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asis for the economic efficiency of international 
supply chains rests on the efficiency of multimodal 

transport chains. Materials and products are transport-
ed along the edges of transport networks with the for-
warder endeavouring to maximize the transport effi-
ciency by using the effects of scale along the edges. The 
network nodes provide the means to have the goods 
transferred between the means of transport. Whilst 
purely economic criteria were initially the driving force 
for a change in the means of transport, ecological re-
quirements are now becoming ever more relevant. The 
transportation chains should not only be economically 
presentable but also it makes sense for them to have a 
“green footprint”. In this context the following consider-
ations will deal with the transfer processes within the 
network nodes, especially those within inland and feeder 
terminals.  Replies are to be given to the questions as to 
how far the choice of the crane primary drive has an 
impact on energy consumption and environmental com-
patibility of handling the goods and which additional 
benefit does the recuperation of engrained energies 
bring during the handling process. 

[Keywords: port handling, cranes, energy efficiency, CO2 emis-
sions] 

1 STAGE REACHED WITH HARBOUR CRANE DRIVE 

TECHNOLOGY  

1.1 CRANES IN HARBOURS AND INLAND WATERWAY 

PORTS 

Harbour cranes have different functionalities, support 
structures and energy provision and power transfer com-
ponents. 

In many harbours throughout the world, gantry-type 
slewing cranes are first choice given that highly special-
ized terminals for container handling are not involved (cf. 
/1/, Page 53). The reason lies in their flexible and varied 
deployment! These cranes permit the handling of bulk 
goods, classic general cargo and containers. They are on 
hand for all the usual radii and payloads. The upper struc-
ture rotating round the vertical axis of a single or double 

jib level luffing design is usually arranged in the middle 
of the gantry which is moved parallel to the ship.  

Modern gantry slewing cranes are fitted out with in-
novative drive and control technology which, in particu-
lar, enables excess kinetic and/or potential energy to be 
recuperated. Ideally the cranes operate on the residential 
power grid. Despite their operation on rails, one still 
meets up with cranes fitted out with a diesel-electric or a 
diesel-hydraulic drive. Here the standard upper structures 
of mobile harbour cranes have been set 1:1 on portals. 
However, the advantage of gantry slewing cranes with 
standard  upper structures of mobile harbour cranes tend-
ing to be cheaper to acquire is lost in that harbour opera-
tors – for ecological reasons – are increasingly putting 
more and more emphasis on operating their handling 
equipment on the residential power grid (cf. /2/) – which, 
in turn, results in a corresponding conversion outlay. 
(Reference is made to the associated hype surrounding 
rubber tyred gantry cranes for container handling). 

1.2 MAINS FEEDBACK VS. ENERGY STORAGE 

The classic gantry crane running on rails – as provid-
ed, for instance, by Ardelt – is ideally designed for opera-
tion on the residential medium-voltage grid. Hoisting, 
slewing and luffing gear are electrically operated. Excess 
kinetic or potential energy can be redistributed under 
comparatively minor losses via a busbar in the intermedi-
ate circuit field between consumers or fed back into the 
grid if there is no demand.  

Compared to the use of local energy accumulators, the 
advantage behind mains feedback is that the power grid ca-
pacity is not limited. The limited capacity of local energy 
accumulators can become a problem when on lowering hoist 
loads across a number of cycles more energy is released 
than is required for the subsequent lifting. This is the case, 
for instance, when containers are raised from deck positions 
and deposited on the lower lying quay. The result: the ex-
cess energy needs to be dissipated as heat and the recupera-
tion potential drops. Conversely when lowering is undertak-
en across a number of cycles involving less energy being fed 
back than required for lifting, a problem can emerge of the 
diesel engine power not being sufficient – as a result of 

B 
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downsizing – to cover the lifting power peaks. This results, 
for instance, in a reduced hoist speed. 

1.3 ENERGY RECUPERATION TECHNICAL SOLUTIONS 

FOR DIESEL-DRIVEN CRANES 

The justification for diesel-operated cranes is either in 
cases where cranes need to be deployed across surface are-
as (mobile, floating cranes) or where there is only an un-
stable power grid or none at all. There are diesel-electric 
and diesel-hydraulic variants. Both can be optimally fitted 
out with accumulator systems for energy recuperation pur-
poses.  

