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FROM EMPIRICAL STUDIES TO BIOENERGY STATISTICS: BRIDGING THE GAP
OF UNRECORDED WOOD-BIOENERGY IN GERMANY
Weimar, H
ABSTRACT
The full coverage of all bioenergy based on woody and other solid biomass in energy statistics is a necessity
– and a challenge. It is a necessity for e.g. reporting on the development of bioenergy or generally for market
transparency. And it is a challenge as especially smaller sectors or smaller plants usually are not monitored by
energy statistics. On the other hand, we know – based on various empirical studies on the use of wood for energy
generation – for certain data points in time the total use of woody biomass in firing plants. We use both data
sources to outline a methodological concept to estimate the unmonitored quantities. Our further objective is to
develop a time series of the unmonitored sectors for the period from 2003 to 2014. Calculations were done using
regression analysis to estimate best-fit-curves and linear interpolation. Results show that the unmonitored sector
has contributed between 23 PJ and 58 PJ of wood energy in the analyzed time period. The share of this sector
on the total use of wood for energy production in Germany varies between 10 % and 47 %.
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1. INTRODUCTION
Bioenergy plays an important role in the energy mix of Germany. Moreover, with regard to energy
security and climate change mitigation bioenergy is one of the key pillars for the transition of the energy
system towards a more sustainable energy generation. Wood as a solid biomass provides a major share
of bioenergy in Germany. Therefore it is obvious that all uses of wood for energy purposes should be
recorded in energy statistics. It is necessary to report the development of bioenergy for e.g. market
transparency and for a general knowledge about the different uses of wood.
However, the coverage of all woody and other solid biomass based energy in statistics is
incomplete. Especially smaller sectors or smaller plants are not monitored by energy statistics in
Germany. In case of wood energy these are namely the sectors of commercial and public services and
of agriculture, forestry and fishing. But also companies of the manufacturing sector which employ less
than twenty people are not covered by official statistics in Germany due to a general cut-off threshold.
In this regard it is important to note that residential wood energy of private households is covered in
energy statistics and hence not in the scope of our analysis.
Due to lack of information, various studies have been carried out in order to provide estimates on
these unreported sectors or quantities in the last years. In addition to the mere estimation of the energy
production some of these studies aimed to develop a methodology for a continuous data provision for
renewable energy statistics (e.g. Schlomann et al., 2008; Viehmann et al., 2011, Rönsch et al., 2016).
However, so far no realizable concept could be developed.
It is therefore the objective to outline a methodological concept to estimate the unreported quantities
of wood energy. Based on this concept we firstly develop a time series for the period 2003 to 2014.
Furthermore, the concept shall be also used to support future reporting of energy statistics by filling the
gap of unmonitored sectors or plants.
The remainder of this paper is organized as follows. In subsequent chapter 2 the methodology
approach will be outlined. In chapter 3 the results of the analysis are presented. Chapter 4 discusses
the main findings and concludes the paper.
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2. METHODOLOGICAL APPROACH
2.1. General Approach
Based on various empirical studies on the use of wood in firing plants we know for certain points in
time the total use of woody biomass for energy generation. On the other hand, energy statistics do
accurately record primary energy consumption in all relevant sectors except the commercial and public
services sector, the agriculture, forestry and fishing sector and firing plants of companies of the
manufacturing sector which employ less than twenty people. Hence, the basic methodological approach
is striking simple: For a certain year, the difference between the empirically quantified wood energy
consumption and the primary energy consumption of solid biomass in official energy statistics can be
defined as the primary wood energy consumption of the commercial and public services sector, the
agriculture, forestry and fishing sector and firing plants of companies of the manufacturing sector which
employ less than twenty people. In the following these sectors and plants are named ‘other commercial
sectors’. The subsequent equation describes the general relation.
=

(1)

−

PEC – primary energy consumption ( in Peta Joule PJ)
oc – other commercial sectors
es – empirical studies
os – official statistics

There are mainly two types of empirical studies. One type focuses on large-scale wood firing plants
with a rated thermal input of at least one megawatt (MW), the other type focuses on small-scale wood
firing plants with a rated thermal input below one megawatt. The studies on the large-scale wood firing
plants were conducted as full surveys (Weimar and Mantau, 2006; Weimar, 2008; Weimar et al., 2012)
whereas the studies on small-scale wood firing plants were compiled as sample surveys (Mantau, 2004;
Musialczyk and Mantau, 2007; Mantau et al., 2012). Additionally, information on the use of wood in other
firing plants which use wood for co-firing such as coal-fired plants or power plants in (e.g.) the cement
industry were taken into account. The calculation of the total primary wood energy consumption of the
empirical studies PECes is calculated as follows:
=

