some profit is
still welcome. Thus any measures that would result in im-
proving the provided service, decreasing the related costs,
and ideally the combination of both is desirable. Any evi-
dence providing suggestions for selecting a WM provider
for the municipality can therefore be useful.

One simple way to divide WM providers in municipal-
ities is into public (contracting in) or private (contracting
out) companies. The literature on the subject of public vs.
private provision of WM has been examining the issue of
company ownership since the 1980s when Domberger et
al. (1986) examined municipalities in England but did not
find any notable differences between contracting in and
contracting out WM service. The only relevant factor in
terms of costs was, according to the study, the existence
of competitive contracting.

Since then, many studies have examined whether there
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is any significant difference between public and private
provision of WM, occasionally slightly favoring one type
or the other. Bel and Warner (2008) published a review in
which they examined studies dealing with the effect of pri-
vatization on cost reduction in WM. Generally, they found
little support for a link between privatization and cost sav-
ings, as the observed savings are not systematic. The issue
identified in the review is that in the research there is rather
too much emphasis on the ownership instead of on oth-
er aspects that are more important in quasi-markets such
as WM with limited numbers of alternative suppliers. Cost
savings are simply not systematically found when looking
at the issue in terms of the WM provider organizational
type. Bel and Mur (2009), Bae (2010), and Jacobsen et al.
(2013) provide comparable conclusions that there is no
clear evidence in favor of either one in terms of costs and
the results are typically mixed (Bel et al. 2010, Simdes et
al. 2012).

On the other hand, the presence of competition has
been identified as important (Szymanski, 1996, Gomez-Lo-
bo and Szymanski, 2001, Bel and Warner, 2008, Jacobsen
et al. 2013). Once public providers are forced to compete
with private companies, they are likely to achieve compara-
ble results (Kinnaman and Fullerton, 1999).

Bel and Warner (2008) therefore stress that instead of
emphasizing the public versus private debate, primary at-
tention should be given to the market structure and wheth-
er there is sufficient competition. In the absence of compe-
tition, savings are less likely to occur, regardless of the WM
provider ownership.

Waste management in Czech municipalities is strong-
ly affected by their size structure. It is not uncommon for
a municipality to have a population of less than 1000, or
even less than 500. Such small municipalities have to rely
on contracting out their WM, as it does not make economic
sense to have an in-house WM company. But even though
the waste sector is becoming more economically attrac-
tive, many of these municipalities struggle with increasing
costs, as they often have historically relied on only one
provider and are reluctant to change. In many cases, they
simply perpetually extend the contract with their provider,
accepting regular cost increases. Due to the limited admin-
istrative capacities in the smallest municipalities, this is
often the most convenient solution, although likely also the
most expensive.

The efficiency of WM as a public service was examined
in more detail in the Czech conditions by Ochrana et al.
(2007), who focused on the role of the WM company orga-
nizational form in the overall efficiency of the service. The
study analyzed the preferred form of service provision, the
important criteria when selecting a WM provider, and the
reasons leading to municipalities changing WM providers.
The authors collected more than 900 survey replies from
Czech municipalities and analyzed the answers together
with the available data about related municipal expendi-
ture. The outcome of the study is that in-house production
of services appears to be the most efficient, but this is be-
cause certain related costs of service production are often
not directly assigned to the production of these services by
the municipalities, and therefore the reported expenditures

are lower. Using only expenditures directly reported by the
municipalities on these services thus yields inaccurate re-
sults, when comparing with the external provision of these
services. The least efficient, on the other hand, are munic-
ipal companies that were arbitrarily selected without any
competition. The overall conclusion of the study is that as
long as there is competition, the form of service provider
ownership actually might not matter at all.

In order to extend the current research in this area, the
research question of our study concerned how switching
WM providers affects municipal solid waste expenditure
(MSWE) and whether the change in WM provider owner-
ship has any role. Unlike other studies, which usually com-
pare the differences between public and private providers
in a selected time period, we use empirical evidence to
examine the difference in costs before and after changing
WM providers.

2. MATERIALS AND METHODS

2.1 Data

In this part, we describe the data used in this study and
how we obtained them.

There were two primary data sources. Financial data
were acquired from a web portal run by the Czech Ministry
of Finance called MONITOR. This portal provides informa-
tion about the budgets of all municipalities in the Czech
Republic and presents complex aggregated data about the
financial situation of individual Czech municipalities, freely
available to the public. Complete detailed data for individu-
al fiscal years can be downloaded for further analysis.

We were specifically interested in the current expendi-
tures of municipalities on MSWM that represent the day-to-
day expenditures of municipalities on MSWM provision. We
do not use capital expenditures, as they include primarily
occasional investment costs that happen usually only once
in a few years, making it problematic to compare among
the municipalities, especially those of varying sizes. On
the other hand, current expenditures calculated per capita
(using municipality population data available through the
Czech Statistics Office) generally provide a good basis for
comparing expenditures among the municipalities, as they
cover approximately the same things in both smaller and
larger municipalities.

However, it should be noted that the financial data
provided by MONITOR are not always 100% correct. We
collected municipal financial data for several consecutive
years, making it possible to see developments over time
and to check whether there are any issues with the data,
suggested for instance by very high variances between
individual years. Such issues are usually the result of a
municipality reporting its financial data incorrectly. Typical
examples include reporting both current and capital expen-
ditures as current, or failing to differentiate between expen-
ditures from certain subgroups and reporting only aggre-
gated expenditures under the most common category for
such groups.

The reasons for such mistakes are mostly municipal
staff with insufficient knowledge of how to report munic-
ipal expenditures or insufficient time for detailed expen-
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diture reporting. As the majority of municipalities in the
Czech Republic are very small with populations of only a
few hundred, often there is simply an insufficient adminis-
trative capacity for certain tasks.

The second data source was interviews with the local
authorities from a sample of municipalities. As we are ex-
amining the effect of changing/switching WM providers,
we focus only on municipalities where such a change oc-
cured. Unlike with the financial data, there is no centralized
source where municipalities report how they secure their
WM. We contacted over 500 municipalities in the Czech Re-
public, of which 70 reported a change of WM provider in the
last several years. However, due to very large interannual
differences caused by combining the expenditures related
to building a civic amenity site with the current expendi-
tures, we dropped four municipalities, resulting in a final
sample of 66 municipalities.

Most of these municipalities use an external WM com-
pany. This makes sense, as due to their relatively small siz-
es, it is not economical to have their own municipal waste
company. Therefore they contract a private, public, or mixed
WM company. We now define “municipal”, “public”, and
“mixed” WM ownership types as they are used throughout
this study; “private” ownership is self-explanatory.

A “municipal” WM company is usually historically cre-
ated by a larger municipality for which it provides MSWM;
sometimes, it also provides this service for a few neigh-
bouring municipalities. According to the interviews, such
a company is usually less focused on profit and is often
part of a larger municipal company generally dealing with
various technical municipal services. Providing MSWM for
additional municipalities serves as a way to better utilize
the available infrastructure with a greater focus on profit.

In this study, a “public” WM company is one that is owned
by an association of municipalities in which individual mu-
nicipalities act as the shareholders based on their size and

respective financial investments. Each municipality pays this
company for the MSWM provision, and it also participates in
the profits of the company. However, during our interviews
we noted occasional disillusionment with involvement with
such companies, as small municipalities have very little say
compared to the few larger municipalities.

A “mixed” WM company is usually the result of the
previous decision of a larger municipality to partially out-
source WM provision, maintaining some participation in
the decision making and profit while having an economical-
ly strong partner. In such cases, the private part of the mix
is often represented by a newly created company owned
by an already established player in the waste market. If rel-
evant, this company also provides MSWM for surrounding
smaller municipalities, just as with a municipal company.

Based on telephone interviews with responsible local
authorities, or alternatively with local authorities with suffi-
cient knowledge of the topic, we matched each municipal-
ity with a WM company, a time horizon when this company
provided MSWM in the given municipality, and the owner-
ship type of the company.

We then created a dataset for several consecutive
years with information about municipalities and their WM
companies, ownership type of the WM companies, related
municipal expenditures, and any change in the position of
the WM company that occurred in the examined time pe-
riod.

The following three tables include some basic charac-
teristics of the sample used in this study.

2.2 Methods

In order to be able to analyze the effect of switching
WM companies, we had to adjust the data, as these were
collected for a broader time horizon and thus difficult to
compare directly. We adjusted the dataset in order to have
data in a format reflecting municipal expenditures in the

TABLE 1: Description of the sample (with respect to the year of the provider change).

66 municipalities Bottom value Median Top value Average
Population 76 930 9 555 1391
MSWE per capita 291 CZK 518 CZK 926 CZK 539 CZK
Source: Czech Statistical Office, Czech Ministry of Finance
TABLE 2: Year of the waste management company change, 66 municipalities.
Year 2008 2009 2010 2011 2012 2013 2014
No. of changes 2 8 5 6 14 19 12
% of the sample 3 12 8 9 21 29 18
Source: own data
TABLE 3: Waste management company ownership before/after the change, 66 municipalities.
Ownership Private Public Municipal Mixed
Before the change 50 8 6 2
% of the sample 76 12 9 3
After the change 31 29 4 2
% of the sample 47 44 6 3

Source: own data
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year before changing WM provider (year -1), in the year
when the WM provider was changed (year 0), in the subse-
quent year (year +1), etc. After this adjustment, we aligned
the individual municipal data in order to have matching
periods. Doing this means we do not need to consider in
which absolute year the WM provider changed, as we have
a relative timeline, which is more useful for our purposes.
Instead of 66 changes occurring over a seven-year horizon,
we now have a dataset with the WM provider change occur-
ring in the same relative period.

With the municipal data about the WM provider change
aligned to the same relative (year 0) period, we calculated
the relative differences in municipal expenditure per capita
from the period before the change of the WM provider in
terms of year +1 and year +2.

Calculating these differences allows us to directly see
how MSWE changed once the municipality switched to a
different WM provider.

In addition, our sample of municipalities was divid-
ed into groups based on the change of the WM provider
ownership type. We differentiate four types of WM provid-
er ownership. After the data collection, we concluded that
there are five common situations with WM provider chang-
es in terms of ownership; these are discussed later in the
study. After making this distinction, each situation can be
analyzed separately and compared.

3. RESULTS AND DISCUSSION

Figure 1 shows the differences in aggregated data from
municipalities in the years before and after the municipality
changed its WM provider. Provided data are calculated as
the MSWE per capita.

The data show that once the WM provider change oc-
curred, the average per capita expenditure decreased in the
following year on average by 6% (the median decrease was
4%). While this might not seem that significant, even such a
small change can make a difference in terms of municipal
finance where budgets are often very limited. If we consid-
er such a savings for a period of several years, a munici-

B Average MSWE per capita
700

pality can save enough to make a larger investment that
could further improve its WM or can alternatively tackle
some other important issue in the municipality. Moreover,
in municipalities that perpetually extend their contract with
the WM company, it is common that MSWE increases each
year by a few percent. Reductions in MSWE instead of stan-
dard annual increases thus represent even greater savings

Figure 2 shows the relative interannual changes in
MSWE of individual municipalities. In this figure, we see
that switching WM providers does not always lead to de-
creased MSWE. There may be several reasons for this.
First, the new WM provider might provide a broader range
of waste services, which logically results in higher costs.
For instance, the collection frequency might be increased,
additional waste fractions might be separately collected,
etc.

Second, although being more expensive than before,
the new provider might still be cheaper compared to the
situation with the previous WM company. Jump increases
in costs requested by the original WM providers were men-
tioned by several local authorities as the decisive factor in
switching to a different WM provider.

Third, there might be some additional costs included in
the reported MSWE by the municipality that coincidentally
occurred in the same year as the WM provider change. For
instance, many municipalities begun to separately collect
biowaste during this period, which required purchasing
composters or additional bins for biodegradable waste.
Even though such purchases occur irregularly, technically
they can count as current expenditure, leading to the in-
creased reported MSWE in a given year and might result in
overall increase of MSWE by several per cent.

Nevertheless, Figure 2 shows that the majority of mu-
nicipalities experienced a decrease in MSWE after they
switched their WM provider. Almost 30% report a decrease
in MSWE by up to 10%, while an additional almost 30% re-
port even higher MSWE reduction, with a few municipalities
saving more than 40%. Few municipalities reported an in-
crease in MSWE by over 30%, but based on our experience
such an increase is very probable due to the reasons men-
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FIGURE 1: Interannual changes in MSWE after switching waste management provider (66 municipalities), standard errors for averages in-
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FIGURE 2: Relative changes in MSWE of individual municipalities after switching waste management providers (66 municipalities) - Source:

own construction

tioned above. Overall, half of the municipalities from the
sample did not experience a difference of more than +10%
in their MSWE.

Szymanski and Wilkins (1993) and Gomez-Lobo and
Szymanski (2001) mention that while there might be great
cost savings in the initial year, this advantage tends to
diminish quickly in the following years, resulting again in
higher costs and probably in another public tender. In part
of our sample, we were able to obtain MSWE data from the
second year after the change in WM provider; this is pre-
sented in Figure 3.

Figure 3 shows that after two years, the savings still
exist (on average 3.5% lower MSWE than in the period be-
fore the change of the WM provider), but are beginning to
diminish, which is in accordance with the mentioned liter-
ature. Competitive tendering every few years might have
the potential to keep the MSWM costs down. On the other
hand, each individual municipality has to decide how often
it should opt for the next tendering, as such action brings
additional costs to the municipality.

Jacobsen et al. (2013) suggest a biannual tendering

B Average MSWE per caplta

MSWE before switching provider

MSWE per capita [CFK)
g 8 g & & 3

system in order to find the provider with the best offer.
One municipality in our sample utilized biannual tendering
through electronic bidding applications and was able to
get a much better contract than before, although this was
largely due to the rather poor starting condition of WM in
this particular municipality.

The Czech Republic has a very fragmented municipal
structure and, in many cases, the fixed costs associated
with WM provider tendering might represent a significant
part of the total annual MSWE and might even exceed the
potential savings. In such cases, it is actually more eco-
nomical to stay with the current, albeit probably more ex-
pensive, WM provider than to look for a possibly cheaper
one, and thus the WM provider change is likely to occur
less frequently. The general suggestion here would still be
to actively pursue public tendering, although somewhat
less frequently.

A different perspective on this issue comes from the
WM providers themselves. From their position, frequent
changes are typically far from desirable. An ideal situation
for a WM provider would probably be to have a secured

B Median MSWE per caplta

MSWE two years after switching provider

FIGURE 3: Comparison of MSWE before and two years after switching waste management provider (52 municipalities), standard errors for

averages included - Source: own construction
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contract for an infinite period with gradual increases in
prices over the time. In such a situation, they could plan
far into the future and not need to worry about the com-
petition. This is the classical market situation, in which
the interests of the customer (municipality) compete with
the interests of the supplier (WM provider). The customer
wants as much as possible while paying as little as pos-
sible, while the supplier wants the opposite. If these two
sides are able to find an intersection, a deal occurs. From
the perspective of the municipality as the customer, it is
important to have a sufficient choice of WM providers, so
that the municipality does not have to compromise that
much in terms of the quality of the contracted service and
the associated price. But of course, if the available offer is
not good enough, the municipality always has the option of
providing WM services itself, and sometimes this actually
can be the best available option.

Figure 4 shows the changes in MSWE differentiated by
the type of the WM provider ownership before and after the
municipality changed WM providers. We can see that sav-
ings are possible in any kind of scenario, independent of
the original type of WM provider ownership.

Slight savings are reported whether a municipality
switches from a private WM provider to a public one (in
our conditions, owned by an association of municipalities)
or vice versa. Larger savings seem to be possible when
switching between private waste companies and munici-
pal waste companies, but again, the data suggest that this
goes both ways. We therefore cannot draw a clear conclu-
sion in terms of savings of whether it is better to choose
a private or public waste company. The observation that
there is rather little difference in waste-related costs be-
tween public and private providers is in accordance with
many other authors (Domberger et al., 1986, Szymanski,
1996, Bel and Fageda, 2010), as well as with the observa-
tion that the existence of competition is much more import-
ant than the type of provider (Gomez-Lobo and Szymanski,
2001, Dijkgraaf and Gradus, 2007, Bel and Warner, 2008).

However, the highest amount of cases where MSWE
increased were in individual municipalities changing from
a private to a public company. This somehow contradicts
Bel and Costas (2006), who suggest that intermunicipal

cooperation (which is, in our case, represented by a waste
company owned by an association of municipalities) might
be a good alternative for small municipalities with limited
potential external WM providers.

The observed MSWE increase in multiple cases when
switching to a public provider might partially explain the
disillusionment that some local authorities expressed in
interviews after becoming a member of an association
of municipalities in order to utilize the MSWM services of
the related public waste company. Accordingly, it might be
wise for a municipality considering a switch to a public WM
company to examine whether the potential savings are tru-
ly there in comparison with the other options.

According to Massarutto (2007), even better results
can be achieved when competitive tendering is used for
separating more specific activities along the value chain.
However, based on our experience with local authorities,
such separate competions for specific activities in MSWM
are very scarce. In our opinion, the problem might also be
the small average municipality size in the Czech Republic:
it does not make much economic sense for the waste com-
panies to compete for only specific activities in such small
municipalities, and thus the separation of MSWM into dis-
tinct activities becomes relevant only in larger municipali-
ties. But the results in those few municipalities where sepa-
rate tenders happen so far seem promising. In combination
with the stronger preference for short-term contracts sug-
gested by Simdes et al. (2012) this might become a good
strategy for municipalities to cut down MSWE and keep
them low.

4. CONCLUSIONS

As in several previous studies, we examined the differ-
ences between public and private provision of municipal
solid waste management. However, in contrast to previous
studies, we did not focus on the cost difference between
various types of waste management provider ownership in
a single selected time period, but instead on the changes
of waste management costs over time, once the munici-
pality switched to a different waste management provider.
This approach does not provide a static perspective on the

[ Relative annual change in MSW expenditure according to the WM provider ownership change
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FIGURE 4: Relative changes in MSWE after switching WM provider (62 municipalities) - Source: own construction
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matter, but in our opinion it actually provides a more im-
portant dynamic perspective using relative changes, as it
overcomes the issue of various initial starting points of the
municipalities before switching their providers.

Our results show that a municipality is likely to benefit
from changing its waste management provider. The major-
ity of the municipalities in our sample experienced a de-
crease in their waste management expenditure once they
switched providers, on average by 6% in the first year after
the change and in some cases by more than 20 to 30%.
The comparatively lower waste expenditure level achieved
under the new provider seems to hold even for the follow-
ing year, although savings tend to slowly diminish, as has
been suggested by other authors dealing with this issue.
Based on these observations, municipalities should con-
sider actively pursuing regular competitive tendering every
couple of years depending on the actual service and the
market availability. An active approach in this field seems
to pay off relatively well considering the nature of munici-
pal finances.

On the other hand, waste management costs increased
in some municipalities, but our evidence indicates that this
was caused typically by other factors, such as the exten-
sion of activities included in the service provided by the
new company. In addition, even though in some cases the
waste management costs increased with the new provider,
this increase was actually likely lower than the costs would
have been with the previous waste management provider,
so this can still be considered as an improvement or as an
actual savings.

