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Introduction

According to the Austrian Mineral Resources Plan (Weber, 
2012), a change in the availability of selected primary raw mate-
rials (e.g. ores and coal) could be observed in recent years owing 
to the raw material demand of emerging economies (e.g. China 
and India). In addition, the European Union, and thus also 
Austria, has scarcely any deposits of mineral raw materials, such 
as iron and steel stabilisers, non-ferrous metals or hydrocarbons 
(Weber, 2012). To conserve primary raw materials, to reduce 
Europe’s dependence on imports and to achieve an efficiency 
improvement of raw material, existing recycling technologies 
must be optimised, but also further developed with new ways of 
recycling (European Commission – Enterprise and Industry, 
2010). A possibility for the conservation of primary resources is 
represented by ‘urban mining’, which uses anthropogenically 
created storage areas (e.g. cities) for the recovery of secondary 
raw materials. A sub field of urban mining is ‘landfill mining’, 
where already landfilled waste is re-excavated, processed, clas-
sified and among other things, subjected to impurity and hazard-
ous substance removal in order to obtain the highest possible 

amount of potential recyclable materials. Worldwide, about 63 
landfill mining projects have been conducted to date (BMBWFT, 
1995; Bockreis and Knapp, 2011; Nispel, 2012; van Ommen, 
1994). The reason for carrying out landfill mining projects in the 
past was usually the recovery of landfill capacities, the creation 
of valuable real estate, contaminated site remediation or the pro-
tection of the environment (most importantly the groundwater) 
(Bockreis and Knapp, 2011; van Ommen, 1994; Zhao et al., 
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2007). The recovery of secondary raw materials, however, was 
not crucial for the beginning of landfill reclamation in most 
cases. With the change in waste management to a circular and 
resource economy (in accordance with European Commission, 
2008), science and economics start to focus on landfill sites 
with regard to their secondary raw material potential. The eco-
nomic success of a landfill mining project is based on the exact 
knowledge of the landfill composition and the concomitant 
potential of available secondary raw material quantities. All 
waste fractions that can be assigned to a material (i.e. glass, 
minerals, iron and non-iron metals) and/or energy recycling 
(i.e. paper, paperboard and cardboard (PPC), plastics, textiles, 
wood and composite materials) are summarised in the article as 
secondary raw materials. The sum of these factions is called 
‘raw material potential’ (RMP).

To obtain detailed data about a landfill, an extensive prior 
examination of the landfill site must be carried out. In this con-
text, among others, studies to determine the inventory of the 
landfill as well as rough cost accounting are generated to estimate 
the cost-effectiveness (DWA, 2012). These studies are often 
based on field surveys where boreholes and excavations, as well 
as subsequent sorting and treatment processes of the materials 
excavated, have already been widely proven (BMBWFT, 1995; 
Emery, 2011; Nispel, 2012; Wolfsberger et al., 2014). However, 
these procedures are expensive, time consuming and technically 
complex, which is why they are usually only used for research or 
maintenance purposes, or to explore a site before necessary 
remediation (Bockreis and Knapp, 2011; Nispel, 2012). They are 
rarely used for detailed investigation or examination of the RMP 
of a site. As a result, landfills, which may possibly be suitable for 
a landfill mining project (owing to their RMP), are continuingly 
operated as active dump sites, causing follow-up costs and pos-
ing risks for future generations.

To give landfill owners the opportunity to explore the RMP 
of their site at an acceptable cost-effective approach, a theoreti-
cal method for estimating the secondary raw material amount 
will be presented in this article. If, as part of this method, a low 
RMP of the site is assessed, further investigations can be waived, 
avoiding ‘stranded costs’ (caused by expensive in-situ prelimi-
nary investigations). If a calculated high RMP results, the results 
provide a basis for more targeted examination steps (e.g. bore-
holes, excavations). A detailed description of the individual cal-
culation steps of the newly developed method is provided in the 
section ‘Materials and methods’. Furthermore, each calculation 
step will be demonstrated based on a selected Austrian sanitary 
landfill (landfill site 1 [LFS 1]). For the examination of the 
applicability and the plausibility of the method and its princi-
ples, the results obtained are compared with results from hand 
sorting trials of excavated waste from the same landfill. The 
RMP from the calculations is referred to as the ‘theoretical 
RMP’. The RMP, which results from experimental on-site inves-
tigations (i.e. hand sorting), is dubbed the ‘actual RMP’. Sample 
collection and a description of the sorting work can be found in 
Wolfsberger et al. (2014).