As early as 1983 a 32-t floating crane having a diesel-
electric drive with mechanical flywheel accumulator (un-
der the slewing ring) was placed into operation by MAN in 
the port of Rotterdam /3/, /4/. Flywheel accumulators, 
which have been used in busses and trains for many years, 
have not achieved a breakthrough. They have turned out to 
be problematical in view of the bearing assembly of the 
extremely fast turning rotors /5/, /6/.  

In their place, Gottwald is today using double-layer 
capacitors (SuperCaps) for energy storage in diesel-electric 
run slewing cranes (G HMK). In contrast to conventional 
batteries, they are distinguished by the required high level 
of power density /5/. The energy accumulator cannot be 
used for the recuperation potential from the hydraulically 
operated luffing movement. Even so, recuperated energy 
quantities can also be re-distributed here between electrical 
consumers (see above) to match needs.  

For its diesel-hydraulically operated slewing cranes 
(LHM), Liebherr Nenzing pins its faith on a hydro-
pneumatic piston accumulator which on lowering is sim-
ultaneously charged with the potential energy of the hoist 
load when being lowered and the energy supplied from 
the diesel-hydraulic drive which continues to run. Accord-
ing to Liebherr, the piston accumulator for recuperation 
potential from slewing and luffing is not made use of. 
However, the energy being released under conditions of 
slewing/ luffing would be provided for other consumers 
via a hydraulic transfer gearbox before being obliterated 
as heat (see above for analogy to the busbar with electric 
drives!). This would allow, for instance, the basic load of 
the crane to be reduced. 

It has also been pointed out above that for environmental 
compatibility reasons some terminal operators set great store  

on converting diesel operation-designed cranes to electri-
cal operation on the residential power grid. In the case of 
the hydraulic crane, this means replacing the diesel en-
gine which drives the hydraulic equipment unit by an 
electric motor. This, in turn, brings about a design draw-
back. Before it was possible to downsize the diesel en-
gine from the power point of view since it had time dur-
ing lifting and lowering to undertake its required hoist 
work. Now a correspondingly larger electric motor needs 
to be selected in view of the 100% operating time. 

With a purely qualitative discussion taking place so far, 
the idea is now to quantify energy requirements and CO2 
emissions of the duly presented drive variants on the basis of 
efficiency considerations. To this end a specific final energy 
need will firstly be formulated in Chapter 2. This is to both 
establish the general relationship between final energy de-
mand EE and indicated recuperation potential EPOT from po-
sition or motion energy. A quantification of the final energy 
demands EE of the various drive line configurations will 
emphasize their differences in terms of energy efficiency 
and environmental compatibility. Finally in Chapter 3 final 
energy demands and CO2 output across the entire service life 
will be quantified under two case studies and with the aid of 
the previously established drive train-typical specific final 
energy demands. Both cases feature a comparison of the 
various drive train configurations under load lift with focus 
being put on handling bulk material and on handling con-
tainers. 

2 SYSTEM-SPECIFIC ANALYSIS OF THE VARIOUS 

CRANE DRIVE VARIANTS 

2.1 LOSSES IN ENERGY RECUPERATION 

If cranes are equipped with energy recovery systems, 
then recuperation efficiencies ηrek,TW can be formulated 
for the individual drive unit axes (Formula 1). 

2
, TWspTWspTWTWrek ηηηηηη ⋅=⋅⋅= ±±     (1) 

Efficiency ηrek,TW takes into account the losses there and 
back in recuperating potential or kinetic energy via the drive 
unit (ηTW) to the accumulator (ηsp±). The drive unit efficien-
cies considered further on of hoisting gear ηHW and slewing 
gear ηDW are each assumed to be equally large in both direc-
tions from the amount angle (cf. /6/, S. 4).  

Efficiencies ηHW (Table 1) depend on the hoisting 
gear design. 