Finally, we examined the differences in waste manage-
ment expenditures when switching from public to private
waste management provider and vice versa. We did not find
any significant patterns. It seems that, in accordance with
other authors, it actually does not matter much whether the
waste provider is public or private, but whether the munici-
pality is willing to regularly engage in competitive tendering
for such services. By doing this, the municipality seems to
be most likely to get the best available services at reason-
able costs. The ownership of the potential service provider
does not seem to play an important role, as long as these
providers have competition. Sufficient competition ensures
that the efficient providers will survive and be able to offer
their services to the municipalities. Municipalities therefore
should not be biased towards any potential service provider
based on its ownership and should approach the question
of what provider to choose in a pragmatic way. In this way,

municipalities should be able to secure the best combina-
tion of quality, scope, and price of the provided services.
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ABSTRACT

Concerns about cabin waste date back more than two decades. However, in the
past few years, several airlines and stakeholders (notably catering companies) have
increased their efforts to tackle this issue. A number of factors such as low land-

29 June 2018
Accepted: fill disposal rates, particularly for inorganic fractions, lack of appropriate facilities
OHIELEIAUS and restrictive regulations had traditionally discouraged airlines and other actors to
ﬁgaé':tf:rggg?gbw proactively look for solutions. LIFE+ Zero Cabin Waste aims to create a sustainable
s model to reduce, re-use and recycle (including energy recovery) waste recollected
Keywords: in Iberia airplane cabins in Madrid-Barajas Airport (Spain) and set the basis for its
B0 replication by other airli drel keholders in the fi he objectives of
plication by other airlines and related stakeholders in the future. The objectives o
Food waste . . . .
Catering this project are: properly separate the cabin waste on board, demonstrate that waste
Airplane can be dealt with in a more environmentally friendly way contributing to the reduction

Carbon footprint

of the high carbon footprint associated to the generation and the current inadequate
management of cabin waste and set the basis for replication through standard pro-
tocols. The project, although it is in the first stage, has already been laid the bases
and recommendations for future implementations and improvements that will allow

1. INTRODUCTION

Waste produced in aircrafts is far from minor. Accord-
ing to Godson (2014), passengers worldwide produce an
average of 1.43 kg of waste per trip. On the basis of the
above data and the latest report of the Airports Council
International (ACI), which states that there were about 7.7
billion plane passengers worldwide in 2016 (ACI, 2017), we
can estimate a production of about 11 billion kg of waste
produced by aircraft passengers per year.

Concerns about cabin waste date back more than two
decades where characterizations of this waste stream
started to be analyzed so as to highlight the hot spots and
develop recycling strategies (Li et al. 2003). Despite this
early concern, until now most airlines and catering compa-
nies have been recycling very little and the waste obtained
is typically of low quality due to the mix of multiple waste
fractions. A number of factors such as low landfill disposal
rates (particularly for inorganic fractions), lack of appro-

reaching the proposed objectives.

priate facilities and restrictive regulations had traditionally
discouraged airlines and other actors to proactively look
for solutions.

However, in the last years, a change of trend can be
observed. After thorough research made by the authors of
this paper, it can be stated that several airlines and stake-
holders (notably catering companies) have increased their
efforts to tackle this issue. This is the case of Ryanair, for
instance, that have promised to eliminate non-recyclable
plastics from its operations by 2023. In addition to switch-
ing to biodegradable cups, wooden cutlery and paper pack-
aging onboard, Ryanair said it would make its head offices,
bases and operations plastic free (Topham, 2018). British
Airways expect to decrease the amount of waste that goes
to landfill and recycle 50% of waste by 2020 (British Air-
ways, 2018). Other companies such as Alaska Airways are
committed to reducing the waste from all paper, cups, bot-
tles and cans on every domestic flight they operate (Alaska
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Airways, 2015). At this point is worth to mention that all
these efforts made by aircraft operators are usually single
initiatives, lacking a comprehensive and holistic approach.
Nevertheless, an increasing public environmental con-
sciousness that scrutinizes companies’ behaviors as well
as the progressive price increase in disposal rates are trig-
gering more responsible solutions to this problem.

The management of catering waste is regulated both by
the Waste Directive (Official Journal of the European Union,
2008) and the Packaging and Packaging Waste Directive
(EC Packaging Waste Directive, 1994) since waste from
meals and the packaging of those meals is produced due
to the catering service and treated jointly. These two direc-
tives follow the inverted waste hierarchy pyramid).

1.1 Classification of Cabin Waste

When discussing cabin waste, it is necessary to make
a preliminary clarification and distinguish between two
different types of waste categories depending on its ori-
gin, namely category 1 (Cat1) and 3 (Cat3), even if, tech-
nically, both categories belong to the management of ani-
mal by-products, the so-called SANDACH waste (animal
by-products not intended for human consumption) (Euro-
pean Parliament, 2009).

International catering waste (ICW) is not considered
risky waste when the planes are traveling in EU territory
only, and it is classified as Cat3. However, in flights from
countries not included in EU territory, ICW is considered
as animal by-product and, therefore, included in high-risk
classified as Cat1. It is assumed that a potential risk of
the spread of animal diseases exists, being dangerous to
animal and human health if not properly disposed of. The
European Parliament regulates the way in which ICW can
be disposed of. Waste classified as Cat1 must be disposed

Catering operator

of by burial in an authorized landfill according to the EU
1069/2009 Regulation (European Parliament, 2009).

1.2 Current treatment of Cabin Waste

In Madrid-Barajas Airport, such as the rest of Spanish
airports, waste from flights from destinations within the EU
(classified as Cat3) is formed by a mix of inorganic recov-
erables (light packaging plastics, cans, cartons, glass and
paper) and what is assimilated to and called MSW (Munic-
ipal Solid Waste) fraction. This last is mainly composed of
organic matter plus all other waste that the crew cannot
separate (typically napkins, thin plastics, etc.). In the case
of Iberia flights, as well as in other airline operators from
Madrid-Barajas Airport, all those fractions are mixed in the
same bag and accumulated in containers, which the autho-
rized waste manager collects and brings to a sorting plant.
There the inorganic recoverable materials are separated to
be sent to a recycler. For the case of flights coming from
outside the EU (classified as Cat1) this waste is collected
in bags that are stored in containers that will be collected
by the same management company, but unlike Cat3 waste,
it is not sent to a sorting plant: it is directly deposited in an
authorized landfill. (Figure 1).

Landfilling is a cheap way to dispose of waste, but very
expensive if we take into account its environmental impli-
cations. Estimations speak of global CH, emissions from
landfills to be 500-800 Mt CO,-eq/y (Bogner et al.,, 2007).
Only regarding food waste, 1.9 1 CO,-eq. (at least) are emit-
ted per tonne of food waste, which amounts 170 Mt of CO,-
eq. (at least) emitted per year, representing ~ 3% of total
EU27 GHG emissions (Bio Intelligence Service, 2010). In
our project case, of the 6,000t, a third of the tons are Cat3,
of which 40% (according to preliminary characterizations
results) of the waste is organic matter. In addition, of the

facilities

Coatering

Containers for
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Landfill
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FIGURE 1: Current waste management for Cat3 and Cat1 waste.
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4,000t that are generated from Cat1, 52% are organic mat-
ter, so that it ends up in landfill 2,880t annually. This trans-
lates, according to the emission factors for food waste pre-
viously shown, into 5,472 t CO,-eq per year.

2. ZERO CABIN WASTE PROJECT

ZERO CABIN WASTE is a project founded by the Life
Programme of the EU. It started in 2017 and is supposed to
finalize in 2019. Table 1 shows the partners and their roles
in the project.

2.1 Objectives

The project aims to create a sustainable model to
reduce, re-use and recycle (including energy recovery)
waste recollected in Iberia airplane cabins in Madrid-Bara-
jas Airport (Spain) and set the basis for its replication in
the future by other airlines and related stakeholders. Its
final objective is to drastically reduce landfilling with at
least 80%, (50% through recycling and 30% through energy
recovery and compost), considering both Cat1 and Cat3
residues.

The specific objectives of the project are listed below:

Paying more attention to the management of cabin
waste. In order to reduce the amount of waste and to
obtain more homogeneous waste streams that facili-
tate its subsequent recovery, a better classification at
source is important. In this area, waste minimization
must also be achieved through the implementation
of good practices and eco-design measures for the
menus served on board. Those measures require the
involvement and the efficient coordination of all the
agents involved;

+  Change the legislation on the treatment of this type
of waste has to follow. Currently, European legislation
states that international cabin waste of animal origin
must be incinerated or deposited in authorized landfills.
The project aims to demonstrate that the current law is
to some extent antiquated, overprotective and waste-
ful. By means of a sterilization treatment of Cat1, haz-
ardous substances can be eliminated and, therefore,
this type of waste can be valorized like Cat3 waste;
Reduce the carbon footprint of the current waste man-
agement system. Landfill is the end of life option that

TABLE 1: Partnership and project roles.

emits more GHG (Cherubini et al. 2009). The project
aims to reduce the amount of (mainly organic) waste
sent to a landfill, and therefore, a reduction in GHG
emissions is foreseen. The total reduction will be mea-
sured through a life cycle assessment (LCA) compar-
ing the current management system with the proposed
new system;

Allow the replication of the new waste management
system by other airlines and catering services to con-
tribute to the reduction of the carbon footprint of its
activities. This project is intended to demonstrate that
with a comprehensive approach and a solid partnership
between the members of the system, the waste man-
agement system can be improved.

2.2 Action plan

To achieve the objectives described above, the action
plan is organized in the following stages:

Preparatory actions. Detailed inventory of the waste
flows and fractions per type of flight; analysis of poten-
tial re-use and waste minimization opportunities; con-
sultations with key stakeholders and design of the recy-
cling process. Current practices (processes, flows and
fractions) modeled in an LCA program;
Implementation actions. Training of crew and staff;
installation of equipment adjustments; execution of
the collection and separation protocol; processing of
waste fractions; implementation of a pilot treatment
for Cat.1 waste; and partial replication of the actions at
Heathrow Airport;

Monitoring of Technical and Environmental Progress.
Technical monitoring of performance indicators (also
LCA); proposed practices (processes, flows and frac-
tions) modeled in an LCA program. At the end of the
project, conclusions and recommendations will be giv-
en, including the socio-economic impact report of the
project;

Public awareness and dissemination of results. The
project website and social media will be used in order
to engage not only the passengers on board but also
the professional stakeholders at national and EU level.
Reforestation events will engage employees and cli-
ents further;

Finally, project management will be carried out by all

Partner Role in the project

IBERIA Coordinator & General project management. Leader in several preliminary and implementation actions and dissem-
ination activities. Separation of waste onboard.

GATE GOURMET Caterer of Iberia. First receptor of offloaded waste and responsible for first controls and further waste management.
Leader of several preliminary and implementation actions. Contribute to technical monitoring and dissemination.

ECOEMBES Responsible for sub actions concerning mainly waste characterizations, trainings and awareness-raising materials.

Also in charge of conclusions and recommendations. Contribute to technical monitoring and dissemination.

BIOGAS FUEL CELL

Involved in several actions concerning waste management opportunities and design. Responsible for pilot action B5
(treatment of organic fraction Cat.1 waste). Contribute to technical monitoring and dissemination.

FERROVIAL Mainly responsible for the management of waste in recycling plant and valorization process. Contribute to technical
monitoring and dissemination.
ESCI-UPF Involved in different actions and sub-actions as to monitor LCA related parameters. Responsible for developing a

state of the art LCA for aviation industry and for compiling and monitoring project performance indicators.
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partners. Project evaluation and auditing will be part
of this action, as well as the after-Life communication
plan.

2.3 Project innovation

Given the nature of this project, its innovations are
more related to conceptual, organizational and meth-
odological aspects, rather than to strictly technological
developments. It is also worth mentioning the scale of the
implementation. Companies such as Delta Airlines already
recycle aluminum cans, plastic bottles, plastic trays, bever-
age cups, newspapers, and magazines but they only do it
in a small percentage of flights operated (around 8%) and
justin one international destination. This project deals with
waste produced in aircrafts as a whole, looking for an inte-
grated solution based on prevention, preparation for re-use
and recycling. It also brings on board all main stakeholders
involved along the whole chain and considers the impact
through the life-cycle of the activities. This is a major dif-
ference in comparison to other strategies initiated by other
airline companies.

It is intended to implement the actions at full scale with
IBERIA's flights, both at EU and international level, having
trained all members of its crew as well as Gate Gourmet’s
staff in Madrid and at Heathrow. Thus, creating a best prac-
tice code with a very high replication potential. To replicate,
the geographical factor should be taken into account. The
airlines and related companies’ possibilities differ from one
continent to another significantly. For example, some Asian
airlines already introduce in the contracts of their crews the
obligation to separate on board. We are far from this point
in Europe, where cooperation of the crew remains a chal-
lenge and must be tackled tactfully and realistically. Anoth-
er important difference is that, on other continents, airlines

Separation on
board Cat3

Catering
operator

and authorities are more open to tackle the issue of Cat1
waste. This is the case of, for example, Australia or Can-
ada, where sterilization of this kind of waste has already
been successfully trialed. Consequently, the project must
be understood in a European context (same legislation and
culture), even if its expected outcomes could be replicated
elsewhere worldwide.

The proposal of an alternative method to manage Cat1
waste which does not exist in Europe sets the highlight in
the innovation of this project. At an early stage, it is fore-
seen to treat a small fraction of Cat1 with different meth-
ods to prove it innocuous for human and animal health,
then taking the organic fraction to a bio digestion process
allowing energy recovery. Afterward, the proposed man-
agement system (Figure 2) will be scaled for the treatment
of Cat1 waste to industrial levels and its environmental per-
formance will be measured trough an LCA. Implementing
this integrated waste management system in which sep-
arate collection in origin takes place, with energy recovery
from waste and reducing landfill disposal can guarantee
high efficiency when minimizing CO2eq emissions (Cal-
abro, 2009), (Calabro, Gori, & Lubello, 2015).

Although European legislation allows both incinera-
tion and landfilling as a way to manage Cat1 waste, Span-
ish legislation has narrowed down options to disposal in
landfill. As one of the main objectives of this project is to
reduce the carbon footprint of the system, bio digestion is
a better option for the energy recovery of Cat1 organic mat-
ter rather than incineration as an alternative to landfilling
(Eriksson et al., 2015).

Finally, in collaboration with national & EU relevant
authorities, it is intended to develop an integrated best
practice guideline on catering waste management that
would include the new proposed valorization method.

Separation on
board Catl

flights Facilities flights

Card MW Recoverables
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FIGURE 2: Future waste management for Cat3 and Cat1 waste.
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3. DISCUSSION AND FIRST OUTCOMES OF
ENVIRONMENTAL PERFORMANCE

Thorough bibliography research of LCA studies dealing
with catering and aviation was performed. The use phase
was found to have the greatest environmental impact, due
to the kerosene burned during the flights (Horvath and
Chester, 2008) (Lopes, 2010) (Howe, Kolios, & Brennan,
2013). To deal with this, the literature proposes that the
impact can be reduced by making parts of the aircraft from
lighter materials that would save fuel (Timmis et al., 2015).
Although the manufacture of these components (carbon
fiber) has a greater impact than traditional materials,
(aluminum), it is largely offset by the reduction of impact
during the aircraft use phase, by reducing weight (Beck et
al. 2011).

However, no specific references for catering in aviation
were found, although the same option of weight reduc-
tion may apply. Finally, the research was expanded to also
englobe LCA studies on food and packaging in other sec-
tors, in order to learn from eco-design alternatives other
than dematerialization.

Regarding food, it was found that from the stage of
agriculture until reaching the final consumer, the stage
of agriculture is the one with the greatest environmental
impact (Bellarby et al. 2008), followed by transportation
and manufacturing (Tassielli et al. 2017). It will be crucial
to take into account its origin so that, according to their
associated environmental impact, increasing the design of
menus with lower carbon footprint (Sim et al. 2007). The
types of food that contribute most to the impact categories
are those of animal origin, especially those of bovine origin
(Foster et al. 2007) (Williams et al. 2006). Indeed, food of
vegetable origin is the one with the least impact.

With regard to catering, comparative studies have been
published between reusable and non-reusable packaging
for glasses, plates and cutlery. The manufacture of reus-

TABLE 2: Grouping of flights for waste characterization.

ables produces more impact than those of a single use,
but it can be offset by the number of uses that the reus-
able ones can be given by a single container (Garrido and
Alvarez del Castillo, 2007). Therefore, the number of uses
together with the efficiency of the washing process, which
is the stage with the greatest impact on the life cycle of the
reusable containers and cutlery, will determine whether it is
more beneficial to use disposable or non-disposable ones
(Woods and Bakshi, 2014) (Pro.mo/Unionplast, 2009).

Due to the fact that the possible and alternative treat-
ment of cabin waste depends largely on its composition, a
characterization of the waste generated in the aircraft was
done. Residues of 87 different flights were analyzed. As on
some flights there is not enough waste generation to make
a characterization, those flights were grouped as shown in
Table 2.

As can be seen in the previous figure, flights coming
from London and Medium flights that were longer than
average, enough waste was generated to make characteri-
zations out of a single airplane.

Flights were differentiated according to the length of
the flight: National (flights coming from Spain), European,
(those coming from EU), and International (being Short,
Medium or Long depending if the flight takes more than 3,
5 or 7 hours, respectively).

Waste streams were also taken into account differenti-
ating 5 streams as showed in Table 3.

Waste was differentiated by material and was sub-
grouped by the type of plastic and metal and whether it
had been manipulated (the packaging, has been opened no
mater if the content was consumed or not) or unmanipu-
lated (Table 4).

The latter was important, since packaging manipulated
on board is considered waste regardless its final consump-
tion by the passenger or not. Now the composition and
the amount of waste generated during every single Iberia’s
flight is known, as well as the generation of waste per pas-

Type of flight Number of flights grouped Number of groups Total flights
National 5 5 25
Eu!'opean 4 7 31
(Flights from London) 1 3
Short International 2 1 2
Medium !nternational 2 2 7
Longer flights 1 3
Long International 1 22 22

87

TABLE 3: Different waste streams.

Stream Description

Waste trolley

They contain waste generated during the flight, mainly coming from the sale on board

Galley

Trolleys that mainly contain baverages (water, soft drinks, wines, juices) and napkins

Business menu

Trolleys that contains the remains of the menus that have been served (trays)

Tourist menu

Trolleys that contain the remains of the tourist menus that have been served (trays)

2nd menu

Trolleys that contain the remains of the 2nd menus that have been served
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TABLE 4: Waste classification.

Manipulated Unmanipulated
. Organic Lo . Lo
Packaging Organic Cellulose Cutlery Glass Paper and Matter in Liquid In Packaging Organic Liquid n
matter cardboard ; packaging Matter packaging
packaging
Natural Color " Other - Flexible polylaminate
PET HDPE HDPE PVC Film PP PS Plastics Steel  Aluminium packaging Wood

senger since information about the number of passengers
of each airplane studied was gathered. Another article is
being done with the whole study and analysis of the char-
acterizations. Table 5 shows the waste generation per pas-
senger depending on the flight length.

For National, European and Short International flights,
most of the waste is collected in the waste trolley flow
(64%) as, on these flights, no tourist class menu is served,
therefore there is no tourist trolley on board. Followed
by the business menu flow (31%) and the galley (5%). As
for Long International flights and Medium International
flights, the majority of the waste comes from the tourist
flow (29%), followed by the waste flow (22%), business
menu (21%), second tourist menu (15%) and galley (13%)
(Table 6).

With the outcomes of all this research, an eco-design
guideline for the catering services company (GG) was
developed, including recommendations for changes in the
configuration of the menus (reducing the amount of meat)
changes in the design of some packaging items (extending
the use of reusable solutions) and also other recommen-
dations to reduce the amount of generated waste in each
flight (such us asking passenger preferences when book-

TABLE 5: Waste generation per passenger and flight.

Flight Kg/passenger
National 0,14
European 0,25
Short International 0,23
Medium International 0,99
Long International 1,4
TABLE 6: Waste generation streams.
Type of flight Sources % waste
Galley 8%
National Waste Trolley 61%
Business 31%
Galley 5%
European Waste Trolley 63%
Business 32%
. Waste Trolley 70%
Short International Business 30%
Galley 6%
. . Waste Trolley 34%
Medium International Business 21%
Tourist 39%
Galley 13%
Waste Trolley 20%
Long International Business 21%
Tourist 27%
2nd menu 19%

ing the flight in order to better adapt the loading of the meal
on board or asking the passengers to deliver newspapers
on board in order to make them available for other passen-
gers and, therefore, reducing the amount of paper waste).