Materials and methods

The method for the assessment of the RMP of landfill sites is 
presented in this section. The individual steps of the method are 
described as follows, using the example of compartment (VA) 02 
of LFS 1

1. Historical analysis

(a) Survey of the deposited waste quantities.
(b)  Classification of landfilled waste quantities into waste 

categories by means of sorting analyses from the past.

2. Theoretical calculations

(a)  Calculation of the degree of degradation of the depos-
ited waste.

(b)  Survey of the biodegradable proportion of selected 
waste fractions.

(c) Calculation of the theoretical RMP.

Historical analysis

The historical analysis involves the study of administration 
documents, records of the landfill owner, business registrations 
and testimonies made by witnesses or documents from archives, 
as well as a survey of results from waste sorting analyses car-
ried out in the past. The information found in the historical 
analysis can provide data on the amount and type of waste 
deposited, as well as their composition and thus prediction 
about the RMP of a site. For example, the following informa-
tion was found for LFS 1.

LFS 1 is a sanitary landfill in the form of a mine dump, which 
was approved in December 1982. The approved capacity 
amounted to a total of 950,000 m3, where 680,000 m3 was used 
for landfilling. The site covers a total area of approximately 
78,000 m2 and is divided into four compartments. Landfilling in 
VA 02 began in 1991 and ended at the beginning of 2000. 

Survey of the deposited waste quantities. According to the his-
torical analysis, municipal solid waste (MSW) and lower amounts 
of demolition waste constitute the largest proportion on the land-
fill. Overall, waste of around 141,158 t was landfilled at the VA 
02 (Table 1).

Classification of landfilled waste into waste categories by 
means of sorting analyses from the past. The waste quantity 
determined from step a) Survey of the deposited waste quantities 
(see Table 1), must be assigned to waste categories so that the 
RMP can be estimated. These categories can be variably config-
ured, depending on the application interests of the landfill owner 
(e.g. separation of scrap materials, manufacture of a fraction with 
high calorific value, extraction of potential solid recovered fuels). 
The following 11 waste categories were determined within the 
scope of this paper: PPC, organics, glass, metals, minerals, tex-
tiles and hygiene articles, plastics, wood, problem substances, 
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composites and other. Based on the nomenclature, some of the 
waste shown in Table 1 could be directly assigned to some of the 
categories mentioned (Table 2).

The fractions ‘soil’ and ‘sewage sludge’ could not be assigned 
to any of the waste categories, which is why they are listed sepa-
rately later in Table 4. For the assignment of the remaining waste, 
sorting analyses from the past should be used. Since landfilling in 
the VA 02 began in 1991 and was completed at the beginning of 
2000, the focus was only oriented to sorting analyses that were 
carried out during this period. It should be noted at this point, that 
no sorting analyses of bulky waste could be found, which is why 
this fraction was not assigned to any category and appears sepa-
rately later in Table 4. It is however, indicated that this waste can 
contain fractions that may be relevant to the RMP (e.g. metals, 
wood). For MSW, sorting analyses were collected for the assign-
ment. From the historical analysis, it is known that the waste col-
lection area of the landfill extended mainly to rural areas with 
low industrial activity, so for simplification and owing to the rela-
tively small quantity of the fraction ‘commercial waste’ seen in 
Table 1, the same sorting analyses are used for classification of 
this waste stream. It is pointed out, that no sorting analyses could 
be found for MSW from the direct waste collection area of the 
landfill. For this reason, the sorting results of MSW from other 
communities with a similar waste management and disposal 
structure were used. The results of these collected sorting analy-
ses can be found in Table 3.

To get a cross-section over the entire deposit period, the 
resulting averages were calculated from the sorting analyses 
apparent in Table 3 and used for the assignment of waste into 

categories in accordance with Formula 1 (illustrated by the exam-
ple of PPC):

PPC M MWMSW= *  (1)

where PPC is the amount of PPC in MSW (t), MMSW is the amount 
of MSW (t) and MW is the proportion of PPC to MSW (%).

