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PCBEmE S FEFE1G LT
o e e e e e e e e e e e e = == )
| Position I
| Materials (incl. transport) 2547 kg COreq |
I+ Electric energy production machines 77,81 kWh 19,06 kg CO,eq |
o Electric energy overhead 31,70 kWh 7,77 kg COz-eq |
g
:- Recycling of materials (incl. transport) 448 kg CO,-eq :
==
E=ope o =_PCF per panel (457,2 mm x 609,6 mm) 47,82 kg COzcq : 1ISO 14064-1%£5
HH 1 | PCF per PCB (4,55 mm x4,35 mm) 0,03 kg CO,-eq I
ISO 14067 || | ecrperne 17159 ke COreq | | ARSI ERRERL G
rl o T e, e e, i, e, T e i T s S e O G W __I_ [ AN
System Boundary
1] Material Extraction ] : IE E tbi
I i . RS
: : Processing Raw Materials : 1 MRlzeEs 53%
Transportation | SeieSiwimimsarr T |
11 : Wastes =zan
T EERE 40% L8
11 4 " I A e
11 Factory Overhead { Manufacturing Recycling  Disposal | . Eb_%% ____________ _I
I Production Ener " I e O = 0
11 - i I E SE) }EH ==} 3%
g e e o el 0 oo ol A e emm mal o = !
I Electrical component |
manufacturing/material SR . Direct Emissions to Air | £ & : MODULARIZATION OF
I , Distribution | PRINTED CIRCUIT BOARDS
| SApItel B0t anc * Direct Emissions to Water THROUGH EMBEDDING
I Infrastructure I TECHNOLOGY AND THE INFLUENCE
7 - | OF HIGHLY INTEGRATED MODULES
I REmpoes e eibRoatoN End of Life | ON THE PRODUCT CARBON
I

SYSTEMS
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BEEDMGLIEZEEEEISO 14064-17 FB AR HERT

IERAR 22 8E A Y\B% &8 a5 Scope 3

228,061 5 480 ) ,
4 Scope 3 focuses on the reporting of upstream emis-

3,445 sions from the relevant upstream categories at

- o } ﬁ%*j*—lZﬁﬁ}# DMG MORI CO. Specifically, these are the following
emission sources:

» : Category 3: Fuel and energy related activities .:
» L Qategory 4 Upstream iransportand distribution_ 3

»  Category 5: Waste produced in the company

» 1 Category é: Business trips of employees
» | Category 7: Employees’ commute

|
1
1: w565 0 6780 ,up0 |
- ! I-"‘— -
' i
]

K
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

Emissians internal  Business travel direct external ICategorN |Category3 Category 4] Category 5 : Category & Category 7

combustion  with own emissions  energy supply p s L o o e e e e e
processes vehicles m———

Scope 1 Scope 2 Scope 3
14,6131 C0, 33.8671CO, 179,582t CO,

6.4 %) (14.8 %) 78.7 %) - 2RIR - DMG MORI (2021)
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2020
Lcope Source of Emission _ Category 1 CO2 Share tCO2 Share tCO2 Share
Natural Gas 1,332 0.6%
Internal Combustion Fuel Oil (Heavy Qil, Kerosene) 3,603 1.6% 5,480 2.4%
Fluid Gases incl. forklift 545 0.2%
Scope1 Business Travel with Pool/Leasing (light oil, gasoline) 14,613 6.4%
own Vehicles incl. forklift & cars 5,688 2.5% 5,688 2.5%
Direct Emissions Coke 3,445 1.5% 3,445 1.5%
] A oy 2 1Y
Scope 2_2:""’"3' provisionof 0 iricity 33,867 14.8% 33,867 14.8% 33,867 1asn | L EFEE bk
% % % % % % ¥R & L L R LYYy % % % % % % % % % % | % R "OYOR R ORCO s w
| Category 1: Production Material 150,596 66.0% 150.646 66.1% N EE)T\ ! 7F7.|' 'H»EI_
I_ Purchased Material Paper 50 <0.1% ' . Vi HEtbE R S
e T T T T T T T T T T Naturalgas 184 01, | T T T =
Fluid Gases 74 <0.1% 66% -
. Fuel Qil 764 0.3%
ﬁ’:if':a'yma';mcesses Pool (light oil, gasoline) 1,400 0.6% 9,176 4.0%
P Coke 390 0.2%
Electricity 6,314 2.8%
Solar power 30 <0.1%
Category 4: ; o
Scope 3 Transports e.g. ship and truck 7,926 3.5% 7,926 3.5% 179,582 78.7%
Category 5: Waste 309 0.1%
Waste Water 256 0.1% 265 0.2%
Flights 5013 2.6%
Trains 457 0.2%
Category 6:
Ferry 3 <0.1% 6,780 3.0%
Business Travel Bus 72 <0.1%
Rental Cars + Taxis 335 0.1%
Catogory 7- e.g. Cars, Public Transport 4,489 2.0% 4,489 2.0%
Employees Commute
TOTAL CO, Footprint 228,061 100.0% | 228,061 100.0% | 228,061 100.0%
ICompany Carbon Footprint 69,539 30.5%
|Product Carbon Footprint 158,522 69.5%

