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A Sustainable Future Model of Energy and Mobility
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Challenge of the World Energy Supply YouTube

Lecture 3

Global Energy Consumption
12,506 GW

~ 12 000 nuclear power plants needed?
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Challenge of the World Energy Supply YouTube

Lecture 3

Global Energy Consumption n
12,506 GW ~12 00 power plants needed”
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The Future Energy System e

POWER PRODUCTION SHORT-TERM STORAGE

\ solar batteries
/'\\,\ wind
. /' pump storage
etc...

/v (CSP w/ heat storage)

biogas

international
gas trade POWER CONSUMPTION
b @ electricity

heat
gas storage a
(Hy+CH,4 or LOHC) mobility

gas consumption

LONG-TERM STORAGE 5

Michael Duren, Univ. Giessen



A renewable energy system YouTube

Lecture 16

Energy production

~~

Energy transport

.~

Energy storage

N~

Energy consumption

Michael Diiren, Univ. Giessen



A renewable energy system YouTube

Energy production

Lecture 16

Best sites DESERTEC

~~

and local Eurosolar

Energy transport

International trade and import of energy is more sustainable:

.~

Energy storage

N~

Energy consumption

same installation gives 2-3 times more energy

Michael Duren, Univ. Giessen



: Produce renewables where the
DESERTEC Concept. production is most cost effective
NordLlnk .

8 2021

a.

Future of Energy:
Sustainable = Renewable
Fossil energy today: ~ 80%
Paris Agreement: ~ 0% fossil

Solar/wind fraction today: ~ 2%

Ramp up of sun and wind power
will not work fast enough

. Energy will be scarce! |

DESERTEC 2008



: Produce renewables where the
DESERTEC Concept. production is most cost effective

NordLlnk
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Future of Energy:

Sustainable = Renewable

Fossil energy today: ~ 80%
Paris Agreement: ~ 0% fossil
Solar/wind fraction today: ~ 2%
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A renewable energy system YouTube

Lecture 16
Best sites : S
Energy production :|> Cheml_cal energy carriers:
>50% is lost by conversion
and local i

Energy transport

.~

Energy storage

:: Overlay network (HVDC) and Hz/Synfuel

Distribution network (AC)

New paper on import of chemical energy carriers:

Import options for chemical energy carriers from renewable sources to Germany
! | Johannes Hampp@-*, Michael Diiren2, Tom Brown¢,b

arXiv:2107.01092v1 [physics.soc-ph] 2 Jul 2021

Energy consumption

10
Michael Duren, Univ. Giessen



A renewable energy system

Energy production

~~

Energy transport

.~

Energy storage

vAd

N~

Energy consumption

Ve VA U

Best sites

and local

YouTube
Lecture 16

Overlay network (HVDC) and LOHC/gas

Distr. network (AC) and LOHC/gas

Long time (seasonal); large capacity

ﬂ- large and cheap

Short time (daily); large efficiency

Jﬂ- small and expensive

Dual storage model:

Avoid ,large" and ,,expensive!“

Michael Duren, Univ. Giessen
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A renewable energy system YouTube

Lecture 16

Best sites

Energy production

~~

Energy transport

.~

Energy storage

N~

Energy consumption

e

and local

Overlay network (HVDC) and LOHC/gas

Distr. network (AC) and LOHC/gas

Long time (seasonal); large capacity

7

Short time (daily); large efficiency m

EleCtriCity domestic/industry 0 Speed -Tram

Mobility 4P ith overhead
lines and storage!
Heat

Michael Duiren, Univ. Giessen 12
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Energy and Mobility

i =g Transport is a key component
gy Of growth and globallzatlon
N o

Today ~25% of our energy
|s used for transport

,.. \
J

-
® B
. .'.F

s ~98.5°/o |s oil bae
\ (Germany 201 7) A

— Michael Duren, Univ. Giessen




Energy and Mobility
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Transport is a key component

= of growth and globalization
T~ g

Ind|V|duaI transport
of people

Today ~30% of our energy

is used for transport;

75l

!
v &l
.1.'.‘\

- ~98.5% is oil based
(Germany 201 7)
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Energy and Mobility
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Problem specification:

® Fossil fuels have to be stopped
® Energy will be scarce

® Primary energy source will be electricity
(wind, solar, hydro, ...)

® Renewable fuels only as secondary products:
efficiency loss by factor >2 (except bio-fuels)

Michael Dii Univ. Gi i Blume - Eigenes Werk, CEI'BY—SA 4.0, https:// 17
IChael buren, Univ. Giessen vikimedia.org/w/index.php?curid=62464463
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Energy and Mobility
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The Future of Mobility: 5 Steps Lecture 29

Step 1: Reduce transport of goods .