Crane type Jib type Reeving Rope drive - type1) i 2) ηG/Tr ηR ηHW 
Slewing crane (G HMK, LHM) Single jib None 2/2-2 4 

0.941 3) 0.985 3) 
0.886 

Slewing crane (Tukan, MAN) Double jib None 2/2-2 3 0.900 

Cont.crane (Feeder Server) (Crane trolley) Simple 4/8-4 3 0.931 4) 0.980 4) 0.867 
1) n/z-c with n = No. of rope lines, z = No. of drawn rope ends, c = No. of ropes,  2) No. of guide pulleys, 3) Ardelt specification,  
4) KOCKS specification 

 Establishing hoisting gear efficiency degrees ηHW Table 1.
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The hoisting gear efficiencies of the harbour slewing 
cranes being discussed here (no reeving of the cables!) are 
calculated on the basis of Formula 2.a. 

i
RTrGHW ηηη ⋅= /      (2a)  

Hoisting gear efficiency ηHW of the slewing cranes 
takes into account the losses ηG/Tr of gearbox (here plane-
tary gear), cable-drum and guide pulleys ηR

i with i => No. 
of pulleys. In considering the various slewing cranes, the 
efficiencies of comparable hoisting gear components are 
set to the same level from the amount angle.  

For the purposes of comparison, the idea is to continue 
with a consideration of  the recuperation capacity of a con-
tainer crane of the container feeder type (KOCKS) with rope 
driven trolley. The simple rope reeving enables calculation 
here to be undertaken on the basis of Formula 2b. 

)1(2

)1( 2
3

/
R

R
RTrGHW η

ηηηη
−⋅

−⋅⋅=   (2b) 

Regardless of the precise constructional design of the 
drive unit, an accumulator efficiency ηsp± can still be de-
fined (Formula 3).  

2
± STSTSSSTsp −−− ⋅=⋅⋅= ηηηηηη

    (3) 

  with   TSST −− = ηη   

Accumulator efficiency ηsp± (Table 2) takes into  
account the losses between drive unit & accumulator  
inlet ηT-S, the accumulator itself ηS and between  
accumulator inlet and drive unit ηS-T. Losses ηT-S on the 
way to the accumulator are assumed to be just as large 
from the amount angle as losses ηS-T coming away from 
the accumulator (cf. /4/, Pages 4)! As for the rest, the  
efficiencies of comparable electrical components are set 
to the same level from the amount angle – regardless of 
the crane type involved. 

Given allowance for efficiencies ηHW and ηsp± deter-
mined above, Formula 1 allows recuperation efficiencies 
ηrek,HW  for the hoisting gears of the various crane configu-
rations to be calculated (Table 3). 

"Accumulator type" Principle ηT-S ηS ηS-T ηsp± 
Mains feedback (Tukan) Electric 0.87 1) 1.00 .) 0.87 1) 0.76 
SuperCaps (G HMK) Electrostatic - chemical 0.88 2) 0.95 3) 0.88 2) 0.74 
Hydraul. pressure reservoir (LHM) Hydro-pneumatic 0.90 4) 0.96 5) 0.90 4) 0.78 
Flywheel accumulator (MAN) Electro-kinetic 0.88 2) 0.79 6) 0.88 2) 0.62 
Mains feedback (Feeder Server) Electric 0.89 7) 1.00 .) 0.89 7) 0.79 
1)Ardelt specification, 2) Own calculations, 3)/5/ 4) Estimate Sauer-Danfoss, 5) Liebherr Nenzing specification,   
6)rosseta Technik specification , 7)KOCKS specification 

 Establishing accumulator efficiencies ηsp± Table 2.

Crane type Accumulator type Jib type ηsp± ηHW ηrek,HW 
Tukan  Mains recovery          Double jib 0.76 0.900 0.61 
G HMK SuperCaps                    Single jib level luffing 0.74 0.886 0.58 

LHM Hydraul. pressure reservoir Single jib level luffing 0.78 0.886 0.61 
MAN Flywheel accumulator     Double jib 0.62 0.900 0.50 
Feeder Server Mains recovery          (Crane trolley) 0.79 0.867 0.59 
N.N. Without energy recovery N.N. 0.0 N.N. 0.0 

 Establishing recuperation efficiencies ηrek,HW for the hoisting gears Table 3.

Slewing crane type Accumulator type ηsp± ηDW ηrek,DW 
Tukan  Mains recovery          0.76 

0.90 1) 
0.61 

G HMK SuperCaps                    0.74 0.60 
MAN Flywheel accumulator     0.62 0.50 
N.N. Without energy recovery 0.0 N.N. 0.0 
1) Verschoof, J.: Cranes – Design, Practice and Maintenance (1999)

 Establishing recuperation efficiencies ηrek,DW  for the slewing gears Table 4.