At this stage of the project, the anticipated reduc-
tion of GHG emissions has been estimated to be around
4,340t CO, eq. per year by using the LCA methodology.
The functional unit chosen was the management of all
the waste coming from the catering of Iberia aircrafts
arriving in Madrid that were collected by Gate Gourmet
and managed by Ferrovial during the year 2016. The bur-
dens of the system, as Figure 3 shows, are the stages of
unloading the waste from the Iberia aircrafts, transport
to the GG facilities, collection of the waste by Ferrovial
to take it to its selection plant, transport from Ferrovial
to the different recyclers, recycling processes and the
landfill. It also includes the savings associated with the
production of electricity and primary secondary materials
from alternative processes.

Gabi (2017) software was used for the calculations and
the method of impact evaluation chosen was the one rec-
ommended by the ILCD Manual and those of the European
Commission’s Product Environmental Footprint Initiative,
paying special attention to the environmental impact cat-
egory of climate change to calculate the total carbon foot-
print.

The current situation has been compared with anoth-
er scenario, in which Cat1 recoverables and both Cat1 and
Cat3 organic matter being currently sent to landfill are
managed with alternatives higher in the hierarchy: the recy-
cling rates are 4.5 times higher and 88% of organic mat-
ter is considered to be sent to a valorization process from
which biogas can be obtained as a sub-product.

4. CONCLUSIONS

Being in the early stages of the project, the preliminary
outcomes are laying the groundwork for reaching the goals
set. Through the state of the art analysis, we have been
able to identify what the premises to be taken into account
are when guiding future decisions through a life cycle per-
spective.

Using lighter aviation construction materials will reduce
environmental impacts as a more efficient combustion
will occur. Regarding catering food, menus with a great-
er amount of foods of vegetable origin will have a lower
carbon footprint than those where there is the presence of
meat, especially bovine.

LCA perspective should be taken into account when
deciding what kind of material both for packaging and cut-
lery should be used, as the results depend on the number
of uses of the reusable item, the efficiency of the washing
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process and the number of washes between the uses since
the washing stage is the one with the highest impact for
the reusable items. In addition, single-use items fabrication
has a less environmental impact and are lighter reducing
emissions while flying.

In addition, the characterization study allows discover
the composition of the waste and its origin, to plan an effi-
cient and differentiated management. The outcomes of the
study reveal that the distance of flight has a direct relation-
ship between the amount of waste and the unmanipulated
material generated. The majority of it, is organic matter
that comes from the menus.

It is in the waste flow and in the tourist flows where
most of the recoverable waste is, therefore more efforts
have to be made there, for a correct separation in origin.

It is expected that with the development of the project
and the implementation of measures in the current system,
a substantial improvement of the entire process will be
achieved. Moreover, if we take into account its more than
probable replicability in other airports.
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1. INTRODUCTION
1.1 MSW estimates in the United States

Each year a significant amount of municipal solid waste
(MSW) is generated in the United States, the collection
and subsequent management of which has implications
for sustainability. Worldwide the waste sector comprises
approximately 18% of global anthropogenic CH, emissions
(Bogner et al., 2007). In the U.S. waste disposal accounts
for 22% of national anthropogenic CH, emissions (US EPA,
2010). Additionally, landfills are among the largest anthro-
pogenic sources of CH, in the U.S. and are frequent targets
for mitigation (Chanton et al., 2011). As such, accurately
tracking both the quantity of waste diverted from and
deposited in U.S. landfills is key to understanding sustain-
ability from both materials management and global cli-
mate change perspectives.

Although both state and federal entities seek to quan-
tify annual waste management, estimates of nationwide
MSW generation and fractionation between management
endpoints (i.e. landfills, incinerators, recycling facilities,
and composting operations) have historically differed
greatly (Tonjes and Greene, 2012). The two primary sourc-
es for nationwide MSW generation, recovery and disposal
information have been the US Environmental Protection
Agency’s (US EPA) annual Facts and Figures report, and
the biennial State of Garbage series published by Biocycle

The Environmental Research and Education Foundation (EREF) recently completed
a study to quantify the amount of MSW managed in the United States. The study
represents the first to use a bottom-up, facility-based methodology in the U.S. to
improve accuracy and more discretely track the amount of waste managed. Over
9,000 facilities managing municipal solid waste (MSW) were identified through the
course of the study (landfills, WTE incinerators, recycling facilities, composting oper-
ations, and anaerobic digesters), and information on the amount and types of waste
managed were collected. Results suggest 1.4 times more MSW is managed in 2013
than previously suggested by U.S. Environmental Protection Agency (U.S. EPA) esti-
mates. Data show that the majority of MSW was landfilled and the least amount of
tonnage was composted.

magazine through Columbia University. In 2008, the most
recent year for which both sources estimated MSW gen-
eration, estimates differed by 126.9 million metric tons, or
about 50% (Tonjes and Greene, 2012).

Differences between estimates are attributable to a
number of factors, primarily differences in methodology
and inability to resolve disparate MSW definitions. The US
EPA implements a top-down (material flow) methodology
in which production, import and export values are coupled
with estimated product life to approximate annual waste
generation. Management fractionation is approximated
using data for remanufacturing (recycling), recovery (com-
posting) and incineration, with the net assumed as land-
filling. By contrast, Biocycle estimates are derived from a
middle-up methodology in which state agency-provided
statistics are aggregated to provide national-level data.
As a result of dependency on state agency data reporting
structures, these estimates are susceptible to error intro-
duced by factors such as differences in state permitting
and reporting requirements, data collection and calculation
methodologies, and material types included in state defini-
tions of MSW.

One approach to increase accuracy of waste manage-
ment estimates is the use of a bottom-up facility-based
methodology where tonnage and material data is aggre-
gated across all MSW management facilities (i.e. landfills,
incinerators, recycling facilities and composting opera-
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tions). By aggregating facility data, rather than state-report-
ed statistics, tonnage data is captured from those entities
not required to report to the respective states. The inclu-
sion of material data (e.g. fraction MSW, industrial waste,
construction and demolition waste) allows for the use of a
consistent definition of MSW for all states. EREF has used
this bottom-up facility-based methodology to estimate
MSW management in 2010 and 2013 for each state and
the United States as a whole (EREF, 2016).

1.2 Nomenclature

EREF: Environmental Research & Education Foundation
IPCC: Intergovernmental Panel on Climate Change

MRF: Material Recovery Facility; typically, a highly-automat-
ed facility for the processing, sortation, and baling of recy-
clable commodity materials

MSW: Municipal Solid Waste, i.e. waste generated in resi-
dential, commercial and institutional sectors

Non-MRF: Recycling facility not fitting the description of a
Material Recovery Facility (MRF); facility for the aggrega-
tion and/or densification of recyclable commodity materi-
als.

OECD: Organization for Economic Co-operation and Devel-
opment

US EPA: United States Environmental Protection Agency
WTE: Waste-to-Energy incineration with energy recovery

2. QUANTIFYING MSW MANAGEMENT

2.1 Approach

The use of a bottom-up methodology necessitates
identification of all waste management infrastructure, as
no standardized count or database exists for facilities due
to inconsistent notification and permitting requirements
between states. Facilities were identified and reported
tonnage was aggregated to estimate the amount of MSW
managed at the country’s landfills, waste-to-energy inciner-
ators, composting operations, and recycling facilities.

Over 9,000 facilities managing MSW materials were
identified as operational during 2013, the majority of which
were associated with material recovery (i.e. recycling and
composting) (Table 1). Two distinct types of recycling facil-
ities were identified: traditional material recovery facilities
(MRFs) with highly automated sorting and baling lines; and
smaller material aggregators (termed “non-MRFs” in the
study) which typically perform minimal sorting, may accept
only limited material types (e.g. steel and aluminum cans
exclusively), and little automation of the processing line.

2.2 MSW management in the U.S.

Results indicate approximately 315 million metric tons
of MSW was collected in 2013, and subsequently man-
aged at MSW facilities (Table 2). The majority (64%) was
disposed of in landfills. Approximately 21% of generated
MSW was recovered at recycling facilities (both highly-au-
tomated MRFs and non-MRFs). It is important to note this
figure includes only commodity recyclables that are part of
the US EPA definition of MSW (i.e. paper, glass, plastic, and
non-scrap metals from residential, commercial, and insti-
tutional sources). An additional 6% of MSW was recovered

for composting, resulting in a 27% combined rate for recy-
cling and composting. The remaining MSW was managed
at waste-to-energy facilities.

2.3 Comparison to other studies

The bottom-up tonnage estimates indicate significant-
ly more MSW is generated, recovered, and disposed in the
U.S. than previously thought, based on comparison to US
EPA estimates for the same year (US EPA, 2014). Total
MSW generation for 2013 was estimated by US EPA as
230.5 million metric tons of MSW, a difference of 84.3 mil-
lion tons or approximately 37% (Table 3).

The largest difference between estimates exists for
landfilled tonnage. This is attributable, in part, to the dif-
ferences in methodology between the two estimates.
Although tonnage and material data for landfills is widely
available through reporting data and scale ticket measure-
ments, the material-flow methodology from which US EPA
derives its estimates does not utilize this data. Instead,
landfilled tonnage is estimated as the net of estimated
generation minus estimated remanufacturing, recovery,
and incineration (US EPA, 2014). By contrast the EREF's
facility-based methodology uses scale reports for Subtitle
D landfills, providing increased granularity and accuracy.
Given that Subtitle D landfills can also manage a variety
of non-MSW non-hazardous wastes (i.e. construction and
demolition debris (C&D), non-hazardous sludge, and indus-
trial solid waste), one key element of this assessment was
to use site-specific material data to separate MSW from
non-MSW tonnage. Detailed material data was available in
14 states, representing 37% of landfilled tonnage in 2013.
Data suggests one-third of material accepted at MSW
landfills was non-MSW, with individual state values ranging

TABLE 1: Number of facilities identified as processing MSW
during 2013.

Type of Facility EREF Previous Estimates
Recycling 3,913 1,6522

MRFs 799 590°
Composting 3,494 3,285¢
Landfills 1,540 1,80224
Waste-to-Energy 81 94 2e
TOTAL 9,028 6,833

2 Waste Business Journal (2014)

b Berenyi (2007)

¢ILSR (2014)

4 Includes some C&D landfills

¢ Includes some non-MSW incinerators, such as medical waste

TABLE 2: Amount of MSW managed at identified facilities in 2013.

Type of Facility MSW Man.aged Percent
(million metric tons) of total
Landfills 201 64%
Recycling 66.2 21%
Waste-to-Energy incineration 27.9 9%
Composting 19.3 6%
TOTAL 314.8 100%
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TABLE 3: Differences between EREF and US EPA estimates for 2013.

Type of Faciity (millon metrie tons) (millon metric ons) Percent iffrence
Landfills 201 121.8 65 %
Recycling 66.2 58.7 13%
Waste-to-Energy 27.9 29.7 -6 %
Composting 19.3 20.3 -5%
TOTAL 314.8 230.5 37 %

from 9-82% non-MSW (EREF, 2016b).

Acceptance of non-MSW materials occurred at all facil-
ity types, but was most common in landfills, composting
operations, and non-MRF facilities (e.g. scrap metal pro-
cessors accepting steel and aluminum cans from resi-
dential generators). As illustrated with Subtitle D landfills,
facility-specific tonnage and material data was key to min-
imizing the inclusion of non-MSW materials in the EREF
estimates and therefore minimizing sources of error exis-
tent in other studies (e.g. Biocycle). Results also suggest
US EPA underestimates MSW managed via recycling, how-
ever to a lesser extent (Table 3). By contrast, US EPA may
overestimate both MSW incineration and composting. This
is likely due, in part, to the potential inclusion of non-MSW
materials (e.g. industrial waste or agricultural biomass) in
industry-reported statistics incorporated into the US EPA
recovery figures.

A recent study corroborates the assertion that US EPA
underestimates MSW landfilling, using facility data from
the subset of Subtitle D landfills included in the GHG report-
ing database. Powell et. al. (2015) estimates 262 million
metric tons was managed via landfill in 2012, whereas US
EPA estimates 122 million metric tons for the same year:
a difference of 115%. With independent lines of research
suggesting US EPA underestimates MSW sent to landfill, it
stands to reason that a bottom-up methodology currently
produces the most accurate estimate of MSW-only materi-
al deposited in landfills in the U.S.

Pl i b
=] [ =1

MSW Generated (kg/person-day)
n

=
o

2.4 Comparison to international statistics

Recently the World Bank (2012) estimated that devel-
oped countries (denoted as OECD) generated the most
MSW in the world, at about 2.2 kg/person-day. Using the
EPA values, the U.S. would actually be lower than the OECD
average at 2 kg/person-day. However, EREF values put U.S.
per capita MSW generation at 2.7 kg/person-day, which
would make the U.S. the largest global waste generator on
a per capita basis, about 23% above the OECD value and
nearly 2 % times higher than Europe (Figure 1).

In addition to MSW generation, the management of
MSW also differs by country. Statistics compiled by the
World Bank (2012) indicate the percentage of MSW man-
aged via landfilling, WTE incineration, recycling, and com-
posting by nation. Excerpted results for 8 countries, and
results from EREF’s bottom-up estimates for the U.S., are
shown in Figure 2. MSW management in the U.S. is most
similar to that of the U.K. which exhibits an identical land-
filling rate (64%) and similar material recovery (i.e. recy-
cling and composting) rate (26% compared to 27% in the
U.S.). Austria reported the highest material recovery rate
(71.26%). Switzerland reported the lowest landfilling rate
(1%). The highest waste-to-energy incineration rate was
reported in Japan (74%).

Differences in MSW management statistics between
the U.S. and other countries indicate potential improve-
ment through both a reduction in waste generation and an
increase in material recovery (i.e. recycling and compost-
ing). The challenge to achieve these aims in the U.S. is

o —_
] L |

FIGURE 1: Per capita waste generation of the U.S., Europe and global regions (Note: OECD = Organization for Economic Cooperation &

Development; i.e. developed countries).
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FIGURE 2: EREF estimates of U.S. MSW management compared to MSW management of selected nations (Source: World Bank, 2012).

multi-faceted, including: infrastructure, policy, and behav-
ioral challenges. It should be emphasized that while sub-
stantial infrastructure already exists in many regions of the
U.S. to divert materials from landfills, others may lack suf-
ficient infrastructure to further increase recycling or com-
posting rates (EREF, 2016). Policy differs across the U.S,,
presenting another challenge to increased recovery. For
example, 53% of U.S. states ban yard waste materials from
landfill while 10% mandate food waste recovery (EREF,
2015). Even in areas with sufficient infrastructure and poli-
cy drivers for recovery, challenges such as increasing recy-
cling contamination rate exist due to participant behavior
(EREF, 2016).

3. CONCLUSIONS

The use of a facility-based, bottom-up methodology
is key to increasing accuracy of MSW management esti-
mates (Powell et. al., 2015). The use of such methodolo-
gy to estimate MSW managed in the U.S. suggests that
315 million metric tons of MSW were managed in 2013,
or approximately 2.7 kg/capita-day. Of this, the majority of
waste was landfilled, with 27% recovered via recycling and
composting combined.

Results represent a 37% difference in total MSW man-
aged compared to US EPA estimates for the same year,
with the largest difference for landfilled tonnage (65%
difference; Table 3). A large difference for landfilled MSW
compared to US EPA has also been documented in other
facility-based estimates (Powell et al, 2015). Landfills have
consistently been listed as one of the largest sources of
anthropogenic methane in the United States by entities
such as the Intergovernmental Panel on Climate Change
(IPCC) and the US EPA (US EPA, 2010). As such, accurate
estimates of MSW generation and management are key
to understanding the environmental impact of end-of-life
material management decisions and assess the nation-
wide progress toward material recovery and sustainable

materials management goals. Studies suggest that current
inputs from US EPA material flow models may not provide
accurate data for these efforts, however, with facility-based
results suggesting that managed tonnage is greater than
US EPA estimates (Table 3).
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ABSTRACT

A survey and a preliminary comparison were conducted between the waste man-
agement systems and schemes implemented in the Region of Umbria (Italy) and
the West Bank (Palestine). The Region of Umbria operates in a wider political legal
and economic supporting scheme, i.e., the one promoted by EU Directives. The West
Bank showed all the typical economic, legal and political features of a developing
country. From the economic point of view the incidence of the cost for waste collec-
tion and management with respect to the per capita GDP was 0.82% for the Region
of Umbria and 1.2% for the West Bank. Although the incidence for the West Bank was
higher, it was not enough to support the budget necessary for efficient waste man-
agement. A relevant aspect was the practically similar amount of organic waste gen-
erated per capita and per year in the two areas. The West Bank lacks infrastructures
and adequate collection systems and there are no composting facilities. The number
of mechanical sorting facilities was 0.034/10° inhabitants. The current recycling rate
for the West Bank is about 6%. Some criticism about the sustainability of recycling
and composting rates for the Region of Umbria are also highlighted. Some benefits
for the West Bank, such as the introduction of home composting, are identified. This
will affect both the amount and the costs of waste collected allowing the municipal-

1. INTRODUCTION

Although having different perspectives, waste manage-
ment is one of the key issues to be addressed both by devel-
oped and developing countries for achieving a sustainable
implementation of the various human activities worldwide.

According to Marshall and Farahbakhsh (2013), prog-
ress in the waste management sector has been historically
influenced by six key factors: public health; environment,
resource scarcity, waste value, climate change and public
awareness. These aspects are affected both directly, as by
the emissions generated from incorrect collection and dis-
posal of wastes (Couth and trois, 2011, 2012; Tian et al.,
2013), and indirectly as a consequence of raw materials
consumption and transformations (Di Maria et al. 2014).

Currently the most effective approach for waste man-
agement worldwide is based on the three R concept: Reuse,
Recycle and Recovery. This was extrapolated from the wid-
er concept of the waste management hierarchy, introduced
in the European Union (EU) in 1977 by the European Com-

ities to allocate more money for separated collection of recyclables.

mission (CEC, 1977), stating the main activities and goals
to be pursued with strict hierarchic order in waste man-
agement: Prevention; reuse; recycle; recovery; disposal.

The hierarchy concept was definitively introduced in the
EU legislation, becoming a fundamental component of the
integrated waste management approach in the EU in 1991
by the first Directive 91/156/EEC on waste (Council Direc-
tive, 1991). This has always been confirmed throughout
the years including the latest Waste Framework Directive
(WFD, 2008) that introduced another important goal to be
achieved within 2020 by member states: the recycling of at
least of 50% of the whole waste generated. Recycling also
includes the organic fraction via biological treatments that
is able to generate organic fertilizer, effectively exploitable
in agriculture.

Furthermore, the implementation of the waste manage-
ment hierarchy was described by the European Commis-
sion (EC) as a key activity in communication n°614 (COM,
2015) concerning the EU Action Plan on circular economy.
A key factor for the optimization of recycling and reuse is
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effective and efficient waste collection, consisting of effi-
cient source segregation able to return high quality recy-
clables directly exploitable in industry. Municipalities are
the authorities in charge of providing municipal solid waste
(MSW) collection directly or by private/public companies.
Currently, collection coverage in the EU15 is practically
100%.

For the year 2016 the MSW management in the EU15
was: gross generation 207,862,000 Mg; Recycling 29.5%;
Composting and /or anaerobic digestion (AD) 17.4%; In-
cineration 29.9%; Landfilled (sanitary landfills) 23.1%. Con-
sidering that the percentage of bio-waste in the municipal
solid waste (MSW) at the EU15 level is about 30%, more
than 50% is currently recycled by composting or integrat-
ed processing with AD and post-composting (Di Maria et
al. 2016; Smidt et al., 2011). The remaining amount could
be considered quite equally shared between the amount of
waste incinerated and the amount landfilled.

