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The environment is a complex system. Infi nitely de-
tailed. Each and every action has a consequence. 
No sphere is separate from any other. So what does 
considering “environmental aspects” actually mean? 
It means tackling the full magnitude of the complex 
issue. Not everyone can do this. It requires imagina-
tive, tenacious engineers who can think on a com-
plex level. It means having a command of all tech-
nical subjects. From a power train to a brake, from 
the basic design through to the materials. Linde 
has been an expert in this fi eld for decades, trained 
in the development of optimised solutions like virtu-
ally no other company. This enables us to solve 
issues such as emission control, eco-friendliness, 
and compliance with environmental and health poli-
cy regulations, in all design details. The objective is 
multi-faceted, increasing energy effi ciency, cutting 
emissions, limiting or eliminating any kind of undesi-
rable effects. These must all be combined.

The outcome:
LindLinde PureMotion



The world in a state of climatic fl ux
Today, CO

2
 concentration in the atmosphere is some 30 % higher 

than it has been throughout geological history. At the same time, the 

incidence of extreme climatic events is also on the rise. Eleven of 

the last twelve years have been the warmest on record. Prolonged 

droughts, hurricanes, elevated temperatures in the northern coastal 

waters, melting of the Greenland ice cap – global warming caused by 

so-called greenhouse gases appears to be more than just theory. 

In fact, meteorologists are fi nding more and more evidence to sug-

gest that the world is in a phase of climatic fl ux, one of the primary 

causes being CO
2
 emissions. 

Linde PureMotion. Saving the climate. 
Saving resources. Saving people.

Everyone will have to act
European politicians have now been alerted to the situation and are 

launching new initiatives in a bid to curb consumption of resources and 

reduce harmful gases. In some countries, taxing CO
2
 emissions is already 

in discussion.  

This would also effect industry. A host of clear-sighted companies have 

started to respond by investing in improving their environmental track 

record. 

Occupational physicians are also placing new demands on enterprises.

The issue of emissions also involves health care. Risks that used to be 

afforded too little attention are now being pushed higher up on the 

agenda. Examples include the human vibrations that can sometimes 

occur when operating a fork lift truck, and particulate matter of which 

diesel engines are a prime source. The EU has set new limits for both 

these in recent years.
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Technological advancement means environmental advancement
For Linde Material Handling, health and the environment have been 

key issues for some time, particularly for our design engineers. En-

vironmental and health aspects infl uence our production and the 

organisation of processes, materials and machines, not to mention 

our products. 

Linde PureMotion is our answer to current environmental and 
health issues. Today, we use this label as an umbrella term for design 

principles and a host of detailed solutions that cut energy consumpti-

on, reduce emissions and enhance eco-friendliness in practice. “Our present energy supply structure poses 
the risk of serious and irreversible damage 
to the environment – including changes to 
global climatic conditions. Never before has 
it been more important to stem the growth 
in the use of fossil fuels and reduce harmful 
emissions.” 
IEA: World Energy Outlook 2006





Saving people

Dampening vibrations. 
For years, of course.

No living thing can stand being shaken about all day. 
For humans too, constant vibrations over prolonged pe-
riods are extremely unhealthy. That‘s why in 2002, the 
EU approved the regulation on vibrations that is now in 
force in many EU countries. According to this regulation, 
you must protect your employees from excessive human 
vibrations. Linde introduced the fi rst vibration protection 
initiative more than 20 years ago. The solution, which 
has continued to be enhanced, is now market leader …



8 Den Menschen schonen

How fi t are your fork lift operators? 
Driving a fork lift truck frequently and for long periods of time on 

an uneven surface, in some cases amplifi ed by other poor condi-

tions, can have a noticeable effect on an employee‘s health. The 

source of this risk is human vibrations. These are the vibrations that 

affect the driver as he operates a fork lift truck. Depending on the 

More comfortable for the operator. 
More effi cient for the processes.

manufacturer‘s particular design, they act on the body, to a greater or 

lesser degree, undampened, causing the person in the driver seat to 

be “shaken about”.

The consequences can be manifold. They range from headaches to 

impaired concentration to symptoms that require medical treatment. 

This reduces the driver‘s performance and the effi ciency of the trans-

port operations.