Recuperation efficiencies ηrek,DW for the slewing 
gears being discussed (electrically driven) (Table 4) are 
calculated accordingly.  

The established recuperation efficiencies ηrek,HW and 
ηrek,DW for cranes with energy recovery would suggest that 
as far as the drive/ accumulator systems are concerned – 

normally used today in harbour slewing cranes (i.e. with 
no allowance given for the diesel-electric variant with 
flywheel accumulator) – some 40 % of the potential 
and/or kinetic energy being released during recuperation 
is dissipated as heat. (This also applies to the hoist axis of 
the Feeder Server.) 
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That is why the assumption is one of a recuperation 
efficiency (under favourable operating circumstances, see 
above!) of 

ηrek = ηrek,HW = ηrek,DW = 0.60 

when consideration is given below to the cranes with  
energy recovery. The approx. 40% losses in recuperation 
are to be offset by the use of final energy sources (diesel 
or power from the grid).  

Note: In view of the "shorter paths", the recuperation ef-
ficiencies – which are not gone into any further here – in 
redistributing energy between consumers via busbars or 
hydraulic transfer gearbox (see above) tend to be larger 
from the amount angle than the above 60 %!   

2.2 LOSSES IN TRANSFORMING FINAL ENERGY INTO 

EFFECTIVE ENERGY 

The heat losses in transforming final energy (E) into 
effective energy (N) – i.e. between the diesel engine tank 
or alternatively public power grid terminals and drive unit 
inlet (motor shaft) – are to be taken into account with effi-
ciencies ηE-N  (Table 5). 

2.3 SPECIFIC FINAL ENERGY NEED WITH 

RECUPERATION 

The specific final energy need eE in kWh per 1 kWh of ki-
netic or potential energy at the effective location of the drive 
unit axles is calculated on the basis of Formula 4.  

TWNE

rek
Ee

ηη
η
⋅

−=
−

1

    (4)  

As regards resources consumption (primary energy 
requirement) of the crane with energy recuperation, that 
fact that the specific final energy need in kWh/kWh – 
when operating the crane on the electricity grid – is only 
just under half of that when operating the crane per diesel 
engine needs to be put into perspective. The reason: under 
the circumstances prevailing today (German power plant 
mix, centralized energy generation), efficiency ηP-E,el = 0.32 

involved in the generation and conveyance of electricity is 
clearly worse than ηP-E,foss = 0.87 which is involved in re-
fining and transporting natural oil derivatives.  

Drive type Definite loss-incurring drive components 
ηE-N 

1) 
Electr. Diesel 

electric-electric Cables, cable reels, transformer, inverter, electrical motor 0.87-0.89  
electro-hydrostat. Cables, cable reel, transformer, e-motor, hydr. pump, tubing, (accumulator), 

hydr. motor 
0.73  

diesel-electric Diesel engine, generator, inverter, electric motor  0.36 
diesel-hydrostatic Diesel engine, hydr. pump, tubing, (accumulator)), hydr.motor  0.34 
1) Own calculation 

 ηE-N efficiencies of various drive chains in transforming final energy into effective energy Table 5.

Crane type Drive type ηE-N 
Accumulator 

type 
ηrek 

ηTW eE [kWh/kWh] 

Crane type Single 
jib level 
luffing 

Double-
jib level 
luffing 

Slewing 
gear Electr. Diesel 

Lifting 
Tukan Electric-electric 0.87 Grid 0.60  0.900  0.51  Tukan 
G HMK Diesel-electric 0.36 

SuperCaps 0.60 0.886  
  1.25 G HMK 

G HMK (grid) Electric-electric 0.87  0.52  G HMK (grid) 
LHM Diesel-hydrostatic 0.34 Hydro-

pneumatic 0.60 0.886  
  1.33 LHM 

LHM (grid) Electro-hydrostatic 0.73  0.61  LHM (grid) 
Feeder Server Electric-electric 0.89 Grid 0.60 Trolley: 0.867  0.52  Feeder Server 

Slewing 
Tukan/ G HMK Electric-electric 0.87 Grid 0.60   0.90 0.51  Tukan/ G HMK 
G HMK Diesel-electric 0.36 SuperCaps 0.60   0.90  1.23 G HMK 

for comparison: Cranes without energy recuperation system 
G HMK Diesel-electric 0.36 Without  

accumulator 
0.0 0.886 

   
3.13 G HMK 

LHM Diesel-electr./  
hydraul. 

