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1 Abstract

Ensuring renewable (related to energy) energy is used to charge a pedelec

1. The most simple way as a pedelec user to ensure a renewable electricity supply is
to contract a certified electricity supplier who sells certified renewable energy to the
building for which the contract is made. This only has a major effect if the pedelec is
also charged majorly at buildings supplied with such renewable energy contracts.

2. Even if no renewable energy is used to charge the pedelec the environmental impact of
using a pedelec is probably positive. This is the case when using a pedelec instead of
a car with a combustion engine fuelled with fossil fuels. The positive impact is due to
the high efficiency of the electric motor (≈ 80%) in comparison with the low efficiency
(≈ 25-35%) of the combustion engine.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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3. Some electricity suppliers already offer ’all-in-one’ packages where the usage or purchase
of a pedelec is promoted together with the contract for renewable energy. An according
example is available in the Czech Republic.

Area demand for the production of renewable (related to energy) energy for
pedelecs

→ See sec. 5.3, ’Producing renewable electricity’, p. 19.

1. A pedelec used in a household by single person will not use more than 270 kWh of
electricity annually (electricity as metered at the battery input) assuming a high pedelec
usage of 2 h per day. Electricity consumption figures for pedelecs found elsewhere will
be probably much lower (e.g. half of it) since in this document a conservative approach
was taken rather overestimating the annual demand (for private transport).

2. Regarding the area required to produce the corresponding amount of electricity by
renewables the bandwidth is extremely large depending on which renewable energy
source is used. Whereas the energy can be provided by an area of about 2.7 m2 of
photovoltaic panels (of best monocristalline quality) the area needed if provided via
electricity from biogas (growing crops, converting them via digestion to gas which then
is used as a fuel in a gas motor) is about 270 m2. Among all options the factor separating
the lowest and highest area use is 150. The other main two sources of renewable energy,
hydro and wind power are contained within this bandwidth.

Practical experience on the energy impact from pilot projects

→ See sec. A, ’Practical experience from projects on the impact of pedelecs ’, p. 27.

1. Pilot projects of different scientific quality have been launched on the introduction of
pedelecs. The most comprehensive approaches in terms of methodological preparation
and monitoring have been taken in Switzerland and in Austria (Kairos [2010]).

2. The overall result of these projects is that it does make sense from an environmental
point of view to introduce pedelecs because they considerably replace combustion en-
gines: Between a third and a half of car trips are replaced according to the statements
of interviewed users. However, pedelecs also replace rides with conventional bikes and
with public transport but the net impact of the introduction of pedelecs is positive.

Surprising issue

→ See sec. 6, ’CO2 emissions from the pedelec operation’, p. 25.

1. Riding a pedelec can have even less CO2-emissions than riding a conventional bike (see
p. 26). It is very likely that this will really occur if two circumstances coincide:

(a) The rider relies on a heavily meat-based diet. Meat production has a high impact
on the environment, for instance regarding CO2-emissions.

(b) The energy provided for the pedelec origins majourly from renewable energy with
low emissions.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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2 Overview and introduction

In the ideal case newly introduced pedelecs replace cars. But does this really happen or
is it just wishful thinking? Within the city council you might have to justify the energy
and environmental benefits of pedelecs compared to alternatives such as public transport.
In this document we try to gear you up with useful related background information. In
such discussions the following questions may be raised:

1. Do pedelecs consume more energy and produce more CO2 emissions than ordinary
bicycles? What are the basic critical assumptions when answering this question?

2. Is it reasonable or is it just wishful thinking to assume that the promotion of pedelecs
reduces kilometers run with cars?

3. Provided the concept for providing the electricity for pedelecs is by regional renewable
energy: How much area is needed for the production of the annual energy demand of
a pedelec?

3 Basic reasonings

3.1 Little difference of a pedelec to a bicycle

Without doing in-depth calculations a basic observation seems obvious: A pedelec can be
approximated as an electrified bicycle. Riding a bicycle has less impact on the environment
than driving a combustion engine. Hence, from the similarity between a pedelec and a
bicycle it may be expected that a pedelec as well has an impact which is much less than
the one of a car equipped with a combustion engine.

3.2 Assessing an impact means comparing

Only a comparison between two scenarios provides information on the net impact of a
pedelec. Scenarios to compare are 1) using a pedelec, 2) not using a pedelec but instead
using something else.
These two scenarios have to deliver ’more or less’ the same core service in order to make
it a valid comparison. In our case let us limit this core service to transporting a person
from point A to point B. Simply not going from A to B can be desirable in urban traffic
(avoidance of traffic) but is a different topic and not considered a valid alternative for
comparing a transport service.

3.3 The difficulty of comparing transport means with regard to service
delivered

Bicycle and pedelec are relatively similar, only the motor assistance of the pedelec being
different, so for simplicity they may be even considered as one sole scenario bicycle/pedelec
when analyzing facets of various scenarios what regards the overall delivered service. Re-
garding the overall service delivered the others of scenarios will never be equivalent in all
their facets. Besides the common core service of transporting a person from A to B there
are many differences when taking a closer look:

1. with a car you can usually go faster than with a pedelec/bicycle (in many urban cases,
though, the opposite is true, the speed relation in a concrete case depends on several
factors such as the traffic density, traffic rules preferring cyclists etc.).

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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2. a car can be used also when it rains or snows.

3. a car has much more transport capacity for persons and goods than a pedelec/bicycle
(however, note that as well tricycles designed as cargo pedelecs (you have to pedal)
have been developed which may carry meanwhile as well heavy loads of around 100 kg
of cargo in addition to the weight of the rider)

4. both, car and pedelec/bicycle are different from going by public transport where time
flexibility is less but on the other hand you do not have to pedal/steer, you can get up
and stretch during the ride. On the other hand you usually do not arrive that close at
your final destination as with a car or with a pedelec/bicycle.

⇒ A pedelec is not equivalent in all service facets to other transport means. This assertion,
however, is true for all comparisons of structurally different transport means.

How could neglecting these limitations affect the validity of a comparison? E.
g. for the car scenario at a system level (e.g. for a municipality) it is not irrelevant how
many people are assumed to be transported on the average by a single car ride (occupancy
level) beyond the one person we assumed as the rider of the pedelec. Not to speak yet
about additional goods transported in the car. E.g. assuming an elevated occupancy level
of the car of five persons per car in the extreme could bring down the emissions to a fifth
of the value obtained when assuming only one person being transported in the car. ⇒
Obviously the assumption on the occupancy level of cars is not negligible.

3.4 The annual ’load curve’ (usage) of a pedelec

For the energy production with renewables it makes a difference when the energy has to be
supplied. Whereas biomass is available more or less homogeneously throughout the year,
solar, wind and hydro energy have their classical peak and off-peak seasons. When taking
the idea serious to produce the renewable energy for pedelecs, or for electric appliances
in general, it is important to understand if there are specific ’load curves’ in the usage
of pedelecs, in other words, to understand if the usage of the electric appliance ’pedelec’
follows certain time patterns.
In a field trial in Austria (Kairos [2010]) the usage of pedelecs during each season of the
year was assessed. Peak seasons, as might be expected, were spring and autumn with each
about a third of the travelled distance throughout the year. However, it might surprise
that the usage in winter time was not less than 17% of the total annually travelled distance
- see Fig. 3.1.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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Fig. 3.1: Distances (y-axis) in km travelled in each of the year’s four main seasons
(x-axis) by an ’average’ pedelec. The data was obtained by a field trial with 500
pedelecs in the Austrian province of Vorarlberg in the time span of July 2009 to
July 2010. Source: Kairos [2010].
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Moreover, looking at Fig. 3.1 one can be led to the assumption that the usage of pedelecs
was ’more or less’ homogeneous throughout the year in this project. This is remarkable
since the province of Vorarlberg is known for its high mountains and the according ski
resorts. However, most of the pedelecs were used in this case of a field study in the Rhine
valley where the majority of the population of Vorarlberg is located and where the climate
is much more temperate (a wine growing region). A major reason specified in Kairos
[2010] why the travelled distance in summer was not as high as one might expect is simply
because summer is vacation season with people being absent.

3.5 Different forms of energy have a different value

When making comparisons it is important to understand that there are different forms
of energy which are of different value per unit. It is not the same to have available
one kWh of electricity or one kWh in terms of hot water at about 35oC suitable for a
shower. The amount of energy is the same for both energy packages (one kWh) but the
value (usefulness) is different because the quality of the two energy packages is different.
This quality aspect of energy is expressed by the concept of ’exergy’. The higher the
exergy content of a certain type of available energy the higher its value. This is important
when making comparisons. e.g. comparing the energy consumption for a shower and the
consumption for riding on a pedelec. Such comparisons may be made just to assess the
order of the amount of energy involved. To assume that the energy which you have used
for a shower could also be used for powering your pedelec is only valid if the hot water
was prepared electrically (using electricity, by the ways, is an unecologic form of hot water
preparation from the point of view of resources and emissions in most European countries.
What regards the variable cost per energy unit it is also the most expensive).

4 A comparison on energy consumption between a pedelec
and a car

4.1 Scenario A – riding on a pedelec

When assessing the energy consumption of a pedelec per kilometer in a comprehensive
way one has to look at the entire system ’cyclist + pedelec’. In other words, both have
to be considered: the energy consumption of the human body performing work when
pedalling and the electricity consumption of the electric components of the pedelec. This
might seem exaggerated since the energy consumption of the body could be estimated

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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intuitively negligibly low compared to ’a motor’. This is true for conventional cars but
not for pedelecs where the power provided by the motor and by the human body are of
the same order. Energetically, with a pedelec we are close to a bicycle. A pedelec merely
reduces the energy consumption of the human body in comparison to a bicycle. The
mechanical work of the electric motor replaces human energy. The extent to which this
replacement happens is determined by the ’assistance factor’. Hence, a complete energy
analysis of the entire activity ’riding a pedelec’ has to bear on the overall balance of both
components.

4.1.1 Electricity consumed by a pedelec

What influences the annual electricity consumption of a pedelec? How much
electricity is drawn from the battery during one kilometer of cycling depends on a bunch
of factors:

1. the chosen ’assistance factor’ which is usually adjustable by the user. The more as-
sistance is requested from the motor the more electricity will be used. Since control
systems are programmed to assist the human pedalling the electricity used during a
certain time span depends on the intensity of the rider’s pedalling. To be exact, it de-
pends on the force the rider exerts onto the pedals (ExtraEnergy e. V.). In the extreme
of no electric assistance, for instance in case of an empty battery, no electricity is used
and the pedelec temporarily mutates to a conventional bicycle. The other case is a
very high assistance factor reducing the necessity for pedalling to a very low amount.
In the extreme of the electric assistance replacing completely the human force no more
pedalling would be necessary (however this would then by definition not be a pedelec
but an e-bike in its ’electricity only mode’ or an electric scooter).

