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Introduction

The LCA landfill models in Doka (2003) are based on well-managed landfills in Switzerland and
Germany. Here a landfill model is developed that is applicable to a wide range of climates and allows
also the calculation of process inventories for uncontrolled landfills (unsanitary landfills) to be used in
LCA calculations. As with the previous instalments, the model focuses on the emission of pollutants
from specific waste materials and less on management of average waste.

2

Influence of climate on landfill degradation

Several models exist to predict annual emissions of methane from landfills. Important parameters in
such models are the speed of decay and the ultimate convertible amount of decay. Speed of decay is
often expressed with a half life constant t1/2 [years] or an exponential rate constant k =ln(2)/t1/2
[years-1]. Ultimate amount of decay is expressed with a constant L0 [kg CH4/ton waste]. Such models
can be considered to cover a limited part of a more circumspect landfill model for LCI. Figures of L0
were used in (Doka 2003-III) to estimate overall degradabilities of different waste materials.

2.1

Influence on speed of methanogenic decay

The widely-used IPCC landfill model features a dependency of the speed of decay on the climatic
regions, eg. dry vs wet temperate/boreal and dry vs wet tropical (IPCC 2006-3). These figures suggest
a strong influence of water availability on the decay speed, and a relatively smaller effect of the mean
(surface) temperature. For average waste in a dry temperate climate the default half-life of
methanogenic decay is 14 years, meaning that within a century 99.3% of all decomposable carbon will
have been converted (0.993 = 1 - 0.5100/14). But even for slowly degrading materials, like wood, a half
live of 35 years is given, resulting in a 86% decay within 100 years, and 95% within 150 years (0.949
= 1 - 0.5150/35). Oonk (2010:23) quotes maximal decay half times of 35 years for average waste in arid
climates from the Landgem model.
The LCA landfill model in the present study has only a very coarse temporal resolution and is not
intended to replace models with an annual temporal resolution, but to supply life-cycle inventory data
on the total circumspect burdens inflicted by landfilling, especially including the long-term time frame
and also regarding pollutants and expenditures other than methane. For the purposes of this model,
the effects on methanogenic decay speed are not really relevant, since even for slow decay speeds the
methanogenic phase of a landfill will be well over or close to over a century after waste placement
(the short-term timeframe for the present model). While the speed of decay plays a crucial role in
estimating annual landfill emissions, for the LCA landfill model with a long time frame it is of little
importance. For the purposes of the current model, all methanogenic emissions are considered shortterm emissions, i.e. the negligible to small amount of landfill gas theoretically expected to be
generated after the short-term period of 100 years ends is nevertheless inventoried as leading to shortterm emissions.

2.2

Influence on ultimate amount of methanogenic decay

More important for LCA is the question if the ultimate amount of methanogenic decay (L0) might be
affected by climate. Since methanogenic decay requires humidity, it can be expected that in climates
with no precipitation ultimate methanogenic decay is zero. A small activity might be possible from
humidity drawn up from groundwater. But essentially a dry environment will preserve even
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potentially highly degradable materials for a long time when buried 1. Similarly sufficiently low
temperature in the landfill will prevent methanogenic conversion.

2.2.1

Precipication

Oonk (2010:23) quotes L0 figures based on measurements in California landfills of 44 kg per ton
average waste as being representative for a subtropical dry climate. By contrast in moist temperate
climates L0 values of 60 kg CH4/ton waste are used (based on measurements in Dutch landfills in the
TNO model). The major Californian landfills are near population centres (Spokas et al. 2015) and are
located in regions typically receiving only 30-60 mm of precipitation.
This information is used here to derive a generic dependence of the decay amount on precipitation. For
zero precipitation a zero decay is surmised. For higher values of precipitation above 1000 mm/year the
decay amount shall be equal to that of a temperate climate. It is therefore assumed here that
precipitation above 1000 mm/year will not fundamentally alter the ultimate amount of methanogenic
decay (while they do have effects on decay speed, which as explained above is of little consequence in
this model).
The following adjustment of the mean average decay amount with annual precipitation is employed.
Eq. 2.1

