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Lifecycle of a robot

Material
usage

I Production
mmm| Environment
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TCO Distribution
(Automotive)

TCO Distribution (Automotive) in %

3% 2% 1%
()

M Initial invest

M Energy based on 0.20€/kWh

B Integration (2x)

B Spare parts Controller
SW-License & SW-Updates

W Spare parts Robot Arm

W Maintenance Consumables

B Refurbishments Analysis

B Training

The potential for cost
reduction by reducing energy
consuption is enormous
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Use of renewable
energies

Energy efficiency in
production

Sustainable
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Energy efficiency in
planning and operation
of production plants
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KUKA

Energy efficiency in robotics
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KUIKA

_Development of the energy efficiency of a KUKA robot system

Series 2000
KRC2

2000 - 2010

-27 %*
KR QUANTEC-1
KR Cé

2010 - 2018

-40 %** I\E/I(():cﬁ- Approx. 60% reduction

KR QUANTEC-2 ~50 %** in energy consumption in
KR C4 : — 55 0p** DC
KR QUANTEC2 the last 12 years
i KRQUANTEC2 = WEETH)Y
,. KR C5

Eco.Modeg 4 -60 %™ Added diff from the previous val
H = Brences from the previous value:
KR QUANTEC -2 * according to KUKA measurements
KR C5
DC

** according to AIDA certificate (active energy, KR,



KUKA

CO,-Footprint
Comparison with robots with 50% higher energy consumption

Average CO2-Emission per kWh in Europa: 510 g [CO,/kWh]

QUANTEC-2, 14 years, 500 robots,
60 765 kWh * 500 = 30,38 GWh

50% higher energy consumption—> approx 30 GWh difference
30 GWh * 510 g [Co2/kWh]

—> approx. 15 300t more CO, emissions
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CO,-costs
(Emissions Trading)

approx. 85€/t CO, (European Union Emissions Trading System, Jan. 2023)

. . Price development of EU certificate in EUR / t CO2
according to the sample calculation

(500 robots, 14 years,

approx. 15300 t saved CO2 emissions) 80€ M JL
15300t CO2 * €85/t CO2 e r LV
= approx. EUR 1.3 million a0¢ /W
reduced CO2 costs 306 /

20¢ MWM M ;
fﬂw -

0€

Y . 2 oy ] o -] A -] o, 1 > 3"

e ~ ) L L ~ L . LS L3 oy oy aY
S 8 $ $ $ $ $ $ $ $ $ § $ $
=reontine

&

Quelle: Intercontinental Currency Exchange {ICE)) / Ab 2021: Wattsight

- Increase from €5 (2014) to €85 (2023) by a factor of 17
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Energy consumption
_influencing factors

>Pay|oad
Factors ) Speed
influencin
5 ) Temperature
energy
consumption ) Path planning

> Robot positioning
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&3 4
Robot positioning
25
| Energy consump.: 6,3 Wh
Peak power: 10,9 kW
Cycle time: 13,9 sec 4 )
Bad positioning &
| =)
Energy consump.. 4,4 Wh I 1.5
3
Peak power: 5,7 kW
M_L_L_M_.ﬂ Cycle time: 13,9 sec
Ideal positioning 1

(shift by 60cm to the side) O in m oy = m

12,00 kW

Energy consump.:.  =30,2%

Peak power: -47,7%
Cycle time: + 0 sec
Delta
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Industrial DC grids
_enormous potential for sustainability, material usage and grid stability
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KUKA

Conventional power distribution. Status quo since Nicola Tesla in 1888.

400V [AC] 5-wire TN-S system . .
| Analogy: "Internal combustion engine"

Feed

400V [AC] v 5-wire TN-S system

Conventional AC Architecture

Unidirectional energy flow "from producer to
consumer"

- - Rectifier in each component

- - Renewable energy is wasted

Industrial drives,
robots, technologies

Source: Mercedes-Benz AG
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The future: Energy infrastructure with direct current. Industrial Smart DC-Grid.
5-wire TN-S system

400V [AC]
t Analogy: "EQ - Intelligent Electric Powertrain"

Highly eff|C|ent Active Ener
DC/DC connection '-‘“ Front-End gy

DC Grid 650V [DC] 2-pipe system + PE

Industrial DC-Grid

Bidirectional energy flow between components possible
(Producer | Consumer = "prosumer" architecture)

No rectifiers in the components

@)
! * Recuperation energy remains in the system

Architecture allows easier connection of energy storage

Industrial drives, - systems and direct feed-in of renewable energies
robots, technologies

Source: Mercedes-Benz AG
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Structural design of the DC grid in the SmartProduction Center

Rectifier: Active Infeed Converter (AIC)
Battery: Capacitor with DC/DC converter

Distribution: Busbar system with fuse outlets

Protection: DC feeders and fuses

Busbar

oC feeders | ° o 11 | 1 [Nl 10 Fuses
blrancr blranclh
_|DbC DC
Rectifier AC

T B

Capacitor storage

Robot Welding controls Welding cap cutter
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Measurement results 400 V AC vs. 650 V DC

:
|

m (Il

branch
—

L A 1

| —|

DC

|| BB
113

NS

Active Infeed Converter

* Reduction of AC mains perturbation

* Characteristic curve control of the DC
voltage
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Battery

* 80% reduction in peak load

* Possibility of self-sufficient operation

* Function according to control
characteristic curve

Robot
* 7.2% energy savings

*Depending on the application, energy savings of up to 20% can be
achieved

Welding controls Welding cap cutter
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Measurements
AC operation
60 T T I T
> 40 - ‘ | -
E . I' f |r \ ’ % I IH { J" | l )
£ oWkl VML .Jm TS A
-20 | | | |
0 2 40 80 80 100 12
|
DC operation without storage
60 T
40 - .
2 | | -
=2 ol {||j'-. " "~|l_ ;‘ | Recovery of braking energy
o 'C R Lt AP i .
o pCl—Tte 4] e~ 7.2%* energy savings of robots
-20 L el *Depending on the application, energy savings of up to 20% can be
0 20 100 120 achieved
DC operation with storage
60 i . .
40 |- S
2, o SR e N "~ 70% reduction in peak load
- A l\ I'I' ,*|I ] ‘,' ] i ! (o ki ] i \ . .
T, /N T LRSI W LA A g g b __—~ Absorption and release of braking energy
]
_20 [ 1
0 20 40 60 80 100 120

Tins
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Copper savings: 650 V DC vs 400 V AC

400 V AC system ®@ @@® ®®

Copper savings

with the same power
transmission

650 V DC system
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Energy efficiency
_Summary

| o,
4500 42551
4.000 -+ 3gast
1500 -
3.000 -+ W e Preieues L2 bar
2500 LT
2,000 + — o e
1500 oo
1.000 +
00
0+ r \
Standard Altemative

[ TOTAL OPERATING COSTS

649,607 €

7593584 €
I II .
Standard Altermnative
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»Think energy“ already
in the planning phase

Track Energy and CO2
footprint over time to
identify deviations

Adapt infrastructure to
modern 650V DC

supply

Pick the right robot
for the right task

Consider Energy
Efficiency in
Simulation and
Commissioning
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KUKA SR

Poldi Heidrich

Business Development Manager
KUKA Deutschland GmbH
Poldi.Heidrich@kuka.com

KUKA Deutschland GmbH

Zugspitzstralle 140
D-86165 Augsburg
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