2. slope: the steeper the slope the more electricity on the average will be drawn from the
battery going upwards because the electrical assistance will be higher on the average.
Whereas someone cycling downhill will need little or no electric support. In Engel
[2008] at 15 km/h for a conventional cycle for a flat terrain 60 W are assumed to be
required and, to keep the same speed on a slope of 8o 360 W are needed.

3. speed of the vehicle

4. wind speed and direction: head wind (opposite the driving direction) increases the
aerodynamic resistance and hence leads to a higher electricity demand. On the other
hand, wind may also drive you from behind (tail wind) and thus reduce the energy
consumption.

5. mechanical and electric efficiencies of the involved equipment (motor, gear, ergonomic
height of the saddle, etc.). Most relevant of all this is the air pressure in the tires
as many cyclists will confirm from their own experience. Low efficiencies lead to an
increased electricity demand for the same electro-mechanical assistance.

6. number of stop-and-go cycles and of accelerations

Further parameters as specified in ExtraEnergy e. V. are the position of the rider during
riding and the weight of the ensemble rider + pedelec, e. g. Engel [2008] assumes an
increase in power of 3 W for an increase in weight of 7 kg on a flat terrain at 22 km/h and
of 20 W for the same weight difference on a slope of 8o inclination at 12,2 km/h.

If we would like to describe the electricity demand of a specific case, person XY using a
pedelec, we would need to specify all of the above influencing factors. It becomes evident

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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that this is not possible in reality (e.g. think only of wind speed and direction). This is
basically nothing particularly valid for the pedelec it applies also in many aspects to the
estimation of the annual fuel consumption of a car with a combustion engine.

The ExtraEnergy pedelec test

Fig. 4.1: Pressure sensitive
pedal. Source: ExtraEnergy e.
V..

In order to be able to compare the performance of pedelecs what
regards their specific electricity consumption and to eliminate
the influence of the slope as much as possible the non-profit
association and project partner in Go Pedelec!, ExtraEnergy,
tests pedelecs since 1992 and since several years along a defined
testing track which is a distance of 5 km along a road in the
countryside of southern Germany near ExtraEnergy’s headquar-
ters in the village of Tanna. In other words, the height profile of
the testing track is always the same for all test rides done with
all tested pedelecs. The wind factor as a further uncertainty is
tried to be eliminated choosing the days for test rides according
to the weather thereby avoiding extreme wind speed conditions.
However, at European or even international level yet no stan-
dards exist for comparing the ranges of pedelecs. As can be expected from this uncontrolled
situation manufacturers tend to overstate the range of their products.

Meanwhile ExtraEnergy, together with partners, is developing a methodology for testing
pedelecs on a machine (ExtraEnergy e. V., p. 69). Thereby the most relevant parameter,
the force the feet exert on the pedals, can be controlled in a precise way being independent
from a real human testing person.

The easy way - estimating quickly the annual electricity consumption of a
pedelec Since it is impossible to exactly specify all parameters as described above a
shortcut is required for estimating the electricity consumption in practice. For this short-
cut let us aim at assessing an upper limit for the electricity consumption in order to rather
overestimate the real consumption so a conservative approach may be kept. ’Conserva-
tive approach’ means that the position of a pedelec what regards its energy consumption
compared to other transport modes is rather rated too negative than too positive.
To this end we assume that the motor delivers a constant assistance - expressed in absolute
figures of Watt not in percent - to the human pedalling, namely the maximum rating the
motor can deliver. The intensity of that maximum assistance, actually the power, will
relate to the power rating of pedelec motors currently for sale. By definition, the max.
nameplate power of a pedelec motor is 250 W.1 That means, if the rider constantly uses
the full legal capacity a max. of 250 W of assistance help him to pedal. The electric energy
consumption, neglecting all conversion losses occurring in the battery, in the motor and
in the mechanical gearing is then calculated simply as product of power (250 W at the
crank shaft) and time of usage according to the following following formula:

E = P × T (1)
E energy [J]
P power [W]
T time [s]

Applying this to a pedelec with 250 W max. rating one obtains for one hour of pedelec
usage:

1Many manufacturers have applied a loose practice meanwhile to this regulation providing motors that
may deliver much more power. This is due to an unclear understanding of how the nameplate power should
be interpreted and under which conditions it should be measured.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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250 W × 1 h = 250 Wh or (expressed in the more conventional unit of kWh):

0.25 kWh used per hour.

We then need to estimate how many hours a year the pedelec is reasonably in use to find
a value for the time parameter (T ) in the formula.
Let us first assess a daily value which is more immediate and assume that the pedelec is
used 2 hours a day. This would result in a daily consumption of 2 × 0.25 kWh = 0.5 kWh
per day. Let us increase this value multiplying by a grossly estimated factor of 1.5 (adding
50%) taking roughly account of the aforementioned conversion losses. We then arrive at
0.75 kWh as daily required input into the battery.

In terms of distance this would result in 75 km per day assuming a specific consumption

of 1 kWh / 100 km or 0.01 kWh /km or 10 Wh /km (see also below the confirmation
under the item ’Different approaches’)

This value, applied throughout the year results very high considering that

1. riding on a pedelec for 2 h is a not negligible effort in spite of the electric assistance

2. weekends, sick-leaves, holidays and other days of non-usage are not taken into account

3. it is unrealistic that the electric motor is constantly operated at its peak power of
250 W, e.g. in Engel [2008] it is estimated that the actual electric assistance at a speed
of slightly more than 20 km/h is 50 W.

4. the battery storage capacity of quite some pedelecs with is usually well below 0.75 kWh
(see Tab. B.1, p. 30), the usual product range is 0.25 kWh to 0.6 kWh. This would
mean the pedelec would have to be recharged about two to three times a day for those
(current) types.

For one year this would yield 365 days × 0.75 kWh (average daily value) ≈ 270 kWh/a
as annual input into the battery (365 days × 0.5 kWh ≈ 184 kWh/a energy put to the
wheel).
Compare this to the electricity consumption which is typical for many households of the
EU15 of about 4500 kWh/a. Hence the pedelec would consume around 6% (270/4500)
of the current electricity consumption of a household of Europe’s more affluent member
states. However, in values it is usually better to stick to absolute figures (kWh) since
percentages for specifying the pedelec electricity consumption may mislead and seem low,
merely because the total electricity consumption of households is high as such.

Different approaches

1. A different approach for estimating the energy consumption has been taken in Kairos [2010].
Here it was assumed that per 100 km of riding a pedelec 1 kWh of electricity is needed to be fed
into the battery. This is based on the average energy amount fed into into the battery of 0.35
kWh per charging and an average specified range of 35 km that may be run with this charge.
That gives 0.35 kWh / 35 km = 0.01 kWh/km or, times 100, 1 kWh per 100 km. If we assume
15000 km travelled each year, which is a reasonable value for a car of an average household, this
would result in 15000 km × 0.01 kWh/km = 150 kWh/a as energy requirement for a pedelec.
This is considerably less as in the above approach, however the above approach was deliberately
chosen to be largely conservative.

2. In Engel [2008] a lower annual average distance travelled with a pedelec was assumed which is
150 rides annually with each ride consuming 250 Wh (≈ 25 km). This yields 150 rides/a × 250
Wh/ride = 37500 Wh/a = 37.5 kWh/a .

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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Practical tests with pedelecs combined with manufacturer data on the capacity of ped-

elecs resulted in an average specific consumption of 1 kWh / 100 km or 0.01 kWh /km or

10 Wh /km. (Verify this via the columns 7 - 10 of Tab. B.1, p. 30.)

Chemical energy the body converts by pedalling In order to complete the energy
picture of the pedelec which so far was focused on the electricity consumption, as well the
energy flows of the human body have to be taken into account. It is the second ’motor’
on board besides the electric motor. Human energy flows directly relate to the body’s
metabolism. Energy conversion rates within the body cannot be directly measured. All
we can measure (and what ExtraEnergy does measure during their pedelec quality tests)
is the mechanical work exerted by the feet of the cyclist onto the pedals and the distance
along which this pressure is kept (force x distance = energy).
However, the energy actually converted within the human body is more than the energy
calculated according to the above formula because the body constantly looses heat (=
energy) to regulate the body temperature and keep it inside a tolerable bandwidth. For
instance even when ’doing nothing’, e. g. sleeping, the minimum energy conversion of a
grown up human being rate is about 80 Watthours per hour.
The amount of energy your body needs for the basic processes, i.e. the number of calories
you’d burn if you stayed in bed all day, is called basal metabolic rate (BMR). Formulas
for calculating the BMR are (wikipedia):

Women→ BMR = 655 + (9.6 × mass in kg) + (1.8 × height in cm) - (4.7 × age in years)
kcal/day
Men → BMR = 66 + (13.7 × mass in kg) + (5 × height in cm) - (6.8 × age in years)
kcal/day

For a 30 year old man of 80 kg mass and 180 cm in height this yields:
BMR = 66 + (13.7 × 80 kg) + (5 × 180 cm) - (6.8 × 30 years) = 666 + 1096 + 900 +
204 = 2266 kcal/day. This is the equivalent of about 2.6 kWh per day. (Compare this to
the information in tables Tab. 6.1, p. 26, and Tab. 5.2, p. 24)
To find out how many calories you need per day taking into account all your other (unspe-
cific) activities such as moving, speaking etc., you may apply the Harris Benedict Equation,
a formula using your BMR applying an activity factor to it.
You just need to multiply your BMR with the appropriate activity factor as follows:

1. If you are sedentary (little or no exercise) : BMR × 1.2

2. If you are lightly active (light exercise/sports 1-3 days/week) : BMR × 1.375

3. If you are moderately active (moderate exercise/sports 3-5 days/week) : BMR × 1.55

4. If you are very active (hard exercise/sports 6-7 days a week) : BMR × 1.725

5. If you are extra active (very hard exercise/sports & physical job or 2x training) : BMR
× 1.9

By this calculation you receive the daily amount of calories your body needs.

