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ABSTRACT 
This paper presents a mul t id imensional examinat ion of infrastructural , technical / technologica l , 

operat ional , economic, env i ronmenta l , social, and policy performances o f t h e fu tu re advanced ETT 

(Evacuated Tube Transport) TRM (TransRapid Maglev) system. These performances are examined, 

analytically model led, and then est imated using the case of Trans-Atlantic passenger t ranspor t 

market current ly exclusively served by the APT (Air Passenger Transport) system. The aim is to assess 

t h e ETT TRM system's compet i t ive capabil i t ies compared to those of the current and fu tu re APT 

system and potent ia l cont r ibut ion to mi t igat ing Impacts of both systems on the society and 

env i ronment , I.e., sustainabil i ty o f t h e t ranspor t sector, under given condit ions. 

1. Introduction 

The fu tu re economy and society unti l and beyond the year 2050 wi l l very likely be characterized by: I) 

Continuous growtli but also aging o f the wor ld 's populat ion expected to reach 9-10-10^; ii) Growing 

developing economies cont r ibut ing to s t rengthening the "m idd le " class and consequent ly increasing 

demand for mobi l i ty in the countr ies like China, India, Russia and Brazil; and ili) Urbanization imply ing 

tha t by the year 2025 about two- th i rds o f the wor ld 's populat ion wi l l live in (also mega-) cit ies. 

Consequently, t he fu tu re t ransport systems wi l l very likely be exposed to challenges t o : I) Connect 

large urban agglomerat ions and marl<ets thus fu r the r foster ing globalization of economic, t rade , and 

o ther social /pol icy relat ionships; ii) Provide transport services of refined quality at reasonable 

cost/price regarding the very d i f ferent ia ted passenger needs; iii) Further diminishing impacts on the 

environment and society; and iv) Contribution to the national and global welfare by fu r the r Increasing 

emp loymen t and expansion, i.e., synergies w i t h the new technologies f rom other f ields/areas. 

The fu tu re advanced ETT (Evacuated Tube Transport) TRM (TransRapid Magelv) system seems t o be 

one able to cont r ibu te t o fu l f i l l ing the above-ment ioned requirements through compet i t ion mainly 

w i t h the long-haul APT (Air Passenger Transport) system. In addi t ion, by taking over a part of the APT 

demand , as presumably envi ronmental ly f r iendl ier sys tem/mode, it wou ld cont r ibu te t o mi t igat ing 

t h e overall t ranspor t sector-related negative impacts on the env i ronment and society, and 

consequent ly t o its - sector's more sustainable deve lopment . 

In addi t ion to this in t roductory , this paper consists of f o u r o ther sections. Section 2 describes the 

main components and concept of per formances of an ETT TRM system. Section 3 deals w i t h 

mul t id imens iona l examinat ion and model l ing of these performances. Section 4 presents an 

appl icat ion of t he proposed approach to t h e given long-haul passenger t ransport where an ETT TRM 

competes w i t h t h e APT system according t o the " w h a t - i f (hypothet ical) scenarios. The last sect ion 

summarizes some conclusions. 
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2. The Components and Concept of Performances of an ETT TRM System 

The concept of ETT TRM def ined as a very high speed long-haul t ranspor ta t ion system had been 

elaborated fo r a long t ime [1] . Its main components are vacuumed tubes, TRM trains, and support ing 

facil i t ies and equ ipment fo r the energy supply, maintaining vacuum in the tunnels, t ra in / t ra f f ic 

cont ro l /management systems, and f ire protect ion system. They all inf luence the ETT TRM system's 

Infrastructural , technical / technological , operat ional , economic, env i ronmenta l , social and policy 

performances, and vice versa, shown in Fig. 1. 

•> Bottom-up 

>• Top-down 

Figure 1 A simpli f ied scheme of performances of an ETT TRM system and 

the i r possible interrelat ionships [1] 

As shown by arrows, the part icular performances may inf luence each o ther t op -down (heavy lines) 

and bo t tom-up (dot ted lines). In such case: 

• Infrastructural and technical/technological performances general ly relate t o the physical, 

construct ive, and technical and technological features of the inf rastructure - tubes, rol l ing stock-

TRM trains, and suppor t ing facil i t ies and equ ipment ; 

® Operational performances relate demand, capacity, thei r relat ionship, i.e., qual i ty of services, 

f leet size, and technical product iv i ty ; 

• Economic performances are represented by costs, revenues, and the i r dif ferences (prof i ts/ loses). 

In some cases these can include savings in the cost of passenger t ravel t ime just due t o using this 

instead of some o ther t ranspor t system as al ternat ive; 

® Environmental and social performances include scale of impacts on the env i ronment and society 

such as energy/ fue l consumpt ion and related emissions of 6HG (Green House Gases), land use, 

noise, congestion, and t ra f f ic incidents/accidents (I.e., safety). In some cases, congestion could be 

considered as an operat iona l per formance inf luencing the overal l qual i ty of service. If monet ized, 

hese impacts represent external i t ies, which could also be considered as economic per formance. 
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9 Policy performances ref lect compliance w i t h the fu tu re med ium- to long-term t ranspor t policy 

regulations and specif ied targets mainly related to part icular (above-ment ioned) env i ronmenta l 

and social impacts. 

3. A Multidimensional Examination of Performances of an ETT TRM System 

3.1. Infrastructural performances 

The infrastructural performances of an ETT TRM system include the characteristics of tubes/ tunnels , 

s tat ions/ terminals , and corresponding network(s). 

3.1.1. Tubes/tunnels and stations/terminals 

In cases of spreading between t w o cont inents, the inf rastructure of an ETT TRM system w o u l d be 

designed general ly as underground tunnels under the seabed or as the under-water f loat ing tubes 

anchored by steel cables to the seabed. The latter concept wou ld be as: I) t w o t ranspor t and one 

separate serv ice/maintenance tube, the latest shared w i t h pipelines fo r oi l , water , gas, electr ic 

power t ransmission, and communicat ion lines, etc.; or ii) a single tube divided vert ical ly into the 

main section w i t h the t ra in lines, the maintenance section above, and the emergency section below. 

Fig. 2 shows a s impl i f ied scheme of two- tube design using the TRM trains, [1], [2], [3] . 

Figure 2 A s impl i f ied scheme of the two- tube design fo r an underwater ETT TRM system [1] 

The f loat ing tubes could be made of e i ther the thermal conduct ive pure steel guaranteeing a i r -proof 

at a rather modera te cost or of the composi te materials including steel and concrete layer a t the 

inner and outside wal l of t he tube , respectively [4]. The thickness of the tubes ' walls w o u l d be 

suf f ic ient t o sustain the wa te r pressure at a given depth f rom the outs ide and almost zero pressure 

f r o m the inside (at the depth of 300m the outside pressure is about 30a tm, i.e., the pressure 

increases by l a t m fo r each 10m of depth (atm -atmosphere)) . The tubes wou ld be composed of 

prefabr icated sections jo ined together in order to compose an air t ight tube. Al ternat ively, an 

inter locking mechanism wou ld be Incorporated into the sections in order t o keep t h e m assembled. 