MAP '
$
# fp"
MAPt
))
L0' = L0 t " &&1 # e
%
(

L0' = adjusted methanogenic decay amount for specified climate
L0t = methanogenic decay amount in temperate climate, constant = 60 kg CH4/t waste
fp = factor for precipitation-dependence of decay amount, constant = 29.372 [-]
!
MAP = mean annual precipitation on landfill site [mm/year]
MAPt = mean annual precipitation in temperate climate, constant = 1000 mm/year

Fig. 2.1

1

Employed dependency of mean average decay amount L0' on mean annual precipitation (MAP)
[mm/year]. Please note the logarithmic scale of the abscissa.

In such climates mechanical wind erosion might ultimately become the most relevant disintegration and emission pathway
Kraxner et al. (2000:17)
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Temperature

While temperature has some effect on the speed of methanogenic decay k, no literature references on
the temperature dependency of the ultimate methanogenic decay amount L0 could be found.
A coarse modelling for temperature dependence is attempted here. Similar to precipitation it is
assumed that any excess temperature above a temperate climate will not have any enlarging effect on
the ultimate decay amount. As sanitary landfills can reach internal temperatures of up to 120°C due to
decomposition heat, any kind of elevated atmospheric temperature is unlikely have any additional
effect.
For lower temperatures the generated decomposition heat will counteract any significant cooling
effect. One limit however can be expected when the deep ground is freezing, i.e. permafrost
conditions. In such conditions the deposited waste is likely to be already frozen on delivery, cannot
heat up in the ground and microbial activity is likely to remain negligible.
Permafrost conditions can occur in polar and boreal climates, cf. the next two figures.

Fig. 2.2

Likeliness of permafrost occurrence in four stages (Isolated / Sporadic / Discontinuous /
Continuous). From (Starr 2008).
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IPCC Climate Zones (from http://eusoils.jrc.ec.europa.eu/projects/RenewableEnergy/)

A comparison of permafrost occurrence (Fig. 2.2) with mean annual temperatures (Fig. 3.2) yields that
sporadic permafrost occurs roughly around –2 to –6 °C while continuous permafrost occurs roughly
around –11 to –15 °C. This means that around –2° MAT landfill decay might start to get to be affected
and that at –15° it is most likely completely halted. From this information a curve similar to the
precipitation dependence is derived here of the form:
Eq. 2.2

(

L0' = L0 t " 1 # e # ft"[ MAT #15°]

)

ft = factor for temperature-dependence of decay amount, constant = 0.3 [-]
MAT = mean annual temperature on landfill site [mm/year], please note subtraction of 15°C

!
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Fig. 2.4

Employed dependency of mean average decay amount L0' on mean annual temperature (MAT)
[°C].

2.2.3

Extension to different waste fractions

The present LCA landfill model is expressly created to be able to inventory separate specific waste
materials, not only average municipal waste mixtures. In the previous instalments of the sanitary
landfill model, specific material degradabilities D0 were derived for temperate climates. So how can
the climatic dependencies derived above for average waste be used to adjust also specific material
degradabilities D0 to different climates?
A few boundary conditions can be stated:
-

The adjusted degradabilities D' must remain within the bracket of 0% o 100%, to fulfil mass
conservation.

-

It makes sense to assume that the ranking of adjusted degradabilities remains unchanged also
in dry or cold climates. A material U, which degrades better than a material V in a temperate
climate, will also very likely degrade better in an arid or boreal climate.

-

If L0t=L0', i.e. temperate climate, all D' must be D0.

-

If L0' is zero, i.e. no methanogenic decay, all D' must be zero.

A function which reflects these boundary conditions is the following exponential approach:
# $ ln (1"D0 )]
D' = 1 " e[
Eq. 2.3
D' = climate-adjusted degradability within 100 years in landfill
D0 = original degradability in temperate climate within 100 years in landfill
α = factor to consistently adjust degradability to a certain climate

!