An online calculator (see http://www.fitrechner.de/kalorienverbrauch/kalorienverbrauch,
however, there are many alike to be found) would rate the energy needed by a 30 year old
woman (175 cm, 65 kg) cycling for one hour by 500 kcal which corresponds to about 2150

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
http://www.fitrechner.de/kalorienverbrauch/kalorienverbrauch
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kJ or about 0,6 kWh. This is slightly less than a quarter of the daily amount of 9 MJ (see
p. 26).
Another online calculator can differentiate between different load factors (see http://
gesuender-abnehmen.com/abnehmen/kalorienverbrauch-radfahren.html) etc.

Approach chosen in this document Let us assume that the electrical assistance of
the pedelec is 1:1, that means for each unit of energy provided by the feet of the rider to
the pedals the electric motor also provides the same energy to the wheels. We may then
conclude that the rider provides 184 kWh/a to the pedals (see p. 11)

We then need to know the efficiency of a human being converting chemical energy to mechan-

ical work. This figure is assumed in Engel [2008] to be 25% . Accordingly, we have to provide
food energy to the rider by the amount of 184 kWh/25% = 736 kWh/a per person.

4.2 Scenario B – riding with a car

1 2

amount

3

unit

4

source
1 specific fuel consumption 8 liters/100 km own assumption
2 0.08 liters/km
3 CO2 emission factor gasoline 0.26 kg/kWh IPCC
4 volume specific energy content of fuel 8.7 kWh/l own assumption
5 energy consumption per distance 0.7 kWh/km
6

mobilityKeyFigures.fuelConsumptionEmissionsCarOnekmreal

CO2 emissions per distance 0.18 kg CO2/km

Tab. 4.1: CO2 emissions and energy consumption for one km driven by a car.

Tab. 4.1 shows the basic assumptions made for arriving at the result of the usual 150 g
to 180 g of CO2 emissions per car driven km. In many cases today a smaller specific fuel
consumption than 8 l/100 km is assumed. As the table shows the energy requirement of
a car is below 0.7 kWh per km. Actually, this value would have to be divided by the
occupancy level in order to assess the values per person. With an occupancy level of 1.2
this would result in 0.7/1.2 ≈ 0.58 kWh per km per person.
If we take the maximum conceivable occupancy level rate of five persons per car the result
would be 0.7/5 ≈ 0.14 kWh per km per person.

This case, with an unrealistically high occupancy level in favor of the car option, is still
approximately 14 times higher than the energy consumption per kilometer from a pedelec of

0.01 kWh/km as stated in Kairos [2010] (see also p. 11) or as can be seen from columns 7 -
10 of Tab. B.1, p. 30.

5 Supplying renewable energy for the pedelec operation

Now that we have assessed how much energy we use for driving a pedelec the question is
about how to provide the energy.
Different sources of energy have a different impact on the environment (and the society).
In the following rough figures are provided how to estimate the impact of using different
energy sources. This relates foremost to the energy provided as electricity to the pedelec.
However, there is also a small section on the energy required in the form of food for the
pedelec rider.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
http://gesuender-abnehmen.com/abnehmen/kalorienverbrauch-radfahren.html
http://gesuender-abnehmen.com/abnehmen/kalorienverbrauch-radfahren.html
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5.1 Buying renewable electricity from suppliers

The most simple way to ensure the electricity is provided by renewables is to buy this
electricity from a supplier who offers renewable electricity which has been certified to
qualify as ’renewable’. Certification basically means that the supplier has to demonstrate
towards a certifying institution that for all electricity sold within a defined period by the
supplier under a specific contract scheme, e.g. for the package ’Grünstrom 24’ during one
year, the supplier has bought renewable electricity from producers, e. g. an operator of a
hydro power plant, in the same amount.
Often this kind of contract with a certified supplier is criticized to be intransparent and
prone to cheating because it is impossible to guarantee that the amount of electricity con-
sumed instantaneously is provided on a renewable basis. It is correct that it is impossible
to guarantee the supply of renewable electricity in each moment equal in height to con-
sumption, however, the described current approach of offsetting the consumption with the
production throughout a defined time span ensures that the same electricity consumed is
produced by renewable sources.
Put differently - if all clients switched to such contracts, no more electricity marketed over
the grid would be produced based on fossil fuels.

Hence, there is no doubt it is a valuable contribution to the production of renewable electricity
to contract a supplier who offers renewable electricity on a certified basis.

5.1.1 Cost of renewable electricity purchased from suppliers

In order to get a feeling for the cost associated with such a contract see the following table:

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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1

Supplier

2

product
name

3

annual
elec-
tricity
cost in
¤

4

renewables

5

solar

6

hydro

7

wind

8

nuclear

9

fossil

10

total

% of supplied electricity
Austria

1 Ökostrom ökostrom
basic

45.48 100 ? ? ? 0 0 100

2 Verbund H2O di-
rekt

38.12 0 0 100 0 0 0 100

3 Switch switch
strom

44.28 27.43 0 0 0 21.84 50.73 100

4 Energie
Kla-
genfurt
GmbH

Grün
Energie
Österre-
ich

45.42 10.96 0 0 0 0 89.04 100

5 Wien
Energie

Optima
online

44.93 55.59 0 0 0 0 44.41 100

Germany
6 Vattenfall Berlin

easy
58 24.6 0 0 0 5.4 70 100

7 Grünwelt
Strom

Grünstrom
24

44.76 0 0 100 0 0 0 100

8

latexTablesXXElectricity.costOverviewIndiaPoplarOneHectare

FlexStrom
AG

Classic
12 m

48.49 38.2 0 0 0 25.9 35.9 100

Tab. 5.1: Annual cost for the electricity bought from different suppliers for a pedelec in 2011. The annual
electricity consumption is assumed to be 270 kWh. Based on online cost calculators which provide an overview
on tariff models of different suppliers.

The annual cost induced by the usage of a pedelec in Germany and Austria is around 50 ¤ at
most based on the annual consumption of a pedelec of 270 kWh and electricity tariffs in 2011.

Please note that in Tab. 5.1 only the incremental cost of 270 kWh was calculated. These
270 kWh were assumed to add to a fixed base amount of electricity consumption of the
household of several thousand kWh. This assumption for the online calculation reflects the
real situation and takes into account that the electricity bill includes as well a fixed cost,
in particular including the cost of the metering device. Assuming that the total electricity
amount of a household amounts to only 270 kWh, in other words, the only electricity the
household consumes would be for the pedelec, would result in a total cost of more than
100 ¤ then all attributed to the pedelec. This approach would lead to an electricity cost
of the pedelec far too high compared to the real impact on the electricity bill.

5.1.2 Avoiding uncertainties in supply contracts by choosing ’100% renewable
energy suppliers’

Electricity suppliers have an overall amount of electricity which they buy and sell. Ac-
cording to an EU Directive from 2003 (European Commission [2003]) suppliers have to
declare on their bills the mix of their annually sold electricity, that is sources in terms of
energy carriers.
It seems appropriate to cite the according EU directive here (European Commission [2003],
Article 3, nr. 6):

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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Member States shall ensure that electricity suppliers specify in or with the bills and in promo-
tional materials made available to final customers:

1. the contribution of each energy source to the overall fuel mix of the supplier over the
preceding year ;

2. at least the reference to existing reference sources, such as web-pages, where information
on the environmental impact, in terms of at least emissions of CO2 and the radioactive
waste resulting from the electricity produced by the overall fuel mix of the supplier over the
preceding year is publicly available. With respect to electricity obtained via an electricity
exchange or imported from an undertaking situated outside the Community, aggregate
figures provided by the exchange or the undertaking in question over the preceding year
may be used.

Member States shall take the necessary steps to ensure that the information provided by
suppliers to their customers pursuant to this Article is reliable.

Buying renewable electricity, on the average, is still more expensive than buying fossil
energy, in particular than nuclear energy. This, together with the market-driven need
to offer and sell renewable electricity, provides space for suppliers to ’greenshift’ their
electricity. The practice of ’greenshifting’ described here from the point of view of a
supplier is nothing illegal, however, it is considered as misleading the private customer
who made a contract with the intention of promoting renewable energy in an absolute
way, that is, increasing the total amount of electricity produced by renewables:

1. As a supplier you buy 100 units of electricity at the electricity market (e.g. 500 GWh),
50 of which are from renewable sources the other 50 are from fossil fuels. To put it in
simple words: in your basket you’ve got 50 ’good apples’ and 50 ’bad apples’. With
those 100 units you have to satisfy the demand of your clients which as well amounts
to 100 units. However, you have two types of clients at hand - those who care about
their energy mix, those clients are found often in the private/household sector, and
those clients who do not care much about the origin of electricity but primarily about
its price.

2. At the front end (sales division) you now sell the ’good apples’ to those who care about
the ’apple quality’, i. e. you sell the electricity from renewables to those clients who
care about the origin of the electricity. You would then create a specific branding
for this sales channel, e.g. you call it ’greenmix’. All people buying electricity from
you under the ’greenmix’ scheme receive electricity which to a high amount, e.g. by
100%, is from renewable energy sources. You would not miss the chance to promote
this scheme in a way it leaves a major touch of renewable energy on the image of your
entire company.

3. The ’bad apples’, on the other hand, you would sell to those customers who do not
care about quality. This means, you would sell electricity from fossil fuels to those,
traditionally in the industrial sector found clients, who put major attention on low
prices. You would obviously avoid giving this scheme a dirty name, e.g. you could
brand it as ’ecomix’ (’eco’ standing here majourly for economic than ecologic)

If you care about the origin of your electricity, how can you avoid the aforementioned practice
by your supplier?
⇒ Simply go for suppliers who declare that all electricity they buy is from renewable sources.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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A company who exclusively sells electricity only from renewables has no option of re-
arranging the product portfolio in the above sense. In most cases such companies have also
an according clear-cut company mission/policy and the renewable origin of electricity is
somehow integrated into the company’s name. Usually it is sufficient to visit the website of
a supplier to see if he sells all kinds of electricity or if he commits exclusively to renewables.
If you want as well to reduce the risk of ’greenshifting’ you might run when contracting a
’green’ sub-company of a conventional electricity supplier you should definitely visit their
website. As well a phone call could make sense in order to understand who (majorly) owns
the company.

5.1.3 Three thoughts on specifying your electricity mix within the sector of
renewable energy according to environmental criteria

Some suppliers in their product portfolio offer you to choose certain ’flavors’ of your
electricity mix even within the sector of renewables. The motivation is that some clients,
due to environmental concerns, prefer not to promote the operation or construction of
selected types of power plants which despite relying on renewable energy have a more
negative impact on the environment than other types:

Small versus large hydro Large hydro power plants, although by definition the elec-
tricity of which ranges in the category of ’renewables’, face a lot of criticism. Arguments
against large hydro power plants, in particular those yet to be built, are

1. they modify considerably the run-off regime of rivers, e.g. either by leaving little water
in the river when refilling a dam or by flooding the river bed with large amounts of
water all of a sudden thereby creating an upheaval for all water organisms such as fish.