0.34 Without  
accumulator 

0.0 0.886 
   

3.32 LHM 

G HMK Diesel-electric 0.36 Without  
accumulator 

0.0 
  

0.90 
 

3.09 G HMK 

 Establishing the specific eE energy needs on lifting & slewing acceleration Table 6.

With the aid of specific final energy need eE  
(Table 6), the absolute final energy needs EE can be  
ascertained for given recuperation potentials EPOT from  
position or motion energy (Formula 5). 

POTEE EeE ⋅=     (5) 

Energy need and CO2 emissions are proportional to 
each other. As such with the aid of the cumulative  
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specific CO2 emissions mCO2,spez  (Table 7), the absolute 
CO2 emissions mCO2 can be calculated from the EE final 
energy need (Formula 6). 

spezCOECO mEm ,22 ⋅=
   (6) 

 
Power plant  

current 1) 
Fossil (Diesel) 2) 

EU 0.45 t/MWh  
Germany (D) 0.58 t/MWh  
China/ Russia 1.00 t/MWh  
Global  0.32 t/MWh 
1) /7/, 2) cf. /8/ 

 Cumulative specific CO2 emissions mCO2,spez of pow-Table 7.
er plant current & diesel fuel (final energy consideration) 

 
3 CASE STUDIES 

3.1 CASE STUDY 1:  QUANTIFICATION OF ENERGY 

NEEDS AND CO2 EMISSIONS AS A RESULT OF HOIST 

WORK WITH BULK MATERIAL HANDLING OF 2 

MILLION DUTY CYCLES (U7) 

3.1.1 CONTENT 

With n = 2 million duty cycles/ life cycle (U7  
handling class as per DIN EN 14985), h=10.5 m mean 

lifting height and a mean hoist load of mbrt = 14.8 t given 
a gripper weight of mtara = 5.8 t, WHub,U7 hoist work to be 
performed and recuperation potential from position  
energy EPOT = Epot,U7 result in:  

 

In calculating the final energy need of electricity or 
diesel fuel EE,Hub,U7 (Table 8), it is assumed that the bulk 
material is ejected at the end of the lifting path i.e. only 
the intrinsic weight of the gripper is available for energy 
recuperation in the lowering (Formula 7): 

HWNE

POTrekHub
POTE

HWNE

POTHub
HubE

EW
Ee

EW
E

ηη
η

ηη ⋅
⋅−

=⋅+
⋅

−
=

−−
,     (7) 

Final energy:  

HWNEHWNE
UHubE

MWhMWh
E

ηηηη ⋅
=

⋅
⋅−=

−−

648)3326,0847(
7,,

 

with: (ηrek · EPOT) / WHub = 24 % 

at: 2,000,000 · 14.8 t = 29.6 Mt cumulative net load 

Crane type Drive type Accumulator type ηE-N ηHW 
EE,Hub,U7 [MWh] EE,Hub/t 

[kWh/t] 
CO2 [t] Δ CO2 Electr. grid Diesel Electr. (D) Diesel 

Tukan Electric-electr. Grid 0.87 0.900 830  0.028 480  ± 0 % 
G HMK Diesel-electric 

SuperCaps 
0.36 

0.886 
 2,030 0.069  650 + 35 % 

G HMK (grid) Electric-electr. 0.87 840  0.028 490  + 2 % 
LHM Diesel-hydrostat. 

Hydropneumatic 
0.34 

0.886 
 2,150 0.073  690 + 44 % 

LHM (grid) Elect.-hydrostat. 0.73 1,000  0.034 580  +21 % 
For comparison: Cranes without energy recuperation system (no accumulator, no redistribution) 

G HMK Diesel-electric Without 0.36 0.886  2,660 0.090  850 + 77 % 
LHM Diesel-hydrostat. Without 0.34 0.886  2,810 0.095  900 + 87 % 

 Final energy need & CO2 emission of various drive concepts of slewing cranes when undertaking load lift (Bulk goods Table 8.
handling in inland waterway ports, life cycle  consideration) 
 

3.1.2 DISCUSSION OF THE FINDINGS 

The quantitative benefits in relation to energy efficien-
cy and pollutant emissions of cranes with the scope for en-
ergy recuperation as against those without are quite striking. 
As such, the benefits of a mains feedback as against local 
energy accumulators will be gone into below.  