PEC – primary energy consumption (in PJ)
s – small-scale wood firing plants
l – large-scale wood firing plants
o – other firing plants

+

+

(2)

Data of the wood consumption for energy generation in wood firing plants is reflected in the
empirical studies either in a dried stage (oven-dry metric tons, odmt) or on a wet basis (“as delivered”
(UN, 2009)). The conversion from odmt to joule is done by using a conversion factor of 18.5 mega-joules
(MJ) per kilogram. For the conversion of wet tons to odmt data on moisture content are provided by
Weimar and Mantau (2006) and UN (2009). For the specific approach we aim to specify regression
models. However, if this might not be possible for all cases we need to use linear interpolation between
fixed points or extrapolation of empirical data.
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2.2. Specific Approach
2.2.1. Small-scale wood firing plants
Small-scale wood firing plants are defined as plants with a rated thermal input below one megawatt
(MW). For setting up a time series three data points from empirical studies are available for further
analysis. The study of Mantau (2004) covers the year 2002. Musialczyk and Mantau (2007) refer to the
year 2006 and Mantau et al. (2012) provide data for the year 2010. These studies have been conducted
within the project wood resource monitoring. Based on these references we try to specify a regression
model to find the line of best fit for the use of woody biomass in small-scale firing plants for the time
period 2003 to 2014. To reflect the structure of this heterogeneous market we assume two major
influences on the development.
One major share of small-scale wood firing plants is operated within the wood working and wood
manufacturing companies. We assume that the use of wood for energy generation partly depends on
the economic development of these firms as they are mainly using wood processing residues as fuels.
To reflect this relation we use the economic development of annual turnover of the following sectors:
manufacturer of products of wood (excluding wood-based panels) and manufacture of furniture. Data
are provided by Becher (2015). For deflation of annual turnover we used the GDP deflator of the World
Bank (2016). The other major share of small-scale wood firing plants is operated by different companies
outside the wood-based industry such as the commercial and public services sector, the energy
transformation sector or the agriculture, forestry and fishing sector. A main purpose of these plants is
heat production for e.g. district heating. Studies show that the weather conditions during a heating period
are relevant for the amount of wood used (e.g. Garbacz, 1985; Garbacz and Erickson, 1987; Schmoranz,
1994). Hence we assume that primary energy consumption for small plants is in addition to annual
turnover of wood manufacturer also related to the heating demand of the heating period. We use annual
heating degree days for further specification. Data are provided by Memmler (2016). The use of wood
for energy generation of small-scale wood firing plants is calculated as follows:
,

=

+

,

+

,

+

(3)

U – use of wood for energy generation (in oven-dry metric tons (odmt))
s – small-scale firing plants
x1 – annual turn over (in Euro, deflated)
x2 – heating degree days (in Kelvin day, Kd)
j – year
β – parameters
We assume a linear correlation between the use of woody biomass and the explanatory variables.
As so far only three data points for analysis are available the regression analysis could not be carried
out fully due to the lack of degrees of freedom. Besides the estimation of the regression parameters and
the coefficient of determination (R2) no test statistics could be calculated (see table 1).
For this reason we decided to calculate the time series of the small-scale wood firing plants based
on the development of sub-categories of the energy statistic. These sub-categories are assumed to
reflect the development of the small plants. We defined the empirical studies as fixed points and used
the development of the sub-categories for interpolation.
However, it is still the basic idea of the general methodological concept that we can specify a
regression model if additional data are available. The next survey in this regard is already in the planning
stage and will be carried out in 2017. Results are planned for late 2017, reference year will be 2016.
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Table 1. Test statistics for small-scale wood firing plants

R2
R2 (adjusted)
F-statistic
p value

Model (N = 3)

Variables

1
-

β0
β1
β2

Coefficient
estimates
-18888361
0.27435
3321.16304

Standard
errors
-

t values

p values

-

-

2.2.2. Large-scale wood firing plants
Large-scale firing plants are defined as plants with a rated thermal input of one megawatt or above.
Basically, the approach applied for estimating the use of wood for energy production in large-scale firing
plants is similar to the one applied for small-scale firing plants. Data on wood consumption are available
for the years 2003, 2004, 2005 and 2011 provided by Weimar and Mantau (2006), Weimar (2008) and
Weimar et al. (2012). These studies also have been conducted within the project wood resource
monitoring. For our analysis we use additional annual statistics on the power and heat supply of solid
biomass of the industry sector and the transformation sector provided by the working group on
renewable energy statistics (AGEE-Stat).
We assume that the development of primary energy consumption of solid biomass reported in
energy statistics reflects the development of large-scale wood firing plants. A regression analysis was
carried out in order to calculate the best-fit line between the available empirical data for wood
consumption in large-scale wood firing plants and the heat and power supply of industry and heating
plants of energy statistics.
,