As seen in Table 3, the sorting of waste was not carried out 
consistently in the different communities. So, for example, the 
group ‘minerals’ is only named for 1998. Results for the ‘wood’ 
fraction could only be found for 1994, 1995 and 1996. Therefore, 
it is assumed that these groups were assigned to the ‘other’ frac-
tion during the hand sorting of the remaining years. For a better 
comparability of the sorting analyses, the proportions of the 
fraction ‘wood’ in 1994 (1 or 0.6%), in 1995 (1%) and in 1996 
(2.4%), as well as the proportion of the fraction ‘minerals’ in 
1998 (8%), were also added to the proportion of the fraction 
‘other’. The result of this summary is reported separately in 

Table 1. Deposited waste on the VA 02 of LFS 1. 

Waste Deposited amounts per year (t) Total

1991 1992 1993 1994 1995 1996 1997 1998 1999

Waste from contaminated sites – – – – – 6387 9280 172 – 15,839
Used tyres 30 6 3 15 – 93 – – 146
Asbestos cement – – – – 1 – 2 – – 2
Demolition waste – – 441 311 352 1191 188 29 66 2580
Commercial waste  0 0 1170 1702 2106 1333 1745 280 29 8365
Soil – – – – – – 484 – 16 501
Scrap iron – – – – – 0.35 – 0.13 – 0.48
Cemetery waste – – 239 98 173 314 249 102 2 1178
Sewage sludge – – – – – – 31 – – 31
Composting residues – – 5342 2799 6311 4623 470 547 36 20,127
Plastic foils – – – – 1 – – – – 1
Paper, paperboard, cardboard – – – – 1 1 3 – – 6
Sand filter contents – 5 – – – – – – – 5
MSW 12 10 4519 4031 9088 23,525 30,008 6447 948 78,587
Bulky waste 24 – 3821 1929 3547 2067 1978 401 21 13,789
Total 66 *20 15,536 10,885 21,580 39,535 44,438 **7979 1119 141,158

* In 1991/1992, delivered waste was mainly taken to the still existing VA 01 of LFS 1. Only small quantities were deposited at the VA 02. After 
closure of the VA 01 at the end of 1992, the waste was exclusively deposed at the VA 02, which resulted in an increase in deposit quantities 
from 20 t (1992) to over 15,000 t (1993).

** From 1998, a part of the waste was moved to the VA 03, which resulted in a renewed reduction of the deposit quantities from more than 
44,000 t (1997) to approximately 8000 t (1998) and 1000 t (1999).

MSW: municipal solid waste.

Table 2. Direct assignment of waste quantities to waste 
categories.

Waste Waste Category

Used tyres, plastics foils Plastics
Demolition waste, sand filter contents Minerals
Asbestos cement Problem substances
Scrap iron Metals
Cemetery waste, composting residues Organics
Paper, paperboard and cardboard PPC
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Table 3 as a fraction ‘other/wood/minerals’ (OWM). It is antici-
pated that this will reduce the theoretical RMP of the site because 
the proportions of the potentially to be materially recycled frac-
tion minerals and energetically recycled fraction wood are not 
included in the estimation. The results of the classification of the 
waste quantities to waste categories (equation (1)) can be found 
in Table 4.

Theoretical calculations

The data found during the historical analysis provides initial find-
ings about the RMP of a site. However, owing to organic compo-
nents, conversion processes take place in landfills that can reduce 
the RMP. Therefore, the degree of degradation of the waste must be 
considered. This degree depends on the storage duration and com-
position of the waste, as well as the prevailing environmental condi-
tions within the landfill. It should also be noted that not all waste 
fractions can be decomposed up to 100% by micro-organisms 
within a few decades, or are only partially accessible to biodegrada-
bility. So, for example, wood (owing to the lignin) or paper waste 
(owing to the coating and filler content) may not be fully converted 
by micro-organisms and are not degraded correspondingly. This is 
why an accurate estimation should also include the actually biode-
gradable proportion of each waste fraction. To reflect this in the 
estimation of the RMP of the VA 02 of LFS 1, the theoretical calcu-
lation steps ‘Calculation of the degree of degradation of the depos-
ited waste’ and ‘Survey of the biodegradable proportion of selected 
waste fractions’ are explained more closely in this section. Based on 
the results found in these two steps, the third calculation step 
‘Calculation of the theoretical RMP’ is to follow and analyse.