This converts any collection of D0 values into a corresponding set of D' values, which fulfil both of the
above boundary conditions. The parameter α adjusts the degradabilities consistently. For α = 1 all
degradabilities are their original D0 value for temperate climate. For α = 0 all degradabilities become
zero. For α = ∞ all degradabilities are 100%. For the purposes of this model to depict the reduced
decay amounts in dry and cold climates the range 0 < α < 1 is of interest. The effect of α is shown in
the next figure.
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Effect of the factor α on adjusted degradabilities D'.

How can the correct alpha value applicable to a certain climate be obtained? The methanogenic decay
amounts L0 can be converted into overall degradabilities D0 as used in the LCA landfill model by
considering how much carbon has been converted to methane and CO2 and how much carbon is
available. Municipal solid waste contains about 33 w% carbon. Landfill gas contains about 50% CO2
therefore if all carbon in municipal solid waste were decaying, one could expect a methane yield of
220 kg CH4 per ton of waste. With this information the L0' values derived above can be converted to a
value for α.
Eq. 2.4

"x =

ln(1 # L0' /L0max)
ln(1 # L0 t /L0max)

L0' = adjusted methanogenic decay amount for specified climate
L0t = methanogenic decay amount in temperate climate, constant 60 kg CH4/t waste
L0max = maximal methanogenic decay amount possible, constant 220 kg CH4/t waste

!

From the two adjusted L0' values (Eq. 2.1 and Eq. 2.2) two alpha values can be derived: αp and αt
(precipitation-adjusted and temperature-adjusted). The model shall heed either impediment to decay
amount. This is achieved simply by multiplication:
Eq. 2.5

" = " p # "t

The resulting α parameter can then be used to adjust any of the default temperate waste material
!
degradabilities
to a specific climate, using Eq. 2.3.

2.3

Weathering in wet and dry climates

There are distinct differences in the fate of landfill leachate in wet and dry climates. In wet climates
leachate transports pollutants downward through the landfill body towards groundwater. In dry
climates, evaporation at the surface is so strong that an upward pressure gradient results, which draws
groundwater through the landfill to the surface. On the surface the water evaporates and leaves behind
solid, but brittle precipitates from the dissolved elements, called evaporites or efflorescent salts.
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Evaporites are prone to surface erosion by wind. Wind erosion is a relevant emission pathway in arid
climates.

Fig. 2.6

Conceptual differences in emissions from landfill sites in wet climate and in dry climate.

Fig. 2.7

As an illustration: evaporites forming on tailings from copper mining at Bahia de Ite, Peru. Photo taken from
(Diaby et al. 2006)

For the present landfill model following assumptions are made:
-

Net annual infiltration is considered to decide if a landfill site has reversed leachate flow.

-

Net annual infiltration is calculated from the mean annual precipitation (MAP) [mm/year]
minus the actual annual evapotranspiration (ETa) [mm/year]

-

With a negative net annual infiltration, the site is considered to have reversed leachate
dynamics ("reversed dry site")

-

On such reversed dry sites no leachate collection and treatment can be performed

-

On reversed dry sites leachate solids accumulate on top of the site as evaporites

LCI unsanitary landfill
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-

Of the accumulated evaporites 10% are considered to be eroded by wind and inventoried as
emission to air of each chemical element. This percentage can be altered. 10% was already
used in the ecoinvent database for uranium tailings in dry locations like Namibia (Doka 2008).

-

Of the windblown evaporites the sum mass is also inventoried as particulate matter emission
(PM)2. A conservative profile of 20% PM<2.5, 30% PM2.5-10, and 50% PM>10 is assumed (Doka
2008).

-

Of the accumulated evaporites 90% are inventoried as emission to industrial soil.

The modelling leads to following emission characteristics of controlled or uncontrolled landfills in wet
or dry climates:

Wet climate
(positive net infiltration)

Dry climate
(negative net infiltration)

Controlled landfill:
Sanitary landfills (s)

Uncontrolled landfill:
Unsanitary landfills (u) and
Open dumps (o)

- LFG: possibly captured
- ST leachate: treated in WWT and
emitted to river
- LT leachate: emitted to groundwater

- LFG: direct emission to air
- ST leachate: no WWT,
emitted to groundwater
- LT leachate: emitted to groundwater

- LFG: direct emission to air
- ST leachate: no WWT,
emitted to soil and air
- LT leachate: emitted to soil and air

- LFG: direct emission to air
- ST leachate: no WWT,
emitted to soil and air
- LT leachate: emitted to soil and air

Abbreviations
LFG

Landfill Gas

WWT

wastewater treatment for leachate

ST

short term (0-100 years)

LT

long-term (101-60'000 years)

s, u, o

Landfill management types, see chapter 4.4 'Landfill management' on page 15.