Waste management in most developing countries is
still greatly based on uncontrolled dumping and/or litter-
ing and, domestic burning. This mismanagement leads to
serious health and environmental problems (Guerrero et
al., 2013; Henry et al., 2006; Sharholy et al., 2008; Al-Khatib
et al., 2010). Kumar et al. (2009) showed that more than
90% of MSW in India is directly disposed of on the land
in an unsatisfactory manner and collection coverage is of-
ten less than 60% (Zhang et al., 2010; Henry et al., 2006).
Couth et al. (2011) reported that in Africa GHG emissions
from waste management were 3 times higher than those in
developed countries and similar results were also report-
ed by Tian et al. (2013) concerning the Chinese scenario.
Per capita production ranges from 0.4 kg/day to 1.0 kg/day
(Zhang et al., 2010), peaking in certain areas also up to 1.7
kg/day (Manaf et al., 2009). The organic fraction content
ranges from 45% up to more than 80% of the whole waste
generated in developing countries, representing the main
source of health and environmental concerns (Al-Khatib et
al., 2010; Zhang et al., 2010; Henry et al., 2006;). In gener-
al, the waste management system consists in transport-
ing the waste outside of cities (Marshall et al., 2013). The
rapid and unplanned growth of cities has led to extreme
land use problems and infrastructural challenges that have
crippled the capacity of governments and local authorities
to increase MSW services to meet the demands (Marshall
et al., 2013). Funding and technical competency to provide
an efficient waste collection service are lacking (Al-Khatib
et al., 2008; Henry et al., 2006). Similarly, Guerrerio et al.
(2013) confirmed that waste management failure in cities
of developing countries is due to inadequate technical, en-
vironmental, financial, socio-cultural, institutional and legal
aspects. A study showed that political instability, civil wars
and military operations contribute to increasing the difficul-
ties in the waste management sector. From the social point
of view the extraction of recyclables from waste is largely
performed by the informal sector often operating in unsafe
conditions (Manaf et al., 2009). In general recycling figures
were very poor, less than 10%, together with a significant
lack of facilities for the treatment of the largest and most
threatening waste component, the organic fraction (Ku-
mar et al., 2009). Concerning Palestine and the West Bank

area, the waste generation ranges from 0.48 kg per person
per day up to 2.00 kg/per/day. Despite the high coverage
(98%), more than 80% of the waste is open dumped. It is
also reported that from 2% to 8% of the municipal budget is
dedicated to MSW management (MSWM), indicating a low
priority for this activity (Al-Khatib et al. 2007). As reported
by Khatib et al. (2010) for the Nablus district the percent-
age of the organic fraction in the MSW was about 65%,
whereas the annual fee for MSWM was about 51 USD/year.
The aim of the present work was to assess the waste
management status in the Region of Umbria (Italy) and in
the West Bank (Palestine), in order to quantify some social
and waste management indicators able to give a more ob-
jective assessment of the problems in the two areas.

2. MATERIAL AND METHODS

2.1 Study area

The present study was carried out in the Region of Um-
bria (Italy) (Figure 1a) and the West Bank (Figure 1b) (Pal-
estine). The Region of Umbria consists of about 900,000
inhabitants with a total surface area of about 8,500 km?
characterized by the presence of large mountainous areas
and temperate climatic conditions. The average per capita
GDP in 2012 was about 23,00 €. The West Bank consists
of about 3,200,000 inhabitants on a total surface area of
about 5,640 km? with arid climatic conditions. The per cap-
ita GDP for 2014 was about 4,300 USD (CIA, 2017). The
study was conducted following these main methods.

2.2 Data collection and waste management assess-
ment components

An in-depth analysis was carried out of the available lit-
erature and the annual reports from national and local au-
thorities addressing the waste management implementa-
tion status. Available reports and documents about waste
management in Palestine, including relevant regulations
together with direct experiences of the authors operating in
that area were reviewed Cesvi NGO. For the Region of Um-
bria both lab scale and full scale studies were performed
at some of the plants (Di Maria et al., 2016; Di Maria et
al., 2015; Di Maria, 2012) as well as on the basis of waste
management reports of national authorities (ISPRA, 2016).
Field visits and the technical/scientific analysis of facilities
and waste management service providers, recycling com-
panies, landfills, relevant facilities and stakeholders were
done.

This was also performed for the Region of Umbria
(Figure 1a) through a project funded by EC grant LIF12 IT/
ENV/000411 from 2014 to 2016.

The study involved many stakeholders, mainly the
University of Perugia, the Region of Umbria, local govern-
ments, one municipality and two main waste management
companies managing the collection system and the dif-
ferent facilities operating in the area considered, such as
mechanical biological treatment (MBT), composting and
landfill. For Palestine (Figure 1b) this was performed by
Cesvi NGO, also financed by the United Nations as part
of the UNRWA project (2017). During this project citizens,
municipalities and waste management companies were in-
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FIGURE 1: Location of the study area: (a) the Region of Umbria, and (b) the West Bank (dashed) (b) (Centanni, 2012).

volved in defining a strategic waste management plan for
2018-2023 in those areas.

These stakeholders were also directly interviewed to
assess the attitude regarding waste separation, the ef-
ficiency of the collection system and the objective to be
pursued.

2.3 Data analysis and study limitations

The analysis and comparison of the two areas were
conducted according to the following main indicators: per
capita MSW generated; per capita organic fraction gen-
erated; percentage of waste management fee/per capita
GDP (%); number of mechanical treatment facilities per 10°
inhabitants; number of composting facilities per 10° inhab-
itants; recycling percentage (%); composting percentage
(%).

These indicators will give an assessment about; the
current level of waste management implementation; so-
cio-economic correlations; waste management efficiency
related to material recovery and recycling; effective imple-
mentation of a waste management strategy.

In particular the incidence of the waste management
fee on the per capita GDP will provide information about
the relative economic sustainability of the MSWM and also
about the socio- economic incidence on the efficiency of
this activity. The number of treatment facilities per inhab-
itant is another important aspect assessing the presence
of specific goals and infrastructure in the sector. Similarly
composting and recycling percentages indicate the effi-
ciency and the presence of specific goals in managing one
of the largest MSW components.

The study is mainly aimed at quantifying some relevant
differences and/or similarities in the two areas under in-
vestigation using the indicators defined above. This could
lead to an objective evaluation of criticisms and of current

performances, also highlighting some causes of low effi-
ciencies.

3. RESULTS

3.1 The region of Umbria
3.1.1 Status of waste production and management

The amount of MSW generated in 2015 was 519 kg/per
capita, 48.9% of which was collected separately at source
(ISPRA, 2016). Except for the organic fraction and greens,
different wastes separated at source are moved to the recy-
cling industry directly or via specific national consortiums.
National consortiums were imposed at the time of the
first EU Directive 91/156/EEC on waste management for
implementing the extended producer responsibility (EPR).
In contrast, the organic fraction and greens from separate
collection are processed in 5 biological treatment facili-
ties operating at the regional scale and managed by waste
collection and/or treatment companies for the production
of an organic fertilizer in compliance with the Italian leg-
islation (D.Lgs., 2010). Of these 5 facilities 4 are exclu-
sively aerobic, whereas 1 consists of integrated anaerobic
pre-treatment followed by a post composting phase.

According to the EU and National legislation, MSW
coming from the separated collection has to be proper-
ly processed before being disposed of in landfill. These
treatments are aimed to extract other recyclables and or
recoverable materials from the residual wastes, including
energy recovery, and to reduce their final biological reactiv-
ity. As indicated by the first EU Directive 91/156/EEC, the
most suitable treatment is by incineration which is able to
recovery energy and, most importantly, to reduce both the
mass and the reactivity of the materials, mainly returned
slags. As an alternative to incineration, even if with lower
efficiency in mass and reactivity reduction, MBT was wide-
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ly adopted mainly due to its lower costs.

Currently in the Region of Umbria, there are 3 MBT in
operation and one mechanical sorting (MS) facility pro-
cessing about 222,000 Mg/year (2015) of residual MSW.
There is no incineration facility for MSW.

The amount of waste disposed of in the 3 sanitary land-
fills was estimated at 260,000 Mg/year in 2015.

According to national and European legislation, munici-
palities are charged with collecting MSW. They can operate
on their own or they can entrust it to private companies
after public calls. The most widespread option is by private
companies participating usually not less than 50% by mu-
nicipalities. The MSW fee includes the whole service from
collection, to recycling and disposal. According to the re-
cycling goal imposed by the EU (WFD, 2008) the current
MSWM is strongly oriented at improving recycling.

3.1.2 Separated collection

Separated collection at source has been demonstrated
to be the most efficient method for returning high quality
materials suitable for high recycling efficiency. This collec-
tion methodology is practically implemented in the entire
regional area.

Two main methods are currently used to achieve this
aim:

Door-to-door collection;
Proximity collection.

Together with these two methods there is also a large
use of city amenities.

Atimetable appositely developed is delivered each year
to users indicating the collection frequency for each waste
material. The organic fraction is collected 2 to 3 times per
week, whereas, the other fractions are collected every 2 to
4 weeks. Glass is collected only by the proximity method.

Currently, 43 city amenities are in operation in the re-
gional collection, separating the following waste streams:
plastics; glass; electric and electronic wastes (WEEE);

1600

plant and animal oils; paper, cardboard and multi-layer; lu-
bricating; gardening; bulky and others.

Regarding debris from small households, only small
quantities up to 150 kg per year per user are allowed. High-
er amounts are classified as special waste and have to be
delivered to specific recycling/disposal plants. Users who
deliver wastes to the amenities are credited by econom-
ic incentives, depending both on the amount and type of
waste. Furthermore, city amenities play an important role
regarding the amount of waste collected separately. More
than 40% of the waste collected separately arises from
these facilities. With respect to 2015 the entire manage-
ment of one tonne of waste cost on average 190.8 €/tonne.
Some innovation was introduced in this region by the eco-
nomic support of a LIFE project EMaRES (Grant n° LFE12
ENV/IT/000411). Three main innovations were introduced
to demonstrate their effectiveness:

The first was the introduction of a traceability system
based on bar codes and chips for door-to-door collec-
tion. With this system it was possible to know exactly
the user, the amount of waste returned and the quality.
Operators had to verify the quality of waste returned
and to warn citizens if they were not operating correct-
ly. On the other hand, this system was useful for user
awareness and for implementing a pay-as-you-throw
(PYT) fee system;

The second was the implementation of a dynamic
collection center for increasing the amount of small
electric waste and electronic equipment WEEE (mobile
phones, remote controller, hair drier...), used cooking
oil and batteries returned by the citizens (Figure 2). In
practice this was an appositely equipped truck able
to move to the citizens, according to a specific time-
table, in the various places of their everyday life, such
as supermarkets, shopping centers, fairs, events. This
vehicle also plays an important role in the continuous
awareness of the population;

The third was the implementation of an advanced me-
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FIGURE 2: Amount of specific waste collected by the mobile collection center during its first months of operation.
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chanical treatment system for the extraction of further
recyclable materials from residual waste. This plant
was equipped with different mechanical, physical and
optical selectors and it was able to return on average
from 9% to 10% of recyclables (plastics, metals and
glass) from the residual waste (Di Maria et al. 2015).

3.1.3 Recycling

Waste delivered for recycling comes mainly from the
separated collection. In 2015 the amount of waste material
collected separately and moved to recycling was globally
about 221,000 (Mg/year) (Table 1). The largest fractions
were organic, paper, glass and plastic.

These materials were successively delivered to the na-
tional consortiums for recycling. The main national consor-
tiums were CdC RAEE for WEEE and CONAI for packaging
in plastics, paper, aluminium, steel, wood and glass. CONAI
includes specific consortiums: CoReVe for glass packag-
ing; CIAL for aluminium; RICREA for steel; COMIECO for pa-
per and cardboard; RILEGNO for wood; COREPLA for plas-
tics. In some cases, collection companies directly deliver
the waste to the recycling industry.

3.1.4 Composting and anaerobic digestion

In the Region of Umbria there are five biological treat-
ments for processing the organic fraction returned by sep-
arated collection. The achievement of end of waste crite-
ria for this material is defined by the national legislation
which imposes specific conditions on the waste source,
on the process performances and on the features of the
final product. For recycling, waste has to be the organic
fraction separated at source (kitchen waste, green waste,
restaurant). The process has to respect the following re-
quirements: aerobic; lasting for not less than 90 days; able
to guarantee 55°C for not less than 3 days (pathogen re-
moval). Quality standards for final products are imposed
by the Italian legislation for organic fertilizer (D.Lgs., 2010)
(Table 2).

Currently Italian and EU legislation lacks specific crite-
ria concerning recycling of the organic fraction by anaero-
bic digestion (AD). Consequently this limits the implemen-
tation of this technology in the specific sector.

At the regional level there is only one integrated AD and
post-composting plant, which in 2015 processed 34,402
Mg/year of organic fraction from separated collection gen-
erating 3,810,431 Nm3 of biogas and 5,166 MWh of elec-
trical energy. The amount of organic fertilizer generated in
2015 was 2,999 Mg. This means that the average biogas
yield per single tonne was about 111 Nm3/Mg, whereas the
specific energy recovery was about 150 kWh/Mg. Sustain-
ability of the higher investment and maintenance costs for
AD was supported by economic incentives for the cost of
electricity recovered accessible by new facilities until 2013.
After that date, the only possible incentive achievable by
AD was the generation of bio-methane. Currently a new AD
facility for organic waste aimed at bio-methane generation
is under construction in the Region of Umbria. Globally the
amount of organic fraction processed in these 5 facilities
in 2015 was 180,432 Mg with the production of 8,878 Mg
of organic fertilizer.

3.1.5 Mechanical biological treatment

Currently three MBT are in operation (Figure 3) and are
able to sort the MSW into two main streams, a dry stream
rich mainly in plastics, paper, cardboard and textiles, and
a wet stream rich mainly in the organic fraction, together
with metals (both ferrous and aluminium) for extraction
and recycling. For these facilities the wet stream is then
successively processed in an aerobic bio-stabilization sec-
tion (Di Maria, 2012).

Together with these three MBT, there is a mechanical
sorting (MS) facility returning a dry, a wet and a recyclable
stream (metals). For these three MBT the mass balances
for 2015 were: Inlet: 165,771 Mg of MSW; Outlet: 123,877
Mg of dry fraction to landfill; Outlet: 45,034 Mg biostabi-
lized wet fraction to landfill; Outlet: 708 Mg of ferrous met-
als to recycling; Outlet: 35 Mg of aluminium to recycling.
For the MS the mass balance for 2015 was: Inlet: 48,629
Mg of MSW; Outlet: 27,212 Mg of dry fraction to landfill;
Outlet: 19,650 Mg of wet fraction to landfill; Outlet: 85 Mg
of ferrous metals to recycling. The energetic consumption
for MBT was on average 30 kWh/Mg, whereas the MS facil-
ity had an average consumption of 17 kWh/Mg (Di Maria,
2012; Di Maria et al., 2015).

According to national and EU legislation, the wet frac-
tion returned by MBT has to be adequately bio-stabilized

TABLE 1: Amount of waste materials moved to recycling in the
year 2015.

Material Amount (Mg/year)
Organic fraction and green 104,500
Paper 54,800
Glass 26,900
Plastic 17,965
Metals 5,143

Wood 8,220

WEEE 4,090
Textile 1,680

Other 3,200

TABLE 2: Mean chemical and physical features required by ltal-
ian legislation for classifying compost from bio-waste as organic
fertilizer.

Parameter Value u.m.
Moisture Content <50 % W/W
pH 6.0-8.5

TOC >20 % onTS
TKN - % onTS
N organic >80% of TKN % onTS
C/N <25

Cu <150 ppmonTS
Zn <500 ppmon TS
Pb <140 ppmonTS
Germination Index >60 %

Legend: TKN=Total Kjeldahl Nitrogen / TOC=Total Organic Carbon
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FIGURE 3: Scheme of the MBT sections: (a) mechanical sorting (MS) and (b) bio-stabilization.

for reducing the amount and the intensity of emissions
during landfilling. The quality of the waste, particularly the
wet fraction, is evaluated by a standardized methodolo-
gy based on the dynamic respiration index (DRI) (mg02/
kgVs*h) (Di Maria and Micale, 2014). The DRI threshold
imposed by national legislation for acceptance in landfill
is DRI = 1,000 (mg02/kgVS*h) and even more stringent
limits are imposed at the regional level. Several studies
performed in similar geographical areas such as Italy and
EU Member States (De Gioannis et al., 2009; Komilis et al.,
1999) and in a specific geographical area (Di Maria et al.,
2013) indicate a reduction in gaseous emissions of land-
filled waste after bio-stabilization of up to 90% when com-
pared to untreated waste.

3.1.6 Landfill

The amount of waste landfilled in 2015 was globally
264,504 Mg consisting of the following fractions: 12,531
Mg of MSW directly landfilled without any pre-treatment;
230,929 Mg of waste landfilled after treatment (MBT or
MS); 21,062 Mg of waste different from MSW (commercial
activities).

All the landfills currently operating are sanitary land-
fills equipped with landfill gas collection, energy recovery

and a leachate collection system. Leachate treatment is
performed both on site and off site (Di Maria and Sisani,
2017; Di Maria et al, 2018; Morello et al., 2016; Spagni et
al., 2008).

3.2 West Bank
3.2.1 Status of waste production and management

According to ARIJ (2015), the total solid waste gener-
ated in 2015 was 0.78 Mg/day, — composed of 45-50% of
household waste, 20-25% of construction and demolition
waste and industrial waste, while the remaining amount
was generated by commercial and institutional facilities.
In 2015, 95% of households were reportedly served by a
service provider, while 85% paid collection fees. Only 50%
of the waste produced was landfilled, and the recycling rate
was only 6%. However, these values are only estimates,
and may be disputable, as indicated by Cesvi assessment
activities in the sector.

A set of laws and policies regulate the solid waste man-
agement sector — including the National Strategy for Solid
Waste Management 2010-2014 (MoLG, 2010), extended to
2017 and soon to be replaced. However, the legal and reg-
ulatory framework still looks incomplete and requires addi-
tional and more ready-to-implement laws and regulations.
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The population of the West Bank was served by three
different types of service providers. These actors were
municipalities, the Joint Service Councils (JSC) for waste
management and the United Nations Relief and Works
Agency for Palestine Refugees in the Near East (UNRWA).
Municipalities are the local authorities responsible for the
service, and may decide to directly implement it or to con-
tract a company working on its behalf. Few options are
available as part of the MSW management (MSWM) ser-
vice contracted out, especially to private companies, for
example cardboard collection in the Tulkarem governorate.
Instead, it is more frequent that municipalities of the same
governorate join a publicly-owned company which replac-
es the municipalities for all the MSW steps required or for
haulage and disposal, only. Finally, UNRWA provides refu-
gees living in the 19 camps of the West Bank with various
services, including MSWM.

Despite a certain number of recycling activities avail-
able — mainly informal - the number of MSWM facilities is
limited. Three sanitary landfills — in Zharat al Finjan in the
North, one in Al Minya in the South and a small one in Jeri-
cho in the East — are the only available disposal sites, apart
from a large number of small and medium dumpsites, still
used by small municipalities. There is a large private trans-
fer station in Eizeriya which mainly serves the area of Israeli
settlements. Waste collected in this transfer station is sent
either to the Al Minya landfill — near Bethlehem - or to the
Atarot sorting plant - in Israel, if it comes from Palestin-
ian towns and villages or Israeli settlements, respectively.
Small transfer stations are owned and managed by private
enterprises, municipalities, and JSCs, mainly for local use.
The environmental performances of the listed facilities are
scarce, and all of them require immediate interventions.

There are at least, ten composting plants in the West
Bank, owned by private companies or cooperatives. Some
of them are grouped by the Agricultural Development As-
sociation, which provides them with some support and ser-
vices. However, some of them are currently closed due to
unsustainable management costs and difficulties in prop-
erly commercializing the compost produced. Few are truly
sustainable, thanks to an acceptable and stable quality of
the compost and a certain number of customers.