2 Step 2: Reduce transport of people
iStep 3: Short distances by walking + light vehicles | § j ke AR ‘ RS

Step 4: Subways in big cities

Step 5 Speed Tram on thve Auto-Bahn
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Step 3: short distances by walking + light vehicles

FUR SIE
CO,-FREI UNTERWEGS

DIESES FAHRZEUG FAHRT _ - Deutsche Post DHL
MIT ELEKTROANTRIEB.~& ~ g | Group -

lyer (talk) 18 38 24 June 2013 (UTC) Selbst fotografiert, CC BY 3. 0 https //




Step 4: Subways in big cities

. -‘
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y Pl 5.5 u

o efficient system if train size and requency is matched

® connection to suburbs needed

¢ ,last kilometer® by shared e-scooter, e-bike, e-shuttle bus

By Raphael Goetter from Strasbourg, Ns'ace_ -
Paris\WWeb2007 : La greve !, CC BY.2.0, https:// )
commons.Wikimedia.org/w/index.php?

curid=3125730 :
. — ! N L



Step 5: ? The main problem: no efficient system for the rest...

" Result: |
w People want their own carj
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Step 5: Speed-Tram on all major roads
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@ People want their own car|z
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Result R
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Individual mobility is not the first choice for long distance

Dream of automotive indust

e SUVs and trucks with hydrogen or synthetic fuels $

/ /[ -

Show Stopper:

® primary energy consumption too large

(fuel production + efficiency + friction)

pZ!
Von Alexander Migl - Eigenes Werk, CC BY-SA 4.0, _
https://commons.wikimedia.org/w/index.php? f2'
curid=62544952

Michael Duren, Univ. Giessen



5 Minutes of physics...

Does transport really need energy?

4

2 £ g ‘ ; ) ! 7

Von NASA Blueshift - set1, CC BY 2.0, https://commons.wikimedia.org/w/index.php?curid=33151485

Michael Duren, Univ. Giessen




5 Minutes of physics...

Does transport really need energy?

No, but...
there is friction on earth

-~ -
F
= krit.
FH
-

Von Debenben - Diese Datei wurde von diesem Werk abgeleitet: Stiction.svg, CC BY-
SA 3.0, https://commons.wikimedia.org/w/index.php?curid=77380421

wheels help!

Von see above - (German Wikipedia, Author: Studi111) bad copy from French Wikibooks
Image:Roulement.png Jean-Jacques MILAN 19:06, 30 January 2008 (UTC), CC BY-SA 3.0,

https.//commons.wikimedia.org/w/index.php ?curid=3476342

AP

R

Von NASA Blueshift - set1, CC BY 2.0, https.//commons.wikimedia.org/w/index.php?curid=331588 ‘

Michael Duren, Univ. Giessen
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5 Minutes of physics... y

Does transport really need energy?
No, but...
there is friction on earth

Von Debenben - Diese Datei wurde von diesem Werk abgeleitet: Stiction.svg, CC BY-
SA 3.0, https://commons.wikimedia.org/w/index.php?curid=77380421

Von see above - (German Wikipedia, Author: Studi111) bad copy from French Wikibooks s Tl
Image:Roulement.png Jean-Jacques MILAN 19:06, 30 January 2008 (UTC), CC BY-SA 3.0, e :
https.//commons.wikimedia.org/w/index.php ?curid=3476342 S %

Von NASA Blueshift - set1, CC BY 2.0, https://commons.wikimedia.org/w/index.php?curid=3315 :
Michael Diren, Univ. Giessen .




5 Minutes of physics...

Energy W for transport over distance s:

rolling resistance W ~ C,_ ms : mass and ground
C,.. ~ 0.002 (rail) ; 0.010 (car)
air drag W ~ V2As: speed and cross section

ascending slope W ~ mh: mass and height
(can be recuperated)

acceleration W ~ mv?:

(can be recuperated)

speed and mass

efficiency of engine: type

n ~ 95 % (electric) ; 60 % (fuel cell) ; 40 % (combustion)

efficiency of recuperation: none / battery / grid

R

Von NASA Blueshift - set1, CC BY 2.0, https://commons.wikimedia.org/w/index.php?curid=33151485 :
Michael Diiren, Univ. Giessen oy [ o




5 Minutes of physics...

Energy W for transport over distance s:

rolling resistance W ~ C, ms : mass and ground Energy losses in a typical car
C..~ 0.002 (rail) ; 0.010 (car) Stanby/Idle
air drag W ~ v?As:  speed and cross section 1=l Accessories

— =

>; 2%
ascending slope W ~ mh: mass and height
(can be recuperated) 100% 18-20%

:: > Engine
acceleration W ~ mv speed and mass

(can be recuperated) @ ﬂ

Drivetrain

2,

Tractive Energy

loss Aerodynamic drag 3%

efficiency of engine: type Engine loss 5.79 Rolling Resistance 3-4%

61-62% [nertia = Braking 6%

n ~ 95 % (electric) ; 60 % (fuel cell) ; 40 % (combustion)

efficiency of recuperation: none / battery / grid

Figure 9.31 | Energy use in a typical gasoline passenger vehicle (mid-size, urban driv-
ing mode). Source: based on Kobayashi et al., 2009.

