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Assessment Methodology

How to measure & analyse energy consumption in railway systems?

Electricity
generation

Fuel
suppliers

Statlons, bulldings and other rallway
Infrastructure not within the project scope

Real railway operations Simulated railway operations
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What energy Is simulated?

Cut of service

Grid losses | —!

""""""" A I
Pre-heating E Cleaning EF"arI-::ing of trains _ E System E
and/or I and/or I (hibernating) Train . level
pre-cooling i maintenance i i E
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M Traction

CJNon-traction
I Preheating
B Cleaning

® Hibernating
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Technology assessment approach

Servicetype

Encrgy suburban regional intercity high-speed freight mainline
supply type

DC 1.5 kV

DC 3 kV | mb .

10,0%

5,0%

2,0%

AC 15 kV 16.7 Hz

AC 25 kV 50 Hz

Diesel

Brussels
November 25th, 2010

Railenergy Final Conference




Railenergy

Transparent baseline definition is key
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Strategic assessment approach

Chergy

servicetype

suburban

regional intercity

high-speed freight mainline

based on costs & availability

timated technnology exploitation rates

/Eg

F H7

AC IS

Simulated energy savings in relatV

baseline technology

H7

Diesel
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Strategic Assessment Reports

1. Summary
2. Scope and status today Main Report Result reports
P N 2.DC rall services
3. Technical Performance , :
1. Assessment 3. AC conventional rail services

i Methodology & .

4. Economic Performance of 4. AC high-speed rail services
Framework L
. r 5. Diesel rail services

5. Strategic Assessment —_—

6. Recommendations

17.06.2010 WP 2.6 Strategic assessment 7
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Developed by In cooperation with

join. .-share; y TC/

Macroplan vag V¥ |

Institut fiir Zukunftsstudien und Technologiebewertung
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What is the Railenergy Calculator?

o Web-based decision support tool for the
European rail industry to align energy
calculations, methodology and common
understanding sectorwide

o Abusiness to business screening tool for R&D, procurement and
upgrade projects

o Analysis & prediction of energy savings, CO, emissions and
simplified life cycle costs

o The Railenergy Calculator is NOT a comparison tool between
transport modes like Ecotransit or Ecopassenger!
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Railenergy Calculator — for whom?

Technicians, procurement, energy and

management staff from:

=

0 Railway operators

<
“K -

2 Infrastructure managers

0 Leasing companies
2 Railway manufacturers & suppliers
0 Rail traffic authorities & transport agencies

0 Consultants and academia
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How could we
improve our
(customers)

railway energy

performance?
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Accessing the Calculator — It Is so easy!

1) Start your PC (Internet connected)
2) Open your normal browser (IE or Firefox)

3) Go to www.railenergy.eu (online very soon)

4) Click the Railenergy Calculator button:
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Getting started... Three options

= Quick start
= New inquiry

= Examples and saved inquiries

i

1) Quick start: If you have no rail data or just
want a "quick test” of options

2)  New inquiry: If you have some rail data or
want a detailed configuration

3) Examples & saved inquiries: If you want to
start from predefined examples or retrieve own
data from previous sessions

Brussels Railenergy Final Conference 13
November 25th, 2010



_Railenergy

The Calculator has 9 steps

Leg In Register
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Inquiry Start

Scope & targets

Present setup

Sawving potentials

Energy sources

Energy & CO2 performance
Energy pricing & LCC
Economic performance

Sensitivity analysis

INQUI

ART

Welcome!

The Railenergy Calculator is a decision support tool based on the results of the EU Railenergy
project. It will help you make investment decisions by analysing different configurations of new
energy efficient technologies and operational measures with regard to their energy, COz and
economic performance.

How does it work?

The Calculator comprises @ steps. Enter information on your focation, present operational setup,
energy saving technologies, operational measures and energy prices to find out saving potentials.
Perform a sensitivity analysis with your results in the last step. Technical aspects are covered in
steps 1 to 6. Step 7 is for filling out economic data, if you wish to continue the analysis.

You can save your inguiry for later use anytime. Additionally, a PDF report can be generated.