Several pre-treatment and recycling facilities are avail-
able, especially to sort, pre-treat or stock recyclables. Few
examples of complete recycling are also available, and
mainly for some types of plastic. Other recyclables are sent
to Israel for direct recycling. These activities are mainly in-
formal, or formalized only after some steps of the recycling
process.

3.2.2 Solid waste recovery and recycling market

Solid waste recycling initiatives in West Bank depend
on one hand on the entrepreneurial capacity of individuals
and, on the other hand, on the intervention of international
organisations. The Palestinian regulatory framework, al-
though it implements waste prevention, recovery and recy-
cling activities (PNA, 1999; PNA, 2010), does not propose
any incentives for the establishment of such initiatives.
Neither does it provide environmental performance control
systems for waste storing and treatment enterprises. The

legislative framework, however, permits waste recycling
enterprises to be registered in the chamber of commerce
of the governorate in which they are situated, although with
no obligations. The registration to the chambers of com-
merce, finally, does not imply any specific verification from
the authorities. The specific political and social conditions
of the area considered also have a non-negligible influence
on the waste management sector (UNCTAD, 2014; World
Bank, 2008). This limits the creation of large recycling en-
terprises and usually this activity is performed by small,
family-run, individual business with a large participation of
the informal sector.

The waste most traded is metal, which is collected
throughout the West Bank. Metal waste is collected by itin-
erant waste buyers equipped with cars and megaphones
who purchase materials directly from households before
it enters into the formal solid waste management system.
Metal waste collected by small-size buyers in the north-
ern area is sold to larger-size industries and transported
mainly to Ramallah or Eizarya. Then from the Haifa or Akka
harbours it is shipped for international export. Although in
minimum quantities, metal waste from the northern West
Bank is also brought to Jericho, where an important local
industry transports it to Jordan, where it is recycled. Metal
waste collected in the Bethlehem and Hebron governor-
ates, instead, is transported to a large industrial pole situat-
ed in the city of Idhna, in the south-west area of the Hebron
governorate. From Idhna, metal waste is traded with Israeli
buyers and, similarly for the Nablus area, it is brought to
the Haifa and Akka harbours. In order to increase its value,
metal waste is segregated manually by type. Frequently,
metal waste is separated from plastic by fire, with negative
consequences on the environment and human health.

Plastic waste is collected by several categories of
stakeholders in the West Bank, and it is the only waste recy-
cled in the territory. In the West Bank, in fact, several plas-
tic waste recycling factories are distributed mainly in the
north (Nablus) and in the south (Hebron). Such factories
mainly recycle HDPE, PVC and PP with archaic and unsafe
procedures. Waste usually is delivered to such industries
mixed by type and colour, and as flakes. Thus the quality
of the final products is expected to be low. PET is rarely
collected, instead, as it is exclusively traded with Israeli in-
dustries, who implement waste producer responsibility pol-
icies for PET bottles. Plastic waste is mainly segregated by
households and sold to middlemen, or collected by waste
scavengers on dump sites. Due to the very low revenues
achievable from the trade of such waste, large enterprises
and JSCs do not invest in trading it.

Cardboard waste recovery is widespread mainly in the
northern and central part of the West Bank. No cardboard
recycling industries are available in the territory, and this
waste is exclusively traded with Israeli buyers, who also
establish the price of the material. Cardboard waste is
collected by informal organised scavengers and through
waste recovery initiatives developed by JSCs or munici-
palities in collaboration with private enterprises or local
organisations. Cardboard waste is usually not compacted,
as the revenues obtained by the trade would not cover the
purchasing and running costs of waste balers.
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Only one material recovery facility is available. This
facility is situated at Al Minya landfill and, at the moment,
works at half of its treatment capacity (150 t/d versus 300
t/d capacity). The plant, equipped only with a trommel and
a manual sorting line, mainly segregates cardboard. A
second material recovery facility has been installed at the
Zharat Al Finjan landfill (Jenin governorate) in 2012. The
facility, managed through an agreement between private
enterprises and public authorities, stopped its activities in
2014 due to political reasons. The plant, was equipped with
a trommel, several manual sorting lines, shredders and bal-
ers.

Another waste recovery facility was installed by a pri-
vate industry within a transfer station situated in the Nab-
lus municipality. The plant, which was supposed to be run
through a public-private partnership, never started its activ-
ities due to political and organisational reasons.

Other material recovery facilities are planned to be de-
signed in the West Bank, and in particular within the area of
the Jericho landfill and within the area of the Ramun landfill
(which is still not constructed).

Organic waste treatment facilities, comprising only
composting, are distributed throughout the West Bank ter-
ritory, although there is a higher number in the Jenin gov-
ernorate located north of the city. Existing facilities have
been constructed and/or equipped through the economic
support of international organisations. Two new compost-
ing plants are managed by local JSCs with the supervision
of a Palestinian NGO (House of Water and Environment),
and Jericho and Baytillu composting plants.

3.2.3 Role of local and international organisations in im-
proving solid waste management

The West Bank region has enjoyed, currently as in the
past, many interventions carried out by local and interna-
tional organisations. Solid waste management projects,
as well as studies on solid waste management systems,
have been carried out with the scope of improving the en-
vironmental and sanitation performances of the territory.
The majority of the interventions, however, failed due to the
lack of a rigorous legislative framework, the scarce prepa-
ration of solid waste managers and lack of awareness in
the population.

The NGO Nexus, in the years 2010/2011 tried to rep-
licate Modena's separate waste collection method in a
municipality of the Jenin governorate. The project had the
main scope of segregating household food waste and com-
posting it at a local cooperative, which, through the project,
is equipped with machines for compost shredding and
packaging. They also enjoyed several training sessions.
The project, however, failed due to the lack of awareness of
the households involved in the waste segregation project,
who delivered very contaminated organic fractions, and
due to the costs derived from material treatment. Similarly,
between 2014 and 2017 Cesviimplemented a project in the
north-west of the West Bank with the objective of diverting
the organic market waste and the cardboard waste from
final disposal and closing and remediating a municipal
dump site. Through the project, with the collaboration of
the University of Brescia, Cesvi successfully completed the

remediation process of a dumpsite and strengthened the
interest of the local JSC for the cardboard recycling pro-
gramme, but failed in establishing a sustainable organic
waste collection system. Commercial activities interrupted
the segregation of organic waste as soon as the direct in-
put from the NGO finished, and the local JSC did not pursue
the objectives of the project.

JICA is a major organisation in the country, active in
solid waste management projects, which, however, focus-
es its activities on the building capacity of local institutions
and provision of solid waste management equipment.
JICA, however, in its new operative strategy, is expecting to
implement solid waste prevention, recovery and recycling
programmes which also includes the population.

3.3 Discussion

Even though the per capita MSW generation was higher
for the Region of Umbria, the amount of organic fraction
generated was very similar for the two areas (about 180
kg/per capita/year) (Table 3). The number of specific fa-
cilities able to process this waste was practically absent
in the West Bank. Only agricultural organic waste is cur-
rently composted in the entire West Bank territory through
the static pile method. In some cases, especially, in Jenin,
composting activities are performed only during the sum-
mer season. Nonetheless many initiatives have failed due
to organisational problems and insufficient revenue for the
farmers.

The number of mechanical sorting facilities per in-
habitant able to manage unsorted waste was about ten
times less for the West Bank compared to the Region of
Umbria. Furthermore, the West Bank had a total absence
of composting facilities. The lack of separated collection
of the organic fraction is one of the main reasons, but also
economic sustainability is another important aspect to be
considered.

The MSWM fee payed by users, mainly citizens in the
Region of Umbria was about 0.82% of the per capita GDP.
For the West Bank area, this figure was higher, about 1.2%.
As reported by Al-Khatib et al. (2010, 2007) even though
the incidence on the per capita GDP was higher, the fee
was not enough to cover all the MSWM costs. This leads

TABLE 3: Comparison of the main indicators for the Region of Um-
bria and the West-Bank-Palestine.

Indicator Region of Umbria West Bank
MSW per kg/capita/year 519 285
Organic fraction kg/per capita/ 180 178
year

MSWM fee/per capita GDP (%) 0.82 1.20*
Mechanical treatment facilities 0.44 0.034
per 10° inhabitants

Composting facilities per 10° 0.56 0
inhabitants

Recycling (%) 322 6
Composting (%) 2252 0

* Estimated on the basis of Al-Khatib et al. (2010); a=at recycling/com-
posting facility gate.
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to the absence of separated collection and of successive
proper management and treatment phases as already de-
scribed above.

The lack of infrastructures, financial support and polit-
ical willingness leads the West Bank to a very limited per-
centage of recycled waste and to practically no compost-
ing of the organic fraction.

These results pointed out that the correct management
of the organic fraction of MSW is a main challenge for the
MSWM in the West Bank but, also that the current absence
of an adequate funding program suggests the promotion
of home composting or animal feeding recycling activities.
Promotion of home composting can also be an effective
approach for reducing and/or avoiding collection needs
and related costs. This can also be an opportunity for the
municipalities to use their budgets for improving the sepa-
ration at source of other recyclables such as plastics and
paper. In any case the success of such activities cannot
be maximized without an adequate level of awareness of
citizens and of decision makers together with a strong po-
litical willing. In particular, the weakness of this last aspect
can frustrate all the initiatives promoted in this sector by
international agencies and NGOs.

The percentage of recycling and composting in the Re-
gion of Umbria and reported in Table 2 was related to the
amount of waste delivered at the recycling and composting
plants. This means that these figures are not fully represen-
tative of the effective fraction of recycling and composting.
The current system implemented for monitoring this as-
pect is not able to give adequate information about the re-
cycling efficiencies for each region and for specific areas.
Furthermore, national data (ISRPA, 2016) indicated that for
some materials such as metals, glass and paper, the re-
cycling efficiency of waste delivered to recycling facilities
was up to 90%, but for other materials such as plastics the
recycling efficiency drops to less than 50%. Similar consid-
erations can also be made for the composting activity. In
general, the amount of organic fertilizer (Table 1) generat-
ed after composting treatment can also be less than 15%
of the amount of organic fraction at the facility inlet. This
is a consequence of the processing loss (e.g. humidity and
degraded organic matter), but also a consequence of the
level of impurities that needs to be removed due to the low
quality of the collection phase. All these considerations
lead to future discussion about the effective sustainability
of given MSWM practices currently implemented in the Re-
gion of Umbria and at the EU level.

4. CONCLUSIONS

Lack of adequate infrastructures, economic budget and
citizen awareness are the main causes for the low level of
efficiency of waste management in developing countries,
especially in the West Bank. Furthermore, the absence of
a fully implemented market for the recycling industry limits
the investment and the interest of the private sector. The
main results pointed out that the economic viability of a
more efficient waste management approach for the West
Bank is difficult to be pursued due to the already quite high
incidence of the fees payed when compared to the per cap-

ita GDP.

Due to the high incidence of the organic fraction on the
whole amount of waste generated in the West Bank, the
promotion of home composting and/or recycling via animal
feeding seems to be the best recommendation. This can
contribute significantly to improving waste management in
this area. Both environmental/sanitary and economic ben-
efits could be achieved by this practice. The reduction in
the amount of waste to be collected can increase the bud-
get of municipalities for improving the collection of other
recyclable fractions. It is important to note that this goal
is difficult to achieve without an adequate level of citizen
awareness and political support.

Although there is a higher efficiency and reliable po-
litical, legal and economic supporting scheme in the Re-
gion of Umbria, some critical aspects related to its effec-
tive sustainability were detected. The high percentage of
separated collection did not generally correspond to an
effective high recycling rate, particularly for plastics and
the organic fractiona. This opens the floor to a discussion
about the level of effectiveness of current waste manage-
ment practices in the Region of Umbria, in particular, and
in the EU in general. The low efficiencies found for the ef-
fective recycling of some relevant waste materials in these
areas suggests that other environmental and economically
sound management schemes should be investigated.
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ABSTRACT

Based on a series of surveys conducted by the author and her firm over the past
twenty-five years, the paper documents trends in alternative pre-disposal municipal
waste treatment approaches in the United States, namely curbside recycling and en-
ergy from waste initiatives. Recycling tonnage and the corresponding percentage of
the waste stream recycled has increased steadily since the 1990s, but has appeared
to reach a plateau of about 28% currently. If one adds organics composting to the
tonnage, the percentage rises to about 34%. While recycling of inorganic materials
has encountered economic headwinds, curbside organics recycling programs ap-
pear to be increasing, leading to a rise in aerobic or anaerobic treatment programs in
the future. Oppositely, conventional energy from waste initiatives have stalled in the
United States. With the exception of one recently opened facility, no new plants have
been built, although several have or are undergoing expansion. About 13% of the
municipal waste stream is currently being processed at energy from waste plants.
Within the next five years, this percentage could drop to about 10%, with numerous
facility closings anticipated. In the future, it appears that the municipal waste stream
in the United States will become increasingly disaggregated, resulting in a number of
small to mid-sized processing plants handling these various streams. Nearly 50% of
the waste stream will continue to be landfilled.

1. INTRODUCTION

The purpose of this paper is to examine trends in the
pre-disposal treatment of waste in the United States, spe-
cifically as it relates to recycling, energy from waste, and
the possible convergence of the two into an integrated
strategy of the future. Drawing on a series of surveys con-
ducted by the author, it will assess the direction of recycling
and waste to energy in the United States. As of 2017, both
national and international trends are impacting waste man-
agement in the United States. With adequate land available
for landfilling waste in many regions of the country, the
comparatively low price of landfilling, coupled with the low
cost of energy and a volatile commodities market, there is
little incentive for most localities to invest in capital inten-
sive waste disposal alternatives. With the United States’
decision to withdraw from the Paris Climate Accords, and
the Trump Administration’s lack of serious commitment to
the mitigation of greenhouse gas emissions, there is not
likely to be any major national policy initiatives to stimu-
late innovative waste reduction and energy conservation

approaches. In the near future, states and localities will be
taking the lead in implementing innovative waste manage-
ment strategies.

In the United States, the federal government sets over-
all solid waste management policy, particularly in the reg-
ulatory arena, but it is left to states and localities to im-
plement these regulations. There is large variation among
states as to the level of commitment to alternative disposal
methods. While curbside recycling has become the norm in
almost all U.S. communities, most of the remaining waste
in the U.S is landfilled. As shown in the latest U.S. Environ-
mental Protection Agency (USEPA) report, 25.7% of munic-
ipal solid waste is recycled, 8.9% is composted, 12.8% is
combusted with energy recovery, and the remaining 52.6%
is landfilled. In 2000 the corresponding percentages were
23.0% recycled, 7.1% composted, 13.8% combusted with
energy recovery and 56% landfilled. Thus, over the past 15
years, there have been some gains in the percentage of
waste recycled and composted, but a decrease in the pro-
portion of waste going to waste to energy. Corresponding-
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ly, reliance on landfilling has decreased by about 3% over
the fifteen-year period. While the USEPA has promulgated
the waste hierarchy of re-use, reduce, recycle, energy recov-
ery, landfilling, there are no national directives compelling
states or localities to implement the hierarchy in any par-
ticular way.

The remainder of the paper will focus on waste treat-
ment prior to ultimate disposal. It will delve further into
the numbers with respect to post consumer recycling and
waste to energy. The general finding is that in the United
States, recycling rates have reached a plateau due to var-
ious challenges confronting the industry. Reliance on en-
ergy from waste facilities has been declining in the last
five years and will continue to do so over the next five-year
period. Existing plants are facing the multiple challenges
of age, low energy prices, stable landfill prices and lack of
government policies to support the industry through sub-
sidized energy pricing or other programs. Growth in alter-
native disposal methods will mainly occur in the treatment
of food waste and other organics, since a number of lo-
calities are implementing source separated organics (food
and plant waste) collection and other food waste reduction
programs.

A mention should be made of additional energy from
waste initiatives occurring on solid waste landfills through-
out the United States, by which landfill gas is collected,
cleaned and converted to electricity or used directly as a
medium BTU fuel directly in boilers or as a high BTU pipe-
line quality gas. According to the United States Environ-
mental Protection Agency, as of January 2018 there are
632 operational landfill gas recovery projects in the United
States, with 40 more either under construction or planned.
The majority of these projects generate electricity, 74%,
with 19% creating a medium BTU gas for direct use and 6%
producing a high BTU pipeline quality gas. A few projects
are also generating a synfuel for use in vehicles. In total,
these landfills are producing about 2200 MW of electrici-
ty. Some federal tax credits were available to assist these
projects, but they have expired as of December 2016. Be-
cause the paper focuses on waste treatment or diversion
prior to landfill, landfill gas to energy, while a highly suc-
cessful means of generating energy from waste will not be
a topic of this discussion going forward.

2. METHODOLOGY

The data in the paper is obtained from a series of sur-
veys undertaken by the author and staff through her firm
Governmental Advisory Associates Inc. Beginning in the
1980s, Governmental Advisory Associates Inc. conducts
periodic surveys of waste to energy and recycling facilities
in the United States. A detailed questionnaire has been de-
veloped and is periodically administered by telephone to
plant operators, public officials, and private firms which
own the facilities. The surveys cover technical aspects
of the plant, types of equipment, types and quantities of
materials processed, as well as the financial and contrac-
tual arrangements regarding capital and operating costs,
waste input and product sales. In addition, information is
garnered from state and local government reports, includ-

ing financial audits of facilities, government budgets and
annual operating reports.

Annual operating reports from plants, state and local
reports, municipal or district council minutes, white pa-
pers, budgets, consultant reports have been stored for
each plant. Each detailed questionnaire with notes are also
stored for observation or review at Governmental Advisory
Associates, Inc. Westport Connecticut.

3. RECYCLING

3.1 Changing market forces impacting U.S. recy-
cling facilities

Curbside recycling has become the norm in nearly all
metropolitan centers in the United States. Even in rural or
semi-rural areas, most citizens have access to recycling
drop-off containers or a drop-off center. In the residential
sector, single stream curbside collection is the predom-
inant form of collection. Residents place their post-con-
sumer fiber and recyclable metal, glass and plastic in a
single receptacle without further sorting. The materials
are transported to centralized materials recovery facility
(MRF) for processing and distribution to markets. In ad-
dition, many localities have extended recycling collection
programs to the multi-family, commercial and institutional
sectors. While the U.S. has seen the expansion of recycling,
it is also experiencing challenges to this system. Single
stream recycling has broadened the array of materials ac-
cepted in the curbside bin and increased the quantity re-
cycled, but it has also placed technological and financial
strains on sorting facilities. Residual rates have increased
at the same time that markets are demanding a high level
of sorting accuracy and product quality. Attaining quality
requirements necessitates investments in capital equip-
ment and labor. However, the end markets for much of the
recycled product are volatile and often not robust enough
to support processing costs. Thus, plants and local users
must find methods to share the economic risks of a recy-
cling program, creating budget stress on local government
decision-makers and trimming profit margins of participat-
ing private firms.

The changes in the international and national environ-
ment over the last decade have had substantial and dra-
matic impacts on the U.S. recycling industry. The years of
the Great Recession (2008-2010) battered the world econ-
omy, resulting in depressed commodity prices and lower
than average waste and recycling volumes. Other econom-
ic forces have also worked to disrupt the recycling industry.
The oil market has a direct impact on plastic production
cost. When oil prices are high, recycled plastic is an attrac-
tive substitute for virgin plastics. As prices fall, virgin plas-
tic surpasses recycled plastic as an input. Oil prices in the
United States, while plunging in 2009, began rising steadi-
ly after 2010 through 2014. By 2013 the price of oil had
recovered from the recession, trading in the range of $96
per barrel only to begin falling again in 2014. By 2016 the
price of oil had plunged to $48 due to a slowdown in Asian
economic growth and demand, a strengthening U.S. dollar,
and the increased production of shale oil in North America.
As of 2017, prices have remained weak. Reflecting these

182 E. Brettler Berenyi / DETRITUS / Volume 03 - 2018 / pages 181-192



changes, the average revenue for recyclable containers fell
from a high of about $160 per ton in 2012 to $66 per ton
in 2015. Weak revenues from plastics acts as a drag on
prices for other recyclable containers, pulling down overall
recycling revenues, forcing MRF operators and local gov-
ernments to re-evaluate their recycling programs.