The specific energy consumption of all-electric 
cranes of 0.028 kWh per handled ton of gripper goods is 
the most favourable one regardless of whether excess en-
ergy is fed back into the grid or stored locally.  

Consumption and CO2 emission of the electro-
hydrostatic variant is some 20% above that of the all-
electric cranes. 

The disadvantage of diesel-operated cranes as against 
those supplied with electricity from the grid in matters of 

pollutant emissions is striking. Under the practical rele-
vant operating program as the basis of the comparison, 
harbour cranes generate 35% and 45% more CO2 under 
diesel-electric and diesel-hydraulic operation respectively 
than the operation of all-electric cranes. 

3.2 CASE STUDY 2:  QUANTIFICATION OF ENERGY 

NEEDS AND CO2 EMISSIONS AS A RESULT OF HOIST 

WORK WITH CONTAINER HANDLING OF 4 MILLION 

DUTY CYCLES (U8) 

3.2.1 CONTENT 

The loading and unloading of container ships is based 
on Handling Class U8 (as per DIN EN 14985), which is 
equivalent to n = 4 million duty cycles/ life cycle.  

A mean weight per TEU of 14 t and a 60 % share of 
40‘ containers produce a mean weight per box of 22.4 t. 

, = 2 ∙ 10 ∙ 14,8 ∙ 9,81 ∙ 10,5	 = 847 ℎ
, = 2 ∙ 10 ∙ 5,8 ∙ 9,81 ∙ 10,5	 = 332 ℎ
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Only a single lift operation is considered. The tare weight 
of spreader plus rotator (with the slewing crane) or plus 
head block (with the container crane) adds up to 9 t plus 
2.6 t = 11.6 t. 

The assumption further is that feeder ships (here:  
Sietas Type 168) are fully unloaded and loaded in the hub 
terminal. This ensures that representative spaces for  
containers on and under deck can be established.  
Handling frequencies (37.5 % on-deck containers, 62.5 % 
under-deck containers) and average paths in loading and 

unloading (see Fig 1) can be assigned to the representative 
spaces.  

With allowance made for the handling frequency, 
mean hoist paths and mean weight per box, WHub,U8 = 
4,100 MWh of hoist work is to be undertaken at the crane 
"hook" during the service life. In the event of mains feed-
back, the total potential energy Epot,U8 = WHub,U8 = 4,100 
MWh can be used for recuperation. Due to the above-  
addressed asymmetry between hoist work and recupera-
tion potential – resulting, in turn, from the elevation 

 

 

Figure 1.  Representative hoist paths when fully loading/unloading Sietas 168-type feeder ships 
 

difference between source and sink under a specified 
working sequence – cranes with a local energy accumula-
tor, in contrast, only have 0.84 x Epot,U8 = 3,430 MWh as 
recuperation potential EPOT 

The assumption behind this case study is the in-
volvement of a terminal specialized in container handling. 
As a comparison, an all-electric feeder server-type con-
tainer crane specially tailored to feeder handling  
(see above!) replaces the corresponding slewing crane.  

The final energy need for electricity or diesel fuel 
EE,Hub,U8  (Table 9) is calculated in a similar way to the 
considerations associated with bulk goods handling using 
Formula 7 

 

Final energy need given mains feedback: 
 

HWNEHWNE
UHubE

MWhMWh
E

ηηηη ⋅
=

⋅
⋅−=

−−

640.1)100.46,0100.4(
8,,1

 
with:  (ηrek · EPOT1) / WHub = 60 % = Max 

Final energy need with local energy storage: 

HWNEHWNE
UHubE

MWhMWh
E

ηηηη ⋅
=

⋅
⋅−=

−−

040.2)430.36,0100.4(
8,,2

 

with: (ηrek · EPOT2) / WHub = 50 % 

 
in each instance given: 4,000,000 · 22.4 t = 89.6 Mt  
cumulative net load 

3.2.2 DISCUSSION OF THE FINDINGS 

Even initially more striking than with bulk goods 
handling are the quantitative benefits of energy recupera-
tion associated with container handling. The justification 
for them comes from the greater recuperation potential of 
50 % or 60 % with container handling as against 24 % 
with bulk goods handling.  