=

+

,

+

(4)

U – use of wood for energy generation (in oven-dry metric tons (odmt))
l – large-scale firing plants
x1 – heat and power supply of industry and heating plants (in PJ)
j – year
β – parameters
We assume a linear correlation between the use of woody biomass and the explanatory variables.
The explanatory variable x1 is significant and shows the expected positive sign. Further test statistics
are provided in table 2.
Table 2. Test statistics for large-scale wood firing plants

R2
R2 (adjusted)
F-statistic
p value

Model (N = 4)

Variables

0.9878
0.9817
162.18
0.0061

β0
β1

Coefficient
estimates
2690112
30.93702
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Standard
errors
343216
2.42931

t values

p values

7.84
12.73

0.0159
0.0061
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2.2.3. Other firing plants: wood and non-woody solid biomass
In addition to the use of wood in small and large wood firing plants wood is also used for co-firing
in e.g. in coal-fired power plants or in industrial power plants (e.g. cement industry). Wood which is burnt
in incineration plants (mainly as waste) is not considered in this analysis. This part of energy generation
is already recorded in statistics. Unfortunately, there is only very limited information on co-firing of wood
in these other industrial plants. So far only one publication seems to refer to this issue (Mantau and
Jochem, 2012). Based on this study we assume a constant wood consumption over time and we applied
the quantity to the whole time period.
Information on non-woody solid biomass is also scarce. In empirical surveys about large-scale
wood firing plants by Weimar and Mantau (2006) and Weimar et al. (2012) also plants were surveyed
which only use non-woody solid biomass. However, the quantity was low compared to woody biomass.
Hence we assume a constant quantity of non-woody biomass for whole time period.
If additional information on these uses solid biomass will be available, it will be taken into account
and the assumptions will be modified.
3. RESULTS
Figure 1 shows the results of the calculation of the wood energy consumption from 2003 to 2014.

Figure 1. Estimated use of wood and other solid biomass for energy generation by sectors in Germany, in odmt

The figure presents the estimated time series of small-scale firing plants, large-scale firing plants
and other firing plants. If available we used original data from empirical studies for a data point. Estimated
data are shaded in figure 1. The huge increase in year 2010 is mainly due to changes in the statistical
concept of the AGEE-Stat (2016) in this specific year. This significant increase can also be seen in the
data of AGEE-Stat (2016) (for comparison please see figure 2). The total wood consumption for energy
generation was about 6.6 million tons (odmt) in 2003 and constantly increased up to 9.9 million tons in
2006. A lower consumption level in the following years was followed by a significant increase up to 13.4
million tons in 2011. Recent years showed a slight decrease. The actual consumption in 2014 is
estimated at 12.5 million tons.
Results for the estimation of the unmonitored other commercial sector (following formula 1) are
shown in figure 2.
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Figure 2. Time series of primary energy consumption of wood and other solid biomass in Germany, in PJ

The time series of other commercial sector shows a steady decline since 2003 to 2010. Since then
the level remains more or less constant on a level of ca. 23 PJ. The starting point of our time series
shows the highest level of primary energy consumption of the estimate of the other commercial sector
(58 PJ). The actual level is about 23 PJ. The share of this sector on the total use of wood for energy
production in Germany decreased from 47 % in 2003 to 10 % in 2014.
4. DISCUSSION AND CONCLUSION
The objective of this analysis was to develop a methodology for the estimation of the wood energy
generation of sectors and plants which are not covered by official energy statistics. This was done by a
comparison of empirical studies on the use of wood for energy generation and data from official energy
statistics in Germany. The analysis showed results which are within the range of comparable studies
(e.g. Merten et al., 2004; Schlomann et al., 2008; Viehmann et al. 2011). The methodological concept
of this analysis proves to be suitable to support energy statistics in Germany. First results have been
already applied to renewable energy statistics (AGEE-Stat, 2016).
Calculations were done using regression analysis to estimate best-fit-curves. However, not all
parameters of the regression analyses could be statistically funded. This is due to only few data points
for small-scale wood firing plants. Hence we also used linear interpolation for the estimation of this time
series. Also information on non-wood solid biomass is scarce. This lack of data has to be improved if
new empirical studies are available. It is the basic idea of the general methodological concept of the
wood resource monitoring that regularly empirical surveys will be carried out which then shall improve
the quality of the estimated data (Jochem et al., 2015). The next surveys on wood energy in firing plants
are already planned and will be carried out in 2017. Hence, ex-post examinations in forthcoming periods
will have a broader data basis.
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