-+ Choose ho ou want to start b of the sections
W Quick start i
Country Germany T [*
Energy supply AC 15 kV 16 2/3HZ ~ | *
Service type intercity adl g
Energy / COz target 5| =
=< New inguiry i

= Examples and saved inguiries i
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Inquiry Start

Scope & targets

Present setup

Saving potentials

Energy sources

Energy & CO2 performance
Energy pricing & LCC
Economic performance

Sensitivity analysis

[[] investigate technology measures

Operational measures i

[] investigate energy efficient driving

[] Investigate parked trains management

My inguiry

Meaw inguiry

Scope

Present setup

Country

Energy supply type

Energy con

grid efficency

sumption

Sermany

AC 15k 16 2/3Hz
8944

intercity

908 mia seat-km/s

23-11-2010
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Ingquiry Start

Scope & targets

Present setup

Saving potentials

Energy sources

Energy & CO2 performance
Energy pricing & LCC
Economic performance

Sensitivity analysis

Step 4
ING POTENTIA
+ Choose which of the following measures you would fike to inve
Technology measures i

Investigate technology measures

@® Individual Railenergy technology

Saving potential

4,00 %

Medium frequency energy distribution hd

() Railenergy technology recommendation

() Cwn energy technology

applied for

Operational measures i

Investigate energy efficient driving
Reduction potential for service type [intercity] 10 %

-

My inquiry

Fresent setup
Country

Energy supply type
Rail grid efficency
Rail zervice
Transport voluma
Load factar

Mazs par

Enargy consumption
In service

Cut af servics

intercity

208 mio seat-km/a

23-11-2010

m
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ENERGY SOUR

n Inquiry Start ) show inguiry history
Current energy mix 1
n Present setup @ Country specific mix of primary energy carriers
. ] Energy mix [%6]
n Sawving potentials S— 100
ﬂ Energy sources a0 ‘
Solid fuels oil Gas Nuclear Renewables Dther 5
B Ereroy & CO2 performance 45,9 % 0,0 % 8.8 % 29,9 % 14,0 % 14 % "
Energy pricing & LCC 0
n Econemic performance O Company specific mix of primary energy carriers cn
1{
u Sensitivity analysis Solid fuels il Gas Muclear Renewables Other 40
I 2 % % % 2% % 30
20
10
(D company specific COz intensity 0

— DE EL
g CO2/kwh
B SolidFuels @ Muclear
: ) . B il B Renewables
ck your input
Gas Other
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Inquiry Start

Scope & targets

Present setup

Saving potentials

Energy sources

Energy & CO2 performance
Energy pricing & LCC
Economic performance

Sensitivity analysis

2 PERFORMANCE

Energy savings

Eneray savings [%]

ii
io0

0

o o - 0 YA 0 e R i v

Your energy-saving target

B Achisved energy savings

=< Energy saving figures

CO; savings

CO2 savings [%]

sl
i0
kS
g

[ hthrn]

Specific energy consumption
30
b ) =4
20
{5

i}

a L
Baseline (Present setup)

Mew technolagy / Oper, measures

B EU average

Specific CO2 emissions

e}

My inguiry

Scope
Energy target 3%
COz target 2%

Fresent sstup

Country Germany
supply type 2/3H=
Rail zarvice intercity

Transpart volums 308 mio sest-km/a

¥ consumpticn

35,8 Gwh
8,24 GWh

Saving potentials
Single technology 4,.00%

Enargy efficient driving 10,00%

Enargy mix & COZ2

Current CO3 527 g/Kwh

Diate

m
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EMERGY PR.

n Inquiry Start TRV R UREY
New inguiry
B Scope & targets
_ Scope
n Present setup
Energy target 5%
n Saving potentials * 13 B scenario A COz target 580
B Energy sources PR Scenario B Present setup
3 s Country Germany
n Energy & CO2 performance Scenario C U = )
. o - Energy supply type AC 15 kW 16 2/3Hz 8
- 1,5 cenaria ) &
Energy pricing & LCC ) L Rail s=rvice intarcity
. ———— B Scenario E Transpart volume
n Economic performance
1 i
o 4 L . . o Energy savings
n Sensitivity analysis 3 d
b 2030 In service
Out of service 0,00 Kwh
Current energy mix Ensrgy mix & CO2
. . . Surrent COz 527
Energy price EUR/MWh *= = =R irrent COz 5
uze default value
Price development scenario - Dzte 23 I
Life cycle costs L
Additional time horizon YEErs
Discount rate - &

® Basic mode

Payback time YERMS e
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ENERGY P

