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0. Life Cycle Assessment of the Jungheinrich Industrial Truck Fleet

More than ten million industrial trucks are used worldwide every day in single- or multiple-shift operation in intralo-

gistics. Measures for reducing energy consumption make sense and should be pursued not only because of costs, 

but also for environmental reasons.

In this context, the automotive industry uses the Corporate Average Fuel Economy method, usually abbreviated as 

CAFE. This method describes how to calculate vehicle energy consumption. It is a legal requirement in the USA with 

the goal of protecting resources. There is no such standardised method at this time in the area of industrial trucks.

The purpose of the Environmental Commendation is to point the way towards a transparent, documentable and 

reproducible process for monitoring the environmental performance of the Jungheinrich industrial truck fleet on a 

sustainable basis, tracking it systematically and making improvements to it.

The Environmental Commendation is a tested life cycle assessment based on the ISO 14040 and 14044 standards 

and conducted by independent examiners from TÜV Nord. The life cycle assessment consisted of an examination

of the industrial truck fleet, from tiller-operated electric pallet trucks to counterbalanced trucks with internal

combustion engines, based on VDI Guideline 2198.

The term “life cycle assessment”, often abbreviated as LCA, is understood to mean a systematic analysis of the en-

vironmental effects of our products during the phases of manufacturing, usage and refurbishing. For Jungheinrich 

AG, CO2 emissions currently represent the only sustainable, comparable and controllable variable.

Since innovations and new technology often produce not only enhanced direct customer benefits, but also better 

environmental properties than the technology used in the predecessor model, we would like to emphasize the 

benefits of continuous, environmental product optimisation.

Sustainable improvements to the energy efficiency of our industrial truck fleet can be attributed in part to the opti-

misation of existing technologies and in part to the introduction of new technologies. 

I. List of Abbreviations

AG	 Public limited company (German abbreviation)

CAFE	 Corporate Average Fuel Economy

CO2	 Carbon dioxide

h		 Hour

HF	 High-frequency

ICE truck	 Internal combustion engine counterbalanced truck

ISO	 International Organization for Standardization

IT		 Industrial truck

kg	 Kilogram

kWh	 Kilowatt hour

LCA	 Life cycle assessment

LPG	 Liquefied petroleum/propane gas

m		 Metre

OI	 Order intake

Ser.	 Series

t		  Tonne

Trafo	 Transformer

TÜV	 German Association for Technical Inspection

USA	 United States of America

VDI	 Association of German Engineers

WG	 Working group

WGEB	 Working Group on Energy Balances, inc. assc. 
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Since “system devices” product group, which consists of narrow aisle trucks, currently has no defined VDI measure-

ment cycle, these vehicles were not included in the calculation and therefore do not appear in the defined product 

clusters either.

Special vehicles that are produced in very small quantities for individual customer requests are also excluded from 

the calculation.

The two excluded vehicle groups currently make up about 10% of vehicles produced annually by Jungheinrich.

The goal of the examination is to represent development since 2000 and make a summary statement about the 

environmental performance of each product cluster.

1.2 Function and Functional Unit of the Trucks Examined

Typical application areas of Jungheinrich trucks include transport, stacking, order picking and handling of goods for 

intralogistics (see also Table 1).

Within the seven product clusters listed here, Jungheinrich AG has a large number of product groups of different 

performance classes. Since each product group in turn consists of a number of products that are very similar in de-

sign and style, a reference vehicle was defined for each product group. This reference vehicle is the most frequently 

sold unit. It has already been used in the past to determine consumption values and will also serve in future as the 

reference object of a series.

The reference vehicles of the various product groups are listed in the following tables (Table 3 to Table 9).

Product cluster 1: Electric counterbalanced trucks with driver’s seat/operator platform >1.6t

Range	 Reference vehicle

EFG 213–220	 EFG 216

EFG 316–320	 EFG 316

EFG 425–430	 EFG 425

EFG 535–550	 EFG 550

Table 3: Product cluster 1 (electric counterbalanced truck >1.6t)

Product cluster 2: ICE truck

Range	 Reference vehicle

DFG 316–320	 DFG 316

DFG 316–320s	 DFG 316s

DFG 425–435	 DFG 425

DFG 425–435s	 DFG 425s

DFG 540–550	 DFG 540

DFG 540–550s	 DFG 540s

DFG 660–690	 DFG 660

TFG 316–320	 TFG 316

TFG 316–320s	 TFG 316s

TFG 425–435	 TFG 425

TFG 425–435s	 TFG 425s

TFG 540–550	 TFG 540

TFG 540–550s	 TFG 540s

TFG 660–690	 TFG 660

Table 4: Product cluster 2 (ICE truck)

1. Vehicles Examined in the Jungheinrich Fleet

The examination of the Jungheinrich life cycle assessment included different product segments with different usage 

properties and drive types such as electric, diesel and LPG systems. 

The development of factors included the life cycle assessment was analysed over the period from 2000 to 2010.