2. dislocation of people from those inhabitated areas which are going to be flooded by the
dam

3. utilization of a lot of concrete and steel and therefore of grey energy in order to build
dams.

Often the opinion can be found that ’small hydro power plants’ are better from an envi-
ronmental point of view. Some suppliers offer you the guarantee that their hydro power
electricity is only from small hydro power plants.

Photovoltaic roof installations versus installations on agricultural fields There
is a general agreement from an environmental and aesthetic point of view that photo-
voltaics should be preferably placed on roofs. This is also often reflected in the according
national subsidy systems for renewable energy production which provide more specific
funding (per kWpeak) to roof installations. Probably, roofs are also the place where the
average citizen would expect photovoltaic installations. However, during the last ≈ 7 years
it has become economically attractive to build photovoltaic installations on agricultural
land. There large installations can be placed without having to deal with questions of
individual roof orientations, roof statics and a multitude of owners of many roofs when
dealing with large scale projects.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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Fig. 5.1.a: Installation in Spain. Photo-
graph: Vela [2006].

Fig. 5.1.b: Photovoltaic trackers in Upper
Austria. Photograph: Löser [2006].

Fig. 5.1: Photovoltaic ground level installations on agricultural land.

So far, no electricity supplier supplying renewable energy packages is known to the authors
who would allow for a client to choose electricity which is only from photovoltaic roof
installations. However, this might be one of the products to be seen in the future as
market demand increases.

Electricity from combined heat and power installations vs. electricity from
thermal power plants producing only electricity Renewable electricity if not pro-
duced in hydro, wind, solar or geothermal installations is produced via combustion of
biomass in thermal power plants. Meanwhile, when such plants are built from scratch,
they are usually realized as combined heat and power (CHP) plants where heat as well
as electrical power is produced and both outputs and actually used. However, in the past
often plants were built where only electricity was produced and used. In many of these
cases the produced heat was and is wasted or used for questionable purposes (such as
’drying gulf sand’).

So far, no electricity supplier supplying renewable energy packages is known to the authors
who would allow for a client to choose electricity which is only from CHP installations.
However, this might be one of the products to be seen in the future as market demand
increases.

5.2 Buying shares in (local) renewable (related to energy) energy in-
stallations

Sometimes medium sized to large installations of power plants producing electricity from
renewable energy are driven by local initiatives the members of which are inhabitants
of the area where the power plant is to be constructed. As a financing model these
initiatives, besides on bank loans they rely on selling shares of the power plant in the
project to individuals. Often, in the sales initiative in first place people are addressed
who actually live in the area with the idea that local people should commit in their
own energy production. Shareholder models are common business since long, however
particular features when applied to projects of producing renewable electricity are

1. renewable energy has seen a sharp increase in particular in Germany but also in other
European countries such as in Spain or Italy due to favorable subsidy laws. These
subsidy laws are partly broadly known among the population because largely discussed
in the media. However, since not everybody is the owner of a building or a lot of land
where he could implement such an installation shareholder models open the possibility
to many persons to participate in the trend

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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2. renewable energy installations often encounter resistance what regards their local im-
pact on the environment, in particular this regards wind power and hydro plants. Local
awareness about these projects is often considerably elevated compared to what regards
other ’mere business’ investments (such as software companies etc.)

3. due to the increasing awareness during the last two decades a reliable energy supply
is understood more and more as a vital element of life which is worth to care about
individually

Fig. 5.1.a: Investment opportunity into a
photovoltaic installation in Germany along
a highway. Addressees are the local popu-
lation. Source: http://www.a3solar.de/

kenndaten/buergerbeteiligung/.

Fig. 5.1.b: Investment opportunity into
an installation in Germany advertised
by a Dutch company in the internet.
Addressees are single investors. Source:
http://www.sr-solarsystems.com/

investors-portal/9/25/Investers_

portal/254kW_PV_Project,_Germany.

html.

Fig. 5.1: Investments into photovoltaics.

Such investment opportunities are advertised in magazines specialized on renewable energy
such as ’Photon’. An owner of a pedelec may buy shares in such a project to the amount
of the annual consumption of her/his pedelec. It should be mentioned here that the
shareholder model described here is different from what is understood by funds found
in stock exchange specialized on renewable energy. The difference is that the shareholder
models as understood here are in the vicinity of ’grassroot’ initiatives, are local and project
based whereas funds in stock exchange sell shares in companies in the sector of renewable
energy.

5.3 Producing renewable electricity

This section informs about the option of producing renewable electricity instead of buying
it from intermediaries and the consequences of each production option on the area demand.
The reason why the area demand is specified is that land is increasingly considered as a
scarce resource being under double pressure of increasing need for producing renewable
energy on the one hand and ensuring a reliable food supply on the other hand. In the
following production options are listed in the order of their area demand with regard to
producing the required 270 kWh of electricity for the annual pedelec usage. The options
are sorted ascending (starting with the option that needs least area).

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
http://www.a3solar.de/kenndaten/buergerbeteiligung/
http://www.a3solar.de/kenndaten/buergerbeteiligung/
http://www.sr-solarsystems.com/investors-portal/9/25/Investers_portal/254kW_PV_Project,_Germany.html
http://www.sr-solarsystems.com/investors-portal/9/25/Investers_portal/254kW_PV_Project,_Germany.html
http://www.sr-solarsystems.com/investors-portal/9/25/Investers_portal/254kW_PV_Project,_Germany.html
http://www.sr-solarsystems.com/investors-portal/9/25/Investers_portal/254kW_PV_Project,_Germany.html


Pedelecs and Renewable Energy

p
e
d
e
le

c
sA

n
d
R

e
n
e
w

a
b
le

E
n
e
rg

y
V

1
.3

20/42 2012-01-17

Photovoltaics Photovoltaic systems are the most elegant way to produce renewable
electricity because they convert sunlight directly into electricity. The conversion efficiency
compared to other ways of producing renewable energy is extremely high. In order to
assess the yield at a specific location meanwhile several online tools are available for a
quick estimation.

Fig. 5.1.a: Roof installation of photovoltaic
modules. Photograph: Thomas Lewis (en-
ergieautark consulting gmbh).

Fig. 5.1.b: Advertisement for roofs rented
out for photovoltaic installations in Germany.
Source: Pho.

Fig. 5.1: Photovoltaic installations on roofs.

If you have no access to your own roof for placing a photovoltaic system you might as well
rent a roof for that purpose (see Fig. 5.1.b)

As stated above the average area demand required in terms of a photovoltaic panel (mod-
ule) with 2.7 m2 is extremely low compared to all other options of producing the annual
electricity consumption of a pedelec. It is easy to assess this area without professional
tools or online calculators by assuming that 1 m2 of photovoltaic panel produces more or
less 100 kWh of electricity annually.

Accordingly, with an annual electricity demand of 270 kWh we would need 270/ 100 = 2.7 m2

of photovoltaic modules.

Obviously, because of the small area, renting a roof would make sense only if a larger quan-
tity of renewable electricity shall offset the electricity consumption, e.g. the consumption
of a group of several households or a large group of pedelec owners/users.

It is mentioned here that in Engel [2008] a photovoltaic panel area of only 0.3 m2 is
specified to satisfy the annual electricity demand of a pedelec. However, this lower value
is mostly due to the lower average energy consumption / annual distance travelled assumed
therein (see p. 11)

Pedelec storages with a photovoltaic system on the roof Manufacturers have
captured the trend towards renewable energy and pedelecs by integrating photovoltaic sys-
tems into pedelec storage devices. An according example can found at the website at
http://www.gopedelec.eu/cms/index.php?option=com_content&view=article&id=143&Itemid=
78 and in Fig. 5.1.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
http://www.gopedelec.eu
http://www.gopedelec.eu/cms/index.php?option=com_content&view=article&id=143&Itemid=78
http://www.gopedelec.eu/cms/index.php?option=com_content&view=article&id=143&Itemid=78
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Fig. 5.1: Pedelec storage station offered in Austria with roof-integrated photo-
voltaic modules. Photograph: http://www.pusch-schinnerl.com/radhouse/.

Advantages:

Fig. 5.2: Pedelec storage system with photovoltaics
and battery storage. Source: http://www.donauer.

eu.

1. If realized as stand alone system there
is no need for grid connection - provided
the pedelec storage is as well equipped
with a battery storage system. Such sys-
tems save the cost for the power connec-
tion to the grid which can be very costly,
in particular also for digging. On the
other hand the supply in winter time is
highly unreliable or again too costly if
the system has to be dimensioned for
full winter usage.

2. The ’all-in-one solution’ of electricity production with it being integrated into a pedelec
storage device provides for that with an increasing implementation of storage devices
also the capacity of photovoltaic electricity production increases.

Disadvantages:

1. From an environmental-ecologic point of view it may be said that ’all-in-one solutions’
will be usually more expensive in urban areas than a separate solution consisting of
a simple pedelec storage device without a photovoltaic system and the photovoltaic
panels installed separately on the roof of the same storage device or on another roof.

2. On roofs other than on the storage device often better conditions in terms of insolation
(less shading) may be found, in particular in urban areas where the building density is
high, because the storage device is usually placed at ground level. At this level the risk
of shading is more frequent than on the roofs of buildings.

All of the following options are based on biomass. The decisive advantage of biomass over
solar energy is that biomass is much easier to store than solar energy over longer periods of
time (in particular in seasonal storages which would mean, e.g., storage of energy from summer
to winter). On the other hand, the area efficiency of the conversion of solar energy to useful
energy is much less than for the direct conversion as described above and it costs much more
regularly repeating efforts to harvest, condition and transport biomass.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
http://www.pusch-schinnerl.com/radhouse/
http://www.donauer.eu
http://www.donauer.eu
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Biogas A biogas plant converts organic matter to gas which is then combusted in an
engine to produce electricity and heat. The area demand depends much on the assumption
which substrate is used for the digestion. If the used substrate is cultivated on purpose
just for making biogas from it the area demand has to be fully attributed to the biogas
plant. If, on the other hand, organic residues from other processes are used for biogas
production it may be argued that no area demand at all is induced by using the residues.
In order to rather overestimate the area demand it is assumed that crops are cultivated
on purpose for producing the electricity for the pedelec.
Tab. D.1, p. 34, provides the information that from one hectare of agricultural land
about 6000 kWh of electricity can be obtained.