Calculation step 1 – Calculation of the degree of degradation 
of the deposited waste. Microbial degradable carbon com-
pounds (such as paper) are converted, among others, to water 
and carbon dioxide under aerobic conditions and into methane 
and carbon dioxide under anaerobic conditions within a landfill 
body. The emissions released during this conversion process are 
discharged mainly in the form of landfill gas. For this reason, 
gas forecast models are used for the calculation of the degree of 
degradation in the course of the presented method. In this con-
text, several approaches already exist in literature that can be 
found in Fellner et al. (2003). Theoretically 22.414 L of standard 
landfill gas may be created from 12 g carbon through anaerobic 

Table 4. Deposited quantities at the VA 02 of LFS 1 according 
to assignment of the waste quantities to waste categories.

Waste category Quantity (t)

PPC 12,889
Glass 3392
Plastics 9741
Metals 3547
Composites 5757
Textiles and hygiene articles 12,044
OWMa 25,164
Bulky waste 13,789
Problem substances 1030
Sewage sludge 31
Soil 501
Organics 53,273
Total 141,157

aIncluding proportions of wood and minerals.
OWM: other/wood/minerals; PPC: paper, paperboard and cardboard.

Table 3. Composition of MSW.

Substance group 1990a 
(w%)

1994b 
(w%)

1994c 
(w%)

1995d 
(w%)

1996e 
(w%)

1998f 
(w%)

Mean 
(w%)

PPC 11.2 13.4g 14.1 7 17.5 12 13
Organics 38 45.9h 46.2 13 8.7 35 31
Glass 4.1 2.5 3.2 3 2 5 3
Metals 3.9 3.2 3.7 4 2.9 3 3
Textiles 2.2 4.6 3.3 5 3.5 6 4
Plastics 8.3 9.9 7.9 10 10.9 9 9
Hygiene products 7.8 8.9 6.0 13 0 10 8
Problem substances 1.5 0.8 1 0.5 0.2 2 1
Composites 3.2 2.1 2.1 11 7.2 8 6
OWMi 19.9 9.1 12.6 33 47.2 10 22

Other 19.9 8.1 12.0 32 44.8 2 –
Wood 0 1 0.6 1 2.4 0 –
Minerals 0 0 0 0 0 8 –

Total 100 100 100 100 100 100 100

aLÖ (1999).
bIUT (1994): Average urban 1993–1994 with compost bin.
cIUT (1994): Average urban 1993–1994 without compost bin.
dTB Hauer (2002).
eSattler (personal communication, 29 July 2014).
fA14 (2014).
gIncludes beverage carton packaging
hIncludes materials <40 mm.
iOther/wood/minerals. 
OWM: other/wood/minerals; PPC: paper, paperboard and cardboard. 
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processes, regardless of how much methane or carbon dioxide 
accumulates. This results in a landfill gas accumulation of 
1.868 L for the degradation of 1 g carbon. This correlation can be 
represented mathematically as (LUBW, 1992):

G Ce org=1 868. *  (2)

where Ge is the total gas quantity (m³*twaste
-1) and Corg is the bio-

degradable organic carbon content (kg C * twaste
-1).

A formula was derived from these theoretical considerations 
by Tabasaran and Rettenberger in 1987 (LUBW, 1992), which 
allows the calculation of the gas amount formed if the biodegrad-
able organic carbon content is known. The formula takes into 
account the influence of the landfill body temperature as well as 
the temporal course of landfill gas formation:

G M C Tt A org
k t= +( ) − −* * * * * *1 868 0 014 0 28 1 10. . . ( )  (3)

where Gt is the landfill gas quantity for the period t (m³), Corg is 
the introduced biodegradable carbon content (kg/t), MA is the 
deposited waste quantity (t), T is the temperature (°C), k is the 
degradation constant (a-1) and t is time (a).

The time-dependent landfill gas formation follows an expo-
nential function, which reaches its half-life in about 7–8 years 
(LUBW, 1992). It should be taken into account that the model 
simulates ideal environmental conditions inside a landfill body, 
and factors like actual water or nutrient content as well as its 
distribution in the landfill are not included. The model therefore 
provides findings that are higher than according to experience 
(Fellner et al., 2003). In practice, the calculation model by 
Tabasaran and Rettenberger (UBA, 2003) has nevertheless 
proved itself, which is why it is used in the present calculations 
for the estimation of the amount of landfill gas. For the survey of 
the parameters necessary for the calculation, equation (3), the 
procedure was as follows.

Time span (t). To determine the time span t, 1991 was set as 
the starting value based on the commissioning of VA 02. Since 
the results obtained from the newly developed method should 
be compared with the results of on-site hand sorting at the end, 
the year of the conducting of these sortings (2013) was chosen as 
the endpoint of the consideration period.