The vacuum-lock isolation gates at the specif ied distance wou ld be constructed in order t o evacuate 

air f r o m part icular sections of the tubes more ef f ic ient ly and thus prevent the spreading of 

potent ia l ly large scale air leakages th roughout the ent i re tubes. These gates wou ld consist of 
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vert ical ly up and down moving doors, which could also func t ion as part o f t h e f i re protect ion system. 

These doors wou ld be closed dur ing the init ial evacuation of air f r om the tubes and in the cases of 

large scale leakages, and opened otherwise [2]. The f loat ing of such tubes at the given depth w i t h the 

TRM guideway(s) inside wou ld depend as fo l lows [1] : 

PV^ =M-p„-V = n - L \ R l - R l ^ - s , , . - f - p , r R l \ (1) 

where 

l/Vb is the resultant buoyant force ( ton) ; 

y is the vo lume of displaced wa te r by tube(s) (m^); 

M is the mass (weight) of the tube(s) ( ton, kg); 

Po is density of sea water ( ton /m' ' ) ; 

y is the vo lume of displaced wa te r equal to the vo lume of tube(s) (m^); 

Rl, R2 is the inside and outside radius of the tube, respectively, (m) {Ri < Rz); and 

L is the length of the tube (m); 

s,v is the specific gravity of tube's mater ial ( ton /m^) ; 

ƒ Is the factor of increasing the to ta l mass (weight) of the tube due to its internal and external 

content (71 = 3.14). 

If Wb = 0, t he tube(s) wi l l f loat at t he surface; If Wt < 0, the tube(s) wi l l be pushed upwards imply ing 

tha t they w o u l d need t o be anchored to the ocean f loor by a cable system in order to stay at the 

given depth ; if Wb> 0, the tube(s) wi l l sink to the sea f loor [1] , [2] [3] , [4]. 

3.1.2. Network 

The tubes lying mainly under the sea level w i th a short por t ion at the surface just near the coast and 

dedicated passenger stat ions/ terminals at the i r ends wou ld compose the EET TRM system network . 

These terminals wou ld be located at the coast preferably incorporated in to larger In termodal 

passenger terminals (i.e., under the "same r o o f ) also accommodat ing the short- and med ium-

distance rail- and road-based passenger t ranspor t systems/ ' feeding' networks dr iv ing passengers 

between the ETT system and the i r f inal or ig ins/dest inat ions. Fig. 3 shows the simpl i f ied scheme of an 

in tercont inenta l ETT TRM system w i t h a single l ine / route and the l ines/routes of its ' feeding' 

networks. In this case, the relevant Infrastructure performance of end terminals is the number of 

tracks t o handle the TRM trains, wh ich can be est imated as fo l lows: 

= / z r 7 T a , ^ ) - W / , (2) 

where 

fErr(d, T) is t he t ransport service f requency on the l ine/ route (d) dur ing t ime (T) (dep/T); and 

tETT/s is t he t ime a TRM t ra in occupies a track (min, h). 
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T^̂ .Tg- Begin and end terminal, respectively, ofthe ETT system (line/route) 

Local/regional transport network (tram, bus, metro) 

National/continental transport network (conventional/HS rail bus) 

Direction of operation ofthe ETT system's trains 

Figure 3 A s impl i f ied scheme of an Intercont inental ETT TRM sys tem/network w i th a single l ine / route 

[1] 

In Eq. 1, t ime (tEn/s) includes the t ime for passengers' d isembark ing/embark ing, cleaning, energy/ fue l 

supply, inspection and o ther activit ies for making ready the TRM train(s) next safe t r ip . 

3.2. Technical/technological performances 

Technical / technological performances of an ETT TRM system relate to the vacuum pumps, TRM 

trains, and t ra f f ic con t ro l /management system. 

3.2.1. Vacuum pumps 

The vacuum pumps wou ld be appl ied to init ial ly evacuate and later maintain the required level of 

vacuum inside the tubes. In part icular, creat ing an init ial vacuum consists of large scale evacuat ion 

and later on removal of smal ler molecules near tube walls using heating techniques. These w o u l d 

require power fu l vacuum pumps consuming a substantive amount of energy. How wou ld the pumps 

work? At the init ial stage, they wou ld be operat ing unt i l achieving the required tube evacuation level, 

t hen , automat ical ly s topped, and the vacuum-lock Isolation gates opened. In cases of air leakage in 

some section(s), the corresponding gates wou ld be closed and the pumps activated again. The pumps 

w o u l d be located along the tube(s) in the required number depending on the volumes of air t o be 

evacuated, available t ime , and the i r evacuat ion capacity. 

3.2.2. Vehicles and propulsion 

The vehicles of an EET TRM system w o u l d be modi f ied (redesigned) German TRM07 trains [1] , [5] , 

[6 ] , [7]. The modif icat ions w o u l d be needed due the very high operat ing speed of about VETT= 6.4 -

8.0- lO^km/h and the hor izontal accelerat ion/decelerat ion rate(s) of about o=1.5-3 .0m/s^ to be used 

thanks to opera t ing in vacuum tubes. These TRM trains wou ld use electric energy fo r thei r lev i tat ion, 

guidance, air cond i t ion ing, heat ing, l ight ing and power ing o ther facil it ies and equ ipment , and LH2 

(Liquid Hydrogen) propel l ing some kind o f t h e rocket engine fo r propulsion [3] , [8] . In particular, due 

accelerat ing/decelerat ing of TRM train(s) t o / f r o m the very high speed (B.O-lO^km/h), respectively, a 

substant ive energy wou ld be consumed, which can be est imated as fo l lows: 

^ . . r / „ / . = l / 2 - " W v ^ , (3a) 
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where 

rriETT is the mass (weight) of TRM tra in (kg, ton ) ; 

VETT is the cruising speed of TRM tra in (m/s ; km/h) . 

The accelerat ion/decelerat ion phase of a t r ip wou ld require much stronger than basic TRM tra ins ' 

engines, w i th m in imum required power / th rus t est imated as fo l lows: 

P/T,„.,,=m^rT-^>t/,r-VETT (3 b) 

where 

OEW^' is the accelerat ion/decelerat ion rate, respectively, of ETT TRM train t o / f r o m the average 

cruising speed {VETT) (m/s^). 

The other symbols are analogous to those in the previous Eqs. 

During cruising phase of a t r ip , the TRM trains pressurized similarly as modern commercia l aircraft 

(about l a t m ) wou ld move thanks to the inert ial force gained af ter acceleration w i thou t aerodynamic 

(due to vacuum) and rol l ing (due to levi tat ion) resistance. 

Using low density LH2 stored at low tempera tu re , the u l t imate ly larger insulated fuel-storage tanks 

wou ld be needed, which wou ld together w i th engine(s) very likely increase the i r mass/weight . In 

addi t ion, operat ing in the vacuum tube(s) at the very high speeds wou ld el iminate the shock waves 

when breaking the sound barrier ( impor tant fo r passing trains in a single tunne l / t ube concept) , and 

make negligible air f r ic t ion and consequent heating of t rains. Nevertheless, heat shields wou ld be 

installed at TRM trains as protect ion f r om f rom overheat ing caused by unpredictable air leakages [4]. 

3.2.3. Traffic control/management system 

The traf f ic con t ro l /management system at TRM trains w o u l d be ful ly au tomated , i.e., contro l led 

(guided) very likely analogously to the modern UAV (Unmanned Flying Vehicles - designed pilotless 

aircraf t ) , and managed (separated) along the l ine / route according to the TRM operat ing principles. 