Accordingly, with biogas an area of 270/6000 = 0.045 ha would be needed which is the

equivalent of 450 m2 . This area can be compared to the area of a small to average garden
of a single house.

Electricity from liquid biofuels The EU has committed in 2003 (European Com-
mission [2009a]) to produce large quantities of the total fuel consumption in transport

Fig. 5.3: Press cake and oil conveyor of a small oil
press at a farmer in Austria who supplies his vehicles
with his own vegetable oil. Photograph: Thomas
Lewis (energieautark consulting gmbh).

by renewable fuels (originally 5,75% by the
end of 2010). This has considerably in-
creased the pressure on agricultural area
within and outside Europe. An accord-
ing amendment of the target has been done
meanwhile formulating a 10% target on the
share of renewable energy in general in the
transport sector. This takes account of the
hope in electric vehicles the development
of which has been rapid ever since the bio-
fuel directive has been launched. Within
the related complex discussion on mobil-
ity, bioenergy and sustainability a widely
accepted (e. g. in Austria) concept mean-
while is that only farmers should use veg-
etable oil for the purpose of transport and agricultural machines.
However a further option is to produce electricity from liquid biofuels. This is done
in stationary CHP units. If this is realized in an increasing manner for the purpose of
providing electricity to electric vehicles the pressure on land is similarly high or even higher
than if the liquid biofuels were used directly in combustion engine driven vehicles.

In order to get a feeling for the area demand it may be assumed that on one hectare of
agricultural land about 1000 liters of vegetable oil are produced, e.g. via sunflowers. This
provides energy of 9.7 kWh/l × 1000 = 9700 kWh per hectare. Fed into a small CHP unit
we would have a thermal efficiency of about 35% which would yield 9700 × 35% ≈ 3400
kWh/hectare of electricity.

Accordingly, with biofuels we would need for 270 kWh of electricity for the pedelec 270/3400

≈ 0.079 hectares = 790 m2 . This area can be compared to the area of an average garden of
a single house.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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Solid lignocellulosic biomass (wood) Electricity production from wood is usually

Fig. 5.4: Wood gasifier (in the background) in Güss-
ing/Austria which produces electricity and heat. Wood
chips that have been chipped on site are in the foreground.
To the right the yellow house where controlling of the
plant is done. The house in the middle with the flying
roof is the opening for filling the underground daily fed
hopper. Source: Thomas Lewis (energieautark consulting
gmbh).

done in CHP plants where heat as well as
electrical power is produced. In the ideal
case both outputs, heat and electricity, are
actually used. In some cases only electric-
ity is produced. When assessing the area
demand for producing 270 kWh of electric-
ity we have to understand

1. how much wood grows annually per
hectare

2. how much of that we can use for ener-
getic purposes

This information is provided in Tab. D.2,
p. 35. According to this table the electric-
ity output of one hectare of forest is about
1500 kWh per year. This value - which may
seem low - applies if the forest is not used exclusively for energy purposes but is subject to
the traditional usage which ranks the wood supply to paper mills, particle board industry
and other feed-stock purposes above the energy purpose.

According to this figure with energy from a conventional forest an area of 270/1500 = 0.18

ha would be needed which is the equivalent of 1800 m2 . This area can be compared to the
area of a very large garden of a single house.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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Wind, hydro and geothermal energy It is very difficult to assess the area demand to

Fig. 5.5: Small wind turbine combined with a
photovoltaic system. Photograph: Vela [2006].

produce one unit of electricity from wind
power or hydro power plants, for wind
power plants this is not even solved. Hence
area demands are not treated here in a
quantitative way. E. g. assessing the area
demand for hydro power plants would in-
volve tasks such as defining what is under-
stood by area demand: the catchment area,
the area flooded by a dam and the power
house etc.? For wind often simplistic ap-
proaches are found such as ’one wind tur-
bine needs only 20 m2 of area etc. Geother-
mal energy is not taken into account here
because the matter is quite complicated
and the practical relevance is deemed low
for this paper on pedelecs.

5.4 Producing chemical energy
(food) for the pedalling work
performed by the human
body

In order to understand how much area is needed to produce the energy in terms of nutrition
for the pedelec rider we first have to understand how much area is needed to produce
nutritional energy (energy in food that may be digested by human beings). This is shown
in Tab. 5.2.

1

crop

2

yield

3

Energy content
per kg

4

daily

rate

for

an

adult

5

area demand

kg FM/ha/a kcal/kg MJ/kg kg m2/d m2/a m
2
/
1
0
0
0

k
ca

l

m2/MJ
1 wheat 4,000 3,131 13.1 0.69 1.72 626 0.80 0.19
2 potatoes 40,000 685 2.9 3.14 0.78 286 0.36 0.09
3 corn 9,700 3,310 13.9 0.65 0.67 244 0.31 0.07
4 onions 44,000 280 1.2 7.68 1.74 637 0.81 0.19
5 average 24,425 1,852 7.8 3.04 1.23 449 0.57 0.14
6 meat 2,392 10.0 0.90 24.58 8,970 11.43 2.73
7

foodKeyFigures.yieldAgriculturalCrops

factor plant fibre → meat fibre in area demand 20.00

Tab. 5.2: Yield, energy content and recommended daily rate for human beings of annual agricultural crops
and meat including the area demand to produce the energy. Yield data for Germany (Bayerische Landesanstalt
für Landwirtschaft). Source for energy content: int. Source for daily rate (9 MJ/d in Austria in 2008 for male
adults): Elmadfa et al. [2009].

The daily rate in Tab. 5.2 is specified for men which have a higher energy uptake than
women. It does not correspond to the value recommended from a nutritional point of view
but to the current energy uptake according to surveys.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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From the table it results that

1. we need about 1.5 m2 per day per person (0.67 m2- 1.74 m2) for food to grow. This is
the minimum because it only takes the agricultural land into account where food is grown
and moreover assumes a vegetarian diet.

2. we need at least 0.14 m2 to produce 1 MJ of nutritionally available energy. This is the

equivalent of an area demand of about 0.5 m2 to produce 1 kWh of food energy .

The specified crop is assumed to be the only crop cultivated during the entire vegetation
period.
The specified amount assumes the unrealistic scenario that the entire diet consists of
the specified product. The data applies to conventional ’high-input’ agriculture with
fertilizers, pesticides etc. The area demand for the energy equivalent provided by meat is
about twenty times the area demand for crops.

Hence, for providing the daily rate of a person via meat it would need about 25 m2. The
annual area demand for meat would then be 25 × 365 = 8970m2 ≈ 0.9 ha per person and
year.

As additional information here is a chart describing the annual area demand according to
the diet (vegetarian to lots of meat) from an Austrian study:

0,44

1,08

1,72

2,26

2,79

0

0,5

1

1,5

2

2,5

3

vegetarian
(vegane)

rarely meat balanced meat, quite often meat 2x/day

dietary type

ar
ea
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em

an
d
 (
g
h
a)

C:\energieautark\Fachbereiche\Umwelteffekte\ÖkologischerFußabdruck\[FlaechenverbrauchErnaehrung.xls]Deutsch

Fig. 5.6: Area demand in global hectares for the annual food production of one
person. Source: Behrens et al. [2005]

Please note that this chart shows ’global hectares’ and takes into account area demand
for processes not necessarily taking place where the food is grown but includes as well
transport of the food, storage etc. Therefore the values are considerably higher than in
Tab. 5.2.

With the above data this would result in an area demand for food of 0.5 m2/kWh × 736 kWh/a

= 368 m2/a and per person for riding a pedelec for one year.

On the one hand, this assumes that the person is vegetarian, so probably the averaged
value applied to a bigger sample of persons is higher. On the other hand the assumed
usage per day of 2h of a pedelec is very high which would decrease the value.

6 CO2 emissions from the pedelec operation

6.1 CO2 emissions from food for the driver

The average food diet of a person is shown in Tab. 6.1:

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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1

product

2

kg/a/cap
1 beer 112
2 vegetables 103
3 meat 99
4 milk 96
5 fruits 96
6 cereals 84
7 potatoes 53
8 wine 28
9 cheese 18
10 eggs 14
11 butter 5
12

foodKeyFigures.foodConsumptionAustria

total 705

Tab. 6.1: Average annual food diet of an Austrian inhabitant by food categories. Source: Österreichisches
Lebensministerium [2005]

This food diet can be represented as CO2 emissions using the GEMIS model (GEM [2007])
which yields CO2 emissions of slightly more than one ton of CO2 equivalents per year and person
(1.027 t/a/cap) due to food consumption.

From the energy content of the average diet which is 9 MJ/day (Elmadfa et al. [2009]) and
hence 9 MJ × 365 = 3285 MJ/year we may deduct the specific emission per food energy con-

tent: 1000 kg CO2 / 3285 MJ = 0.304 kg CO2 /MJ = 1.01 kg CO2 / kWh of food energy .

Compare this to the value used in Engel [2008] of 1.5 kg CO2 / kWh of food energy in
Germany.

The same logics as above when assessing the area demand may be applied when assessing
the CO2 emissions from food consumption. The annual CO2 emissions of the pedelec rider
are 736 kWh/a (annual food energy demand for riding the pedelec) × 1.01 kg CO2 / kWh
of food energy = 807 kg of CO2 emissions.

6.2 CO2 emissions from the electricity for the motor

CO2 emissions from electricity production depend heavily on the so called ’electricity mix’
which describes how the electricity is produced (see Tab. C.1, p. 32 for the European
electricity mix). Comparing the specific CO2 emissions (per kWh) for energy provided
via food and via electricity from the grid it results that food energy has higher specific
emissions than the emissions from electricity production:

1.01 kg CO2 / kWh of food energy > 0.42 kg CO2 / kWh of electricity production (see Tab.
6.2).