Temperature in the landfill (T). The temperature range 
in landfills can be assumed in most cases to be 30 °C–35 °C 
(LUBM, 1992). To take into account both, the ‘best case’ (low 
degree of degradation) as well as the ‘worst case’ (high degree of 
degradation), the temperature T for the LFS 1 landfill is set to the 
average of the two temperatures (32.5 °C) for the entire period 
considered.

Degradation constant (k). Measurements of the speed of the 
degradation in landfills yielded plausible k-values ranging from 
0.035–0.045 a-1 (Fellner et al., 2003; LUBM, 1992). For the same 
reason as in the determination of the temperature, the k value 
with the average of the two specifications (0.040 a-1) is used.

Introduced biodegradable carbon content (Corg). The Corg is 
the most important parameter for the landfill gas forecast model. 
It should be noted here, that for estimating the quantity of landfill 
gas and the degree of degradation, only the readily and medium 
biodegradable carbon (e.g. organics, textiles made from natural 
fibres, paper) is crucial. The degradation of poorly biodegradable 
waste (such as plastics) is therefore not involved. For MSW, the 
following Corg values can be used in Austria for the years 1991 to 
1999 (cf. Table 5).

As presented in Table 5, the Corg in MSW continuously 
decreases over the years, which is attributed to the introduction 
of the separate collection of biogenic waste in large parts of 
Austria at the beginning of the 1990s. According to a personal 
communication (9 February 2015), this separate collection was 
also already selectively introduced in the waste collection area 
of LFS 1 at the beginning of 1990 and implemented in all 
municipalities of the waste collection area by 1992. It should 
be noted at this point that no Corg values were found for other 
types of waste containing biogenic components and which are 
shown in Table 1 (e.g. waste from contaminated sites). Hence, 
the values indicated in Table 5 were also used for these types 
of waste.

Deposited waste quantity (MA). For the survey of the param-
eter MA, the quantities indicated in Table 1 were drawn on as 
initial values. Because only waste with a readily and medium 
biodegradable organic proportion leads to the release of landfill 
gas, only waste of an organic nature was considered for the cal-
culation. The sum of these waste quantities yields the MA values 
determined for each year (Table 6) and provides an accurate esti-
mation of landfill gas quantities released per year dependent on 
the Corg converted annually.

Using the indicated parameters T, k, Corg and MA, the theoreti-
cal landfill gas quantity (Gt) formed within a specified time 
period can be calculated using equation (3). If it is assumed that 
1.868 L of landfill gas are formed per gram of carbon, the portion 
of degraded carbon (equation (4)) can then be concluded and the 
degree of degradation (equation (5)) estimated:

C
G

org de
t

, .
=
1 868

(4)

D
C

C
org de

org tot

= ,

,

*100  (5)

Table 5. Time series of the Corg in MSW (UBA, 2003).

Year Corg (kg*tOS
-1)

1991 190
1992 180
1993 170
1994 160
1995 150
1996 140
1997 130
1998 130
1999 120
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where Corg, de is the degraded carbon content (kg C), Corg, tot is the 
total introduced biodegradable carbon in time t (kg C) and D is 
the degree of degradation (%).

The results of this first theoretical calculation step are shown 
later in Table 8.

Calculation step 2 – Survey of the biodegradable proportion of 
selected waste fractions. As already mentioned, even biode-
gradable substances do not usually consist of 100% biodegrad-
able proportions. To take this into consideration, the biodegradable 
proportion of selected waste was surveyed. For this, analyses, 
which had already been carried out in the past and found in litera-
ture, were used. The results of the analyses found are summarised 
in Table 7.

As shown in Table 7, a broad range of the biodegradable pro-
portion of a waste fraction is assumed according to the literature 
values. For this reason, the average was obtained from the litera-
ture values and used in the estimation of the RMP. Owing to the, 
in part, low data basis, the calculation of the median was waived 
at this point.

Calculation step 3 – Calculation of the theoretical raw mate-
rial potential. The results shown in Table 4 provide the initial 
value of waste quantity in each waste category for the calculation 
of the theoretical RMP. The amount of each waste fraction has 
been multiplied by the calculated degree of degradation (Table 8) 
as well as the respective average of the biodegradable proportion 
(Table 7), allowing the already-degraded proportion of the 
respective waste fraction to be estimated:

DW I D b= * *  (6)

where DW is the degraded waste (t), I is the initial value (t), D is 
the degree of degradation (%) and b is the biodegradable propor-
tion (%).