Only a healthy employee is a motivated employee.  
This is where Linde fork lift trucks come into their own.
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Occupational physicians have been aware of the problems caused by 

human vibrations for a considerable time. A protection ordinance is 

now in force in many parts of the EU. 

This ordinance extends way beyond the previous technical standard 

(DIN EN 13059) and demands that you, as an operator, measure the 

vibrations that typically occur when an employee is working 

under realistic conditions. You are now obliged to

– measure vibrations on a typical route

– and take the operating time into account.

A close eye must be kept on two values: 
1.   The trigger threshold (0.5 m/s2): When this value is exceeded, 

the responsible parties must take preventative measures, inform 

the employee about the risk to which he is exposed, brief him 

accordingly and give him the opportunity to have health checks. 

2.   The exposure threshold (1.15 m/s2 – Z-axis 0.8 m/s2): If this thres-

hold is exceeded, you must take immediate measures to protect 

the employee – this may even include signifi cantly restricting work 

with the fork lift truck.  

Establish the causes
Although the vibration value specifi ed in DIN EN 13059 is currently 

published in all fork lift truck operating instructions, it provides no 

information on whether either of these threshold values is exceeded 

in practical use.

In actual day-to-day operation, a number of factors signifi cantly 

affect whether these values are respected: 

– Sitting position

– Weight of the driver

– Tyres

– Speed

– Condition of the driving surface

Measures can be taken on the basis of these factors. The most impor-

tant variable, however, is the fork lift truck itself.

You now have an obligation.

 Exposure threshold 1.15 m/s2Trigger threshold 0.5 m/s2

Work ban
Implement urgent measures once 
identifi ed

Risk assessment
Minimisation measures 
required

Introduction of preventive measures
Health monitoring requirement
Instruction/briefi ng of employee

STOPi



Linde fork lift trucks offer you design features that are manufactured 

to comply with the ordinance. All shocks caused by the condition of 

the ground are effectively dampened. This is essentially achieved by 

two Linde design features: 

–  Driver cabin uncoupled from lift mast and drive axle: the mast is 

connected to the drive axle itself and uncoupled from the protect-

ive roof frame by the voluminous rubber supports. 

  

–  Uncoupled tilt cylinders: like the axle, the tilt cylinders are un-

coupled from the driver‘s protective cabin by silencing rubber 

blocks. This effectively dampens shocks before they reach the 

cabin. 

We also offer air-sprung SuperComfort seats. The driver can regulate 

the air pressure himself. This guarantees that vibration dampening is 

optimised for the driver‘s bodyweight. The seats also feature a wider 

seat cushion, lumbar support, a higher seat back and a heater.

The most important factor: the fork lift truck itself.

Axle uncoupling, IC lift truck 2 – 5 t Vibration uncoupling at the tilt cylinders
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Comparison measures show the clear differences in the vibration values for Linde fork lifts compared 
with those of the competition at speeds > 10 km/h.

The comparison of vibration values for Linde fork lift trucks with com-

petitor vehicles demonstrates the superiority of the uncoupled drive 

axle concept, especially at higher driving speeds. At high handling 

performance and high driving speeds, other brands of vehicles ex-

ceed the exposure threshold. 

In other realistic comparisons too, e. g. driving over drastically diffe-

rent surfaces, Linde fork lift trucks achieve the best values for dam-

pening human vibrations.

Linde fork lift trucks are already this advanced.

Vibration uncoupling guarantees a very low vibration value, 
especially at high speeds.

Axle uncoupling, IC lift truck 1.4 – 2 t, Electric lift truck 1.2 – 2 t

Linde BR 386 E20PL Competitor 1 Competitorr 2Linde BR 386 E20PL Competitor 1 Competitorr 2

According to
EN 13059
10 km/h

Usage at
16 km/h

Driving speed (km/h)



Everyone benefi ts from a healthy workplace.

Dr. Kotitschke, companies are sometimes critical of new operatio-
nal safety regulations since they usually involve additional expend-
iture. Is operational health management purely a cost factor?
Behind a company‘s products and services are employees who con-

tribute their knowledge, skills, commitment and creativity. Hence, 

a company‘s ability to compete hinges on creating the right frame-

works for using and fostering employees‘ potential to maximum 

effect. 

Operational health and safety management, then, is implementing a 

process whereby everyone‘s a winner. Healthy workplaces improve 

employees‘ performance and satisfaction, and therefore their identi-

fi cation with and commitment to their job. This in turn increases pro-

ductivity and reduces absences, staff turnover and accident quotas.