RIR : DMG MORI (2021)
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ik EEE RS
Action plan: CO, emission reduction DMG MORI
2019 CO, emissions 2030
(base year) +Scope1+2 = emissions by company  (14%) 60% reduction () (30% reduction)
78 tons/unit +Scope3 = emissions by supply chain (86%)  20% reduction(®) 55 tons/unit. |
COy emissions in upstream Calculated wih e same production
P — R . : ‘ volume as 2019

| 2024

m 5k

1LIEATARF R D ixHE - 2. e EHEE TR A ik
ARBARBBERER - B##E AREESTE
B.EERERRVERF B REEEE
CRAHEE W C. BEYIR

ERARIR : DMG MORI 2020 %
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EFREEFHESE 1SO 14064-1
o BR—MR2019FcRZERISEEFIS014064-1E5EARE - BBE20184F
1 EEREEE R : 232.3317 tonCO2e -
2 HEERI R E RS E : 3,984.5129 tonCO2e -
. EFEHEGEREFELREREHINE : 4,216.845 tonCO2e
HET4I85007 g/ 5

E mfix 2 1ISO 14067

+ EABIEMFRSD-620 ERHRUHHEEE - RUSISO140675 BHIE
BEIRE -

« B BUTIEIR SD-620Z mbix E MM E:25.13 tonCO2e/EB 5

KR : RE20202020 EHEEEHRES
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R S
EREEFRIEEIZIRISO 14064-1

EHBEENE mARIZ SRR AT - i 32,976.2850
IREZRYEL

B EBMAC AT SRR I+ Z R 29,497.4232
SER PN EENEEYSIERRET—M 1,023.2611

B EEZEEYRBIXIINE
= 63,496.9693

=

PErsaE( AMECO2e/ BT A ) 13.5764
E ik BRSO 14067

RGWA45 s 14588,  SBU3SPEED 55.07 89.58
(23.69 AFT) ) s ER 34.52
R16 = Ek1242(0.40 HUEPEED 35.21 37.18

NFT) BT P 1.97

Bl AfrCO2e - AZEKES

R . FiRRIFR2019 XM ETAERSES
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6.3 Numerical Results
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The value and percentage of carbon footprint of EMVC machine tool
is shown in Table 4. It is obvious that the carbon footprint of
machine tool is dominated by the use stage.

Life Cycle Stages Carbon footprint Percentage %
(Equiv. Kg CO2)
Production 9543.026 2.839
Use 3264922 97.126 {E AP ER (&
End-of-Life 0 0 RAmIT
Transportation 119 0.035
Total 336154 .2 100

Table 4: The carbon footprint of EMVC machine tool.

2B . Chen J.L, SuWL., Huang HC. (2013) Method and Calculation Tool for
Carbon Footprint Assessment of Machine Tool
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—> kWh/year

: 12
FHEE - WO Powertrain 12167 Total EnergySavings
_—_—_—_—_—_—_—_—._—_-L'T_—_—_—_ _— e e e e e e e e —_ = —
I Cooling lubri. High Pr. — 759X Sbalend i
| e —
: - , ] 13935 |
: CoolingLubr. Purging, Shower 3212 @ |
. . 11213 I - =
I Cooling Lubr. Forerun, Filter 0 ST I 101.547 kWh |%I I
240/ - e
I Cooling Lubr. Lifting Pump Er“ I :gl :%I
I e/l
. i o Hydraulic FM‘_‘ 779(,% : Iél IZE'
Machine chiller TIS52 - | A= |.=_E N
' — 1437 2 ase0kwh  1HE 1B
L _ _ Control cabitictairfumstio: oyicicelDd | | 7 |
24V-Supply i g, 12,
1221 V]
. , 1883 I l
230V-Supply 1§83 DAl
AN, 2891 oo
Exhaustventilation 3891 |:|1nim] - :jj: : EI
————————————.——.—- mﬂ ——————— ] dl Lo [=]=] —
| bas] Pressurized : ;]N— 155, IJC
L o o — _:':_='§_ o r_css_un_uc_ fr_ —— _”_3 _@ ______ I |:|()ptimized System ma ,
oo
(IR