1.1 Purpose and Target Group of the Examination

To ensure that the products examined could be compared, the Jungheinrich product portfolio in Table 1 was divi-

ded into clusters based on VDI 2198 with comparable technical properties and application cases. This categorisation 

applies to all phases of the examination.

Product cluster Drive Main function

1
Electric counterbalance trucks with 

driver’s seat/operator platform >1.6t
Electric Goods handling with capacity over 1.6t

2 ICE truck
Internal combustion 

engine
Goods handling outdoors 

3 Electric forklift trucks <1.6t Electric Goods handling with capacity under 1.6t

4
Reach truck with driver’s seat/ 

operator platform
Electric 

Stacking and retrieving at high lift heights, 

transport

5
High-lift fork trucks and other stacker 

trucks
Electric Transport, stacking and retrieving

6 Pallet trucks and other lift trucks Electric Transport, order picking

7 Trucks, tow tractors Electric 
Horizontal transport of materials over long 

distances

Table 1: Categorisation of the product portfolio per VDI 2198

In accordance with VDI 2198, a specific measurement cycle can be assigned to each of the product clusters descri-

bed above to determine vehicle energy consumption in the usage phase. This VDI guideline describes the number of 

operations per hour, distance travelled (in metres) and lift height (in metres) for different types of vehicles (see Table 

1 and Table 2).

1, 2 3 4 5 6 7

Product cluster

Electric counter-

balanced truck 

with driver’s seat/

operator’s stand 

>1.6t and all ICE 

trucks

Electric 

forklift 

truck <= 

1.6t

Reach truck 

with driver’s 

seat/

Gabel-

hoch-hub-

wagen und 

sonstige 

Hochhub-

wagen

Gabelhub-

wagen und 

sonstige 

Hubwagen

Wagen, 

Schlepper

Number of operations/ h 60 45 35 20 20 40

Distance L in m 30 30 30 30 30 50

Lift for A and B in m 2 2 4 2 0.1 -

Table 2: Measurement cycles as per VDI 2198

The given consumption values are based on the measurement cycles as per VDI 2198 described in Table 2.

The calculation took into account only those industrial trucks manufactured at Jungheinrich production sites in 

Europe.
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Note: 

The product cluster for tow tractors has only been part of the Jungheinrich AG product range since 2006. Because 

of this, the trend for this cluster cannot be determined as a percentage based on the year 2000. It is based instead 

on the first sales year (2006).

1.3 Framework of the Examination

The framework of the examination for determining CO2 emissions includes the manufacturing, usage and refur-

bishing phases of industrial trucks.

Manufacturing phase: generation of raw materials, production of trucks and transport of trucks to customers or 

distribution centres.

Usage phase: energy consumption during the truck’s life cycle in addition to the energy required to make fuel or 

alternative energy available (including the upstream chain). Energy consumption is thus considered from energy 

generation through to end usage.

Refurbishing phase: transport of trucks to the refurbishing factory, generation of raw materials, refurbishment of 

trucks and transport of trucks from the refurbishing factory back to customers.

Factors have been used for all calculations in the phases listed above (including the upstream chain). 

Fig. 1 is a visual representation of the examination framework of the life cycle assessment.

Raw materials 

for trucks

Truck Transport
Truck transport

Truck transport

Manufacturing Usage Refurbishment

Energy

provision

Production of 

trucks

Raw materials 

for trucks

Preparation of 

trucks

Fig. 1: Examination framework of the life cycle assessment

The service life of a truck is set at an average of 10,000 service hours. This is equivalent to the average duration for 

customers in intralogistics.

1.4 Data Basis and Data Quality

The means of calculation for determining the data required in the phases of manufacturing, usage and refurbishing 

are explained below.

Product cluster 3: Electric forklift trucks <1.6t

Range	 Reference vehicle

EFG 110–115	 EFG 115

Table 5: Product cluster 3 (electric counterbalanced truck <1.6t)

Product cluster 4: Reach truck with driver’s seat/operator platform

Range	 Reference vehicle

ETV 110–116	 ETV 112

ETM/V 214–216	 ETV 214

ETM/V 320–325	 ETV 325

ETV Q20/Q25	 ETV Q20

ETV C16/C20	 ETV C16

Table 6: Product cluster 4 (reach truck with driver’s seat/operator platform)

Product cluster 5: High-lift fork trucks and other stacker trucks

Range	 Reference vehicle

EJD 220	 EJD 220

EJC 110–112	 EJC 12/110

EJC 214–216	 EJC 14/214

EJC Z 14–16	 EJC 214z

EJC BR B	 EJC B14

ERD 220	 ERD 220

ERC 212–216	 ERC 214

ERC Z 12–16	 ERC Z14

ESC 214–216z	 ESC 214z

EMC 110/B	 EMC 110

Table 7: Product cluster 5 (high-lift fork trucks and other stacker trucks)