This means that based on the above assumptions it is more costly in terms of CO2 emis-
sions to cycle than to power a pedelec with electricity. This comparison does not even take
into account that the conversion efficiency to mechanical work (force exerted to the wheel)
of the electric motor is by far higher than the conversion efficiency of the human body
which would even widen this ’CO2 gap’ between muscle power and electric power. In that
sense it would even make sense to promote the usage of an e-bike - where no pedalling at
all is used - instead of a pedelec.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu


Pedelecs and Renewable Energy

p
e
d
e
le

c
sA

n
d
R

e
n
e
w

a
b
le

E
n
e
rg

y
V

1
.3

27/42 2012-01-17

3

CO2 equivalent

4

CO2

5

CH4

6

N2O
kg / kWh kg / kWh kg / kWh kg / kWh

1 AT 0.27 0.25 0.000798 0.000012
2 BE 0.27 0.26 0.000461 0.000013
3 DE 0.64 0.62 0.000818 0.000023
4 DK 0.6 0.56 0.001427 0.000032
5 ES 0.47 0.45 0.000664 0.000024
6 FI 0.32 0.29 0.000729 0.000020
7 FR 0.1 0.09 0.000167 0.000005
8 GR 0.84 0.81 0.000966 0.000026
9 IE 0.65 0.62 0.000857 0.000031
10 IT 0.55 0.52 0.001077 0.000025
11 LU 0.4 0.38 0.000441 0.000018
12 NL 0.55 0.52 0.000840 0.000028
13 PT 0.65 0.62 0.000957 0.000032
14 SE 0.05 0.05 0.000070 0.000004
15 UK 0.51 0.47 0.001246 0.000026
16

latexTablesXXElectricity.CO2emissionsPerkWhEurope

EU-15 0.42 0.4 0.000716 0.000019

Tab. 6.2: Specific (per kWh) emissions of CO2 equivalents from electricity production for the EU-15 in 2005.
Source: GEM [2007], scenario ’EEA: electricity in EU-15 (2005)’.
Please note that high specific emissions of a country always are due to a high share of fossil
fuels whereas low specific emissions may be due to either a high share in renewables (in
particular hydro) or to a high share of nuclear power. The gases CH4 and N2O contribute
as well to the greenhouse effect and are summed up accordingly weighted in the column
’CO2 equivalent’.

6.3 Limitations and critical review of the above approach

It is important not to conclude from the above that pedelecs or e-bikes should replace
conventional bicycles because assumptions that led to the above results have the following
limitations:

1. It is not appropriate to judge all measures exclusively from the ’CO2’ and ’Kyoto
Protocol’ point of view. There are many benefits of cycling, in particular health benefits
but also the relief of the traffic situation which are not measured in tons of CO2.

2. Moreover, CO2 emissions from food production have been assessed in the GEMIS model
based on the assumptions made there about the current way to produce food. If food
were produced more locally CO2 emissions would strongly come down.

A Practical experience from projects on the impact of ped-
elecs

To the knowing of the authors so far quite few thorough field tests have been done on the
particular question what is the actual impact on energy consumption of the introduction
of pedelecs. The most relevant known European attempts are listed here. The challenge
in such projects is to monitor the behavior of people participating in the tests. Most
scrutiny in this sense seems to have been applied by the Swiss project (BUWAL Bundesamt
für Umwelt, Wald und Landschaft [2004]) and the project in the Austrian province of
Vorarlberg (Kairos [2010]).

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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A.1 Project ’Landrad’, province of Vorarlberg, Austria, 2009/10

0 10 20 30 40 50 60
Fig. A.1: Shift in the transport mix for households. Displayed are the trips which
have been displaced by the introduction of a pedelec. Data is based on a survey
(asking users of a pedelec). Source: Kairos [2010].

walking

bicycle without a motor

motorcycle

car as a driver

car as a passenger

bus and train

other

percent of all trips done with a pedelec after their introduction

Important results are that

1. 1400 km/a are cycled per pedelec displacing trips that would have been done with
other transport means otherwise.

2. Of these trips about a third (see Fig. A.1) are trips with would have been done
otherwise with a car (about 460 km/a)

Moreover, there was no significant displacement of public transport or walking due to the
introduction of the pedelecs. It has to be kept in mind, however, that numbers in Fig.
A.1 refer to the number of trips not to distances (kilometers) displaced.

A.2 Switzerland, projects NewRide and others 2003

Major trials also have been done in Switzerland. In BUWAL Bundesamt für Umwelt, Wald
und Landschaft [2004], sec. 9.5, page 115, it states that the average annual potential of
displacing car kilometers by a pedelec is 800 km. A survey from 1996 which is cited in the
same study (p. 115) mentions a potential of only 580 car kilometers/a. Within the study
from 2004 a very differentiated approach has been taken, distinguishing

1. mobility behavior on working days versus behavior on weekends

2. households which already had a car versus households which did not have a car when
obtaining a pedelec

3. different regions in Switzerland

4. events that completely change the mobility behavior of a person (such as changing
residence)

The study concludes that to a large extent also rides with a bike are displaced. This is in
line with the results from the Austrian case described in Kairos [2010] (see Fig. A.1).

A.3 City of Graz, Austria, 2010

During four weeks of a pedelec-test within the framework of the EU project ’Active Access’
among elderly people in the area of Andritz in Graz, Austria, 20 testers (6 women, 14 men)
cycled about 1500 km. In total, 222 trips were done by pedelec. Out of these, 69 were

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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done for shopping reasons, 58 were for recreation and the rest were trips to the workplace.
A survey done among the testers showed that 122 trips of all 222 trips would have been
done by car. This is more than 50% and hence - however, expressed as a percentage the
number of trips not of kilometers - much more than in the field tests done in Vorarlberg
and in Switzerland. One reason for this relatively high figure could be that the project in
Graz only referred to the urban area of Graz whereas the other two projects encompassed
a much larger region. It is widely known that in urban areas average trips are very short
and hence can be easily replaced by pedelecs.
Concerning shopping-trips, even 68 % of car trips could be substituted by pedelecs. 27
trips out of 28 which were longer than 10 km would have been done by car. What regards
the distance, most of the travelled trips were 1 to 3 km long. Nearly half of these trips
were shopping-trips. This test shows that pedelecs are well suited to replace travels with
cars, especially short trips for shopping reasons in urban areas.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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B Tested energy consumption of pedelecs
1

pedelec model energy
storage
capac-
ity

range specific consumption

to
ur

m
ou

nt
ai

n

ur
ba

n

av
er

ag
e

to
ur

m
ou

nt
ai

n

ur
ba

n

av
er
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e

2

Wh

3

km

4

km

5

km

6

km

7

Wh/km

8

Wh/km

9

Wh/km

10

Wh/km

Category ’conve-
nience’

1 Flyer, S-Serie XT 310.8 46 28 29 34.33 6.76 11.1 10.72 9.52
2 Flyer, S-Serie Street 390 51 29 22 34 7.65 13.45 17.73 12.94
3 Giant – Aspiro Hy-

bride 0
288 55 20 22 32.33 5.24 14.4 13.09 10.91

4 Kalkhoff – Impulse 396 51 28 38 39 7.76 14.14 10.42 10.78
5 KTM – eFun 240 31 8 15 18 7.74 30 16 17.91
6 VeloComfort Reevo

Sport
230.4 41 21 21 27.67 5.62 10.97 10.97 9.19

7 Vital Bike City Plus
serie

324 47 22 24 31 6.89 14.73 13.5 11.71

8 Göricke Capri 4.0 325 48 15 27 30 6.77 21.67 12.04 13.49
9 Panther TE 777 Po-

laris
325 49 20 21 30 6.63 16.25 15.48 12.79

10 Winora C2 396 62 24 31 39 6.39 16.5 12.77 11.89
11 average 322.52 48.1 21.5 25 31.53 6.75 16.32 13.27 12.11

Category ’urban’
12 ave Xspeed 288 53 22 26 33.67 5.43 13.09 11.08 9.87
13 BH Bikes E-Motion

City 700 Lux
260 50 21 32 34.33 5.2 12.38 8.13 8.57

14 Kalkhoff Pro Connect
C8

453 76 34 41 50.33 5.96 13.32 11.05 10.11

15 KTM Amparo 8 414.4 69 32 41 47.33 6.01 12.95 10.11 9.69
16 Panther TE 999 En-

ergy
288 44 18 25 29 6.55 16 11.52 11.36

17 Rumstromer G4 324 50 27 27 34.67 6.48 12 12 10.16
18 Victoria Le Mans 288 49 19 25 31 5.88 15.16 11.52 10.85
19 Raleigh Dover 40 468 42 24 32 32.67 11.14 19.5 14.63 15.09
20 BH Bikes E-Motion

Folding KE
207.2 53 22 26 33.67 3.91 9.42 7.97 7.1

21

mobilityKeyFigures.rangesandBatteryCapacPedelecsSpecificConsumptionPerKm

average 332.29 54 24.33 30.56 36.3 6.28 13.76 10.89 10.31

Tab. B.1: Specific electricity consumption (kWh/km) calculated from battery capacities of pedelecs and
ranges tested under three testing conditions: ’tour’, ’mountain’ and ’urban’. Source for the data on pedelecs:
ExtraEnergy e. V..
Tab. B.1 shows the data on pedelecs which have been tested by ExtraEnergy among
others what regards the range. The battery capacity is based on data of the manufac-
turers. From the table it results that the average consumption of electricity is about
1 kWh / 100 km or 0.01 kWh/km or 10 Wh/km. It is interesting to mention those ped-

elecs which seem to be most different what regards the specific consumption. This is the
’Bikes E-Motion Folding KE’ (row 20

Tab. B.1
) with a low value in the ’urban’ category. On

the other hand, in the test report the high assistance factor of this model was mentioned.
It may be concluded that a low specific consumption can be achieved even with a high

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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assistance factor. The ’KTM – eFun’ (row 5
Tab. B.1

) has a strikingly high consumption in
the ’mountain’ category, probably because the assistance is very high.