This is because the drivers simply wou ld not have t ime to react to unpredicted events due t o t ra in 's 

very high operat ing speed. 

3.4. Operational performances 

The operat ional performances of an ETT TRM system relate to demand, capacity, and qual i ty of 

service, the vehicle f leet size, and technical product iv i ty [1] . 

3.4.1. Demand 

I) General 

The demand for an ETT TRM system operat ing in the long-haul markets (i.e., at the higher level) such 

as those between large urban agglomerat ions located in the same or d i f ferent countr ies and /o r at 

the same and /o r d i f ferent cont inents, can be est imated by assuming its compet i t ion w i t h the APT 

(Air Passenger Transport) system using the convent ional subsonic, super-, and /o r hypersonic 

( for thcoming) aircraft . In these cases the ETT TRM system is assumed to take over part of the APT 

demand , col lected and distr ibuted t o / f r o m it by the short- and medium-haul rail and road passenger 

t ranspor t systems. This prospectively at t racted demand can be est imated by logit mode l . 

II) Logit model 

The logit model est imates the probabi l i ty of choice of a given among several al ternat ives, in this case 

ETT TRM and APT system / m o d e as fo l lows [1] : 
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where 

ÜETjid, T) is dis-uti l i ty func t ion o f t h e ETT system operat ing on the l ine / route (d) dur ing t ime (T); 

ÜAPTid, T) is dis-uti l i ty func t ion o f t h e APT system operat ing on the l ine / route fc/;. 

The dis-(uti l i ty) funct ions UEufd, T) and UAPrfd, T) in Eq. 4a consists of t he general ized costs of 

perceived door- to-door t ravel t ime and the pr ice/fare paid fo r a t r ip by the ETT TRM system and its 

APT counterpar t , respectively. The dls-(uti l i ty) funct ion UErrfd, T) In Eq. 4a fo r a given category of 

users/passengers can be est imated as fo l lows: 

U^rj. (d, T ) = a- r^-,-j.i„ + /? • t^rriir id) + a- r ^ „ v . + PETT id, T ) = a • 1 /2 
T 

fErrid,T) 

+ /?. 

(4b) 

where 

TiTT/a, TETT/I is the t ime of accessing/leaving the system, respectively (min, h) ; 

a is the unit cost of passenger t ime dur ing assessing, wa i t ing fo r departure, and leaving 

the ETT TRM system ($US/min/pass); 

tETT/w(d) is the in-vehicle t ransi t t ime on the l ine / route (d) (h, min) 

/3 is the unit cost of passenger in-vehicle t ransi t t ime ($US/min/pass); 

PEuld, T) is the pr ice/ fare fo r a t r ip by the system on the l ine / route (d) dur ing t ime (T) 

($US/pass). 

The o ther symbols are analogous t o those in the previous Eqs. The dis-(ut i l i ty) funct ion UAPT (d, T) 

can be est imated analogously. 

Ill) The number of passengers 

The number of passengers choosing the newly imp lemented ETT TRM sys tem/mode, i.e., taken over 

f r o m t h e exist ing APT sys tem/mode, on the l ine/ route (d) dur ing t ime (T) can be est imated by Eq. 4a-

b as fo l lows [1] : 

Q^^ i d , T ) = plU,^^^ id, Ty\ • Q,^., i d , T ) (4c) 

where 

QAPM T) is the number of passengers on the given l ine/ route (d) dur ing t ime (T) exclusively 

carried by the APT sys tem/mode at the t ime of imp lement ing the ETT TRM 

sys tem/mode. 

Equation 4c implies tha t only the passenger demand taken over by the EET TRM f rom the APT system 

Is considered and not the ETT TRM system's self-generated demand. 
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3.4.2. Capacity 

The service f requency (fcnld, Tj) of the ETT TRM system satisfying the expected passenger demand 

on the l ine / route (d) dur ing t ime (T) can be derived f rom Eq. 4c as fo l lows: 

f ( d n = QErr(c/,T) (4d) 
'ETT 

where 

^.ETT(d, T) is the average load factor of an ETT TRM t ra in operat ing on the l ine/ route (d) dur ing 

t ime (T); 

SETfid, T) is the seating capacity of an ETT TRM tra in operat ing on the l ine / route (d) dur ing t ime 

(T) (seats). 

3.4.3. Quality of service 

The qual i ty of services of an ETT TRM system, in addi t ion t o at t r ibutes such as f requency, rel iabil i ty, 

and punctual i ty , could be part icularly inf luenced by the In-vehicle comfor t dur ing a t r ip . This comfor t 

highly depends on the hor izontal , vert ical, an lateral forces act ing on passengers whi le 

accelerat ing/decelerat ing the TRM train(s) t o / f r o m the very high speed (8.0- lO^km/h), respectively. 

The lateral force could be mit igated through design of the ETT tubes (preferably as straight as 

possible in both horizontal and vert ical plane) and the appropr ia te arrangements of seats w i th in the 

TRM trains. The design wou ld be rather complex to achieve In the vert ical plane since, fo r example, 

t he long in tercont inenta l tubes wou ld have to align w i t h the Earth's curvature; in the horizontal 

plane the straight line shortest (Great Circle) distances wou ld likely be fo l lowed. Consequently, the 

other t w o -hor izontal and vert ical- forces wou ld remain. If the TRM trains were 

accelerat ing/decelerat ing at the rate of o = 1.5-3.0 m/s^ thus achieving the max imum cruising speed 

In about 12.3 - 24.7 min , the horizontal G-force as a propor t ion o f t h e nominal gravi tat ional force [g = 

9.81m/s^) w o u l d be: 0.152-0.306g - not part icularly compromis ing riding comfor t of passengers. 

3.4.4. Fleet size 

Given the service f requency (fErr(d, Tj) in Eq. 4d, the TRM t ra in f leet size of a given ETT system can be 

est imated as fo l lows: 

N,^,^{d,T) = f r ^ i d , T ) • t , r r , M ) (^^) 

where 

tETT/tr(d) is an ETT TRM train's average tu rnaround t ime along the l ine / route fc/j (min, h). 

The t ime (tEn/trfd)) in Eq. 5a can be est imated as fo l lows: 

t ETT f Ad) =2 '^^ ETT Is 
^'ETT ^ETT 

(d) 

"ETT 

where 

ffTT/5 is the average stop t ime of an ETT TRM tra in at the end termina l (h, min) . 

The o ther symbols are analogous to those In the previous Eqs. 

(5b) 
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3.4.5. Technical productivity 

Technical product iv i ty of an ETT TRM system (s-km/h ) can be est imated for a single and the f leet of 

TRM trains. 

i) Single t ra in /vehic le : 

TP, ElTIv id, T ) = s ^ j . (d, T ) • Vj^T^ i d ) (6a) 

ii) Fleet of t rains/vehicles: 

(6b) 

All o ther symbols are as in the previous Eqs. 

3.5. Economic performances 

The economic performances of an EFT TRM system include the cost of in f rastructure, roll ing stock -

TRM trains, and support ive facil it ies and equ ipment , direct revenues f r om charging passengers, and 

Indirect revenues as savings in the costs of passenger t ime and env i ronmenta l and social impacts 

(i.e., external i t ies) though compet i t ion w/ith o ther t ranspor t systems/modes, in this case ATP system. 