Product cluster 6: Pallet trucks and other lift trucks

Range	 Reference vehicle

EJE 116–120	 ELE 16/EJE 116

EJE C20	 ELS 18/EJE C20

EJE 220–225	 EJE 20/220

ERE 120	 ERE 120

ERE 225	 ERE 20/224/225

ESE 120	 ESE 120

ESE 220–320	 ESE 220

ECE BR2	 ECE 20/220

Table 8: Product cluster 6 (pallet trucks and other lift trucks)

Product cluster 7: Trucks, tow tractors

Range	 Reference vehicle

EZS 130	 EZS 130

EZS 350	 EZS 350

EZS 570	 EZS 570

Table 9: Product cluster 7 (trucks, tow tractors)
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The total amount of CO2 from direct and indirect energy sources in addition to the operating fleet yields the total 

CO2 output per factory per year. The total CO2 output is allocated to trucks per factory per year according to order 

intake statistics and calculated for each machine per product cluster. Consumption figures per machine are reported 

directly by Dantruck.

For the transport of trucks from factories to customers or distribution centres, machines delivered in Europe were 

evaluated in terms of surface transport. An average transport distance per product cluster was derived from the sales 

figures for 2010 to serve as the basis for the last ten years. The locations of distribution centres and the breakdown 

of transport distances to the distribution centres have not changed significantly since 2000. 

The total number of truck units in each product cluster was multiplied by the appropriate distance to obtain the total 

distance in kilometres per product cluster. The total distances were divided by the total number of machines per 

product cluster to yield the average transport distance per truck.

To calculate the annual CO2 output per truck per product cluster, all unit totals for series (order intake statistics) in 

the relevant product cluster were first multiplied by the weight of the corresponding reference vehicle. The resulting 

total weight was divided by the total number of machines in the product cluster to give the average truck weight 

per product cluster and year. This value is used for transport in both the manufacturing phase and the refurbishing 

phase.

Multiplying the average transport distance by the average weight yields the average annual tonne kilometres per 

machine and product cluster. Lorries are used exclusively for transport. A contractual agreement with transport 

partners stipulates that optimum loading must be ensured by the transport companies.

The average annual tonne kilometres per product cluster multiplied by the CO2 factor yields the average CO2 output 

per machine per product cluster in the relevant year. The calculation for machines designated for refurbishing is 

similar.

1.4.2 Usage Phase

To determine the average CO2 output of a Jungheinrich truck by product cluster in the usage phase, a series of 

calculations must be made based on a number of assumptions. This procedure is explained in the following para-

graphs.

The first step was to determine energy consumption for a product group within a product cluster. A specific vehicle 

within the group was defined as a reference for this purpose. The reference vehicle is the vehicle with the highest 

number of units sold within the product group (see section 1.2).

The energy consumption of all selected reference vehicles was determined using the current VDI 2198 measure-

ment cycles (as of 2011). Each test performed was repeated five times. An average was derived from the measured 

values to compensate for possible measurement errors.

To determine CO2 emissions, the consumption of electricity, diesel fuel or liquefied gas was converted into CO2 le-

vels. The EU current mix of the corresponding years 2000 and 2010 was used to convert electrical current into CO2. 

There is a constant conversion factor for diesel fuel and liquefied gas (see Table 11).

All CO2 conversion factors include provision of the energy sources (upstream chain).

1.4.1 Manufacturing Phase

When considering the CO2 emissions produced during manufacturing, we examined the generation of raw materi-

als, the production phase and transport to customers or distribution centres.

The raw materials required to manufacture industrial trucks are derived from an average mix of materials (based on 

the percentage of a material in the trucks) for each product cluster. Material values are determined for the individual 

raw materials used in manufacturing and the respective CO2 output is derived from these values. The determined 

values include the upstream chain and thus take into consideration the extraction of raw materials. Depending on 

the mix of materials, different CO2 emission values per kg of truck are derived for each product cluster. For battery-

operated trucks, the battery is included in the mix of materials. Therefore the weight of the truck used in calculations 

includes the battery weight.

To calculate the average machine weight for each product cluster per year, sales figures of each unit are multiplied 

by the weight of the corresponding reference vehicle and added together. The total is divided by the overall unit 

total of trucks in the product cluster. The average weight multiplied by the CO2 emissions per kg of truck then yields 

the CO2 output per year and truck in the corresponding product cluster.

To determine emissions in the production phase of industrial trucks, the direct and indirect energy sources consu-

med annually at the Jungheinrich production facilities in Norderstedt, Lüneburg, Moosburg and Landsberg were 

determined and converted into CO2 levels. Direct energy sources include natural gas, while energy sources such as 

electricity and district heating are considered indirect.

Table 10 shows a list of all production facilities where trucks are manufactured for Jungheinrich for the product 

clusters being examined. Changes in the location of production lines are also indicated.