In addition, the Asian markets for recyclables are be-
coming more discerning and careful about products they
are importing. In February 2013, China implemented Op-
eration Green Fence followed by National Sword in 2016-
2017 to ensure that only quality plastics and paper were
shipped from U.S. MRFs to be used by Chinese companies.
Customs checks have been placed on imported materials,
with the major focus on plastics and electronics. Chinese
inspectors have been sent to U.S. container ports and large
processing facilities to monitor shipments. To meet stan-
dards, U. S. sorting facilities have invested in upgraded ma-
chinery and quality control measures. Product purity has
increased, but sorting costs have also increased. Plastics
and paper exports have been affected. There may be addi-
tional bans of other materials such as scrap metal, in order
to build up the domestic Chinese materials recycling indus-
try, should China fully implement the bans it is exploring.

Furthermore, shifts in consumer habits as well as
the evolution of packaging is reconfiguring the recycling
stream. The amount of newsprint, once a mainstay of recy-
cling programs has declined sharply, as people move to in-
ternet-based news. Many MRFs are no longer baling news-
print and are shipping only mixed paper bales. Oppositely,
there is an increasing amount of old corrugated cardboard
in the stream as consumers abandon brick-and-mortar
stores, relying on internet sites for their purchases. Light
weighting of packaging has decreased amounts of tin and
aluminum and increased the reliance on plastics of various
types. Plastics are more difficult to sort and depending on
the variety of plastic grades in the stream, require addition-
al labor or capital or both.

U.S. recycling facilities are becoming increasingly au-
tomated, with the widespread adoption of optical sorters,
ballistic separators and, in a few instances, robotic sort-
ers. Nevertheless, certain materials, create issues with
sensitive machinery. Glass if not properly handled can
cause problems on the sort line, as can plastic bags and
multi-resin plastic containers. Recycled glass requires a re-
gional or local market. Its relatively low market value and
heavy weight make it economically infeasible to ship long
distances. The result is that various curbside recycling pro-
grams are eliminating glass. Similarly, some programs are
prohibiting plastic bags and other types of hard to recycle
plastics from the recycling bin. Moisture and other contam-
inants can impact the fiber sort, leading to increased resid-
uals. The average residual rate for single stream facilities
is in the range of 17 to 25% of total incoming materials.

In response to these challenges, MRF operators are be-
ing forced to re-negotiate contracts with their customers or
re-write new contracts in order to share market risks. When
commodity prices were high, MRF operators were able to
pay a premium for incoming recyclables and tolerated a
broader range of materials with variations in quality. In the
current economic environment, operators are being forced

to charge a tipping fee to cover their costs, sharing reve-
nues with customers only if market prices for recyclables
go above a certain threshold. Faced with climbing residue
rates, some MRFs and localities are deciding to cut back
on materials accepted in the curbside program, add addi-
tional quality control personnel, and educate residents as
to the precise materials which belong in the recycling bin.

In part as a result of these world economic trends as
well as developments in the national solid waste sector,
the U. S. recycling industry has been experiencing the
same consolidation sweeping many industries, from bank-
ing and telecommunications to health care. Some MRFs
have closed due to poor economics, market saturation,
antitrust considerations, or the elimination of service.
Others have stopped processing and have been re-config-
ured as transportation centers, where materials are baled
and shipped to larger, regional processing plants. Despite
these economic hurdles, the industry continues to look to
the future. There has been ongoing innovation in sorting
technology with improvements in the speed and accuracy
of sorting and automated feedback systems to spot and in
some instances self-correct problems on the processing
lines. Robotic technology has been introduced into MRFs,
further automating sorting functions. There is a drive to
continue the extension of recycling into the construction,
commercial and food waste sector. Source separated food
and yard waste collection has been implemented in many
localities on the West Coast and is being piloted in various
communities across the country. In some instances, a con-
vergence of recycling and waste to energy is taking place
as localities are looking to use the organic fraction of the
waste stream as feedstock for gasification or other energy
producing plants.

3.2 Status of recycling in the United States

The move to widespread municipal recycling in the
United States coincided with the growth of environmental
awareness that began in the 1960s. Citizen activism and
concern over polluted rivers, air, land soiled by unregulated
landfills “dumps”, and the overuse of dangerous pesticides
documented by Rachel Carson's seminal work The Silent
Spring published in 1962, culminated in the creation of the
U.S. Environmental Protection Agency (USEPA) by Presi-
dent Nixon in 1970. It was formed, in part, to implement
the National Environmental Policy Act (NEPA), passed in
1969 to establish national environmental goals, conduct
research on the extent of various types of pollution and
means to curb them, and issue grants to states and local-
ities to curb pollution. From 1970 to 1974 a number of na-
tional policies and regulations were put in place to arrest
environmental damage and preserve and conserve envi-
ronmental resources. Through federally mandated solid
waste management plans, states began to encourage re-
cycling and energy from waste as a means to reduce waste
and conserve resources. Furthermore, the USEPA began a
decades long initiative to close sub-standard municipal
waste “dumps”. Through the 1980s, municipal recycling
was focused on five major materials: newsprint, corrugated
cardboard, tin cans, aluminum beverage containers, glass
food and beverage containers. While there were some
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curbside collection programs, most recycling consisted of
public areas where such materials could be dropped off.
Non-governmental organizations often conducted news-
paper or can collection drives to augment their charitable
activities. However, by the 1990s, as the federal and state
governments increased their focus on resource conserva-
tion and waste diversion from landfills, curbside collection
of recyclables became popular and spread throughout the
country. Plastics became a prominent part of the recycling
bin. Processing facilities began to be built to sort the mate-
rials being collected from households and business. Figure
1 shows the number of such materials processing facilities
through 2016. The dip in 2016 is due to closures as well as
consolidation across the industry.

The northeast region of the United States, which en-
compasses the New England states of Vermont, New
Hampshire, Maine, Massachusetts, Rhode Island and
Connecticut, New York, Pennsylvania, New Jersey, Dela-

ware was one of the first areas to adopt curbside recycling
and construct processing facilities. However, as shown in
Figure 2, by the late 1990s, processing facilities and the
curbside programs they serviced were distributed relatively
evenly over all regions in the United States.

The early curbside programs required residents and
businesses to pre-sort their recyclables into various con-
tainers. Usually there were separate bins for newspaper,
cardboard, tin and aluminum cans, glass, and later plastic.
Over the years due to economic pressures and technolog-
ical innovation, the level of pre-sorting of recyclables de-
creased and the range of materials accepted for recycling
increased. Currently, in most localities, citizens do not have
to place each type of material into separate bins. Rather
they have adopted single stream collection and process-
ing. Residents place all recyclables, fiber, metal, plastic and
glass in a single container. The result has been an increase
in recyclable tonnage both per facility and in total across
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FIGURE 2: Distribution of materials processing facilities by region over time.
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all facilities. Figures 3 and 4 indicate this growth in tons
processed per facility as well as total municipal solid waste
recycled tonnage processed annually. In 2017, 70% of the
multi-material processing facilities in the United State rely
on single stream recyclables for their input stream. This
compares to 27% of such facilities a decade ago and 15%
in 2000.

The implementation of single stream collection has
forced recycling facilities to invest in upgraded sorting
technology to handle the mixed stream. Smaller facilities
have been forced out of business as processing plants
have become regionalized. The average capital costs to
construct a recycling facility have more than doubled from
$6,000,000 in 2006 to $15 million in 2016. Sophisticated
screening technology, intricate digital controls, optical sort-
ers and in a few instances robotic sorters have contributed
to the cost. Nevertheless, as mentioned above, material
reject percentages have also increased from an average
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of about 6% for a facility, where fiber and containers were
collected separately to an average of 17%-32% for a single
stream sorting plant. Much of the residual percentage is
composed of unmarketable glass and mixed plastics.

3.3 Future recycling trends and tonnage

According the USEPA, recycling rates in the United
States have held relatively steady over the last five years.
While the election of President Trump in 2016 has inject-
ed an element of uncertainty over the direction of nation-
al environmental policy and created some potential state
and local budget concerns, several developments indicate
that the recycling percentage may increase. Certain states
continue to forge ahead with innovative and forceful waste
management approaches. California had initially man-
dated that 50% of waste must be diverted from landfill,
through source reduction, recycling and composting by
2000. In 2012 the state passed AB341 mandating com-
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mercial recycling and moving the waste diversion goal to
75% solid waste diversion by 2020. Oregon passed a new
recycling law in 2015, updating recycling goals for its local-
ities to 52% by 2020 and 55% by 2025. More specifically, it
set recovery goals for food and plastic at 25% by 2020. In
2012, Vermont enacted Act 148, Universal Recycling and
Composting Law, which bans designated recyclables from
landfills as of 2015. By 2020 all food scraps generated by
residents will be banned from landfills. In 2014 Minneso-
ta expanded its recycling requirements to cover all com-
mercial establishments producing a certain threshold of
trash in the seven-county metro area. The recycling goal
for the area was increased from 60 to 75%. As of October
2014, Massachusetts has mandated that large food waste
generators must separate food waste to be sent to a com-
posting, animal feed, or waste conversion plant. It is impos-
ing a statewide goal of 30% trash reduction by 2020. The
nation’s largest city, New York is implementing separate
curbside collection of organic waste and is mandating sep-
arate food waste collection from large food generators. As
of July 2016, all large-scale food generators must have a
separate organics collection. By 2018, all New Yorkers will
have separate organics curbside collection or access to a
convenient drop off site.

If source separated organics collection continues to be
adopted by states and municipalities, U.S. recycling rates
would jump substantially. The food waste stream makes up
14.9% or 38.4 million tons of the 258 million tons of munici-
pal solid waste generated in 2014. Currently only 1.96 mil-
lion tons or 5.1% of total food waste generated is collected
for composting or other treatment. If that percentage were
increased to 25% in the next five years, the overall recycling
rate would increase to about 41%, landfilling would fall to
49% of total waste generated, with about 5 million addition-
al food waste tons being diverted from landfill.

A third possible development which may impact recy-
cling in the future is the implementation of mixed waste
processing plants. These facilities process a fully mixed
solid waste stream, including organics and inorganics. Un-
der this model, citizens no longer do any sorting. All dis-
posal items are thrown into one bin and organics and other
recyclables are separated at the plant. There are currently
47 of such facilities, most of which are located in Califor-
nia. Five additional mixed waste plants are being planned
in California, handling mainly commercial waste and a few
are being planned in the Middle- Atlantic region. In Minne-
sota, energy-from-waste facilities are planning or have add-
ed front end materials sorting capacity, to separate high
value materials prior to combustion. With the advance of
sorting technologies, including the ability to sort organic
from inorganic waste, such plants become technologically
feasible. Some of the west coast mixed waste plants are
being planned with an adjacent anaerobic digestion facility.
The challenges facing these types of plants are mainly eco-
nomic and institutional. The initial capital costs are high,
and revenues from material and energy sales may not cover
the operational costs. In fact, a promising plant construct-
ed in Alabama was forced to close after only a few months
of operation, due not to technical failure, but economic is-
sues related to lower than planned commodity prices. The

$30 million plant, developed by a private firm, was recently
purchased by the City of Montgomery for $625,000. In ad-
dition, even if the economics work, there is opposition to
this type of plant from environmental and recycling groups.
There is a fear that under this model, citizens no longer will
need to pay attention to what they discard, diminishing the
concept of waste reduction. After receiving a one million
dollar grant from a non-profit organization to examine the
feasibility of such a plant, the city of Houston Texas had
to abandon the idea. Citizen opposition was such that it
did not proceed. Nevertheless, if this type of plant were to
be built in parts of the United States with low levels of re-
cycling participation, it might boost recycling tonnage and
landfill diversion.

Finally, most relevant to future trends in recycling is the
re-imagining of waste stream management that is current-
ly occurring. The USEPA through its Sustainable Materials
Management (SMM) Program is moving away from a fo-
cus on disposal of unwanted materials to the appropriate
handling and marketing of the various material streams
that compose the waste stream . Its three strategic prior-
ities are 1) focusing on sustainable building through use
of environmentally sensitive materials; 2) developing sus-
tainable food management initiatives through supporting
alternatives to the landfill disposal of waste food and en-
couraging methods to reduce food waste; 3) Continuing to
support sustainable packaging through improved product
design, life cycle analysis. As localities move to different
types of collection systems, such as source separated or-
ganics collection, they are re-thinking their materials pro-
cessing infrastructure. Some communities are moving to
a two-bin collection system comprised of organics in one
bin and inorganics in the other. The organics are sent to
an anaerobic digester or composting facility for the pro-
duction of energy or compost material. The inorganics go
to a processing facility, where valuable materials are sep-
arated. Residuals may go to landfill or to an energy from
waste plant. Other communities are adopting a three-bin
system, where organics and soiled paper are placed in one
bin, non-contaminated inorganic recyclable materials in a
second bin, with the remaining discards placed in the third
bin. Should such systems take hold across the country, one
could anticipate and major increase in recycling tonnage,
energy from waste facilities, as well as a major reduction
in waste going to landfill. These types of systems create a
natural synergy between recycling and energy from waste.

4. ENERGY FROM WASTE

4.1 Market forces impacting energy from waste in
the United States

The shifts occurring in the re-thinking of waste man-
agement approaches are having a distinct impact on ener-
gy from waste initiatives in the United States. With the po-
tential disaggregation of the waste stream into component
categories, organic, inorganic recyclables, residuals, there
is new focus on gasification technologies using the organ-
ic or residual stream. As the waste stream becomes more
segmented, any new facility may have to be scaled down
from those existing energy from waste facilities that are
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combusting a less segmented stream. As of 2014, energy
from waste facilities are processing about 12.8% of munic-
ipal waste generated in the United States. This percentage
reached a high of 14% in 2000 and has hovered in the 12%
range since that time. An average energy from waste plant,
handling municipal solid waste combusts about 1100 tons
per day, producing about 28 megawatts of electricity. The
growth of the energy from waste initiative in the United
States grew out of the turbulent 1970s, driven in part by
the Middle East oil embargo and the birth of the environ-
mental movement. In the midst of soaring oil prices, the
federal government began to encourage alternative ener-
gy projects, including energy from waste plants. Various
financial and tax policies were enacted to stimulate the de-
velopment of such facilities. Under the 1978 Public Utility
Regulatory Policies Act, which sought to promote energy
conservation and use of renewable energy, power utilities
were required to purchase electricity from qualifying facil-
ities (generating under 80MW of power) that used waste,
biomass, or other renewable fuels. Rates paid to QFs were
to be equal to the “avoided cost” to the utility, defined as the
incremental energy and capacity cost the utility would have
incurred but for the purchase from the qualifying facility.
With the high cost of oil during that period of time and fuel
shortages projected into the future, waste to energy facili-
ties were able to enter into long term, 20 to 25-year power
purchase agreements with utilities at advantageous rates.

Furthermore, during this same period the country was
turning its focus to cleaning up the environment and pre-
venting further environmental degradation through air,
water, and land pollution. As cited previously, the United
States through the newly formed Environmental Protection
Agency and its predecessor departments mandated the
closure of sub-standard landfills throughout the country.
Numerous facilities shut down, driving up landfill costs and
forcing state and local officials to look at alternatives. The
USEPA assisted in these efforts, providing technical assis-
tance and grants to localities looking to procure waste to
energy plants or implement other types of resource and
energy conservation programs. Given the favorable regula-
tory and policy environment through the mid-1980s, states
and localities implemented the construction of energy
from waste plants. By 1990, 127 of these plants had begun
operations with another 63 in the planning stages.

In the 1990s, the U.S. EPA turned its attention from en-
couraging the development of energy from waste plants to
regulating the potential harmful air pollutant effects of such
plants. Of particular concern were the carcinogenic effects
of dioxins and furans emitted during the combustion pro-
cess, the toxicity of incinerator ash, and the monitoring and
testing of these impacts. By 1995, the U.S EPA had pro-
mulgated stringent new air emission standards, requiring
energy from waste facilities to install maximum available
control technology (MACT) to control for particulate emis-
sions, dioxins, furans, nitrous oxide, sulfur dioxide, heavy
metals and other harmful pollutants. These standards
are to be revisited every five years. Emissions standards
for certain substances continue to be adjusted downward
as new control technologies have been developed. These
regulations forced many plants to make costly upgrades to

their air pollution control and management systems.

Additional policy changes impacting energy from waste
initiatives were occurring during this period. A national tax
reform package enacted in 1986, eliminated favorable fu-
ture tax incentives for investment in energy from waste
plants. Also, by the 1990s, the energy supply picture had
begun to change. The U.S utility industry was substantially
de-regulated. New sources of oil were found and utilities
turned to alternative fossil fuels such as coal and natural
gas. Counter to earlier predictions, energy prices began
to fall. Individual state utility commissions charged with
setting the avoided cost rates at which energy from waste
facilities could sell their electricity moved to a competitive
bidding method. Due to decreasing energy prices, as en-
ergy from waste facilities renewed their power sales con-
tracts, their electricity revenues fell dramatically. In many
cases, energy from waste plants began to sell power on
the open market, without the benefit of a long-term, stable,
above market power sales agreement.

Just as the price of energy failed to continue its pre-
dicted rise, a similar development occurred with solid
waste disposal prices. Beginning in the 1970s, and con-
tinuing through the 2000s, the number of municipal sol-
id waste landfills dropped from approximately 10,000 to
1900. The modern landfill of today is strictly regulated by
federal, state, local governments for leachate control, lin-
er construction and methane gas control. With the decline
in landfill numbers, it was expected that the shrinking dis-
posal capacity, would cause landfill disposal prices would
rise. Prices did more than double from 1980 through 1995
to $50.00/ton; however, in the mid-1990s landfill prices be-
gan a slow decline, leveling off to about in the $48-$50/ton
range. (2014 dollars). Landfills that met federal standards
were able to expand and new large landfills opened. When
they were first constructed in the 1980s and 1990s, energy
from waste facilities were anticipating stable, subsidized
electricity prices and rising waste disposal fees. Howev-
er, with a largely de-regulated energy and waste disposal
market, these energy from waste plants have been forced
to keep their disposal fees competitive, placing additional
downward pressure on their revenues.

Adding to downward pressure on energy from waste
revenues, the Supreme Court of the United States in its de-
cision of C&A Carbone v. Town of Clarkstown, struck down
flow control, the power of a locality to direct all waste gen-
erated within its confines to a specific facility. The court
held that flow control violated the freedom of interstate
commerce, since the plaintiffs were forced to use a waste
disposal facility within the town that was more costly than
alternative facilities out of state. Energy from waste facil-
ities relied on flow control to ensure that they had an ade-
quate waste flow at set disposal prices. This decision was
modified with a later decision that permitted flow control
if the disposal facility was publicly owned and operated.
However the overall impact of these court rulings was that
many energy-from-waste projects were forced to decrease
their disposal tip fees, as long term waste delivery con-
tracts between municipalities and plants expired.

With a single exception, all 78 energy from waste plants
currently operating in the United States have been built in
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the 1980s or early 1990s. Many have been substantially
upgraded and can continue to operate into the future, but
others are reaching the end of their operational life. Their
economic future is further muddied by various long term
contractual arrangements that are expiring, both for the
sale of their energy product as well as for the incoming
waste. Facilities are being forced to compete in the waste
disposal market, with inherent limits as to how much they
can charge for tip fees. With prevailing landfill rates in the
range of $50.00 per ton, it is difficult for plants to charge
rates above those prevailing in their area. The challenging
economic picture is exacerbated by continuing low energy
and recycled metal prices. Since very few states are offer-
ing electric rate subsidies based on the use of waste as
a renewable fuel, plants are confronting declining or flat
energy revenues. Furthermore, certain states such as Cal-
ifornia, New York, New Jersey have placed a moratorium
on the construction of new waste to energy plants using
combustion or have limited these plants’ access to renew-
able energy credits. While waste generation rates have held
steady, the segmentation of waste streams to food waste
and recyclables is diverting materials from existing energy
from waste plants. Many have excess capacity, which adds
to their uncertain economic future.