Von NASA Blueshift - set1, CC BY 2.0, https://commons.wikimedia.org/w/index.php?curid=33151485 https.//iiasa.ac.at/web/home/research/Flagship-Projects/Global-Energy- 29
Michael Diiren, Univ. Giessen Assessment/GEA_Chapter9 transport _hires.pdf



YouTube

5 Minutes of physics... Leoture 28

Energy W for transport over distance s: Energy efficient transport:

rolling resistance W ~ C,_ ms : mass and ground
C,.. ~ 0.002 (rail) ; 0.010 (car)
air drag W ~ V2As: speed and cross section not too heavy

trains on rails

ascending slope W ~ mh: mass and height not too fast

(can be recuperated)
limited cross section (or large length)

2,

acceleration W ~ mv speed and mass

(can be recuperated) electric engines

efficiency of engine: type overhead lines, with recuperation to the grid

n ~ 95 % (electric) ; 60 % (fuel cell) ; 40 % (combustion) high occupancy (many people, many goods)

efficiency of recuperation: none / battery / grid _ _
(not sending around empty trains all day)

Factor of 10 saved easily! 30

Michael Duren, Univ. Giessen



Energy and Mobility
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Energy and Mobility
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https://commons.wikimedia.org/w/index.php?curid=56225649
https://commons.wikimedia.org/w/index.php?curid=56225649

Speed -Tram for passengers YouTube

Lecture 29

en.wikipedia.org/w/

33

! £ r:“,:f.,  Vor X - E|g/eues/VVerk CC BY- Dphittps://
SRR TR e “' commons iIkimedia.org/w/index. php’?cund_ BOTEL65



Lecture 29

Speed-Tram for cargo YouTube

“mil :z 1’*
il Ldadid Bisan
—-'!'! =

o
Wl e

‘ .. | :
! L R

PSS

By Source, Fair use,
index.php?curi -

34
arco Préag, CC BY-SA 3.0, https:// (
=515252

commons.wikimedia.org/w/index.php?curid

Michael Diiren, Univ. Giessen



Speed-Tram on the Auto-Bahn YouTube

Lecture 29

ﬁ The new Auto-Bahn

/ emergency

lane cars - | guard railing
\supply route (HVDC power, optical fibers)

] . ] ) By Source, Fair use, https://en.wikipedia.org/w/
Michael Diren, Univ. Giessen inéex.php?curid=51646226 P J o9



Speed-Tram

Energy Efficiency:

~ ralls, electric, recuperation,
overhead lines where possible,
otherwise batteries

PO SRS
"w
E=

WA tE
Michael Diiren, Univ. Giessen



Speed-Tram

Energy Efficiency:

~ ralls, electric, recuperation,
overhead lines where possible,
otherwise batteries

Stabilization of national grid:

- tram batteries used as
short-term storage

. |
- P — el
| —
— | e —— S, S — S— p—
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-—. | \\

\
| l\7.'
Wi
@ g | 'l‘\".
l

Y ﬁ'-" &
Michael Diiren, Univ. Giessen




Speed-Tram

Energy Efficiency:

~ ralls, electric, recuperation,
overhead lines where possible,
otherwise batteries

Stabilization of national grid:

- tram batteries used as
short-term storage

Landuse (biodiversity):

~ use existing roads
and highways

Michael Diiren, Univ. Giessen



Imagine a future world with Speed-Trames...

W N

Infrastructure:

Rails on all major roads
Overhead lines (most of the way)
Speed-Tram has batteries

for historic town centers, crossings,
low-ceilinged tunnels or underbridges

= ARSI
o i S o »_'r--'

Von Bobo11 - Eigenes Werk, CC BY-SA 3.0, https:// Von PTA78 - Eigenes Werk, CC BY-SA 3.0, https://39

commons.wikimedia.org/w/index.php?curid=20386114 Michael Duren, Univ. Giessen commons.wikimedia.org/w/index.php?curid=2763099



Imagine a future world with Speed-Trames...