Fig. Realized energy-saving measures on a machine tool of the type MAG XS211 [5]

M. Armendia e.t. al. (eds.), Twin-Control,
https://doi.org/10.1007/978-3-030-02203-7_5
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BmEDMG T E#Fx 2SO 14067)Rkx B 1R k-
-BHiE :
b Ee T BB =2,650 Kg/F
fE -

Green Monitoring

Visualizing (£ ZE o] 1%1E)

Green Device

Introducing cutting-edge
technology (#2175 | %)

’anioe"

i ga \
| Monitoring

?GREENmode '

Green Idling Stop wﬂ g Green Control

Eliminating idle time
(ot M 1 B3 )

Shortening lead time
(BREARV4ERR)

ERHER : DMG MORI 2020F#
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« EamEiRBEFERE

Machine Status Summary Real Time ECU Monitoring History Data (a)
Machine Start Time : 2018-04-10 11:58:30
Total Consumed Energy (Wh) Axial Consumed Energy (Wh) Consumed Energy Distribution
o e e e et Actual Energy Predicted 0
y (KWh) Energy (KWh) Error factor (%)
— e e — - =: ” Utility 21.55 21.17 1.76
RS & =
/ \ = — = Coolant 35.69 35.65 0.10
33331208
Cooler 15.65 15.78 0.83
[ : - - Spindle
ECU - Consumed Energy per Time (Wh) [Cg";fg‘:\;‘v"‘:fd (incl_ Cuttmg) 122.82 133.28 8.52
X 9.70 10.01 3.19
Feed Y 36.04 38.98 8.16
ey =

. S i 22.64 24.85 9.76
................................................................................................. 8 = — — e
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Actual Machine Energy Consumption Analysis System
Analysis Module
Sensor data
; collection & Comparative Analysis Execution
- : processing
MORI SEIKI NG A device g .y
MV DICG | Monitoring Module e 4
Modbus
Data Integration ECU Database
Sensor & CNC Data Real-time
(Spindle, Filtering Energy.
XIYIZ, Data Interpolation —p Consumption
—®  History
g ECU
Prediction Module
=9  Prediction
Model
Model Execution Model Update e
Virtual Machine
NC Code, BT 8 T -

CNC API (FOCAS2) — Machining ‘ Goomssl el — el o3
Power data (Spindle, X/Y/Z, Magazine), 5 parameters ‘ T —a—o4—=¢
Machining data (NC codes, Spindle load/RPM, TCP/IP 0005711 6of 1725 -0
Actual feed rate) \ a2
0.007131 60| 165 «0.5|
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i
Cutting Speed y

Feed Rate

Material Removal Rate
1 in)
Specific Cutting Energy

- Surface Roughness (um)

A Cutting Force (N)

| Power Consumption
(Watts)

(N/mm?)

Sustainability
Analysis

Work s

Cutting

MAG XS-211
Horizontal machining centre

* HP - High-pressure
** LP - Low-pressure

Cooling status of milling spindlie monitored

HP* cutting fluid supply

cutting flui

Machine coolin
1ndle and dr
supply
fluid filter pump
Hydraulics
Other
Compressed air

Control cabinet cooling
Cutting fluid lifting pump
0il mist extraction
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i Tl_i_‘l :

E=0.78 kWh

0 5

10 15 20 25
Energy share pg

% 35

[SamerSraMsType] < Structure >

Cooling
complete

Aunnnp

<ServersratusDa!a Type

Milling spindle coole

_I

StartTime |

_I

CurrentTime |

-

Buildinfo |

_[

State |

| SecondsTillShutdown |
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1 Power conservation: Sharp reduction of power consumption

The power load-leveling, energy-saving circuit of
the servo presses sharply reduced their power
consumption as compared with conventional

Power consumption

>

e

reduction

Crank motion Pendulum motion

Servo press SDE-8018i3

Conver)tional
machine*1

2 Resource conservation:
Reduction of lubricating oil consumption

Lubricant consumption is reduced by 67%*?2
compared to conventional machines*! by
abolishing oil pans and adopting a circulating oil

lubrication system. ., o oo d with SDEW-3025i3

machines. It contributes to the visualization of power
consumption.