4.2 Current status of energy from waste plants in
the United States

Reliance on conventional municipal waste combus-
tion to energy is declining in the United States due to the
economic and political challenges cited above. While in
a few places plants have expanded, only a single facility
in Palm Beach County, Florida has been newly built since
1995. Figure 5 shows the number of facilities in operation
and planned by year since 1982. The growth and matu-
ration of the industry can be clearly seen. Through 1988,
the number of planned facilities outstripped the number
of operating plants, while the number of operating plants
also grew steadily. The years 1990 to 1993 were a turn-
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ing point. The number of operating plants peaked and the
number of planned facilities dropped drastically. In 1993
there were 150 operating energy from waste plants in
the United States. By 2015, that number had been nearly
halved to 78. Also by 1996, planning for new facilities had
essentially stopped. However, as of 2010, there has been
some change in the direction. In conjunction with source
separated organics collections, communities have begun
to examine the feasibility of anaerobic digestion. A few
of these plants are being constructed. In addition, various
types of waste gasification or other conversion plants for
certain waste streams are being developed. These are
largely small pilot projects, depending on a segregated or-
ganic or residual plastics waste stream. There are currently
no planned conventional waste combustion plants, relying
on an unsegregated municipal waste stream.

While numbers of plants have declined, total tonnage
processed by energy from waste projects has held steady
over the last decade. Many of the first wave of closures in
1993 were in specific reaction to the newly promulgated air
pollution control regulations. Smaller or older facilities did
not have the financial strength to invest in the necessary
air pollution control systems to meet the new standards.
Tonnage processed grew through 1995, when energy from
waste processed about 32 million tons of waste or about
14.5% of the municipal waste stream. Since 2006 total tons
processed has hovered around 30 million tons annually. As
of 2015, this represents about 11.6% of total tons of waste
generated.

Energy-from-waste plants are located mainly in the
northeastern and southern regions of the United States.
Northeastern states with their dense population centers
and high landfill prices were early adopters of energy from
waste technologies. In the south, Florida embraced the
concept of energy from waste, looking to divert waste from
landfills. Figure 6 shows the distribution of plants by re-
gion over time. What is most striking is that by 2016, nearly
two thirds of existing plants are located in the northeast
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FIGURE 5: Number of operational and planned energy from waste plants by year.
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or the south. Due to the existence of less costly landfills
with large capacities, the West and Midwest regions of the
country have largely moved away from conventional ener-
gy-from-waste as a disposal alternative. Figures 7 and 8
reflect the challenging revenue environment confronted by
energy from waste plants. Average tip fees charged by en-
ergy from waste plants, while increasing steadily to about
$92.00 per ton in 1994 ($2016) began to decline after that
point reaching their current average of about $61.00 per
ton. Similarly, electricity revenues have also declined from
a high of 10.31 cents per kilowatt-hour in 1989 ($2016) to
about 6.60 cents per kilowatt-hour in 2016. Without any
subsidies on electricity pricing under renewable portfolio
standards or other renewable energy incentives, or any
policies or regulations that might significantly drive up the
cost of landfilling, energy from waste plants face an uncer-
tain economic future in many parts of the United States.
In addition, the high initial capital investment of $300,000
per design ton and average operating costs of $99.00/ton,
inclusive of debt service, make economic feasibility prob-
lematic for any new plant that might be developed in most
regions of the country. To the extent that there is down-
ward pressure due to declining waste flows or declining
prices, the facility has to compensate by raising tip fees.
This is challenging in a competitive environment.

4.3 Future Energy-from-Waste trends and tonnage

The projections for conventional waste to energy
plants in the near future are not favorable. No new plants
are planned due to declining waste quantities, high capi-
tal costs, citizen opposition, and siting issues. Of the 78
operating plants, 16 may close within the next five years,
representing about 4.3 million tons of annual throughput.
Oppositely, three plants in Lee County, Florida, Pasco Coun-
ty, Florida, and Kent County Michigan are planning expan-
sions, and other plants are anticipating increased through-
put. The net loss of energy from waste capacity within the
next five years is expected to be about 3.1 million tons.
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Total waste processed annually from conventional waste
to energy plants will total about 27 million tons, dropping to
10% of the municipal solid waste generated in the United
States, rather than the 12.8% it is today.

While conventional energy-from-waste through com-
bustion is declining in importance as a waste manage-
ment alternative, gasification and anaerobic digestion
plants appear to be the wave of the future. Gasification
technology is viewed as a means to capture energy from
waste without the toxic impacts of air emissions control
and ash disposal that characterize waste combustion.
Gasification facilities can be modular, operating at lower
tonnage levels, to be scaled up to meet increased demand.
Furthermore, gasification in theory achieves greater ther-
mal efficiencies than combustion, resulting in higher en-
ergy production per input ton of waste than conventional
waste to energy plants.

The drawback of waste gasification or anaerobic diges-
tion is that it requires a high level of pre-sorting of waste
to ensure that the resultant waste stream is of sufficient
quality to be treated. Moving from bench scale to commer-
cial operation of such plants has proved challenging. One
of the first waste to bio-fuel plants to operate at commer-
cial scale recently opened in Alberta Canada. The facility
is designed to handle 100,000 metric tons annually of post
recycled, pre-sorted waste. It has been producing methanol
from the non-organic fraction of the waste that is sorted
and sized to create a refuse derived fuel. Methanol produc-
tion has been at lower levels than anticipated and there
have been delays in moving to the production of ethanol,
due to problems with the pre-sorting of the waste. Nev-
ertheless, similar projects are being planned in Montreal
Canada and Rotterdam in Holland. Other countries such as
France and Japan have been operating gasification plants
for several years.

Similarly, in conjunction with source separated organ-
ic collection programs that are being adopted in various
states, local governments are looking to anaerobic diges-
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FIGURE 6: Distribution of energy from waste facilities by region over time.
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FIGURE 8: Average electricity rates obtained by energy from waste facilities in cents per kilowatt-hour by year in 2016 dollars.

tion to treat the organic waste stream. Most of these plants
also require extensive pre-sorting. With the production of
biogas and digestate, anaerobic digestion creates value
from waste, without harmful emissions and a large amount
of residual by-product, which requires landfilling. While
such facilities are common in parts of Europe, there are
only 15 plants in the U.S. solely dedicated to commercial
and residential food. Improper waste sorting, difficulties in
securing long term waste supply contracts and low energy
revenues have made these plants difficult to finance and
operate.

5. CONCLUSIONS

The United States is experiencing a paradigm shift in
waste management. It is moving away from waste man-
agement as a disposal problem to waste management as
a materials flow issue. The waste stream is being disag-
gregated into its component parts, i.e. organic, inorganic
(recyclable, non-recyclable), residual, with various forms

of treatment proposed for each stream. The overall goal
is to decrease greenhouse gas emissions to the extent
possible, to reduce waste and to reuse and recycle at max-
imum levels. Land disposal is no longer viewed as a waste
disposal option, but the final resting place of low value re-
siduals from various treatment and sorting processes. Un-
der this paradigm, the bifurcation between recycling and
energy from waste is blurring or disappears completely.
Different levels of sorting will be required for each stream,
whether such sorting occurs at the point of generation
(residence or business) or at a centralized sorting and
processing facility. Based on the sorting technology that
is being developed, it may be more efficient to end curb-
side collection of separated streams. Separation and pro-
cessing could occur at a fully automated plant, after which
materials could be sent to an anaerobic digester, compost
facility, gasification or other energy from waste plant, or
directly to end markets.

Various factors cloud this future picture. There is no na-
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tional policy or systems of incentives to encourage state
and localities to aggressively move to higher rates of re-use
or recycling or waste conversion to energy. Policies and
regulation vary by state and in some instances by locality.
Electricity generated from combustion of solid waste does
not qualify for renewable energy credits in many states. In
other states, it qualifies for a substantially reduced subsi-
dy. Waste gasification projects are given more beneficial
treatment in most states, but levels of subsidy also vary
by state. Certain states, such as California, Minnesota, Ver-
mont, Massachusetts have implemented aggressive poli-
cies to meet landfill diversion and recycling goals, whereas
other states have implemented less stringent policies.

In many areas of the United States, landfills remain the
cheapest and most available disposal option. At disposal
rates of $25-$35 per ton in areas of the Midwest or West,
it is difficult for a local government to make the case to
invest scarce public funds in alternative disposal options.
In fact, due to the financial uncertainty that local govern-
ments face, some have dropped curbside recycling pro-
grams entirely and others have scaled back their program
to cover only those materials with stable markets. It may
be that sorting and waste treatment technology is current-
ly outstripping economic feasibility in the United States.
Optical sorters, sophisticated screens, computerized
feedback loops, robotic sorters achieve efficiencies, but
require high levels of throughput and maintenance. The
result may be a high- quality end product with low value or
quantity. Aggregating the various materials stream for pro-
cessing at a centralized facility may achieve the necessary
throughput to support a highly automated plant, but may
result in a contaminated feedstock that degrades market
price.

When one looks at waste management as a sustain-
able materials management strategy, there is a level of
instability built into the approach. Waste continues to be
generated at a given level, but materials markets are highly
volatile. Revenues from the sale of materials or energy are
not easily predicted, which makes budgeting within a local
government difficult. While private companies often oper-
ate in the environment of commodity price swings, through
future markets and other mechanisms, such behavior is
not typical for a local government. Even if the entire waste
management operation is privatized, once a private entity
begins to lose money, there is no guarantee that the com-
pany will remain in business. Local government managers
must take a conservative approach, since it ultimately their
responsibility that waste be collected and disposed in a
safe manner. In the near future it is states and localities
that will serve as laboratories for future waste manage-
ment strategies.

The data presented provides opportunities for contin-
ued research, which were beyond the scope of this paper.
Are oil prices solid predictors of average recycling contain-
er revenues and if so, what kind of hedging strategies can
localities and firms develop to protect themselves from
market volatility. Similarly, do commodity prices drive recy-
cling levels or is the implementation of recycling and other
waste management alternatives driven by other factors be-
yond the materials market.
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ABSTRACT

After the collapse of the Soviet system, every new independent state selected its
own way of development, own goals and speed of transformation. Dramatic changes
were linked not only to the political and economic sphere, but also to environmen-
tal governance as a whole and waste management in particular. 25 years later the
authors looked at 6 post-soviet countries and analysed the situation in the sector
of municipal solid waste management by comparing this with EU member states
(some of them have a socialistic past). We used BiPRO approach (BiPRO, 2012) and
looked for answers related to the question: how far developed is the current state of
waste management in post-soviet countries compared to EU members? Which fac-
tors define the potential efficiency of waste management system and its full confor-
mity with the situation in “old” EU member states? The overall scores of 6 post-soviet
countries range from 2 (Georgia) to 11 (Belarus). The common reasons for these
low scores in all mentioned countries are weak waste management policies, and
landfilling as a main way of waste disposal, the lack of economic instruments for
stimulating reducing of waste generation and recycling, as well as underdeveloped
infrastructure for waste treatment facilities. Specific problems for post-soviet coun-
tries are, for example, the high share of landfilled biodegradable waste, incomplete
coverage of waste collection systems, the lack of forecasting of waste quantities
and planning of waste management, preserved obsolete soviet approach to tariff
policy, statistical accounting and administrative procedures in the sector of waste
management. The improvement of waste management systems should aim at the
legislative ban on the disposal of municipal solid waste at landfills, the re-establish-
ment of a separate waste collection system (disestablished after USSR collapse),
the establishment of economic and financial mechanisms supporting the waste pro-
cessing sector and stimulating the population to reduce waste generation.

1. INTRODUCTION

The issue of municipal solid waste management is an
urgent problem of urban management and environmental
governance in the countries with different level of social
and economic development. Constant growth of consump-
tion goes along with an increase of waste generation all
over the world. The strategic goals of waste management
are becoming recycling, minimization and waste avoid-
ance. The main challenge of the environmental governance
is municipal solid waste management (MSWM) linked to
the quality of waste collection, removing and recycling, as
well as the efficiency of the institutions for waste manage-
ment.

The geographical focus of the paper is on post-soviet

countries. After the collapse of the Soviet system, every
new independent state selected its own way of develop-
ment. Dramatic changes were linked not only to the polit-
ical and economic sphere, but also to the environmental
governance as a whole and waste management in partic-
ular. The speed of transformation was quite different in
different countries: some of them transformed fast and
dramatically (Russia and Ukraine), some of them saved a
lot of societ performances of waste management system
(Belarus), others had middle speed of transformation (Ka-
zakhstan and Moldova), and Georgia has changed the goal
of transformation drastically. In present post-soviet coun-
tries have different GDP, incomes and economic growth (ta-
ble 1). The speed of the transformation, as well as level of
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TABLE 1: General information about analysed countries*

Belarus Russia Kazakhstan Ukraine Moldova Georgia
Total area 207,600 km? 17,098,242 km? 2,724,900 km? 603,550 km? 33,851 km? 69,700 km?
Population 9,549,747 (2017) | 142,257,519 (2017) | 18,556,698 (2017) | 44,033,874 (2017) | 3474121(2017) . 4,926,330 (2017)
Urbanization 77.4% (2017) 74.2% (2017) 53.2 % (2017) 70.1% (2017) 45.2% (2017) 54% (2017)
GDP (purchasing $175.9 billion $4 trillion (2017) $474.3 billion $366.4 billion $20.07 billion $39.32 billion
power parity) (2017) (2017) (2017) (2017) (2017)
?a?z - real growth 0.7% (2017) 1.8% (2017) 3.3% (2017) 2% (2017) 4% (2017) 4% (2017)
?PDPPP; per capita $18,600 (2017) $27,900 (2017) $26,100 (2017) $8,700 (2017) $5,700 (2017) $10,600 (2017)
Population below 5.7% (2016) 13.3% (2015) 2.7% (2015) 24.1% (2010) 20.8% (2013) 9.2% (2010)
poverty line

* Data from web-site Index Mundi https://www.indexmundi.com/

social and economic development, was a reason to choose
the following 6 countries for analysis: Belarus, Russia, Ka-
zakhstan, Ukraine, Moldova and Georgia. Some current
data about mentioned countries is represented in table 1.
Mentioned countries have different square and population,
and very different GDP. At the same time, all of them have
middle level of GDP per capita and similar real growth rate
(excluding Belarus). Three of them (Belarus, Russia and
Ukraine) have high level of urbanization (more than 70 %),
and Kazakhstan, Moldova and Georgia have a middle lev-
el of the urbanization (45 — 54 %). Moreover, all of them
chosen different goals of the development: Moldova and
Ukraine try to integrate fully with EU, Belarus, Russia and
Kazakhstan are developing a strong economic and political
partnership (The Eurasian Economic Community), Georgia
provides own independent policy. So, analysed countries
are characterazied by diverse social, economic and polit-
ical conditions at present times, but have common sovi-
et past, that why the assessment of the MSWM systems
could be interesting for the identification of driving factors
and effective tools of the waste policy implementation.

The waste generation in total and waste generation
per capita in analysed countries are presented in table
2. The main characteristics of the MSWM system in the
mentioned countries are (1) landfilling as a main method
of waste management; (2) tariff policy based on the “nor-
mative of waste generation” for the waste collection and
removing per capita; (3) significant over-use of the equip-
ment; (4) under-development of recycling capacities; (5) lit-
tering of urban areas; (6) development of the informal and
illegal sector for collection and treatment of recyclables. In
spite of common issues in the waste management sector,
every analysed state has own specifics and features of the
MSWM system.

The main goal of the research was to analyse the cur-
rent state and level of development of the MSWM system

TABLE 2: Waste generation in analysed countries in 2014

in 6 post-soviet countries, identify strong and weak points
of national waste policy, and to compare results with EU
countries. Comparisons with EU countries could be useful
for identifying the efficiency of national MSWM systems,
analyzing more sufficient instruments and tools of MSW
management, driving factors of waste policy implementa-
tion.We assume that analysing and comparing post-soviet
countries with each other and EU members could allow
identifying implementation gaps and improve national
waste policy and MSWM system performances.

2. METHODS AND MATERIALS

The research is based on the BiPRO approach devel-
oped under the EU project “Support to Member States
in improving waste management based on assess-
ment of Member States’ performance”, project number
070307/2011/606502/SER/C2. The final report on screen-
ing of waste management performance of EU member
states was published in 2012 (BiPRO, 2012).

The list of the criteria was developed based on the LD
99/31/EC and WFD 2008/98/EC. The set of criteria is re-
flecting the main elements and legal requirements stem-
ming from the Directives in the field of waste management.
Criteria were divided on 5 groups: (1) compliance with the
waste management hierarchy reflecting the real situation;
(2) existence and application of legal and economic instru-
ments to support waste management according to the
waste hierarchy; (3) existence and quality of an adequate
network of treatment facilities and future planning for mu-
nicipal waste management; (4) fulfilment of the targets for
diversion of biodegradable municipal waste from landfills
and (5) number of infringement procedures and court cas-
es concerning non-compliance with the EU waste legisla-
tion. For each from 16 criteria two, one or zero points could
be achieved according with the table in ANNEX 1. Overall

Belarus Russia Kazakhstan Ukraine Moldova Georgia
Waste generation, 4 56,68 35 92 0,7 no data
mint
Waste generation 4217 385,6 200 2157 199,3 no data
kg per capita
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score was received as a sum of all criteria score. Individual
criteria points were defined empirically based on the data
observation in BiPRO (2012). In current paper the mean-
ing of the points were saved for better understanding the
situation in MSW management in post-soviet countries in
compare with EU. The initial data for the assessment was
collected from available statistical data, analytical reports,
and reviews for the period 2010-2014, as well as from the
analysis of national regulative and normative documents.
The list of used sources for the assessment is represented
in ANNEX 2. The fifth group of criteria was not assessed
(explanations in ANNEX 1), and the overall scores of the EU
countries from (BiPRO, 2012) were re-calculated without
the mentioned criteria group. Overall score was received
as a sum of all criteria score.

3. MUNICIPAL SOLID WASTE SYSTEM IN ANA-
LYSED POST-SOVIET COUNTRIES

Main performances of the MSWM system in the anal-
ysed post-soviet countries are represented in table 3. The
assessment according to BiPRO approach and the inter-
pretation of the physical performances of MSW system are
represented in table 4. The scoring, sources and way of the
calculation could be found in the ANNEX 1.

In all mentioned countries the waste generation is in-
creasing on the background of the growth of consumption
(NSC RB, 2017; Sycheva & Asadcheva, 2013; MEP Kz, 2015;
SSS U, 2016; NBS RM, 2016). In Georgia data on waste gen-
eration and treatment are not collected systematically. The
constatnt growth of waste generation is a common prob-
lem of all analysed countries and reflects a global trend of
overconsumption and waste generation. The problem of
outstripping growth of waste generation over consump-
tion is typical for EU countries also, including leaders in the
treatment of municipal solid waste. Only in such countries
as Austria, the Netherlands, Denmark and Luxembourg the
growth of MSW is the only indicator that is equal to zero
amid significant progress in all other areas of improving
the waste management system (BiPRO, 2012).