3.5.1. Costs 

i) In f rast ructure 

The inf rast ructure costs of an ETT TRM system include expenses fo r bui lding inf rastructure and 

suppor t ing facil i t ies and equ ipment . These costs wou ld include investments, maintenance and 

operat ing costs. The investments generally include the expenses for bui lding tubes (2+1), TRM t ra in 

guldeways, and terminals at both ends o f t h e given l ine / rou te , and facil it ies and equ ipment such as 

vacuum pumps, the power supply system, t raf f ic cont ro l system, communicat ions, and f i re 

pro tec t ion system. The maintenance costs include the expenses of regular and capital maintenance 

of in f rast ructure and support ing facil i t ies and equ ipment . The operat ional costs mainly include the 

expenses of labor and energy for mainta in ing vacuum in the tubes [9] . 

ii) Rolling s t o c k - T R M trains 

The cost of rol l ing stock wou ld consist of t h e investments and operat ional cost. The fo rmer relate t o 

acquir ing the TRM tra in f leet. The later includes the expenses for maintenance, mater ia l , labor, and 

energy / fue l to operate the TRM f leet under given condit ions. 

3.5.2. Revenues 

The revenues of an ETT TRM system can be direct and indirect. The fo rmer are mainly obtained f r o m 

charging its passengers. The later can be savings in the cost of passenger t i m e and the cost of 

env i ronmenta l and social impacts (i.e., externali t ies) such as energy consumpt ion and related 

emissions of GHG, noise, congest ion, and t raf f ic incidents/accidents. These later savings occur by 

reducing the scale of operat ions of compet ing APT sys tem/mode due to losing passenger demand 

taken over by the ETT TRM system. 

3.6. Environmental and social performances 

The env i ronmenta l and social performances of an EFT TRM system relate to its Impacts on the 

env i ronmen t (energy/ fuel consumpt ion and related emissions of GHG (Green House Gases) and land 

use/ take) and society (noise, congest ion, safety, i.e., t ra f f ic incidents and accidents), all es t imated 
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according to the scenarios of compet ing w i t h o ther t ranspor t modes. The costs of these impacts (i.e., 

externali t ies) can be considered in the scope of these instead of, as ment ioned above, economic 

performances. 

3.6.1. Energy/fuel consumption and emissions of GHG (Green House Gases) 

The energy/ fuel consumpt ion of an ETT TRM system includes the energy f o r sett ing up and then 

maintain ing vacuum in the tubes, operat ing TRM trains ( lev i tat ion, propuls ion, guidance), and 

power ing the other suppor t ing systems, facil i t ies, and equ ipment . Due to using LH2 fo r propulsion 

and electric energy f r om the renewable pr imary sources (water, sun, nuclear) fo r levi tat ion and 

guidance, the TRM trains operat ing in the vacuumed tubes wou ld have negligible emissions of GHG 

and consequent impact on the env i ronment , part icularly compared to those f r o m burning of JP-1 fuel 

(kerosene) by the convent ional APT aircraft emi t ted direct ly In the atmosphere [1]. 

3.6.2. Land use 

An ETT TRM system wou ld occupy addi t ional land only fo r building its coast terminals should they not 

already be a part of t he larger in termodal passenger terminals Incorporated w i th in existing urban 

structures. 

3.6.3. Noise 

An ETT TRM system wou ld not generate any noise disturbing populat ion around the l ine 's/ route 's 

begin and end te rmina l mainly because its TRM trains wou ld operate at low speeds w i th in the tubes 

in the i r vicinity. 

3.6.4. Congestion 

Due to the nature of operat ions, an ETT TRM system would be free f r om congestion along the 

l ines/routes. Regarding the intensity of operat ions, t he au tomated t raf f ic management systems 

wou ld have to provide a precise guidance in order to achieve almost perfect (in terms of seconds) 

matching of the TRM train 's actual and scheduled depar ture and arrival t imes. However, wh i le 

rel ieving airports f r o m congestion by tak ing over some APT demand , the ETT TRM system could 

cont r ibute to increasing congestion in the areas around its begin and end terminals simply due t o the 

increased intensity of mobi l i ty there , as described above. 

3.6.5. Traffic incidents/accidents (safety) 

An ETT TRM system is expected t o be safe at least as its APT counterpar t . This implies tha t 

incidents/accidents should not occur due to the known reasons. However, t he part icular a t ten t ion 

wi l l have t o be devoted to the safety and security of Infrastructure (tubes), fo r example, prevent ing 

eventual ter ror is t threats /a t tacks, mainta in ing vacuum, and intervening in cases of losing it due t o 

d isturbing and disrupt ive events. Consequently, the TRM trains operat ing at the very high speed 

wou ld be immedia te ly automat ical ly s topped. 

3.7. Policy performances 

An ETT TRM system wou ld demonst ra te its policy performances both at the nat ional scale as 

cont r ibu t ion to creat ing an integrated t ranspor t system and in ternat ional (global) in te rms of creat ing 

an integrated global the very high speed non-APT sys tem/ne twork , which wou ld even stronger 

cont r ibu te to fu r ther global izat ion of the already highly global economy and society. A t such, the 

system wou ld cont r ibu te t o sustainabi l i ty of t ranspor t sector th rough cont r ibut ing to the social 

economic wel fare and reducing its overall impacts on the env i ronment and society. 
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4. An Estimation of Performances oftlie ETT TRM System 

4.1. The case: Trans-Atlantic APT market 

As ment ioned above, one among prospective long-haul ( intercont inental ) passenger t ranspor t 

markets for Implementat ion of the ETT TRM system could be the one between Europe and Nor th 

America (i.e., Trans-Atlantic). At present, this is the wor ld 's largest in tercont inenta l air passenger 

market served by APT (Air Passenger Transport) system. Some estimates indicate that the average 

share of this market in the to ta l global APT^ market of about 8.3% In 2011 wou ld decrease to about 

6.5% or 5.4% in 2031 , thus Indicating its increasing matur i ty over t ime implying lower g r o w t h 

rates(s). Consequently, Fig. 4 shows the past and forecasted/prospect ive development of t he APT 

demand in this market for the period 2004-2060 [10], [11], [12] . 

— Realized 
• • Forecasted 

Annual growth rates: 
2015-2025-4.0%/yr 
2025-2035 - 3.0%/yr 
2035-2050 - 2.5%/yr 
2050-2070 - 2.0%/yr 

.Xf 

2000 2010 2020 2030 2040 2050 2060 
Year 

Figure 4 Possible long-term development of APT (Air Passenger Transport) demand In Trans-Atlant ic 

market (both direct ions) [1] , [10] , [11], [12], [16] (Airbus, 2012; Boeing, 2014; FAA, 2013; Janic, 2014; 

h t tp : / /cent reforav iat lon.com/analys is / the-nor th-at lant ic- the-state-of - the-market - f ive-years-on-

from-eu-us-open-skies-100315) 

As can be seen, under the assumed average annual g rowth rates dur ing particular sub-periods of the 

given long-term per iod indicat ing gradual maturat ion o f t h e market and weakening its main demand-

driving forces on both sides of At lant ic, the annual number of passengers (both direct ions) is 

expected to increase t o about CLAPI = igS-lO*^ in the year 2050, and 240 -10*^ in the year 2060. A t the 

year 2 0 5 0 / 5 1 , the imp lemented EET TRM system is supposed to immediate ly at tract a part o f this 

expected APT demand consisting mainly of business (premium class) passengers consider ing the 

t ranspor t t ime as one of the most Important at t r ibutes for choice of the t ransport sys tem/mode . 