Can this be substantiated by fi gures?
An analysis of 400 studies reveals that investing in an operational 

health management system with a return on investment factor of 

between 2.5 to 4.85 pays off, not only from an ethical, but also an 

operational point of view.

Among other things, you advise logistics companies in which fork 
lift trucks are used frequently. Which factors in particular are im-
portant for “fork lift trucks as the workplace”?
Besides the purely technical health and safety aspect, the key word 

being “safe vehicle”, good ergonomic conditions are also crucial, 

from the driver seat with ergonomic back support, to good visibility 

that prevents unfavourable, forced postures and through to optimised 

suspension. Yet, the spinal column is still severely impacted by con-

stant vibrations.

Does this make the new “Noise and vibration health & safety re-
gulation” an important and necessary step towards improving the 
fork lift truck as the workplace?
Besides reducing the noise limit by 5 dB(A), the new regulation also 

provides rules for dealing with vibrations in the workplace. Employers 

must observe the limits relating to whole-body vibrations. It is pre-

cisely these that can have a severe impact on the vertebral discs of 

fork lift truck drivers. There is no doubt that such impacts can 

Dr. Gert Kotitschke, physician and engineer, is the company doctor at B·A·D Gesundheitsvorsorge und Sicherheitstechnik GmbH. In this 
capacity, he also advises and supports large companies in occupational medicine, health and safety.

With the correct frameworks in place, 
employee potential can be utilised and 
developed to the greatest possible extent.

LindLinde PureMotion



result in the occupational diseases described as “Vertebral disc-rela-

ted diseases caused by whole-body vibrations” (BK No. 2110). The 

new regulation now requires the employer to take the necessary 

measures to avoid this situation.

What can companies do to best meet the requirements of the new 
regulation and implement the associated improved employee pro-
tection criteria?
First of all, the industrial trucks used should be those that reduce 

human vibrations to the absolute minimum. 

The necessary risk assessment should be conducted as part of the 

risk analysis, where necessary with the corresponding measure-

ments. It is particularly important for the company doctor to be invol-

ved in inspections.

Dr. Gert Kotitschke

Companies should use industrial trucks that 
reduce vibrations to the absolute minimum.





Saving resources

The economy promotes 
effi ciency. 
And so does ecology.

Achieving energy effi ciency in nature is diffi cult. Yet, 
Linde has already been gradually approaching the goal 
for decades. Nowadays, our fork lift trucks are role mo-
dels for the economical handling of resources, whatever 
the drive type. Our modern energy management system 
for the electric drive mirrors the achievement of the 
highly-developed hydrostatic drive in combustion en-
gines. Linde fork lift trucks move even large loads with 
extreme effi ciency. And this saves on resources. 



Managing energy. Saving energy.

Linde fork lift trucks have a host of design features that achie-
ve energy savings and the lowest consumption values yet.

Linde PureMotion also increases effi ciency with electric fork lift 
trucks
The Linde electric fork lift truck E12 – E 20 is setting benchmarks for 

energy effi ciency. A whole range of technical developments ensure 

optimised use of the battery power. The core is the fully encapsula-

ted compact axle. Its effi ciency reaches the limits of physical feasibi-

lity.

The newly developed axle delivers high output for extremely low 

input, combining compact dimensions with effi cient performance and 

minimised maintenance work. A technical masterpiece – powerful 

and resilient. For precise, sensitive driving manoeuvres in hard appli-

cations. 

The power elements are mounted directly on the axle and thanks 

to the sensor-controlled cooling function, deliver unprecedented 

effi ciency. Then there‘s the Linde energy management system for 

optimised use of the available charge. This includes enhanced en-

ergy recovery on braking and the new battery status indicator that 

displays the exact charge remaining and requests the next charging 

operation in good time – not too early and not too late. 

Overall, Linde‘s electric lift trucks demonstrate an outstanding envir-

onmental track record, achieving more pallets per charge – a clean 

result from technology and ergonomics.

We calculated, measured and developed. The result is the new E-indicator, the handling perfor-
mance index that takes time and energy consumption into account. We present the fi rst effi ciency 
index for materials management: 
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Over the last fi ve years, the price of crude oil has risen by some 

200 %. And the requirements for more effi cient engine technology 

have become more stringent. This is due to higher costs but also to 

the effects of CO
2
 emissions on the climate. 