The waste quantity per capita in analysed countries

differs from about 200 kg in Ukraine, Moldova and Kazakh-
stan to about 400 kg in Belarus and Russia (table 2). There
is no data on waste per capita in Georgia. We can't say,
that mentioned figures on waste generation per capita re-
flect the real situation adequately. The common issue for
analysed 6 countries is the lack of accurate estimations
of the total waste generation and waste per capita due to
specifics of statistic recording. Statistic recording takes
into account only the amount of collected and removed
waste by special enterprises; there is no 100-% coverage of
waste collection system in all overviewed countries (espe-
cially in the rural areas); there is a lack of official data and
assessment of waste flows in the informal and illegal sec-
tor. Moreover, in some cases data from local level are not
transmitted correctly to the national level and may contain
significant mismatching (see, for example SSS U, 2016 and
MRDCH U, 2015).

Almost all MSW is landfilled in post-soviet countries:
up to 100 % in Georgia and Moldova, 94 % in Kazakhstan
and Ukraine, about 90 % in Russia and about 80 % in Belar-
us (table 3). The level of recycling in Ukraine, Russia and
Kazakhstan is less than 8 %, and in Belarus is about 20 %
(table 3). In the Republic of Moldova, the data on the vol-
ume of recycled waste is not under statistical monitoring.
The data on the material recycling in Georgia is not avail-
able in open sources. There are a few incineration plants
in Belarus, Ukraine and Russia built for energy production,
but their capacity is not enough to play a significant role in
the MSW treatment: according to statistic data the level of
energy recovery is about 1-3 % (table 3). Kazakhstan is only
planning to construct incineration plants. The widespread
use of landfilling links, first of all, to very low fee for waste
disposal, especially in comparison with recycling or energy
recovery. The payment for removing MSW is less than 35
€/t in all analysed countries (table 3). The low tariffs are a
legacy of old soviet approach to the payment for removing
and treatment of solid waste. The approach is based on the
“normative of waste generation per capita” and established
tariffs for communal services. The growth of the service
costs is based, as a rule, on the artificial increasing men-
tioned “normative per capita” because the tariffs on com-

TABLE 3: Performances of the waste management system of analysed countries*

11 P 12§ 13§ 14 i 15 16 (241 22 ¢ 23 i 31 i 32 i 33 | 34 | 35 | 41 | 42
Criteria Decou- % Ban/
N f i 0 - o, . o - o, . o _ % hi -
Countries : pling - WPPin & %Re-  %re- &y poe | ®ICOF | potric- €t 0 PAYT | *S% 1 wWMP | WMP | WMP | P SOM g targer | % Plode
indica- place : cyc-ling : cove-ry al cling tions rage pliane grad.
tor
Belarus cou Yes 19 1 80 20 Restici g No 85 Yes Nodata:@ Yes 76 No i Nodata
pling tions
Russia decou- Yes 7 3 90 3 Restric- | oos 35 No Nodata | Yes Yes Yes 8 No No data
pling ti-ons
Kzakhstan | SO No 6 0 94 4 Restric- | ¢ss 35 No Less50 i Yes Yes Yes 6 No No data
pling ti-ons
) un-
Ukraine decou- Yes <3 <3 94 3 Restric- 2 No 77 der-ca- No No data : less 75 No No data
pling ti-ons .
pacity
decou- up to un-
Moldova X Yes No data : no data P No data No 12 No Less 60 : der-ca- Yes Yes 0 No No data
pling 100 N
pacity
upto un-
Georgia NA Yes No data 0 1p00 No data No No data No Less 70 : der-ca- : Nodata : Nodata : less 75 : Nodata : No data
pacity

* Conducted by authors as a result of the analysis documents, statistical data and analytical report (see ANNEX 2).
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TABLE 4: The results of the assessment of the MSWM system in post-soviet countries.

Indicator Belarus Russia Kazakhstan Ukraine Moldova Georgia
1 Compliance with the waste management hierarchy reflecting the real situation
Criterion 1.1: Level of decoupling 1 : 0 : 1 0 0 N/A
erterlon 1.2: Existence of own waste preven- 9 9 0 9 9 9
tion programme
Criterion 1.3: Amount of municipal waste 1 0 0 0 0 0
recycled
Criterion 1.4: Amount of municipal waste
1 1 0 1 0 0
recovered (energy recovery)
Crltenon 1.5: Amount of municipal waste 0 0 0 0 0 0
disposed
Criteripn 1.6: Development of municipal waste 2 1 1 1 0 0
recycling
2 Existence and application of legal and economic instruments to support waste management according to the waste hierarchy

Criterion 2.1: Existence of nationwide ban/re-
strictions for the disposal of municipal waste 1 1 1 0 0 0
into landfills
Criterion 2.2: Total typical charge for the dis-

o . 0 0 0 0 0 0
posal of municipal waste in a landfill
Criterion 2.3: Existence of pay-as-you-throw 0 0 0 0 0 0
(PAYT) systems for municipal waste

3 Existence and quality of an adequate network of treatment facilities and future planning for municipal waste management
Criterion 3.1: Collection coverage for municipal 0 0 0 0 0 0
waste
Criterion 3.2: Available treatment capacity for
municipal waste in line with the EU waste leg- 1 0 0 0 0 0
islation
Criterion 3.3: Forecast of municipal waste gen- 0 1 1 0 1 0
eration and treatment capacity in the WMP
Criterion 3.4: Existence and quality of projec-
tion of municipal waste generation and treat- 1 1 1 0 1 0
ment in the WMP
Criterion 3.5: Compliance of existing landfills
for non-hazardous waste with the Landfill Di- 1 0 0 0 0 0
rective

4 Fulfillment of the targets for diversion of biodegradable municipal waste from landfills

Criterion 4.1: Fulfillment of the targets of the
Landfill Directive related to biodegradable 0 0 0 0 0 0
municipal waste going to landfills
Criterion _4.2: Rate of biodegradable municipal 0 0 0 0 0 0
waste going to landfills
Overall score 1 7 5 4 4 2

munal services are socially sensitive component (especial-
ly in the situation of low incomes and significant share of
poors in the country) and their increasing is regulated by
the national governments. Such conditions do not allow
developing recycling or energy recovery effectevly, and
moreover, the implementation of the PAYT systems is not
profitable for service providers under existing tariff policy.
It is no surprise that PAYT systems are not implemented in
the analysed countries, and there is no ban on landfilling.
Many landfills do not meet modern environmental re-
quirements or do not have all necessary documents and
permissions. For example, in Russia only 8% of MSW land-
fills meet environmental requirements (IFC's the World
Bank Group, 2010); 90 % of existing landfills are operated
without a license (Ecoportal, 2015); in Kazakhstan there are
4284 landfills and dumps: and only 459 from this number
meet environmental requirements and sanitary standards

and are provided with all necessary documentation (MEP
Kz (2015). In the field of landfilling next typical discrepan-
cies are (on the example of Kazakhstan, MEP Kz (2015):
1) the lack of synthetic or clay liners at the majority of the
waste disposal sites; 2) widespread disposal of MSW to-
gether with industrial, medical and others types of toxic
and hazardous waste; 3) unsystematical compaction and
interleaving of the stored waste with isolated layer (clay) or
the lack of it; 4) the lack of system for collection of leach-
ate and landfill gases (including methane); 5) excessive
usage of many landfills and dumps which exceed their ca-
pacity; 6) lack of monitoring; 7) discrepancy of requirement
of sanitary rules and sanitary protection zone. In Ukraine,
municipal solid waste landfills are a source of contamina-
tion of the surrounding rural areas: as a result of their oper-
ation may deteriorate the sanitary state of soils, the quality
of groundwater and air (Makarenko, Budak, 2017).
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Current regulations for design, construction and oper-
ation of landfills as well as their enforcement significantly
differ from the EU Landfill Directive. The national require-
ments are not comparable with EU regulations, that why
the final score for this criterion is very low in all analyzed
countries.

In all analyzed countries the capacity for MSW treat-
ment and recycling is underdeveloped and the list of re-
cycling technologies is short. For example, according to
(Cleandex, 2010), there were 39 waste sorting plants in op-
eration (beginning of 2010) in Russia. Their average capac-
ity is about 180 000 tons per year, which is comparable with
the amount of waste generated in a small town (IFC’s the
World Bank Group, 2010). Recycling plants in Russia, Ka-
zakhstan, Ukraine, Moldova, Georgia are private, in Belarus
they belong to state. Recycling plants in mentioned coun-
tries meet similar problems (on the example of Belarus, Ly-
suho & Eroshina; 2011): (1) high cost of recycling products
with relatively low quality; (2) poor quality of the waste for
recycling due to the lack of effective waste sorting; (3) the
prevalence of manual labor with involving marginal groups,
(4) the competition with illegal recycling sector. In spite on
noted problems, the recycling sector is fast developing in
all analyzed countries. Its growth is particularly impressive
in Belarus, where for the last five years the capacity of re-
cycling plants has increased by almost 20 %. In Ukraine
there is a huge recycling potential, waste treatment is pro-
vided both in formal and informal way. There are lots of
companies dealing with waste recycling in Ukraine but with
no official monitoring, accounting and control. Therefore,
it could be observed the lack of statistical data in open
sources. That was the reason of low scoring for Ukraine.

Biodegradable waste is not a point for MSW manage-
ment in the analyzed countries. The generation, landfilling
or treatment of the biodegradable waste is not controlled.
Moreover, there is not definition of such kind of the waste
in the national legislations (see documents in ANNEX 2).
There is a lack of reliable statistical data on the biodegrad-
able waste in the countries, that is why this criteria has
score “0” in the overall scoring. Almost all biodegradable
waste is landfilled in all analyzed countries. The share of
the biodegradable waste varies from the place of their
generation: its share is much larger in the multi-story apart-
ments; and such kind of waste is practically not met in
the waste from private households where biodegradable
waste is traditionally used for composting or incineration
(NSC RB, 2017; Sycheva & Asadcheva, 2013; MEP Kz, 2015;
SSS U, 2016; NBS RM, 2016).

It should be noted that the system of the collection
of “food waste” was established in the USSR. The “food
waste” was collected at the multi-story apartments and
then transported to the livestock breeding complexes for
animal fattening. After the USSR collapse this system was
destroyed due to reasons of hygienic and sanitary safety
as well as due to changes in animal fattening technologies.
The revival of such system for “food waste”, of course in
the modernized form adapted to modern conditions, could
be greatly improved the MSWM system and decreased the
share of the landfilling biodegradable waste.

Economic instruments for MSWM regulation are un-

derdeveloped in all overviewed countries. For example, in
Russia it was recognized the special value of public-private
partnership for the implementation of major infrastructure
projects and programs. However, until now there was no
even one integrated project united all components of MSW
management (collection and removal, disposal, recycling,
landfilling) at the level of urban agglomeration and / or
the subject of the Federation (IFC's the World Bank Group,
2010). In Belarus under the President’s Decree N2 313 “On
Some Issues of Consumer Waste Disposal”, the procedure
for implementation of EPR is established.

National programs, normative and regulative docu-
ments on MSW management are approved in Belarus
(MHU RB 78, 2014), Ukraine (WMP U, 2004), Russia (MNRE
RF 298, 2013), Moldova (NWMS RM, 2013). The National
program of modernization of the MSWM system in Kazakh-
stan (MP Kz, 2014) was canceled in the September, 2016.
It should be mentioned that approved national strategies
on MSW management is one of the advantages of Belarus,
Ukraine, Russia, Moldova and Georgia, since more than half
of the EU members (17 States) do not have national docu-
ments on MSW management and use EU directives. From
the other hand, as was pointed in report (BiPRO, 2012), ap-
proved national policy and legislative documents on MSW
management do not guarantee an efficiency of MSWM sys-
tem due to governance gaps and implementation deficits.
All of these could be pointed in analysed countries: in spite
of approved national strategies on MSW management, the
situation with MSW was not radically changed (NSC RB,
2017; Sycheva & Asadcheva, 2013; MEP Kz, 2015; SSS U,
2016; NBS RM, 2016).

The weak component of the MSWM system in all coun-
tries is the forecasting and planning in the waste sector. As
was already noted, the capacity of the recycling plants is
underdeveloped. At the same time there is no clear strate-
gy for developing of the recycling capacity due to the lack
of the reliable assessment of the waste generation of dif-
ferent types as well as the forecasts of economically fea-
sible recycling and extraction of the secondary raw materi-
als (MHU RB 78, 2014; WMP U, 2004; MNRE RF 298, 2013;
NWMS RM, 2013). Approved national strategies, programs
and plans include, of course, elements of the forecasting
and planning, but they are not detailed (ibid). In analyzed
countries there are no established integrated plans of
MSWM at the local level. As a result, it could be stated that
the MSWM system in analyzed post-soviet countries is not
effective.

4. COMPARISONS WITH EU COUNTRIES

The overall score of MSWM system in analyzed post-so-
viet countries is presented in Fig. 1 (analysed countries are
showed by red bars). The results are corresponding with EU
countries of the third group with the lowest score — Latvia,
Cyprus, Romania, Lithuania, Malta, Bulgaria and Greece.

The analysis of the weakness of the MSWM systems in
the EU countries of the third group highlighted the similar
problems as in the analysed post-soviet states. The com-
mon features of the MSWM systems are (1) weak policy,
especially with respect to the ban of the landfilling and reg-
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FIGURE 1: Comparative assessment of the municipal solid waste
own research (red bars) and BiPRO, 2012).
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management system in European countries (drawn by authors based

ulation of the biodegradable waste treatment; (2) the lack
of the economic instruments for stimulating the reducing
the waste generation and recycling; (3) not 100-% coverage
by the formal system of the waste collection and removing;
(4) governance gaps and implementation deficits of local
waste management plans and programs.

Despite attempts to transfer to waste-to-energy, landfill-
ing is still a problem in Greece (81%) and Latvia (79%), Lith-
uania and Spain (reaching 55% each), where landfilling is
regarded the cheapest option in terms of investment (Ma-
linauskaite et al., 2017) as well as in post-soviet countries.
Authors (Malinauskaite et al., 2017) suggest, that if the
government introduces a high tax and landfilling fee, it may
just be that it is more economically viable to reuse waste
in order to produce energy than depositing it in landfills as
the example of Estonia proves . It seems, that the increase
of the landfilling fee could be one of the solution for the
increasing efficiency of waste policy in analysed post-so-
viet countries. For example, evaluation of the implemen-
tation of the landfill tax has shown a correlation between
tax rate dynamics and the reduction in amounts of waste
disposed in Latvia and Estonia (Klavenieks, Blumberga,
2017). All countries from the first group with the most ef-
fective waste policy in EU (dark grey bars with the highest
scores in Figure 1) have landfill fee more than 80 €/t (Bi-
PRO, 2012), it looks as one more proof of the efficiency this
economic instrument.

The landfill tax is not the only way to reduce waste dis-
posal. As was mentioned in EEA (2007), the most import-
ant policy tools used to reduce waste disposal in landfills
are landfill ban, separate collection systems of MSW, and
deposit refund schemes as well as landfill tax. The second
waste policy option for analysed countries is the landfill
ban. If we look at the results of BiPRO assessment (BiPRO,
2012), we could find, that the most impressive results of
the solid waste policy implementation were achieved in
the countries with ban on MSW landfilling (Austria, Nether-
lands, Germany, Denmark, Belgium, Sweden, Luxemburg) in
contrast with results of Latvia, Cyprus, Romania and Greece
where there is no the ban on MSW landfilling. It should be
mentioned, (based on the example of the Netherlands) not
only the tax is essential, but also the availability of tech-
nological alternatives (Klavenieks, Blumberga, 2017). If the
first group with the highest scores demonstrates “sufficient
treatment capacity” (BiPRO, 2012), then the third group of
EU countries (as well as post-soviet states) are “highly de-
pending on landfilling, other treatment options are rarely in
place” (ibid). Based on the experience of EU countries, we
could conclude that the development of the sufficient treat-
ment capacity is a key point for successful implementation
of MSW policy.

The main governance gaps and implementation defi-
cits of waste policy in post-soviet and EU countries are
political issues (Likhacheva, Skryhan, Shkaruba, 2017; Ma-
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linauskaite et al., 2017). While waste management and pre-
vention policies are defined in all countries, a further focus
to consider waste as a source is lacking (Malinauskaite et
al., 2017). The further improvment of waste policy should
be linked to overcoming implementation deficits of the
waste policy and articulating the goals of waste manage-
ment system (for example, choosing the waste-to-energy
or recycling strategy) and set up nessesary legal, economic
and financial tools and instruments.

After post-soviet period some effective tools and in-
struments of MSW management got lost (for example,
treatment of biodegradable waste). Further improving
waste policy in analysed countries should focus on the
re-establishment of some elements of the soviet waste
management system.

Significant disadvantages of the assessed the MSWM
system in the post-soviet states are the lack of reliable
data on the amount and composition of the waste. The
overall score for the post-soviet countries could have high-
er values, if the relevant statistic data would be available in
acomparable form. The changes in the statistic accounting
and reporting could be considered as a measure to increase
the efficiency of the MSWM system. During post-soviet pe-
riod the legislation was changed as well as statistic forms
and data. These changes were not always successful. For
example, in Russia the term “MSW” was included in the
definition of the “consumption waste”. The result is the lack
of statistic data or extremely generalized and insufficient
information about MSW. It is even more difficult to find
and compile information about recyclables because the
statistic data is not separated recyclables from consump-
tion waste and recyclables from production waste (SP RF,
2014). In Ukraine there are two different official sources of
information about collected, treated and disposed waste
amount: State Statistics Service and Ministry of Regional
Development, Construction and Housing and Communal
Services. State Statistics Service registers household and
similar waste (household and similar wastes - wastes pro-
duced in the process of people activity in the inhabited and
uninhabited buildings (solid, bulky, repair, liquid, except
waste associated with the production activities of enter-
prises) and that are not used in the place of their accumula-
tion) while Ministry of Regional Development, Construction
and Housing and Communal Services accounts municipal
solid waste generated in households and entities. Addi-
tionally, some data on waste management which can be
different from above mentioned are published in regional
reports of the Ministry of Ecology and Natural Resources
of Ukraine (SSS U, 2016; MRDCH U, 2015). The difficulties
in data interpretation can influence on the decision-making
process, forecasting of future tendencies etc.

5. CONCLUSIONS

The MSWM systems in post-soviet countries have low
efficiency. Their efficiency level is comparable with EU
countries of the third group — Latvia, Cyprus, Romania,
Lithuania, Malta, Bulgaria and Greece. Essential shortcom-
ings of the MSWM systems in analysed countries are: (1)
insufficient legislation and regulation: the lack of the ban

for landfilling, the lack of the regulation of the biodegrad-
able waste, weak system of the forecasting and planning,
outdated tariff policy and statistic accounting; (2) undevel-
oped capacity for recycling and treatment; (3) the lack of
the effective economic instruments for the stimulating the
recycling and reducing the waste generation.

During post-soviet period in analyzed countries the na-
tional strategies or other regulative documents on MSW
management were developed and approved, but in general
the MSWM system retains the list of soviet features (the
service fees, the organization of the waste collection, re-
moving, treatment and technic regulation). A number of
effective soviet tools and practices have been lost (the
collection system for recyclables, the collection of food
waste, awareness raising activities, etc.). The establish-
ment of the institutional instruments in the new social, eco-
nomic and political conditions has not yet been completed,
in consequence the governance gaps and implementation
deficits can be observed.

BiPRO approach is based on the EU legislation and its
aims, and obviously does not coincide with the objectives
and legislation of the post-soviet countries. BiPRO aproach
is usefull for brief screening and compare of MSWM sys-
tems in different countries, but it requires a list of quan-
titative data. Established forms statistical reporting in
analysed post-soviet countries as well as open access to
data do not allow to estiminate correctly the BiPRO crite-
ria. So we can not be sure that the worse situation in the
field of MSWM in Georgia, and in Belarus it is much better
than that in other analysed cuntries. The further step for
the research will be the development of a methodological
approach based on waste policy goals and statistical re-
porting of post-soviet countries for adequate analysis of
MSWM system.
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States in accordance with the principles of EU waste WFD
(2008). Results of the assessment were represented in Bi-
PRO (2012).

The set of criteria is reflecting the main elements and
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5 groups. The group 5 “Number of court cases or infringe-
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