The amount of emissions depends on the magnitude of the degradability specific to the waste material
under consideration and on the overall, average speed of the landfill weathering. The average landfill
weathering is chiefly a function of the available infiltration water. A small amount of infiltration water
will slow down landfill weathering and move the point in time when the carbonate buffer is washed
out further into the future. If this is the case the carbonate phase lasts longer, which means that the pH
remains longer non-acidic and more time is available to efficiently wash out oxianions. Oxianions are
well soluble at non-acidic pH values, while many heavy metal cations are better soluble at acidic pH.
A longer carbonate phase can therefore increase inventoried emissions of oxianions. For chain of
reasons the inventoried emissions of oxianionic elements like chromium or antimony can increase
with less infiltration water. This might seem paradoxical, but is a sensible result from the model. In
turn, the familiar cationic heavy metals (zinc, lead, cadmium, copper etc) have the unsurprising
behaviour of less emissions when infiltration water is low.

2

This is in accordance to methodological choices in the ecoinvent database, where particulate emissions to air can be
inventoried as PM figures (where mass and size is the dominant aspect) and additionally as toxic compounds contained in the
particulates (where toxicity is the relevant aspect).

LCI unsanitary landfill
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Errata for calculation of average transfer coefficients

The sanitary landfill model of (Doka 2003-III) included a calculation of elemental transfer coefficients
for the average landfill behaviour, i.e. the typical behaviour of chemical elements for the average
landfill. These transfer coefficients are instrumental in deriving the waste-specific transfer coefficients
valid for a specific material with a specific degradability.
For the calculation of the average transfer coefficients, three different stages of the landfill are
discerned:
(a) Short term phase 0-100 years after waste placement, dominated by the methanogenic phase
(b) Carbonate phase, from 100 years until the carbonate buffer is washed out (pH drops)
(c) Post-carbonate phase, remaining time after 4500 years until 60'000 years.

Transfer coefficients were calculated for the three points in time:
STTK = Short-term transfer coefficients for 0 – 100 years
TK(te) = Transfer coefficients until pH drop, for 0 – te years (index e stands for "end of
carbonate")
TK(tg) = Cumulated long-term transfer coefficients, for 0 – 60'000 years (index g stands for
"glacial period starts")

The equation 6.12 in Doka (2003-III:51) gives the cumulated long-term transfer coefficient for
elements following a linear leaching dynamic. An error was detected in these equations. The corrected
equation is given below. The corresponding equation for elements following a exponential leaching
dynamic is correct (Eq. 6.11 in Doka 2003-III)

Eq. 2.6

" STTK %
TK(t g ) = TK(t e ) + $
'( x ( x ( (t ) t )
# 100a & s e g e

corrected to TK(tg) ≤ TK

∝

This error affects only the calculation of cumulated long-term transfer coefficients TK(tg). The other
sets of !
transfer coefficients STTK and are TK(te) correct. The error was made only in calculating the
linear leaching dynamics of the third phase (post-carbonate).
The correction can lead to larger average long-term transfer coefficients TK(tg). The consequence of
the error correction is however limited. Transfer-coefficients are restricted by a maximal value of
100% they cannot exceed, and in the uncorrected model the already many TK(tg) were at 100%.
Notable exceptions are zinc, which before had a long-term transfer coefficient of 82.6% and after the
correction has 100%. Also carbon, which leads only to TOC emissions, is now completely emitted in
the long-term, while before its long-term transfer coefficient was 38%. For phosphorus, the transfer
coefficient is elevated from 2.18% to 8.14%. These transfer-coefficients are only representing average
landfill behaviour, i.e. the typical behaviour of chemical elements for the average landfill, and not the
behaviour of a specific waste.
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Required climate data