1 2

combustion
engine
scooter

electrical scooter

fuel → petrol electricity
worst case: elec-
tricity from coal-
fired power plant
(state-of-the-art)

UCTE-Mix el. mix Austria

1 CO2-emissions of
primary energy
(kg/kWh)

0.32 0.42

2 Conversion primary
energy → final energy

0.44

3 Emission factor final
energy (kg/kWh)

0.32 << 0.95 0.51 0.27

4 efficiency of the en-
gine (incl. battery) of
the vehicle

0.27 << 0.8

5

mobilityKeyFigures.fuelEfficiencyComparisonElectricScooterCombustionEngine

CO2-emissions
per useful energy
(kg/kWh)

1.19 = 1.19 0.64 0.34

Tab. B.2: Comparison of the fuel demand and CO2 emissions between an electric scooter and a scooter with
a combustion engine. Data source emission factors: GEM [2007]. Emission factors include as well production
and distribution of fuels.
Tab. B.2 shows the comparison between a conventional scooter, driven by a combustion
engine and an electrical scooter. For powering the electrical scooter different assumptions
on the origin of the electricity (’mix’) are made. The comparison is not related to the
consumption per km (distance) but to the useful energy transferred to the wheel . This
makes the comparison independent of the actual consumption per km. In the worst case
of all electricity being produced in a lignite power plant - this is the power plant type
with the highest emissions per unit of produced electricity - the electric scooter produces
slightly more CO2 emissions than the one with a combustion engine. The large advantage
of the electric scooter over the combustion engine driven scooter is the high efficiency of
the electric motor compared to the low efficiency of the combustion engine.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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C Current electricity production in Europe

1

AT
2

BA
3

BE
4

BG
5

CH
6

CZ
7

DE
8

DK-
W

9

ES
10

FR
11

GR
12

HR
13

HU

1 Nuclear
power

0 0 43357 14759 26132 25016 141074 0 56482 418298 0 0 13967

2 Fossil
fuels

21553 8668 31269 22594 2121 49447 356366 15910 162892 53262 46717 6090 19375

3 Hydro
power

36861 4552 1743 3202 37559 2367 23473 27 25380 67960 3298 5284 208

4 Other re-
newable

0 0 4275 0 1155 257 66370 6804 40631 9595 1878 44 1460

5 - of
which
wind
power

0 0 627 0 24 242 40429 5209 31267 5557 1662 41 181

6 Non-
identifiable

8358 0 0 0 0 0 0 0 297 0 0 0 2372

7

latexTablesXXElectricity.electricityMix2008UCTE

Total net
genera-
tion

66772 13220 81271 40555 66991 77329 627712 27950 316949 554672 53555 11459 37563

Tab. C.1: ENTSO-E (formerly ’UCTE’) electricity generation mix 2008 (electricity generated in 2008 in each
country in GWh), part 1. ’DK W’ in the column header stands for ’Denmark West’. Source: [former UCTE].

14

IT
15

LU
16

ME
17

MK
18

NL
19

PL
20

PT
21

RO
22

RS
23

SI
24

SK
25

total
UCTE

26

total
UCTE

27

UA-
W

1 Nuclear
power

0 0 0 0 3933 0 0 10329 0 5970 15483 774800 28% 0

2 Fossil
fuels

250266 2379 1155 4982 91451 140812 28929 32636 29383 4838 7288 1390383 51% 8094

3 Hydro
power

46695 947 1536 881 102 2668 7100 16794 10020 3506 4306 306469 11% 153

4 Other re-
newable

10248 153 0 0 8866 948 7358 11 0 0 311 160364 6% 0

5 - of
which
wind
power

4852 61 0 0 4250 796 5696 11 0 0 7 100912 4% 0

6 Non-
identifiable

0 0 0 0 0 0 0 0 0 0 0 11027 0% 0

7

latexTablesXXElectricity.electricityMix2008UCTETwo

Total net
genera-
tion

312061 3540 2691 5863 108602 145224 49083 59781 39403 14314 27395 2743955 100% 8247

Tab. C.2: ENTSO-E (formerly ’UCTE’) electricity generation mix 2008 (electricity generated in 2008 in each
country in GWh), part 2. ’ UA W’ in the column header stands for ’Ukraine West’. Source: [former UCTE].

Please note that tables Tab. C.1 and Tab. C.2 denote only the annual electricity
generation per country. This by no means coincides with the consumption in each country
because of transnational electricity trading. Moreover, if electricity is fed into the grid
it cannot be assumed that a substitution will occur according to the current specified
mix of generation (’percentages’ = col. 26 in Tab. C.2). Real substitution effects
are nearly unpredictable and are not even assessable with certainty ex post because they
depend on a multitude of factors such as the development of the overall electricity demand,
plannings for building and dismantling future power plants, the development of fuel cost, of
political developments etc. A slightly better picture for determining the mix of electricity
consumption is provided when using software modelling tools such as GEM [2007], using
pre-defined mixes for regions such as for countries or even the EU (see for example Tab.
C.3 for Germany). However the aforementioned uncertainty of substitution effects when
feeding into the grid is still the same.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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1

source

2

CO2 equivalent
1 hard coal 22.0 %
2 lignite 25.1 %
3 methane 12.5 %
4 heavy oil 1.8 %
5 waste 2.0 %
6 nuclear 26.3 %
7 large hydro 3.5 %
8 wind 4.3 %
9 photovoltaic systems 0.2 %
10 wood 1.0 %
11 gas from landfills 0.3 %
12 biogas 1.0 %
13

latexTablesXXElectricity.electricityMixGermanyGEMIS

total 100.0 %

Tab. C.3: Electricity mix in Germany in 2005. Source: GEM [2007], process ’El-KW-Park-DE-2005’.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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D Basic data for calculating the area demand of different
forms of renewable energy production

1 2

unit

3

low

4

medium

5

high
Entire cereal plant

1 yield (dry matter (DM) 35%) t FM /ha 30 40 50
2 Losses during storage % 12 12 12

methane yield
3 m3 m3/ha 2349 3131 3914
4 GJ GJ/ha 85 113 141
5 kWh with 10 kWh/m3 methane kWh/ha 23486 31314 39143
6 electr. yield, (conversion efficiency 35%) 8220 10960 13700

Cereal (grains)
Wheat

7 yield (DM 87%) t FM /ha 5.9 7.9 10
methane yield

8 m3 m3/ha 1873 2496 3119
9 GJ GJ/ha 67 90 112
10 kWh with 10 kWh/m3 methane kWh/ha 18726 24957 31189
11 electr. yield, (conversion efficiency 35%) kWh/ha 6554 8735 10916

Rye
12 yield (DM 87%) t FM /ha 4.4 5.4 7

methane yield
13 m3 m3/ha 1404 1714 2183
14 GJ GJ/ha 51 62 79
15 kWh with 10 kWh/m3 methane kWh/ha 14004 17144 21826
16 electr. yield, (conversion efficiency 35%) kWh/ha 4916 6000 7639

Triticale
17 yield (DM 87%) t FM /ha 4.9 5.9 8

methane yield
18 m3 m3/ha 1559 1873 2496
19 GJ GJ/ha 56 67 90
20 kWh with 10 kWh/m3 methane kWh/ha 15594 18726 24957
21

Biogaskennzahlen.Energiepflanzenertraege

electr. yield, (conversion efficiency 35%) kWh/ha 5458 6554 8735

Tab. D.1: Crop, biogas and electricity yields per hectare from annual crops converted to electricity via biogas.
Different crop yield levels are specified. Source: Kuratorium für Technik und Bauwesen in der Landwirtschaft
(KTBL) [2006].

Tab. D.1 shows the yields in terms of biogas and electricity that may be obtained from
one hectare of different agricultural crops. Please note that in columns 3 - 5 different
yield levels for the crops are specified since crop yield may vary considerably foremost
according to soil conditions and climate.

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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1

Amount

2

specification

3

unit

4

source
1 9 volume growth of the forest per area unit m3/a/ha Erg
2 0.2 share of grown wood available for direct ther-

mal use
% own assumption

3 1.8 spec. annual wood volume available for direct
thermal use

m3/a/ha

4 14 lower heating value, 25% water content MJ/kg own assumption
5 500 density wood (DM) kg DM/m3 own assumption
6 667 density wood, 25% water content kg/m3 own assumption
7 9,333 lower heating value, 25% water content MJ/m3

8 2.59 lower heating value, 25% water content MWh/m3

9 23.33 energy yield (theoret. potential) MWh/ha
10 4.67 energy yield (techn. potential) MWh/ha
11 0.35

thermal efficiency of a power plant in CHP
mode

12 8.17 electricity yield per hectare (theoret. poten-
tial)

MWh/ha

13

biomassTables.electricityOutputFromOneHectareForest

1.63 electricity yield per hectare (techn. poten-
tial)

MWh/ha

Tab. D.2: Electricity output from one hectare of forest.

Tab. D.2 shows the basic assumptions for assessing the electricity yield that may be
achieved by one hectare of forest. The table distinguishes between a theoretical potential
and a technical potential. The theoretical potential assumes that all wood that grows on
the area is harvested and used for electricity production. The technical potential assumes
that the major part of the wood is used for other purposes than energy production, such
as for timber, pulp & paper and particle board production. The latter case of the technical
potential reflects reality in commercially managed forests. Please note that by one m3 of
wood conceptually a solid cubic meter is understood (no gaps in between wood logs or
chips, just solid wood).

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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Glossary

Annex I Countries ’Annex’ refers to the according Annex I of the United Nations
Framework Convention on Climate Change (UNFCCC). Countries listed in the an-
nex signed and ratified the Convention. Having signed and ratified also the Kyoto
Protocol these countries have to submit accordingly inventories on their emission
performance.A literal explanation of ’Annex I’ as drawn from a publication of the
secretariate of the UNFCCC (UNFCCC (United Nations Framework Convention on
Climate Change) [2008]) is: ’The annex to the Convention specifying which devel-
oped country Parties and other Parties to the Convention have committed themselves
to limiting anthropogenic emissions and enhancing their green house gas (GHG)
sinks and reservoirs’. The complete list of these countries can be found at the web-
site of the UNFCCC secretariate at http://unfccc.int/parties_and_observers/
parties/annex_i/items/2774.php. 38

basal metabolic rate (BMR) Internal energy conversion rate (unit: Watt in SI-units
or kcal/day in nutrition science) for human beings and animals when they are at rest.
This is the absolute minimum energy conversion rate in order the organism may keep
alive. So by definition no energy shall be needed for other activities such as putting
on weight, eating, moving, additional efforts to keep the body at a temperature
different from the outside etc. Typical vital processes requiring energy even at rest
and hence contributing to the BMR are the heart beat and breathing. Measuring
the basal metabolic rate is done by measuring the oxygen and CO2 respiration rate
of a human being or via measuring the heat (incl. latent heat) production of the
body. 12, 13

biofuel in transport Biofuels are listed in the according EU ’biofuel Directive’ (Euro-
pean Commission [2009a]). Please note that targets for biofuel shares (5.75 % by
the end of 2010) in total transport fuel consumption as specified in this directive
have been amended meanwhile in the sense that in European Commission [2009b]
the total share of energy from renewable sources in transport has to be at least 10%
by 2020.

’Each Member State shall ensure that the share of energy from renewable sources in all forms of
transport in 2020 is at least 10 % of the final consumption of energy in transport in that Member
State.’

.

However, what regards the definition of biofuels in the biofuel directive it is stated
that ’at least the products listed below shall be considered.’ This means that the
following list is not exhaustive:

1. pure vegetable oil : oil produced from oil plants through pressing, extraction or
comparable procedures, crude or refined but chemically unmodified, when com-
patible with the type of engines involved and the corresponding emission require-
ments.