“Phase transition® from individual
to public transport needed

The secret of speed:
direct connections from all A’s to all B’s possible

- A typical highway frequency is
~100 000 cars and lorries/day!

- Speed-Trams every 1-2 minutes needed
(for 100 000 passengers/day/highway)

- ho long waiting time for next train

- combination of
- scheduled and ,,on demand* trains
- short and long trains
- cargo and passenger trains

Michael Diiren, Univ. Giessen : __VerrNTDRX - Eigenes Weth
= commons. Wikim



Imagine a future world with Speed-Trames...

Comfort choice:
- direct train ,,on demand“ from home to home
(nearest tram stop)

Budget choice:
- scheduled train with change at several
stations

Extras:
sleeper cabin, quiet office table, meeting room, === B R s R il NE
small cabin for extensive (video) phone calls, S L BN = i,y i
indoor playground for children, gym, massage, = ' | S 8

pub-atmosphere: “drink and ride“,

after-work parties,...

dining room, breakfast, food orders, ...
Von Hinnerk R (Hinnerk Rimenapf) - Eigenes Werk, CC BY-SA 3.0,

https://commons.wikimedia.org/w/index.php?curid=29339404

Michael Dii Univ. Gi Von Hinnerk R (Hinnerk Rimenapf) - Eigenes Werk, CC BY-SA 3.0, 41
Ichael Duren, Univ. Giessen https://commons.wikimedia.org/w/index.php?curid=29339404



Speed-Tram

‘Speed:

-~ 130 km/h on highway, frequency: 1-2 min,1~
no intermediate stops on long distance
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Speed-Tram

'Speed:

-~ 130 km/h on highway, frequency: 1-2 m|n

no intermediate stops on long distance
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Comfort:

~ on-demand, home-to-home for extra price (+/- 1 km),
spemal comfort cars (dlnner sleeplng cars,.
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Speed-Tram

‘Speed:

-~ 130 km/h on highway, frequency: 1-2 m|n

no intermediate stops on long distance -'..,
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Comfort:

-~ on-demand, home-to-home for extra price (+/- 1 km),

spemal comfort cars (dinner, sleeplng cars,. o)
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Safty:
o 170 000 accidents on German highways/year
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Speed-Tram

‘Speed:
-~ 130 km/h on highway, frequency: 1-2 min,.“l

no intermediate stops on long distance

Comfort:

-~ on-demand, home-to-home for extra price (+/- 1 km),

special comfort cars (dinner, sleeping cars,...)
AN T GO TEELL. Tm—"——m e 2N 4 T :

Safty:

-~ 170 000 accidents on German highways/year
.~ | S

Operation:

y
- remote control & remote driver / autonomous

~ on-demand

/




4 Steps to a future world with Speed-Trames...

(on demand)

2. Trolleybus:

3. Autonomous Rail Rapid Transit

4. Speed-Tram on rails
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4 Steps to a future world with Speed-Trames...

Funktioniert erst dann effektiv,
wenn sehr viele Leute
| das System nutzen

1. Bus:
(on demand)

2. Trolleybus:

3. Autonomous Rail Rapid Transit:

4. Speed-Tram on rails:

Michael Duren, Univ. Giessen




4 Steps to a future world with Speed-Trames...

1. Bus:
(on demand)

2. Trolleybus: —
(overhead line) .

AT
TR

.g,,, -

3. Autonomous Rail Rapid Transit:
(Train with virtual rails)

4. Speed-Tram on rails:
(best energy efficiency;
& grid stabilization)

Michael Duren, Univ. Giessen
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4 Steps to a future world with Speed-Trames...

1. Bus:
(on demand)

2. Trolleybus:
(overhead line) .

3. Autonomous Rail Rapid Transit:
(Train with virtual rails)

4. Speed-Tram on rails:
(best energy efficiency;
& grid stabilization)

Michael Duren, Univ. Giessen




4 Steps to a future world with Speed-Trames...

|— =M=
1 B

(on demand) : —

po—

2. Trolleybus: .,
(overhead line) 7

3. Autonomous Rail Rapid Transit:
(Train with virtual rails)

4. Speed-Tram on rails:
(best energy efficiency;
& grid stabilization)
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4 Steps to a future world with Speed-Trames...
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— World's Tirst unmanned smart
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4 Steps to a future world with Speed-Trames...

1. Bus:
(on demand)

2. Trolleybus:
(overhead Ilne) |

3. Autonomous Rail Rapld TranS|t (ART)
(Train with virtual rails)

4. Speed-Tram on rails:
(best energy efficiency;
& grid stabilization)

Speed-Tram .
ART + rails + overhead line
+ crgo+ operatlon »on Demnd

Michael Duren, Univ. Giessen