These passengers wou ld access the ETT TRM system at begin/end termina l at both ends o f the 

route / l ine by ( integrated) feeder services provided by the above-ment ioned t ranspor t 

systems/modes. Later over t i m e , the ETT TRM system could also become increasingly convenient fo r 

more massive use also by the economic class-passengers. 

' Generally, for the period (2011-2030/31), both Boeing and Airbus predict the annual APT growth In terms of RPK (Revenue Passenger 

Kilometers) of about 5% [10], [11]. 
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4.2. Infrastructural scenario 

The length of the ETT TRM l ine / route in the above-ment ioned Trans-Atlantic ATP market to be built 

over the per iod of 20 years (2031-2050) wou ld be d = 5664km (similarly as the length of route 

between London and New York). As shown in Fig. 1, at the ETT TRM system design w i t h t w o 

t ranspor t and single serv ice/maintenance tube, the inside and outside d iameter of each t ranspor t 

tube wou ld be about: D2 = 2R2 = 6.2m and Di = 2Ri = 6.0m, and tha t of the service tube : Ds2 = 2Rs2 = 

3.2m and Dsi = 2Rsi = 3.0m, respectively. This implies thickness of all tubes of 200mm [13]. They 

wou ld accommodate the TRM tra in 's height and w id th of 4.16m and 3.70m, respectively, and height 

of guideway(s) of 1.25m (Fig. 2; Table 1) [1]. For example, let the density of ocean water be: po = 

1 .027 ton /m^ the dimension of the tubes as above; the factor: ƒ = 2 for instal l ing guideway(s) and 

o ther systems inside, and the average specific gravity o f t h e tubes' mater ia l : Sw = 5.67 t o n / m ^ (i.e., 

60 /40% mix of steel (specific gravi ty: Ss = 7.85 ton /m^) and concrete (specific gravity: Sa = 2400 

ton /m^) ) . Then, based on Eq. 1 the buoyant force of tube of length of I m wou ld be: Wb = 21.72 -

29.02 = -7.3kg < 0, which implies tha t the tube wou ld f loat and thus must be anchored to the seabed. 

In add i t ion, the buoyant force wou ld be used t o specify the need for anchoring cables. The quant i ty 

of mater ia l used t o build t w o t ranspor t and one service/maintenance tube w i t h 200mm thick walls 

and the specific gravity o f t h e mix ture of mater ial (5.67ton/m^) wou ld amount t o about 152- lO^ton. 

In addi t ion, about 200 vacuum pumps (units), each w i t h capacity of lOOmVmin and energy 

consumpt ion of 260KWh wou ld be located at a distance of about 28km along the line. The vo lume of 

air t o be evacuated f rom t w o tubes wou ld be: Vor = 2-3.14-5564-10^-3' = 320• lü '^m^ init ial ly dur ing 

about 11.1 days [1], [2], [3], [4]. 

4.3. Technical / technologica l scenario 

The ETT TRM system wou ld consume most energy/ fuel fo r propulsion, i.e., accelerat ing/decelerat ing 

of TRM train(s) t o / f r o m their max imum cruising speed of: VETT = 8.0-10^ k m / h . If, fo r example, the 

gross weight of f ive-car TRM tra in was 320ton, the energy needed to accelerate it t o / f r o m the 

above-ment ioned maximum cruising speed wou ld be est imated by Eq. 3a as: EEu/a/d = 

l/2-320-10^-(8.0-1073.6-10^)^ = 790.2-lO^J = 219 .5MWh. This acceleration phase wou ld take about : 

ütErr/a/d=VETTT/aETT= [(8.0-1073.6-10^)/3.0]/60 = 12.3min (the average accelerat ion/decelerat ion rate 

is OETT = ±3m/s^). Af ter that , t he TRM t ra in wou ld cont inue to be driven by inert ial force w i t hou t 

consuming addi t ional energy fo r propuls ion. At the end of route , the TRM train(s) wou ld spend again 

the same as above amount of energy and the t ime for decelerat ion and stop. Consequently, the 

m in imum required power of the rocket engine est imated by Eq. 3b wou ld be: P/TEn/e= 

l /2-[320-10^-(8.0-1073.640^)-3.0] = 1066.7-10S|<g-m7s^= 1066.7MW. The mass/weight of this engine 

wou ld be: mre = 1.7-6.3ton [1], [14]. If LH2 (Liquid Hydrogen) w i th the energy content of 142MJ/kg 

was used, its consumpt ion dur ing accelerat ion/decelerat ion phase of a t r ip w o u l d be about Fc/a/d-

EETT/a/d/142 = 790123.5/142 = 5.6ton each, and the to ta l consumpt ion 11.2ton imply ing the capacity 

of reservoirs onboard the TRM of Cr = 12 ton. Giving the density of LH2 of: D = 70 .86kg /m^ the vo lume 

of these reservoirs wou ld be: Vr = Cr/D = 12000/70.85 ~ 170m^ [15]. These all above-ment ioned 

modif icat ions including the weight of insulated reservoirs wou ld increase the gross weight o f t h e 

TRM tra in to about : mETT= 340ton. Then, the energy consumpt ion dur ing accelerat ion/decelerat ion 

wou ld be: ferr/o/d = 233 .2MWh (Fc/a/d = (2-839520.5)/142 = 11.9ton), and the m in imum required 

power of t he rocket engine: P/TEir/e - 1133.3MW. The result ing differences between the main 

technical / technological and operat ional performances o f t h e basic and modi f ied TRM t ra in , t he later 

to be operated by the ETT system Is given in Table 1. 
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Table 1 Technical/ technological and operat ional perfornnances o f t h e basic and 

modi f ied ETT TRIVI (TransRapid MAGLEV) 07 train [1] , [5] , [6] , [7] 

Characteristic Value^' Value^' 

Carriages/sections per t ra in 5 5 

Length of t ra in (m) 128.3 128.3 

Wid th of carriage (m) 3.70 3.70 

Height of carriage (m) 4.16 4.16 

Weight of empty train ton) 247 247 

Gross weight of a train^' (ton) 318-320 340 

Seating capacity (max) (seats) 446 400 

Gross weight /seat ratio (average) 0.71 0.85 

Axle load - gross weight ( ton /m) 2.47-2.479 2.65 

Technical curve radius (m) 2825-3580 2825-3580 

Max imum engine power (MW) 25 1133.3 

Lateral t i l t ing angle (°) 12-16 12-16 

Max imum operat ing speed (km/h) 400-450 8000 

Max imum accelerat ion/decelerat ion (m/s^) 0.8-1.5 3 ^ 

i l Non-vacuum; 2)Vacuum; ^'Approxlmately 64ton/carriage including the weight of passengers 

and their baggage 

4.4. Operating scenario 

4.4.1. General 

The "what- i f " operat ing scenario is developed for the year 2050 /51 when the EET TRM system is 

supposed t o be imp lemented between Europe and North America (over North-At lant ic) and as such 

start compet ing w i t h the wel l -establ ished APT system. 

