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P ub lished  data on (i) carbon  d io x id e  em ission  from  the  U S transporta tion  sec to r in 2002  as w ell as (ii) the 
am oun t o f  h yd rogen  th a t w ou ld  be need ed  for the secto r, i f  en tire ly  fuelled  b y  hydrogen , had  b een  found. 
T he (ii) d a ta  have been  used  fo r ca lcu la tion  o f  the  am oun t o f  w a te r  resu ltin g  from  hyd ro g en  co m b u stio n  in 
the  sector. T he case  tha t the resu ltin g  w a te r  v apor is em itted  in to  a tm osphere  has been  co n sidered . T h e  c a r
b on  d iox ide  and w a te r  v ap o r em issions w ere com pared  usin g  the ir m o lecu la r equ iv a len ts . T h e  resu lts 
show  that ap p ro x im ate ly  the sam e am oun t o f  w ate r m olecu les w ill be em itted  in to  a tm o sp h e re  as carbon 
d iox ide m o lecu les e lim in a ted  by the use  o f  hydrogen  fuel in the tran sp o rta tio n  sector. T hus, the advan tage 
o f  hyd rogen  fuel e lim in a tin g  the carbon  d iox ide  em ission  and its g reenhouse  in fluence , seem s to be  qu es
tionab le  since the  w ate r m o lecu les (gas phase) possess also  strong  g reen h o u se  p roperties .

K ey  w o rd s : tran sp o rta tio n  secto r, carbon  d iox ide  em ission , h ydrogen  fuel, w a te r v apor em ission , 
m o lecu lar equ iv a len ts

1. INTRODUCTION

Carbon dioxide emission and its concentration in the atmosphere will signifi
cantly increase during the next decades [ 1,2], There is an urgent need for a change in 
the energy production system if the dangerous global climate warming has to be 
avoided. One o f the proposed ways o f the change is a massive use o f hydrogen as a 
fuel. The idea is presented in mass media as a “hydrogen economy”.

According to the report o f National Research Council [3], there are no realistic 
means for production o f  large commercial quantities o f hydrogen fuel during the next 
10-30 years. The same conclusion one may find in a Special Issue o f  Science journal 
[4] as well as in the paper o f J.J. Romm [5]. Thus, decades are needed (i) to work out 
new technologies o f  hydrogen production eliminating carbon dioxide occurring as 
the side-product; (ii) to build the safe infrastructure o f transporting and storing hy
drogen gas, and (iii) to enroot the techniques o f safe hydrogen use in the society. The 
conclusion is that hydrogen fuel does not represent a short-run solution, capable o f 
suppressing global concentration increase o f carbon dioxide in the atmosphere.
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There are also doubts whether hydrogen fuel can be a long-term solution. One of 
the reasons is a high probability o f hydrogen leakage into atmosphere from the future 
transport, storing and usage systems. Such hydrogen could destroy ozone layer in the 
stratosphere [6,7], A possible rise in atmospheric hydrogen concentration may have 
an influence on complex chemistry among greenhouse gases occurring in atmosphere 
[8], Various rates o f hydrogen leakage -  from 3% to 10% o f a global hydrogen pro
duction -  have been taken into consideration [7]. In any o f the cases, the leakage 
would be far from being negligible if one takes into account a scale o f hydrogen pro
duction predicted. For example, if 30% reduction in C 0 2 emissions by 2020 is to be 
achieved by means o f using hydrogen fuel, the global annual production o f the gas [7] 
would be about 4.7 gigatons (4.7x109 tons/y), and its leakage into atmosphere would 
amount some hundreds megatons per year.

Another problem for the atmosphere protection creates the water vapor emission 
arising from combustion o f hydrogen fuel. The aim o f the present paper is to clarify the 
following subjects:

• an assessment o f  the order of water vapor emission due to hydrogen fuel com
bustion, and

• comparison o f the amounts o f water vapor emission with the carbon dioxide 
emission that could be eliminated by the hydrogen fuel use.

As an example, the calculations have been carried out for the US transportation 
sector.

2.1. Hydrogen fuel demand and water vapor emission o f transportation sector

Grant [9] stated that for operating the 2002 size transportation sector exclusively 
on hydrogen, one would need around 230 000 tons o f hydrogen daily. It makes 
84x106 tons per year (Table).