The waste quantity still stored in the landfill was then calcu-
lated by subtracting the degraded waste DW from the corre-
sponding initial value I. The sum of the amounts of glass, iron, 
non-iron, PPC, plastics, textiles and composite materials obtained 
using this formula gives the secondary RMP of the site (Table 9).

Comparison of the theoretical and the 
actual RMP

To verify the applicability of the method presented, the results 
obtained were compared with data from hand sorting trials (Table 
10). It is noted that the hand sorting had been conducted on the 
basis of the current Austrian Federal Waste Management Act, 
(BMLFUW, 2011), which is why the classification into waste 
categories may vary from those listed in Table 4. Here, however, 
the fractions ‘organics’, ‘soil’ and ‘sewage sludge’ can be com-
pared with the quantity of ‘sorting residues’ listed in Table 10. 
For a better comparability of the theoretical with the actual RMP, 
the proportions of ‘minerals’ (5.5%) and ‘wood’ (9.4%) found 
during the hand sorting were assigned to the fraction ‘other’.

Results and discussion
Historical analysis

As described in the section ‘Material and methods’, the amount 
of waste (Table 1) that was found through the historical analysis 
and deposited at the landfill has been assigned to waste catego-
ries (Table 4) using the sorting analysis averages listed in Table 3. 
The results presented provide information on the amount of 
waste that was delivered to the VA 02 of the landfill and depos-
ited. But it does not allow an exact statement of which quantities 
were actually still available in 2013 (see selected period of con-
sideration) or what quantities were already degraded by micro-
bial conversion processes.

Theoretical calculations

To be able to consider the degree of degradation in the estimation 
of the RMP, it was calculated by means of a chosen gas forecast 
model. The results of this first theoretical calculation step are 
shown in Table 8. Accordingly, the amount of landfill gas formed 
over the designated period (1991–2013) amounts to 21.9 mil-
lion m³. Therefore, a degraded Corg of about 11.7 million kg of C 
can be concluded. If this is viewed in relation to the Corg,tot (around 
19.6 million kg C), the degree of degradation for the VA 02 of 

Table 6. Quantity of waste with organic components deposited annually at the VA 02 (MA).

Year Type of waste considered MA (t)

1991 MSW, bulky waste 39
1992 MSW 9
1993 Commercial waste, cemetery waste, MSW, composting residues, bulky waste 15,093
1994 Commercial waste, cemetery waste, MSW, composting residues, bulky waste 10,562
1995 Commercial waste, cemetery waste, composting residues, PPC, MSW, bulky waste 21,226
1996 Wastes from contaminated sites, Commercial waste, cemetery waste, PPC, 

composting residues, MSW, bulky waste
38,249

1997 Wastes from contaminated sites, commercial waste, cemetery waste, PPC, 
composting residues, MSW, bulky waste

43,723

1998 Wastes from contaminated sites, commercial waste, cemetery waste, PPC, 
composting residues, MSW, bulky waste

7948

1999 Commercial waste, cemetery waste, composting residues, MSW, bulky waste 1036

PPC: paper, paperboard and cardboard; MSW: municipal solid waste.
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LFS 1 can be estimated at approximately 60%. The survey of the 
biodegradable proportion of selected waste fractions was already 
described in the section ‘Material and methods’ and the average 
used for the calculation of the theoretical raw material potential 
per waste fraction can be found in Table 7. Based on the historical 
analysis and the calculated degree of degradation and biodegrad-
able portion, the theoretical RMP was ascertained in the third step 
of the calculation (Table 9).

As shown in Table 9, the theoretical RMP of the VA 02 of LFS 
1 is around 35% according to the method developed. If it is 
assumed that mainly glass, iron and non-iron metals are suitable 
for material recycling, of these, about 6% could be supplied for 
material recovery. Based on their high calorific value, the frac-
tions PPC, plastics, textiles and composites seem to be suitable 
for energy recovery. Based on the results, 29% of the landfill 
content could thus be used for energy supply.

Comparison of the theoretical and the 
actual raw material potential

For the comparison of the theoretical and actual raw material 
potential, the results, which were obtained during the on-site 
hand sorting trials were summarised (Table 10). Additionally, the 
absolute deviation of the theoretical results that were collected by 
the method presented (Table 9) from the results gained from hand 
sorting is represented.