Three operat ional compet ing scenarios are considered regarding the APT system exclusively 

operat ing: 

1) Convent ional sub-sonic aircraft f leet w i t h the cruising speed of about 0.85M at the al t i tudes of 

about 33-lO^ft ( I M = 1078km/h at t he al t i tude of 33 ' lO^f t (M - Mach number) (ETT-APT/C); 

ii) Fleet of STA NASA (Supersonic Transport Aircraft-NASA High-Speed Civil Transport) beyond the 

year 2030 w i t h the cruising speed of 2.0-2.4M at the alt i tudes of 60-lO^ft ( I M = 1062 km/h at t he 

a l t i tude of eO-lO^ft; 1ft = 0.305m) (EET-APT/STA NASA); and 

ill) Fleet of ECH M5C (EC Hydrogen Mach 5 Cruiser A2) beyond the year 2030 w i th the cruising speed 

of M 5.0 at t h e al t i tudes o f eO-lO^ft ( I M = 1062 km/h at the a l t i tude of 60-103ft; 1ft = 0.305m) 

(EFT-APT/ECH M5C) [1] . 

4.4.2. Estimation of passenger demand 

According to the forecasted passenger demand in Fig. 4, the above-ment ioned APT system is 

expected to carry out about 199'10^ in the year 2051 and about 240'10^ passengers in the year 2060. 

Based on the past experience and assuming that it wi l l cont inue in the fu tu re , about 16-18%, i.e., 32-

33-10^ o f t h e s e mainly business (premium class) passengers wou ld be expected t o choose between 

the APT system operated by d i f ferent above-ment ioned aircraft categories and the newly 

imp lemented EETTRM system [16]. 

Under an assumpt ion tha t the cost of access t ime and prices are going t o be approx imate ly equal fo r 

bo th systems, the t ravel t ime between origin and dest inat ion airport(s) of the ATP and be tween 

begin /end te rminus of ETT TRM appears to be the main a t t r ibute of sys tem/mode choice. Some 
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relevant operat ional characteristics (al t i tude, cruising speed) and consequent average route travel 

t ime relevant fo r the modal choice are est imated and given in Table 2. 

Table 2 Some operat ing characteristics of the EET TRM and the APT system In the given case - Trans-

Atlant ic market [1], [27], [ 2 8 ] , [29] (Coen, 2011 ; EC, 2006, 2008; Janic, 2014; NAS, 2001) 

Transport mode Length Operating Average block Average door-to-door 

of route altitude^' speed^' travel time^' 

d H V da +rij+ti,(d) 

(km) ( lO^ft) ( M ; km/h) (h) 

ETT 5564 - 1 . 0 5.5; 6700 3.5 + 0.83 = 4.33 

APT/C 5564 + 33 0.7; 740 1.5 + 7.5 = 9.0 

APT/STA NASA 5564 + 60 2.0-2.4; 2124-2549 1.5 + 2.66 = 3.16 

APT/ECH M5C 5564 + 60 5.0; 5310 1.5+ 1.09 = 2.59 

ETT- Evacuated Tube Transport; APT/C-Air Passenger Transport/Conventional; APT/STA NASA - Air Passenger 

Transport/NASA High-Speed Civil Transport; APT/ECH IV15C-Air Passenger Transport/EC Hydrogen IVlach 5 Cruiser A2; 

M - Mach number; D Above MLS (IVliddle Sea Level); 1ft = 0.305m; 1̂ Including acceleration and deceleration rate of: 

0*/- = +3 m/s, respectively, to / f rom the maximum corresponding cruising speed of 8.0*10^ km/h in the vacuum tube. 

As can be seen, the ETT is supposed to have the shor ter door- to-door t ime than its APT/C 

counterpar t , thus presumably demonst ra t ing capabil i ty fo r at t ract ing the above-ment ioned 

passenger demand. However, It wou ld not be superior compared to its APT/STA NASA and APT/ECH 

M5C counterpar t , mainly due to the much longer accessing/leaving t ime. 

Based on this door - to-door travel t ime, the market share and the corresponding volumes of 

passenger demand expected t o be at t racted by the ETT system under given condit ions are est imated 

means by Eq. 4a-c and given in Table 3. 

Table 3 Marke t share and demand o f t h e EETTRM in the compet ing scenarios w i t h the APT system in 

the given case - Trans-Atlantic market 

Competing modes 

(Scenario) 

Market share 

of ETT 

Pm-

(%) 

Demand for ETT 

(Year 2050/51) 

Qm 
(lO'^pass/yr) 

Demand for ETT 

(Year 2050/51) 

QETT 

( lO^pass/day/dir)^ ' 

ETT-APT/C 32 - 3 6 0.990 31.70 -35 .96 4 3 . 4 - 4 8 . 8 

EET-APT/STA NASA 32 - 3 6 0.458 14.66 -16 .49 2 0 . 0 - 22.6 

EET-APT/ECH M5C 32 - 3 6 0.149 4 . 7 7 - 5 . 3 6 6 . 5 - 7 . 3 

ETT- Evacuated Tube Transport; APT/C- Air Passenger Transport/Conventional; APT/STA NASA - Air Passenger Transport/ 

NASA High-Speed Civil Transport; APT/ECH MSC - Air Passenger Transport / EC Hydrogen Mach 5 Cruiser A2; dir - direction; 

y r - y e a r ; Average during the day per direction ( lyear = 365 days) 

As can be seen, if compet ing exclusively w i t h the ATP/C, the ETT wou ld attract almost its ent i re 

(p remium class) passenger demand. If compet ing w i t h the APT/STA NASA and APT/ECH M5C, it 

w o u l d at t ract about 46% and 15%, respectively, of the to ta l ATP/C (premium class) passenger 

demand . 

If an ETT TRM t ra in have the seating capacity SETT = 400seats and the average load factor of AETT = 

0.90, the service f requency est imated by Eq. 4d based on the passenger demand in Table 3 is given in 

Table 4. 
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Table 4 Service f requency o f t h e ETT TRIVI system In the compet ing scenarios 

w i t h the APT system in the given case - Trans -Atlantic market 

Competing modes Demand by ETT Daily service Hourly service 

(Scenario) (Year 2050/51) frequency frequency 

QETT Em fm 
( lO^pass/day/dir)^ ' (dep/day/d i r ) (dep/h/d i r )^ ' 

ETT-APT/C 4 3 . 4 - 4 8 . 8 6 0 - 6 8 3-4 

EET-APT/STA NASA 2 2 . 0 - 22.6 2 8 - 3 1 2-2 

EET-APT/ECH M5C 6 . 5 - 7 . 3 9 - 1 0 1-1 

11 Operating t ime during the day: 18h; Sen = 400seats; AETT = 0.90 (dir -direction) 

As can be seen, in the case of compet i t ion between the ETT and APT/C, the departures on the given 

l ine / route wou ld take place every 15-20min giving the average passenger schedule delay of l / 2 - (15 -

20) = 7.5-10.0 min. In the case of compet i t ion between the EET and APT/STA NASA, the departures 

w o u l d take place every 30min w i t h an average schedule delay of 15min. In the case of compet i t ion 

be tween the EET and APT/ECH M5C, the departures wou ld be carried once per hour (60min) and the 

schedule delay wou ld be 30min . 