Landsberg Leighton Buzzard Lüneburg Moosburg Norderstedt

Electric counterbalan-

ced truck >1.6t
X

ICE truck up to 2003 from 2004

Electric counterbalan-

ced truck <1.6t
X

Reach truck with driver’s 

seat/operator platform
X

High-lift fork trucks and 

other high-lift trucks
X

Pallet trucks and other 

lift trucks
from 2009 up to 2008

Trucks, tow tractors X

Table 10: Production facilities of the product clusters examined

The annual figures for direct and indirect energy sources between 2000 and 2010 are determined at the factories. 

The CO2 output of the production facilities is calculated using the corresponding conversion factors for energy 

sources and these levels are added together. The values used include the upstream chain.

If trucks with internal combustion engines are used as operating trucks in factories, the number of these machines 

is multiplied by the average usage period of 220 days per year at 6 hours per day. The result is then multiplied by the 

average value from the VFG fleet consumption calculation. This yields the CO2 output per year and factory for trucks 

used for operational purposes.
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Formula:

Output * (specific charge factor for battery and charge type/charge efficiency of the battery/ device efficiency of the 

charger) = mains energy

1 kWh * (1.2/0.85/0.88) = 1.60

The charge factor was taken into consideration in the overall calculation for the usage phase, in which it was multi-

plied by annual CO2 consumption. Because different charging technologies are used (transformer/high-frequency), 

different average charge factors were applied for high-lift fork trucks and other high-lift trucks (product cluster 5) 

and for pallet trucks and other lift trucks (product cluster 6) than for other electric trucks.

In the next step, a calculation is made of the CO2 output per life cycle of a truck. A basic value of 10,000 services 

hours was used for each truck with either electrical or internal combustion engine drive. This corresponds to the 

duration of an average first truck service life.

To be able to determine the overall average CO2 emissions per life cycle, the annual consumption of individual 

trucks is weighted based on the number of units sold in the relevant years (order intake statistics). The result is the 

CO2 output of an average truck per life cycle. The average truck is not a vehicle that actually exists but a statistical 

creation.

1.4.3 Refurbishing Phase

Consideration of the refurbishing phase begins in 2006 with the opening of the central refurbishing factory for used 

forklift trucks in Klipphausen (near Dresden). Used vehicles received at this factory are refurbished and prepared for a 

second service life before being returned to the customer.

The raw materials required for refurbishing are derived from an average mix of materials per product cluster. The 

relevant data for manufacturing these raw materials (similar to the process for the manufacturing phase) is applied to 

determine CO2 output. 

The calculation uses the annual average weight per machine per product cluster from the manufacturing phase. The 

average weight multiplied by the CO2 emissions per kg of truck yields the CO2 output per year and refurbished truck 

in the corresponding product cluster.

For the refurbishment of trucks, the annual consumption of direct and indirect energy sources in Dresden is deter-

mined and converted into CO2 levels. The conversion factors are used the same way as in the manufacturing phase.

The total amount of CO2 from direct and indirect energy sources in addition to the operating fleet yields the total 

annual CO2 output of the refurbishing plant in Dresden. The total CO2 output is allocated to refurbished trucks in 

Dresden on an annual basis.

The general calculation of CO2 output for transport in the refurbishing phase is described in the paragraph “Manu-

facturing Phase”. The calculation was performed in a similar manner when evaluating the refurbishment of desig-

nated machines in Dresden. Refurbished trucks are picked up directly from the customer and returned again after 

refurbishing. The values for distance are therefore multiplied by a factor of 2.

CO2 conversion factors:

Energy source Conversion

Current (EU) 1 kWh = 629 g CO2 (2000) and 563 g CO2 (2010) 

Diesel 1 l = 4.432 g CO2

Liquefied gas (LPG/“auto gas”) 1 kg = 3.496 g CO2

Table 11: Conversion factors for determining CO2 emissions

The composition of the liquefied gas meets the requirements of DIN 51622, meaning that it consists primarily of 

propane (at least 95%).

The CO2 emissions determined for the reference vehicles with electrical drive were then multiplied by the “charge 

factor”. 

The reason for this that less energy can be taken from the battery than expended for charging due to electrical and 

electrochemical loss during charging and discharging. Losses also occur in the charger because not all energy is 

transferred from the socket to the battery: a proportion is converted to heat. 

The charge factor in our calculation is the mains energy (in kWh) required to generate 1 kWh of output.

To determine the mains energy required (“charge factor”), the following factors must be known:

	 1.	 Specific charge factor for the battery and charge type

	 2.	 Charge efficiency of the battery (depends on the charging and discharging process)

	 3.	 Device efficiency of the charger

The charge factor determined by the battery and charging type differs according to different types of batteries that 

can be used with different charge characteristics (Wa, pulse and IU characteristic, see the ZVEI information sheet) 

and different charging technologies (transformer and high-frequency).