Table. C haracteristics o f  the U S transportation sector (2002 y) on the assum ption that the sector 
is en tirely  fuelled w ith hydrogen

2. CALCULATIONS

Hydrogen dem and

W ater vapour arising  from  hydrogen com bustion

C arbon dioxide reduced

M olecular equivalent o f  exhaust w a te r vapour 
expressed in carbon dioxide am ount1___________

M e tric  tons p e r  200?. y p a r  

84x106 

756x106 

1866X106

1848x10'

a/7 5 6 x l0 6 tons o f  w a te r  con tains the  sam e am ount o f  m olecules as it occurs in 1848x10® tons o f  carbon 
dioxide.
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It is worth to note that a future use o f  hydrogen just by a portion o f US transporta
tion sector (light-duty vehicles only) may reach 1 lOxlO6 t/year in a few decades [3] 
(p. 83 and p. 118 in the reference). One can also find much higher future quantities of 
predicted hydrogen use, quoted by Eiler [7].

The calculation o f water vapor amount resulting from hydrogen combustion is 
simple: one kG (or 1 ton) o f hydrogen produces 9 kG (or 9 tons, respectively) o f wa
ter. Thus, the combustion o f 84 megatons/y of hydrogen would produce 756 mega- 
tons/y o f water (Table) by the US transport sector o f the 2002 size.

The data available for the US transportation sector makes possible an approxi
mate calculation o f the hydrogen amount needed for fuelling the entire global trans
portation sector. Since the US vehicle fleet represents the 30% share o f  the global 
fleet, a rough estimation o f hydrogen amount for running the global sector (of the 
2002 size) is 280x106 tones/y. Such amount of hydrogen would produce about 
2.5x109 t/y o f water vapor.

2.2. Carbon dioxide emission from the US transportation sector

Carbon dioxide emission from the US transportation sector [10] in 2002 was 
1866xl06 tons (see Table 10 in the reference) and accounted for 32% o f the total US 
energy-related carbon dioxide emission in 2002. Using hydrogen fuel in place o f hy
drocarbon fuels (gasoline, diesel oil, je t fuel, etc.) this carbon dioxide emission 
would be eliminated (see Table).

2.3. Com parison of water vapor and carbon dioxide emissions

The contribution o f a species to greenhouse effect depends on the radiative prop
erties o f the molecules o f the gas and on its atmospheric content expressed in volume 
concentration (volume gas concentrations correspond to molecular concentrations). 
Therefore, one has to consider molecular equivalents o f the two gases when one 
wishes to compare greenhouse effects o f  the water vapor arising from hydrogen com
bustion and o f carbon dioxide that would be eliminated by the use o f hydrogen fuel. 
The equivalents are amounts o f  two substances that contain the same numbers o f mol
ecules (for example, 18 tons o f water contains the same number o f molecules as 44 
tons o f  carbon dioxide).

The present calculations have shown that the amount o f water vapor in question 
i.e., 756x106 t/year, generated in the hydrogen fuelled transportation sector, and 
1848x 106 tons o f  carbon dioxide (Table) contain the same amounts o f molecules. The 
latter is close to the amount o f the eliminated carbon dioxide emission which is 
1866x106 tons. Hence, nearly the same quantity o f water molecules replaces carbon 
dioxide molecules.
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3. DISCUSSION AND CONCLUSIONS

Some questions referring to a future water vapor emission into atmosphere aris
ing from massive use o f hydrogen fuel should be discussed.

One o f them is as follows. Water vapor from hydrogen oxidation (no matter 
whether fuel cells or internal combustion engines would be used) is not condensed 
in-situ in the cars and not piped away into natural water system. Then, the vapor 
would certainly enter into atmosphere. When the vapor penetrates an atmospheric 
space, which already had been saturated with moisture, clouds are formed. And 
clouds are known to have an influence on climate. Moreover, the formation o f clouds 
is associated with a release o f condensation heat by water vapor molecules when they 
change the phase to liquid state. The condensation heat rises the temperature o f air 
and thus a concentration o f water gas molecules in air is increased.

However, a significant part o f atmosphere is not in the state o f  water vapor satura
tion [11], In such atmosphere space, the additional stream o f water molecules results 
in a concentration increase o f the water in atmosphere.

Thus in both cases, there is an increase in water vapor concentration in the atmo
sphere. In fact, water gas molecules are strong GHG as compared with carbon dioxide 
molecules. The conclusion is that in the case the total amount o f water (produced by 
the transportation sector) contributes to the concentration increase o f water in atmo
sphere, the greenhouse effect could be enhanced instead o f being weakened. The fi
nal effect (whether meaningful or weak) would depend on the amount o f water vapor 
emission. The anticipated future emission o f water vapor from the global transporta
tion sector is about some billions (109) tons/y.

These additional water vapor emissions into air should be first o f all explored 
from the point o f view o f probable change o f weather conditions over regions of 
dense population and dense car traffic (for example, Europe). And then, conse
quences on global climate could be considered as a result o f climate change in such 
regions.

Summing up, any expectation o f future advantages o f hydrogen fuel use, cannot 
disregard the fact that in place o f one greenhouse gas (carbon dioxide) another even 
stronger GHG (water) would be emitted.
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