Even in the USA, once the stronghold of the large-volume engine, 

frugal engine concepts are now the top research issue for car manuf-

acturers. There is no doubt: In the future, all vehicle categories will 

have to satisfy the criteria of economical drive concepts.  

High effi ciency. Low consumption.

Linde is leaps ahead.
Linde launched the fi rst hydrostatic drive in 1958, marking a milesto-

ne in the history of fork lift technology and energy effi ciency. Since 

then, there have been a host of optimisations and advanced deve-

lopments. Yet one thing remains the same: The leading position that 

the hydrostatic mechanism made by Linde holds in the international 

arena. 

Smooth operation, to-the-millimetre positioning, minimised wear. The 

difference between this and conventional drive concepts is astoun-

ding. The fork lift truck responds to every command with optimised 

precision. And here is the key issue: No other fork lift truck can move 

loads as quickly, safely or as economically. 

LindLinde PureMotion



The latest generation of ergonomic Linde fork lifts promotes effi cient 

work and is set apart by high “energy saving effi ciencies”, whatever 

the drive type. In the case of combustion engines, the following are 

also true: 

–  Linde diesel engines with modern direct injection are highly eco-

nomical. 

–  The hydrostatic direct drive converts up to 90 % of the energy into 

power.

–  The vibration uncoupling permits more effi cient operation, even on 

uneven surfaces.

–  Drive concept, dual pedal, small steering wheel and Linde Load 

Control together permit faster, yet highly precise manoeuvring. 

Result: Linde fork lift trucks achieve the same workload up to 20 % 

faster.

–  Depending on the application, high fuel savings are achieved as, 

thanks to the precise control, the drive motor always moves within 

the optimum speed range and converts its full power into pure 

driving motion.

Typical Linde PureMotion: A host of design features complement 

each other to further enhance the economy of our low-consumption 

trucks.

Stacking with a huge saving factor.





Saving the environment

Faster response. 
Lower emissions.

Perfect motion means being environmentally friendly, 
just like Linde fork lift trucks. They will follow your com-
mands quickly and precisely, even on diffi cult surfaces. 
You will see this refl ected in your fuel bills too: they 
require less energy and thus emit less CO

2
. What‘s more, 

the hydrostatic drive requires neither brakes nor clutch 
– that‘s two fewer sources of particulate matter. And 
there‘s less rubber wear on the tyres. A Linde fork lift 
truck glides economically, arriving smoothly at its desti-
nation. What could be more perfect ...



Harmful emissions are still not taken seriously enough in all opera-

tions. One reason could be that we don‘t see them. The majority of 

particulate matter and engine emissions goes unnoticed. This means 

that we can easily be mistaken about the true extent and the conse-

quences of many environmental burdens.

Reduced CO
2
 and lower costs

With the VDI work cycle on best time, the Linde H25D achieves a 

consumption advantage of 1.4 l/h. Projected over two years, this 

equates to a total of 26.8 t in CO
2 
emissions. For competitor “X”, under 

otherwise identical conditions, the data indicates 38.2 t. A difference 

of almost 12 t – equivalent to the weight of a heavy lorry. 

High-tech integrated. 
Climate gases and particulate matter reduced.

Diesel particle emissions way below the threshold value
Linde diesel engines are so effi cient that they achieve all-time low 

particle emission values. 

– At 30 kW, the H25D achieved 0.104 g/kWh in the 8-level test. 

– This value is exactly 17 % of the threshold value. 

– No other supplier achieves such low soot emissions.  

With competitor “X”, 0.25 g/kWh was measured – 140 % more than 

with the Linde engine.  

LindLinde PureMotion



Brakes completely free of particulate matter
A similar situation is true with the particulate matter generated by 

the brake pads. It is now common knowledge that these very fi ne 

particles are damaging to health, even in tiny concentrations, but in 

both cases, technology can help to signifi cantly reduce this risk.

Linde fork lift trucks brake without brakes. Instead, the hydrostatic 

drive decelerates in a controlled manner as soon as the driver takes 

his foot off the accelerator pedal. This mechanism enables precise 

vehicle control and eliminates brake pad wear. 