The charge factor lies in the range between about 1.2 for (older) wet batteries with a Wa characteristic curve and 

about 1.05 for closed batteries with defined electrolytes (gel batteries) with an IU characteristic curve (see VDI 

information sheet B2 “Approximate Cost Determination of a Battery Charge”). A value of 1.05 means that 1.05 kWh of 

mains energy must be expended to generate 1 kWh of output.

The charge efficiency of the battery is defined as the ratio between the charge and discharge quantity. Depending 

on the battery technology, this ranges from 0.83 to 0.95 (see VDI information sheet B2).

The device efficiency is the energy efficiency of the charger during the entire charging process. It differs depending 

on the charger technology (see VDI information sheet B2). Typically it ranges from 0.75 for chargers with unregula-

ted technology to about 0.9 for devices with primary pulsed technology (HF devices).

To determine an overall charge factor, the specific charge factor for the relevant battery and charge type is divided 

by the charge efficiency of the battery and the device efficiency.

Sample calculation:

1 kWh of output will be made available. How much mains energy [kWh] is required?

Specific charge factor for the battery and charge type: .............................................................................................................1.2

Charge efficiency of the battery:........................................................................................................................................0.85 (85%)

Device efficiency of the charger:....................................................................................................................................... 0.88 (88%)
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For metal composites and metal-plastic composites, the proportion of steel to plastic ranges between 80:20 and 

50:50. The error approximation was made in the product cluster where the percentage of material is highest (metal 

composite reach trucks, metal-plastic composite ICE trucks). The results are shown in Table 12.

Refurbishing

Calculation of CO2 output at the Dresden refurbishing factory is based on actual consumption figures.

The conversion factors are derived from recognised sources. No systematic source error could be detected here.

Transport 

We used the Diesel MIX DE 2010 lorry transport records from GEMIS database version 4.7, Goods Transport 2010 as 

the factor for transport. This value includes the entire life cycle (transport tasks plus preparation).

Distances are determined from the actual sales figures for shipment to various countries.

No systematic source error could be detected here.

1.5.4 Sensitivity Analysis

The effects of the possible error sources determined in sections 1.5.1 to 1.5.3 on the overall result are illustrated 

below. It should be mentioned in advance that the usage phase has the greatest effect on the overall result (manu-

facturing and usage), accounting for at least 80%.

Manufacturing phase

Value considered Assumption
Effect on the manufacturing 

phase

Metal composites

Steel/plastic 80%/20% for reach trucks

Use worse value, plastic at 100% (1.6 

kg CO2 instead of 1.37 kg CO2)
Deterioration of 1.01%

Metal-plastic composites

Steel/plastic 50%/50% for ICE trucks

Use worse value, plastic at 100% (1.6 

kg CO2 instead of 1.37 kg CO2)
Deterioration of 0.14%

Usage phase

Value considered Assumption Effect on the usage phase

Energy consumption as per

VDI 2198

The measured values (power 

consumption and time) have the 

greatest possible deviation from the 

VDI cycle (0.5%)

Deviation of 0.5%

Charge factor All charge factors are 5%
Improvement in percentage trend 

of 0.1%

Refurbishing phase

Value considered Assumption Effect on the refurbishing phase

Metal composites

Steel/plastic 80%/20% for reach trucks

Use worse value, plastic at 100% (1.6 

kg CO2 instead of 1.37 kg CO2)
Deterioration of 1.29%

Metal-plastic composites

Steel/plastic 50%/50% for ICE trucks

Use worse value, plastic at 100% (1.6 

kg CO2 instead of 1.37 kg CO2)
Deterioration of 0.85%

Table 12: Sensitivity calculations

Conclusion: The effects described here could affect the absolute CO2 results, but not the percentage trends bet-

ween 2000 and 2010.

1.5 Error Approximation and Sensitivity Analysis

To support the credibility and accuracy of the examination, possible error sources will be tracked at this point and 

approaches to corresponding solutions will be described. An estimate will also determine how much determined 

values could vary up or down and what effect possible fluctuations could have on the overall result.

1.5.1 Error Approximation for the Manufacturing Phase

Raw materials

The CO2 factors were selected so that the highest value would always be used for a mix of materials. 

For metal composites and metal-plastic composites, the proportion of steel to plastic ranges between 80:20 and 

50:50. The error approximation was made in the product cluster where the percentage of material is highest (metal 

composite reach trucks, metal-plastic composite ICE trucks). The results are shown in Table 12.

Production

Calculation of CO2 output at factories is based on actual energy consumption figures.

The conversion factors are derived from recognised sources. No systematic source error could be detected here.

Transport 

We used the Diesel MIX DE 2010 lorry transport records from GEMIS database version 4.7, Goods Transport 2010 as 

the factor for transport. This value includes the entire life cycle (transport tasks plus preparation).

Distances are determined from the actual sales figures for shipment to various countries.

No systematic source error could be detected here.

1.5.2 Error Approximation in the Usage Phase

Determining energy consumption

The energy consumption of reference vehicles was determined based on guideline VDI 2198.