Dependencies on climate effects have been introduced into the present municipal landfill model.
Several parameters are required to calculate climate-specific inventories. These new parameters are
compiled in the workbook 'MSWLF 2016.xls' in sheet 'Para'. Only white cells shall be changed by the
user.
Following climate data is used:
-

Mean annual precipitation (MAP) [mm/year]

-

Mean annual temperature (MAT) [°C]

-

Actual annual evapotranspiration (ETa) [mm/year]

Values for these parameters can be derived from the following charts. But also other data sources can
be used. But please note that the actual evapotranspiration ETa is required, not the potential
evapotranspiration (PET). PET figures are theoretical values of total evapotranspiration, if water
availability is not limited, while actual evapotranspiration ETa is limited by the actually present water.
ETa is low to zero in hot and arid regions, while the PET in such regions is large.

Fig. 3.1

Mean annual precipitation (MAP) [mm/year] (from www.worldgrids.org)

LCI unsanitary landfill
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Fig. 3.2

Mean annual temperature (MAT) [°C] (from www.worldgrids.org)

Fig. 3.3

Mean actual annual evapotranspiration (ETa) [mm/year] (Mu et al. 2011)
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Wind erosion rate
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Only applied for landfill sites with negative net infiltration, i.e. dry or arid climates. Defines how
much of the leachate evaporites which formed on the landfill surface will be suspended to air and
inventoried as air emissions. Default value is 10%.

LCI unsanitary landfill
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Other required data

Several other parameters are used for the landfill model. These parameters are also compiled in the
workbook 'MSWLF 2016.xls' in sheet 'Para'. Only white cells shall be changed by the user.

4.1

Geography code

The user can enter a two-letter country code or a three letter region code which will be incorporated in
the Ecospold inventory. The geography codes of Ecosold1 are listed in Tab. 6.1 on page 20.

4.2

Landfill height

The average height the waste is accumulated in the landfill. This parameter will have influence on
infrastructure in controlled landfills and the available leachate volume per kilogram waste.

4.3

Landfill operation phase

Duration the landfill is being actively filled. This will be used for land use in uncontrolled landfills.

4.4

Landfill management

This is a single character code that defines the type of landfill planning and management.
-

's' is for a sanitary (controlled) landfill

-

'u' is for an unsanitary, sub-controlled landfill

-

'o' is for an open, uncontrolled dump

The sanitary landfill is inventoried as in (Doka 2003) which includes a bottom liner, waste
compaction, landfill gas capture, leachate treatment, soil covers and renaturation. Leachate treatment
is performed when climate allows it (Cf. chapter 2.3 'Weathering in wet and dry climates' on page 9).
The unsanitary landfill has only waste compaction and daily soil covers, but no bottom liner,
leachate treatment, and no landfill gas capture. This description is based on (Alfayez 2011) for
landfills in Jordan. Many other types of sub-managed landfills are imaginable down to open dumps
with no management, but this description is used as an intermediate between sanitary landfills and
open dumps. The waste compaction and waste cover represents some limited form of management
and affects the methane correction factor (see below).
The open dump is a totally uncontrolled dump and has no waste compaction, no soil covers, no
bottom liner, leachate treatment, and no landfill gas capture.
In the sub- and uncontrolled landfills all LFG is emitted to air without treatment (regardless of what
parameters are set for LFG management) and also all leachate is emitted directly to groundwater (or to
soil/air in arid climates).
The chosen waste management type will affect the name given to the process, e.g. "disposal,
municipal solid waste, to open dump".