2. biodiesel : a methyl-ester produced from vegetable or animal oil, of diesel quality,
to be used as biofuel;

3. bioethanol : ethanol produced from biomass and/or the biodegradable fraction of
waste, to be used as biofuel;

4. biogas: a fuel gas produced from biomass and/or from the biodegradable fraction
of waste, that can be purified to natural gas quality, to be used as biofuel, or
woodgas;

5. biomethanol : methanol produced from biomass, to be used as biofuel;

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
http://unfccc.int/parties_and_observers/parties/annex_i/items/2774.php
http://unfccc.int/parties_and_observers/parties/annex_i/items/2774.php
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6. biodimethylether : dimethylether produced from biomass, to be used as biofuel;

7. bio-ETBE (ethyl-tertio-butyl-ether): ETBE produced on the basis of bioethanol.
The percentage by volume of bio-ETBE that is calculated as biofuel is 47

8. bio-MTBE (methyl-tertio-butyl-ether): a fuel produced on the basis of biomethanol.
The percentage by volume of bio- MTBE that is calculated as biofuel is 36

9. synthetic biofuels: synthetic hydrocarbons or mixtures of synthetic hydrocarbons,
which have been produced from biomass;

10. biohydrogen: hydrogen produced from biomass, and/or from the biodegradable
fraction of waste, to be used as biofuel

. 22

biogas A gas generated by anaerobic digestion of organic matter. The gas in its raw
state is mainly composed of CO2, CH4 and water vapour. It is usually purified
and then directly combusted in appropriate gas engines to produce electricity as the
main output. As well heat is produced and, in those cases where an according plant
is operated in the CHP mode, the heat is also utilised. The gas, after according
compression or chemical transformation, may also be used as a liquid biofuel for
vehicles or transformed to other gasses which may be used as a feedstock or in turn
as a fuel. Many different substrates may be used for biogas, most appropriate are
organic residues (waste). However, biomass is as well largely cultivated just for the
sake of making biogas from it. A major crop used for this is corn (maize). 21, 22,
39

combined heat and power Denotes the production of heat and electricity by the same
installation (’cogeneration’). Foremost applies to thermal combustion processes such
as plants based on the combustion of biomass, gas, oil and coal (however also fuel
cells, in most cases stationary ones, can be operated CHP units). Cogeneration
units have an energetic advantage: the fuel amount to produce a defined amount of
supplied heat H and of electricity E is less than if H and E had to be produced
in separate units (plants) each of these specialized on the production of heat and
electricity. Because of this energetic benefit of combined over separate production the
EU has issued an according directive obliging member states to promote cogeneration
(European Commission [2004]). 18, 22, 23, 35, 36

dry matter (DM) Material without water content (absolutely dry state). The process
of assessing the dry matter of a sample is described in standards. To assess the dry
matter the sample is heated up to a moderate temperature so water evaporates but
volatile substances remain in the sample. Once the mass of the sample does not
change any more in weight with time all water is assumed to have evaporated and
the sample is weighed. The assessed mass is the dry matter. 34, 35

e-bike An electrically driven two wheeler that may be pedalled but as well may be ac-
celerated solely via an electric motor without pedalling. This latter option of a
propulsion exclusively by an electric motor is the difference to a pedelec where you
always have to pedal to receive motor assistance. 9, 27

electricity mix Refers to the generation and consumption of electricity. The mix speci-
fies the different origins of the production of a specified amount of electricity. E. g.
the mix for one kWh of electricity could be ’50% thermal power plants, 25% nuclear
and 25% hydro/renewables’. This means that power plants have contributed to the

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
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generation of that kWh to extent of these percentages. To specify the electricity
mix is highly important when assessing the environmental impact of measures that
affect the electricity consumption because each type of power production has its own
characteristic environmental impact. 26

EU15 The 15 countries which were members of the EU before the enlargement on 1st
May 2004: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland,
Italy, Luxembourg, Netherlands, Portugal, Spain, Sweden and the United Kingdom.
11

exergy The part of energy in a defined amount of energy E which may be transformed
to any other form of energy (using conversion units such as power plants, stoves
etc.). Electric energy is 100% exergy because electricity can be converted to any
other form of energy. Usually, the higher the share of exergy in the energy amount
E the higher priced is E at the market. For example, one kWh of electricity costs
more than one kWh heat at a temperature of 20oC. 8

global hectare A concept for measuring the fertility of different types of land or even
sea. One physical hectare may correspond to more than one global hectare if the
physical hectare is extremely fertile, or it may be rated less than one global hectare
if its fertility is below the average. The concept is promoted by the ’Global Footprint
Network’ (http://www.footprintnetwork.org) in the context of resource depletion
and land scarcity. 25

green house gas (GHG) Any gas contributing to the global green house effect. In a
stricter sense the six gasses as listed in Annex A of the Kyoto Protocol:

1. Carbon dioxide (CO2)

2. Methane (CH4)

3. Nitrous oxide (NO2)

4. Hydrofluorocarbons (HFCs)

5. Perfluorocarbons (PFCs)

6. Sulphur hexafluoride (SF6)

. 36, 38, 39

heating value (net or lower calorific value) Describes the amount of heat which is
released when a fuel is oxidized completely, however, not taking into account the
latent heat of the vapor contained in the flue gas. It is hence assumed that the
vapor which is released during combustion remains in its gaseous form and that the
heat which could be released by condensation of that vapor - provided the flue gas
cools off - is not used as useful energy. Source: Hartmann et al. [2003]. 35

kilowatthour (kWh) A conventional unit used to measure energy. Although the unit
does not correspond to the international SI unit system it is often used. One kWh
corresponds to 3.6 Mio. Joule which is the chemical energy contained in slightly
more than 1/4 kg of wood pellets. 5, 8, 11, 13, 15, 19, 22, 23

Kyoto Protocol At the ’Third Conference of the Contracting Parties’ to the UNFCCC,
which took place in Kyoto/Japan in December 1997, the participating countries
adopted a protocol additional to the UNFCCC. This ’Kyoto Protocol’ came into

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
http://www.footprintnetwork.org
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effect legally in 2005 and expires in 2012. The protocol sets a specific time period –
known as the first commitment period – for Annex I Countries to achieve their GHG
emission reduction and limitation commitments: 2008-2012. The protocol has put
in place an accounting and compliance system, in particular, laying down specific
rules concerning the reporting of information by Annex I Countries that have to
demonstrate that they meet their commitments. Rules have also been established for
the accounting of assigned amounts and the trading of Kyoto units. The compliance
system established by the Protocol is one of the most comprehensive and rigorous
systems to be found in international treaties. 27, 36, 37

occupancy level The average number of persons transported per vehicle. This ratio is
specified for vehicles of a certain category, e. g. for cars. For cars usually a figure
of 1.2 persons/car is used for calculations in industrialized countries if nothing else
is specified. 7, 13

pedelec A two-wheeled vehicle with the only difference to a bicycle being an electric
motor that assists the rider once she/he pedals. The motor assistance has to stop at
25 km/h and the nameplate power of the motor must not exceed 250 W. These vehicle
types and their components such as battery and power management are defined in the
European ’EPAC’ standard EN 15194 (Comité Européen de Normalisation (CEN)
[2008]). 4, 9, 37

photovoltaic panel (module) They key element in photovoltaic systems: a rectangular
board of the rough dimensions of 1 m × 1 m. The panel is covered with individual
interconnected photovoltaic cells. The cells perform the conversion of light into
electric voltage and current. The advantage of photovoltaic systems being composed
of panels is that those systems may be built very small (in the extreme only one
small panel) or infinitely large (thousands of panels in large projects). Because of
this modular aspect the panels are also called ’modules’. 20, 21

photovoltaic system A device producing electric voltage and electric current from electro-
magnetic irradiation (’light’). The produced voltage is non alternating (DC). To
produce alternating current from a photovoltaic system an inverter is required. In
its classical form a photovoltaic system does not include any mechanically moving
parts and hence is usually extremely long-lasting and practically free of maintenance.
20, 21, 38, 39

photovoltaics The science dealing with photovoltaic systems. 17, 21, 38

renewable (related to energy) Renewable in the sense of renewable energy sources.
4–7, 14, 16–20, 22

renewable energy sources A definition according to European Commission [2003] is
’renewable non-fossil energy sources (wind, solar, geothermal, wave, tidal, hydropower,
biomass, landfill gas, sewage treatment plant gas and biogases). 39

Secretariat of the United Nations Framework Convention on Climate Change
An organisation managing the issues of the UNFCCC. Headquarters are in Bonn/Germany.
Website: http://unfccc.int. 36, 39

stand alone supply system (electricity supply) A system supplying electricity with-
out being grid connected. Typical stationary stand alone systems can be found in
areas that have a very low population density such as mountain huts or where cabling

http://ec.europa.eu/energy/intelligent/
http://www.gopedelec.eu
http://unfccc.int
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is costly (construction sites on highways) or where establishing grids is too costly
such as in developing countries. Classical systems comprise a photovoltaic systems
equipped with a battery to supply electricity at times where there is no insolation.
21

substrate for biogas production Organic material to be fed into a biogas plant and
which therein is converted largely to biogas. Examples for substrates are organic
wastes such as residues from crop harvesting, waste from food industry such as
from butcheries and breweries, outputs of the municipal organic waste collection (if
collected in separate bins) or crops cultivated on purpose just for making biogas
from it such as corn, wheat, triticale etc. 21

thermal efficiency of a machine (in the strict thermodynamical sense) Used to
describe the conversion efficiency of motors and power plants, or more generically,
of a machine that converts heat to work (and then in many cases also further to
electricity). The expression is misleading because what is meant actually is the ratio
between the useful output in terms work or electricity (not heat) and the heat input.
’Thermal’ hence in this case refers to the input of a machine not to its output. E.
g., a conventional boiler or stove which converts chemical energy (fuel) to heat does
not have a thermal efficiency. 22, 35

United Nations Framework Convention on Climate Change (UNFCCC) http:
//unfccc.int. The UNFCCC was one of three conventions adopted at the 1992 ’Rio
Earth Summit’. It is a frameworking convention to stabilize GHG concentrations
at an ’acceptable’ level. Most important element of the convention is the assign-
ment of emission reduction caps to countries. In expert papers the UNFCCC is also
sometimes only briefly referred to as ’the Convention’. The implementation of the
convention is managed by the according UNFCCC secretariate. 36, 38, 39
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