The VDI cycle was repeated at least five times and an average was obtained from the measured values. All measured 

values are given in the measurement report.

A tolerance of about 0.5% is permissible for the determined values of power consumption and time for the VDI load 

cycle (see the measurement report). 

To exclude the possibility of errors while measuring currents, two ammeters were always used at the same time. If 

there were no deviations between the two measurements, it can be assumed that no measurement errors occurred.

Charge factor

Because the charge factor consists of three different factors (charge factor for the specific battery and charge type, 

battery efficiency and device efficiency of the charger), the same minor fluctuation of up to 5% can occur for all 

these factors.

The same system was used for all calculations.

1.5.3 Error Approximation for the Recycling Phase

Raw materials

The CO2 factors were selected so that the highest value would always be used for a mix of materials. 
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3. Results of the Life Cycle Assessment

3.1 Assessment Results for Manufacturing and Usage

The results of the examination for the manufacturing and usage phases are summarised below. The figures in Table 

13 refer to the entire truck fleet:

Tonnes of CO2 per life cycle per average truck

Manufacturing Usage Total

2000 2010 % 2000 2010 % 2000 2010 %

Electric counterba-

lanced truck >1.6t
7.6 7.9 +4.4 59.1 43.9 -25.7 66.6 52.8 -20.8

ICE truck 12.5 12.1 -3.1 160.1 117.8 -26.4 172.6 129.9 -24.7

Electric counterba-

lanced truck <1.6t
6.6 6.5 -0.6 48.1 33.3 -30.7 54.6 39.8 -27.1

Reach truck with 

driver’s seat/
5,1 5,0 -2,8- 48,1 33,5 -30,4 53,3 38,5 -27,7

operator platform 5.1 5.0 -2.8 48.1 33.5 -30.4 53.3 38.5 -27.7

High-lift fork trucks 

and other high-lift 

trucks

1.2 1.5 +20.3 10.3 8.2 -20.4 11.6 9.7 -16.1

Pallet trucks and 

other lift trucks
1.1 1.1 +0.8 5.6 4.3 -22.5 6.6 5.4 -18.8

Trucks, tow tractors 2.0* 2.0 -2.0* 14.5* 15.1 +3.5* 16.6 17.1 +2.8

Table 13: Examination results manufacturing and usage

* Figures from the first sales year (2006)/ trend for 2006

It is clear that Jungheinrich AG has achieved considerable reductions in CO2 in all product clusters in the last ten 

years (2000-2010). In some product clusters there was an increase in CO2 output during the manufacturing phase.

There were reductions of 3.1% in CO2 output in the manufacturing phase over the years from 2000 to 2010 for 

trucks with internal combustion engines. CO2 output also fell for electric forklift trucks <1.6t, reach trucks and 

trucks/tow tractors (the period of calculation for trucks and tow tractors was 2006 to 2010).

An increase in CO2 output was recorded for high forklift trucks (20.3%) and for electric forklift trucks >1.6t (4.4%). 

One reason for the increase for high-lift fork trucks was the increasing number of heavy machines, which resulted in 

higher CO2 output, especially in the consumption of raw materials and for transport. Relocation production of two 

pallet truck series (low-lift) from Norderstedt to Landsberg in 2009 and three more in 2010 had an effect on produc-

tion in Norderstedt. 

For electric forklift trucks >1.6t, the increase in CO2 output of 4.4% (compare high-lift fork trucks) can be explained 

by the addition of heavier machines to the product cluster in 2004.

The financial crisis from 2007 to 2009 had an effect on CO2 output in production. With lower utilisation of plant 

capacity, energy consumption was allocated to fewer machines, increasing CO2 output per machine. This effect is 

especially noticeable in 2009.

In the usage phase it can be noted that considerable increases in efficiency (between 20% and 31%) were achieved 

for all product clusters already included in the Jungheinrich AG portfolio in 2000. This trend can be attributed in 

part to the introduction of newer technologies, but also to improvements to existing technology, for example by 

truck optimisation. The charge factor and EU current mix are also factors that play a significant role. Significant 

improvement has also been achieved in these areas over the last ten years.

2. Model Assumptions and Definitions of the Life Cycle Assessment

The basic assumptions made for the examination are summarised below.

Goals of the life cycle assessment

n     �Track the trend of CO2 output within the defined product cluster for trucks placed in operation between 2000 

and 2010
n     Establish a starting point for goals to further reduce CO2 output.

Examination framework

n     �Function: Use of trucks in intralogistics over an average operating time of 10,000 service hours (first truck 

service life).
n     �Comparability: comparable travel and lift output within the individual product clusters (defined work cycle).
n     �System limits: The system limits include the manufacturing phase, the usage phase (including the provision of 

energy) and the refurbishing phase.
n     �Cut-off criteria: maintenance, upkeep, disposal and recycling are not included in the examination.
n     �Allocation: The input/output streams are described for the various phases by the means of calculation. Example 

for the production phase: input includes direct and indirect energy sources; output is the resulting CO2 output, 

which represents a partial result of the entire system.