From now on it is a matter of discussing the benefits 
of mains feedback as against local energy accumulators. 

In view of the fact that certain conditions produce a 
situation whereby a local accumulator is no longer able to 
adequately take up or deliver energy (see above!), the all-
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electric crane with mains feedback – something which af-
fects low consumption and environmental compatibility – 
takes up the pole position! 

However, the share of recuperable energy is more 
likely in practice to be above 85 % since given a feedback 
of several consumers in a specified instance the storage of 
energy will take second place to its redistribution (see 
above!). 

To the extent that the calculation of specific energy 
needs and CO2 emissions is based on the "other extreme" 
in that cranes with local energy accumulator are provided 
with the entire recuperation potential of 4,100 MWh  
(Table 10), then the picture arising is a similar one to that 
associated with the handling of bulk goods (Tab. 8).  

 

Crane type Drive type 
Accumulator 
type 

ηE-N ηTW 
EE,Hub,U8 [MWh] EE,Hub/t 

[kWh/t]
CO2 [t] Δ CO2 Electr. grid Diesel Electr. (D) Diesel 

Feeder Server Electric-electr. Grid 0.89 0.867 2,130  0.024 1,240  ± 0 % 
G HMK Diesel-electric 

SuperCaps 
0.36 

0.886
 6,400 0.071  2,050 + 65 % 

G HMK (grid) Electric-electr. 0.87 2,650  0.030 1,540  + 24 % 
LHM Diesel-hydrostat. Hydro-

pneumatic 
0.34 

0.886
 7,140 0.080  2,280 + 84 % 

LHM (grid) Elect.-hydrostat. 0.73 3,150  0.035 1,830  + 48 % 
For comparison: Cranes without energy recuperation system (no accumulator, no redistribution!)  

G HMK Diesel-electric Without 0.36 0.886  12,850 0.152  4,110 + 230 %
LHM Diesel-hydrostat. Without 0.34 0.886  13,610 0.152  4,360 + 250 %

 Final energy need and CO2 emissions of various drive concepts of harbour cranes under conditions of load lift (contain-Table 9.
er handling in feeder harbours, Life Cycle consideration) at E POT,U8 = 0.84 x Epot,U8 in the case of local accumulators 

Crane type Drive type 
Accumulator 
type 

ηE-N ηTW 
EE,Hub,U8 [MWh] EE,Hub/t 

[kWh/t] 
CO2 [t] Δ CO2 Electr. grid Diesel Electr. (D) Diesel 

Feeder Server Electric-electr. Grid 0.89 0.867 2,130  0.024 1,240  ± 0 % 
G HMK Diesel-electric 

SuperCaps 
0.36 

0.886
 5,140 0.057  1,640 + 32 % 

G HMK (grid) Electric-electr. 0.87 2,130  0.024 1,240  ± 0 % 
LHM Diesel-hydrostat. Hydropneu-

matic 
0.34 

0.886
 5,440 0.061  1,740 + 40 % 

LHM (grid) Elect.-hydrostat. 0.73 2,540  0.028 1,470  + 19 % 
For comparison: Cranes without energy recuperation system (no accumulator, no redistribution!)  

G HMK Diesel-electric Without 0.36 0.886  12,850 0.152  4,110 + 230 %
LHM Diesel-hydrostat. Without 0.34 0.886  13,610 0.152  4,360 + 250 %

 Final energy need & CO2 emissions of various drive concepts of harbour cranes under load hoist conditions (container Table 10.
handling in feeder harbours, life cycle consideration) with E POT,U8 = 1 x Epot,U8 in the case of local accumulators 

4 SUMMARY 

Harbour slewing cranes of a gantry design are con-
sidered to be primarily in line for quay-linked inland wa-
terway ship and/or feeder handling. They are multi-
purpose-enabled. Container cranes lend themselves espe-
cially for box handling operations. 

Cranes running on rails are usually supplied with en-
ergy from the fixed power grid. Complete standard upper 
structures of mobile cranes being fitted onto gantries use 
the pre-configurated diesel-electric/hydrostatic drive or 
can also be run on the power grid following conversion.  

The scope is on hand for all drive variants to recover 
either potential or kinetic energy by either distributing ex-
cess energy directly onto other consumers or buffering 
energy in the meantime for later use if there is no immedi-
ate demand.  