LCI unsanitary landfill
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Characteristics of three different landfill managements (or lack therof)

Sanitary landfill

Unsanitary landfill

Open dump

Excavation pit
Bottom liner

√
√

√
–

–
–

Waste compaction
LFG collection tubes
Leachate treatment

√
√
√

√
–
–

–
–
–

Soil cover
LFG capture

√
√

√
–

–
–

1.0

1.0

0.4-0.8

Methane correction factor MCF

Fig. 4.1

Example of an unsanitary landfill near Deir Alla, Jordan (Selmo 2010)

4.5

Landfill gas capture and flaring

%capt: Percentage of capture of generated landfill gas. Due to seepage, trailing off of production
rates even in well designed landfills capture rates are usually not above 60%. Non-captured LFG is
directly emitted to air. Default value is 53%.
%flare: Percentage of flaring of the captured landfill gas. Default value is 34%. Gas captured, but not
flared is assumed to be utilised in a gas motor for energy production.
The fate of landfill gas is therefore calculated in the following way:
landfill gas directly emitted to air = (1 - %capt)

LCI unsanitary landfill
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landfill gas flared, but not utilised = %capt * % flare
landfill gas utilised = %capt * (1 - % flare)

4.6

Landfill gas utilisation efficiencies

Conversion efficiencies in landfill gas utilisation for heat and electricity describe the technology of
landfill gas utilisation. They relate only to the heating value of landfill gas actually converted in
utilisation, not to landfill gas not utilised.

4.7

Methane correction factor MCF

In shallow and/or uncompacted landfills the methane in landfill gas can become oxidised to CO2. The
IPCC landfill model has a methane correction factor to account for this effect with the following
values. A value of 1 means there is no further methane oxidation before release, a value of 0.5 means
that half of the methane is oxidised to CO2 before release.
Site type
Managed – anaerobic
Managed – semi-aerobic
Unmanaged – deep ( > 5 m waste) and /or high water table
Unmanaged – shallow (< 5 m waste)
Uncategorised solid waste disposal sites

Methane correction factor MCF
1.0
0.5
0.8
0.4
0.6

Since controlled/uncontrolled and landfill depth are already required parameters, the methane
correction factor can be calculated for most cases. But the user can enter an override value (except 0,
which prompts the use of the automatically calculated value).

4.8

Sets of parameters

The user can compile various sets of parameter values for various sites and record them in a list on the
right side of the sheet 'para'. A certain set can then conveniently be chosen by entering the site number
in cell E5.

4.9

Waste composition

Waste definitions are defined in the central 'hub' workbook "MSWI 2016.xls".
Calculating waste-specific inventories is the core purpose of the landfill model. For unsanitary
landfills in developing nations waste scavengers can pick out recyclables from the waste, also animals
can pick out food items. For the purposes of this model, the landfilled composition is assumed to
remain on location and lead to emissions. This means that the defined waste composition shall reflect
the composition after recyclables have been removed.

LCI unsanitary landfill
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Calculation Manual

Setting up
1. Open the Excel file 'MSWI 2016.xls' that contains the centralised waste definitions.
2. Open the file 'MSWLF 2016.xls' (acronym for 'municipal solid waste landfill') to calculate
inventories for wastes to that type of landfill.
3. Do not update links to other sheets. There is no need. Choose 'No' in the dialog.
4. On slower machines you might want to disable automatic calculation. Choose the menu
command 'Extras/Preferences', choose 'calculation' and set the calculation to 'manual'.
5. In 'MSWI 2016.xls' go to the sheet 'waste input'. If you want to calculate inventories of
(un)sanitary landfills set the 'disposal code' in cell B4 to 'R' (the 'R' signifying the German
'Reaktordeponie').
6. Go to the waste composition database (located on the same sheet 'waste input') starting at the
range K9:K66. Headers are in A9:A66. Examine the waste compositions listed there. If you find
something suitable for you go to 'Choosing the waste fractions' further below. If not, you need
to define a new waste composition.
Enter a new waste fraction
7. Find an empty column in the waste composition database in the sheet 'waste input' e.g right of
column K. You can only enter data in the white cells. You can also overwrite existing
columns, but this is not advised for consistency's sake. In case you need to insert new,
additional columns, make sure the functionality of the formulas in columns H, I and J is
retained, i.e. the SUMPRODUCTs must refer the complete database area. To do that, enter new
columns starting on the left of the last column in the database (then copy the contents/formulas
of an existing data column, to retain sheet functionality). Also the formulas in rows 68, 69 and
79 should be copied when inserting new columns.
8. In a suitable column, enter your data for the waste. If you have waste to landfill that is
heterogeneous in degradability, e.g. plastic compounded with paper, you need to divide the
waste up into an readily degradable part (e.g. paper) and a robust part (e.g. plastic) and enter
them in two separate columns. Degradability for the first 100 years in a temperate climate (D0)
is entered in row 65 (I will be automatically converted to a climate-adjusted degradability value
D' in row 79). More information on degradability of different materials can be found in (Doka
2003-III) chapter 6.1.1 'Waste-specific degradability in sanitary landfills' on page 46.
9. For identification enter a name for the waste in row 15 of the free column.
10. Enter heating values, composition data and other characteristics in rows 18 to 65 of the free
column. Use the correct units (MJ/kg and kg/kg) as given in column D. All figures are per
kilogram wet waste. More information and guidance in (Doka 2003-III) chapter 5.7 'Necessary
waste-specific data' on page 39. An error message appears in row 14, if the entered composition
is not reasonably close to 100%. Please note that unnecessary rounding to significant digits at
this stage can lead to 'mass gaps', resulting in an error message. You can skip the parameter for
iron recycling (row 63) and aluminium and copper recycling (rows 76 & 77), since there is
usually no iron recycling in landfills. You might want to fill it in anyway, if you want to
calculate the disposal of the same waste in a MSWI.
12. Save the sheet.