According to the hand sorting, the actual RMP is approxi-
mately 37%. Of this, ca. 6% could be used for material (deviation 
from the method <1%) and approximately 30.8% for energy sup-
ply (deviation from the method ~2%). The calculated total devia-
tion of the actual from the theoretical RMP can, with great 

probability, be specified at approximately <5%. (Note: In the pre-
sent case, this is ~1%.)

Conclusion

As could be shown by comparing the theoretical and actual RMP, 
the presented, newly developed method can be used for estimat-
ing the potential of secondary raw material quantities of a landfill 
site and therefore as a decision-making tool for landfill owners. 
Costs that would be incurred through a preliminary exploration 
using drilling and mining, as well as hand sorting, can thus be 
saved.

In this method, however, as clearly illustrated in the article, 
the conversion processes taking place in landfill bodies must be 
considered. The calculations show that for the determination of 
the degree of degradation, gas forecast models can be used; the 
model by Tabasaran and Rettenberger has proven successful. It 
should be noted that this model usually provides higher than 
actual findings and the degree of degradation is thus estimated 
too high, resulting in distortions in the calculation of secondary 
raw materials potential. The comparison of the theoretical (about 
35.2%) to the actual RMP determined from the hand sorting trials 
(36.5%), however, showed a good consistency of the results 
(deviation of approximately 1%), which is why suitability of the 
gas forecast model is assumed for the calculation of the degree of 
degradation.

As the comparison of the results from Table 9 and Table 10 
has shown, partly higher deviations can be observed with indi-
vidual waste fractions. For example, the theoretically determined 
amount of plastics was approximately 9%, while the hand sorting 
trials showed an amount of around 18%. These variations can be 

Table 7. Biodegradable proportion of selected waste fractions.

Fraction Water 
content (%)

Biodegradable proportion (%OS) 

BLU (2003) Dehoust et al. 
(2002)

IPCC (2006)b LM (2003) Pommier 
et al. (2010)

Nelles (1998) Mean

PPC 21 78 40 100 43 – 65
Organics 60 40 20 100 – – 53
Hygiene products 60 36 24 – – – 30
Composite 19 49 – – – – 49
Textiles 14 56 24 – – – 40
Fine fraction 28 50 – – – – 50
Wood 14 86 43 – – – 65
Rubber and leather 6 – 39 – – – 39
Bulky waste – – –  50 – – 50
Glass 1 – – – – – 0
Plastics 16 – – – – – 0
Metals 2a – – – – – 0
Minerals 2 – – – – – 0
Sewage sludge 75c 9 9

aNispel (2012).
b Values from the literature are specified relative to the dry matter. To improve comparability with the other literature sources, these are con-
verted using the specified water levels in accordance with BLU (2003) on the wet substance.

cNelles (1998).
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attributed to the data basis used for the method. As already men-
tioned, the method presented in this article is based on historical 
data and sorting analyses from the past (i.e. historical analysis). 
Since these form the initial values for the theoretical calculations, 
they represent the most important input parameters for the assess-
ment of the RMP. In the case of the historical analysis, the condi-
tions of a site, such as waste collection area, population density 
or separating behaviour of the population, must therefore be 
included in addition to a thorough data search on waste deposit 
amounts and types.

The sorting analyses applied to the classification of the 
waste into the waste categories appear to have great influence 
on the final results. As already mentioned, no data on the com-
position of MSW could be found in the waste collection area of 
LFS 1, which is why sorting analyses of communities with a 
similar waste management and disposal structure were used. 
These however do not exactly reflect the conditions of LFS 1, 
which may lead to a distortion of the proportions of individual 
waste fractions. As shown in Table 10, the deviations of indi-
vidual fractions to one another in most cases however, are 
under 10% (exception: sorting residues), which is why the 
methodology explained in the article is still judged to be suf-
ficiently plausible.

It should be taken into account however, that the method 
allows no statement on the quality and the subsequent suitabil-
ity of potential secondary raw materials for an actual recovery, 
but it represents a tool for the estimation of RMP quantities. A 
precise characterisation and assessment of the quality of waste 
excavated can only be done by test drilling or digging with sub-
sequent laboratory or small scale sorting/examination and 
chemical analyses of the obtained materials. If the decision is 
made to excavate the site based on the theoretical RMP deter-
mined with the method, such investigations must then be subse-
quently performed.
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