As an alternative to a feedback into the electricity 
grid, examinations have been conducted on flywheel ac-
cumulators, SuperCaps and hydro-pneumatic piston ac-

cumulators to be installed on the crane side as a function 
of drive. The flywheel accumulator was more or less  
discarded straight away in view of a comparatively low 
accumulator efficiency.  

The examinations also point to the fact that mains 
feedback and crane-sided accumulator systems based on 
SuperCaps or hydro-pneumatic piston accumulators oper-
ate in a similarly efficient manner – i.e. that up to 60 % of 
the recuperation potential from kinetic or potential energy 
being released can be recuperated at the same effective lo-
cation. There is a tendency for minor losses to arise when 
other consumers directly use energy which has been re-
leased. 

As part of two case studies – one for bulk goods han-
dling in inland waterway ports and one for container  
handling at the feeder mooring – the life-long energy con-
sumptions and CO2 emissions resulting from hoist 
work have been established for various energy accu-
mulator concepts. All-electric cranes with mains feed-
back are clearly superior in terms of consumption and 
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CO2 emissions to all the others and especially those with 
diesel drive. Even if assumed – on the beneficial side – in 
container handling that the capacities of the crane-sided 
installed energy accumulators do not significantly limit 
the recuperation potential when lowering is undertaken, it 
can still be demonstrated, for instance, that the electro-
hydrostatically-operated crane, the diesel-electrically-
operated crane and the diesel-hydrostatically operated 
crane emit 20%, 30 – 35 % and 40 – 45 % more CO2 re-
spectively than cranes operating from the power grid. On 
the other hand diesel-operated cranes without any scope 
for energy recuperation emit up to 3.5 times more CO2 
than the crane operating with mains feedback on the pow-
er grid. The specific consumptions per hoist at the inland 
waterway/feeder ship mooring – given the same recupera-
tion potential – vary between 0.024 and 0.034 kWh/t for 
cranes on the fixed electricity grid and between 0.057 and 
0.073 kWh/t for diesel-operated cranes with local energy 
accumulators. Diesel-operated cranes without any energy 
recuperation possibility have up to a 6-fold final energy 
need in kWh. 

 

5 BIBLIOGRAPHY 

/1/  Ferrer, J.: Flexibility keeps market buoyant. 
(Mobile harbour cranes.) Container Management, Sep-
tember/ October 2012, Pages 53 – 55. UK. 

/2/  Page, P.: Then there were two. (Mobile harbour 
cranes.) Container Management, March 2012, Pages 51 – 
53. UK. 

/3/  Van Deijk, J.D.A.; Struna, A.: Ein 32-t-
Schwimmkran erhöht die Umschlagleistung bei Massen-
gut. Fördern & heben 34 (1984) No. 2, Page 126. 

/4/ Carbon, L.: Antriebe mit Thyristorstromrichtern 
auf Schwimmkranen: Siemens-Energietechnik Heft 3 
(May/ June 1984), Pages 146 – 149. 

/5/ Beitelschmidt, M. et al.: Effiziente Energiere-
kuperation in dieselelektrischen Hafenmobilkranen. Be-
gleitband zur Kranfachtagung am 3. September 2010 in 
Bochum. Page 167 ff. E-Book. 

/6/  Böhler, T.: SuperCap heißt das Zauberwort. In-
dustrieanzeiger 21/2011, Page 12. 

/7/  Klell, M.; Cona, P.: Wirkungsgrade und CO2-
Emissionen verschiedener Energieketten. HyCentA, RE-
port No. Hy8-2009 MKPC CO2 eta, S. 7, 8.  Graz, 2009.  

/8/  N.N.: Neue Umrechnungsfaktoren für Transport 
und Logistik. VerkehrsRUNDSCHAU 20/2012, PAGE 
30. 

 
Prof. Dr.-Ing. Klaus-Peter Franke, Professor of Logistics  
at the Ulm University of Applied Sciences,   
Address: Ulm University of Applied Sciences,   
Prittwitzstraße 10, 89075 Ulm, GERMANY  
Phone: +49 731 50 28296 or +49 731 50 28121,   
Fax: +49 731 50 28458, E-Mail: franke@hs-ulm.de 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Coated FOGRA27 \(ISO 12647-2:2004\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