LCI unsanitary landfill

5. Calculation Manual

19

Choosing the waste fraction(s)
13. To calculate a new inventory go to the rows below cell C84 of the sheet 'waste input'. In a free
row enter the following information: In column C the name of the waste (in row D a local name
for Ecopsold1). These names will be used to generate module names in the sheets 'X-Process'
and 'X-Exchange'. On the same row starting on column K you can enter the percentages for the
waste fractions you want to be present in the waste of this inventory (waste fractions were
defined above in rows 16:66). These shares make up the final waste in your process inventory.
Usually you just select one column, i.e. one waste fraction with 100%. You can enter any
combination of fractions as long as the sum total of all fractions is 100%. With this mechanism
you recombine the fractions of different degradabilities you separated at point 8, and it also
allows you to integrate complex waste mixtures into a single inventory. The functional unit is
fixed at 1 kg waste to landfill. Check if the temperate degradability D0 of the waste over 100a in
row 65 is entered correctly (possible between 100% and 0%, usually between 35% and 1%).
14. Go to column A and the row you just entered your fraction information. Here is the number that
identifies the waste (mixture) composition you just defined. Enter the number, e.g. '118' in cell
A82. This selects this waste (mixture) composition as the input for the model.
Setting the landfill site characteristics
15. Goto the workbook 'MSWLF 2016.xls' and to the sheet 'Para'. In cell E5 enter a value to choose
one of the parameter sets compiled on the right (columns I etc). You can also alter any of the
white cells, or enter a new parameter set to characterise a specific landfill site. The various
parameters are explained in chapters 3 'Required climate data' and 4 'Other required data' on
page 13ff.
Ecospold calculation
16. Force Excel to recalculate the workbook(s) by pressing 'Alt - =' on Windows machines or
'⌘ - =' on Mac machines or by choosing the menu command 'Extras/Preferences', 'calculation'
and clicking on 'Calculate now'. Important: wait until calculation is complete. Excel's status bar
comment in the lower left corner of your screen shows you the progress of the calculation.
17. For disposal of your waste in a sanitary landfill: Go to the sheets 'X-Process' and 'X-Exchange'
in 'MSWLF 2016.xls' from where you can copy the inventory data in ECOSPOLD format. Paste
the tables as values to another sheet (press '⌘–Shift–V' and choose 'values').
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Appendix – Ecospold1 Geography codes

Tab. 6.1

Geography codes for Ecospold1

GLO

World Regions
Global

WEU

OCE

Oceanic

PAO

RAF

Africa

FSU

RAS
RER
RLA
RNA

Asia and the Pacific
Europe
Latin America & the Caribbean
North America

EEU
MEA
AFR
CPA

RNE
RME

PAS
SAS

AF
AX
AL
DZ
AS
AD
AO
AI
AQ
AG
AR
AM
AW
AU

Near East
Middle East
Countries
Afghanistan
Åland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia

AT
AZ
BS
BH
BD
BB
BY
BE
BZ
BJ
BM
BT
BO
BA
BW
BV
BR
IO
BN

Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam

VA
HN
HK
HU
IS
IN
ID
IR
IQ
IE
IL
IT
JM
JP
JO
KZ
KE
KI
KP

BG
BF
BI
KH

Bulgaria
Burkina Faso
Burundi
Cambodia

KR
KW
KG
LA

CM
CA

Cameroon
Canada

CV
KY
CF
TD
CL
CN
CX
CC

Cape Verde
Cayman Islands
Central African Republic
Chad
Chile
China
Christmas Island
Cocos (Keeling) Islands

LS
LR
LY
LI
LT
LU
MO
MK

CO
KM
CG
CD

Colombia
Comoros
Congo
Congo, The Democratic Republic
Of The

MG
MW
MY
MV

DE
GH
GI
GR
GL
GD
GP
GU
GT
GN
GW
GY
HT
HM

LV
LB

Sub-Regions
Western Europe
Pacific OECD (Japan, Australia,
New Zealand)
Independent States of the
Former Soviet Union
Central and Eastern Europe
Middle East and North Africa
Sub-Sahara Africa
Centrally Planned Asia and
China
Other Pacific Asia
South Asia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guinea
Guinea-bissau
Guyana
Haiti
Heard Island and Mcdonald
Islands
Holy See (Vatican City State)
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic Of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's
Republic Of
Korea, Republic Of
Kuwait
Kyrgyzstan
Lao People's Democratic
Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macao
Macedonia, The Former
Yugoslav Republic Of
Madagascar
Malawi
Malaysia
Maldives

UCTE
CENTREL
NORDEL

Power Grid Regions
Union for the Co-ordination of
Transmission of Electricity
Central european power
association
Nordic countries power association

NO
OM
PK
PW
PS
PA
PG
PY
PE
PH
PN
PL
PT
PR

Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico

QA
RE
RO
RU
RW
SH
KN
LC
PM
VC
WS
SM
ST
SA
SN
CS
SC
SL
SG

Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Helena
Saint Kitts and Nevis
Saint Lucia
Saint Pierre and Miquelon
Saint Vincent and The Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia and Montenegro
Seychelles
Sierra Leone
Singapore

SK
SI
SB
SO

Slovakia
Slovenia
Solomon Islands
Somalia

ZA
GS
ES
LK
SD
SR
SJ
SZ
SE
CH

South Africa
South Georgia and The South
Sandwich Islands
Spain
Sri Lanka
Sudan
Suriname
Svalbard and Jan Mayen
Swaziland
Sweden
Switzerland

SY
TW
TJ
TZ

Syrian Arab Republic
Taiwan, Province Of China
Tajikistan
Tanzania, United Republic Of
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CK
CR
CI
HR
CU
CY
CZ
DK
DJ
DM
DO
EC
EG
SV
GQ
ER
EE

Cook Islands
Costa Rica
Cote D'ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia

ML
MT
MH
MQ
MR
MU
YT
MX
FM
MD
MC
MN
MS
MA
MZ
MM
NA

Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States Of
Moldova, Republic Of
Monaco
Mongolia
Montserrat
Morocco
Mozambique
Myanmar
Namibia

TH
TL
TG
TK
TO
TT
TN
TR
TM
TC
TV
UG
UA
AE
GB
US
UM

ET
FK
FO
FJ
FI
FR
GF
PF
TF
GA
GM
GE

Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia

NR
NP
NL
AN
NC
NZ
NI
NE
NG
NU
NF
MP

Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands

UY
UZ
VU
VE
VN
VG
VI
WF
EH
YE
ZM
ZW

7

Thailand
Timor-leste
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Turkey
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying
Islands
Uruguay
Uzbekistan
Vanuatu
Venezuela
Vietnam
Virgin Islands, British
Virgin Islands, U.S.
Wallis and Futuna
Western Sahara
Yemen
Zambia
Zimbabwe
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