Over a two year period, fork lift trucks featuring conventional brakes 

generate some 700 g of particulate matter from brake pad wear alo-

ne. Compressed, this is equivalent to approx. 0.6 litres of dust. What 

happens if this quantity of particulate matter gets into the atmosphe-

re? 

–  Assuming an approved daily particulate matter average of 

50 micrograms (50 millionths of a gram) per cubic meter, 700 g 

is enough to pollute 14 million cubic meters of air to its limit – dis-

tributed over two years, this is about 19,000 cubic meters per day. 

The Linde drive concept has completely eliminated this environ-
mental impact.

The EC limit for particulate matter is 50 µg/m3. If we add diesel 
particles and brake dust together, competitor “X” pollutes approx. 
84.2 cubic meters of air to the threshold value – 183 % more than 
the Linde H25D.
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Advancing technology

Seeing the bigger 
picture. 
Improving the details. 

If everything is directed towards a common goal, this 
goal will be achieved. And this is also the case with Linde 
Material Handling. Linde PureMotion combines the most 
diverse design features into that common goal – lower 
resource consumption, lower emissions, less impact on 
people. We draw on our long-standing technological lea-
dership to achieve the next step earlier and to continue to 
look for the best possible solution. To remain on top ...



Fulfi lling responsibility with Linde PureMotion
Health and environment are pressing issues of the future. Staff, com-

panies and the politicians now expect fork lift truck operators to fulfi l 

their responsibility. This means achieving the optimum, not only in 

terms of functionality, but also in terms of environmental compatibi-

lity and health protection. Linde has responded to these more strin-

gent requirements with Linde PureMotion. 

Improved technology.
Working more effi ciently.

For people and environment: focusing on the essential
Carrying a host of leading technological solutions, Linde PureMotion 

reduces the impact on people and the environment in four key areas.

–  Human vibrations: The vibration uncoupling concept on Linde fork 

lift trucks achieves signifi cantly lower vibration values. While other 

vehicle brands exceed the maximum permitted limit at high hand-

ling performance and fast speeds, Linde fork lift trucks stay well 

below.

–  Energy effi ciency: Thanks to Linde‘s design features, the sophisti-

cated combustion engine, electric drive and user-friendly ergono-

mics, Linde fork lift trucks achieve top energy saving values. 

Linde PureMotion: the complete solution for man and 
environment.

Effi cient truck loading and unloading



–  CO
2
 emissions: Effi cient energy utilisation results in low values for 

CO
2
 emissions. Measurements and calculations reveal values that 

are signifi cantly better than those of the competition.

–  Particulate matter emissions: Linde diesel engines achieve extre-

mely low values for particle emissions. They are 83 % lower than 

the comparible values of the competitors. Particulate matter emis-

sions from brakes and clutch are completely eliminated.       

 

The sum total of the benefi ts makes the decision easier
Every fork lift truck is used for many years. Even invisible environ-

mental impacts add up to considerable amounts over the years. This 

is why the decision criteria should include the consequences for 

people and the environment. 

With Linde PureMotion, Linde fork lift trucks enable you to combine 

outstanding eco-friendliness with maximum effi ciency in daily use. 

Our vehicles provide benefi ts for both the environmental and the 

business track record. 

In Linde PureMotion, a host of technical aspects and details add up to form an optimised complete 
solution for man and the environment.

Man Environment

Emissions

Human vibrations Gaseous 

emissions
Particles

Vibration CO
2

Soot and parti-

culate matter
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Linde is one of the world‘s leading manufacturers of fork lift trucks 

and warehouse equipment, and not without good reason. Linde pro-

ducts are convincing, not only due to their recognised effi ciency and 

innovative technology, but above all through low energy and opera-

ting costs, which in some cases are well below those of the compe-

tition. Linde PureMotion is the guarantee that our fork lift trucks rank 

among the most eco-friendly vehicles of their type and fall signifi -

cantly below all applicable threshold values. 

Effi cient for man, environment and operation.

The high manufacturing quality is also a benchmark for the quality of 

our services. With ten production sites and a dense distributor net-

work, we are available around the world and around the clock.

Your local Linde dealer offers a complete service package from one 

source. From expert advise to sales to after sales service – with the 

right fi nancing, of course. Whether lease, hire or hire purchase – you 

maintain fl exibility in your work and in your decisions.

 

Excellence at work.