Current energy mix

: =T My ingui
n Inquiry Start Energy price 75,00 EUR/MWhH = WRUEEY
Mewi inqui
B EEvel Price development scenario | B - IEA Crude oil reference scenaric = | *
Scope
n Present setup
Energy target 595
n Saving potentials COz target 5%
Life cycle costs 1
B everay sources A et
3 i § = — Country Germany
n Energy & CO2 performance Additional time horizon 7 year(s) - )
Energy supply type AC 15 kW16 2/3Hz
Energy pricing & LCC Olizcount rate & % - | == Rail sarvice intercity
. Transpart volums 308 mio sest-km/a
n Economic perfarmance
iy - i ® Basic mode Energy savings
n Sensitivity analysis
f € In service
Pay * _
Payback time Ot of service 0,00 KWh
Variable costs D Energy mix & COz
Chrrrank £k 527
fres t r =lt= £,
s ehmch yomr it rer.r:__l'l_bu_tc:n for page resulis before
continuing 11-2010
() Advanced mode =
Inwvestment costs EUR *
Variable costs EUR/year
Disposal costs EUR/Syear
yOur mpL
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Inquiry Start

Scope & targets

Present setup

Saving potentials

Energy sources

Energy & CO2 performance
Energy pricing & LCC
Economic performance

Sensitivity analysis

ECONOMIC PERFORMANCE

Cost-benefit result

Cost-benefit [TELR]

a000

000

4000

3000

z0no

10040

-1000

-Z000

ERERE

B Costs/Benefits

B Curnulative value (NPW)

R I I R T T T rT

7

g

9 49 11 12°13 1415

16 17 18 19 Z0

years

My inguiry

Scope
nergy target

E
COz target

Fresent setup
Country

Energy

Rail

supply type

ervice

Transpart valums

Energy savings
In service

Out of service

Energy mix & COZ
Current COz

Economic data
Energy price

Discount rate

Payback time {basic)

Date

Germany
AC 15 kW 16 B/3Hz
intercity

302 mio s=at-km/a

527 gfKWh

m
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]
Technical parameters Economic parameters i
n e . o e e R I A o S e My inquiry
' [] Technology-related saving potentials [] Energy price development -
Scope & targets o
B P 4 [] Energy efficient driving [] piscount rate 5
_ cope
B e [] parked trains management [ payback time Enzrgy targat 5
n Saving potentials [] co2 intensity [[] implementation rate Oz trget 35
B Energy sources Fresent sstup
3 Country Germany H
n Energy & CO2 performance _ | AC 15 kY 1E B3 |
Energy supply type AC 15 KW 1IG6 2 3Hz
Energy pricing & LCC Rail service intercity
. Transpart volums 308 mio sest-km/a
n Economic performance
e~ vsi i Energy savings
E Sopsibvty anays ! Cost-henefit [TEUR] Th service 4,87 GWh
E000 Out of service 0,00 Kwh
Enargy mix & COZx
5000 Current COz 527 g/kWh =
Economic data
4000 A
Energy price 75,00 Euro
Diiscount rate 6:00%
=000 Payback time (basic) 5 years
2000 Dats 23-11-2010
1000

0 EERNEPSsEEEEE SN =S E-- -

-1000
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SENSITIVITY ANALYS

-

Technical parameters Economic parameters i

Inquiry Start < < < v Rquiry
Technology-related saving potentials Energy price development el -

Scope & targets

Medium frequency energy distribution current 4 b new
Present setup e A PN i 75 EfMwh 20- B/ Mwh 585
Saving potentials m m St

[] Discount rate
[] Energy efficient driving ] payback time

Energy & CO2 performance [] parked trains management

Energy sources Fresent setup

m

Country

I:‘ Implementation rate

Energy pricing & LCC [] €02 intensity Rai
Transpart valums 308 mio s=at-km/'a

intercity

Economic performance
Energy savings

cpoRopDoBoe

Sensitivity analysis

In service

Out of service 0,00 Kwh

Energy mix & COZ
Current COz 527 gfKWh

Cost-benefit [TELR]

Economic data

00b Energy price 75,00 Euro
7000 Discount rate 6,00%
Payback time {basic) 5 years
000
Date 23-11-2010
sooo
4000
3000
2000

1000 -




TEST THE CALCULATOR
YOURSELF IN THE HALL
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Recommendations (1)

O

O

Eco-driving is always recommended:

o Level 1 driver training

o Level 2 onboard device

o Level 3 fluid traffic management

Management of onboard energy consumption (software/standards):
O In service (with passengers/load)

o out of service (parked trains)
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Recommendations (2)

Start using our Railenergy common language:

o UIC/UNIFE TecRec 100 _001: Specification and verification of energy

consumption of railway rolling stock
» For procurement and major upgrades

o Railenergy online Calculator www.railenergy.eu

» For clarification and screening of options before decision making
o Railenergy Key Performance Indicators

» For system benchmarking and comparisons
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Thank you very much for your attention!

Mads Bergendorft
Founder & Executive consultant

Macroplan Consulting
macroplan.dk
mads@macroplan.dk
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