Data basis

n     Measurement results according to the VDI 2198 measurement cycle
n     Technical specification sheets
n     Sales/order intake statistics
n     Annual CO2 conversion factor (current mix)
n     Conversion factor for diesel and liquefied gas (constant)
n    � Charge factor (includes charge factor for specific battery and charge type, battery charge efficiency, device 

efficiency of the charger and the distribution of unit totals over different charger types)
n     Average life cycle (service hours)
n     Mix of materials for product clusters as the basis for the manufacturing and refurbishing phases
n     CO2 conversion factors
n     Factory energy consumption values
n     Conversion factors for natural gas, district heating, etc.
n     Conversion factor for transport 
n     Evaluation of transport for 2010
n     Order intake statistics for Dresden 2011 (refurbishing rate)

Results of assessment

n     The material assessment results record CO2 emissions in the various phases.
n     No estimate of effects was performed.
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Tonnes of CO2 per life cycle per average truck

Manufacturing

Machines placed in circu-

lation (manufacturing and 

refurbishing)

Change in CO2 output due to 

refurbishing in 2010

2000 2010 % 2000 2010 % Absolute %

Electric counter-

balanced truck 

>1.6t

7.6 7.9 +4.4 7.6 7.3 -3.7 0.6 -7.7

ICE truck 12.5 12.1 -3.1 12.5 11.0 -12.1 1.1 -9.3

Electric counter-

balanced truck 

<1.6t

6.6 6.5 -0.6 6.6 5.8 -12.2 0.8 -11.7

Reach truck with 

driver’s seat/

operator plat-

form

5.1 5.0 -2.8 5.1 4.7 -8.6 0.3 -5.9

High-lift fork 

trucks and other 

high-lift trucks

1.2 1.5 +20.3 1.2 1.4 +16.3 0.05 -3.4

Pallet trucks and 

other lift trucks
1.1 1.1 +0.8 1.1 1.0 -2.6 0.04 -3.3

Table 15: Change in CO2 output due to refurbishing (2010)

Consistent refurbishing of trucks can significantly reduce energy requirements: CO2 emissions per truck are up to 

84% less in the second life cycle.

Table 16 shows an overview of potential reductions.

Tonnes of CO2 for manufacturing/refurbishing per individual truck in 2010

Electric 

counter-

balanced 

truck 

>1.6t

ICE truck

Electric 

counter-

balanced 

truck 

<1.6t

Reach truck 

with driver’s 

seat/opera-

tor platform

High-lift fork 

truck and 

other high-

lift trucks

Pallet trucks 

and other lift 

trucks

Manufactu-ring (new 

machine)
7.6 12.1 6.5 5.0 1.5 1.1

Refurbishing (used 

machine)
1.5 2.0 1.5 1.3 0.5 0.4

Δ as % - 81 - 84 - 77 - 74 - 69 - 64

Table 16: Potential savings in CO2 output per machine through refurbishing

The product cluster of trucks and tow tractors experienced a negative trend between 2006 and 2010. Although 

each individual reference vehicle in this product cluster shows an improvement in the period under consideration, 

the overall trend of the average vehicle deteriorated. The reason for this is that especially the more powerful/larger 

series with correspondingly higher CO2 emissions have been sold most recently and these have (initially) lowered the 

result for the average vehicle because of the number of units taken into consideration.

3.2 Assessment Results for Refurbishing

Reductions in CO2 output between 1.3% and 7.4% were recorded in the refurbishing phase across all product 

clusters. The number of machines delivered in Germany and Austria, for example, has risen significantly since 2006. 

Therefore the average number of transport kilometres per machine is reduced, contributing to a reduction in CO2 

output.

The results for the refurbishing phase can be seen in the following overview. Currently about 7% of trucks are refur-

bished:

Tonnes of CO2 per life cycle per average truck

Electric 

counter-

balanced 

truck 

>1.6t

ICE truck

Electric 

counter-

balanced 

truck 

< 1.6t

Reach truck 

with driver’s 

seat/

operator’s 

stand

High-lift 

fork truck 

and other 

high-lift 

trucks

Pallet trucks 

and other 

lift trucks

Trucks, tow 

tractors

2006 1.6 2.1 1.6 1.4 0.5 0.4 –

2010 1.5 2.0 1.5 1.3 0.5 0.4 –

% -5.6 -7.4 -5.6 -7.2 -1.3 -4.1 –

Table 14: Examination results for refurbishing

3.3 CO2 Output for Machines Placed in Circulation (Manufacturing and Refurbishing)

Machines considered as placed in circulation are those that are manufactured in a given year as well as refurbished 

machines. Due to the significantly lower CO2 output for refurbished machines, CO2 output is reduced for the overall 

number of machines placed in circulation. The proportion of refurbished machines is likely to increase in the future, 

so greater reductions in CO2 output may be expected.