ECO monitor screen

3 Working environment:
Significant reduction of stamping noise

Optimum slide motions help to cut the high
decibel range of stamping noise. This reduces
noise generation and improves the working
environment.
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« BAHEMULE : F—HIEIE 2020 ZE 0.492 AFco/E
E_HARES : 2025 ZE 0.394 AFrco,E

(AFFCO.e/E)
0.6
0.528 0.529 0-541
) ' 0.518 ._..._ .............. .
[ 3 ® . o 9% 5497 =#2
0.5 P A . ® ' 0482 (475 20254
é : L ° i SEERGE
7—#281 T i
Z #2155 : 0.422
T ) . : 0.396 0.394 0395 (390 0.387
04 RARHREE ™ 0o o o 4 0-182 0.376
EEE|2023$1,950 ®
Eﬁﬁﬁﬂﬂ§2024
(24308
0.3 ] : ]

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
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How each technology area contributes to CO2 emissions

reductions

ETP 2DS Scenario. Click a technology in the legend to show/hide.

2020 2030 2040 2050

® Efficiency @ Renewables @ Fuel switching @ Nuclear
@ RTS (Emissions under current Paris pledges)
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2025

No new sales of
fossil fuel boilers

2021

No new unabated
coal plants approved
for development

No new oil and gas
fields approved for
development; no
new coal mines or
mine extensions

ol [r s i = 1 T il 7 SR B

IEA 2050 roadmap 2IEEf Emmlﬁ =

2030
Universal energy access

All new buildings are
zero-carbon-ready
60% of global car
sales are electric

Most new clean
technologies in heavy
industry demonstrated

at scale

1 020 GW annual solar
and wind additions

Phase-out of
unabated coal in
advanced economies

Most appliances and .

cooling systems sold
are best in class

= 2040

50% of existing
buildings retrofitted = n& .

2045

50% of heating demand B
met by heat pumps

AR

LASERFEEARS
KIKZER ~ KIES

CIP
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v

SEIES

ﬁ]

T

0% of heavy truck  } o zero-carbon-ready
sales are electric levels
No new ICE car sales 50% of fuels used
: : in aviation are
| ?" mduit”al I low-amissinns More than 85%
S r:;: m‘? orlsa = ¢ oxisti of buildings are
are best in class Around 9'0%_0 existing zero-carbon-ready *ﬁﬁﬁl$ % s
Overall net-zero capacity in heavy T——— 3 =S/ =
emissions electricity in || INdustries reaches end hO - '2d tr?? E@EAEUEEI—
advanced economies of investment cycle eavy Industria B amoEs4T
production is r=1 BIBE= AN
B Net-zero emissions low-emissions
BA ~
electricity globally Almost 70% of IJ:Z }E”E
BN Phase-out of all electricity generation @_’*’é&'@'}% A
unabated coal and oil | globally from solar PV =
................................ B and wind A
'IIIIIIIIIIIIII AENNEERNERNENNEHNHN,]

|IEA report may 2021
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AR ETER B AELL B —

EIEEEER miE A EE REK. HEihiEEs
BB N R MEE 2~5% (A, B
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EE}JQ&%E&E 2_10% u %EQQ J: E’)ILI\\\F“%L( BLDC ) >

b g )% FEPE ES 32 (SRM) > B FEEE = (IM)
Al R I R0 O s ERERISE( BLDC SR B .

M EETT e SR AES(BLDC > SRM > IM) - i
=2 20-30%) ARSRES -

R R 1-5%
100 7 BinEm 5E

IE5 (76%~97.6%

80 -
—/
o 4 _/‘ = wiewr TE3 / 5\ Premium / i+ Gradel
) —_ —— —— miown TEZ / o EPACT / <k Grade2
4 - g 4w JIS Cc4210
o) (o) —_——,e— e — e — & M CNS 14400
IEL™ (58%~93%
[S1e] T T T
1 10 100

x4 = (hp)

Source: Martin Doppelbauer Univ.-Prof. Dr.-Ing. Convenor IEC TC2 WG31 Karlsruhe Institute of
Technology (KIT), Institute of Electrical Engineering (ETI) ,Hybrid Electrical Vehicles (HEV).
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MITSUBISHI ROBOT

Average power consumption = 500W

In Germany 1kWh = approximately 600g of CO2 emissions (Statista GmbH) - but, let’s be a bit
more pessimistic and assume it produces a whole 1kg.

Therefore, with 240 8-hour working days a year,

robot footprint = 0.5kW x 8h x 240 days x 1000g/kWh

-} B0oszskix

HUMAN WORKFORCE

Person is living 20km from the factory and driving there and back in a car that produces
188g/km.

