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Exhaust emissions from biogas fuelled
heat/power plants
Emissions from heat/power plants
powered by engines fuelled by agri-
culturally produced biogas 
(BBHKW) were investigated. The
emission thresholds under the Ger-
man regulations known as TA Luft
(GTAL) could not be completely
obeyed with any engine. The limit
for plants with ≥ 1 MW capacity
could, according to the authority
figures, also be applied for the cer-
tification of smaller plants. For 
these, practically-oriented emis-
sion limits can be observed. Opti-
mum engine settings and regular
servicing can greatly sink reduce
emission potential.
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The use of regenerative energies is beco-
ming increasingly important in the light

of the foreseeable exhaustion of fossil ener-
gy reserves and the problems with green-
house gases. The efforts to find alternatives
to fossil fuels have been increased in recent
years. An alternative is the use of biogas in
combined heat/power plants (BBHKW).
These plants represent a broad range of ca-
pacities from a few kW to several hundred
kW [1]. The possibility of matching perfor-
mance to requirements creates the basis for
an expansion of decentral energy produc-
tion. In Bavaria a clearly growing number of
plant constructions and extensions can be
observed [2]. In this context, however, ex-
haust gases produced through burning of
biogases in the engines are becoming increa-
singly important.

Legal conditions

Legislation for limiting these exhaust emis-
sions is contained in the Federal Pollution
Protection Act (FPPA) and the so-called TA
Luft (GTAL). Concrete emission limitations
in the renewed GTAL [3] are given in table
3. These values apply for plants of under 3
MW capacity and are based on a 5% cover-
ing oxygen content.  Here, the GTAL serves
as administration regulation for the FPPA.

A farm biogas plant,
is liable to certificati-
on according to the
FPPA where among
other aspects, there is a production capacity
from 1 MW, 2500 m3 storage volume or a
throughput of more than 10 t per day of 
„waste requiring no special monitoring“ [4].
These plants are required to obey the GTAL
limits. However also plants which are not lia-
ble to FPPA certification have to meet cer-
tain technical requirements [1]. Thus the
GTAL can be applied by the authorities
when deciding on certification of a farm bio-
gas plant.

Target

There is the question if the given standards
can be at all met. With biogas fuelled small
plants it is not permitted to fail these stan-
dards but in practice the terms between mea-
surements means that permission is neither
given nor withheld. Thus with this investiga-
tion the question in the foreground is „what
are the meaningful standards for BBHKWs
in terms of emissions of carbon monoxide,
nitrogen oxide and sulphur dioxide and how
these can be classified in terms of the new
GTAL?“

Measurement plan and objects

To get a long-term overview of emissions
from the trial BBHKWs a measurement was
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Fig. 1: Schematic
overview of measuring

setup
Engine type Carbon monoxide Nitrogen oxide Sulphur dioxide
CO [g m-3] NOx as NO2 [g m-3] SO2 [g m-3]

Zündstrahl 2,0 (2,0) 1,0 (1,5) 0,35 (0,35)
Otto 1,0 (1,0) 0,50 (0,50) 0,35 (0,35)

Agency in brackets) for
low power combustion

engines

Table 1: Limiting values according to TA Luft (recommendation of Bavarian Environmental Protection
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carried out in each case in summer and in
winter with two in the conversion periods.
The exhaust gas tests were with the mobile
TESTO 350 on four zündstrahler engines of
different power ratings. Each test series co-
vered five to seven individual measurements
per engine. Alongside other exhaust parame-
ters CO, NOx and SO2 were tested for. The
engines tested were selected according to the
results of a survey of Bavarian biogas plant
operators (table 2). The measurements con-
centrated on zündstrahlers because these are
commoner in practice [2]. Additionally 
these engines show a less satisfactory ex-
haust emission performance. The exhaust
gases produced were measured in a chimney.
A schematic overview of the recording is gi-
ven in figure 1. The measurement data was
standardised according to the GTALs 5%
oxygen content ruling.

Results

Average CO emissions in a test series 
reached values of 0.7 g /m3 with the largest
engine up to over 4.2 g/m3 in extreme cases
with part-load running (fig. 2). NOx emis-
sions averaged 0.6 to 1.9 g/m3 contrary to the
CO emission of the respective engines (fig.
3). No significant emissions of SO2 could 
be shown by the measurement equipment
(measurement range 0 to 5000 ppm, precisi-
on < 5 ppm with values under 100 ppm). In
total average, the SO2 emissions were high-
est with 50 kWel.- engines at 0.04 g/m3 and
with that lay well under the GTAL require-
57 LANDTECHNIK 6/2002
ment of 0.35 g/m3. The measurements indi-
cated that with rising engine size the trend
was towards a reduction in CO emissions.
This trend appears to be broken by the
80kWel. engine (fig. 2) but, except in test se-
ries 3, this engine was only running under
part-load and showed in other test series, be-
cause of the incomplete burning of fuel and
low burning temperatures, relatively high
CO and relatively low NOx values in exhaust
gases. The measurements also showed that
individual engine settings and servicing had
an influence on emission performance. A 
systematic seasonal or outdoor temperature
influence on the exhaust values was not re-
cognisable and this could be because engine
intake air generally came from the already-
warm engine room interiors.

Classification of results

The trails confirmed the assumption that
GTAL thresholds were not completely kept
on existing small zündstrahl-engined plants
subject to certification. Thus in the light of
the current technical standard of small plant
certification systems according to the certi-
fication authorities the GTAL should not be
applied in favour of a target for encouraging
of environmentally friendly energy produc-
tion with practical limitations for exhaust
emissions – as already recommended by the
LfU [5] applied instead. In that varying con-
ditions (procedural progress and thus gas
quality, engine setting, servicing condition)
influence engine emissions in practice, more
frequent measurements might be required to
be able to evaluate accurately enough the
emission behaviour of a BBHKW with re-
gard to correct engine setting. As the static
tests have further shown, a significant diffe-
rence between the exhaust values of different
engines exists whereby a tendency to lower
emissions by larger engines can be recog-
nised. The current trend towards BBHKW
modules of higher ratings [2] can be evalua-
ted as positive therefore. Regular and skilled
servicing of the engines which in practice up
until now is hardly ever carried out could al-
so help towards keeping within emission li-
mits.
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Fig. 2: Mean carbon monoxide emissions of the investigated engines (with
standard deviations of the CO-emissions during each measuring period)
Fig. 3: Mean nitric oxide emissions of the investigated engines (with
standard deviations of the NOx-emissions during each measuring period)
Power Cylinder- Capacity Repr. performance
[kWel.] number [l] class [kWel.]

22 3 2,9 <34
50 4 4,6 34-66
80 6 6,0 67-99

132 6 12,0 >99

Table 2: Investigated engines in power classes
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