The required TRM f leet compet ing w i th the EET- APT/C scenario based on Eq. 5a wou ld be: NEET = (3¬

4) -5.66 = 17-23tralns, and 19-25 trains, if a 10% reserve was included. Respecting tha t the stop t ime 

of each EET t ra in at both end terminals was: tErr/s = 2h (120min) (mainly due to safe refuel ing w i th 

LH2), t he tu rnaround t ime based on Eq. 5b wou ld be: tETT/Td = 2- (0.83+2) = 5.66h. As wel l , by Eq. 2, the 

requi red number of tracks at each te rmina l to handle depart ing and arr iving TRM trains in the 

scenario EET-APT/C when each of t h e m stops fo r an average t ime of: tErr/s = 2h (120min) w o u l d be: 

no,= (3-4)-(2)=6-8 tracks. The length of each track wou ld be m in imum 150-200m t o enable 

accommodat ion of the TRM trains and thei r comfor tab le embark ing and disembarking. The 

addi t ional tracks (1-2) need also to be provided at each terminal fo r TRM trains temporary not in 

service. 

The technical product iv i ty of a single TRM tra in for the scenario EET-APT/C is est imated by Eq. 6a as: 

TPErr/v= 400-6.8-10^=2.720-10Vkm/h. In add i t ion, the technical product iv i ty of t he TRM t ra in f leet 

dur ing one hour est imated by Eq. 6b wou ld be: TPETT//= (3-4)-400-6.8-10^(km/h) = 8.16-10.90s-

k m / h / h . Table 5 summarizes some of the above ment ioned the ETT system's operat ional 

per formances in particular compet ing scenarios. 

Table 5 Some Infrastructural and operat ional performances of the ETT TRM system in the 

compet ing scenarios w i th the APT system in the given case - Trans-Atlantic market 

Competing modes Service Tracks at Required Technical 

(Scenario) frequency end terminals TRM fleet productivity 

£m Ut NETT 

(dep/h/d i r )^ ' ( t racks/ terminal) (trains) (10^ s-

k m / h / h ) 

EET-APT/C 3 - 4 6 - 8 17 - 23^'/19 - 25^' 8 . 1 5 - 1 0 . 9 

EET-APT/STA NASA 2 - 2 4 /5 11/13 5.5 

EET-APT/ECH M5C 1 - 1 2/3 6/6 2.7 

11 Operating; 2) Including reserve of 10%; 1̂ The fleet of TRM trains 
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4.4. Economic scenario 

According to the "what - i f " economic scenario, the ETT system in the given case is assumed to provide 

a return on investment , i.e., positive or zero cost-benef i t ratio over a per iod of 40 years af ter being 

imp lemented. 

4.4.1. Costs 

The investment costs f o r bui lding tubes appear t o be very uncertain but some estimates Indicate that 

they could be about 14.6-20.2-10'^$US/km (i.e., S l - l lS - lO^SUSfor the ent i re l ink/ l ine o f length of 

5564km including the passenger terminals at both ends) [17]. The cost of the TRM guldeways in the 

tubes in a single direct ion wou ld be similar as at the today's TRM-about 16.8-10'^$US/km (i.e., fo r t w o 

tracks this gives the to ta l investment cost of 5564-2-16.8-10^ = 187-10^$US). Thus, If the system was 

built over the 20-year period be tween 2030 and 2050, the to ta l inf rastructure (tubes, TRM 

guideways, terminals) and the cost of facilities and equ ipment (vacuum pumps, power supply 

system, t raf f ic contro l system, and f i re protect ion system) wou ld be about 268-302-10^$US, or 

w i t hou t taking into account the interest rate(s), 13.4-15.l- lO^SUS/yr. As an i l lustrat ion, the share of 

the investment costs in the cumulat ive GDP of Europe (EU) (690 .34-10" $US) and Nor th America 

(USA, Canada) (771 .4 -10" $US) dur ing tha t period wou ld be about 0.018 - 0.026%, respectively [1] , 

[18]. 

The costs of operat ing infrastructure wou ld amount to about 10% of the investment costs, which 

wou ld give to ta l inf rastructure costs of about : Q = 14.74-16.61-10''$US/yr. Assuming tha t the 

passenger demand in each year of the investment- return ing 40-year per iod wou ld be at least the 

same as in 2 0 5 0 / 5 1 , and the operat ional cost of a TRM t ra in C o = 0.095$US/p-km, the to ta l unit costs 

(ct) of an EET TRM system for d i f ferent compet ing scenarios in Table 3 are estihnated and given in 

Table 6. 

Table 6 Some economic performances o f the ETT TRM system for the compet ing scenarios w i t h the 

APT system in the given case - Trans-Atlantic market 

Competing modes Passenger Infrastructure Operational Total 

(Scenario) demand^' (unit) cost^' (unit) cost (unit) cost 

QET^ Co Ql 

( lO^p-km/yr) ($US/p-km) (SUS/p-km) ($US/p-km) 

EET-APT/C 179 .5 -207 .5 0.087-0.076 0.095 0 . 1 8 2 - 0 . 1 7 1 

EET-APT/STA NASA 8 3 . 0 - 9 3 . 2 0.189-0.168 0.095 0 .284 -0 .263 

EET-APT/ECH M5C 2 7 . 0 - 3 0 . 4 0.580-0.516 0.095 0 . 6 7 5 - 0 . 6 1 0 

QETT*=QEn-d; *̂ The average annual total costs of infrastructure are estimated to be: G = 

[(14.74+16.61)*10^]/2 = 15.68 • 10^$US/yr; p-km-passenger-kilometer; yr-year 

4.4.2. Revenues 

The revenues gained f r o m operat ing the EET system under given condi t ions can be considered t o be 

direct, i.e., those f r o m charging users/passengers, and indirect, i.e., savings in the cost of passenger 

in-vehicle t ime under given compet ing scenarios w i t h APT. 

The ETT system direct revenues are i l lustrated by the relat ionship between the EET average cost-

cover ing fare per passenger and t h e annual vo lume of passenger demand diver ted f rom the APT in 

the above-ment ioned compet ing scenarios in the given case as shown on Fig. 5. 
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Figure 5 Relationship between the average fare and the annual (premium) passenger demand at the 

ETT TRIVI system in the given case - Trans-Atlant ic market 

As can be seen, the one-way fare cover ing the cost varies between about P(QETT) = 970 and 

3500$US/pass, and decreases more than proport ional ly w i t h increasing of the annual (p remium 

class) passenger demand. As based on the average to ta l cost, this fare also reflects existence of 

economies of demand density at the EET TRM system under given condit ions. The ETT TRM system 

indirect revenues, i.e., saving in the passenger cost door - to -door t ime, in dependence of t he annual 

(p remium class) passenger demand are shown on Fig. 6. 