Therefore, with 240 8-hour working days a year,

human footprint = 188g/km x 20km x 2 x 240 days

= 1805kg of CO2 https://www.raconteur.net/robots-reality-and-revolution/

a4
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B Mobility as a service, electrification, and autonomous vehicles
connected to one another can tap the value of unused vehicles

W Digitalisation can improve delivery by optimising shipments,
routes and traffic systems Bt

B Through the use of Internet of Things, Al, 5G and digital-twin
technology, the need for more roads and physical mifirse
infrastructure can be dramatically reduced through optlmlsmg
existing infrastructure &1t

B Other notable technologies include immersive user
experiences like virtual and augmented reality, 3D printing,

gene editing, advanced robotics, and digital assistants
FoEREA ERIGR | B HRIETHIRGE by21REL AT
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How each technology area contributes to CO2 emissions
reductions

ETP 2DS Scenario. Click a technology in the legend to show/hide.

> IR S5 fix
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2020 2030 2040 2050 2060

® Ekfficiency @ Renewables @ Fuel switching @ Nuclear @ CCS
@ RTS (Emissions under current Paris pledges)

© OECD/IEA
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VIRTFT R EE I -

wonmmaess CIP

Lcope Source of Emission

Cateqgory

Internal Combustion

Natural Gas
Fuel Qil (Heavy Oil, Kerosene)
Fluid Gases incl. forklift

Scope1 Business Travel with
own Vehicles

Pool/Leasing (light oil, gasoline)
incl. forklift & cars

Direct Emissions Coke
Scope 2 External provision of Electricity
Energy
Category 1: Production Material
Purchased Material Paper
Natural gas
Fluid Gases
Fuel Qil
S"’“eg"“’ 3 Pool (light oil, gasoline)
pstream Processes
Coke
Electricity
Solar power
Category 4: .
Scope 3 Transports e.g. ship and truck
Category 5: Waste
Waste Water
Flights
Category 6: l;&:lrr;s
Business Travel
Bus

Rental Cars + Taxis

Category 7:
Employees Commute

e.g. Cars, Public Transport

TOTAL CO, Footprint
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Media Release 16 November 2020

Hydrogen Renewables Australia and Copenhagen Infrastructure Partners announce
partnership on the Murchison Renewable Hydrogen Project

Hydrogen Renewables Australia (HRA) Pty Ltd is pleased to announce that it has agreed to partner
with Copenhagen Infrastructure Partners (CIF) on its 5000 MW Murchison Renewable Hydrogen
Project located near Kalbarri in the mid-west of Western Australia.

HRA's Executive Chairman, Terry Kallis stated, “Our partnership with CIP will enable the Murchison
Renewable Hydrogen Project to prooeed with its planned development to assess the feasibility of
producing competitive hydrogen exparts for the Asian markets”

Michael Hannibal, Partner at CIP, stated, “CIP is pleased to be joining forces with Hydrogen
Renewables Australia to develop the Murchison Renewable Project. A project that aims at exporting
green hydrogen produced from solar PV and onshore wind to Asian energy importing countries. We
believe Murchison represents the best combined wind and solar resource in Australia and the
project complements our existing activities in Australia™.

The Murchison Renewable Hydrogen Project is 2 large scale (up to 5000 MW), expart oriented
green hydrogen project that is located on the 126,000 hectare Murchison House Station and will be
powered by combined wind and solar power generation and utilize desalinated water. The project is
aiming to provide large scale hydrogen export to the Asian markets — notably Japan and Korea.

More information can be found at www hydrogenrenewablesaustralia.com

KKIEFREERIKETER - EMEEH

Fr

Murchison Renewable Hydrogen Project

“Large scale renewable hydrogen project proposed to be located on Murchison House
Station, just north of Kalbarri in the mid-western region of Western Australia”

Hydrogen Renewables Australia (HRA) Pty Ltd is proposing to develop a large scale (up to 5,000 MW)
combined wind and solar farm to produce low-cost renewable hydrogen. The project would create
enough ‘green hydrogen’ to ultimately meet the growing demands of the Asian energy market, while
creating jobs and economic opportunities for Australia.

Green hydrogen (or renewable hydrogen) is the term commonly used for hydrogen which is
produced using purely renewable energy.

The Murchison Renewable Hydrogen Project is proposed to be developed in stages:

1. A demonstration phase providing hydrogen for transport fuels
2. An expansion to blend with natural gas in the nearby Dampier to Bunbury pipeline
3. Alarge expansion to produce hydrogen for the Asian markets, notably Japan and Korea.

The project is located (see map overleaf) on Murchison House Station just north of the coastal city of
Kalbarri in WA’s mid-west region. We have assessed this location as having an ideal combination of
wind and solar capable of delivering the low-cost electricity needed to power electrolysers to
achieve competitive-priced green hydrogen for local and international markets.
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