The product cluster of trucks and tow tractors is not taken into consideration for this evaluation because these 

vehicles were not added to the Jungheinrich product portfolio until 2006. Because of this, none of these trucks are 

being refurbished yet.

With a current refurbishing rate of 7%, the reductions in CO2 output shown in Table 15 will be achieved for the trucks 

placed in circulation.
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Arbeitsgemeinschaft (AG) Energiebilanzen e.V. (2011): “Heizwerte der Energieträger und Faktoren für die Umrech-

nung von spezifischen Mengeneinheiten in Wärmeinheiten (2000-2009)”:

http://www.ag-energiebilanzen.de/viewpage.php?idpage=65 

GEMIS Version 4.7 Gütertransport 2010 (2011): http://www.gemis.de/de/index.htm

Linde Gase (2011): http://www.linde-gase.de/datenblatt/db_propan_DIN51622.pdf

Öko-Institut e.V. (2007): “Endenergiebezogene Gesamtemissionen für Treibhausgase aus fossilen Energieträgern 

unter Einbeziehung der Bereitstellungsvorketten”:
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Umweltbundesamt (2011b): http://www.probas.umweltbundesamt.de/ 

VDI (2011a): Infoblatt “Überschlägige Kostenermittlung einer Batterieladung”:

http://www.vdi.de/fileadmin/vdi_de/redakteur_dateien/fml_dateien/Info-Blatt__B2_/VDI-FFZ-Infoblatt_Kostener-

mittlung%20Batterieladung.pdf
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http://www.vdi.de/401.0.html?&no_cache=1&tx_vdirili_pi2%5BshowUID%5D=93416
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6. Appendix

Ökobilanz_Herstellungsphase_Aufarbeitungsphase_Stand_2011final (Excel file with calculations and sources for the 

manufacturing and refurbishing phases)

Ökobilanz_Nutzungsphase_Stand_2011final (Excel file with all calculations and sources for the usage phase)

Anhang_Ökobilanz_Ladefaktor_Stand_2011final (Excel file with all calculations for determining charge factors)

3.4 Balance Sheet Total

In drawing up a balance sheet total for the examination framework, it becomes clear that CO2 emissions have been 

reduced by up to 28.5% over the last ten years.

If refurbished trucks are included in the overall result, reductions in CO2 output are even greater (see Table 17, figures 

without refurbishing in parentheses). By consistently increasing the refurbishing rate of trucks, savings on the manu-

facturer side can be increased still further.

If trucks and tow tractors are also refurbished in future, significant reductions in output can be expected in this 

product cluster as well.

Tonnes of CO2 per life cycle per average truck

Machines placed in circu-

lation (manufacturing + 

refurbishing)

Usage Total

2000 2010 % 2000 2010 % 2000 2010 %

Elektro-Gegenge-

wichts-stapler > 1,6 t
7.6 7.3 -3.7 59.1 43.9 -25.7 66.6

52.2

(52.8)

-21.7

(-20.8)

V-Stapler 12.5 11.0 -12.1 160.1 117.8 -26.4 172.6
128.8

(129.9)

-25.4

(-24.7)

Elektro-Gabelstapler 

<1,6t
6.6 5.8 -12.2 48.1 33.3 -30.7 54.6

39.1

(39.8)

-28.5

(-27.1)

Schubstapler mit Fah-

rersitz/ -stand
5.1 4.7 -8.6 48.1 33.5 -30.4 53.3

38.2

(38.5)

-28.3

(-27.7)

Gabelhochhub-wagen 

und sonstige Hochhub-

wagen

1.2 1.4 +16.3 10.3 8.2 -20.4 11.6
9.7

(9.7)

-16.5

(-16.1)

Gabelhubwagen und 

sonstige Hubwagen
1.1 1.0 -2.6 5.6 4.3 -22.5 6.6

5.3

(5.4)

-19.3

(-18.8)

Wagen, Schlepper 2.0* 2.0 -2.0* 14.5* 15.1 +3.5* 16.6 17.1 +2.8

Table 17: Balance sheet total

* Figures from the first sales year (2006)/ trend for 2006

Jungheinrich creates a second life cycle for trucks through high-quality refurbishing. This means that fewer new 

trucks need to be produced: a used truck is sufficient for the customer in many applications. 

As the preceding examination illustrates, refurbishing is associated with significantly lower energy consumption 

when compared to new production. When refurbishing is taken into consideration, there is a difference of up to 0.6 

tonnes of CO2 per truck for the EFG <1.6t. This difference can be credited to the product cluster in the CO2 balance 

sheet.

4. Declaration of Validity

The statements made in the Environmental Commendation of Jungheinrich are supported

by the TÜV Nord certificate of validity. The certificate of validity confirms that the Life Cycle Assessment is based on 

reliable data and that the method used complies with the requirements of DIN EN ISO 14040.
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Jungheinrich-Flurförderzeuge
entsprechen den europäischen
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