10 
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QEJT - Passenger demand - lO^pass/yr 

Figure 6 Relationship between the savings in cost of passenger door - to -door t ime and the vo lume o f 

annual (premium) passenger demand at the ETT TRM system in the given case - Trans-Atlant ic 

market [1] , [19], [20] (Janic, 2014; Landau et al., 2015; USDT, 2011) 

As can be seen, the rather enormous savings in the costs of passenger door - to -door t ravel t ime 

w o u l d be achieved at t h e EET-APT/C compet ing scenario. These savings wou ld be negative and not in 

favor o f the ETT system in the o ther t w o scenarios (part icular ly at ETT-APT/ECH M5C) mainly due t o 

t h e relat ively low at t racted passenger demand under given condit ions (Table 3) [1] , [19] , [20]. 
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4.5. Environmental/social/policy scenario 

The ETT TRM system operat ing in the given case is assumed to be free o f t h e env i ronmenta l impacts 

such fue l /energy consumpt ion f r om the non-renewable sources, related emissions of GHG (Green 

House Gases), and land use/ take. It is also f ree f rom the social Impacts such as noise, congest ion, and 

t raf f ic incidents/accidents (safety), t he latest not to happen due t o known reasons. As such, it wou ld 

possess substantive performances cont r ibut ing to policies aiming at reducing the overal l impacts of 

t ranspor t sector on the society and env i ronment . Nevertheless, its " w h a t - i f env i ronmenta l scenario 

mainly relate to savings in the above-ment ioned impacts due to reducing the scale of operat ions of 

the APT system thanks t o at t ract ing passenger demand f rom it under given condit ions. 

The rocket-engine propel lants used by the ETT TRM trains and burn ing out w i th in the tubes wou ld 

not produce emissions of GHG impact ing the outside env i ronment [30]. The (electric) energy fo r 

operat ing the ETT TRM system's suppor t ing facil it ies and equ ipment wou ld be complete ly obta ined 

f r om the non-renewable (nuclear) and renewable (solar, w ind , water ) sources thus imply ing that t he 

emissions of GHG f r om operat ing the ETT TRM system wou ld be negligible compared t o that f r om 

burning crude oil-based JP-1 fuel-kerosene. Under such condi t ions, tak ing over the passenger 

demand f r om the APT system wou ld reduce the volumes of its operat ions and consequent ly the 

corresponding impacts on the env i ronment and society. This wou ld be part icularly in the ETT TRM -

APT/C compet ing scenario, when the APT system was assumed to exclusively operate the aircraft 

similar to today's B787-8/9 and A350-800/900 aircraft w i th the average fuel consumpt ion of about : 

/ A P T / I = 0.0206 kg/s-km orfAPT/2= 0.0257 kg/p-km (the load factor was supposed to he AAPT = 0.80) [21], 

[22]. The emission rate of JP-1 fuel is: = 5.25 l<gC02e/l<g, which gives the average GHG emission 

rates of about : eAPi/i = 0.108 kgC02e/s-km or CAPTA = 0.135 kgC02e/p-km. Then, the costs of COze 

emissions as the saved external i t ies by the ETT TRM f rom the APT system are est imated for t he 

above-ment ioned compet ing scenarios and given in Table 7. 

Table 7 Some env i ronmenta l per formances - savings in external i t ies - o f t h e ETT TRM system for 

the compet ing scenarios w i th the APT system in the given case - Trans-Atlant ic market [1] , [14], 

[24] , [25] 
L— • J / L — - ' J 

Competing modes 

(Scenario) 

Passenger 

demand^' 

Qnr 
(lO^p-km/yr) 

Savings 

in cost of C02e 

(103$US/yr) 

Savings in total costs -

externalities"' 

(10^$US/yr) 

EET-APT/C 179.5 -207 .5 9.0 -10.421 16 .4 -18 .5 

EET-APT/STA NASA 8 3 . 0 - 9 3 . 2 0 .5 -0 .84^ ' 6 . 5 - 7 . 3 

EET- APT/ECH M5C 2 7 . 0 - 3 0 . 4 0 .24-0 .27^ ' 2 . 1 - 2 . 4 

1' QETT* = QETT • d; 1̂ Ce = 0.050$US/p-km (BAU - Business As Usual scenario); 3) Ce = 0.009$US/p-km (Unit cost of C02e 

externalities); "> c,e = 0.078SUS/p-km (Total cost of the social and environmental impacts-externalities); p-km-passenger-

kilometer; yr-year 

As can be seen, the savings in external i t ies w o u l d be substantive and dependent mainly on vo lume o f 

swi tched APT demand and the aircraft technologies operated by the ATP system under given 

condi t ions. 

5. Conclusions 

This paper has dealt w i t h the mul t id imensional examinat ion of inf rastructural , 

technical / technological , operat ional , economic, env i ronmenta l , social, and policy performances o f 

t he advanced futur is t ic ETT TRM system operated by the TRM (TransRapid Maglev) trains. These all 
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have been modeled and then est imated according t o the "what - l f " scenario approach of compet i t ion 

of the ETT TRM w i th APT (Air passenger Transport) system in the given long-haul ( intercont inental ) 

passenger market . The results have shown the fo l low ing : 

i) The ETT TRM system operat ing appropr iately redesigned TRM (TransRapid Maglev) trains could 

successfully compete in the given (North-At lant ic) and presumably o ther long-haul markets w i t h 

the APT system exclusively operat ing the convent ional (kerosene-fueled) aircraft. This implies its 

cont r ibut ion to savings in the APT system's Impacts on the society (cost of passenger t ime, local 

noise, congest ion, and traf f ic incidents/accidents (safety)) and env i ronment (energy/ fuel 

consumpt ion and related emissions of GHG (Green House Gases)), and land use; and 

ii) The ETT TRM system compet ing w i th the APT system exclusively operat ing the super- and hyper

sonic aircraft in the given (North-At lant ic) and o ther long-haul markets wou ld be less successful 

due t o at t ract ing much lower passenger demand and consequent ly contr ibut ing much lower if at 

all t o savings in the above-ment ioned social and env i ronmenta l Impacts. 

In addi t ion, this examinat ion has indicated some advantages and disadvantages of the ETT TRM 

system itself and its potent ia l cont r ibut ion to the overall sustainabil i ty of t ransport sector. 

The ETT TRM system's main advantages wou ld be as fo l lows: 

i) The very high speed of t ranspor t services by the TRM trains; 

ii) Substantive fuel (LH2) consumpt ion fo r propuls ion of TRM trains dur ing acceleration and 

decelerat ion phase o f a t r ip ; 

iii) Free f rom impacts on the env i ronment and society such as emissions of GHG (Green House 

Gases), land use, noise, and congest ion; and 

iv) Inherent complexi ty challenging internat ional cooperat ion in planning, design, imp lementa t ion , 

and opera t ion . 

The ETT TRM system's main disadvantages could be as fo l lows: 

i) Redesign of basic conf igurat ion of TRM train(s); 

ii) High vulnerabi l i ty (exposure) to d i f ferent (external) d is turb ing/d isrupt ive events; 

iii) Cont inuous need for maintain ing vacuum in the above-ment ioned vulnerable (exposed) tubes ; 

and 

iv) High infrastructure bui ld ing and operat ing (maintenance) costs including the cost of mainta in ing 

permanent vacuum in the tubes. 

Summary 
Mul t id imens iona l examinat ion of performances of t he fu tu re advanced ETT (Evacuated Tube 

Transport) system operated by TRM (TransRapidMaglev); assessment of the ETT TRM system 

cont r ibu t ion to sustainabi l i ty of the fu tu re t ranspor t sector th rough its complet ion w i t h APT (Air 

Passenger Transport) system In the given case - long-haul (North-At lant ic) passenger t ranspor t 

market . 
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